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APEX Project: 
Alaska Predator Ecosystem Experiment in Prince William Sound 

and the Gulf of Alaska 

Restoration Project 96163 A - P 
Annual Report 

Studv Historv: Study History: Thls research project, APEX: the Alaska Predator Ecosystem 
Experiment, was initiated under Restoration Project 95 163, merging together a group of existing 
bird and forage fish investigations and proposals to provide an integrated research approach that 
examines the interactions of seabirds and their prey, the reasons that changes in prey might have 
occurred, and the consequences for seabirds. The primary hypothesis to be tested is that several 
seabird species have failed to recover from the Exxon Valdez oil spill because of shifts that may 
have occurred independently in the marine ecosystem of Prince William Sound and the northern 
Gulf of Alaska. The pilot year of APEX was FY 95. This annual report (96163) covers the IT96  
field season. 

Abstract: 
The Alaska Predator Ecosystem Experiment (APEX) is a five-year study of the effect of food 
resources on the recovery of seabirds from the Exron Valdez oil spill (EVOS) in Prince William 
Sound and Cook Inlet. The study examines historical data, forage fish resources, seabird 
reproduction and colony and population dynamics to address this issue. Research to date strongly 
suggests a basic shift in ecosystem structure occurred after the late 1970's, with a decrease in 
species nutritious to seabirds and an increase in less rich species. This resulted in population 
declines for several species and may help explain the subsequent failure of species to recover 
from EVOS mortality. Current work aims at refining these conclusions, understanding the factors 
that may trigger such major shifts, identifying critical areas in Prince William Sound for fish and 
seabird interactions, and developing a means of monitoring the Northern Gulf of Alaska. 

Kev Words: Ammodytes, Brachyramphus, Capelin, Clupea, Cook Inlet, Fratercula, Guillemot, 
Gulf of Alaska, Herring, Kittiwake, Mallotus, Murre, Murrelet, pollock, Prince William Sound, 
puffin, Rissa, sandlance. 

Prolect Data: (will be addressed in the final report) 

Citation: Duffy, D. C. 1997. APEX Project: Alaska Predator Ecosystem Experiment in Prince 
William Sound and the Gulf of Alaska. Exron Valdez Oil Spill Restoration Project Annual Report 
(Restoration Project 96163 A - Q), Alaska Natural Heritage Program and Department of Biology, 
University of Alaska Anchorage, Anchorage, Alaska. 
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Executive Summary 

The APEX Project is a five-year study to determine if food has limited the recovery of seabirds 
affected by the oil spill of the Exxon Valdez. The project has three interconnected components that 
study fish ecology, seabird foraging at sea, and seabird reproductive success and colony dynamics 
on land. 

Historical analysis of fisheries research trawls shows a strong shift in the marine ecosystem from a 
shrimp/capelin/sandlance system to one dominated by pollock in the late 1970's and early 1980's. 
The change is associated with an increase in temperature which may have altered recruitment 
strength and patterns or changed the distributions of predators. While there are differences in 
depth and proximity to shore between fish species, APEX research shows little evidence to date of 
major differences in hydrologic tolerances between these species. This suggests that events at or 
before recruitment may determine numbers and distribution. 

Analysis of data from APEX and previous studies suggest that Pigeon Guillemot breeding 
numbers declined in response to decreases in sandlance, a major prey. Similarly, Black-legged 
attiwake populations in northern Prince William Sound that have depended more on herring and 
sandlance have been more stable than southern populations, which may have been more capelin 
dependent. 

APEX data show a strong correlation between local fish abundance and some reproductive 
parameters of httiwakes. At a more general scale, similar correlations occur between food 
abundance and colony foraging and success in Lower Cook Inlet and Prince William Sound. Food 
delivery correlates with growth of young kittiwakes and Pigeon Guillemots. Quality of food is 
also important; high-lipid foods are necessary for successful growth based on laboratory and field 
studies. 

Because of the complexity of the interplay of forces affecting seabird and fish populations, we are 
using models to test the importance of different factors and to identify critical processes and sites 
that should receive management attention. These products will identify the environmental 
measurements that should be most useful for longterm monitoring of the Sound. They will also 
identify critical areas that should be protected as development occurs, especially in the western part 
of Prince William Sound. 

INTRODUCTION 

The spill from the oil tanker E n o n  Valdez resulted in significant mortality of several seabirds and 
in acute massive damage to Prince William Sound (PWS), Cook Inlet (CI) and the Gulf of Alaska 
(GOA) (Piatt et al. 1990). Seven years following the spill in 1996, several species have not 
recovered. This may be the result of lingering effects of the oil spill (toxicity of prey or sublethal 
effects of oil exposure to organisms) or inertia in population response. However, other non-oil 
factors may also be involved, such as predation, climate-driven ecosystem changes (Duffy 1993), 
or even 'random' perturbations (Wolfe and Kjerfve 1986). 

Numerous seabird species have declined between surveys in the 1970's and the 1990's in Prince 
William Sound: cormorants (Phalacrocorax spp.), Black-legged Kittiwake, Glaucous-winged Gull 
(Larus glaucescens), Arctic Tern (Sterna paradisaea), Kittlitz's and Marbled murrelets 
(Brachyramphus brevirostris and B. marmoratus), Tufted (Lunda cirrhata) and Homed (F. 
comiculata) puffins, and Pigeon Guillemot (Cepphus columba) (Agler et al. 1994 a,b; Klosiewski 
and Laing 1 994). 



Colony trends for kittiwakes in Prince William Sound have been inconsistent, with colonies 
decreasing in the southern portion and increasing in the north (Irons and Suryan, APEX unpubl. 
data). The population of Pigeon Guillemots in PWS has decreased from about 15,000 in the 
1970's to about 3,000 in 1993 (Isleib and Kessel 1973; Sanger and Cody 1993). Based on 
censuses taken around the Naked Island complex, pre-spill counts were roughly twice as high as 
post-spill counts (Oakley and Kuletz 1993). Pigeon Guillemots are listed as "Not recovering" in 
the 1994 Exxon Valdez Oil Spill Restoration Plan. 

Common Murres (Uria aalge ) in Cook Inlet were among the species most damaged by the oil spill 
(Piatt et al. 1990). Murres were also listed as "Not recovering" in the 1994 Exxon Valdez Oil Spill 
Restoration Plan, but have been upgraded to "recovering" because productivity has been normal 
since 1993 (Roseneau et al. 1995, 1996). 

The best evidence for a shift in trophic resources for seabirds within Prince William Sound comes 
from Pigeon Guillemots (Kuletz and Hayes in prep.). In 1994, sandlance (Ammodytes 
hexapterus) accounted for only about 1 % of prey items fed to guillemot chicks at Jackpot Island 
and about 8% at Naked Island. In contrast, in 1979 the sandlance component at Naked Island was 
about 55% (Kuletz 1983; Oakley and Kuletz 1993). Gadids were much more prevalent in the diet 
of guillemot chicks on Naked Island in the 1990's than they were in 1979-1981 (< 7%) (Kuletz 
and Hayes in prep.). 

The decline in the prevalence of sandlance in the diet of guillemots breeding at Naked Island might 
be a key element in the failure of this species to recover from the oil spill. The schooling behavior 
of sandlance, coupled with its high lipid content relative to that of gadids and nearshore bottom 
fish, might make this species a particularly high-quality forage resource for PWS pigeon 
guillemots. This is consistent with the observation that other seabird species (e.g., puffins, 
murres, kittiwakes) experience enhanced reproductive success when sandlance are available 
(Pearson 1968; Harris and Hislop 1978; Vermeer 1979, 1980; Monaghan et al. 1989) . 

In addition, the carrying capacity of the forage environment for guillemots in the absence of pelagic 
forage species such as sandlance or herring is probably low, restricted to benthic fish. The more 
pelagic fish, the greater the carrying capacity. Kuletz and Hayes (in prep.) found a strong 
correlation between total numbers of adult guillemots and active nests and the annual percentage of 
sandlance in chlck diets at Naked Island, supporting this hypothesis. 

Mechanisms that could cause a reduction in energy-rich forage fish populations remain unknown. 
Major oceanographic shifts in the northern Gulf of Alaska and North Pacific (Springer 1993; Piatt 
and Anderson 1995) may have favored wall-eye pollock (Theragra chalcogramma), one of the 
most abundant forage fish species currently available to seabirds (Parks and Zenger 1979; Springer 
and Byrd 1989; Brodeur and Merati 1993). Pollock may also be an important competitor or 
predator of other forage fish species and may suppress populations of these species. Similarly, 
other species-pairs may overlap in diet, such as herring and sandlance (McGurk and Warburton 
1992) or pink salmon (Oncorhynchus gorbuscha) and sandlance (Sturtevant 1995 and unpubl.), 
raising the possibility that reductions in the trophic role of one species may 'release' others from 
competition for food. 

Both to aid in the recovery of injured resources and to safeguard the long-term health of Prince 
William Sound, Cook Inlet, and the upper Gulf of Alaska, we need to understand the ecological 
processes that control the ecosystem. This project focuses on the trophic interactions of seabirds 
and the forage species they feed on. We chose food as the focus because: 



1) much of seabird population theory and several empirical field tests have identified food as an 
important limiting factor (Ashmole 1963; Furness and Birkhead 1984; Birt et al. 1987; Cairns 
1989); 

2) seabird/fish researchers in the PWSIGOA complex have concluded that major changes in food 
have occurred during the period (Springer 1993; Anderson et al. 1994; Piatt and Anderson 1995); 

3) other factors such as oil toxicity and climate change might express themselves through the food 
supply; and 

4) knowledge of the forage prey base is critical for other apex predators, such as marine mammals 
and predatory fish (Pitcher 1980, 1981; Lowry et al. 1989), as well as for any larger effort to 
manage the marine resources of Prince William Sound and the Gulf of Alaska in a sustainable 
manner. 

This report documents progress in the study of the distribution and abundance of prey species 
through acoustic and net sampling in relation to food, environmental conditions and possible 
competitors, then proceeds to examine the physical, behavioral and competitive factors that limit 
access to these forage species for seabirds. We examine the reproductive consequences of such 
limitations for Pigeon Guillemots, Black-legged Kittiwakes, Tufted Puffins, Common Murres, 
and cormorants at the chick and colony level. 

The study uses between-year comparisons within sites and within-year comparisons between sites 
in Prince William Sound and Lower Cook Inlet, areas that have different food-availability. The 
comparisons between years allow us to assess the degree of variability of different food regimes, 
while the between-site comparisons allow us to assess the responses of seabird communities to 
these same regimes. We use models to relate oceanographic and spatial features of estuaries in the 
Northern Gulf of Alaska to changes in seabird diet and population trends. We hope to build up a 
picture of the forage base for the entire seabird community, setting the stage for a long-term, low- 
cost monitoring program. 

Objectives 

The APEX Project has as its objective the testing of a general hypothesis: 

A shift in the Prince William Sound marine trophic structure has prevented 
recovery of injured resources. 

This is approached through research testing several more specific hypotheses: 

1. The trophic structure of PWS and GOA have changed at the decadal scale. 
2. Planktivory is the factor determining abundance of the preferred forage species of 

seabirds. 
3. Forage fish species differ in their spatial responses to oceanographic processes. 
4. Productivity and size of forage species change the energy potentially available for 

seabirds. 
5 .  Forage fish characteristics and interactions among seabirds limit availability of 

seabird prey. 
6.  Seabird foraging group size and species composition reflect prey patch size. 
7.  Seabird diet composition and amount reflect changes in the relative abundance and 

distribution of forage fish at relevant scales around colonies. 



8. Changes in seabird productivity reflect differences in forage fish abundance. 
as measured in adult seabird foraging trips, chick meal-size and chlck provisioning- 
rates. 

9. Seabird productivity is determined by differences in forage fish nutritional 
quality. 

10. Seabird species within a community react predictably to different prey bases. 
1 1. Continuing damage from oiling is restricting recovery of some forage fish species. 

By testing these hypotheses, we hope to understand how past effects of changes at the ecosystem 
level continue to affect seabird populations at present. We also hope to determine which 
environmental measures will be most effective for future monitoring, to help managers take the 
pulse of the estuaries of the Northern Gulf of Alaska. 

Methods 

APEX is a complex project, with fifteen subprojects and three main lines of investigation. In many 
cases, a single project may contribute to two or more such lines. In addition, data flow is equally 
complex: a project may contribute some of its data to a second project for analysis, while 
performing analysis and synthesis of its own data, combined with that of a third project. Several 
projects provide technical support (Project C, I, 0). 

There are three main field components of APEX: 

1. studying the fish community (Projects A, B, C, L, K), 
2. studying fish /bird (Projects B, E, F) and harbor seallfish (Project I) interactions at sea, 
3. those studying the effects of food supply on colony size and reproductive success (Projects E, 

F,G, J, M, N). 

In addition, Project Q is modelling the fish/forage/colony interaction and Projects B and I are 
modelling spatial aspects of the system. Project 0 provides statistical and modelling advice to a 
range of projects. 

The fish community component (1) has two goals: 1. to understand dynamics, interactions, and 
modes of change among fish species in the forage community and 2. to estimate the abundance and 
quality of fish used by seabirds. The fish/bird and harbor seallfish at sea component (2) attempts to 
describe the factors that determine seabird and harbor seal access to food. The effects of food 
supply on colony component (3) attempts to determine the effects of available food on reproductive 
success and populations of seabirds. 

Methods may be found in the detailed project descriptions for each subproject. 

Results 

The specifics of results are given in the appendices under individual projects. This section 
highlights results as they bear upon specific hypotheses. 

Hypothesis 1. The trophic structure of PWS and GOA have changed at the decadal 
scale. 



Long-term data from trawls from Kodiak analyzed by Project L very clearly show a transition from 
shrimp and capelin in the early 1970's to pollock and flatfish thereafter. Data from four Kodiak 
bays show that declines in shrimp and capelin biomass occurred at different times. The data shown 
no sign of a single-year event associated with concerted change across species. 

In a later-starting data set from Kachemak Bay, fish also increased. Shrimp collapsed in the mid 
1980's, well after the decline at Kodiak. Several fish species peaked in 1977 - 1978 and 1989, 
declining afterward. Pollock has been the most abundant and most variable fish species. 

Pollock and flatfish population increases did not occur immediately after collapse of shrimp and 
capelin. These increases might not have occurred until the arrival of a strong year class. Similarly, 
shlfts in spatial and temporal distribution caused by temperature may have placed predators and 
prey together, preventing recovery of forage species such as shrimp and capelin. 

Our data strongly support this hypothesis of past change. Further study by Project L of historical 
trends in d~flerent bays should be directed at the mechanisms for such change . Studies by Project 
A should allow us to determine the ecological requirements of post recruitment fish. Data from the 
SEA project will examine recruitment. Understanding these mechanisms may allow us early 
warning of future 'triggering' events and may allow changes in fisheries management to avoid loss 
of resources. 

Hypothesis 2. Planktivory is the factor determining abundance of the preferred 
forage species of seabirds. 

Data analysis from 1995 by Project C shows that relatively few plankton dominated forage fish 
diets in PWS, shifting between summer and fall cruises. Large copepods were selected for. 

The most interesting data were for pollock and herring, showing a 60 - 80% overlap in diet. The 
relation appears asymmetrical: herring diets appeared to shift when herring co-occurred with 
pollock, compared to when they occurred alone. Pollock did not shift. These data suggest that 
herring are at a competitive disadvantage where they co-occur with pollock, supporting this 
hypothesis. Competition may occur at the individual fish or within-school level. 

Sandlance had highly variable diets; capelin and eulachon stomachs were usually empty: little data 
could be obtained from these species to test this hypothesis. 

Analysis of 1996 data to be reported in the 1997 report may provide a clearer view of the dietary 
consequences of single and mixed species schooling for forage fish. These data, combined with 
those for Hypothesis 3, suggest a need to focus on school and within school level ecology and 
behavior, to test both hypotheses. 

Hypothesis 3. Forage fish species differ in their spatial responses to 
oceanographic processes. 

Prince William Sound 
Project A has found major differences in distribution and abundance of forage fish between years 
and between zones in PWS. In 1995 and 1996, acoustic analysis showed that forage fish were 
more abundant in the Northern sample area, with fewest prey in the Central area. In 1995, young 
of the year (YOY) pollock were abundant throughout PWS, but they were scarce in 1996. 



The first year appears to have been an exceptionally strong pollock year-class. In both years, 
herring were abundant in the North and to a lesser extent in the South. Herring and sandlance were 
more common in shallow water than offshore. 

In 1995 and 1996, oceanographic conditions were generally similar between sites. Between years, 
upper layers were more saline in 1996, as expected from reduced runoff resulting from low rainfall 
during the winter of 199511996. In addition, sampling did not reveal any differences in 
hydrographic structure caused by tides or inshoreloffshore location, although offshore locations 
tended to be warmer and to have higher salinities. Analyses from Project C for summer and fall 
1995 also indicate that total zooplankton density was similar across areas, with plankton 
concentrated in the upper 25 m. 

The data do not seem to support the hypothesis at two different scales. At the school scale, local 
differences in oceanographic structure (temperature and salinity) do not appear to separate the 
different species. However, depth does appear to be important, with a shallow-water suite of 
sandlance and herring and a deeper-water suite of pollock and prowfish. For species like 
sandlance that spend time in the benthos, an inshore preference is understandable, but for other 
species, this may simply be a reflection of Heincke's Law (1913) that little fish live in shallower 
water than do bigger fish. 

At a larger scale, there were major differences in forage fish species composition and abundance 
between the three study sites that are not reflected in hydrographic structure or physical parameters 
such as temperature and salinity. 

We have a paradox that forage fish show differences in abundance and species composition 
between years and between sites, despite a general uniformity of ecological conditions. This 
suggests that these changes are generated by factors outside either our spatial or temporal sampling 
framework. For example, pollock year strength may reflect events over the whole GOA area or 
herring strength may reflect earlier conditions during spawning. 

Cook Inlet 
In contrast to PWS , Cook Inlet showed strong differences between the three study sites (Project 
M). Kachemak showed a strong temperature change with water depth, while the Barrens and 
Chisik did not, the Chisik being much warmer than the other two. Similar depth differences for 
salinity and density occurred for Kachemak but not for the other two sites. Basically Chisik is an 
inshore, estuary system while the Banens are oceanic and Kachemak is stratified, with an upper 
layer of glacial runoff. 

At Chisik Island, no single species dominated either inshore or shelf areas, while sandlance 
dominated both inshore and shelf waters at Kachemak. In the Barren Islands, sandlance dominated 
the nearshore, while pollock dominated the offshore. The Barrens had the highest catch per unit 
effort; Chisik the lowest. 

The three Cook Inlet sites show a much greater range of environmental variability than do the 
Prince William Sound sites. Kachemak Bay is closest to the PWS sites in hydrology and species. 
While the varied conditions in CI might explain the differences i n j s h  fauna, equally great ranges 
in fauna occur under much more homogeneous conditions of PWS. This suggests caution in 
attributing causation. Local differences may reflect extrinsic conditions, not local hydrology. These 
results and those from Hypothesis 2 suggest a greater need to focus at the within-school level to 
test this hypothesis, while continuing the ongoing sampling to better describe year-to-year 
variability. We also need to coordinate with the SEA project to look at other factors that might 
explain the observed patterns. 



Hypothesis 4. Productivity and size of forage species change the energy 
potentially available for seabirds. 

Projects G and M found significant differences in lipid levels of forage fish potentially available to 
seabirds and marine mammals in Prince William Sound, Cook Inlet and the Gulf of Alaska. 
Variation seemed to reflect differences in age, sex, reproductive stage, and locale, although the 
importance of these varied between species. Pollock, a deeper-water species, had low fat levels, 
while schooling fish such as capelin, sandlance and herring had variable but generally higher levels 
of lipids. Inshore, benthic species generally were intermediate in their lipid levels. 

In addition, Project A, during acoustic surveys, found agelsize differences between forage species 
in the three study areas. Although the Southern Area was intermediate between the Northern and 
Central areas in terms of prey abundance, the true availability of fish in the Southern area may have 
been less, because much of their biomass was adult herring, too large for seabirds. 

This hypothesis now appears to have been satisfactorily answered, but we will continue to measure 
this as a component of estimates of food delivery to colonies. 

Hypothesis 5. Forage fish characteristics and interactions among seabirds limit 
availability of seabird prey. 

and 

Hypothesis 6. Seabird foraging group size and species composition reflect prey 
patch size. 

There appear to be four general forging situations for seabirds in CI and PWS during the 
midsummer sampling period: 1) An inshore, benthic fish community that is evenly distributed 
within substrates (primarily rocky vs eel grass (project F). 2) Also inshore, schools of herring and 
sandlance are present irregularly. 3) Offshore, in deeper water, there may be deeper, diffuse 
schools of walleye pollock, and 4) Schools of spawning or post spawning capelin may be present 
off spawning beaches and not far from open ocean waters. School size, in ascending order, goes: 
benthic c inshore c capelin < pollock. Spatial predictability within a year, in ascending order of 
unpredictability, probably goes: benthic c pollock <inshore c capelin; while between years, it is 
probably: benthic c inshore < pollock c capelin. 

Project B, working with fish data from Project A, has established a clear difference between the 
seabirds foraging on inshore, shallow schools of herring and sandlance (Black-legged Kittiwakes 
and Marbled Murrelets) and on the deeper, offshore walleye pollock schools (Tufted Puffins, 
Glaucous-winged Gulls). Within inshore flocks, birds chose wider and shallower schools. Project 
F has shown that guillemots forage on benthic forage fish and occasional inshore schools when 
they are available. 

Kleptoparasitism was strongest against kittiwakes in dense flocks and against alcids in dispersed 
flocks. Kittiwake plunge-diving appeared to be suppressed by the presence of Glaucous-winged 
Gulls. 

A possible complication for this and other hypotheses at the scale of the individual is the evidence 
for Pigeon Guillemots (Kuletz, ms; Project F) and kittiwakes (Project E) that individual birds may 
have narrow and persistent preferences for foraging areas that keep them from responding freely to 



food availability. At a colony or population scale, such preferences may cancel each other out, so 
we might expect a better fit of foraging seabirds to resources when considering means of 
populations, rather than individuals. 

The data appear to support these hypotheses; the question now is to what extent such limitations 
serve as a filter between forage fish and population ejfects for seabirds and whether we can predict 
access to fish based on environment, to determine which areas are likely to be critical for seabirds. 
Project B is addressing these issues in 1997. 

Hypothesis 7. Seabird diet composition and amount reflect changes in the relative 
abundance and distribution of forage fish at relevant scales around colonies. 

and 

Hypothesis 8. Changes in seabird productivity reflect differences in forage fish 
abundance as measured in adult seabird foraging trips, chick meal-size and chick 
provisioning-rates. 

Variation in Forage Fish Abundance 
In PWS, Project A showed that potential forage fish species of an appropriate size for seabirds 
were most abundant in the Northern study area. Inshore schools of young herring and sandlance 
provided the best opportunities for foraging. In contrast, fish were less common in the other two 
study areas and consisted of adult herring potentially too large for foraging or of species not 
usually exploited by seabirds (tomcod and salmon). Inshore sampling by purse seine and cast net 
did not appear to sample the inshore benthic fish community well enough to provide data on 
relative abundance between areas. 

In Cook Inlet, Projects J and M showed significant differences in prey abundance between the 
three study colonies. At the Chisik Islands, no single fish species dominated either inshore or 
shelf areas, while sandlance dominated both inshore and shelf at Kachemak. In the Barren 
Islands, sandlance dominated the nearshore, while pollock dominated the offshore. 

Response of Black-legged Kittiwake 
An initial analysis of data from projects A, B, E for kittiwake by Project B showed significant 
relations between fish abundance in inshore acoustic surveys and number of kittiwakes observed 
during nearshore surveys (Fig I), between nearshore fish biomass and number of kittiwake chicks 
produced in each study area in 1996 (Fig 2); between offshore biomass and nests in 1995 and 
1996 (Fig 3); and between offshore biomass and number of chicks in 1995 and 1996 (Fig 4). 
These data are limited and preliminary, but they establish a key condition to testing this hypothesis: 
there appears to be a strong underlying positive relationship between fish abundance and kittiwake 
reproduction. 

The next step is to examine which features of kittiwake foraging correlate best with fish 
abundance, for long-term monitoring. These might include adult foraging trip length or distance, 
chick meal size, chick provisioning rates, and total chick energy intake. These are still being 
examined for 1995 and 1996 data. 

Response of Pigeon Guillemot 
For Pigeon Guillemots, sandlance were the principal species in beach seines at Naked Island as 
well as the second most common prey recovered from or intercepted at nests (Project F). Near 
Jackpot, herring were the main species caught (Project A) and the main guillemot prey (Project 



G). At Kachemak Bay, the diet was mostly blenny and sandlance (Projects G, M), reflected by a 
dominance by sandlance in inshore fish sampling (Project M). 

Within Kachemak Bay, at an even smaller scale, differences in sandlance were significantly 
correlated with sandlance in guillemot diets (Project M). 

The available data support in broad terms a relationship between seabird diet and relative 
abundance of foragefish. By early 1998, we should have a good idea of the strongest correlations. 
Further work would then focus on fine-tuning the calibrations and building up statistically- 
significant sample sizes. 

Hypothesis 9. Seabird productivity is determined by differences in forage fish 
nutritional quality. 

We have taken a two-pronged approach to this, using both laboratory studies and field studies. The 
lab studies allowed us to control foraging rates and diet (Project N). This study fed Black-legged 
Kittiwakes and Tufted Puffins high-lipid capelin or sandlance and compared growth with that of 
birds fed low-lipid pollock. Growth in mass was more sensitive than growth in wing length to 
differences in lipid levels in diets. Since lighter young in other species appear to have lower 
survival after fledging that do heavier birds, this suggests one mechanism by which low-lipid diets 
may contribute to the failure of some seabird species to recover from the EVOS. 

Project G, in conjunction with Projects E, F, J, M, looked at energy provisioning to Pigeon 
Guillemots and Black-legged Kittiwakes, For kittiwakes in 1996, the provisioning rate varied by a 
factor of 2.6, with Shoup Bay showing the highest rate and Chisik Island, the lowest. For 
guillemots, the provisioning rate varied by a factor of 1.8 for three colonies, combining 1995 and 
1996 data. 

For logistic and predation reasons, we were not able to get simultaneous provisioning and growth 
rates for kittiwakes at more than two of six colonies (provisioning rates for four colonies, growth 
rates for four colonies, overlap at two colonies: Shoup and Eleanor). As predicted from 
provisioning rates, Shoup had a higher growth than did Eleanor. After reworking the protocols, 
we expect to be able to compare data from four to six colonies for 1997. 

For guillemots, we were able to get growth and provisioning for only Naked Island and Kachemak 
Bay (Jackpot experienced total reproductive failure because of predation). Again, as predicted 
from provisioning rates, Kachemak had a higher growth rate than did Naked Island. We hope to 
protect Jackpot from predation this year. 

We have strong support for this hypothesis from both lab and field studies, but the true test will 
come from interannual comparisons within sites and from expanded data sets for comparisons 
among sites within years. 

Hypothesis 10. Seabird species within a community react predictably to different 
prey bases. 

The main test of this hypothesis will be conducted by Project Q which, while it presented an annual 
report, did not actually start until after the reporting period. However, several disparate sets of 
data support this hypothesis. For example, Hays and Kuletz (ms; Projects F), summarizing 
historical data and data from Project F, found a strong relation between sandlance in diet of 



guillemots and number of breeding pairs. Projects G and N showed a strong relationship between 
food quality and growth of young. Projects J and M found a very strong general community 
response to different levels of food availability within Cook Inlet. 

Perhaps the most intriguing result at present is a regional analysis of kittiwake populations in 
Prince William Sound by Project E. This suggests that a herringlsandlance food base in Northern 
PWS with its stratified hydrology has allowed a stable population, while the Southern area, 
vulnerable to intrusions from the Alaska Coastal Current (and perhaps formerly capelin-based), 
has shown a general decline. While the mechanism is open to discussion, the general regional 
trends suggest support for the hypothesis. 

Next year (FY 97) will represent ourfirst attempt to fully address this hypothesis. 

Hypothesis 11. Continuing damage from oiling is restricting recovery of some 
forage fish species. 

Project P examined potential for E n o n  Valdez oil residue in sandlance, an important prey fish in 
PWS and an intertidal species expected to be sensitive to continued oiling. Initial results from 
1996 indicated EVOS oiling, but further work showed instead a reaction to an unknown 
compound. Similar studies should be conducted on sandlance and other inshore-spawning 
species immediately following high-latitude spills, because of this species' importance in marine 
ecosystems and its potential vulnerability to oiled substrates. 

Since eight years have already passed since the spill, further work on sandlance exposure to 
Exxon Valdez oil appears unlikely to produce significant results. 

While not formally a part of APEX activities, some of the most gratifying results of the project's 
activities were two separate incidents where boats involved in Project B and Project M saved eight 
lives. In the first case, William Ostrand and John Maniscalco brought their small research vessel 
alongside a burning boat and rescued four people. In the second case, while conducting 
hydroacoustic surveys, the Tiglax, with Kevin Bell as Captain and John Piatt as Lead Researcher, 
searched for and rescued two children and two adults from the waters of Cook Inlet. 

Discussion 

After the second year of APEX, some very clear pictures have emerged. APEX has shown that 
food availability at sea, food abundance, food quality and supply rate to young birds all can affect 
seabird reproduction in one form or another. We need now to understand their relative 
contributions to the overall picture. 

We also have significant results for Pigeon Guillemot and Black-legged Kittiwakes, suggesting 
that food can affect size of breeding population and population dynamics. With kittiwakes, we can 
trace step by step, in preliminary form, a chain from fish in the sea to foraging to reproductive 
success to colony and regional dynamics. This is perhaps unprecedented in seabird studies. With 
Pigeon Guillemots, we lack only foraging observations to do the same. We await another year's 
data and the activities of Project Q to help pull this together. The models may serve two purposes: 
as a predictive management tool and to 'hindcast' the role that food may have played relative to the 



EVOS in affecting populations of these two species. 

We are also at a stage where the first descriptive models have been produced for seabird foraging; 
similar models for fish are expected in 1997. These should allow us to model PWS spatially, 
predicting where the 'good' areas are for fish of different species and for birds to forage on them. 
Again these models could be used in two ways. As a hindcast, we can see how much important 
foraging area was affected by the spill and, for the future, we can predict fish and bird 
concentrations that should be protected from development. This may prove increasingly important 
as the Whittier Road is completed, triggering development and the need for infrastructure in 
Western PWS. Since much of the increase in tourism stems from the EVOS, these models are 
likely to address a restoration need that is only just emerging. 

One important task of the past year was a reworking of the protocols. Our study sites differ so 
greatly in logistical and physical constraints that not all data could be collected at all sites without 
exceptional effort. For example, obtaining meal size from luttiwakes on cliffs is a serious 
challenge, yet it is key to understanding the link between food and reproductive success. The 
principal investigators spent a great deal of time on this which should improve our data for the 
1997 field season. 

The Tasks Ahead 
It is clear that APEX needs to rework its hypotheses. In the review above, it became evident that 
several of the hypotheses have essentially been tested to the extent useful for answering APEX'S 
larger hypothesis. Several others appear less effective than when originally developed. Still others 
have arisen. This turnover is natural in research. This ongoing effort will be concluded over the fall 
and winter of 1997 - 98. 

The next several years may be spent fine-tuning the bird-fish picture, or we may find the situation 
much more variable than initial sampling suggests. Also, we will be focusing much more on the 
mechanisms that mediate relative abundance in the forage fish community. Without such 
understanding of the fish community dynamics, the seabird efforts remain essentially post hoc. 
Coupled together, seabird and fisheries dynamics may offer us much more capability to manage the 
Northern Gulf estuaries in an ecologically sustainable manner. 

For FY 97, we will be expanding efforts to address several gaps in the project, looking at 
energetics of adult seabirds, interactions of Marbled Murrelet productivity with fish distribution, 
how juvenile pollock use jellyfish as staging areas, the diets of sharks, and the trophic role of 
jellyfish. We will conclude the cooperative work (part of Project I) with K. Frost, comparing 
harbor seal diets and APEX fish data. 

The upcoming two years may be especially rewarding. The summer season of 1997 and winter of 
1997 - 1998 will occur under El Nifio conditions. These may be quite different from what we have 
sampled so far or may trigger changes in existing conditions that will help deepen our knowledge 
of the environment for upper-trophic level predators in the estuaries of the Northern Gulf of 
Alaska. 

Conclusions 

Coincident with the EVOS, the forage fish situation for seabirds in the Northern Gulf of Alaska 
and estuaries deteriorated, with a transition from energy-rich capelin and sandlance to a system 
dominated by the nutritionally poorer walleye pollock. Effects of this can be seen for various 
seabird species at the level of diet, individual chick growth rate, number of breeding birds, colony 



reproductive success, and regional population dynamics. 

Tasks that remain are 1. to better characterize these effects at the interannual scale of variability; 2. 
to generate predictive models useful for future monitoring and for 'hind cast' testing of the main 
hypothesis; 3. to generate spatial models of areas important for fish, birds, and possibly marine 
mammals; and 4. to develop an understanding of what generates change in the forage community. 
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Figure 1. Fish abundance in inshore acoustic surveys and number of kittiwakes observed during 
nearshore surveys. 
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Figure 2. Nearshore fish biomass and number of kittiwake chicks produced in each study area in 
1996. 
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Figure 3. Offshore biomass and nests in 1995 and 1996. 
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Figure 4. Offshore biomass and number of chicks in 1995 and 1996. 



OFFSHORE FISH BlOMAS (XAXIS) VS 
NUMBER OF BLKl CHICKS. 1995 AND 
1996 DATA 



APPENDIX 

REPORTS OF INDIVIDUAL SUBPROJECTS 



APPENDIX A 

APEX: 961638 



Alaska Predator Ecosystem Experiment 

8 Forage Species Studies in Prince William Sound 
Project 163A - 1996 Annual Report 

- Q 
Lewis Haldorson and Thomas Shirley 

- O Juneau Center 
School of Fisheries and Ocean Sciences 

University of Alaska' Fairbanks 

Kenneth Coyle 
Institute of Marine Sciences 

University of Alaska Fairbanks 

Richard Thorne 
I 

I BioSonics, Inc. 



1 
ABSTRACT 

The abundance of forage fishes was assessed in three areas of Prince William 

Sound in July 1996 using acoustic surveys of offshore and nearshore areas, 

and a beach seine survey for the very shallow nearshore zone. Offshore 

biomass was similar in depths above and below 25 m, and was about four 

times higher in the North area than in either the Central or South areas. The 

only fishes sampled by net in the offshore survey were walleye pollock over 

200 mm in length. 

Herring were by far the most abundant forage species in the nearshore 

acoustic survey, based on both net sampling and video observations of 

acoustic targets. Most herring were juveniles aged 1 or 2 years; however, 

large schools of young-of-the-year (YOY) herring were found in the North 
area, and notable numbers of adult herring occurred in the South area. Other 

species encountered in the nearshore acoustic survey were sand lance and 

YOY walleye pollock, both in the North study area. Nearshore acoustic 

biomass was considerably higher in the North study area than in either the 

South or Central areas. Most nearshore biomass was concentrated in distinct 

schools of fish that occurred on relatively few transects - from 10% of transects 

in the South, to 25% of transects in the North. The number of nearshore 

acoustic transects where large schools (mean transect estimate > 10 g/m2) 

were encountered was approximately three times higher in the North study 

area than the South, and ten times higher than the Central area. Video 

observations were very valuable in identifying acoustic targets, and allowed 

confirmation of distinctly different patterns of acoustic return associated with 

schools of herring, sand lance and YOY walleye pollock. 

Beach seine catches were highly variable, but trends were similar to those in 

the acoustic surveys. More fish were caught in the North - about five and 

twenty-five times as many as in the South and Central areas, respectively; 

with approximately equal effort. Nearly all fish caught in the North were 

herring or sand lance. Some sandlance did occur in catches from the Central 

area, although they ranked third in total catch after pink salmon and tomcod. 

In the South herring were about 80% of total catch, followed by tomcod at 

about 15% of total. In frequency of occurrence (the proportion of seine hauls 
that had a species present in the catch), herring and sand lance ranked highest 



2 
in the North, whereas pink salmon and tomcod ranked one and two in both 

the South and Central areas. 

All surveys (offshore acoustic, nearshore acoustic, beach seine) indicated that 

forage species were much more abundant in the North than in either the 

Central or South areas. Herring were the most common and widespread 

forage fishes, and were most abundant in the North, where many schools of 

YOY herring and older (age I and 2) juveniles occurred. In addition the 

North area had notable occurrences of sand lance and YOY pollock. 

There was no obvious explanation for the dramatic differences we observed 

in the abundance and distribution of forage fishes in Prince William Sound. 

Temperature and salinity distributions in the water column were very 

similar in the three study areas. We examined salinity and temperature 

distributions along nearshore to offshore transects in all three study areas to 

determine if nearshore frontal zones could be associated with distributions of 

forage fishes. In all cases, the pronounced stratification of the water column 

persisted into very shallow nearshore areas, indicating that the energy of tidal 

mixing was insufficient to break down stratification in the nearshore areas. 
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LNTRODUCTION 

Prince William Sound (PWS) is one of the largest areas of protected waters 

bordering the Gulf of Alaska (GOA), and provides a foraging area for large 

populations of apex predators including piscivorous seabirds. These avian 

predators were severely impacted by the EXXON VALDEZ oil spill (EVOS), 

and many - especially common murres, marbled murrelets, pigeon 

guillemots - suffered population declines that have not recovered to pre- 

EVOS levels (Agler et al. 1994). Pisavorous seabirds in PWS are near the 

apex of food webs based on pelagic production. They feed on an assemblage of 

forage species that include several fishes and may also prey on invertebrates 

such as euphausiids, shrimps and squid. Recovery of apex predator 

populations in PWS depends on restoration of important habitats and the 

availability of a suitable forage base. Since the 1970's there has apparently 

been a decline in populations of apex predators of the pelagic plankton 

production system, and it is not clear if failure to recover from EVOS-related 

reductions is due to long-term changes in forage species abundance or to 

EVOS effects. 

Forage species include planktivorous fishes and pelagic invertebrates. 

Planktivorous fish species that occur in PWS and are known or likely prey of 

apex predators include Pacific herring, Clupea pallasi ; Pacific sand lance, 

Ammodytes hexapterus (Drury et al. 1981, Springer et al. 1984, Wilson and 

Manuwal 1984); walleye pollock,Theragra chalcogramma (Springer and Byrd 
1989, Divoky 1981 ); capelin, Mallotus villosus , and eulachon, Thaleichthys 

pacificus (Warner and Shafford 1981, Baird and Gould 1985). Pelagic 

invertebrates; including euphausiids, shrimp, mysids, amphipods; are found 
in the diets of sand lance, capelin and pollock, as well as young salmon 

(Clausen 1983, Coyle and Paul 1992, Livingston et al. 1986, Straty 1972). When 

aggregated in sufficient densities, macrozooplankton are fed on directly by 

marine birds (Coyle et al. 1992, Hunt et a1 1981, Oji 1980). 

We used hydroacoustics to estimate the distribution and abundance of forage 

fishes. Hydroacoustics measure horizontal and vertical abundance at scales 

not possible by traditional net sampling techniques, and have been used to 

quantify fish (Thorne et al. 1977, Thorne et al. 1982, Mathisen et al. 1978) and 
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the spatial patterns of a variety of aquatic populations (Gerlotto 1993; Baussant 

et al. 1993; Simard et al. 1993). In Alaskan waters, acoustics have been used to 

measure biomass relative to tidally-generated frontal features (Coyle and 

Cooney 1993) and the relationship between murre foraging, tidal currents and 

water masses in the southeast Bering Sea (Coyle et al. 1992). Acoustic 

sampling cannot positively identify the species of targets; consequently, other 

sampling must be conducted concurrently with acoustics to identify species 

and to provide size distribution data necessary for biomass estimations. 

This report describes the second year of research that is part of a program 
(APEX) designed to determine if forage species availability is limiting the 

recovery of seabird populations that were impacted by the EVOS. In the first 
1 

year of the study (1995), the most significant aggregation of forage species 

occurred offshore in the central part of the Sound where large schools of 

young-of-the year walleye pollock were found at depths from 30 - 70 m. 

Studies of seabirds in 1995 indicated they foraged principally within 1 km of 

the shoreline. As a consequence of those observations our research program 

in 1996 directed much more effort to quantifying the abundance of forage 

species in the nearshore area, and we added a nearshore acoustic survey and a 

beach seine survey. 

1. Provide an estimate of the abundance and distribution of forage species in 
nearshore (within 1 km) and offshore zones of three study areas in Prince 

William Sound. 

2. Describe size distributions of the most abundant forage species. 

3. Provide samples of forage fishes to NMFS for food habits studies, and other 

samples of forage species to other APEX and EVOS funded researchers. 

4. Describe oceanographic conditions in the study area, and determine if 

forage fish distributions are associated with hydrographic features such as 

tidal fronts. 



FIELD METHODS 

Field studies were conducted in July 1996. The survey was conducted in 

three areas designated as the north, central and south study sites (Figure 1). 

The study began on 14 July and ended on 28 July: 

14 July Loaded gear on vessels in Cordova, traveled to South study area 

15-19 Conducted surveys in South study area 

19-22 Conducted surveys in Central study area 

23-27 Conducted surveys in North study area. 

28 July Traveled to Cordova, unloaded equipment. 

Offshore Survev. 

The offshore survey was conducted from two vessels, an acoustic/bird 

observation vessel (F/V CAPE ELRINGTON) and a mid-water trawl vessel 

(F/V CARAVELLE). Surveys were conducted during daylight hours, typically 

between 0600 and 2000. The acoustic vessel surveyed a series of transects. 

The transects were in a pattern of parallel transects through each area, 

terminating at shorelines as close as possible to the shore. Patterns to be run 

in each area followed a preselected series of transects spaced at two mile 

intervals (Table 1, Figures 2 - 4). Data were collected with a 120 kHz BioSonics 

~ o d e l  101 Scientific Echosounder, with the transducer deployed in down- 

looking mode from the towed vehicle. Signal processing was accomplished 

with a BioSonics Model 221 ESP Echo Integrator. 

The F/V CARAVELLE collected mid-water trawl samples of targets 
designated by the acoustic vessel (Table 2). The location of net sampling was 

determined by acoustic and bird observations. Where acoustic signals or bird 
activity indicated the presence of forage species, scientists on the acoustic 

vessel directed the midwater trawl vessel to the location and depth where 

collections were desired. 

CTD profiles were collected at net collection stations and on each transect line 

(Table 3). A Seabird SEACAT SBE 19 CTD was used to sample the water 

column from the surface to 200 m depth, or to within 10 m of the bottom at 

shallower stations. 
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Nearshore Survev 

The F /V MISS KAYLEE conducted a series of hydroacoustic transects in the 

three study areas, working in the same general area as the offshore survey on 

each day. On July 26 and 27 the CAPE ELRINGTON conducted the nearshore 

survey due to failure of acoustic equipment on the MISS KAYLEY. The 

equipment on the MISS KAYLEE was a Biosonics ESP 420 kHz analog down- 

looking and side-looking system multiplexed with a 130 kHz DT6000 digital 

down-looking system. On July 19th the ESP 420 kHz system failed and 

beginning on July 20th the inshore survey was continued with only the 

DT6000 system. On July 25th the DT6000 system also failed, and it was 

replaced with a DT5000 system. The DT5000 system failed almost 

immediately; consequently, the nearshore survey was completed using the 

CAPE ELRINGTON and the ESP 120 kHz system. 

Inshore transects were in a pattern of zig-zags within 12 krn segments of 

shoreline. The 12 km study site segments were laid out sequentially through 

the shoreline within each study area. The number of 12 km study sites 

within each study are: North - 26, Central - 8, South 21 (Figures 5 - 7). Since 

time constraints precluded sampling all of the shoreline in the North and 

South areas, a systematic sampling plan was followed, and every other study 

site segment was sampled, with random removal of additional segments to 

further reduce the number as necessary. Segments sampled were: 

North 1,3,5,7,9,13,15. 17,19 

Central 1-8 

South 2,4,6,10,14,16,18,20 

Each 12 km study site was further divided into ten 1.2 km beach sections, 

with the starting and ending points of each beach section marking the 

shoreward turning point in a series of 20 transects were laid out following a 

zig-zag pattern (10 zigs, 10 zags), with each transect about 1.2 km long (Table 4, 

Figure 8). The acoustic transects are identified by a alpha-numeric 

designation, for example: N03-02A 

N - indicates the North study area 

03 - indicates the third 12 km shoreline segment 

02 - indicates the second beach section, or second set of zig-zags 

A - indicates the first of the two zig-zag transects off beach section 2. 



Acoustic targets found by the survey vessel in the inshore study areas were 

sampled by the F/V PAGAN using purse seine, dip nets, cast nets (Table 5) or 

a video-equipped ROV (Remote Operated Video) (Table 6). 

CTD profiles were collected at representative sites at each 12 km segment 

sampled acoustically (Table 7). A Seabird SEACAT SBE 19 CTD was used to 

sample the water column from the surface to 200 m depth, or to within 10 m 

of the bottom at shallower stations. 

Beach-seine survev 

Beach seining was conducted in each study area in the same 12 km beach 

segments that were sampled in the inshore survey. The beach sections 

within each segment sampled were chosen randomly. The ten 1.2 km 

sections within each study site segment were randorniy ranked, using a 

random number table (Table 8). The first three ranked sections had one seine 

haul made on any beach that was thought to be fishable. If there were no 

fishable beaches in a top-ranked beach section, the next ranked section was 

used. 

Net Sampling methods 

A mid-water trawl was the primary sampling tool used to sample acoustic 

targets offshore. This net is a research-scale version of a mid-water 

commercial herring trawl used in Canada. Although the absolute net mouth 
opening is about 100 m2, the effective opening is about 50 m2. This size net 

has proven effective on larger nektonic forage fishes such as herring (Mike 

Halstead, Research Nets Inc. Seattle, Personal communication). The mesh 

sizes diminish stepwise from about 2" in the wings to 3/8" (9.5 mm) in the 

codend. An additional cod end liner with 1/8" (3.2 mm) mesh netting was 

sewn into the midwater trawl, this inner liner terminated in a plankton 

bucket with 0.5 mm nytex mesh that retained smaller macroplanktonic 

organisms. Midwater trawl samples were collected at locations and depths 

specified by the researchers monitoring the acoustic sampling. 

A purse seine was the primary net sampling gear used to collect samples of 

acoustic targets in the nearshore survey, although dip nets and cast nets were 
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used occasionally to collect fishes very near the surface. The purse seine was 

200 m long by 20 m deep with 25 mm stretched mesh. 

The beach seine is a 37 m long net equipped with bridles and 30 m long lines 

attached to each bridle. The net tapers from 5 m depth at the center to 1.5 m 
depth at the end of each wing. The mesh size is 20 mm stretched mesh except 

for a center panel 9 m long that has 10 mm stretched mesh. 

Sample Processing 

MacroInver tebrates. 

Gelatinous zooplankton were identified to the lowest possible taxon in the 

field. All other zooplankton were either frozen for future energetic studies or 

preserved in buffered 5% formalin. 

Fishes. 

Fish larger than about 50 mm were identified in the field and sorted to 

species. All fish were measured (fork length) unless net hauls contain large 

numbers of individuals of some species. Large catches were randomly 

subsampled by splitting the catch down to 100 - 200 individuals for 

measurement. Subsamples of all forage fish species were frozen and returned 

to the laboratory for future life history and energetics studies. 



ANALYTIC AND STATISTICAL METHODS 

Acoustic data 

Offshore survey. 

Averages were caculated for each transect within two depth strata: I - 25 m 

and 26 - 100 m. the deeper stratum exends further than the previous year (100 

m ve. 65 m) because of the lower frequency (120 kHz vs. 420 kHz) used in 

1996. A scaling factor of - 30 dB/Kg of fish biomass was used to convert echo 

integration measurements to fish density. 

Nearshore survey. 

Biomass estimates were developed by scaling down-looking acoustic data 

based on the length distributions of the dominant fish species collected in 

each study area. Estimates of the number of individual fish per cubic meter 

are determined by an equation relating acoustic target strength to fish length. 

Data were collected using the default target strength of -42.2 dB. Equations to 

convert fish length (L, in cm, log base 10) to target strength (TS) were: 

pollock TS = 20 (log L) - 66 

herring TS = 20 (log L) - 68 

sand lance TS = 20 (log L) - 93.7 (based on 38 kHz system) 

~ifferences between the computed target strength and the default target 

strength were used to rescale the data. 

Estimates of fish numbers were converted to an estimate of biomass per cubic 

meter using the length-weight relationship for the dominant species. 

Equations to compute biomass (W - in grams, L - in mm) were: 

pollock W = (1.89 x 10-6) L 3.272 
herring W = (5.007 x 10- 6) L 3.196 

W=(4.81 x10- 7) L 3.451 
Biomass per cubic meter estimates were converted to biomass per square 

meter of surface by integrating the results over the depth of the sampled 

water column. Length to target strength relationships were taken from the 

literature, and the length-weight equations were from our unpublished data 

in PWS. 
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Geographic distributions of forage species were assessed by developing area 

plots of biomass density gradients determined through a kriging routine. The 

kriging method has a gridding algorithm (we used a minimum curvature 

algorithm) that estimates the data between transect lines based on spatial 

variation along the transect lines. Therefore, the most accurate point 

estimates are those occurring closest to the lines in regions where transect 

density is highest. Land masses were overlaid on the area plots after the 

gridding algorithm had been run. 

Biomass estimates for each of the nearshore 12 krn sampling sites were 

developed by calculating the mean for each set of zigs and zags separately, and 
an overall estimate was calculated by including all transects (zigs and zags) in 

the average. The estimate of nearshore biomass in each of the three study 

areas (North, Central, and South) was produced by averaging the overall 

estimate from each of the sampling sites. 

Depth profiles of temperature, salinity and sigma-t were plotted for all CTD 
casts. We also evaluated geographic patterns in offshore water structure by 

plotting isotherm and isohaline lines over series of stations in the North 

(Valdez Arm), Central (east of Knight Is.) and South (Knight Island Passage) 

study areas. 

Geographic patterns of temperature and salinity were plotted for series of 

CTD stations extending from nearshore to offshore in the North (Port 
Fidalgo), Central (MacPherson Passage), and South (Knight Island Passage) 
study areas to determine if tidal fronts were found in the nearshore areas of 

the Sound. In addition, two die1 CTD stations were sampled every 6 hours 

over a 24 hour period in Bainbridge Passage to determine if tidal currents 
were strong enough to break down the vertical stratification of the water 

column. 



RESULTS - OFFSHORE SURVEY 

Hvdroacoustic 

Aggregations of forage fishes were seldom encountered in the offshore 

survey. This was a sharp contrast to the results from the 1995 survey, when 

large aggregations of young-of-the-year walleye pollock were found in the 

Central area east of Knight Island (Figures 9/10). In most cases densities were 

low, less than one gram/square meter (Table 9). The North area had average 

densities of acoustic biomass that were over three times higher than either 

the Central or South areas (Table 10). 

Net Sampling 

Midwater trawl samples were collected at twelve stations in the offshore 

survey (Table 11). The only fish in midwater catches were walleye pollock at 

stations 65 (Central area, mean fork length 281 mm) and 119 (North area, 

mean fork length 260 mm), these lengths indicate they were at least two years 

of age. Jellyfish were the dominant component of rnidwater trawl catches, 

the most abundant genera of jellyfish were Aequorea and Cyanea (Table I I). 

Hvdrographic 

Prince William Sound is a large estuary, with large amounts of freshwater 
input from rainwater and meltwater from glaciers and snowfields. The 

resultant salinity gradients are largely responsible for stratification of the 

water column in the Sound. In the summer of 1996 all three study areas had 

gradients in temperature and salinity in the upper 50 m, with surface 

temperatures ranging from 12 - 15 O C. and salinities from 17 - 30 O/oo (Figure 

11). Below about 50 m temperatures were typically ~ 5 0  C with salinities 

above 32 o/oo. 

Physical conditions in the three study areas were very similar, both in 

termperature and salinity. Unlike 1995, there was no layer of cold water near 

the surface in the South, and the Central area was not notably less saline at 

the surface than the North or South areas. The upper 20 meters of the Sound 

was generally more saline in 1996 than in 1995. All of these observations are 

consistent with the lower rainfall that occurred in the Prince William Sound 



17 
area in 1996, relative to 1995; and the consequent reduction in fresh water 

run-off into the Sound. 

Conditions within a survey area were relatively uniform. In the North area a 

south to north series of stations on transect lines 2 - 8 (Figure 12, stations are 

spaced every 2 nautical miles) have quite flat isothermal and isohaline 

profiles, except for colder surface water near glaciers (station N03A) and 

colder, less saline water at the north end of the transect. (Figure 13) . In a 

south to north transect of stations in the Central area (Figure 14), 

temperatures and salinities are more uniform (Figure 15). At 9 stations 

through Knight Island Passage in the South area (Figure 16), the water 

column is colder and more saline at shallow depths at the southern end of 

the transect (Figures 17). 

RESULTS - NEARSHORE SURVEY 

Hvdroacous tics 

Biomass estimates varied among the three major study areas, largely due to 

the variability in the rate at which schools of forage fishes were encountered. 

Within each of the 12 krn sampling sites, the mean biomass for each set of 

zigs and zags often differed sharply - reflecting the fact that usually much of 

the biomass within a sampling site was due to the presence of one or two 

schools of fish that occurred on one or two of the 20 transects that made up 

the set of zigs and zags at a site. As a consequence of this pattern the standard 
errors for each set of zigs and zags are relatively large (Table 12). The 
distribution of biomass estimates of individual transects provides an index of 

the number of schools of forage fishes in each of the study areas (Figure 18). 

The North area had substantially more transects where fish schools were 

encountered than did the South or Central areas. Large schools on a transect 

typically resulted in average biomass exceeding 10 g/m2. The North area had 

21 such transects, whereas the South and Central areas had 7 and 2 high value 

transects, respectively. The mean biomass estimates of zigs only, zags only, 

and total transects were all also higher in the North study area (Table 12). 

The geographic distribution of biomass among the transects in the study areas 

indicated that schools of forage fishes were not randomly distributed (Figures 
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19, 20, 21). In the North, Port Gravina had the highest concentration of 

biomass which was comprised of sand lance, YOY herring, and YOY walleye 

pollock. In the Central area most biomass occurrred around the north end of 

Knight Island. In the South, biomass was concentrated in Prince of Wales 

Passage, where schools of juvenile and adult herring occurred. 

Acoustic returns from herring, sand lance and walleye pollock displayed 

distinctively different patterns. Herring schools were typically tightly 

organized in roughly syrnetrical oval shapes in the upper water column with 

high acoustic backscattering (Figure 22). Sand lance schools were widely 

spread above the bottom with relatively low acoustic backscatter (Figure 23). 

YOY pollock were found in patchy schools, well off the bottom with 

moderately high acoustic backscatter (Figure 24). 

Net and Video Sampling 

Net samples were collected in the three study areas (Tables 13,14,15) to 

identify acoustic targets and to collect samples for size, condition and 

energetics studies. More samples were collected in the North study area as 

the acoustic survey found many more schools of forage fishes in that area. 

 id& sampling was used extensively in all study areas, and proved to be an 

effective way to identify species of fish schools that were located by the 

acoustic survey vessel. Herring were by far the most commonly identified 

species in video sampling of acoustic targets (Table 16). 

Fishes collected by the nearshore net/video sampling vessel were mostly 

herring with size distributions indicating they were young-of-the year (< 100 

mm), 1+ years (100 - 130 mm) 2+ years (130 - 170 mm) or older adults (>I80 

mm). Lengths of fishes sampled varied among the study areas (Table 17). 

Hydrographc 

Physical conditions in the nearshore were very similar to those in the 

offshore stations in all three study areas. We examined geographic patterns 

in temperature and salinity at a series of CTD stations extending from 
nearshore to offshore to determine if tidal fronts were present nearshore in 
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the Sound. At a series in Port Fidalgo (Figures 25, 26), Naked Island (Figures 

27, 28) and Bainbridge/Knight Is. Passage (Figures 29,30), we found no 

indication that the strong vertical stratification that exists offshore was being 

being broken down in the nearshore. Examination of temporal variation in 

temperature and salinity at two stations in Bainbridge passage on July 18 also 

indicated that the vertical structure was not disrupted over several tide 

changes in this narrow passage that experiences considerable tidal flushing 

(Figures 31,32,33). In that series, high tides occurred at about 3:20 AM (+ 12.3 

ft) and 4:20 PM (+ 11.2 ft), and low tides at about 9:50 AM (- 0.9 ft) and10:OO PM 

(+2.5 ft). This date had the greatest tide range that occurred during our field 

season. 

RESULTS - BEACH SEINE SURVEY 

Catches in beach seine sampling were highly variable, as .most of the fish were 

caught in a few hauls in each of the three study areas. Among the 73 hauls 

that comprised the beach seine survey, ten hauls accounted for over 95% of 

the total catch (Figure 34). Large samples typically occurred when schools of 

herring or sand lance were intercepted by the seine. Highest catches occurred 

in the North study area, and fewest in the South (Tables 18, 19, 20). The 

differences were not tested statistically because of the extremely high 

variability in catches; however, the data suggest that there were differences in 

the 'species composition and abundance among the three areas. The 

proportions of beach seine samples that included the most commonly 

occurring species also suggest that there were differences among the three 
study areas. Pink salmon and tomcod were the most frequently occurring 

species in the South and Central study areas, whereas herring and sand lance 

had the highest frequency of occurrence in the North (Figure 34). 



DISCUSSION / SUMMARY 

Pronounced water column structure in the form of strong vertical gradients 

in temperature, salinity and density were evident throughout the North, 

Central and South sampling areas in Prince William Sound in summer 1996. 

This is expected in an estuarine ecosystem such as PWS which receives large 

amounts of rain, snowmelt and glacial meltwater discharge. Surface 

temperatures ranged from 12 - 15 OC and decreased rapidly with depth. 

Temperatures below 50 m were 3 - 5 OC. Surface salinities varied from 19 - 30 

ppt, while salinities below 50 m were relatively isohaline at 31-33 ppt. In 

general, offshore stations had warmer temperatures and higher salinities in 

surface waters than inshore stations. Surface waters at stations in the North 

area were generally colder and less saline than stations in the South area, but 

the proximity of stations to glacial meltwater and riverine discharge 

introduces considerable variability. Although considerable spatial variability 

existed, in general waters in PWS during our cruise in summer 1996 were 

warmer and more saline than in 1995. This is consistent with the lower 

amounts of rainfall in the area in 1996. 

Differences in the relative abundance of birds in the offshore and nearshore 

areas led to a hypothesis that differences in water column structure from 

offshore to inshore might explain the larger abundance of seabirds feeding 

nearshore. Nearshore frontal zones - boundaries between stratified offshore 

waters and well-mixed nearshore waters - occur when turbulence from tidal 

currents is strong enough to break down stratification. Such frontal zones 
may concentrate zooplankton, which could cause planktivorous fishes to 

aggregate nearshore; and, consequently, result in more birds foraging 

nearshore. 

To examine the possible changes of hydrographic structure from offshore to 

nearshore waters, a series of CTD transects were established in several 

locations within the North (Port Fidalgo), Central (McPherson Bay) and 
South (Bainbridge Passage) areas. In the north and central parts of Bainbridge 

Passage, CTD samples were collected at 6 hour intervals for 24 hours, 

spanning two spring cycles. 



No differences in hydrographic structure were evident from offshore to 

inshore, or over tidal cycles. Horizontal thermopleths and halopleths were 

uniformly smooth between stations located along transects extending from 

offshore to inshore, indicating that tidal fronts are not consistent features of 

the nearshore environment. Similarly, only a few deep anomalies in 

thermal and salinity isopleths are obvious in die1 hydrographic sampling 

over a spring tide series. Although the concept sounds plausible, we found 

no evidence to support the hypothesis that water column structure might 

explain changes in availability of forage species to seabirds. 

In 1996 we repeated the offshore survey of 1995, and added extensive 

nearshore acoustic and beach seine surveys. The main difference in the 

offshore survey in 1996 relative to 1995 was the absence of large schools of 

young-of-the-year walleye pollock that were a dominant feature of the forage 

fish complex in 1995. The YOY walleye pollock may have been absent from 

the 1996 survey if they were located outside the three study areas we 

surveyed; or, there may have been relatively few pollock produced in Prince 

William Sound in 1996. Walleye pollock populations in the Gulf of Alaska 

and the Bering Sea typically have high variability in year-class abundance; 

consequently, it would not be surprising to observe similar variability in 

Prince William Sound. We suspect that relatively low numbers of YOY 

walleye pollock in 1996 was due to a weak year class, although we cannot rule 

out the possibility that there were large numbers of pollock outside the study 

areas. Except for the areas where walleye pollock schools occurred in 1995, 
the acoustic biomass estimates for 1996 were similar in scale to those 

observed in 1995. As in 1995, the 1996 survey found distinctly higher acoustic 

biomass in the North study area than in the Central or South areas. 

The nearshore acoustic survey found that herring were by far the most 

abundant forage species in nearshore areas, although there were some 

differences in herring age and size composition in the three study areas. In all 

areas, juvenile herring that were probably age 1+ or 2+ were the most 

commonly encountered sizes; young-of-the-year herring were encountered 

mainly in the North study area, whereas adult herring occurred mainly in the 

South. Larger herring are probably less vulnerable to bird predation; 
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therefore, these observations suggest that the North study area provided 

enhanced foraging conditions for avian predators. 

Acoustic biomass estimates in the nearshore survey were mainly a function 
of the number of fish schools encountered on transects. The North area had 

the highest mean biomass estimates, followed by the South and Central areas. 

This result was due to the substantially higher number of transects with fish 

schools in the North. The fish schools were principally herring, although 

the North was the only area where schools of sand lance and schools of YOY 
pollock were found in the nearshore acoustic survey. It appears that the 

North study area provided substantially more opportunities for birds to 

encounter schools of fish in the nearshore area than did the South or Central 

study areas. Within the North area, schools of fish appeared to be 

concentrated in Port Gravina and to a lesser extent in the outer parts of Port 

Fidalgo. Port Gravina was also the area where schools of sand lance and YOY 

pollock were found. 

The beach seine survey provided highly variable results, with total catches 

dominated by a few hauls that caught schools of forage species. Nevertheless, 

beach seine data provide indications of forage species distributions that are 

consistent with the nearshore acoustic results. The beach seine survey 

caught the highest total of fish in the North study area, followed by the South 

and Central areas. In addition, the frequency of occurrence of commonly 

caught species differed among areas, as herring and sandlance were ranked 
first and second in frequency of occurrence in the North, whereas in the 
South and Central areas pink salmon and tomcod ranked first and second. 
Statistically, the beach seine data set has very limited power to identify 

differences among areas, due mainly to the high variability within areas. 

Nevertheless, trends in beach seine results are similar to results from the 

acoustic surveys, and reinforce a conclusion that the North study area, 

especially waters around Port Gravina, provided substantially enhanced 

availability of forage fishes within Prince William Sound. 
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Table 1. Offshore transect locaoons in APEX Prince William Sound study areas 

North Area - 
NO1 A 
N02A 
NO3LLB 
NO3l-r 
NO3VA 
N04BB 
N04VA 
N05VA 
N05GIW 
NOGGBE 
NOGGBW 
NO6VA 
NOGCB 
NOGLB 
N07VA 
NO8VA 
NO9VA 
NlOVN 
N l  1 PV 
N12 A 
N13W 
N13E 
N14W 
N14E 

Central Area - 
COlA 
C02A 
C03A 
C04A 
C05A 
C06A 
C07E 
C07W 
C08A 
W E '  
C09W 
CIOE 
CIOC 
ClOW 
C l l E  
C l l W  
C12E 
C12W 

South Area - 
SO1 E 
SOlW 
S02W 
S02E 
S03W 
S03E 
Sa4W 
SO4 E 
S06W 
S06E 
S07A 
S08A 
SO9 W 
SO9 E 

Latitude 
60Q 46.2' 
609 48.2' 
60Q 50.2' 
60Q 50.2' 
60Q 50.2' 
60Q 52.2' 
60Q 52.2' 
60Q 54.2' 
60Q 54.2' 
60Q 56.2' 
60Q 56.2' 
60Q 56.2' 
609 56.2' 
60Q 56.2' 
60Q 58.2' 
61Q 0.2' 
61Q 2.2' 
61Q 4.2' 
61Q 6.2' 
60Q 44.2' 
60Q 42.2' 
60P 42.2' 
60Q 40.2' 
60Q 40.2' 

Latitude 
60Q 15.0' 
60Q 15.0' 
609 17.0' 
602 17.0' 
60Q 19.0' 
60P 19.0' 
60' 21 .O' 
60Q 21 .O' 
609 11.0' 
60e 11.0' 
60' 09.0' 
60Q 07.0' 
60Q 23.0' 
60P 23.0' 

S Port Fidalgo 
S Bligh Is. 
Landlocked Bay 
S Tatitlek Narrows 
Bligh Reef 
Boulder Bay 
E Glacier Is. 
Valdez Arm 
W. Glacier Is. 
inner Galena Bay 
outer Galena Bay 
Valdez Ann 
Columbia Bay ent. 
Long Bay ent. 
Valdez Ann 
Valdez Ann 
VaMez Arm1 Jack B. 
Valdez Narrows 
Port Valdez 
Outer Port Fidalgo 
Goose Island 
Port Gravina 
Port Gravina 
Port Gravina 

N Montague St. 
Manning Rocks 
N Seal Is. 
N Knight Is. 
S Smith Is. 
N Smith Is. 
NE Eleanor Is. 
NW Eleanor Is. 
Eleanor Pass. 
SE Naked Is. 
SW Naked Is. 
E Naked Is. 
McPherson Bay 
W. Naked Is. 
E Peak Is. 
W Peak Is. 
E. Storey Is. 
W. Storey Is. 

Whale Bay Entr. 

Icy Bay 
Lower Dang. Pass. 
Knight Is Pass. 
S Jackpot Is. 
Knight Is. Pass. 
Dangerous Pass. 
Knight Is. Pass 
Bainbridge Pass. 
Bainbdge Pass. 
Shelter Bay to Pt. Helen 
So. end Knight Is. Pass. 
Dangerous Passage 
Knight Is. Pass. 

FrornTTo 
shore to 1479 0' 
1469 0.0 to 1479 5' 
shore to shore 
shore to shore 
shore to 147Q 0' 
shore to shore 
shore to shore 
shore to shore 
shore to 147Q 0' 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
1 4 P  50.0' to shore 
146* 55.0' to shore 
shore to shore 
146* 45.0' to Red Head 
Red Head east to shore 

ElsDaQ 
147* 12.0' to shore 
147Q 12.0' to shore 
147P 12.0' to shore 
147* 12.0' to shore 
147Q 2.0' to shore 
147Q 2.0' to shore 
147= 2.0' to shore 
shore to 147Q 2.0' 
147e 12.0' to 1479 42.0' 
147Q 12.0' to shore 
shore to 147P 42.0' 
1479 12.0' to shore 
shore to shore 
shore to 147Q 42.0' 
147* 12.0' to shore 
shore to 147Q 42.0' 
147Q 12.0' to shore 
shore to 147Q 42.0' 

ELQaLa 
14aQ 5' to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to shore 
shore to 1479 46.0' 
shore to shore 
shore to shore 



TABLE 2. Midwater trawl samples collected in the offshore survey during APEX cruise 96-1 

DATE TlME STN # LOCATION LATITUDE LONGITUDE DEPTH (m) 

Prince of Wales Pass. 
Prince of Wales Pass. 
C02A 
C02A 
C04A 
Galena Bay 
Galena Bay 
1 km from shore 
off Knowles Head 
NO1 -13E 
N14E 

GEAR 
DEPTH (m) 



Table 3. CTD data collected in the offshore survey during APEX cruise 96-1. 

DATE TIME STN # LOCATION LATITUDE LONGITUDE 

S08A 
S07A 
S06E 
S05E 
SOlE 
SO1 E 
S02W 
S03W 
SO2E 
S03E 
SO4E 

S09E; S18- 
COlA 
C02A 
C03A 
C04A 
C05A 
C08A 
C09E 
ClOE 
C l  l E  
C12E 
C04A 
C06A 
C07A 
C08A 
C09W 
ClOW 
N09A 
N08A 
N07A 
N06A 
N05A 
N04A 
N03A 
N02A 
NOlA 
NOlA 
NOlA 

DEPTH (rn) GEAR 
DEPTH (rn) 



Table 4.  Locatior 1s of nearshore transects sampled in APEX cruise 96-1. 



Table 4. Conti~ 

NO701 A 
NO701 B 
N0702A 
N0702B 
N0703A 
N0703B 
N0704A 
NO7048 
N0705A 
N0705B 
N0706A 
N0706B 
N0707A 
N0707B 
N0708A 
NO7080 
NO709A 
NO7090 
NO71 0A 
NO71 0B 

N0901A 
NO901 B 
N0902A 
NO9028 
N0903A 
NO9030 
N0904A 
NO9040 
N0905A 
N0905B 
N0906A 
N 0906 B 
N0907A 
NO907B 
N0908A 
N0908B 
N0909A 
NO9098 
NO91 0A 
NO91 0B 

N1301A 
N13010 
N1302A 
N1302B 
N 1 303A 
N1303B 
N 1 304A 
N1304B 
N 1 305A 
N 1305B 
N 1 306A 
N1306B 
N1307A 
N 13070 
N 1308A 
N 13088 
N1309A 
N1309B 
N1310A 
N1310B 

nued. 

60 44.0 
60 43.4 
60 43.9 
60 43.9 
60 44.3 
60 44.8 
60 44.9 
60 45.4 
60 44.6 
60 45.05 
60 44.4 
60 44.5 
60 44.8 
60 45.45 
60 45.05 
60 45.75 
60 45.75 
60 46.3 
60 45.6 
60 45.65 

60 48.4 
60 47.4 
60 48.4 
60 47.3 
60 48.15 
60 46.65 
60 46.55 
60 47.2 
60 46.85 
60 47.5 
60 46.95 
60 47.7 
60 47.2 
60 47.75 
60 47.3 
60 47.95 
60 47.5 
60 48.1 
60 47.7 
60 47.85 

60 50.9 
60 50.35 
60 50.35 
60 49.85 
60 49.65 
60 49.15 
60 49.05 
60 48.4 
60 48.9 
60 48.5 
60 49.2 
60 49.45 
60 49.8 
60 50.2 
60 50.65 
60 51.05 
60 51.1 
60 51.7 
60 51.5 
60 52.05 



Table 4. Continued. 



Table 4 Cont~n~ 

COlOlA 
COlOl B 
C0102A 
C0102B 
C0103A 
C0103B 
C0104A 
C0104B 
C0105A 
C0105B 
C0106A 
C0106B 
C0107A 
C0107B 
C0108A 
C0108B 
CO1 O9A 
C0109B 
CO11 OA 
COllOB 



Table 4 .  Continued 



Table 4.  Continued 



Table 4. Continued 



Table 4. Continued 

S1001A 
Sf 001 B 
S1002A 
S1002B 
S 1 003A 
S1003B 
S1004A 
S1004B 
S1005A 
S1005B 
S1006A 
S1006B 
S1007A 
S1007B 
S 1 OOBA 
S1008B 
S1009A 
S1009B 
S l  01 OA 
S l  01 OB 



Table 4. Continued 



Table 4. Cont~nued. 



Table 5. Net samples collected by the inshore survey of cruise 96-1. 
P - Purse Seine, D - Dip Net, C - Cast Net 

DATE TIMEIN STN # GEAR LOCATION LATITUDE 

SOUTH STUDY AREA 
15 /07  14:46 1 P 60 03.97 
15/07 16:28 2 P N. end La touche 60 04.97 
16 /07  15:48 3 P - 60 03.20 

CENTRAL STUDY AREA 
19/07 12:30 1 8  P C01-05B 60 23.13 
19 /07  15:30 1 9  P CO1-07B 60 23.85 
20107 12:OO 2 4 P C02-10A 60 29.88 
21 107 9:OO 2 6 P C04-01 B 60 37.90 
21 /07  12:OO 2 9 P C04-08A 60 40.20 

NORM STUDY AREA 
22/07 13:OO 
23/07 9:30 
23/07 12:30 
23/07 17:30 
23/07 16:15 
24/07 10:30 
24/07 15:OO 
24/07 16:50 
25/07 13:30 
25/07 13:30 
26/07 9:30 
26/07 19:OO 
27/07 9:OO 

N09-01 A 
N07-058 

St. Manhews Bay 
N07-016 
N03-066 

DEPTH (m) 



Table 6. Video samples collected on rnshore survey of cruise 96-1 

DATE TIME STN # LOCATION LATITUDE 

SOUTH STUDY AREA 
16 /07  15:40 
17 /07  9:15 
17 /07  10:14 
17 /07  10:58 
17 /07  13:15 
17 /07  15:08 
17 /07  17:13 
17 /07  17:55 
1 8 /07  8:42 
1 8 /07  9:25 
18 /07  10:30 
18 /07  11:06 
18 /07  11:55 
18 /07  14:12 
18 /07  17:06 
18 /07  17:33 

CENTRALSTUDYAREA 
19 /07  12:OO 
19 /07  14:55 
19 /07  16:45 
19 /07  17:05 
1 9 /07  18:15 
19 /07  18:41 
20107 11:lO 
20107 14:07 
20107 14:35 
20107 14:55 
21 107 8:20 
21 107 8:40 
21 /07  10:45 
21 /07  11:15 
21 /07  11:36 

21/07 12:40 
21107 13:36 
21 /07  14:30 
21 /07  15:53 
22 /07  8:50 
22/07 10:03 
22 /07  11:lO 
22 /07  11 :45 
22 /07  16:15 
22 /07  17:05 

Whale Bay 
Whale Bay 

Whale Bay, S107A 
near S10-02A 

S14-01 A 
S14-08A 
S1 4-09 

Paddy Bay 
S16-040 

S6-040 
51 6-048 

1 8  C01-050 
1 9  CO1-07B 
2 0 C02-040 
2 1 C02-040 
2 2 CO2-060 
2 3 C02-068 
2 4 C02-10A 
2 5 C03-08A 
2 5 C03-08A 
2 5 C03-08A 
2 6 C04-01 B 
2 6 C04-01 B 
2 7 C04-058 
2 8 CO4-06B 
2 9 C04-08A 

3 0 McPherson Passage 
3 1 
3 2 C05-03A 
3 3 C05-100 
3 4 C07-10A 
3 5 C07-07A 
3 6 C07-048 
3 7 C07-030 
3 9 C07-06A 
4 0 C06-030 

NORTH STUDY AREA 
23/07 1O:OO 4 2 60 57.79 
23/07 11 :30 4 3 N19-026 60 56.48 
23 /07  11 :48 4 4 N19-01A 60 55.94 
23/07 12:lO 4 4 N19-01A 60 55.71 
23 /07  14:26 4 5 N17-050 60 55.23 
23107 14:43 4 6 N17-040 60 54.88 
24/07 1O:lO 4 8 N15-07B 60 49.95 

DEPTH (m) SAMPLE D (m) 



Table 6. Continued 

DATE  ME 
24/07 11:15 
24/07 12:12 
24 /07  13:OO 
24/07 14:37 
24/07 15:45 
24/07 16:OO 
24/07 16:13 
24/07 17:15 
25/07 10:07 
25/07 13:08 
25/07 13:15 
25/07 16:35 
25/07 17:43 
26/07 9:03 
26/07 11 :04 
26/07 14:OO 
26/07 14:18 
26 /07  16:OO 
26/07 16:20 
26 /07  17:05 
26/07 18:51 
27/07 9:54 
27 /07  12:OO 
27/07 12:21 
27/07 13:17 
27/07 13:44 
27/07 14:23 

STN # 

4 9 
5 0 
5 1 
5 2 
5 3 
5 4 
5 4 
5 6 
5 7 
5 8 
5 9 
6 0 
6 1 
6 2 
6 3 
6 4 
6 5 
6 6 
6 6 
6 7 
6 8 
7 0 
7 1 
7 2 
7 3 
7 4 
7 5 

LOCATION 
N15-06A 
N15-02A 

S t  Maithews Bay 
St. Maithews Bay 

N05-10A 
N05-09B 
N05-06A 
N05-06A 
NOS-03A 
N07-028 
N03-05B 
N03-08B 
N03-09A 
NO1 -1 OA 
NO1 -09A 
NO1 -07B 

DEPTH (rn) 
9.1-10.7 
22.9-27.4 
30.5-38.1 
36.6-38.1 

45.7 
36.6-42.7 
51.8-53.3 

30.5 
54.7 

18.3-24.4 
36.6 
13.7 

7.6-10.7 
33.5-35.1 
29.0-30.5 

18.3 
10.7-1 2.2 
9.1-10.7 
9.1-10.7 
7.6-9.1 

18.3-19.8 
42.9 
121.9 
70.1 

29.0-38.1 
45.7 

38.1 -61 .O 

41 

SAMPLE D (rn) 
6.1-9.1 

12.2-1 8.3 
12.2-1 5.2 

12.2 
18.3-21.3 

21.3 
22.9 

21.3-24.4 
1.5-4.6 

10.7-13.7 
9.1-13.7 

10.7 
7.6-1 0.7 

10.7-1 5.2 
24.4-30.5 

12.2 
4.6-6.1 

6.1 
4.6 

7.6-9.1 
6.1-9.1 

42.7 
36.6 
30.5 

15.2-1 8.3 
15.2-1 8.3 
15.2-30.5 



Table 7. CTD data collecte ,d In the ~nshc )re survey during APEX cruse 96-1 

DATE TIMEIN LOCATION DEPTH (in) GEAR D (m) 

SOUTH S N D Y  AREA 
1 5 / 0 7  10:OO 
1 5 / 0 7  11:41 
1 5 / 0 7  1 1 5 7  
1 5 / 0 7  1 2 5 3  
1 5 / 0 7  1 5 3 2  
1 6 \ 0 7  1 1 3 8  
1 6 / 0 7  14:Ol 
1 6 / 0 7  14:45 
1 6 / 0 7  16:OO 
16 /07  16:38 
1 6 / 0 7  1 7 5 6  
1 7 / 0 7  10:58 
1 7 / 0 7  14:23 
1 7 / 0 7  15:18 

CENTFIAL STUDY AREA 
20107 8:04 
20107 8:37 
20 /07  9:12 
20107 16:05 
20107 17:51 
20107 18:43 
2 1 / 0 7  8:12 
21107 11:08 
21107 11:41 
21 /07  11:53 
2 1 / 0 7  12:14 
2 1 / 0 7  12:37 
22 /07  9 5 9  
22 /07  10:33 
2 2 / 0 7  11:OO 
2 2 / 0 7  11:12 
22 /07  1 1 3 8  

NORTH S N D Y  AREA 
2 3 / 0 7  8:28 
23 /07  11:22 
2 3 / 0 7  1 1 5 4  
23 /07  15:34 
2 3 / 0 7  15:59 
2 3 / 0 7  16:16 
23 /07  1 6 5 6  
24 /07  13:57 
24 /07  14:25 
24 /07  14:54 
24 /07  15:43 
24 /07  16:45 
24 /07  17:Ol 
24 /07  18:31 
25 /07  9:20 
25 /07  10:27 
2 5 / 0 7  12:05 
2 5 / 0 7  13:19 
25 /07  13:53 
25 /07  14:40 
25 /07  16:28 
2 5 / 0 7  17:12 
2 5 / 0 7  17138 
2 6 / 0 7  10:06 
2 6 / 0 7  10136 
26 /07  11:Ol 
2 6 / 0 7  11.36 
2 6 / 0 7  12:57 
26107 13 37 

Shelter Bay 
S02-01 A  
S04-01 A  
S02-08A 
S04-09A 
S06-01 A  
S06-10A 
S08-01 A  

S08-091 A  
S10-01A 
S10-IOA 
S14-01A 
S16-10A 
Sl6-09A 



Table 8. Beach seine samples collected on APEX 

DATE TIME STN # LOCATION 

SOUTH STUDY AREA 
15/07  13:15 
15 /07  14:30 
1 5 / 0 7  16:OO 
1 5 / 0 7  16:30 
1 5 / 0 7  17:20 
1 5 / 0 7  18:15 
1 6 / 0 7  1  1  :05 
1 6 / 0 7  13:OO 
1 6 / 0 7  13:35 
1 6 / 0 7  15:30 
16 /07  17:25 
1 6 / 0 7  17:40 
1 7 / 0 7  8:30 
1 7 / 0 7  9:35 
17 /07  1O:lO 
1 7 / 0 7  12:30 
1 7 / 0 7  13:30 
1 7 / 0 7  15:25 
17 /07  16:30 
1 7 / 0 7  17:30 
17 /07  18:42 
18 /07  9:lO 
1 8 / 0 7  9:40 
18 /07  10:40 
1 8 / 0 7  13:OO 
1 8 / 0 7  12:35 
1 8 / 0 7  15:OO 
18/07 15:35 

CENTRAL STUDY AREA 
19/07  11 :48 
1 9 / 0 7  13:15 
1 9 / 0 7  15:30 
19 /07  17:20 
19 /07  17:50 
1 9 / 0 7  19:05 
20107 9:lO 
20107 9:30 
20107 11 :05 
20107 12:30 
20107 14:40 
20107 15:50 
20107 16:55 
21 I07 8:40 
21107 9:OO 
21 I07 10:30 
21 107 11 :35 
21 I07 13:30 
21 I07 14:45 
21 I07 15:45 
21 107 16:20 
22107 9:l  0  

cruise 96-1 

LATITUDE LONGITUDE 



Table 8. Continued. 

DATE TIMEIN 
22/07 9:25 
22/07 9:55 
22/07 10:50 
22/07 12:lO 
22/07 12:50 
22/07 1  1  :50 

NORTH STUDY AREA 
23/07 8:28 
23/07 9:OO 
23/07 11:lO 
23/07 12:35 
23/07 13:15 
23/07 13:50 
23/07 15:30 
23/07 17:50 
24/07 9:50 
24/07 1  1  :45 
24/07 
24/07 
24/07 
24/07 
24/07 
24/07 
25 /07  9:45 
25/07 10:40 
25/07 11 :40 
25/07 13:30 
25/07 14:30 
25/07 15:20 
26/07 8:50 
26/07 9:25 
26/07 10:05 
26 /07  11:20 
26/07 12:25 
26/07 13:25 
2  7  10 7  8:55 
27/07 11:lO 
27/07 13:50 
27/07 14:45 
27/07 17:45 
27/07 18:OO 
27/07 20:40 
27/07 21 :45 
28/07 4:55 
28/07 6:25 
28/07 9:l  0  
28/07 9:35 

STN # LOCATION LATITUDE 
4  6  C07-03 60 40.77 
4  7  CO7-05 60 39.32 
4  8  C07-01 60 41.26 
49  C06-08 60 43.20 
5  0  C06-09 60 43.13 
5  1  CO6-07 60 43.20 

LONGITUDE 
147 28.68 
147 29.41 
147 28.79 
147 26.95 
147 25.55 
147 27.62 



Table 9. Fish densities (glsquare meter) in shallow and deep depth strata in offshore 
transects in South, Central and North areas. 

Biomass Estimate (g1sq.m) 

Transect 

NORM STUDY AREA 

NO1 A-1 
NO1 A-2 
NO1 A-3 
NO2A-1 
N02A-2 
N02A-3 
NZ02N 

N03A-1 
N03A-2 
N03A-3 
N 0 3 m  
NO3LL 
NZ03S 
N 04A 
NZO4N 
N05A-1 
N05A-2 
NZ05S 
N06A 

NZO6N 
NZOGS 

NOGGBW 
NOGGBE 
N07A 
NZ07N 
NZ07S 
N08A 
N 09A 
NlOA 
N12A 
N13E 
N 13W 
N14E 
N 14W 

CENTRAL STUDY AREA 

TOTAL 



Table 9. Continued 

Transect 

SOUM STUDY AREA 

Biomass Estimate (g1sq.m) 

36-1 OOm TOTAL 



Table 10. Average fish densities (glsquare rn) for South, Central and North areas 

Degth (rn) 

1-25 

26-1 00 

TOTAL 

Biomass Estimate (g1sq.m) 
North central South 



Table 11.  Fish and jellyfish in midwater trawl samples collected on APEX cruise 96-1 in Prince William sound 

Station Pollock Aequora Cyanea Aurelia Eutonia Other Jellyfish 



Table 12 B~ornass esrlrnales lor nearshore study slres In three study 
areas of Prince W~ll~arn Sound In APEX crulse 96-1 

SITE MEAN STD DEV N STD ERR. 
BIOMASS 

NORTH STUDY AREA 
N 1 0.76 
N 3 0.25 
N5 28.01 
N7 15.22 
N 9 0.12 
N13 1.59 
N15 0.94 
N17 5.38 
N19 0.54 
MEAN 5.87 
ST0 ERR 3.21 

CENTRAL STUDY AREA 
C1 0.28 0.5 1 0  0.16 
C2 4.48 12.81 1 0  4.05 
C3 0.93 2.09 1 0  0.66 
C6 0.16 0.2 1 0  0.06 
C7 0.24 0.46 1 0  0.15 
C8 0.01 0.01 5 0.00 
MEAN 1.02 
SFD ERR 0.70 

SOUTH STUDY AREA 
S2 4.05 8.69 1 0  2.75 
54 0.01 0.02 9 0.01 
S6 0.12 0.15 1 0  0.05 
S10 0.55 1.47 1 0  0.46 
s14 5.04 15.86 1 0  5.02 
S16 , 0.08 0.13 1 0  0.04 
S18 4.79 13.69 1 0  4.33 
MEAN 2.09 
SID ERR 0.91 

ZAGS 

MEAN BlOM STD DEV N STD ERR. 
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Table 16. Video sarnF ,les ~dent~fications on inshore survey of cruise 96-1 

DATE STN # LOCATION DEPTH (rn) TARGET 1DEMIFICATK)N 

SOUTH STUDY AREA 

Whale Bay 
Whale Bay 

S107A 
near S10-02A 

S14-01 A 
S14-08A 
S14-09 

Paddy Bay 
S1 6-048 
S16-04B 
S16-04B 
S02-01 A 
S02-07A 
S02-09A 

CENTRAL STUDY AREA 
CO1-05B 
CO1-07B 
C02-04B 
C02-04B 
C02-06B 
C02-068 
C02-1 OA 
C03-08A 
C03-08A 
C03-08A 
CO4-01 B 
CO4-01 B 
C04-05B 
CO4-06B 
C04-08A 

McPherson Passage 

NORTH STUDY AREA 

NONE 
NONE 
NONE 
HERRING >I00 MM 
SALMON SHARKS 
HERRING >lo0 MM 
NONE 
NONE 
YOY POLLOCK 
NONE 
RXKFlSH 
HERRING >lo0 MM 
NONE 
UNIDENTIFIED SCHOOL 
I-WRNG 

HERRING > 100 MM 
NONE 
NONE 
NONE 
HERRING > 100 MM 
UNIDENTIFIED SCHOOL 
HERRING > 100 MM 
HERRING > 100 MM 
NONE 
NONE 
NONE 
UNIDENTIFIED SCKXX 
NONE 
UNlDENnFlED SCHOOL 
HERRING > 100 MM 
RXKFlSH 
ADULT SALMON 
HERRING > 100 MM 
ROCKRSH 
NONE 
ROCKFISH JUVENIES 
NONE 
GADID - JUVENILE 

.NONE 
NONE 

JELLYFISH 
JELLYFISH 
UNIDENTIFIED SCHOOL 
NONE 
UNIDENTIFIED SCHOOL 
HERRING z 100 MM 
UNlDENnFlED SCHOOL 
UNIDENTIFIED SCHCOL 



Table 16. Continued 

DATE TIME 
24/07 12:12 
24/07 13:OO 
24/07 14:37 
24/07 15:45 
24/07 16:OO 
24/07 16:13 
24/07 17:15 
25/07 10:07 
25/07 13:08 
25/07 13:15 
25/07 16:35 
25/07 17:43 
26/07 9:03 
26/07 1 1 :04 
26 /07  14:OO 
26/07 14:18 
26/07 16:OO 
26/07 16:20 
26/07 17:05 
26/07 18:51 
27/07 9:54 
27/07 12:OO 
27/07 12:21 
27/07 13:17 
27/07 13:44 
27/07 14:23 

STN # LOCATION 
5 0 N15-02A 
5 1 
5 2 N13-070 
5 3 N13-050 
5 4 N13-040 
5 4 N 13-046 
5 6 N 13-03A 
5 7 N09-07B 
5 8 N09-01 A 
5 9 N07-05B 
6 0 
6 1 
6 2 St. Matthews Bay 
6 3  St. Matthews Bay 
6 4 N05-1 OA 
6 5 N05-090 
6 6 N05-06A 
6 6 N05-06A 
6 7 N05-03A 
6 8 N07-02B 
7 0 N03-05B 
7 1 N03-080 
7 2 N03-09A 
7 3 NO1 -1 0A 
7 4 NO1 -09A 
7 5 NO1 -07B 

SAMPLE D (m) 
12.2-18.3 
12.2-1 5.2 

12.2 
18.3-21.3 

21.3 
22.9 

21.3-24.4 
1.5-4.6 

10.7-1 3.7 
9.1-13.7 

10.7 
7.6-10.7 
10.7-1 5.2 
24.4-30.5 

12.2 
4.6-6.1 

6.1 
4.6 

7.6-9.1 
6.1-9.1 

42.7 
36.6 
30.5 

15.2-18.3 
15.2-1 8.3 
15.2-30.5 

IDEKnflCATlON 
UNIDENTIFIED SCHOOL 
HERRING > 100 MM 
HERRING > 100 MM 
HERRING > 100 MM 
HERRING > 100 MM 
HERRING > 100 MM 
NONE 
NONE 
HERRING > 100 MM 
HERRING z 100 MM 
NONE 
SANDLANCE 
HERRING - YOY 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
HERRING > 100 MM 
NONE 
NONE 
NONE 
HERRING - YOY 
POLLOCK - YOY 
NONE 



TaMel7. Mean lengths of dominant species (n s10) in net samples collected by the inshore survey of cruise 96-1. 
P - Purse Seine, D - Dip Net, C - Cast Net 

DATE STN # GEAR LOCATION DEPTH (m) SPECLS FOM STAND. N 
LENGTH (mm) DEV. 

SOUTH AREA 
15/07 1 P 47.2 Pink Salmon 92.6 6.2 279 
15/07 2 P N. end La touche 36.0 Pink Salmon 99.1 12.6 234 
16/07 3 P 35.7 Herring 192 12.2 204 

Pink Salmon 115.3 14.6 7 8 

CENTRAL AREA 
19/07 1 8  P CO1-05B 18.3 Herring 125.8 12.1 270 

Sand Ian@ 101.2 2.5 1 1  
20107 24  P C02-10A 76.2 Juv. Salmon 111.8 13.4 200 

NORTH AREA 
23/07 47 C N 17-03A 12.2 Herring 118.3 6.0 177 
23/07 47 P N 17-03A 7.6 Herring 54.1 2.8 414 
25/07 58 P N09-01 A 18.3-24.4 Juv. Salmon 98.7 9.2 6 1 
26/07 62 P St. Manhews Bay 33.5-35.1 Herring 55.6 2.5 247 
26/07 68 P N07-01 B 24.4-27.4 Herring 135.2 9.4 234 
27/07 69 D N03-066 35.1 Herring 54.8 3.0 220 





ALL FISH 156 1 510 507 5 8 140 328 1700 





Figure 1. Locations of North, Central and South study areas for the APEX 
forage fish project. 



Figure 2. Offshore hydroacoustic transect locations in the North study area of 
Prince William Sound. 



Figure 3. Offshore hydroacoustic transect locations in the Central study of 
Prince William Sound. 



Figure 4. Offshore hydroacoustic transect locations in the South study area of 
Prince William Sound. 



Figure 5. Layout of shoreline segments 12 km in length in the South study 
area 



Figure 6. Layout of shoreline segments 12 km in length in the Central study 



Figure 7. Lav0ut of shoreline sernents 12 krn in l ~ n c r t h  in tho P\Tnr+h r L - ~ ~ - ,  

I * Ll 



Figure 8. Typical layout of beach sections within a 12 km shoreline segment, 
with set of zig-zag acoustic transects. Example is segment N09, located on the 
south side of Port Fidalgo 



Volume Sca 
Figure 9. Are,) plot of acoustic backscatter in offshore surveys of the Central 
study area in 7 995 and 1 996. 



Figlure 10. Vertical distribution of acoustic backscatter on transect COlA in the 
Central studv area in 1995 and 1996 



Figure 11. Vertical profiles of temperature, salinity and density at 
representative stations located in the: A. North. B. Central. C. South. 



Figure 12. Locations of CTD stations used to examine horizontal variation in 
the water column in the North study area. 
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Figure 13. Isothermal and isohaline profiles at CTD stations in the ~ o r t - h  
study area. 
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Figure 14. Locations of CTD stations used to examine horizontal variation in 
the water column in the Central study area. 
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Figure 15. Isothermal and isohaline profiles at CTD stations in the Central 
study area. 



Figure 16. Locations of CTD stations used to examine horizontal variation in 
the water column in the South study area. 
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Figure 17. Isothermal and isohaline profiles at CTD stations in the South 
study area. 



Biomass, g rn-' 

Figure 18. Distribution of biomass on individual transects in the: A. North, 
B. Central, and C. South study areas. 



Figure 19. Geographic di:;tribut!:L.n of biomass on nearshore trmsects in the 
Yorth study area. 



Figure 20. Geographic dist~iSution of biomass dong nearshore transects ir, 
the Central study ares. 



Figure 2 1. C,mga?:aic iistribu tion of biomass along nex-shore transec ts in 
:s >.:3y ar -a. 



Figure 22. Ex.irnple of a herring school on an individual nearshore bansect 
(506-045) ir: th.2 S ~cth study &:?a. 



Figure 23. Example of sand k n c e  s~hdois on two nearshore transects (NOS- -,,?.-. 
l,,cu, NX-1O.t'~) i :~ the Xar ;l! stU2.; area. 



F;g"~e 24. E.car~~ple (if YOY poiltck sch(:$ols on an inJividual nearshore 
f:anscct (.\:lo-C3A) in the North study i~rea. 



Figure 25. Locations of CTD stations examined for evidence of tidal fronts in 
nearshore areas of the North study area. 
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Figure 26. Isotherm and Isohaline profiles along the CTD transect in Port 
Fidalszo in the Northern s t~ idv  area 



Figure 27. Locations of CTD stations examined for evidence of tidal fronts in 
nearshore areas of the Central study area. 
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Figure 28. Isotherm and Isohaline profiles along the CTD transect at 
McPherson Passage in the Central study area. 



Figure 29. Locations of CTD stations examined for evidence of tidal fronts in 
nearshore areas of the South study area. 
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Figure 30. Isotherm and Isohaline profiles along the CTD transect in 
Bainbridge Passage in the South study area. 



Figure 31. Locations of CTD stations where 24 hour series of temperature and 
salinity profiles were sampled. 



I emperatures 

14:44 

Salinities 

14:44 
Time 

. . 

Figure 32. Isotherm and isohaline profiles over 24 hours at station DS 2 in 
R ~ i n h r i d o p  P a ~ c 2 o o  
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Figure 33. Isotherm and isohaline profiles over 24 hours at station DS 8 in 
Bainbridge Passage. 



CUMULATIVE PROPORTION OF TOTAL CATCH 



Figure 35. Frequency of occurrence (proportion of samples where a species 
was present) of most abundant species in beach seine samples from the 
North, Central and Southern study areas. 
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APEX 

Restoration Project Component 96 1 63 B 
Annual Report 

Study History: This is an ongoing study which began with a pilot effort in 1994 to test field 
methods. In 1995, the study was expanded to look at seabird foraging in several habitats in 3 
study sites within Prince William Sound. Data collected in 1994 and 1995 indicated that seabird 
activity was concentrated in shallow water nearshore. In response to these findings the 1996 
study expanded data collection by adding an extensive survey of nearshore habitats. 

Abstract: We sought to determine if forage fish characteristics and/or interactions among 
seabirds limit food availability. We also examined the relationship between seabird foraging 
groups size and the characteristics of associated forage fish. Additionally, we compared strip 
transect and telemetry methods of determining the foraging range of black-legged kittiwakes 
(Rissa tridactyla). Seabirdlforage fish interactions were monitored by conducting systematically 
arranged transects, 2 1 July-1 1 August 1995 and 14-28 July 1996 in three study areas in Prince 
William Sound Alaska, Alaska. The study sites were located in Valdez Arm, Naked and Knight 
Islands, and Jackpot and Icy bays. In 1996 nearshore survey blocks were added in these three 
areas. Hydroacoustic and bird-observation data were collected simultaneously during these 
surveys. We collected addition data on seabirdlforage fish interactions at 22 mixed species 
feeding flocks in both 1995 and 1996. We determined that Brachyrampus murrelets selected 
forage fish schools in shallow water habitats, that are generally associated with high energy 
forage fish that have declined in abundance. Whereas, tufted puffins (Fruterculu cirrhata) were 
generalist forages. We speculated that differences in forage selection and life history differences 
of these species may be linked to the differential response of these species to the Exxon Vulriez 
oil spill. We determined that there may be a commensal relationship between black-legged 
kittiwakes and marbled murrelets (Brachyrampus marmoratus) with kittiwakes the beneficiary 
and a competitive interaction between kittiwakes and glaucous-winged gulls at mixed species 
feeding flocks. The total number of birds in mixed species feeding flocks was positively related 
to the chord length of associated fish schools and negatively related to density and depth of water 
to schools. Our comparison of strip transect and telemetry sampling indicated that a survey 
design of insufficient size and the declining probability of encountering birds as distance from 
the colony increase, were major sources of bias associated with the strip transect method. 

Kev Words: Bruchyr~rmphus marmoratto, Exxon Valdez oil spill, forage fish, foraging, 
Frutercrllu cirrhat~r, glaucous-winged gulls, kleptoparasitism, Lartls glaucescens, marbled 
murrelets, radio telemetry, randomization, resource selection, seabirds, tufted puffins. 



Project Data: Description of data - Major data sets of all birds observed during the 1994, 1995 
and 1996 on pelagic APEX cruises. Several subsets of the 1995 data give locations of individual 
species and locations within each study areas. There is an additional data set of bird locations for 
the 1996 APEX nearshore survey. There are also data sets of behavior data collected on mixed 
species feeding flocks for 1995 and 1996. We maintain a file of video tapes of mixed species 
feeding flocks recorded in 1995 and 1996. We developed a data set of the characteristics of fish 
schools encountered during the 1995 APEX cruise. There are subsets of the fish school set that 
give characteristics of schools associated with Brachyrampus murrelets, tufted puffins 
(Frcztercula cirrhata), black-legged kittiwakes (Rissa tridactyla), and feeding flocks. We have 
an unprocessed data set for 1996 on the formation of feeding flocks, that gives location, time and 
date of occurrence, and initiating species on each flock observed. Format - These data sets are in 
ASCII text format except the initiators of flocks set which is on field data sheets and the video 
tape file. Custodian - Contact William Ostrand through the Office of Migratory Bird 
Management, U.S. Fish and Wildlife Service, 101 1 East Tudor Road, Anchorage, Alaska 99503 
(phone: 907-786-3849, fax: 907-786-364 1, or email: William~Ostrand@mail.fws.gov). 
Availability - Copies of all data that are recorded as computer files are available on floppy disc. 

Citation: Ostrand, W.D. and J.M. Maniscalco. 1997. Seabirdforage fish interactions. 
Appendix B .I. D.C. Duffy, compiler. APEX: Alaska predator ecobystem experiment, Exxon 
Valdez Oil Spill Restoration Project Annual Report (Restoration Project 96163), Alaska Natural 
Heritage Program, University of Alaska, Anchorage, Alaska. 
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Executive: The SeabirdForage Fish Interactions component of APEX has examined 
several aspects of seabird activity at sea. In the 1996 annual report we have presented our 
findings on the following topics: 1) A comparison the characteristics of forage fish schools 
selected by murrelets and tufted puffins with implications on their differential response following 
the Exxon Valdez oil spill. 2) The characteristics of fish schools associated with mixed species 
feeding flocks. 3) A comparison of radio telemetry and strip transect methods of determining 
foraging ranges of black-legged kittiwakes. 4) The composition and behaviors at mixed species 
feeding flocks. 5) A summary of bird data collected during the 1996 nearshore APEX survey. 

To compare the characteristics of forage fish schools selected by murrelets and tufted puffins we 
collected hydroacoustic and bird-observation data simultaneously along transects in three areas in 
Prince William Sound from 21 July - 11 August 1995. We derived depth to each fish school, 
area, and density of forage-fish schools and total depth of water, distance to shore, and distance 
to the nearest seabird colony for each forage-fish school. Subsequently we determined which 
schools were associated with Tufted Puffins, a species that has been increasing in abundance 
following the spill, and Brachyramphus murrelets, 2 species with stable populations following 
the spill. The probability of the association of fish schools with birds was determined through 
the use of a resource selection function based on logistic regression. Our analysis indicated that 
Tufted Puffins were generalist foragers which selected fish schools near their colony. 
Brachyramphus murrelets selected larger, denser fish schools in shallower water when compared 
to available fish schools. Fish species that were high in energy content were associated with 
shallow water habitats. There are indications that these fish species have experienced local 
population declines. Walleye Pollock (Theragra chalcogramma), a low energy content forage 
species, was abundant in deep water habitats and their biomass has been increasing in the 
northern Gulf of Alaska. Our study indicated that Brachyramphus murrelets foraged in habitats 
associated with high energy content forage species. If Walleye Pollock provided sufficient 
energy for reproduction, we might have expected Brachvramphus murrelets to use a foraging 
strategy that would have allowed them to maximize their consumption of this abundant species. 
We suggest that the generalist foraging and the nesting strategies of Tufted Puffins has allowed 

- this species to adjust to ecological change and increase its population. Whereas, Bractnviainphus 
murrelets need for high energy foods and a foraging strategy that selects habitats associated with 
high energy forage species, that have declined in abundance, may be a major reason for this 
species failure to recover following the oil spill. 

We made comparisons between schools associated with flocking birds and those not associated 
with flocking birds encounter during the 1995 APEX survey using Wilcoxon rank sum tests and 
logistic regression analysis. Feeding flocks chose fish schools which were close to shore and in 
shallow bottom depths, as well as those which had a narrow chord length. However, fish schools 
found nearshore were significantly more narrow than offshore fish schools suggesting that 
tlocking birds chose feeding habitat rather than school size. At the feeding flocks, bird numbers 
were positively correlated with fish school chord length and negatively correlated with density 
and depth to the schools. 



We compared strip transect and telemetry methods of determining foraging range by using 
randomization tests. We evaluated factors that could bias either method and indicate how they 
may have affected the respective data sets. We also used bootstrap resampling to: determine the 
effect of reducing our sampling effort for both methods, speculate on the benefits of increased 
sampling, and compare the time required to obtain similar variability by both methods. The 
mean distance birds were observed from their colony determined by telemetry were significantly 
greater than the mean value calculated from strip transects. We determined that this difference 
was due to 2 sources of bias: 1) a decreasing probability of sighting birds at increasing distance 
from their colony on strip transect surveys. 2) The maximum distance birds were observed from 
the colony through telemetry exceeded the extent of the strip transect survey. We compared the 
observed number of birds seen on the strip transect survey to the predictions of a model of the 
declining probability of sighting birds at increasing distance from the colony (DPSB). Field data 
were significantly different from modeled data; however, the field data were consistently equal to 
or below the model predictions indicating a general conformity to prediction of a DPSB. We 
concluded that telemetry data provided a more accurate measure of foraging distance than strip 
transect data for colonial birds. Furthermore, studies that have used strip transect sampling that 
have not accounted for DPSB may have underestimated foraging range. Variability was less for 
strip transect sampling and less time was required to collect the data. We concluded that strip 
transect sampling yielded more precise data whereas telemetry data was more accurate. 

We examined the behaviors of seabirds at feeding flocks in Prince William Sound, Alaska during 
July/August 1995 to determine the factors which may enhance or limit the availability of forage 
to surface feeding birds. The presence of lairds and alcids at feeding flocks was positively 
correlated, suggesting complimentary feeding habits. On the other hand, the frequency of 
kittiwake plunge dives was negatively correlated with the relative presence of larger gulls in the 
flock. Kittiwakes preferred to plunge-dive for fish while Glaucous-winged Gulls hop-plunged 
from the water surface to maintain their position at the center of the feeding flock. Kittiwakes 
had a feeding success of 80.6% and lost 4.8% of their captures to intraspecific piracy and 6.7% to 
interspecific piracy. Kleptoparasitism was most intense against kittiwakes in tightly aggregated 
feeding flocks and ag~iris; alcids.in loosely aggregated flocks. Jaegers preferred to 
kleptoparasitize kittiwakes in the largest flocks. 

During July of 1996 we conducted a nearshore survey to assess seabird distributions and examine 
their behavior at feeding flocks. We systematically selected 12-km blocks of shoreline within 
which we ran 20 1-km long transects to and from shore at oblique angles. The average number 
of birds per transect and transect block were 6.62 and 13 1.57, respectively and were not 
significantly different among the three study areas (P > 0.10 in both cases). However, species 
cornposition of the blocks differed significantly among the study areas (P < 0.001). Bird flocks 
were feeding primarily on juvenile herring and sand lance. Flocks in the northeastern area were 
bignificantly larger than flocks in the other two areas (P = 0.01) and were feeding on herring 
more often. The feeding rate of black-legged kittiwakes did not increase significantly with the 
presence of marbled murrelets ( P  = 0.3801), but did decrease significantly with the presence of 
glaucous-winged gulls ( P  = 0.0225). Changes in flocks from 1995 included; reduced presence of 



kittiwakes and tufted puffins, increased presence of marbled murrelets and glaucous-winged 
gulls, more tightly aggregated feeding flocks, reduced feeding success of kittiwakes and greater 
feeding success of gulls, reduced kleptoparasitism of kittiwakes and increased kleptoparasitism 
of gulls. The implications of these changes are discussed briefly. 

Introduction: This annual report is comprised of 4 manuscripts, chapters I - IV, that have been 
prepared for publication in scientific publications. In addition, chapter V presents general 
findings of the nearshore survey conducted in 1996. 

Obiectives: The Seabirrnorage Fish Interactions component of APEX had 3 major objectives 
for 1996: 

1) Forage fish characteristics limit availability of seabird prey. This objective is the focus of 
chapter I and a portion of chapter 11. 
2) Interactions among seabirds limit availability of seabird prey. This objective is the subject of 
chapter IV and portions of chapter V. 
3) Seabird foraging group size and species composition reflect prey patch size. Findings on this 
objective are discussed in chapter 11. 
In addition to these objectives, a comparison between radio telemetry and strip transect methods 
of determining the foraging range of black-legged kittiwakes is discussed in chapter 111. 
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Abstract: As of 1996, local populations of 7 piscivorous pursuit diving bird and mammal species 
had not recovered from the perturbations caused by the 1989 Exxon Valdez oil spill in Prince 
William Sound, Alaska (PWS). We hypothesized that these species shared a common food 
limitation and to gain insight into the possible limitation we compared the foraging strategies of 
injured and non-injured species of birds from the same sub-order. We collected hydroacoustic 
and bird-observation data simultaneously along transects in three areas in PWS from 21 July - 11 
August 1995. We derived depth to each fish school, area, and density of forage-fish schools and 
total depth of water, distance to shore, and distance to the nearest seabird colony for each forage- 
fish school. Subsequently we determined which schools were associated with Tufted Puffins 
(Fratercula cirrhata), a non-injured species that has been increasing in abundance following the 
spill, and Brachyramphus murrelets (Brachyramphus spp.), 2 injured Species with stable 
population following the spill. The probability of the association of fish schools with birds was 
determined through the use of a resource selection function based on logistic regression. Our 
analysis indicated that Tufted Puffins were generalist foragers that selected fish schools that were 
near their colony. Brachyramphus murrelets selected larger, denser fish schools in shallower 
water when compared to available fish schools. Fish species that were high in energy content 
were associated with shallow water habitats. There are indications that these fish species have 
experienced local population declines. Walleye Pollock (Theragra chalcogramma), a low energy 
content forage species, was abundant in deep water habitats and their biomass has been 
increasing in the northern Gulf of Alaska. Our study indicated that Brachyramphus murrelets 
foraged in habitats associated with high energy content forage species. If Walleye Pollock 
provided sufficient energy for reproduction, we might have expected Brachyramphus murrelets to 
use a foraging strategy that would have allowed them to maximize their consumption of this 
abundant species. We suggest that the generalist foraging and the nesting stratagies of Tufted 
Puffins has allowed this species to adjust to ecological change and increase its population. 
Whereas, Brachyramphus murrelet's need for high energy foods and a foraging stratagy that 

' 

selects habitats associated with high energy forage species, that have declined in abundance, may 
be a major reason for of this species failure to recover following the oil spill. 
& words: Brachyramphus brevirostris, Brachyramphus marmoratus, Brachyramphus murrelets, 
foraging, Fratercula cirrhata, Kittletz's Murreiets, Marbled Murreiets, Prince William Sound, 
resource selection, Tufted Puffins. 

On 24 March 1989 the oil tanker M/V Exxon Valdez grounded on Bligh Reef in Prince 
William Sound, Alaska (PWS), resulting in the spill of more than 42,000,000 liters of crude oil 
(Spies et al. 1996). Seabirds were severely impacted by the spill: 3,400 bird carcasses were 
recovered from PWS and 30,000 from the total spill affected area. Piatt et al. (1990) estimated 
total seabird mortality at 100,000 - 300,000. As of 1996, 9 bird and mammal species had not 
recovered from the population perturbation (Exxon Valdez Oil Spill Trustee Council 1996). 
Seven of these, Pelagic Cormorants (Phalacrocorax pelagicus), Red-faced Cormorants 
(Phalacrocorax u), Doubled-crested Cormorants (Phalacrocorax auritus), Common Murres 
(U aalge), Marbled Murrelets (Brachyramphus marmoratus), Pigeon Guillemots (Cepphus 
columba), and Harbor Seals (Phoca vitulina), are piscivorous pursuit diving species. In addition 
Kittlitz's Murrelet (Brachyramphus brevirostris) were injured by the spill and the status of their 
recovery i h  unknown (Exxon Valdez Oil Spill Trustee Council 1996). All of these species forage 



on small schooling fishes which suggests that population recovery may be impeded by a common 
food or energy limitation. Long term affects of the oil spill (Spies et al. 1996) andlor a broader 
ecological shift in the Alaska Coastal Current (Piatt and Anderson 1996) could have altered the 
food web, resulting in a food limitation. 

Marbled Murrelets were among the most common seabirds within PWS (Agler et al. 
1997) and as a study species, provided the greatest potential for obtaining an adequate sample 
size for a comparative foraging study. A disproportionately high number of dead murrelets, 390, 
compared to their proportion of the total marine bird population were recovered in PWS after the 
oil spill (Piatt 1990). Subsequent to the spill, the murrelet population has remained stable and 
has not recovered (Agler et al. 1997). Tufted Puffins (Fratercula cirrhata), were also common 
within PWS (Agler et al. 1997) and were not severely impacted by the Exxon Valdez oil spill 
(Piatt et al. 1990, Exxon Valdez Oil Spill Trustee Council 1996). Following the spill, there has 
been an upward trend in their population (Agler 1997). The coexistence of these species 
provided an opportunity to contrast the foraging strategies of 2 alcids, which were affected 
differently by the oil spill. Differences in the selection of forage resources among these species, 
would support the food limitation hypothesis and provide insight the mechanisms causing a 
limitation. 

Hydroacoustic sampling of forage resources while simultaneously conducting bird 
surveys has provided much of our current information on the relationship between seabirds and 
their prey (Hunt 1988). Several studies using these techniques have correlated seabird and forage 
abundances. However, the strength of these relationships generally weakened as the scale 
became finer (Obst 1986, Heinemann et al. 1989, Schneider and Piatt 1986, Erikstad et al. 1990, 
Hunt et al. 1990, Piatt 1990). Mehlum et al. (1996) correlated Briinnich's Guillemots (Una 
lomvia) abundance to forage density at a fine scale by including a prey density threshold that 
excluded non-preferred food items from their correlation analysis. In examining fine scale 
relationships between Common Terns (Sterna hirundo) and forage-fish, Safina and Burger (1985) 
did not find a relationship between predator and prey abundance but did find a significant 
relationship between birds, depth to prey, and the presence of predatory fish. These studies 
suggest that marine birds may select patches based upon more factors than prey abundance at fine 
scales. i.'urtherrnore, studies of feeding flocks in the tropics (Duffy 1983) and Alaskan waters 
(Hoffman 1981) have demonstrated that the species composition of feeding flocks was related to 
characteristics of associated fish schools. Therefore, we anticipated that differences in the 
foraging strategies of murrelets and Tufted Puffins would be most apparent if we examined the 
selection of fish schools by birds through multivariate methods to evaluate several possible 
factors. 

STUDY AREA AND METHODS 
We conducted this study in PWS, an inland waterway of 10,000 km2, located on the 

southern coast of Alaska. The climate is maritime with record annual precipitation > 8 m and 
moderate temperatures for the subarctic. The coastline of PWS is rugged, with mountains up to 
4-km elevation, and numerous fjords and tidewater glaciers. Three study sites were selected for 
sampling (Fig, 1):  1) the northern study area which included Valdez Arm and Port Valdez, 2) the 
central study area which included waters near Naked and Knight Islands, and 3) the southern 
study area which included Icy and Jackpot Bays. 



We collected hydroacoustic and bird location data simultaneously while traveling 
systematically arranged transects (Anderson et al. 1979, Litvaitis et al. 1994). To locate 
transects, we randomly selected the starting point from 20 equally spaced points within the first 2' 
latitude of the southern boundary of each study area. We arranged east-west transects at 2' 
latitude intervals north of the initial starting latitude and added zigzag transects to increase data 
collection of nearshore habitats (Fig. 1). Zigzag transects were inserted at points where east-west 
transects terminated at land. We drew zigzag transects from the end of the previous east-west 
transect, to a point half the perpendicular distance to the next east-west transect at which the 
water depth was 100 m. From the 100-m depth point we drew a transect to the beginning of the 
next east-west transect. Potential transect segments that were < 1 nautical mile were not 
included, other potential segments were deleted for safety considerations. After deletions, 41 
east-west and 25 zigzag transects remained in the survey design. By study area there were 15, 
18, and 8 east-west and 8, 9, and 8 zigzag transects in the north, central, and south study areas, 
respectively. We determined the total length and mean a standard deviation (SD) of both east- 
west and zigzag transects (Table 1). We chartered a 24-m vessel, the M/V Pacific Star, to 
replicate the hydroacoustichird transect survey twice during 21 July- 11 August 1995. 

Hydroacoustic data were collected with a 420 kHz BioSonics Model 120-121 
echo-integration system. The data were integrated for 30-second intervals and over 1-m depth 
intervals, corrected for calibration, and stored to disk. Transects were run at 6 knots with the 
transducers towed beside the vessel. The effective range of the equipment was 65 m from the 
transducers. Global Positioning System (GPS) data were written to each record. Length and 
species composition information from net samples of the target species (Haldorson et al. 1996) 
was used with length-target strength relationships (R. Thorne, BioSonics Inc., Seattle, Wash., 
unpubl. data) to scale the acoustic data. We obtained net-sample data from a separate vessel 
which was directed by the hydroacoustic vessel to trawl through schools with a Canadian 
midwater herring trawl (100-m2 opening). We selected schools for trawling which had the 
greatest species andlor age class composition uncertainty. These trawls were only effective on 
the larger schools; therefore, the samples may not have been representative of all schools. 

Bird observations were made from the second deck of the M N  Pacific Star, 8-m above 
the water. Continuous counts were made cf all seabirds ob:-ervzd within 100 m of the starboard 
side of the vessel, the same side from which acoustic data were taken. We assigned the 
following behavioral codes to each observation: 1) flying, 2) on the water, 3) on a floating object, 
4) foraging, and 5 )  potentially foraging. Foraging was defined as the actual observation of 
foraging behavior such as diving for food or holding food in the bill. Potential foraging was 
defined as 22 associated birds on the water or circling above. Bird observations were made by 
scanning ahead of the ship using binoculars. Recorded observations were made prior to the ships 
presence influencing bird activities. Data were recorded when the ship was closest to the point at 
which the birds were first observed. We directly recorded data into a computer file using custom 
software that also recorded the ships position and time for each data entry. GPS data were 
obtained from the same device accessed by the acoustic system. 

Some previous acoustic/seabird studies have not included flying birds in their analysis 
because of the greater probability that birds on the wing are not associated with acoustic targets 
(Piatt 1990, Decker 1995). We have adapted this convention for our analysis by including birds 



foraging, potentially foraging, and on the water. During surveys we were confident that nearly all 
of observed murrelets were Marbled Murrelets; however, there is a possibility that we have 
incorrectly identified some kittlitz's as marbled. Therefore, we have chosen to refer to these 
species collectively as Brachyramphus murrelets. 

We displayed acoustic data with contouring and 3 dimensional surface-mapping software 
(Keckler 1995). These images were then used to determine school density, depth to top of 
schools, depth to bottom of schools, height of school, chord length of schools, and bottom depth 
for values < 60 m for each fish school observed. The chord lengths of fish schools were 
determined by averaging widths measured at 2-m depth intervals. Height of school was 
multiplied by chord length to approximate a 2 dimensional area. We ascribed categorical density 
values of low, medium and high for average densities of 0.01-0.20,0.21-0.35, and > 0.35 g/m3, 
respectively. As a result of integrating acoustic data at 30-second intervals, schools with a chord 
length of < 40 m were either not displayed or were extrapolated to a chord length of 40 m. 
Therefore, the smallest fish schools were not well represented. 

A geographic information system (GIs) was used to examine the spatial relationship 
between forage-fish schools, depth, distance to shore, and locations of bird colonies. GPS data 
for fish schools and colony locations were converted into GIs layers. Forage-fish school data 
were intersected with National Oceanographic and Atmospheric Administration (NOAA) 
bathymetry data to return depths for each school. Acoustic data had previously recorded depths 
to 60 m; therefore, GIs  data for depth > 60 m were merged with acoustic bathymetric data. 
Digital NOAA coastline data were used to calculate distance to shore for each forage-fish school. 
Finally, we used GIs to calculate the distance to the nearest Tufted Puffin colony (U. S. Fish and 
Wildl. Serv., Anchorage, Alas., unpublished data) for each school. These data sets were then 
combined with acoustic data on fish school characteristics for analysis. 

We used custom software to determined which of the forage-fish schools had 
Brachvram~hus murrelet or Tufted Puffin locations within 100 m of the edge of the school. We 
selected 100 m as the distance of association to be consistent with other sources of variation: 1) 
The transect width allows birds up to 100-m distant to be associated with schools beneath the 
ship. 2) GPS data have an accuracy of about * 100 m (Leick 1992). 

We used resource selection fi~nctions based upon logistic regression to model -?he 
selection of fish schools by birds (Manly et al. 1993). We checked variables for independence 
through correlation analysis. Paired variables with a correlation coefficient (1) > 0.50 were not 
used in the analysis. We incorporated the variables: area, depth to the top of the school, bottom 
depth, distance to shore, biomass density of the school, area of the school, and distance to the 
nearest Tufted Puffin colony. The 3-level categorical variable, density, was converted to 3 
separate binomial variables, low, medium, or high density, for these analyzes. Only medium and 
high density levels were used in the models since knowledge of these 2 levels determines the 
value of low density. Positive coefficients of either medium or high density indicated that 
selection was in favor of these categories when compared to low density schools. If a coefficient 
for either medium or high density was significant then both levels remained in the model. For 
the Brachyramphus murrelets regression, distance to colony was not applicable and not used. We 
ascribed variables moderately significant and highly significant for P = 0.15 to P = 0.05 and P < 
0.05, respectively. We began analysis with a11 variables in the models and systematically deleted 



non-significant variables from the regressions singly and ordinally, beginning with highest E 
values, until all terms in the model were moderately or highly significant. The models selected 
by this method were checked to determine if they had the lowest Akaike's information criterion 
(AIC) value (Akaike 1973) of all possible configurations. The AIC statistic describes fit of the 
model while penalizing for including variables that explain minimal error (Akaike 1973). We 
considered models to be significant if, based on the likelihood ratio test, the covariates explained 
95% of the variation ( E 5 0.05). 

RESULTS 
Of 326 Brachyramphus murrelets and 122 Tufted Puffin sightings, 70 and 9 were 

associated with forage-fish schools, respectively. The mean number of Brachyramphus murrelets 
and Tufted Puffins per sighting was 1.7 + 1.1 SD and 1.2 k 0.7, respectively. Our forage fish net 
sampling indicated that the principle species were Walleye Pollock (Theragra chalcogramma), 
Capelin (Mallotus villosus), Sand Lance (Arnmodytes hexapterus), and juvenile Herring (Clupea 
harengus). For the hydroacousticly sampled forage-fish schools (n = 614) mean values for depth 
to the top of the school, total depth at the school location, distance to shore, and area (chord 
length x height of school) were 14.5 + 17.6 m, 109.2 2 43.2 m, 2299.2 + 2051.2 m, and 1842.3 k 

4936.6 m2, respectively. Correlation analysis indicated that all of the variables included in our 
modeling were independent (1 I 0.5). The resource selection models were significant (Table 2) 
and had AIC and concordance values 423.8 and 66.3 % for the Brachyramphus murrelets and 
75.2 and 89.9 % for the tufted puffin models. 

DISCUSSION 
The variables we examined fall into 2 general types: those that describe the location of 

the school in relation to physical features (distance from the nearest colony, distance from shore, 
total depth of water), and those that describe characteristics of fish schools (density, area, and 
depth to the top of schools). Inclusion of only location variables in the resource selection model 
would indicate that, based on the available data, birds were selecting habitat types and were not 
discriminating among fish schools. Similarly, a model that contained only characteristics of 
schools would indicate that birds were foraging broadly for schools that satisfied their search 
image. Our resource selection model for Brachyramphus murrelets contained both location 
(depth of water) and school characteristic variables (density and area). Interpretation of this 
model must be done cognizant of our inability to hydroacousticly sample small schools 
frequently observed in shallow water, that may have been foraged on extensively by 
Brachyramphus murrelets (Strachan et al. 1995). When the smallest schools were not 
considered, Brachyramphus murrelets foraged in shallow water habitats and within those habitats 
selected larger and denser schools. 

The resource selection model for Tufted Puffins contains only a location variable 
(distance from the nearest Tufted Puffin Colony), suggesting that this species does not 
discriminate among fish schools and makes selections based only on flight distances. Our level of 
concordance and AIC value for the Tufted Puffin model indicate that this species was efficient at 
locating fish schools near their colony. Tufted Puffins prey upon several different fish species 
(Baird 1990). Hatch and Sangar (1992) have shown that they take Walleye Pollock in proportion 
to their availability by age class. Although we were not able to identify the species composition 



of all schools associated with Tufted Puffins, our model is consistent with Hatch and Sangar's 
( 1992) findings of generalized foraging. 

Both Tufted Puffins and Brachyramphus murrelets forage extensively as individuals or in 
small groups. Aside from this common foraging trait, our results suggest that these species used 
different foraging strategies to find different types of forage-fish schools. During the 1995 
survey, large Walleye Pollock schools, identified through trawling, were located in deep water of 
the central study area (Haldorson et al. 1996). We observed Tufted Puffins associated with these 
schools but not Brachyramphus Murrelets. Herring, which were the most abundant forage 
species in shallow water habitats during the 1995 survey of PWS (Haldorson et al. 1996) 
declined following the spill (Brown et al. 1996) and had not recovered as of 1996 (Exxon Valdez 
Oil Spill Trustee Council 1996). Sand Lance, also associated with shallow water habitat (Dick 
1982) have declined in frequency of occurrence in the diet of Marbled Murrelets and Pigeon 
Guillemots (Cepphus columba) while Walleye Pollock has increased (Kuletz et al. in press). On 
a more coarse scale, the ecosystem shift in the Northern Gulf of Alaska (Piatt and Anderson 
1966) resulted in an increase in pollock biomass and a decline Capelin (Piatt and Anderson 
1966). Capelin were also associated with shallow water habitats during the 1995 survey of PWS 
(Haldorson 1996). These findings collectively suggest an increase in Pollock and a decline in 
other major schooling forage fishes. 

Our model indicates that although Brachyramphus murrelets adapted to the shift in 
available forage fishes by incorporating Pollock into their diet; however, their foraging strategy 
did not maximize consumption of this species. We speculated that this may be the result of less 
efficient foraging in deep water because of possible downward escape by prey, or because prey 
are more predictably available due to advection in shallow water (Hunt 1988). These factors did 
not constrain Tufted Puffins and we were not able to identify biological reasons why they would 
differentially affect Brachyramphus murrelets. We proposed an alternative explanation based 
upon energetics. 

Roby et al. (1996) determined that in PWS the lipid content and energy density of 
Herring, Sand Lance, and Capelin were variable but high when compared to Walleye Pollock, 
which was among the lowest of the sampled fishes. Brachyramphus murrelets, in response to a 
relatively short nestling period (De Santo and Nelson 19953, sapid chick growth when compared 
to most alcids, and chick provisioning limited to crepuscular periods (Nelson and Hamer 1995), 
may require higher energy food to maintain productivity. Murrelets adjusted to the shift in the 
food web by incorporating Walleye Pollock into their diet, but forage in habitats with the highest 
quality food items. If Walleye Pollock provided sufficient energy for reproduction, we might 
have expected Brachyrarnphus murrelets to use a foraging strategy that would have allowed them 
to maximize their consumption of this abundant species. In contrast, Tufted Puffins have the 
longest nestling period of the alcids (De Santo and Nelson 1995), the daily provisioning of 
nestlings period may extend to 17 hour (Amaral 1977) and their co-genera, the Atlantic Puffin 
(Fratercula corniculata), is capable of extending the nestling period in times of food stress (Harris 
1984). A possible variable length nesting cycle, a nearly unlimited provisioning period, and a 
generalist foraging strategy should buffer Tufted Puffins from productivity declines due a change 
in available forage to a greater extent than species with more constrained foraging and nestings 
strategies. We suggest that the foraging and nesting strategies of Tufted Puffins has allowed this 



species to adjust to ecological change. Whereas, Brachyramphus murrelet's need for high energy 
foods and a foraging strategy that selects habitats with high energy forage species, that have 
declined in abundance, may be a major reason for of this species failure to recover following the 
oil spill. 
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Table I- 1. Transect lengths (km) for 3 study areas in Prince William Sound, Alaska. Zigzag 

transects surveyed nearshore and east-west transects surveyed open water. 

Study Area Northern area Central area Southern area All areas 
- - -- - 

Total east-west 99.3 152.8 23.3 275.4 

x + SD east-west 6.6 + 4.9 8.5 + 4.1 2.9 + 1.9 6.7 +. 4.6 

Total zigzag 12.1 15.1 14.4 41.6 

2 + SD zigzag 1.5 + 0.7 1.7 + 0.8 1.8 + 0.4 1.7 +- 0.7 



Table 1-2. Models of the likelihood that fish schools. will be associated with diving birds using 

characteristics of the schools as independent variables. 

No. schools not No. schools Modlel Model P 
associated with associated with 

birds birds 

545 70 BMurreletsa = -0.01TDepthb(0.0004)' + 0.0002 
0.00004~rea~(0.03) + 0.62MDensitye(0.05) + 

0.53HDensityf(0. 12) 

"The probability of selection by Marbled or Kittlitz's Murrelets. 
'Total water depth. 
'P - value of the associated independent variable. 
"The chord length * the mean height of the school. 
'Selection for medium density fish schools over low density schools. If either medium or high density variables were 
significant then both were retained in the model. 
'Selection for high density fish schools over low density schools. 
T h e  probability of selection by Tufted Puffins. 
h ~ i s t a n c e  to the nearest Tuf ted  Puffin colony. 



Fig. I- 1. The transects used to conduct acoustic and seabird surveys in Prince William Sound, 

Alaska. 





Fig. 1-2. A 3 dimensional plot of hydroacoustic data collected during a survey of Prince William 

Sound, Alaska. Black spires represent the bottom. Grey polygons represent fish schools. Darker 

shades of grey in polygons indicate a greater biomass density. 
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Abstract: We examined the size and location characteristics of fish schools encountered 
along line transects in Prince William Sound, Alaska during July/August 1995. We made 
comparisons between schools associated with flocking birds and those not associated 
with flocking birds using Wilcoxon rank sum tests and logistic regression analysis. 
Feeding flocks chose fish schools which were close to shore and in shallow bottom 
depths, as well as those which had a narrow chord length. However, fish schools found 
nearshore were significantly more narrow than offshore fish schools suggesting that 
flocking birds chose feeding habitat rather than school size. At the feeding flocks, bird 
numbers were positively correlated with fish scholol chord length and negatively 
correlated with density and depth to the schools. 



INTRODUCTION 
The marine environment is vast and its biological content is largely hidden from 

the sight of surface and aerial predators. However, it is here that seabirds must search for 
prey to sustain themselves and their offspring. Environmental and biological parameters 
which seabirds may cue on to search for and obtain food have been the topic of much 
recent research (e.g. Woodby 1984, Heinemann et al. 1989, Erikstad et al. 1990, Piatt et 
al. 1991). Fish schools that are not utilized by seabirds, may be unavailable (i.e. too deep 
or too far from nesting colony), of low quality, quantity or density, or they simply have 
not been discovered by the birds. Describing the characteristics of the available forage 
may explain otherwise paradoxical distributions of seabirds (Springer et al. 1987). Stud- 
ies of seabirds, coupled with fisheries hydroacousl.ics, offer valuable insights to some of 
the complex relationships that puzzle marine ecologists. Transect surveys at sea have 
helped to explain the distribution of seabirds with respect to their prey and environmental 
factors such as depth of water (Vermeer et al. 198'3, Stone et al. 1995), distance from land 
(Vermeer et al. 1989), depth to food source (Hunt et al. 1990), density of the prey (Piatt 
1990), water temperature and salinity (Haney 199 I, Vermeer et al. 1991), tides and cur- 
rents (Braune and Gaskin 1982, Coyle et al. 1992), bottom topography (Cairns and 
Schneider 1990), and the presence of other oceanographic features such as fronts and 
upwellings (Schneider 1982, Kinder et al. 1983, Brown and Gaskin 1988). 

In the aforementioned studies, observations of birds were typically recorded while 
fisheries hydroacoustics measured prey densities along strip transects. Birds in the air 
were included in some of these studies, while birds sitting on the water were included in 
all of them. However, flying birds are not necessarily using the area surveyed for feeding 
and birds on the water may be inactive or resting a.fter feeding on prey which has moved 
away (Hoffman et al. 198 1). Therefore, these observations may confound correlations 
between birds and their prey. 

In this study, we compared fish schools at which birds were feeding in flocks of 
three or more with fish schools where birds were not obviously feeding in flocks. 
Variables cf fish schools which were compared included chord length (the horizontal 
distance traveled over the school), depth to the school, bottom depth, relative density, 
distance from shore, and distance from the nearest Black-legged IOttiwake (Rissa 
tridactyla) colony. We also wished to determine if some of these variables would be 
useful in helping to predict the number of seabirds at feeding flocks. 

STUDY AREA 
Prince William Sound (PWS), Alaska is a large estuarine embayment of the 

northern Gulf of Alaska which provides important foraging and breeding habitat for many 
seabirds (Isleib and Kessel 1973, Irons et al. 1988). Water depths exceed 870 m and the 
numerous bays and fjords along with more than 1.50 islands form at least 5000 km of 
shoreline. High precipitation rates keep the sea-surface salinity low and catabatic winds 
flowing down the fjords transport this low-salinity (about 25 ppt during this study; 
Haldorson et al. 1995) water out of PWS, generally through Montague Strait and the 



smaller straits and passages of the southwestern region. The Alaska coastal current 
provides the major inflow of marine water through Hinchinbrook Entrance (Royer et al. 
1990). Diurnal tidal changes in PWS can also create currents exceeding 5 kmlhr through 
narrow passages. 

Seabirds which commonly forage in flocks in PWS during summer include Black- 
legged Kittiwakes, Glaucous-winged Gulls (Lams glaucescens), Mew Gulls (Larus 
canus), Marbled Murrelets (Brachyramphus marnloratus), Tufted Puffins (Fratercula 
cirrhata) and Horned Puffins (E. corniculata). These birds feed on a variety of forage fish 
including: Pacific herring (Clupea pallasi), capelin (Mallotus villosus), Pacific sand lance 
(Ammodytes hexapterus), walleye pollock (Theraigra chalcogramma), and eulachon 
(Thaleichthys ~acificus) (Sanger 1987, Haldorsorl et al. 1995). Three focal areas in PWS 
(Northeastern, Central, Southwestern) were chosen for study because their habitat is 
critical to these seabird species of interest. 

METHODS 
Field Procedures 

From a random starting point, strip transects were selected along lines of latitude 
2 nm apart in the three areas of primary interest. Since many seabirds are often found 
nearshore or in relatively shallow waters (Vermet:r et al. 1989, Stone et al. 1995), we also 
ran zig-zag transects on a straight line from shore to the halfway point between adjacent 
transects where water depth was 100 m. From this point, sampling continued to the 
beginning of the next transect. All transects were: replicated once. 

The study period (July 20 - Aug. 12) was chosen to include the peak time of chick 
provisioning for many seabirds in PWS. Seabird observations were made using 8 x 40 
binoculars, 6 m above the water line from a 26 m vessel while conducting hydroacoustic 
surveys to estimate forage fish distributions and abundances. Data on bird observations 
were entered directly into a computer which was linked to a Global Positioning System 
(GPS) to record the location of each observation. We departed from our transect lines to 
more closely examine feeding flocks within 300 In of either side of our vessel. 

Hydroacoustic and trawl data were used to determine specics camposition of fish 
schools, water depth to the schools, chord lengths (lengths of the horizontal cross 
sections) and densities of the schools. These data were collected along the main transects 
and along short transects conducted at feeding flocks. Hydroacoustic measurements were 
made from the same vessel from which bird surveys were conducted. We used a 
BioSonics system with 120 and 420 kHz down-looking and 420kHz side-looking 
transducers to measure deep and near-surface targets, respectively. Both transducers used 
a single beam with a 6" viewing angle and data were integrated over 1 m depth intervals 
to a depth of 65 m. The acoustic data were also linked with the GPS to record locations 
of fish schools along each transect. 

Trawl samples were collected from a separate vessel which was directed by the 
hydroacoustic vessel to schools of forage species. A modified Canadian midwater 
herring trawl (100 m' opening), an improvised pair trawl, and a dip net were used to 



verify fish school compositions. These trawls were only used on the larger fish schools 
and hence the fish collected from them were not representative of all schools. 
Laboratory Procedures 

A BASIC program was written to integrate the acoustic data using calibrated 
target strengths of fishes and length-weight relationships of captured fish. Acoustic target 
strengths, which were collected using the default target strength of -42.2 dB, were then 
scaled using fish species and size estimates from trawl data using the equations: 

pollock TS = 20 (log L) -66 (MacLennan and Simmonds 1992) 
herring TS = 20 (log L) -68 (Thorne et al. 1983) 
capelin TS = 20 (log L) -68 (R. Thorne, pers. comm.) 

where TS is the calculated target strength and L is the length of the fish in centimeters 
(equations provided by BioSonics, Inc.). The estimates of fish numbers were used to 
compute a biomass estimate per cubic meter using the following length-weight 
relationships for the dominant species where W = weight in grams and L = length in rnrn: 

pollock W = (1.89 x L~~~~ (Haldorson et al. 1995) 
herring W = (5.007 x 1 0-6) L,3 19' ( L. Haldorson, pers. comm.) 
capelin W = (2.5 x L3'" (Pahlke 1985) 

Hydroacoustic profiles for each transect were printed using Surfer software 
(Keckler 1995, Figure 1). From those profiles we examined every fish school to 
determine chord length, depth to the top of the sch.ools, bottom depth (when less than 65 
m), and average density. The chord lengths of fish schools were determined to be the 
average of widths measured at 2 m depth intervals and the density of the fish schools 
were graded as low, medium and high, based on average densities of 0.01-0.20, 0.21- 
0.35, and > 0.35 g/m3, respectively. Distance from shore, depth of water 65 - 150 m, and 
distance from the nearest bird colonies were obtained from Geographic Information 
System (GIs) computer analysis. Water depths of greater than 150 m were not available 
in the latest GIs  depth coverage for PWS. Therefore, these data were estimated from 
National Oceanic and Atmospheric Administration charts (numbers 16701, 16705, and 
!6708). :~- 

Side-looking hydroacoustic data were available for the transects at feeding flocks. 
These data were analyzed by examination of echograms to determine number of fish 
schools and their chord lengths. The upper depths of these fish schools were assumed to 
be at 1 m. 
Data Analyses 

All data analyses were conducted with S-Plus for Windows 3.1 (Statistical 
Sciences, Inc. 1993). We determined with stem and leaf and boxplots of the acoustic data 
that transforn~ations were necessary to reduce outliers and make the data more 
sym~lletrical about the medians. Transformations which improved plots of the variables 
were square root of the upper depth of the fish sclr~ools, the cube root of their chord length 
and depth to bottom, and the fourth root of the distance to shore. We did not transform 
the categorical variable density. We used Wilcox'on rank sum tests to determine if the 
above mentioned characteristics of fish schools were significantly different between 



nearshore schools and offshore schools. Wilcoxon rank sum tests were also used to 
determine significant differences in characteristics between those schools being fed upon 
by seabirds in flocks and those not being fed upon. The characteristics which were 
significantly different or which may have been biologically meaningful were then used in 
a logistic regression (Hosmer and Lemeshow 1989) to determine the log likelihood of any 
particular school being fed upon. We also more closely examined the fish schools 
associated with feeding flocks using multiple linear regression (Kleinbaum et al. 1988). 
Chord length, depth to school, and relative density were used as independent variables to 
produce a linear fit which may determine how many birds will flock at a particular fish 
school. Side-looking hydroacoustic data were available from the transects conducted at 
feeding flocks. Therefore, we pooled the down- and side-looking data to more closely 
examine the variables which could help to explain the number of birds at a feeding flock. 
Distance to shore and bottom depth were not avai'lable for the side-scanning 
hydroacoustic data. Hence, we could not use these variables for further analysis. 

The fish school variables were transformed as mentioned above. Whereas, the 
number of larids and total birds in the flocks were log transformed. Two flocks had no 
larids participating in them. Therefore, in order to avoid negatively infinite values, we 
added 0.8 to the entire data set before applying the regression analysis which had total 
larids as the dependent variable. 

RESULTS 
Initial comparisons of fish schools 

During 18 days and 120 transects totaling 587.7 km, only 22 feeding flocks were 
encountered which ranged in size from 3 to 1065 birds. From the down-looking 
hydroacoustic data, we analyzed data on 614 fish schools which were not associated with 
feeding flocks and 26 fish schools which were associated with feeding flocks (Table 1). 
One hundred and thirty-two of the 614 schools not associated with flocks were found on 
the nearshore transects. Fish schools which had a chord length of less than 30 m did not 
show up on many of the plots which had longer than average transect lengths. Therefore, 
our estimates for chord length were positively biased. -Eowever, this bias was equally 
applied to fish schools associated with flocks and fish schools which were not associated 
with flocks. 

Nearshore fish schools were associated with significantly shallower bottom depths 
and were significantly closer to the surface than offshore fish schools (Wilcoxon rank 
sum test; P < 0.001, Table 1). Chord length of the fish schools was also significantly 
narrower nearshore (Wilcoxon rank sum test; P < 0.001, Table 1). Characteristics which 
were significantly different when comparing fish  schools from combined nearshore and 
offshore transects with the fish schools associated with feeding flocks included chord 
length, bottom depth, and distance to shore (Figure 2).  When just the fish schools from 
the nearshore transects were compared with the feeding flock fish schools, only bottom 
depth was significantly different (Figure 3). 



Logistic regression analyses of fish schools 
Distance to nearest kittiwake colony was eliminated from the logistic regression 

analysis because of the small difference in this variable and because kittiwakes often fly 
long distances (> 45 km, Irons 1992) while searching for prey in PWS. Although there 
was also little difference in the density of the fish schools and depth to them, we felt that 
these could be important biological variables. Thesefore, the initial logistic regression 
comparing all the fish schools with the fish schools; which feeding flocks of birds were 
associated with included these variables along with chord length, upper depth, bottom 
depth and distance to shore of each fish school. Of these variables, bottom depth and 
distance to shore as well as chord length and distance to shore had high degrees of 
correlation (Table 2). Comparisons of the fish schools from only the nearshore transects 
with the those at feeding flocks had smaller correlations (Table 3). 

Chord length and density of the fish school:; did not offer a significant 
contribution to the initial logistic regression fit. However, examination of the residuals 
(Table 4) revealed at least five outliers. Four of these were associated with three bird 
flocks which may not have had an accurate hydroacoustic picture of what they were 
feeding on because of a great distance between the vessel and the flock. The fifth was a 
schaol which did not show up on the software plot when graded with the proper 
maximum biomass. Those five schools were removed from further analysis. Diagnostic 
analyses on the reduced data set revealed one more outlier, the only other fish school 
suspected as being too far from a flock. With the removal of the foregoing six fish 
schools, density was still an insignificant contributor to the fit. Therefore, we decided to 
remove this variable from further analysis. An ANOVA of additive models was used to 
determine that the variables upper depth of fish sch.001 and chord length did not add 
significantly to the fit of the logistic regression. The linear fit for the remaining variables 
produced the results expressed in Table 5. 

We also applied a logistic regression to compare only the fish schools on the 
nearshore transects with the schools associated with feeding flocks. Through diagnostic 
analyses, we discovered and removed the same outliers which were associated with the 
feeding flocks as before. The linear fit was not dissimilar from the fit obtained by the . 
analysis using all the fish schools except that the addition of depth to the fish school was 
slightly significant (Table 6). 
Bird numbers at feeding flocks and associated fiish schools 

Using linear regression analysis of the fish :schools at only the feeding flocks, we 
were able to learn what might be important variables for determining the size of a feeding 
flock. Chord length was positively correlated, while density and upper depth of fish 
schools were negatively correlated with flock size i.n the best fit regression equation (see 
below). The upper depth of the fish school was, however, more correlated with flock size 
than density. Removing density from the analysis .resulted in a much higher p-value for 
upper depth of the school but added little to the overall significance of the regression. 
We also determined from Cp plots (Mallows 1973) that the best regression equation for 
these data would include all three of these variables. 



The best fit regression equation using characteristics of the fish schools as 
independent variables and total number of birds as the dependent variable was 

In (total birds) = 1.484(CL)"' - 0.348(UD)lr2 - 0.574(DE) + 1.158 

where CL is the chord length of the school, UD is t.he upper depth of the school, and DE is 
the relative density of the school (R2 = 0.8358, N = 17, F-stat. = 22.0622 on 3 and 13 df, 
p-value < 0.001). 

Results of a regression analysis using larids as the dependent variable were similar 
to the results using all birds producing the fit 

In (total larids) = 1.759(CL) - 0.485(UD) -. 0.783(DE) + 0.613 

(R' = 0.8474; N = 17, F-stat. = 24.9875 on 3 and 13 df, p-value < 0.001). 

Three-dimensional perspective plots allow~ed a visual interpretation of the data 
(Figure 4). Depth to school and chord length may be important variables considered 
together (Figure 4a). Density appears to increase with increasing bird numbers when 
chord length is narrow. Yet, at mid to wider chord lengths total birds decrease at mid 
densities and increase at low or high densities (Figure 4b). At shallow school depths a 
similar relationship also appears also appears with density and total bird numbers 
(Figure 4c). 

DISCUSSION 
Traditionally, transects are used as the sampling unit to determine correlations 

between seabirds and their prey. Transects can be easily added together or subdivided to 
determine the scales on which seabirds select feedjng areas (Schneider and Piatt 1986, 
Hunt and Schneider 1987, Schneider 1993). By using the fish schools as the sampling 
unit, we hoped to learn the characteristics of those schools that are exploited regardless of 
the scale. We also exa,?l;ned only fish schools ass.xiated with seabird flocks that were 
obviously feeding and compared those schools with schools not associated with feeding 
flocks. The anticipated advantage of this method was to determine a better correlation 
with actively feeding birds and their prey. 
Comparisons of fish schools 

Feeding seabirds may affect the behavior of fish by changing their distribution in 
the water column (Logerwell and Hargreaves in press), and probably school size and 
density (Maniscalco and Ostrand, Unpubl. Data). 'Therefore, it cannot be known if those 
characteristics of fish schools associated with feeding flocks were the result of the 
seabirds' preference for those schools or their effect upon the schools. However, the 
general location of fish schools, which includes distance from shore and bottom depth, 
are probably not greatly affected by the relatively small and ephemeral feeding flocks of 
PWS. 



Bottorn depth, distance to shore, and chord length were significant variables by 
themselves for the formation of feeding flocks in PWS as determined from our initial 
comparisons of the fish school characteristics. The significance of the former two 
variables suggests that the seabirds in PWS are selecting habitat rather than fish schools. 
Proximity to shore and shallow depths have also been associated with higher densities of 
alcids and larids in other areas (Vermeer et al. 1989, Gaston and Brown 1990, Stone et al. 
1995). 

The positive correlation between bottom depth and distance to shore makes it 
difficult to determine which of these might have been more important. This relationship 
was the main impetus for reanalyzing the data with only the nearshore transects where the 
correlation between bottom depth and distance to shore was much smaller (Table 3). Inn 
that reanalysis, only bottom depth was significant. Areas of upwelling created by shallow 
bottom depths and irregular bottom topography in conjunction with tidal currents appear 
to attract alcids and larids regardless of distance to shore (Braune and Gaskin 1982, 
Cairns and Schneider 1990, Coyle et al. 1992). Several replicate surveys at different tidal 
stages would be necessary to determine if currents and bottom topography had an effect 
on the feeding behavior of seabirds in PWS. 

The notion that seabirds chose fish schools 'with narrower chord lengths than 
normal could be a bit perplexing. However, fish schools nearshore had significantly 
smaller chord lengths than those farther from shore. Also, chord lengths of nearshore fish 
schools were not significantly different from chord lengths of the feeding flock fish 
schools and this variable was not a significant contributor to either logistic regression 
analysis. Therefore, we believe that seabirds in PWS may not select fish schools for their 
size nor density, but chose fish in areas where forage is easily accessible. This may be 
realized by the fact that nearshore fish schools were: significantly shallower in the water 
column. Though, feeding seabirds may have driven the fish deeper into the water 
(Logerwell and Hargreaves in press), giving us a positive correlation with fish depth and 
flock presence in the logistic regression with only tlhe nearshore fish schools. 

Forage fishes in PWS can be found at much deeper depths than are accessible by 
the local seabirds. Larids typically penetrate the water to only shallow deprhs (Ashmole 
197 1). The diving depths of marbled murrelets, Tufted and Horned Puffins are not 
specifically known. However, the maximum diving depth of the Atlantic puffin, a 
congener to puffins in PWS, is about 68 m (Burger and Simpson 1986). Marbled 
Murrelets forage most often in water depths between 20 and 80 m (Strachan et al. 1995) 
and, based on their size (Burger 1991), probably do1 not normally dive deeper than 40 m. 
The average bottom depth at the feeding flocks examined in PWS was 50 m and the 
average depth to the fish schools was only 16 m (T,able 1). Shallow areas which help 
restrict prey to accessible depths in the water column during predictable times provide a 
reliable source of food for many coastal seabirds in the northern hemisphere (Springer 
and Roseneau 1985, Vermeer et al. 1987, Brown arid Gaskin 1988, Coyle et al. 1992). 
Based on these studies and others (e.g. Braune and Gaskin 1982, Cairns and Schneider 
1990), shallow bottom depths, especially those which induce upwellings, maybe more 
important than distances to shore for many birds. 



Bird numbers at feeding flocks and associatedl fish schools 
The number of feeding seabirds at fish schools appeared to increase with 

increasing size and decreasing depths of the fish schools as judged from the perspective 
plots. This is in accord with a typical numerical repsonse (Hassell and May 1974) where 
predators will aggregate with an increase of prey availability. Flock size increasing with 
decreasing depth to the fish schools was also expected. Pursuit diving birds often drive 
forage to near the surface (Grover and Olla 1983., Mahon et al. 1992) and this frequently 
attracts plunge-diving birds such as larids (Hoffman et al. 1981, Mahon et al. 1992). 

The role that density plays in helping to determine bird numbers at feeding flocks 
appeared to be somewhat ambiguous. Dense fish schools may have smaller chord lengths 
and hence would be discovered less frequently by predators than fish schools which are 
spread out more evenly (Brock and Riffenburgh 1960). Whereas, schools with longer 
chord lengths might attract more birds because there would be a greater area of attack. 
Small, tightly aggregated feeding flocks of alcids may also affect the density of fish by 
brealung off a portion of a fish school and driving it to the sea surface into a tight 
writhing mass (Grover and Olla 1983). 

In conclusion, proximity to shore and sha~llow bottom depths are likely key 
features for determining where seabirds will feed in flocks in PWS. Areas such as these 
which consistently harbor large fish schools, high in the water column can attract many 
feeding seabirds and should be of special interest to managers who make decisions 
concerning critical habitat. This research was part of ongoing studies in PWS 
determining long term changes following the Exx.on Valdez oil spill of 1989 and to aid in 
our understanding of coastal ecosytems. The results presented here should be useful to 
future researchers in understanding ecosystem relationships between apex predators and 
their prey. 
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Table II-1 - Average characteristics of fish schools from nearshore, offshore, and flock 

transects. 

Nears hore Offshore Flocks 

(n := 132) (n = 482) (n = 26) 

chord length (m) 188.5 350.2 194.8 

depth to school (m) 8.9 15.9 15.6 

bottom depth (m) '75.8 118.7 50.3 

density (scaled 1 - 3) 1.48 1.56 1.69 

distance to shore (krn) 0.55 2.78 0.48 

distance to nearest kittiwake colony (km) 12.4 16.9 13.6 



Table II-2 - Correlation matrix of the variables from all of the fish schools (Spearman rho; 

p-values in parentheses). 
- .- 

chord length depth to fish bottlom depth density dist. to shore 

chord length 1.0000 

depth to fish -0.032 (0.429) 1.0000 

bottom depth 0.256 (0.000) 0.01 6 (0.682) 1.00100 

density 0.380 (0.000) 0.1 18 (0.003) 0.1 12 (0.005) 1,0000 

dist. to shore 0.491 (0.000) 0.21 3 (0.000) 0.584 (0.000) 0.180 (0.000) 1.0000 



Table II-3 - Correlation matrix of the variables from the nearshore fish schools (Spearman rho; 

p-values in parentheses). 

chord length depth to fish bottom depth density dist. to shore 

chord length 1.0000 

depth to fish -0.221 (0.007) 1.0000 

bottom depth -0.193 (0.01 8) 0.140 (0.085) 1.0000 

density 0.472 (0.000) 0.144 (0.077) 0.082 (0.3 16) 1 .OOOO 

dist. to shore 0.008 (0.91 8) 0.129 (0.1 13) 0. I! 52 (0.061) 0.092 (0.256) 1.0000 



Table II-4 - List of diagnostic plots analyzed for the logistic regression and their results. All 

identified outliers were removed from further analyses. 
- - - - - - - 

Diagnostic Plot Results 

predicted values vs. standard residuals no  outlier:^ detected 

predicted values vs. absolute residuals no outliers detected 

index plot of standard deviance fish schocll numbers 625,626, and 
residuals 635 identified as outliers 

quantiles of standard normal few points outside the envelope 
distribution with 95% confidence 
envelope 

partial residuals school number 6 15 identified as an 
outlier 

index plot of Cook's distances fish schoo~l numbers 106,616,625, 
626. and 635 identified as outliers 

predicted values vs. Cook's distances fish school numbers 625, 626, and 
635 identified as outliers 

leverage values (h) vs. predicted fish school1 numbers 616,625,626, 
values and 635 identified as outliers 

leverage values (h) vs. Pearson chi- fish schocll numbers 625,626, and 
square statistic 635 identified as outliers 

leverage values (h) vs. Cook's fish school numbers 616, 625, 626, 
distances and 635 identified as outliers 



Table 11-5 - Results from the logistic regression analysis using fish schools encountered 

on all of the transects (Residual Deviance = 96.306 on 630 df). 

Parameter Value Std. Error t-value 

intercept 1 1.6099 

distance to shore - 1.6025 

bottom depth - 1.9358 



Table 11-6 - Results from the logistic regression analysis using fish schools encountered 

on just the nearshore and feeding flock transects (Residual Deviance = 75.203 on 148 df). 

- -- -- - - 

Parameter Value Std. Error t-value 

intercept 1 1.6768 2.7520 4.2430 

depth to school 0.487 17 0.1820 2.6762 

distance to shore -1.2412 0.3572 -3.4746 

bottom depth -2.6236 0.6125 -4.2834 



Figure 11-1 - An example of a hydroacoustic profil!e recorded at a feeding flock on the east 

side of Peak Island showing a large fish school near the surface and a shallow bottom. 
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Figure 11-2 - Comparisons of fish schools from both nearshore and offshore transects with 

fish schools at feeding flocks showing standard error bars. See text for transformations. 

+ The variable density was relatively scaled (1  to 3) and not transformed. 

* p < 0.05, *:': p < 0.001 (Wilcoxon rank sum tests) 
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Figure 11-3 - Comparisons of nearshore fish schools with fish schools at feeding flocks 

showing standard error bars. See text for transformations. 

+ The variable density was relatively scaled (1  to 3;) and not transformed. 

**  p < 0.001 (Wilcoxon rank sum tests) 
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Figure 11-4 - Three-dimensional perspective plots :showing the relationship of chord 

length, depth to fish school, and density on the dependent variable of total number of 

birds at the feeding flocks. 
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Abstract: We compared strip transect and telemetry methods of determining foraging 
range by using randomization tests. We evaluated factors that could bias either method 
and speculated on how they may have affected the respective data sets. We also used 
bootstrap resampling to: determine the effect of reiducing our sampling effort for both 
methods, speculate on the benefits of increased sampling, and compare the time required 
to obtain similar variability by both methods. The mean distance birds were observed 
from their colony determined by telemetry were significantly greater than the mean value 
calculated from strip transects. We determined that this difference was due 2 sources of 
bias: 1) a decreasing probability of sighting birds alt increasing distance from their colony 
on strip transect surveys. 2) The maximum distance birds were observed from the colony 
through telemetry exceeded the extent of the strip 'transect survey. We compared the 
observed number of birds seen on the strip transect survey to the predictions of a model 
of the declining probability of sighting birds at increasing distance from the colony 
(DPSB). Field data were significantly different from modeled data; however, the field 
data were consistently equal to or below the modell predictions indicating a general 
conformity to prediction of a DPSB. We conc1ude:d that telemetry data provided a more 
accurate measure of foraging distance than strip transect data for colonial birds. 
Furthermore, studies that have used strip transect sampling that have not accounted for 
DPSB may have underestimated foraging range. The simulated reduction of sampling 
effort for both methods indicated that as sample si:ze was reduced the rate of change in 
variability was lower for strip transect sampling than telemetry indicating that changes in 
telemetry sampling efforts would have a greater affect on standard error values. 
Variability was less for strip transect sampling andl less time was required to collect the 
data. We concluded that strip transect sampling yielded more precise data whereas 
telemetry data was more accurate. 
Key words: Alaska, Black-legged Kittiwakes, bootstrapping, habitat use, Prince William 
Sound, radio telemetry, randomization tests, Rissa tridactyla, seabirds. 

Radio telemetry and strip transects are both commonly used to evaluate resource 
selection by animals (Litvaitis et al. 1994). However, we found few habitat selection 
studies for seabirds that utilized telemetry (e.g. Harrison et al. 1981, Trivzlpiece et al. 
1986, Anderson and Ricklefs 1987) with strip transects the more commonly used method 
(e.g. Heinemann et al. 1989, Piatt et al. 1989, Erikstad et al. 1990). Consequently 
comparisons of the techniques have not been made with colonial seabirds as the study 
subject. 

Comparison of these techniques with traditional statistical methods is problematic 
because of differences in the nature of the data set,s. Telemetry consists of locations of 
individ~~al birds from a known colony which differs greatly from the set of chance 
encoi~nters of birds obtained by strip transect methods. Computer intensive methods can 
frequently be applied to problems which cannot be easily addressed by conventional 
methods (Noreen 1989). We compared telemetry and strip transect data collected on 
Black-legged Kittiwakes (Rissa tridactyla) in Prince William Sound (PWS), Alaska using 
randomization tests. We also used bootstrapping .methods to simulate the effect of 
reducing strip transect and telemetry sampling. 



We assumed that there would not be significant differences in measures of habitat 
use determined by both telemetry and strip transelct sampling methods, when data were 
collected on the same population during the same time period. If differences were 
observed they were probably the result of bias associated with sampling methods and we 
could speculate on their origin. We also hypothesized that because descriptors of data 
distribution (variance, standard deviation, and standard error) are exponential functions 
(Zar 1984), variability of the data would increase exponentially as the sampling effort 
decreased (Green 1979). By examining how data variability changed with decreasing 
sampling effort we determined the adequacy of our sampling and the effect of changing 
sample sizes. 

We compared the mean distance birds were observed from their colony as 
determined by both field methods. We speculated that as the distance from the colony is 
increased the area in which birds could be observed also increases thereby reducing the 
probability of sighting birds. We suggest that siglhting probability is a function of the area 
of the marine habitat available to birds for foraging. Island colonies, because they are 
surrounded by water and thus have the greatest available foraging area, should have the 
greatest bias associated with strip transect sampling. To describe this bias, we adapted a 
model from Kinder et al. (1983) and Decker (1995). We considered the available foraging 
habitat of an island colony as a series of concentric rings. The number of birds expected 
to be observed (n) in any ring (I) is inversely related to the area of a ring and can be 
calculated by 

n, = ~ , a ~ l n ( r o ~ ' - - r i , ~ )  formula 1 
where N, is the total number of birds within ring I, ri, is the inner radius and ro, is the 
outer radius of ring I, and a, is the area surveyed within ring I. Foraging theory suggests 
that if foraging patches are equal in quality that birds should select patches near the 
colony (Stephen and Krebs 1986), hence as ri, andl ro, increases N, should decrease. If we 
make a conservative assumption that the number of birds (N,) remains constant as the 
distance from the colony increases, then the predicted number of birds observed decreases 
(n,). We assume that the probability of sighting b:irds within rings remains constant, i.e. 
the birds are randomly distribute2 within rings. Flor fjords and bays, as in this study, the 
above formula can be modified by introducing a variable (j), the proportion of ring I that 
is marine habitat: 

n, = Nia,lji n(roI2-riI2) formula 2 
This equation may be solved to approximate the number of birds within a ring: 

N, = nj ,  n(roi2-rii2)la, formula 3 
We approximated formula 2 and compared the predicted n, values to those obtained from 
strip transect sampling to test our predictions of the diminishing probability of sighting 
birds as distance from their colony increases (DPSB). 

We anticipated 3 additional sources of bias that could have influenced the 
comparison of flight distances from the colony: 1) Transmitters were only attached to 
birds with chicks. Birds without chicks, free of provisioning and nest attendance 
requirements, may be more likely to range further during foraging flights (e.g. Wilson et 
31. 1988). Observations of non-nesting kittiwakes would tend to increase the mean 



distance from the colony for the strip transect data set. 2) Gessamen and Nagy (1988) and 
Gessamen et al. (1991) have demonstrated that the attachment of radio transmitters can 
increase the energy demands of flight. If the kittiwakes in this study were affected 
similarly then bird with attached transmitters may have made shorter foraging flights. 
This source of bias would reduce the mean distance from the colony for the telemetry data 
set. 3) The potential maximum distance from colony obtained from telemetry was 
unlimited whereas the furthest point from strip trarksect data was constrained by the 
survey design. If the survey did not cover the full extent of the foraging range of 
kittiwakes from the study colony then a smaller mean distance would be obtained from 
the strip transect data. If the mean distance from colony, determined by strip transects 
was greater then bias sources 1 andlor 2 had a greater effect than other factors. If the 
telemetry data yielded a greater mean distance fronn colony we planned to reduce the 
affect of factor 3 by deleting flight distances within the telemetry data set that exceeded 
the distance to the furthest point on the strip transect survey and repeat the analysis. 

METHODS 
We conducted this study in PWS, an inland waterway, 10,000 km2, located on the 

southern coast of Alaska. The climate is maritime with record annual precipitation > 8 m 
and moderate temperatures for the subarctic (Royer 1979). The coastline is rugged, with 
mountains up to 4-km elevation, and numerous fjords and tidewater glaciers. We 
selected the Black-legged Kittiwake colony located at Shoup Bay (61" 09' N, 146" 35' W), 
the largest in PWS with 5628 breeding pairs in 1995 (D. B. Irons, US Fish & Wildl. 
Serv., Anchorage, Alaska, unpubl. data) for the focus of this study. Shoup Bay adjoins 
Port Valdez and Valdez Arm in northern PWS. 

For the telemetry study, birds on accessible: nests with eggs or chicks were 
captured with a noose-pole. Advanced Telemetry Systems, Inc. radio transmitters, 166 to 
167 MHz, were attached to 24 adult birds. The radio packages weighed approximately 9 
gm, which is less than 2.5% of a kittiwake's body weight, and were attached under the 
base of the tail (Anderson and Ricklefs 1987, Irons 1992). Flight tracks were determined 
by following radio tagged birds in a 8-m boat 14 July - 5 August 1995. Birds were 
tracked both visually and with telemetry equipment. A following distance of 50 - 100 m 
was maintained to limit the effect of tracking upon behavior. Bird locations were 
determined, using a global positioning system instrument (GPS), at foraging sites and 
where birds changed direction of their flight. Only followings that were successful in 
determining the furthest point from the colony of the flight were used in analysis (n = 7). 
Return flight locations were not included the analysis (Fig. 1). 

We chose the boundaries for the strip transect study area based upon the expected 
foraging range of Black-legged Kittiwakes at the Shoup Bay colony. Predictions of 
foraging ranges were determined using previous radio telemetry studies of Black-legged 
Kittiwakes from the same colony (Irons 1992). We randomly selected the starting point 
for transects (n  = 24) from 20 points equally spaced within the first 2' of the southern 
boundary of the study area. We arranged 1 1  eastlwest transects at 2' latitude intervals 
north of the initial starting latitude and 13 zigzag 1:ransects to increase data collection of 
nearshore habitats (Fig. 2). Zigzag transects were inserted where east/west transects 



terminated at land. From the location at which the previous east-west transect terminated, 
the zigzag transect extended to the point half the distance to the next east-west transect at 
which the water depth was 100 m. An additional transect extended to the beginning of 
the next east-west transect. Potential transect segiaents that were < 1.0 nautical mile were 
not included and additional potential segments we:re deleted for safety considerations. 

We replicated the strip transects of the study area twice, 26-28 July and 5-7 
August 1995. Observations were made from the second deck, 8-m above the water, on 
the 24-m vessel, the MN Pacific Star. Continuous counts were made of all kittiwakes 
observed within 100 m of the starboard side of the vessel. We used only locations of 
flying birds for this study (n = 255). Bird observations were made by scanning ahead of 
the ship using binoculars. Recorded observations were made prior to the ships presence 
influencing bird activities. Data were recorded when the ship was closest to the point at 
which the birds were first observed. We recorded data directly into a computer file using 
custom software that also recorded the ships position and time for each entry. Positions 
were determined with a GPS. 

We developed a set of random locations from the telemetry field data to mimic the 
chance sightings that were obtained from the strip transects. We assume that the birds 
flew in a straight line between the GPS locations that had been recorded during flight 
following. A geographic information system (GIS) was used to convert the GPS 
locations into contiguous tracts. Then we converted these routes to points with a 
resolution of approximately 100 m. For each point along tracts we calculated the distance 
to the study colony. This data set was then used as the pool of potential Black-legged 
kttiwake locations from the telemetry method. FVe also used the GIS to calculate the 
distance to shore and the distance to the nearest colony from bird observations made 
along the strip transects. 

To compare telemetry and strip transect data we modified a randomization 
program from Noreen (1989). A random subset (11 = 255) was extracted from the 
telemetry flight data (n = 1504) to yield a data set of equal size to strip transects. Mean 
distances from the study colony were calculated for the strip transect and telemetry data 
and the difference for t h ~ s i  variables was then determined. We then conducted a 
randomization test, 1000 shuffles, and used the difference in mean values as the actual 
test statistic to determine the significance level (Noreen 1989). The number of randomly 
sampled test statistics greater than or equal to the actual test statistic divided by the 
number of shuffles provided an approximate probability. We determined the maximum 
distance from the study colony on the strip transect survey and the greatest distance that 
radio tagged birds were observed from the colony. To reduce the effect of unequal 
maximum distances from colony among data sets., all values greater than the smaller 
maximum value were deleted. We used a randorn~ization test, 1000 shuffles (Noreen 
1989) to determine if the deletions resulted in a significant change in the data set. We 
then reran comparison of the strip transect and telemetry data using the reduced data set. 

To test the model of DPSB, we calculated expected values of ni using formula 2 
and conlpared them to the mean n, values observed during the 2 replicates of the strip 
transect survey. We nleasured the area of available foraging habitat within 12 concentric 



rings, with widths of 2 nautical miles (Fig. 3), using GIs.  The outer most ring contained 
the furthest distance from the study colony on the :;trip transect survey. We determined 
the mean number of kittiwakes observed in each ring during the 2 strip transect surveys. 
We multiplied the transect length within in each ring by the transect width, 100 m, to 
determine the area surveyed within each ring. For the inner most ring we used values for 
area available, area surveyed, and number of birds observed, in formula 3 to determine a 
value for N, .  To be consistent with our assumptioln that each ring contained the same 
number of birds we used the calculated value of N,  for Ni and the respective values for 
area surveyed and available area in formula 2 to determine values for n, for all rings. We 
compared the expected ni values calculated using tlne model with the mean observed 
values graphically (Fig. 6) and with a chi-square te:st. Using N, for all N, values ensured 
that the observed and predicted values of n, would be equal thereby facilitating the 
graphical and statistical comparisons. 

To evaluate the effect of reducing the sampling effort we wrote a bootstrapping 
program that simulated decreased sampling. We ra.ndomly selected 48 transects, with 
replacement, from the strip transect data set and used the kittiwake locations from those 
transects to create a pseudo survey. Mean distance: from the Shoup Bay colony was then 
calculated for pseudo survey. We then repeated the process for 1000 iterations and 
calculated the mean of mean distances and standard error. We repeated the randomization 
with successively fewer number of trahsects (n = 4.8.. 1). We applied the same 
bootstrapping program to the telemetry data set, siimulating the affect of reducing the 
number of kittiwake flights (n = 7.. 1). 

RESULTS; 
The mean distances from the Shoup Bay colony calculated from telemetry and 

strip transects were 35.5 km and 22.2 km, respectively ( e  = 0.00 1, n = 255, NS = 1000). 
The maximum distance from colony for the te1eme:try data set and the furthest point from 
colony on the strip transect survey was 62.3 km and 47.3 km, respectively. We deleted 
3 14 locations from the telemetry data set with valu~es greater than 47.3 km. The mean 
distance to colony for the telemetry data was reduced significantly to 29.4 km (P = 0.001, 
n, = 1504, n2 = 1190, NS = 1000). We again r~ndomly selected 255 locations from the - 
reduced data set, reran randomization comparison of sampling methods, and determined 
the telemetry and strip transect data remained significantly different (P = 0.001, Q = 255, 
NS = 1000). 

Our expected number of kittiwakes obtained using formula 2 was significantly 
different from the number observed in rings (X' = 37.9, df = 11, f2 = 0.001). The 
observed values were consistently equal to or below the expected values (Fig. 4). 

Simulating a reduced sampling effort for both strip transect and telemetry studies 
resulted in exponentially increasing variability (Fig. 5). SE values for the telemetry data 
set were greater than those obtained by the strip trimsect method (2976 and 2628 SE 
distance to colony, for telemetry and strip transects respectively). SE val~ies most similar 
to those obtained by the telemetry method were achieved with a reduced sampling effort 
of 34 transects (2976 and 289 1 SE for telemetry aind strip transects, respectively) out of 
48 transects surveyed. 



DISCUSSION 
If either the energy cost of carrying radio ~iransrnitters andlor the bias associated 

with using only birds with chicks in the telemetry study had a greater effect than other 
sources of bias, then we expected strip transect data to yield a greater mean distance from 
the study colony. However, this was not the case. The greater mean distance from colony 
calculated from the telemetry data suggests that the differences in maximum distance 
from colony for each data set and/or DPSB had greater influence. Our adjustment to the 
telemetry data set and subsequent comparison of the reduced data set to the original 
isolated a significant bias associated with differences in maximum distances. This 
problem is the result of underestimating the foraging range of kittiwakes when designing 
the strip transect survey. However, this source of bias does not account for all of the 
error. By eliminating distances that were larger than those that could be obtained from 
strip transects we identified a significant bias associated with DPSB. Both sources of 
error had an influence on our results. 

The model of DPSB did produced significantly different results from field 
observations. Differences may have resulted from assuming an equal number of birds in 
all rings and a consistent probability of sighting birds within rings. Kittiwakes within 
PWS (Irons 1992) and other seabird species elsewhere (e.g. Hunt et al. 1990 and Coyle et 
al. 1992) have been shown to be associated with areas where forage is consistently 
available. Our telemetry data also indicated that k~ittiwake activity was relatively high in 
a few areas and absent in other areas (Fig. 1). Holwever, in all cases the observed number 
of birds within each ring was equal to or less than predicted by the model indicating that 
although the distribution of kittiwakes is patchy, tlheir density does decline to or below 
predictable levels as distance from their colony increases. These findings indicating a 
general conformity to the prediction of a DPSB. The results of our randomization 
comparison and modeling efforts were consistent, confirming our speculation on the bias 
of strip transect data due to DPSB. We conclude \.hat telemetry data gave a more 
representative indication of foraging distances than did strip transect sampling. Studies 
that have used strip transect data to describe the distribution of birds relative to colony 
location and h z v ~  r?ot accounted for DPSB (e.g. Wilson et al. 1988, Leopold et al. 1995) 
were likely to underestimate foraging ranges. Thi:s bias could be reduced using weighted 
averages on the strip transect data as opposed to simple means as we have done. We have 
used mean distances from colony to make comparisons among our data sets; however, 
wildlife biologist more frequently use these types 'of data to determine foraging ranges or 
foraging distance (e.g. Wilson et al. 1988, Leopold et al. 1995). Weighted means are not 
applicable to these more common methods of interpretation, yet the DPSB remains a 
source of bias. In these applications, bias can be r'educed by sampling the same 
proportion of the total area within each ring. 

Our simulation of reducing sampling effort resulted in a exponential increases in 
variability as sample size was decreased for both methods; however, the rate of change in 
variability was greater for the telemetry data (Fig. 4 ). These results indicate that we 
could greatly reduce our strip transect sampling be:fore the standard error increases 
dramatically. Similarly we can project that a considerable increase in sampling effort 



would be required to make a relevant reduction in standard error of strip transect data. 
Variability of the telemetry data is noticeably declining with 7 flight followings. We 
expect that an increase in our sampling effort would continue to result in a reduction in 
variability. Similar levels of variability to those obtained by telemetry could have been 
achieved by a reduced strip transect survey. Strip transect data was collected in 6 days 
and our simulation indicates that similar variability to telemetry data could be obtained 
with less time; whereas, the telemetry data was collected in 7 days of following 
kittiwakes with additional time spent on capturing birds and unsuccessful chases. This 
comparison indicates that our strip transect sampling yielded similar variability for less 
time spent sampling. 

We have shown that telemetry yields less bias predictions of foraging range. 
However, we have also demonstrated that telemetry will require greater field time to 
achieve similar levels of variability to those obtained by the strip transect method. In 
essence then, the statistical trade off between methods is one of accuracy versus 
precision. 
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Fig. 111- 1.  The flight tracts of 7 Black-legged Kittiwakes followed by boat during 
telemetry studies conducted in Valdez Arm, Prince William Sound, Alaska. 





Fig. 111-2. Transects conducted to obtain location data on Black-legged Kittiwakes in 
Valdez Arm, Prince William Sound, Alaska. 





Fig. 111-3. Concentric rings extending out at 2 nautical mile intervals from the Shoup Bay 
colony located in Valdez Arm, Prince William Sound, Alaska. 





Fig. 111-4. Comparison of the number of Black-legged Kittiwakes observed within 
concentric rings (Fig. 3), extending from the Shoup Bay Colony, Prince William Sound, 
Alaska, to numbers predicted by a model of diminishing probability of encountering birds 
at increasing distance from a colony. Observed data was obtained on 2 surveys of 
systematically arranged transects (Fig. 2). 
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Fig. 111-5. The results of a bootstrapped simulated reduction of the sampling efforts of 
telemetry and strip transect studies of Black-legged IOttiwake in Valdez Arm, Prince 
William Sound, Alaska. The sin~ulation examined how the mean (bold lines) and 
standard errors (fine lines) values for distance birds were observed from their colony 
changed as sampling effort was reduced. 
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CHAPTER IV: FLOCK COMPOSITION AND SEABIRD BEHAVIORS AT 
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Abstract: We examined the behaviors of seabirds at feeding flocks in Prince William 
Sound, Alaska during July/August 1995 to determine the factors which may enhance or 
limit the availability of forage to surface feeding birds. The presence of larids and alcids 
at feeding flocks was positively correlated, suggesting complimentary feeding habits. On 
the other hand, the frequency of kittiwake plunge dives was negatively correlated with the 
relative presence of larger gulls in the flock. Kittiwakes preferred to plunge-dive for fish 
while Glaucous-winged Gulls hop-plunged from the water surface to maintain their 
position at the center of the feeding flock. Kittiwakes had a feeding success of 80.6% and 
lost 4.8% of their captures to intraspecific piracy and 6.7% to interspecific piracy. 
Kleptoparasitism was most intense against kittiwakes in tightly aggregated feeding flocks 
and against alcids in loosely aggregated flocks. Jaegers preferred to kleptoparasitize 
kittiwakes in the largest flocks. 

Key words: seabirds, feeding behaviors, feeding success, kleptoparasitism, Prince 
William Sound 

INTRODUCTION 
Seabirds often gather in flocks to exploit patchily distributed prey (Brown 1980, 

Obst 1985, Heinemann et a1 1989). Behavioral studies of seabirds at mixed-species 
feeding flocks have added substantially to our view of how food is obtained by this group 
of animals searching in an environment which is generally hidden from sight (e.g. Sealy 
1973, Hoffman et al. 1981, Chilton and Sealy 1987, Mahon et al. 1992). Species 
composition of seabird flocks may vary widely depending on the feeding situation (Duffy 
1983). Many seabirds play specific roles in the formation, continuation, or breakup of the 
flocks (Hoffman et al. 1981, Duffy 1983, Chilton and Sealy 1987, Mahon et al. 1992). 
The presence or absence of certain key seabirds can affect the availability of forage to a 
number of other species. For instance, cormorants which dive in the middle of fish 
schools may have the effect of breaking up the schools and making them unavailable to 
other seabirds (Hoffman et al. 1981). Duffy (1986) found that roseate terns (Sterna 
dougalli) were more successful when foraging alone in dispersed flocks than in tightly 
spaced flocks with common terns (S. hirundo). Yet, individual foraging success of 
certain species can increase with the number of birds involved (Gotmark et al. 1986). 

Methods by which seabirds feed vary from dipping in petrels to pursuit diving in 
auks and penguins (Ashmole 197 1). Depending upon their feeding circumstances at sea, 
gulls and kittiwakes may choose to surface seize, plunge-dive, hop-plunge, dip or 
kleptoparasitize (steal food which had been captured by another animal). These 
behaviors may depend upon the density of birds in the aggregation or upon how the 
forage is made available. Both of these factors were used to delineate different types of 
feeding flocks (Hoffman et al. 198 1). The feeding method of a particular seabird species 
may make forage unavailable to other species through interference competition (Shealer 
and Burger 1993) or through dispersion of the prey (Hoffman et al. 1981). 

Kleptoparasitism is one feeding strategy which is common in many gulls and is a 
way of life for jaegers (Brock~nan and Barnard 1979). The success of a kleptoparasite 



could be dependent on factors such as weather condition, size of prey carried by host, or 
stage of the breeding season (Furness 1987). Instances of kleptoparasitism in many birds 
may increase with decreasing access to food (Brockman and Barnard 1979, Duffy 1980, 
Temeles and Wellicome 1992, Oro and Martinez-Vilalta 1994, Oro 1996). High rates of 
this feeding strategy in seabirds could adversely affect populations of the host (Furness 
1987) and failure of one host species to breed could cause increased pressures on an 
alternate host (Arnason and Grant 1978). 

In this chapter we describe the species composition seabirds at different flock 
types in Prince William Sound, Alaska. Prey capture techniques by gulls and kittiwakes 
are compared between the flock types. We further attempt to determine how the 
behaviors of different seabirds affect the availability, accessibility, and retention of their 
forage by examining cooperation between alcids and larids, interference competition 
between gulls and kittiwakes, and kleptoparasitism by jaegers and other larids. 

STUDY AREA 
Prince William Sound (PWS), Alaska is a large estuarine embayment of the 

northern Gulf of Alaska which provides important foraging and breeding habitat for many 
seabirds (Isleib and Kessel 1973, Irons et al. 1988). Water depths exceed 870 m and the 
numerous bays and fjords along with more than 150 islands form at least 5000 km of 
shoreline. High precipitation rates keep the sea-surface salinity low and catabatic winds 
flowing down the fjords transport this low-salinity water out of PWS, generally through 
Montague Strait and the smaller straits and passages of the southwestern region. The 
Alaska coastal current provides the major inflow of marine water through Hinchinbrook 
Entrance (Royer et al. 1990). Diurnal tidal changes in PWS can also create currents 
exceeding 5 kmlhr through narrow passages. 

Seabirds which commonly forage in flocks in PWS include black-legged 
kittiwakes (Rissa tridactyla), glaucous-winged gulls (Lnrus glaucescens), mew gulls 
(Lnr~is canus), marbled murrelets (Brachyramphus marmoratus), tufted puffins 
(Fraterculn cirrhata) and horned puffins (F. corniculnta). The former three species are 
members of the family Laridai ~ n d  the latter three are members of the alcidae. We 
occasionally refer to these birds as larids and alcids, respectively. Jaegers (Stercorarius 
spp., family: Laridae) kleptoparasitize at these flocks to an unknown extent. Three focal 
areas in PWS (Figure 1) were chosen for study because of their habitat which is critical to 
these seabird species of interest. 

Some of the forage fish available to nesting seabirds in PWS include, Pacific 
herring (Cl~lpea pnllasi), capelin (Mnllotus villosus), Pacific sand lance (Ammodytes 
lzrscrpterrls), walleye pollock (Therayrtr c/lnlcogrc~vnma), and elllachon (Thaleichthys 
pcrclficus) (Sanger 1987, Haldorson et al. 1995). Herring in PWS did not appear to be 
seriously affected immediately following the spill. However, in 1993, greatly reduced 
numbers of herring returned to spawn and many of them had ulcers and hemorrhages of 
the skin and fins (Meyers et al. 1994, Brown et al. 1996). Declines in sand lance 
delivered to nestling pigeon guillemots (Cepphus colunzba) following the spill may also 



reflect a decrease in the abundance of this prey species (Hayes 1995, Oakley and Kuletz 
1996). 

METHODS 
Field Procedures 

From a random starting point, we selected transects in the three areas of primary 
interest along lines of latitude 2 nm apart. Since many seabirds are often found nearshore 
or in shallow depth gradients (Vermeer et al. 1989, Stone et al. 1995), zig-zag transects 
were conducted nearshore by sampling on a straight line from shore to the halfway point 
between adjacent transects where water depth was 100 m. From this point, the ship 
continued sampling to the beginning of the next transect. The study period (July 20 - 
Aug. 12) was chosen to include the peak time of chick provisioning for many seabirds in 
PWS. Observations were made with 8 x 40 binoculars, 6 m above the water line from a 
26 m vessel traveling at approximately 5 knots while conducting hydroacoustic surveys to 
estimate forage fish and seabird distributions and abundances. Transect lines were left to 
more closely examine feeding flocks within 300 m of either side of our vessel. 

Trawl data were collected from a separate vessel which was directed by the 
hydroacoustic vessel to sample schools of forage species in which there was the most 
uncertainty as to prey species andlor age class composition. A modified Canadian 
rnidwater herring trawl (100 m2 opening), an improvised pair trawl, and a dip net were 
used to verify fish school compositions as estimated from the acoustic data. These trawls 
were only used on the larger fish schools and hence the fish collected from them were not 
representative of all schools. 

We collected behavioral data on feeding flocks upon leaving the transect and 
continued to do so until the flock broke up naturally or became disturbed by our presence. 
A feeding flock was defined as an aggregation of three or more seabirds actively feeding 
as observed by diving alcids with fish in their bill or larids plunge-diving, dipping, or 
hop-plunging. While at a feeding flock, one observer videotaped the flock for later 
analysis while another recorded detailed information on the flock, including: location (lat. 
and long.), date, time, weather conditions, ~ i n d  speed and dircciioil, sea state, water and 
air temperatures, area covered by flock in m', any noticeable physical features (e.g. 
~ipwellings, fronts), flock composition with numbers and locations of each species within 
the flock, kleptoparasitic and aggressive interactions with as much detail as possible, 
other feeding methods used and their success, and the duration and fate of the flock if 
known. We categorized feeding methods as surface-seizing, dipping, surface-diving, 
plunging, pursuit-plunging, piracy (Ashmole 197 l) ,  and hop-plunging (Hoffman et al. 
198 1 ). Flock types were loosely classified following Hoffman et al. (198 1): I) small, 
short duration flocks over tightly clumped prey; 11) large, persistent flocks over more 
broadly dispersed prey; 111) flocks associated with sites where forage was concentrated by 
downwelling or other hydrophysical influence, determined by a subjective evaluation of 
oceanographic features. 

After approximately 15 minutes of examining seabird behaviors at the flocks or as 
soon as the flocks stopped feeding, our vessel was maneuvered through the area of 



activity to produce an acoustic profile of the forage. This was normally done more than 
once with the location of greatest feeding activity to the right of the vessel where the side- 
looking transducer was viewing. However, on a few occasions the forage was in too 
close to shore for the vessel to maneuver safely. 
Data Analyses 

Analysis of the videotapes included categorizing the feeding methods used, 
frequency of these methods, and frequency of kleptoparasitic and aggressive interactions. 
We computed the independence of the different flock types by species composition using 
a Chi-square contingency table. The association between kittiwakes and murrelets, 
murrelets and puffins, and the relationship of kittiwake dive frequencies and gull presence 
in the flocks was analyzed using Spearman's rank correlation. These data were analyzed 
in S-Plus (Statistical Sciences, Inc. 1993). Chi-square and Fisher's Exact Test were also 
used to compare and contrast the behaviors of different seabirds at the different flock 
types. 

RESULTS 
Flock types and species composition 

In PWS flocks are generally smaller than those encountered in more oceanic 
regions (e.g. Hoffman et al. 198 1, Duffy 1983). During 18 days of hydroacoustic 
sampling 120 transects totaling 587.7 km, only 22 feeding flocks were encountered and 
ranged in size from 3 to 1065 birds (mean = 135.8). Fifteen bird species participated in 
feeding flocks with a maximum of 11 species at a Type I1 flock (Appendix 4). Species 
participation in the three flock types was significantly different overall (x2 = 214.65, df 
= 8, P < 0.001; Table 4.1). However, species compositions of Type I and I1 flocks were 
not significantly different (x2 = 7.025, df = 4, P = 0.135).  

Black-legged kittiwakes and marbled murrelets were the most numerous species 
in all three flock types (Appendix 4). A scatter plot of their presence in the flocks 
suggested rank ordering them before analysis. Kittiwake presence in flocks was 
positively correlated with murrelet presence (Spearman's rho = 0.613, P = 0.005, Figure 
4.1). Tufted puffins slid glaucous-winged gulls were also a predominant species in Type I 
and I1 flocks, and the correlation results for all larids and alcids at the flocks were the 
same as those for kittiwakes and murrelets. 

Marbled murrelets and tufted puffins were present together in great numbers in 
Type I1 flocks. However, in the only two Type I flocks in which tufted puffins 
participated, murrelets had a presence of zero and one. A significant negative correlation 
was not detected, perhaps because of the small sample size. 

Type I flocks were composed of 7 to 174 birds (N = 14; Table 4.1; Appendix 4) 
with the mean number of species being 3.3 (SD = 1.49). At these flocks, we often saw 
the fish held in tight balls by pursuit-diving birds which dived and resurfaced near the 
periphery of the flock, as also observed by Hoffman et al. (1981) and Mahon et al. (1992). 
In some cases, this ball of fish appeared to be only a small portion which was separated 
from a much larger fish school residing near the bottom of the water column as seen in 



hydroaco~istic plots of the area (Chapter 1). Herring and capelin were found to be common 
prey at PWS Type I flocks as determined by trawling. 

We encountered two Type II flocks of 984 and 1065 birds with 11 and 8 species 
participating in them, respectively. These were much smaller in size than the Type II flocks 
described by Hoffman et al. (1981), who described such flocks as ranging in size from 
5,000 to 50,000 individuals. However, we still considered them to be Type I1 flocks 
because: (1)  they were significantly larger than flock Types I and I11 (x2 = 1696.1,  d.f. = 
3, P < 0.001), (2) both of them lasted for at least two days, and (3) they were loosely 
aggregated assemblages feeding on post-spawning male capelin in one case and either 
capelin or herring in the second case.Type I11 flocks were composed of 11 to 168 birds (N 
= 6; Table 4.1) with the mean number of species being 4.2 (SD = 2.40). Five of these 
flocks were concentrated around points of land and one at the mouth of a shallow 
passage. Herring of various age groups were found in a trawl at one of these flocks. 
Larid behaviors at flocks 

Alcids pursuit-dived from the outskirts of Type I flocks and from throughout Type 
I1 and I11 flocks. We did not concentrate any part of our observations on these birds 
because of the difficulty of following these birds from where they dived to where they 
resurfaced. 

Glaucous-winged gulls hop-plunged more frequently than any other foraging 
method at all flock types (Figure 4.2a). At Type I flocks, glaucous-winged gulls normally 
sat on the water directly over the fish school, while kittiwakes sat on the water around the 
periphery of the school or circled above it. To maintain their position in this flock type, 
g~llls hop-plunged as opposed to plunge-dived. The latter foraging method was used 
more often in Type I1 and Type I11 flocks (Fisher's exact test; P < 0.001). Gttiwakes also 
hop-plunged more often in Type I flocks than in Type I1 and I11 flocks combined (x2 = 
14.356; P < 0.001). Yet, in all flock types, plunge-diving was their preferred method of 
feeding (Figure 4.2b). We were able to detect a weak but insignificant negative 
correlation between the frequency of kittiwake plunges and the relative presence of larger 
gulls in the flock (Spearman rho = -0.5664, P = 0.0587). 
Kleptoparasi tism 

Kittiwakes had an overall feeding success of 80.6% (N = 129) and lost 4.8% of 
thelr captures to intraspecific piracy and 6.7% to interspecific piracy. Glaucous-winged 
gulls had a feeding success of 55.3% (N = 38) and lost no prey to kleptoparasitism. 

Kleptoparasitism against kittiwakes occurred more frequently in the tightly 
aggregated Type I flocks compared to Type I1 and I11 flocks combined (x2 = 83.55; P < 
0.00 1 ; Table 4.2, Figure 4.3). Intraspecific kleptoparasitic attempts by kittiwakes were 
obberved most often in Type I flocks, while attempts directed against dlcids were more 
comrnonly seen in Type I1 flocks (Table 4.2, Figure 4.3). Glaucous-winged gulls 
attempted to rob alcids only in Type I flocks (Table 4.2, Figure 4.3). Gulls and kittiwakes 
kleptoparasit~zed alcids less than expected in Type I flocks (x2 = 15.32,  d.f. = 1, 
P < 0.001), but not in Type 111 flocks (x2 = 1.780, d.f. = 1 ,  P = 0.182).  

Jaegerj preferred to kleptoparasitize at the large Type I1 flocks (78% of observed 
'ittemptx; Figure 4.3). Thirty-one out of 32 observed Jaeger robbing attempts were 



directed toward kittiwakes, and the other toward a juvenile glaucous-winged gull. One 
large capelin feeding flock had a group of 15 Pomarine and 2 Parasitic Jaegers sitting on 
the water about 1 km away. They appeared to be making occasional sorties (usually 
alone) into the feeding flock. Their method of attack in Type I1 flocks was to concentrate 
efforts on kittiwakes which had recently caught a fish and those with fish visible in their 
bill. 

DISCUSSION 
Flock types and species composition 

In PWS flocks are generally smaller than those encountered in more oceanic 
regions (e.g. Hoffman et al. 1981, Duffy 1983). Feeding flocks of murrelets, kittiwakes, 
gulls, puffins, and guillemots fed on schools of herring, capelin, and sand lance that were 
nearshore (Ostrand and Maniscalco, unpubl. data). Conspecifics and congeners of these 
birds have also been found to be distributed nearshore in other boreal environments 
(Vermeer et al. 1989, Stone et al. 1995) to obtain easy access to their prey. Our 
observations on only 22 feeding flocks during 18 days were likely the result of spending a 
much greater proportion of time on offshore portions of transects. 

Seabird prey can be concentrated by upwelling or downwelling in both oceanic and 
coastal regimes (e.g. Wahl et al. 1989, Schneider et al. 1990, Coyle et al. 1992). Such flow 
gradients are often found around islands and points of land (Hamner and Hauri 198 1, 
finder et al. 1983). These processes may work in PWS during the summer to make herring 
more vulnerable to seabird predation and forming Type III flocks. Sand lance are also 
common in shallow waters and nearshores which have sandy substrates and relatively high 
bottom current velocities (Auster and Stewart 1986). These conditions occur around many 
of the land masses in PWS. The capelin concentrations discovered nearshore appeared to 
be post-spawning aggregations which are known to attract alcids (Piatt 1990) and many 
other seabirds (Hoffman et al. 198 1). The hydroacoustic profiles suggest that the 
predominant concentration of capelin in these schools reside near the bottom of the water 
column. Alcids appear to be the driving force in Type I flocks where capelin are 
concentrated in tight balls near the surface and hence become accessible for gulls and 
kittiwakes (Grover and Olla 1983). In the large Type I1 flocks, individual capelin appear to 
separate from the main school for unknown reasons and swim to near the surface where 
they are vulnerable to plunge-diving birds. 

In British Columbia Marbled Murrelets may have been the catalyst in the formation 
of feeding flocks by forcing fish schools into tight balls and driving them to the surface 
(Mahon et al. 1992). This is a likely cause for the association between murrelets and 
kittiwakes at the flocks. Not only do alcids make prey easily available to larids (Grover and 
Olla 1983), but larids may make the fishes Inore vulnerable to capture by alcids by plunge- 
diving into the middle of a school and forcing individual fish outward for easier capture 
(Major 1978). 

Our observations of murrelet participation in flocks were consistent with 
observations made within intercoastal waters of British Columbia (Mahon et al. 1992) and 
inconsistent with the low m~~rrelet participation in flocks of outside waters (Porter and Sealy 



198 1 ,  Chilton and Sealy 1987). Hunt (1995) reviewed these and other studies and was 
unable to conclude why there was this difference in murrelet flock participation. The 
relative absence of murrelets in tightly aggregated flocks with many puffins in PWS does 
suggest, however, that murrelet feeding activity may be inhibited by larger alcids in this 
type of situation (see also Chilton and Sealy 1987, Piatt 1990). 
Larid behaviors at flocks 

Glaucous-winged gulls may deter smaller gulls and kittiwakes from feeding at 
densely aggregated flocks. Porter and Sealy (1982) observed that smaller California gulls 
usually hovered over flocks and plunge-dived, while glaucous-winged gulls flew directly 
into the center and hop-plunged or dipped for prey. These behaviors are similar to what we 
have observed with kittiwakes and gulls in PWS feeding flocks. One feeding flock was 
encountered which had 12 glaucous-winged gulls sitting on the water over a tight ball of 
capelin and occasionally plunge-diving. fittiwakes were entirely absent from this flock, 
though many were seen within a few kilometers. Interference competition such as this has 
also been noted in brown noddies (Anous stolidus) which deterred the feeding attempts 
made by roseate terns near Puerto Rico and may have been stronger during periods of food 
shortage (Shealer and Burger 1993). We observed that kittiwakes partially compensated for 
the presence of glaucous-winged gulls at densely aggregated Type I feeding flocks by 
remaining on the water and hop-plunging more often in these flocks but always outside the 
central core of gulls. The negative correlation we found between kittiwake dive rates and 
gull presence in the flocks is further suggestive that interference competition does take place 
amongst larids in PWS. Unfortunately, keeping track of individual birds is difficult in Type 
I flocks, therefore correlations between feeding success of kittiwakes and gull presence 
were not possible to determine. Glaucous-winged gulls are unable to dominate the more 
loosely aggregated fish at Type II and III flocks and hence plunge-dived more often in those 
situations. 
Kleptoparasitism 

Densely aggregated Type I flocks promoted kleptoparasitism within the gulls and 
kittiwakes but did not facilitate piracy by jaegers, perhaps because of their low success rate 
in this type of flock (Hoffman et al. 198 1). A!cids were attacked less frequently in Type I 
flocks because of their ability to dive and resurface around the outer edge of these flocks 
and avoid the attaclung kittiwakes (Hoffman et al. 198 1, Chilton and Sealy 1987). The 
inability to keep fish tightly balled as in Type II and III flocks causes diving birds to 
resurface randomly. Without the focal point of a tight fish school, kittiwakes may cue on 
the resurfacing alcids for feeding opportunities. Our observations of greater numbers of 
alcid attacks at those flock types supports this hypothesis. 

Parasitic and pomarine jaegers were most commonly observed in the largest (Type 
LI) feeding flocks. kttiwakes were preferentially chased, rather than the larger gulls, 
probably because kittiwakes were smaller hosts or they delayed the swallowing of their prey 
or both. On the St. Lawrence River, smaller common terns were chased more often by 
parasitic jaegers than were black-legged kittiwakes and almost half of the chased terns had 
fish dangling from the bill, whereas none of the chased kittiwakes carried visible fish 



(Belisle and Giroux 1995). A review by Furness (1987), however, suggests that the 
parameters regarding a bird's susceptibility to chase remain equivocal. 

Although most studies of jaeger piracy have been conducted near colonies (e.g. 
Andersson 1976, Birt and Cairns 1987), these birds are not common raiders at colonies in 
PWS (David Irons, pers. comrn.). The relatively small colony sizes of PWS seabirds (Sowls 
et al. 1978) may limit kleptoparasitic opportunities at these locations. Foraging at large 
feeding flocks where bird densities are higher could be more beneficial (Furness 1987), 
especially when a host has been observed catching a fish (Hoffman et al. 198 1). 

Evolutionary stable kleptoparasitic interactions may deprive hosts of about 1% of 
their food (Furness 1987). The estimated loss of secured prey by kittiwakes to interspecific 
kleptoparasitism in PWS was close to 7%. Increased rates of kleptoparasitism could be 
indicative of periods of food shortage (Furness 1987). This hypothesis was tested by Oro 
and Martinez-Vilalta (1994) and Oro (1996) who showed a correlation between a greater 
number of attempted food robberies by gulls and a trawling moratorium which reduced the 
accessibility of their food near Spain. On the other hand, changes in food abundance form 
year to year may be positively, not negatively, correlated with robbing attempts by 
opportunistic kleptoparasites such as gulls (Rice 1985, 1987). Furness (1987) also argues 
that high success rates of robbing attempts could indicate that some birds may have been 
more willing to relinquish their catches when prey was abundant. Therefore, higher food 
losses to kleptoparasitism such as reported by Hulsman (1976) and this study may not imply 
much without comparing trends in forage fish abundance. 

Intraspecific kleptoparasitism as seen in Kelp Gulls (Larus domincnnus) at a rate of 
15% may benefit this species (Steele and Hockey 1995). Although our data concerning 
luttiwakes is not directly comparable, kleptoparasitism among kittiwakes in PWS be not be 
adversely affecting their populations. A significant change in rates of kleptoparasitism in 
PWS in the coming years may be indicative of changes in the abundance of seabirds andlor 
their prey. 

Physical and biological processes which make forage easily available or difficult to 
obtain for seabirds in PWS are not necessarily the same as in other ecosystems, although 
there ar.: some apparent similarities. Seabird behavior is more complex than presented here 
and all of the aspects analyzed in this paper should be studied further to better understand 
seabird ecology in PWS and elsewhere. 
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Table IV- 1 - Total numbers of the most common seabirds and total birds at the different 

flock types with percent contribution of these species at each flock type (n = number of 

flocks). 

Type I (n = 14) Type I1 (n = 2) Type I11 (n = 6) 

black-legged kittiwake 277 (43%) 860 (42%) 105 (35%) 
glaucous-winged gull 55 (9%) 250 (12%) 13 (4%) 
marbled murrelet 141 (22%) 420 (20%) 112 (38%) 
tufted puffin 143 (22%) 450 (22%) 12 (4%) 
other birds 26 (4%) 69 (3%) 54 (18%) 
all birds 642 (100%) 2049 (100%) 296 (100%) 



Table IV-2 - Kleptoparasitism of alcids and kittiwakes by all larids combined in Type I 
and I11 flocks. 

Flock Host Host total Host relative Expected # of Observed # of 

Type abundance abundance chases chases 

I alcid 180 0.4286 12.43 2 
I kittiwake 240 0.5714 16.57 27 
m alcid 143 0.6272 10.66 8 
m kittiwake 8 5 0.3728 6.34 9 



Figure IV- I - Scatter plot of Marbled Murrelets and Black-legged fittiwakes at feeding 

flocks. 
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Figure IV-2 - Frequency of feeding techniques used by a) glaucous-winged gulls and b) 

black-legged kittiwakes at all flock types combined. 
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Figure IV-3 - Number of observed kleptoparasitic attempts segregated by flock type and 

species involved. 
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Chapter V: July 1996 Species Composition and Behavioral Results from 
Nearshore Transects and Flocks Observed on Nearshore Transects 

John M. Maniscalco 
William D. Ostrand 



Abstract 
We conducted seabird1 hydroacoustic surveys in three different areas (northeast, 

central, southwest) of Prince Willam Sound, Alaska during July of 1996 to assess seabird 
distributions and examine their behavior at feeding flocks. We systematically selected 
12-km blocks of shoreline within which we ran 20 1 -km long transects to and from shore 
at oblique angles. The average number of birds per transect and transect block were 6.62 
and 13 1.57, respectively and were not significantly different among the three areas (P > 
0.10 in both cases). However, species composition of the blocks differed significantly 
among the study areas (P < 0.001). Bird flocks found within 300 meters of these 
transects were feeding primarily on juvenile herring and sand lance. Flocks in the 
northeastern area were significantly larger than flocks in the other two areas ( P  = 0.01) 
and were feeding on herring more often. The feeding rate of black-legged kittiwakes did 
not increase significantly with the presence of marbled murrelets (P = 0.3801), but did 
decrease significantly with the presence of glaucous-winged gulls ( P  = 0.0225). Changes 
in flocks from 1995 included; reduced presence of kittiwakes and tufted puffins, 
increased presence of marbled murrelets and glaucous-winged gulls, more tightly 
aggregated feeding flocks, reduced feeding success of kittiwakes and greater feeding 
success of gulls, r ed~~ced  kleptoparasitism of kittiwakes and increased kleptoparasitism of 
gulls. The implications of these changes are discussed briefly. 

Many seabirds in certain regions of the world are commonly distributed near shore 
and in shallow waters (Vermeer et al. 1989, Stone et al. 1995). Prince William Sound 
(PWS) is no exception (Chapter 11). For this reason and judging from the results of our 
1994 and 1995 surveys, we decided to conduct additional surveys nearshore in 1996. We 
may be able to better determine what factors are important for seabird prey selection by 
concentrating our efforts in their preffered habitat. 

In this chapter we provide preliminary results on the species composition of the 
nearshore transects and transect blocks from July 1996. We also describe the feeding 
flock composition and seabird behaviors observed at the flocks during the same period 
and draw some contrasts with our observations of 1995 feeding flocks. 

Methods 
Field Procedures 

Twelve kilometer sections of shoreline were systematically selected in each of the 
three study areas in PWS (seven in the southwest, seven and one half in the central, and 
nine in the northeast). Within each of these shoreline sections 20 one-kilometer transects 
were surveyed at an oblique angle to and from shore (See annual report by Haldorson et 
al. for further details). We counted seabirds and recorded their behaviors while surveying 
these transects with down and side looking hydroacoustics. Fish species and size 
distributions in the the 12-km sections were determined through purse seining, beach 
seining, cast netting, dip netting, and visually with an underwater video camera. 



The study period (15 - 27 July 1996) was chosen to include the peak time of chick 
provisioning for many seabirds in PWS. Observations were made with 8 x 40 binoculars, 
6 n1 above the water line from a 26 m vessel traveling at approximately 5 knots while 
conducting hydroacoustic surveys to estimate forage fish and seabird distributions and 
abundances. Transect lines were left to more closely examine feeding flocks within 300 
m of either side of our vessel. 

We collected behavioral data on feeding flocks upon leaving the transect and 
continued to do so until the flock broke up naturally or became disturbed by our presence. 
A feeding flock was defined as an aggregation of three or more seabirds actively feeding 
as observed by diving alcids with fish in their bill or larids plunge-diving, dipping, or 
hop-plunging. While at a feeding flock, one observer videotaped the flock for later 
analysis or recorded detailed information on dive types and success into a microcassette 
recorder. A second observer recorded other information on the flock, including: location 
(lat. and long.), date, time, weather conditions, wind speed and direction, sea state, water 
and air temperatures, area covered by flock in m2, any noticeable physical features (e.g. 
upwellings, fronts), flock composition with numbers and locations of each species within 
the flock, kleptoparasitic and aggressive interactions with as much detail as possible, 
other feeding methods used and their success, and the duration and fate of the flock if 
known. We categorized feeding methods as surface-seizing, dipping, surface-diving, 
plunging, pursuit-plunging, piracy (Ashmole 197 I), and hop-plunging (Hoffman et al. 
198 1). Flock types were loosely classified following Hoffman et al. (1981): I) small, 
short duration flocks over tightly clumped prey; 11) large, persistent flocks over more 
broadly dispersed prey; 111) flocks associated with sites where forage was concentrated by 
downwelling or other hydrophysical influence, determined by a subjective evaluation of 
oceanographic features. 

After approximately 15 minutes of examining seabird behaviors at the flocks or as 
soon as the flocks stopped feeding, our vessel was maneuvered through the area of 
activity to produce an acoustic profile of the forage. This was normally done more than 
once with the location of greatest feeding activity to the right of the vessel where the side- 
looking transducer was v i e ~ i n g .  However, on a few occasions the forage was in too 
close to shore for the vessel to maneuver safely. 
Data Analyses 

In the analysis of species composition of transects and transect blocks we included 
all observed gulls and kittiwakes and alcids and other diving birds such as loons and 
cormorants if they were recorded as on the water, foraging, or potentially foraging. We 
deleted the half block from the central area for the analysis of species composition by 
blocks. We ~ ~ s e d  ANOVA to determine if there were any differences among the three 
study areas in species numbers observed on transects. KruskaI-Wallis and Chi-square 
statistics were used to analyze differences among the study areas in species numbers 
observed in total blocks of transects. 

Descriptive statistics were used to sunlmarize feeding flock composition and the 
behaviors of gulls and kittiwakes at the flocks. We analyzed differences in behaviors 
between 1995 and 1996 with Chi-square statistics. Linear regression was used to 



determine the rate of decrease in kittiwake feeding attempts with increased presence of 
glaucous-winged gulls. 

RESULTS 
Species composition of the nearshore transects and blocks 

The overall average number of birds per transect was 6.62 (k 14.92 SD) with 8.32, 
6.16, and 5.34 birds per transect in the central, northeastern, and southwestern areas, 
respectively (Figure 1). Those differences were not significant (ANOVA, P = 0.2056). 
However, the distribution of bird numbers on transects was not normal (Figure 2). Black- 
legged kittiwakes and marbled murrelets were the most abundant birds in all three areas 
(Figure 3). There were no significant differences in the average number of murrelets 
(ANOVA, P = 0.9776) nor kittiwakes (ANOVA, P = 0.3307) per transect in the three 
study areas (Figure 1). 

Seven and one half of the 23.5 blocks surveyed were in the central study area and 
seven and nine were in the southeastern and northeastern study areas, respectively. The 
average numbers of all bird species per block was 13 1.57 and was not significantly 
different among the three study areas (Kruskal-Wallis t-value = 2.0966, P > 0.10; Figure 
4). Numbers of kittiwakes, glaucous-winged gulls, and marbled murrelets also did not 
differ significantly between the three study areas (all Kruskal-Wallis P-values > 0.10; 
Figure 5). However, the overall species composition of the blocks in the study areas did 
differ significantly ( x 2 =  469.4, d.f. = 10, P < 0.001; Figure 6). This difference was due 
primarily to an abundance of tufted puffins in the central area which were absent from the 
northeastern and southwestern regions. 
Species composition of flocks 

In July of 1996 we observed 22 feeding flocks on the nearshore transect series. 
Twenty of these were Type I flocks and the other two were Type 111 flocks. We did not 
observe any large Type I1 feeding flocks. The flocks ranged in size from 8 to 194 birds 
(mean = 67.4 kl1.0 SE; Table 1). Many of these flocks consisted of less than fifty birds 
(Figure 7). We encountered five flocks in the southern area, six flocks in the central area, 
and 1 I tlocks in the northern area. The average nurnbcr 01 birds participating in the 
flocks was significantly greater in the northern area (ANOVA, P = 0.01; Figure 8). 

Based on visual identification, purse seining, beach seining and other fish catching 
methods we were able to determine with a good degree of certainty what 16 out of the 22 
observed flocks were feeding upon. Nine of the flocks were feeding on herring (usually 
young of the year) and seven of the flocks were feeding on sandlance. Herring was 
observed as the prey species in seven of the eleven northeastern area flocks; whereas sand 
lance was more important in the central area, appearing as prey in four out of six flocks 
(Figure 9). One or more flocks In the southwestern and central areas may have been 
feeding on juvenile salmon. 

The species composition of these flocks was significantly different from the 
composition of the flocks observed in 1995 ( X 2 =  690.88; Figure 10) as well as just the 
Type I flocks from 1995 (X'= 478.17; Figure 1 1). The biggest changes were decreases in 
the relative presence of kittiwakes and tufted puffins and increases in the relative 



presence of marbled murrelets and glaucous-winged gulls. The ratio of kittiwakes to 
glaucous-winged gulls at all of the flocks increased significantly from 0.256 in 1995 to 
0.44 1 in 1996 (x' = 25.167). 
Feeding methods, success, and kleptoparasitism 

The feeding methods of black-legged kittiwakes were significantly different in 
1996 compared to 1995 (x2 = 34.74) as were those of glaucous-winged gulls (x'= 
148.16). Kittiwakes and gulls plunge-dived less and hop-plunged more in 1996 
compared to 1995 (Figure 12). 

On average, each kittiwake made 0.0404 feeding attempts per minute or made a 
feeding attempt once every 24.74 minutes and was successful once every 41.49 minutes at 
the flocks. Their feeding success was much lower than in 1995 but they lost nothing to 
interspecific kleptoparastism in 1996 (Figure 13). On average, each glaucous-winged 
gull made 0.058 1 feeding attempts per minute or made a feeding attempt once every 17.2 
minutes and was successful once every 19.66 minutes. Their success rate was much 
higher than observed in 1995 (Figure 14). 

The feeding rate of black-legged kittiwakes did not increase significantly with the 
presence of marbled murrelets (R' = 0.2135, P = 0.3801, n = 19) but did decrease 
significantly with increasing numbers of glaucous-winged gulls present in the flocks (R' = 
0.5201, P = 0.0225, n = 19; Figure 15). However, combining the data from 1995 and 
1996 did not improve the regression (R' = 0.349 1; P = 0.0586; n = 30). 

Kleptoparasitic attempts directed toward kittiwakes decreased from 1995 to 1996 
whereas, those directed toward glaucous-winged gulls increased over the same period 
(Figure 16). Kittiwakes were never observed attempting to rob from glaucous-winged 
gulls in 1995, but in 1996 kittiwakes would occasionally try to steal from gulls which 
acquired a mouthful of small sand lance or herring and some of the fish were flopping 
out. There were no kleptoparasitic attempts directed toward alcids in 1996 as observed in 
1995. Kleptoparasitism by jaegers was minimal in 1996 (only two unsuccessful attempts 
observed at one flock). 

Table 2 summarizes the changes in seabird behaviors from 1995 to 1996. ' 

DISCUSSION 
Species composition of the nearshore transects and blocks 

The lack of difference in numbers of the major bird species among the three study 
areas may indicate that PWS has a relatively uniform avian ecosystem structure. 
However, tufted puffins were found only in the central area and this probably lead to our 
determination of differences in species composition among study areas as analyzed by 
transect blocks. Further analyses may be necessary to determine that no other statistical 
differences exist. 
Species composition of flocks 

We observed the same number of feeding flocks on one survey of the nearshore 
transects in 1996 as we had on two surveys of the predominantly offshore transects of 
1995 (Chapter I1 this report). Type I1 flocks were not observed in 1996 probably because 
the large capelin feeding flocks that we had seen in August of 1995 were not present 



within the study area during the 1996 cruise. The greater number and average size of the 
feeding flocks observed in the northeastern study area may have resulted from differences 
in forage fish abundance, quality, or accessability. The present results show that herring 
may be fed upon more in the northeastern study area and sand lance in the central area. 
Both of these have the highest lipid and energy content of the widely available forage 
fishes in PWS (D. Roby and J. Anthony, unpubl. data). Differences in seabirds' diet 
among the different areas probably reflect variable abundances of these fishes. We 
anxiously await the results of the hydroacoustic data to make comparisons. 

The reasons for changes in the species composition of flocks are unknown. A 
decrease in the amount of offal produced by fisheries vessels in PWS may increase the 
presence of glaucous-winged gulls at the feeding flocks as they look for other feeding 
opportunities. Decreases in the number of tufted puffins and increases in the number of 
marbled murrelets at the flocks may have resulted from changes in the distribution or 
abundance of one or more forage fishes. Other possibilities for these changes include 
variation because of small sample sizes, and different locations of transects in 1995 and 
1996. 
Feeding methods, success, and kleptoparasitism 

The increase in hop-plunging is partially due to an increase in the number of 
tightly aggregated Type I flocks which promote this behavior (Chapter IV this report). 
Marbled murrelets also foster the formation of tightly balled fish (Mahon et al. 1992) 
which in turn cause the tight formation of feeding flocks. Greater proportionate numbers 
of murrelets in the feeding flocks of 1996 probably facilitated the formation of tightly 
balled fish and hence tightly aggregated flocks with a lot of hop-plunging. Larger and 
more aggressive seabird species can dominate feeding opportunities where food in 
densely aggregated (Hudson and Furness 1989). 

This decrease in the feeding rate of kittiwakes with increases in gull numbers 
probably explains the decrease in the feeding frequency of kittiwakes from 1995 to 1996 
since the relative presence of glaucous-winged gulls at the flocks was much higher in 
1996 than in 1995. Larger seabirds can interfere with the ability of smaller seabirds to 
obtain food (Shealer and Burger 1993). 

Glaucous-winged gulls were probably kleptoparasitized more in 1996 than 
kittiwakes because their capture success was higher than kittiwakes. Birds that are 
obviously getting food are more likely to be kleptoparasitized than those which are likely 
to have none (Furness 1978, 1987). The paucity of jaeger kleptoparasitism can be 
explained by the smaller flocks observed in 1996. Jaegers appeared to favor thievery at 
the large Type I1 flocks as observed in 1995 (Chapter IV this report). 
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)le V-1. Species composition of flocks observed on nearshore transects during July 1996 cruise. 
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; ?ties Codes 
; -0 = Pacific loon 

:O = pelagic cormorant 
IA = parasltlc jaeger 
IA = pomarine jaeger 

I 3U = mew gull 
; 3G = herring gull 
j GU = glaucous-winged gull 

.I = black-legged k~ttiwake 
;, -E = Arctic tern 
, vlU = common murre 

U = pigeon guillemot 
:r vlU = marbled murrelet 
I 'U = horned puffin 
I )U = tufted puffin - {U = parakeet auklet 



Table V-2. Summary of feeding flock changes between 1995 and 1996 (except for first 
line). 

1 Ratio of GWGU to BLKl '93 to '96 in PWS (Agler et al.) 

Feeding success of GWGU I T  

Ratio of GWGU to BLKI at feeding flocks 

Proportion of small, tightly aggregated feeding flocks 

Proportion of MAMU at feeding flocks 

Proportion of hop-plunging by BLKI and GWGU 

Feeding success of BLKI 

T 

T 

T 

T 

1 

Kleptoparasitism of BLKI 

Kleptoparasitism of GWGU 

1 

1 



Figure V- 1. Average number of species per nearshore transect in the three study areas 
during July 1996. 
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Figure V-2. Histogram of nearshore transects with "x" number birds on them from July 
1996. 
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Figure V-3. Cumulative numbers of birds per nearshore transect in the three study areas 
from July 1996. 
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Figure V-4. Average numbers of all birds per 12-km nearshore block in the three study 
areas from July 1996. 
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Figure V-5. Average numbers of black-legged kittiwakes, glaucous-winged gulls, and 
marbled murrelets per nearshore 12-km block in the three different study areas from July 
1996. 
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Figure V-6. Percent species composition of the nearshore study blocks in the three 
different areas from July 1996. See Table 1 for species codes. 
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Figure V-7. Size distribution of flocks observed on nearshore transects during July 1996 
forage fish cruise. 
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Figure V-8. Average number of birds (flock size) participating in feeding flocks in the 
three different study areas during July of 1996. 
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Figure V-9. Fish species being fed upon by flocking seabirds in the three different study 
areas during July of 1996. 
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Figure V-10. Percent species composition of feeding flocks observed during 1995 and 
1996. See Table 1 for species codes. 





Figure V- 1 1. Percent species composition of Type I flocks observed during 1995 and 
1996. See Table 1 for species codes. 
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Figure V- 12. Percentage of feeding methods observed by black-legged luttiwakes (BLKI) 
and glaucous-winged gulls (GWGU) during 1995 and 1996. 
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Figure V-13. Feeding success and losses for black-legged kittiwakes in 1995 and 1996. 
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Figure V-14. Feeding success and losses for glaucous-winged gulls in 1995 and 1996. 
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Figure V- 15. Regression of the feeding rate of black-legged kittiwakes (BLKI) on 
glaucous-winged gull (GWGU) numbers at the flocks from July 1996. 
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Figure V- 16. Kleptoparasitism of kittiwakes (BLKI) and glaucous-winged gulls 
(GWGU) in 1995 and 1996. 
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Diet Overlap, Prey Selection and Potential Food Competition among Forage Fish Species 

.. Abstract: The food habits of forage fish, collected principally by trawl, and their prey resources, collected in vertical 
plankton tows, were examined from the central, southeastern and northeastern areas of Prince William Sound. The diet study 
is one of several components of the Alaska Predator Ecosystem Study (APEX), which is examining trophic interactions of 
seabirds injured by the Exxon Valdez Oil Spill and their forage species. This report summarizes all forage fish diet and prey 
resource data from 1994- 1995 collections and a subset of sandlance data from 1996, in an attempt to determine whether fish 
trophic interactions might affect the abundance and quality of prey available to seabirds. Forage fish diet samples were 
analyzed from fall, 1994 (n = 90), summer 1995 (n = 380), fall, 1995 (n = 200), and summer 1996 (n = 80). Food habits data 
is presented for multiple species-size groups (primarily young-of-the-year and 1-age, as suggested by mean preserved fork 
lengths (FL)) of herring and pollock; less data is available for juvenile sandlance, capelin, eulachon, tomcod and pink salmon. 
Diet composition is presented as percent biomass of pooled prey categories and diet overlap as Schoener Overlap Index 
calculated from biomass of prey taxa. Prey resources were characterized from 84 zooplankton samples; prey selection was 
determined using fish and zooplankton samples collected at the same stations. 

The mean total density of zooplankters available to planktivores was similar in summer and fall. 1995, in all areas of PWS, 
Most plankton wa found in the upper 20-25 m water column, usually < 1500 animals*m". Small calanoid copepods were 
the dominant taxon in all areas of PWS in both seasons, frequently comprising more than 80% by number. Large copepods 
(Metridia pac$ca) were relatively abundant in  the fall, particularly in the northeastern area; other relatively abundant taxa 
included the gastropod, Lirnnci~m helicir~a. the pteropod, Oikopie~~ra dioica, and bryozoan cyphonautes larvae. 

Most dietary biomass was contributed by few prey categories and differences were observed between species, age-classes, 
seasons and areas. In summer, large and small calanoids and hyperiid amphipods usually contributed the majority of prey 
biomass. In contrast, fall diets were usually dominated by euphausiids, large calanoids and some hyperiids. Sandlance had 
the most varied diets, and most capelin and eulachon stomachs were empty. High diet overlap (60-80%) occurred between 
between sympatric herring and pollock in northeastern and southwestern PWS, but was highly variable. No sets of co- 
occurring herring and pollock were sampled from central PWS, where pollock were most abundant. Small calanoids were 
generally avoided or were selected in proportion to their abundance. while large calanoids were selected for. A comparison 
of prey selection when herring occurred in single species schools vs. when they co-occurred with pollock suggested that diets 
shifted in the presence of this competitor. Pollock selected large prey whether they co-occurred with herring or in single 
species schools. These results suggest that, although the prey consumed may change seasonally, herring and pollock compete 
for food when their distributions overlap. More information is needed to understand the mechanisms for prey partitionin2 and 
the nature of trophic interactions between other species of forage fish. 
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INTRODUCTION 

- The Alaska Predator Ecosystem Experiment (APEX) is a multi-disciplinary, multi-year study designed to examine the 
marine food web of Prince William Sound (PWS) and Cook Inlet and its effects on species injured by the E.rxorl Valdez Oil 
Spill (EVOS). Efforts to restore apex predators injured by the EVOS oil spill, particularly harbor seals, pigeon guillemots, 
marbled murrelets. and black-legged kittiwake, have been limited by the paucity of information about the biology and 
population dynamics of their forage fish prey. In 1994, the pilot study "Forage Fish Influence on Recovery of Injured 
Species" was incorporated into Sound Ecosystem Assessment investigations focusing on salmon and herring. In the next 
year, that study evolved into APEX, which simultaneously investigates marine bird colonies and forage fish populations in the 
spill area. As one component of APEX, "Diet Overlap, Prey Selection and Potential Food Competition among Forage Fish 
Species," investigates the intra- and interspecific trophic interactions of forage fish and their prey i n  Prince William Sound 
(PWS) and other areas. Forage fish species include pelagic species in the offshore region as well as demersal nearshore 
species. Potential prey in offshore assemblages include Pacific herring (Clilpea hc~renguspnllasi), Pacific sandlance 
(Anunodytes hesaprerils), capelin (~Mallorirs villosus), northern smoothtongue (Leirroglossus schmidti), euiachon 
(Thaleichrllys pacificus), walleye pollock (Theragra chalcogra~?lnla), Pacific cod (Gadus nlncrocephnlus), tomcod 
(iMicrogad~rs pro.rinlus), juvenile salmon (Or~corhynchus spp.) and prowfish (Znprora silenus); potential prey in nearshore 
assemblages may include these and other species, such as Pacific snake pricklebacks (Lumpetlus sagitta), Pacific sandfish 
(Trichodotl trichodorl) and daubed shanny (L. rnacularus). 

The high sea bird mortalities associated uith EVOS occurred during a period of decline in several sea bird populations (Piatt 
and Anderson, 1996). Long-term shifts in the relative population abundances of prominent forage species were noted 
(Anderson et al., 1994), while, also in the 1970's and 1980's, increasing numbers of juvenile salmonids were released into the 
sound by enhancement facilities. The environmental conditions, trophic interactions and other factors controlling growth and 
survival of forage fish, as well as marine birds, are not well understood. However, damage assessment studies since the spill 
have associated continuing sea bird declines with the availability of forage fish prey. Reproductive failures were documented 
among black-legged kittiwakes from oiled areas (Irons, 1996) and may be associated with food conditions. Greater declines 
of pigeon guillemots in oiled areas compared to non-oiled areas were associated with reduced deliveries of sandlance, a high 
energy prey, to their chicks (Oakley and Kuletz, 1996). These population changes could be reflected in trophic interactions if 
food availability limits the carrying capacity of PWS (Cooney 1993. Knowledge about forage fish food habits, prey 
availability and selection, prey partitioning and shifts in prey selection when fish distributions overlap (allopatry vs. 
sympatry), die1 feeding chronology, and other aspects of the feeding ecology, as well as geographic, seasonal and interannual i 

comparisons of such trophic attributes, provide insight into how the population dynamics of these fish affect predation on \ 
them by apex predators, and in turn, the health of bird populations. f 

'I 
i 

"Diet Overlap, Frey Selection and Potentiai Food Competition among Forage Fish Species," is conducted under the general i 
APEX hypothesis that 'tplanktivory is the factor determining abundance of the preferred forage species of seabirds." This i 

project is testing the assumption of planktivory with the objectives of examining: prey availability, food habits, diet overlap I 
between species and prey selection of forage fish species. A companion hypothesis, that "diets of different forage fish ! 
species will be different from one another," is being tested by looking for evidence of prey partitioning, ie., low diet overlap ! 

between co-occurring species. A finding that "forage fish diets exhibit a high degree of overlap or similarity," the alternative ! 
hypothesis, would suggest that food competition is possible when food is limited. Finally, competition between species is I 

principally demonstrated through some kind of behavioral change that results in a negative impact on one species; in lieu of 
E 

directed samplinp, this project uses as a proxy evidence of a shift in  diets and prey selection of co-occurring species compared 
to species in monospecific net hauls. Other kinds of comparisons with temporal and spatial attributes also provide 
information about interspecific and intraspecific trophic interactions, for a better understanding of ecosystem dynamics. This 
report summarizes the preliminary findinge of all diet and zooplankton data collected in APEX 1995 and a subset of 
sandlance data from 1996. 

B. Methods 

Field Sampling 



This report includes only a brief summary of sample collection methods; the reader is referred to APEX 1994- 1996 annual 
reports and "Protocol for Collecting and Processing Samples for APEX Forage Fish Diet Investigations" (see Appendix 3) - for further details. Diet samples were collected opportunistically during APEX projects with other principal objectives, 
primarily the fish population studies in Prince William Sound and Cook Inlet and the food sampl~ng aspects of bird studies. 
Samples were collected during survey operations for the "Forage Fish Population Sampling" project each year (Project 
94 163A: Forage Fish Cruise FF94-02, November 7-13, 1994 aboard the RN Medeia; Project 95 163A: APEX Cruise FF95- 
01, July 20-August 12, 1995 aboard the F N  Caravelle; and APEX Cruise FF95-02, October 5-14, 1995 aboard the RN 
Medeia; Project 96163A: APEX Cruise FF96-01, July 14 -28, 1996). In 1994-1996, offshore hydroacoustic surveys were 
conducted along parallel transects in central, northeastern and southwestern PWS, spaced at two-mile intervals and ending as 
near shore as possible. Where fish were detected, the vessel either interrupted the survey or returned after the transect was 
completed to fish on the target. In 1996, samples were also collected with beach seines nearshore by Project 96163A 
(Cruise 96-01), in  trawls and beach seines by Project 96163M (Cook Inlet Studies), by beach seines in 96163F (Guillemot 
Foraging and Reproduction), and by seines from 96163J (Barrens Nesting Study). In brief, if at least 10 specimens were 
available, fish samples for diet studies were preserved in 10% formalin-saltwater solution after biological measurements and 
sample data were recorded. 

Project 96 163A also conducted nearshore hydroacoustic surveys along zig-zag transects in each area. Various nets were 
fished on targets to determine species composition and to collect diet and other project samples. Schools detected hydro 
acoustically in offshore areas were sampled with purse seines and trawls. Schools detected hydro acoustically in shallow 
nearshore water or visually sighted at the surface were sampled primarily with purse seines, cast nets and dipnets. The beach 
segment at the base of the hydro acoustically assessed zig-zag was fish blindly; 3 fishable sections of the 10 sections 
contained in each beach segment were randomly selected. Diet samples were collected during both offshore and nearshore 
operations whenever fish were captured. An inventory of the samples collected in 1996 is included in Appendices 1 and 2; the 
majority of them will be analyzed in 1997. 

After fall of 1994. prey resource samples (two replicates) were collected whenever diet samples were preserved, and in 1996 
they were collected even if few samples were available and all were frozen for other project needs. Zooplankton samples 
were collected with a ring-net (0.5 m diameter) towed vertically from the depth where fish were sampled to the surface. In 
1995, a 303-micron mesh net was used in summer and a 243-micron mesh net was used in the fall. In 1996, only the smaller 
mesh size was used. In 1995,3 stations in the northeastern area (81, 84 and 85) were the sites of plankton mesh trials; one 20 
m haul each with 105-micron, 243-micron, and 303-micron nets were collected to compare the prey resources sampled by 
each. Also in 1996, to complement the nearshore fish samples collected by 96163A, epibenthic sled samples were taken in 
addition to vertical plankton tows to assess prey available to intertidal fish from both epibenthic and pelagic production 
s;stzm5. In the nearshore, zooplankton samples were collected within approximately 100 m of the fish sampling site unless 
the site was too shallow; the plankton net was towed from 20 m depth to the surface. Epibenthic samples were collected using 
an epibenthic sled with an attached 0.3-m-diameter, 243-p-mesh net hauled along a 10-m'horizontal area at approxim~tely 
0.5-m depth adjacent to the seine location. The sled rested I I-cm above the substrate, thus collecting both epibenthic and 
planktonic organisms across the integrated micro habitats near the bottom. Replicates of either type of sample were 
preserved in 5% buffered formaldehyde solution in individual 500 ml sample bottles Few additional plankton samples were 
collected offshore; however, in some cases, prey samples collected to complement beach seined fish will be used with purse 
seined fish samples. 

Due to gear and time constraints, it has not been possible to conduct directed sampling on specific schools for the proposed 
investigations of feeding periodicity and comparisons of diets of fish in  monospecific and mixed species schools (see 
objectives in 97 163C DPD). However, we attempted to address these objectives at least minimally. First, die1 samples were 
collected during one day of serial beach seining in northeastern PWS at the end of the APEX cruise. Two beach segments 
(see above) where fish had been successfully seined during surveys just days before were selected (N05, Knowles Bay and 
N15, Bligh Island). Two replicate sections on each segment were beach seined at least once during each of four, 6-hour die1 
intervals (I: 10:01-14:00, 11: 14:O 1 -20:00,111: 20:O 1 -04:00, and IV: 04:O 1- 10:OO). These sections were NO506 and NO505 in 
Knowles Bay, and N1503 and N1507 on southern and western Bligh Island. These beach sections could not be seined during 
time interval I11 at either location. The broad, shallow shelf off Knowles Bay required a long trip by small skiff from the 
supporting vessel (&IN Ms. Barrett) i n  semi-darkness, which was determined to be unsafe, and there was no time to return to 



Bligh Island. The best subsets of samples obtained from this die1 feeding investigation were for sandlance and herring. 
Sandlance were collected during three intervals at Knowles Bay; in  addition, a "pseudo-diel" sample collected at the same site 

- two days earlier during surveys provides a fourth time data point for sandlance. Herring are also available from four times at 
Knowles Bay. Herring samples were collected at both replicate beach segments in Knowles Bay within the designated die1 
period and at one of the segments two days earlier during surveys. Additionally, co-occurring herring and sandlance were 
collected in one of the die1 samples. No diel series for a single species was available from Bligh Island replicate segments. 
The die1 samples from Knowles Bay in northeastern PWS and Cabin Bay in central PWS (see below) are the only stomach 
samples analyzed to date from the 1996 APEX collections (n = 90 fish). 

Project 96163M (Lower Cook Inlet Studies) collected nearshore and offshore forage fish samples in  a manner similar to the 
work done in PWS. Plankton samples were not collected. Diet samples obtained from this investigation (Appendices 1 and 
2)  include beach seine and trawl samples collected from mid-June to mid-September at approximately 2-week intervals. The 
best subsets available from these samples is a 7-bimonthly time series of sandlance and 3 sets of Pacific cod to compare to 
collections from Naked Island. 

Project 96 163F provided fish diet samples (Appendices 1 and 3 )  by beach seining from the end of June to early August at 
Cabin Bay on western Naked Island (central PWS). Several sites in the bay were seined approximately weekly to collect 
guillemot prey samples. These collections provide two subsets of samples that we will use to address temporal aspects of 
sandlance diets: a 6-week time series spread over five sites in  Cabin Bay and a die1 series collected at a single station in late 
July over five diel intervals (four times and one repeat the next day). The time series samples at Cabin Bay were collected 
over roughly the same time period that die1 samples in northeastern PWS (at Bligh Island and Knowles Bay) were collected. 
A 5-set collection of Pacific cod samples is also available. No plankton samples were collected. 

Project 96 163J (Barrens Islands Nesting Study) provided diet samples from weekly beach seine operations conducted from 
early July to early September at Arnatouli Cove (Appendices 1 and 2). This sampling was also conducted to determine forage 
species available to marine birds at the colony sites. Subsamples were preserved for fish diet studies. The best subset of 
samples available from these collections is a 6-bimonthly time series of sandlance. No plankton samples were collected. 

Laboratory Methods 

Forage fish stomach samples and prey samples were analyzed at the NMFS Auke Bay Laboratory. The complete methods of 
handling and analyzing specimens collected for diet studies are described in "Protocol for Collecting and Processing Samples 
for APEX Forage Fish Diet Investigations" (see Appendix 3). Briefly, in the laboratory, fish were measured and weighed, 
stomachs were removed and weighed, and semiquantitative indices of stomach fullness and prey digestion were recorded from 
visllal assessment. Relative F~1:ness was recorded as: l=empty, ?= trace, 3=25%, 4=50%, 5=7570, 6=100% full, and 
7=distended. The state of digestion was recorded as: O=fresh, l=partially digested, 2=mostly digested, 3=stomach empty. 
Stomach contents were teased apart and split according to standard subsampling techniques when stomachs were too full to 
count every prey item (Kask and Sibert 1976). Zooplankton samples were split with a Folsom splitter. Prey were identified 
to the lowest level possible, enumerated under the microscope, and numbers were expanded. Taxa were identified to allow 
examination of prey selection by species, sex and life history stage, and within size groups. Large copepods were identifed as 
those > 2.5 mm total length (TL); small copepods were identified as those 5 2.5. rnrn TL; other taxa, such as euphausiid or ! 

amphipod species, were similarly defined by length ranges. Appendix 3G lists all prey codes, taxonomic names, and size 
definitions utilized in this study by their major taxonomic categories. 

Data Summary and Statistical Alethods 

The numer~cal percentage composition and mean abundance of prey taxa in plankton samples were summarized to 
characterize the general resources available to planktivores in the northeastern, central and southwestern areas of PWS and at 
each station. Dens~ty of planlcconic prey was standardized to 1 m3 water volume using the number of animals per sample 
div~ded by the volume (V) of Lvater sampled: 



X = C x,*(Ilf)N, and V= 3. 1742*r1*D, 

- where x, = number observed per taxon, f = the fraction of the sample analyzed, r = diameter of the net (0.5m) and D = depth 
of the tow. Depth of plankton samples were generally between 20- 100 m; a 20 m tow filters approximately 16 m3 of water, 
while a 100 m tow filters approximately 79 m' of water. 

Ten fish from each species-size group per stations were analyzed from diet sample collections. Mean preserved fork lengths 
(FL) for each group was calculated to distinguish between intraspecific sizelage groups. Mean fullness index and stomach 
fullness as mean prey percent body weight (8BW)  were also computed: 

%BW = [x(x,*w J/(BW- Cx(,)*(w ,))]*lO0, for I = 1 to n prey taxa, 

where x, = total number of prey per taxon, w, = the mean weight of each prey taxon in mg, and BW = the fish body weight in 
mg. 

Overall food habits of forage fish species were summarized for the northeastern, central and southwestern areas of PWS by 
pooling the specific prey taxa identified into major prey categories presented as percent total biomass and percent numbers . 
The Schoener Index of Overlap, also known as the Percent Similarity Index (PSI), was used as the principal measure of diet 
overlap (Wieser, 1960; Schoener 1974; Boesch, 1977; Hurlbert 1978; Krebs 1989). The PSI is computed by summing the 
minimum percentage of all prey taxa shared between two species of forage fish : 

PSI ,, = Cmin(p,,, p,,) = 1 - 0 3  Xlp, - p,,l), 

where p is the biomass proportion of the i'h prey taxon in n taxonomic categories consumed by fish species j and k. The PSI 
is a simple and conservative estimator of diet overlap, yet, in this case, is based on the finest resolution identifications 
available. It was used to compare general food habits of fish among different regions of PWS and to compare specific diets of 
forage fish collected sympatrically in the same hauls. 

Strauss Linear Selection Index was used as the principal measure of prey selection. This measure compares the numbers of 
prey taxa consumed by fish to the numbers available in prey resource sample (Ivlev 1961; Krebs 1989; Manly 1986; Strauss 
1979). The index is computed by calculating the difference in the mean numerical proportion of a taxon consumed by fish 
and the mean numerical proportion available in the environment: 

L, = (p,-el)* 100, for i = I to n prey taxa, 

where p, is the numerical proportion consumed and e, is the numerical proportion in the prey resource sample. Selection 
values were calculated for fish whose stomach contents could be compared to zooplankton samples collected at the same 
station; in a few instances, nearby stations were substituted when exact station samples were not available. Selection values 
were calculated for all taxa observed in either the stomachs or the prey samples. Negative values indicate avoidance, positive 
values indicate selection, and values near zero indicate predation at a rate proportional to the availability of the taxon. 

Competitionwas investigated through diet shifts by comparing prey selection values for forage fish species occurring in the 
allopatric condition with those for the same species in the sympatric condition. The relative frequency of selection or 
avoidance of available raxa was used to indicate whether fish diets shifted in the presence of potential competitors. 

RESULTS 

This preliminary report summarizes the food habits and prey resources of forage fish species-size groups in central, 
northeastern and southwestern PWS in 1994-1996 in terms of prey biomass and numbers, diet overlap, prey selection, and 
stornnch fullness (Tables 1 and 2; Appendices 1 and 2). All samples are analyzed from 1994-1995, while only a small subset 



of sandlance samples from 1996 have been completed. Table 1 summarizes the collection data for all fish collected in 1994- 
1995 for diet studies, w~th  mean size and stomach fullness statistics for each group of 10 fish; minor species, such as - prowfish, are not included. Size groups represent "ages" estimated from preserved lengths; this was done for convenience in 
separating sympatric age-size classes and "ages" have not been confirmed. Fish up to approximately 120 mrn were 
categorized as 0-age, fish between approximately 12 1- 170 mm FL were categorized as I-age, and fish 17 1-225 mm were 
categorized as 2-age. Weights are whole-fish preserved wet weight. Stomach fullness index (1-7) and digestion index (1-3) 
codes are the mean per species-size group of 10. All samples have been processed. 

The locations in southern, central and northeastern regions of PWS where APEX Fish Population Sampling Project obtained 
diet samples for this study in fall, 1994 and fall and summer, 1995 (Figure I ) .  A total of 670 fish were analyzed from these 
collections (Table I ) ,  with n = 90 from fall, 1994; n = 380 from summer, 1995; and n = 200 from fall, 1995. Fish were 
taken from the surface to depths of 100 rn in all three seasons. A total of 69 zooplankton samples were collected in the 
summer and 15 in the fall of 1995 (Table 2).  No plankton was collected in fall, 1994. Replicate plankton samples were 
hauled from depths near where fish were located; plankton were taken to a depth of 20 m i f  fish were sampled above that 
depth. Ten stations in the summer and one station in the fall were sampled for zooplankton at two depths because fish were 
collected from both. 

Fish collect~ons were primarily comprised of multiple size groups of Pacific herring and Walleye pollock (Figure 2, Table 1). 
Not a11 size groups were represented in all areas of PWS or in all seasons. Most fish were collected in the summer in the 
central area; these were primarily pollock in monospecific schools or with small numbers of other species. Herring were 
collected primarily from the northeastern and southwestern areas of the sound in both summer and fall. Pollock and herring 
were most often collected together in the fall (see also 96163A annual report). Other species collected in large enough 
numbers to analyze diets included capelin. pink salmon, sandlance and one set of lomcod from summer, and capelin and 
eulachon from fall. Fish sizes ranged from capelin approximately 20 mm in FL in summer to herring over 200 mrn in the fall. 
The majority of the fish were young-of-the year on the order of 50 mm FL in summer and over 100 rnm in the fall (Figure 2). 

The mean density of zooplankters available to planktivores was similar in summer and fall, 1995 in central, northeastern, and 
southwestern PWS (Figure 3). Most plankton was found in the upper 20-25 m water column, usually at total densities less 
than 1500 animals per cubic meter, which is well below a typical spring bloom density. The highest mean zooplankton 
density observed was approximately 3500*m-' plankters in southwestern PWS in summer. The mean density and relative 
density (percent number) of species pooled into major groups of plankters by station and depth are shown for summer (Table 
3) and fall (Table 5) in each area of the sound. 

A key to the major prey groups for all zooplankton and diet composition figures to follow is shown in Figure 4. Small 
calanoid copepodi were the dominant taxon in all areas of PWS in both seasons, frequently comprising more than 80% by 
number (Figure 5) .  These were primarily Pse~tdocalarzus spp. and Acartia longiremis. Other taxa combined made up less 
than 20% of the zooplankton composition. Large copepods were relatively abundant in the fall, particularly in the 
northeastern area; these were primarily Metridia pacifica and some Calanus pacificus. Other relatively abundant taxa 
included the gastropod, Limacina helicina, the larvacean, Oikopleura dioica, and bryozoan cyphonautes larvae. The 
composition of zooplankton as mean numbers and percent numbers by species is shown for each area and station in Tables 4 
and 6 for summer and fall, respectively. 

Examples of forage fish diet composition (percent biomass of major prey groups) are shown in pie diagrams for each season 
(Figures 6, 7 and 9). Details for each station by area are presented in Tables 7-12 for fall, 1994; Tables 13-18 for summer, 
1995; and Tables 19-24 for fall, 1995. In summer, large and small calanoid copepods were the most common prey groups; 
calanoids made up the largest percentage biomass in the diets of most forage species, while very small hyperiids were 
sometimes prominent (Tables 7, 13, and 19). Juvenile pink salmon diets varied at the two stations where they were collected, 
with large calanoids predominate at one station, and larvaceans and fish predominating at the other. In fall of both 1994 and 
1995, large calanoids and euphausiids commonly formed large percentages of prey biomass, with larvaceans as smaller 
proportions (Figures 7 and 9) for herring and pollock. Seasonal changes in diet composition were therefore fairly consistent 
between years, although the 1994 fall samples were collected approximately one month later than the 1995 fall samples. 
Euphausiids were more prominent in the October, 1994 sarriples than the November, 1995 samples. All eulachon and most 



capelin sampled had stomachs containing only trace amounts of prey (Table I); those eulachon stomachs containing anything 
had eaten euphausiids (Figure 9). 

- 
Prey selection from zooplankton is shown for the same fish species-size groups for summer and fall. 1995, the only data 
available to correspond with pie diagrams of prey biomass (Figures 8, 10, and 1 1 ). In the prey selection figures, the specific 
codes for prey taxa are shown along the x-axis (see also Appendix 36) ;  these are grouped within major taxonomic categories, 
separated by dashed vertical lines. Strauss Linear Selection values as positive bars indicate selection of the taxon and 
negative values indicate avoidance of the taxon. Values close to 0 represent prey taxa consumed randomly or in proportion to 
their abundance in the environment. The example shown (Figures 7 and 8) depicts three stations in  northeastern PWS in 
summer, two in Port Fidalgo and one in Port Gravina. Two groups of YOY herring were caught at the surface and two of 
YOY sandlance were caught at different depths. These species selected different prey at different stations. At the station 
where no other fish were caught (Station 27). the herring selected small calanoids, invertebrate eggs and cladocerans. The 
herring collected with YOY sandlance at Sta~ion 1 18 had empty stomachs (the negative bars i n  this case only represent the 
plankters available). Sandlance co-occurring with the herring at Station 1 18 probably consumed small calanoids slightly less 
than in proportion to their abundance overall; the calanoids were not identifiable (CAS), but probably consisted ~nostly of the 
Pseudocalatzus stages shown as avoided. Tne sandlance also selected small amounts of other prey, including barnacle larvae 
and cladocerans. At the deeper Station 82, however, they primarily selected the large calanoid, Calatlus pacific~is. Although 
these sandlance and the older pollock collecred sympatrically in 100 m of water at Station 82 near East Graveyard Point in 
outer Port Fidalgo both selected large calanoids, at least some of them were different species (Figure 8); the pollock also 
selected unidentified crustaceans and chaetognaths. The YOY herring at Station I 18 were the only set of that species 
encountered with empty stomachs: however, while prey consumed by the co-occurring sandlance were diverse, their stomachs 
were not full (fullness index = 25%; Table I). Prey selection details are presented for all fish collected at each station by area 
in Tables 29 and 30. 

At Port Fidalgo, northeastern PWS, forage species were collected from two depths at Station 7 in fall, 1995. Both YOY 
herring and pollock collected at 20 m depth selected small prey (Figure 10). For theseherring, the greatest magnitude positive 
selection was for oikopleurans (larvaceans). The pollock appeared to heavily select small calanoids, but many of the 
unidentifiable species shown as selected were probably a mixture of the avoided species shown by the negative bars; the net 
result was probably consumption of small calanoids in proportion to their abundance. Both YOY herring and pollock tended 
to select large calanoids in greater proportion than their availability in the plankton. Both YOY species had stomachs 
approximately 50% full (Table 1). Pollock showed increasing selection for large calanoids with increasing size and depth; 
pollock deeper in the water column particularly selected Metridia pacifica females, a highly migratory species (Figure 10). 
Overall, the most abundant plankters, the small calanoid Pseudocalunus spp. and bryozoan cyphonautes larvae, were avoided. 
Proportionately fewer small calanoids were available near the surface than at 100 m in the northeastern area in the fall, while 
proportionately more large calanoids were near the surface than deeper (Figure 5). This is the opposite trend from that 
observed in the summer in the same area. Euphausiids do not appear to be highly selectei: far despite their prominence as  
prey biomass; they may be poorly represented by the sampling pear or the fish may have fed in another area of the water 
column. 

An example of prey selection from southwestern PWS at a station in Whale Bay shows co-occurring 1-age herring and 0- and 
I-age pollock collected at 60 m depth in the fall (Figure 11). None of these fish selected small calanoids. As in the last 
graph, the unidentified, small calanoids (CAS) that appear to be selected by herring were probably Pseitdocalanus and 
Acartia, species which are shown as avoided. This means that, although small calanoids are present in the diet, they are not 
consumed in proportion to their abundance. The major differences in  prey selection by these species and size groups are that 
1 )  both large and small herring selected the larger oikopleurans from those available, while both large and small pollock 
avoided oikopleurans; 2) conversely, only large pollock selected large copepods, primarily female Metridia pacifica, and they 
had the greatest selection for large euphausiids and for unidentified crustaceans (which may have been euphausiids); and 3) 
small pollock selected very high numerical proportions of invertebrate eggs, possibly by non-discriminate filter feeding. 
Forage fish appear to be opportunistic, selecting different prey in different circumstances; without more of these sympatric 
samples, it is difficult to tell which variable controls what they eat: prey availability by depth or locale, predator size, presence 
of other predators, etc. This particular situation suggests that in schools containing mixed herring-pollock, prey resources are 
at least partitioned by species and age class. 



Diet overlap was examined for species pairs collected in the same hauls (Figure 12, Tables 25-28) using Shoener's Index of 
Overlap. This measure sums the minimum percent biomass shared between fish groups. Each bar represents a species-size - pair, including stations where an age class was sampled from two different depths (Table 25). Diet overlap between 0-age 
herring and pollock ranged from 3% prey biomass to nearly 80% prey biomass. Co-occurring YOY herring and pollock had 
the highest diet overlap at Port Gravina in the fall of 1994,and area where euphausiids formed most of the prey biomass in 
both species. Diet overlap was also substantial, between 60-709, at some stations where different age classes of herring and 
pollock were paired or where YOY pollock were collected from different depths. These high overlap values occurred in all 
three seasons and areas. Some of the lowest diet overlap values were observed for species combinations involving older 
pollock. Little overlap was observed for other forage fish species, although few hauls with large enough samples of species 
other than herring or pollock were collected in 1994-1995. Capelin and eulachon collected in multi-species hauls primarily 
had empty stomachs. Juvenile tomcod and 0-age pollock were collected together in  a beach seine haul in  the summer in the 
southwest area; however, their diets showed virtually no overlap-- tomcod ate fish and epibenthic gammarids amphipods, 
while pollock mostly ate small calanoids. As shown in the by selection data in Figure 8, 0-age sandlance and age-2 pollock 
co-occurring in Port Fidalgo did not have overlapping diets because they selected different large calanoids. Finally, the diets 
of 0-age sandlance and 0-age herring co-occurring in Port Gravina did not overlap because the herring had empty stomachs. 

Figures 13 and 14 show the percent frequency with which prey m a  were selected or avoided by herring and pollock when 
they occurred in s i n ~ l e  species schools, versus when they co-occurred with the other species. These figures represent data 
pooled across all seasons at stations where plankton was sampled with the fish (see also Table 3 1). The y-axis is the percent 
frequency of occurrence of the taxa on the x-axis. Only taxa with selection values > 5% or < -5% were included. Pollock 
occurred as single species schools at 8 stations and co-occurred with herring at 6 stations. Pollock avoided many of the taxa 
ava~lable, notably the small calanoids;however, pollock selected large calanoids both when they occurred alone and when they 
co-occurred with herring. Compared to herring, pollock also frequently selected various hyperiid amphipods, another energy 
rich prey group. The five sets in which herring were caught alone are shown at the top of Figure; the three sets in which 
herring were caught with pollock are shown at the bottom. In both the monospecific and multi-species schools, herring did 
not select many of the prey types available. However, more than twice as many taxa were selected when herring occurred 
alone than when they co-occurrdd with pollock. In contrast to pollock, the calorie dense large calanoids were selected only 
when pollock were not present. These observations suggest a shift in  diet away from the optimum for herring CO-occurring 
with pollock, ie., a negative effect that suggests competition for food. 

The last three figures indicate some research goals for the next field season. Directed sampling is needed to address questions 
about factors and mechanisms that control when co-occurring species exhibit high diet overlap, whether selection of large 
calanoids or other favorable prey is regulated by density dependent interactions between species, and whether fish partition 
the available food by feeding at different times of day or in different sections of the water column. Two sets of sandlance 
collected hy beach seining over a die1 cycle in  July, 1996 in two areas of the sound were anaiyzed (Figure 15). Time of' day 
is shown on the x-axis, and the mean percent fullness index is on the y-axis. While the stomachs of sandlance from Cabin Bay 
on west Naked Island had the fullest stomachs in the middle of the day, those from Knowles Head outside Port Gravina had 
empty stomachs at all times of the day. Plankton has not yet been analyzed to determine what prey fields were available to 
the fish in these two areas, but data from 1995 does not suggest that total densities differ greatly between the central and 
northeastern areas. They were all YOY fish, as indicated by the mean FL shown above each time point, although the 
difference in lengths at different times of day suggests that different schools may have moved into these areas at different 
times of day. An analysis of the food habits of the Cabin Bay sandlance also suggests that prey consumed changes with time 
of day (Figure 16). Although small calanoids predominate in the diets, during the times of peak feeding, other prey formed 
relatively large proportions of the prey biomass; these included larvaceans, decapods, and epibenthic harpacticoid copepods. 
By contrast, mean stomach fullness of herring and pollock (n = 10 per station) plotted over time for all seasons combined 
suggest no pattern for peak time of feeding in these species (Figure 17). Mean fullness for the 130 capelin analyzed was 
"empty" regardless of time of day collected. Finally, total prey expressed as a percent of fish body weight was plotted for all 
herring and pol:oclundividuals analyzed from 1994-1995 diet studies and for all sandlance individuals collected at discreet 
time intervals at Cabin Bay in 1996 for die1 feeding studies (Figure 18). Again, no pattern emerges for the herring and 
pollock, but sandlance appear to feed in the daylight after approximately 08:OO. These ambiguous results for herring and 
pollock suggest that, to examine whether prey are partitioned by time of day of feeding, directed sampling on specific schools 
of fish over the die1 cycle is needed. Summaries of stomach fullness and related statistics for the common forage fish species 



sampled are shown in Tables 32-36. 

- Discussion 

Seasonal, ontogenetic, spatial or temporal partitioning of prey resources may occur among forage fish species inhabiting the 
same area. A species preferred foraging habitat may change with changing hydrographic conditions and will reflect foraging 
behaviors that could also change ontogenetically. Species caught in the same area also may have foraged in different levels 
of the water column. This spatial segregation will be reflected by low dietary overlap. Niche overlap between age-1 herring 
and capelin, for example, was highest in the spring when both species foraged in the water column; after the water column 
stratified, herring switched to a surface foraging mode in response to a newly available prey assemblage (Coyle and Paul 
1992). Niche overlap between the two species then decreased as capelin continued to feed in the water column. Such trophic 
shifts also suggest that species which are not competitors during one season or life history stage may become competitors at 
another time. 

Species sharing the same habitat may also partition resources on a temporaral basis, for example by having different diurnal 
feeding rhythms. For example, juvenile herring are sometimes observed schooling in shallow water at the head of bays 
(personal observation, APEX 1995). In these conditions, juvenile herring may compete with sandlance or demersal nearshore 
species for epibenthic or brackish water prey, or perhaps partition resources by feeding at different tidal stages when the suite 
of available prey changes. Conversely, herring located in pelagic waters offshore may compete with juvenile pollock for 
planktonic copepod prey. 

Sandlance is an important forage species with the potential for food competition with several other species because of its die1 
behavioral pattern. Pacific sandlance perform a daily migration between feeding grounds, schooling sites and benthic refuge 
areas i n  soft substrates, primwily feeding during daylight (Hobson 1986). This transient behavior and the sandlance's 
attraction to light ( Hobson 1986) suggests that sandlance could feed from both epibenthic and pelagic production systems. 
intermixing with both schooling and demersal fish species at various times during a 24-hour cycle. Calanoid copepods are 
commonly reported as the majority of prey weight found in the stomachs of several species of sandlance (e.:., Meyer et a1 
1979; Craig 1987; Field 1988). Meyer et al. observed that American sand lance (A. amrricanus) feed in schools between 
midwater and the surface, not on the bottom. Pacific sandlance (A. hexapter~ls), however, consumed a variety of prey taxa 
with epibenthic taxa more common in diets during fall and winrer (Field 1988). Similarly, epibenthic harpacticoid copepods 
are commonly observed along with other prey in the stomach contents of sandlance in PWS (Sturdevant, unpub. data; 
Willette et al. 1995). Diet overlap based on numbers of epibenthic prey is likely to be high between sandlance, tomcod 
(Microgndus pro.rimus) and juvenile salmon (0. gorbuscha and 0. keta), the forage species whose stomach contents 
commonly contained high numbers, but usually low biomass, of these small epibenthic prey (Sturdevant, unpub. data; 
Sturdevant et al. 1996; Willette 1996). Collections of a particularly important forage species, sandlance, have been limited 
in PWS. Although analyses of PWS forage fish diets are not complete, some findings suggest that sandlance trophic 
interactions could impact several species. Larval sandlance and herring in Port Moller, Alaska shared a diet of various 
copepod life history stages (McGurk and Warburton, 1992). Willette et al (unpub. data) found that sandlance and pink 
salmon fry collected together in spring also shared a diet consisting primarily of small copepods, similar to independent 
observations on these species in other areas (e.g., Craig 1987; Sturdevant et al. 1996). In one net haul, sandlance stomachs 
contained approximately 10 times the biomass of the ptcropod, Linlacitla helicina, and four times the biomass of small 
copepods as pink salmon in spring. Trophic interactions between sandlance and other forage species may occur over broad 
spatial and temporal scales, and this study reports on further investigations. 

Information on seasonal changes in diet overlap and food competition among forage species is limited. Craig (1987) 
observed seasonal changes in the principal dietary components (% biomass) of YOY sandlance on the north Aleutian shelf. 
Copepods predominated in summer (90%), euphausiids predominated in winter (loo%), and a mixture of the two taxa 
predominated in spring (26% copepods and 40% euphausiids). Although seasonal data were not available for the herring 
from his study, their diets overlapped with sandlance in summer; the predominant prey of both large (28.2 cm) and small 
(91 rnrn) herring in summer were copepods, crustacean larvae, and chaetognaths. Hobson (1986). Field (1988) and McGurk 
and Warburton (1997) also noted the co-occurrence and similarity in diets of Pacific herring and sandlance during several life 
stages. These observations are similar to our preliminary data from APEX collections in  the summer of 1995. We found high 



diet overlap between sandlance and two size classes of herring, largely based on small copepods (Figures 5 and 6). 
Likewise, we observed high biomass proportions of euphausiids i n  the diets of both herring and pollock in November - (Figure 7), when sandlance were not caught. Euphausiids predominated in sandlance winter diet on the Aleutian shelf (Craig 
1987). 

Although "copepods" are commonly reported in fish diets, specific identifications of the prey are not always made and can be 
important. Both Epilabidocera lotzgipedata a surface swarming copepod species (Johnson, 1934) and Metridia ohkotetzsis 
and M. pacflca, die1 vertical migrators (Hattori 1989) were consumed by herring and other forage species (Willette et al, 
unpub. data). The presence of these very different prey organisms in the same spring diets indicates that trophic interactions 
could occur at several depths in the water column or that oceanographic processes play a large role in determining which prey 
are available and whether partitioning occurs. The results from analysis of seasonal diet data may also depend on detailed 
species identifications. 

While the APEX project focused on the summer nesting period of marine birds, a complete understanding of the influence of 
their forage species trophic niche must take into account the fish's entire life history and environment. Ideally, trophic 
studies should examine seasonal relationships over a broad area. include as many stages of the life history as possible, 
investigate die1 feeding rhythms and behavior, and assess the dynamics of prey resources. These factors may contribute to an 
explanation of how co-occuning species partition resources and each sustain healthy populations. Competition among 
species can be inferred from an observed shift in resource use, such as absence from preferred habitat or failure to use a 
preferred a prey resource (Sogard 1994); the shift is then reflected in some measure of health, such as poor condition or small 
size. Ultimately, survival may be affected and populations reduced. While a complete investigation of all of these factors is 
outside the scope of the APEX forage fish diet study, some aspects can be addressed in the 1996 field study. 
Preliminary information about trophic interactions among forage species was reported in "Forage Fish Influence on Recovery 
of Injured Species: Forage Fish Diet Overlap" (SEA 94163C; Willette et, al, 1995). Analyses are not complete, but 
substantial diet overlap among forage species pairs was demonstrated for the late summer season. Juvenile herring-pollock 
and juvenile pink-chum salmon pairs both had relatively high diet overlap, but partitioned available prey resources; small 
copepods were the principal prey of juvenile herring and pollock, while fish larvae were the principal prey for juvenile 
salmon. 

During the nearshore work scheduled for the 1996 APEX field season, it is likely that a number of additional nearshore 
benthic and demersal forage species exhibiting substantial diet overlap with sandlance will be collected. Information from 
APEX and SEA studies of oceanographic processes and fish dynamics will be important for understanding the food 
observations. Seasonal and tidal oceanographic processes that affect zooplankton and epibenthic prey abundance and 
distribution could impact trophic interactions (Field 1988; Hobson 1986). Our observation that both save-age classes (fall) 
and different age classes (summer) of pollock from different areas of PWS had different diets, for example, suggests that the 
spatial availability of prey in geographic areas may be one factor affecting the amount of diet overlap observed. A number of 
behaviors could also influence the degree of overlap in diets. Seasonal and/or die1 differences in both horizontal and vertical 
distribution of the fish (and prey) are likely to affect both observations of fullness and prey selection (see Haldorson 1995; 
Haldorson et a1 1996). The prey available may also affect the relative fullness of stomachs, if different size prey are 
available in different areas. Simultaneous collections of prey samples will be important to determine whether fish are 
selecting prey from the resources available where they are caught. Furthermore, because mouth gape increases with fish 
growth, seasonal differences in prey selection from taxa present year round, such as euphausiids, may be a reflection of both 
fish distribution and their ability to select larger prey specimens. Other aspects of particular species' biology are also 
important, such as the habit of capelin to stop feeding during the spawning period, which had likely taken place shortly before 
our summer sampling period. Systematic collection of diet samples over the die1 period will enable us to determine if the 
preliminary observations of seasonal differences in stomach fullness and the empty stomachs of juvenile eulachon (this 
report) can actually be attributed to differences in the time of day fish were collected. In addition, the degree of dietary 
overlap observed among co-occurring species may be explained by other trophic interactions, such as shifts in habitat use like 
those documented for juvenile cod avoiding predation (sensu Gotceitas et a1 1995). A clearer understanding of die1 feeding 
behavior and activity patterns of sandlance and other forage species will be important to explain the simlilnrities and 
differences observed. 
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0.00 
0.00 
1.63 

-. . 

- 

ACC 
ACF 
ACG 

---- ACM 
AL 
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' C  lortheastern Area PWS -.-A - 

- - - . - - - - -- - - - -- -- . -. 

- -- -- 
station 22 22 29 29 29 29- 8 1 8 1 

depth (m) 20 20 80 80 20 20 20 20 

-- # Yo # Yo # % # Yo 
-- # 

I nacle 
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-- 

_I - _ _ _  - - - - 

Northeastern Area PWS 

.~ - 

. -- - -- 





, . 
:: ? F G F ~ ~  (-1 ,O mm)---- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Fish larvae, general 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 
nmarid - ~. - -___- - 

l ~ m ~ h i ~ o d ,  Gammarid, unknown, medium 0.08 0.00 0.00 0.00 
. L -- 0.00 0.00 -- 0.00 -. 0.00 
tropod . -. -. .-. -- - 

Gastropod, general veliger 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 Gastropod, juv. snail --- w/ blackpigment 334.10 2.86 65.19 0.13 2.04 0.16 9.17 . 1.55 
, Gastropod, Pteropod, Limacina helicina A 10.86 0.05 19.01 1.16 0.00 0.00 1.02 0.17 

Gastropod, Pteropod, Limacina helicina J -- 476.70 3.43 229.52 4.08 71.30 4.79 49.91 - - 8.44 
Gastropoda, general juvenile (SNAIL) 0.00 0.00 0.00 0.00 10.19 0.59 0.00 0.00 

1 Gastropoda, juv. 'snail' in zooplankton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .- - -- 
, -.rid .. . .-- - - 

0.00 0.00 0.00 4.07 0.32 0.70 0.12 0.00 - -- -. 
0.00 0.00 0.00 0.00 ~ 0.00 0.00 0.51 0.09 

.- 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

aria111 Ctenophore 
Cnidaria (<2mm), general small jellyfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cnidaria (>2mm), general large lellyfish 1.19 0.04 0.34 0.01 0.13 0.01 0.38 0.06 
Cnidaria, Hydrozoa, Siphonophore "larva" 0.08 0.01 0.00 0.00 

- --- 0.00 0.00 0.00 0.00 
acean 





ble 4 cont. - - - - - - - -- -- - - - 

Southwestern PWS 
- , - - - - - -- - 

Barnacle, adult molt (clrri) - 
-- 
1P 

- -- -- - - - - - - - - 

- - - -- - - - -- - - 
station 

lanoid copepod-large - '1 
4M [c$anoid, Calanus marshallae AM 1 0.00 1 0.00 

- -- 4 -- depth (m) 20 20 
107 

'C - -  
- galanoid, Calanus pacrficus, general 

107 

Calanoid, Calanus sp copepodite 

t c  - - -- 
0.13 0.00 

'F - Galanold, Metridla pac~f~ca, AF 0.00 0.00 
5 Icalanoid, Metridia sp., General 0.00 1 0.00 

1~alanold, C marshallae copepod~te ' - c.anold, C a l ~ ~ a ~ s h a l a e  '~~~~ 1 - - 
I F  Galanold, Calanus marshallae AF 
' G Calanoid, Calanus sp. general 0.00 1 .- 0.00 

;P -- Icalanoid, Neocalanus spp. copepodite 8.15 1 0.22 

I IB calanoid,Eucalanus bungii, general 0.00 1 0 
- 

i rE - - 

: .L - -- 

N 

r M -- I~alanoid, Pseudocalanus AM 81.49 1 2.25 
: .V 1 Calanoid, unknown copepodids 0.00 1 0.00 

0.00 
0.00 
0.00 

Calanoid, Euchaeta elongata, general 
Calanoid, general large (>2.5 mm) 
Calanoid, large, Neocalanus/Calanus 

I lanoid copepod-small 
F - j~alanoid, Acart~a clausl female 

0 
0.00 
0.00 

)S - - [Calano~d, Copepod~te small 0.00 0.00 
8.15 0.22 



- 
f le 4 cont. 

I i I 

:haetognath - -- 
5GE - 1 ~hae to~na th ,  Sagitta (elegans) 1.27 0.04 
2HT j~hae to~na th ,  species unknown 0.13 0.00 
Cladocera 

Cladocera, General - - 
EV D Cladoceran, Evadne sp. 12.22 

0.00 

'Decapod 
i-- 
DMG 
DZB 
SHR 
PGZ 
HIE 

PDZ -- 
DMP 

Decapod, megalops, 6rachyura 
Decapod zoea, crab, Brachyrhyncha 
Decapod zoea, general shrimp 
Decapod zoea, hermit crab, Paguridae 
Decapod zoea, Shrimp, Hippolytidae 
Decapod zoea, Shrimp, Pandalidae 
Decapod, megalops, Paguridae 

0.00 
1.27 
0.00 
0.25 
0.13 
0.00 
0.00 

0 
0.04 
0.00 
0.01 
0.00 
0.00 - 

0 



tble 4 cont. I :-IT-- - 
Decapod, Shrimp, Crangonid, general 

--- lgcapod, zoea, BT y ura, general 
IG  Decapod, zoea, general unknown~oup 
-1 Y -- Decapod,Shrimp, Hippolytid, general 

I :a 

0.38 
0.00 
0.00 
0.25 

/ Euphausiid calyptopis 

i JJ -- 

i JP - 
I 3H 

-- 

Hyperiid, Prirnno rnacropa, <2mm 0.00 0.00 
Hyperiid, Primno rnacropa, gen. 0.00 0.00 
Hyperiid, unknown juvenile 0.00 0.00 
Hyperiid, unknown small (<2rnrn) 0.51 0.01 

? I P. pacifica juvenile, <2mm 0.00 0.00 

0.01 
0.00 
0.00 
0.01 

16.30 1 0.45 

Fish egg (- 1.0 mrn) 
Fish larvae, general 

1 12 
- -- 

t 13 . --- Fish, walleye pollock, (61-80rnrn) 
mmarid 

( - M Amphipod, Gammar~d head 

1 Eu~hausiid furcilia 
0.00 
0.00 

- 

~ u ~ h a u s i i d  juvenile, general 
Euphausiid, general unknown 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 -- 

i IC -- 
C 3 

0.25 / 0.01 
0.00 
0.00 

0 
0 

0.00 
0.00 

-- 0.00 

0.00 
0.00 
0.00 

Amphipod, Gammarid, Calllopius - 

Amphipod, Gammarid, -- unknown, large --- -- 



, ~ l e  4 cont. , ---_- I I 

.V~AE d a ~ a c o s t r a c a ,  eyes only - _L 0.00 1 0.00 I 

1 , ]  eci + 
' -  lL C-1 - -fKsect, Dipteran larvae 
' 6  - idarian/ - Ctenophore 

1 ;= -- 

/ @ 
UM 
-- -- 

' ,RC -- 

:EM --- 
iR 
.- -. 

IRJ 
IRS ~ 

/ < p T ~ a c e a ,  Olkopleura sp. 0.89 0.02 

0.00 

0.25 
0.38 
0.51 

t IS - 

I JI - 
P - 

0.00 

0.01 
0.01 
0.01 

Cn~dar~a (<2mm), general small jellyf~sh 
Cnldarla (>2mm), general large jellyf~sh 
C n l d a z  Hydrozoa, S~phonophore "larva" 

Bivalve pieces (shell + muscle) 
Bivalve, larvae 
Bivalve, Musculus vernicosus 
Copepod, Caligidae, parasitic copepod 
Cumacea 
Harpacticoid, general copepodite 
Harpacticoid, general eggs% 
Harpacticoid, general, unknown stage 
Harpacticoid, Harpacticus copepodite 
Harpacticoid, Harpacticus sp. general ad 

,rvacean 

\IEM 
-- - 

?LA - -- 
PLL 

EGL -- 

EGG 

0.00 
8.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

S C  - 
-SB -- 

0.00 
0.00 
0.00 

16.30 
4.07 

Nematode - 

Polychaeta, adult 
Polychaeta, general, juvenile 
Unknown invertebrate egg, large (~0.2rnm) 
Unknown invertebrate egg, small (<0.2mm) 

0.00 
0.22 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

Harpacticoid, Tisbe copepodite 
Harpacticoid, Tisbe sp., adult 

0.00 
0.00 
0.00 
0.45 
0.1 1 

0.00 
0.00 
0.00 

1 0.00 
-SG Harpacticoid, Tisbe sp., gravid female 

vl AL -. 0.00 1. 0.00 
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i le 8 Total numbers of prey specres observed In forage flsh s.omachs by species-size group (n = 10 each) at 
.i o % k  central, northeastern and southwestern PWS In fall, 1994. 
7 - r-I  

- - -- - - - - 
Region 

-- - -- - -- - specles 

--- - - - srze group 
statlon-haul 

-. -- 

:D -- -_IP~~Y name - - 

anoid copepod-large 

: I  hausiid 1 I 

SW 
herrlng 
2 
3-1 

- 

NE 
herrlng 

1 
8 

SW 
pollockl 
0 
5-5 

0.00 
0.00 
0.00 

- - ... ~ 

0.00 
n 0.00 

0.00 

!3 : Calanoid, Pseudocalanus AF 
- -- - - -- -- - -. - - - - 7.00 30.00 0.00 0.00 0.00- 0.00- 0.001 23.00 40.00 .-- . ,- , -- - .- - -- - - ---. - 

1.00 
0.00 

136.00 
0.00 

-- 
0.00 
1.00 
4.00 
0.00 
0.00 

218.00 
0.00 
0.00 
1.00- 
14.00 
87.00 

0.00' 
0.00 

;A - Calanoid, Metridia pacifica, AF 2.00 
!vi A . - -  Calanoid, Metridia pacifica, AM- -- -- 0.00 

7 m i d  - -- copepod-small-_ -. . -  

0.00' 
0.00 
0.00 
0.00 

0.00 
0.00 

- 0.00 
0.00. 
0.00 
43.00 
0.00 
0.00 
0.00 

NE 
herrlng 
0 
6-1 

6.00 
3.00 
1.00 
1.00- 
4.00 
1.00 

0.00 
0.00 
0.00 

-. 3.00 

0.00 
0.00 
- 0.00 
1.00 

160.00 
0.00 
0.00 
0.00 ~ 

1.00 
0.00' 

- 0.00 
... 0.00.' 
0.00 
75.00 
- 0.00 
0.00 
0.00 
0.00 
33.00 

41 \ - -  Calanoid, Acartia clausi adult 

NE 
herrrng 
0 
7-4 

NE 
pollock 
0 
6-1 

0.00 
0.00 
0.00 
0.00 -- 

1 . 0 0 8 0 0  
0.00 
0.00 

-- - ll00 .- 

4.00 
499.00 
2.00 
4.00 
9.06 

0.00 
0.00 

0.00'- 
0.00 
2.00 
0.00 . 

p~ 

0.05 
0.00 
0.00 
0.00 
0.00 
7.00 
0.00 
0.00 

- 

$i 
..- -- 

4 i 
. 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Calanoid, Acartia longiremus adult - 

~alanoid,=artia - .- - -- longiremis - . - AF 

NE 
pollock 
0 
7-4 

0.00 
19.00- 

1.00 
0.00 
0.00 
0.00 
0.00 

3.00 
1.00 
0.00 

0.00' o.ooL 

-. . 
d --- 

A ~ .~ 
> ~ 

) - 
.. L - 
I. 

. . - - 

NE 
eulachon 

0 
7-5 

0.00 

Calanoid, Centropages ~ abdorninalis, - AF 
Calanoid, Centropages abdominalis, AM 
P--.-.-------- 

Calanoid, general small (<2.5 mrn) 
Calanoid, ~ucicutia flavicornis 
Cyclopoid, Oithona sirnilis, general 

NE 
herrlng 
0 
8 

2.00 
4.00 
0.00 
0.00 
0.00 

0.00 
2.00 

- 1.00 

0.00 

0.001 0.00 

- 0.00 
0.00 
0.00 

0.00 
0.000.00 

3'  . . -- 
- 3 ~  j 

3 <  

0.00 

-- - 0.00 

0.00 
1.00 
0.00 
0.00 
0.00 

- 
0.05 
0.00 
0.00 

-- 0.00 
0.00 -~ 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 - 
- 0.00 
0.00- 
78.00 
0.00 
0.00 

> O O ~ O  - Cyclopoid, Oithona - - -- z i l i s  .- AF - - . - -. 
Calanoid, Pseudocalanus copepodids I-IV 

0.00 

0.00 
0.00 
0.00 - 

.- 0.00 
0.06- 
16.00 
0.00 
0.00 

-. -~ 0.00 

, , -- - Calanoid, Pseudocalanus sp., g e n e r a l  
9.00 
15.00 

0.00 
0.00 
0.00 
0.00 
0.00 

31.00 
14.00 

0.00 

3.00 
1.00 
0.00 
0.00 
0.00 

1.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 





2.00 
0.00 
0.00 

6.00 
0.00 
4.00 

ble 8 cont. 

)TAL 174.00 7226.00 

-- 

- - . . - -. 

L - - - .. 

i M 
11 

0.00 
0.00 
0.00 

--- 

.- -- -- - - 
Polychaeta, general, juvenile 
Unknown egg mass 

.--p..--p..p-. 

Unidentified item 
137.00 

1.00 
0.00 
2.00 

185.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

318.00 

0.00 
0.00 
0.00 

64.00 2.00 

3.00 
0.00 
O.OO] 

0.00 
1.00 
0.00 

3185.00 855.00 



able 9. Percent numbers of prey species observed in forage fish stomachs by species-size group (n = 10 each) at 
tations - in central, northeastern and southwestern PWS in fall, 1994. 1 

1 I I I I I I 



-able 9 cont. 
-- - -- 

-- I-- 

iastropod - -- -. - -. - - 

general juvenile (SNAIL) - - --. ; - -- . 0.00 0.00 1.46 
Limacina helicina J 

. _ .  _ -- 0.00 0.03 0.00 

lalacostracan - -- - I I I 
IAE 1 ~alacostraca, - eyes only -- / 0.57) 0.00) 0.731 0.00 0.00 

0.00 1.26 *%:b~~!-- 

iyperiid ~- - - - 
IP -- - .. 

Amphipod, Hyperiid, Hyperia sp. - f 0.00 
IYP ~- .  Amphipod, -. Hyperiid, unknown - juvenile . . i 0.00 

' ) f i  - . -kmphipod,P-pacificajuveniIe,<2mm -- 7--650 - 

, : )A2 A- .-_ ~ ~ m ~ h i ~ o d ~ ~ ~  pacifica juvenile, 2-6.9mm -~-J-- ' - -  0.00 

0.00 

0.01 
- - 0.01 

0.01 

0.00 
0.01 
0.00 
0.01 
0.01 
0.07 

88.60 

0.00 1.38 0.47 . - 0.00 0.00 

0.00 
0.00 
0.57 

.- 0.00 
0.00 
0.00 

lL2 

'P -- 

'R1 
-- 

1 : 'R2 - _ - _ 
152 

, - -~ 

'TP -- 

0.00 
0.00 
0.00 

T%i-Ki%- -. 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

62.77 
arvacean 

5.17 

-Amphipod, Hyperiid, P. l i be lm  2-6.9mm 
~ m ~ h i ~ o d , % ~ ~ e r i i d / ~ a r a t h .  pacifica gen. 
Amphipod, Hyperiid, Primno macropa, <2mm 
Amphipod, - Hyperiid, - -. P. -- macropa, 2-6.9mm 
Amphipod, Hyperiid, Parathem. sp.2-6.9mm 
Gastropoda, -- - Pteropod, unidentified 

-- 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.54 .. 

72.43 

0.00 

_ _  0.31 
O.Od 
0.00 
0.00 
0.00 
0.00 

- 0.00 
0.00 

-- - 0.00 

62.89 

- 

0.00 
0.03 

~- 0.00 
0.00- 
0.00 

.- 0.00 
0.00 - 

0.00 
0.00 

- 0.00 

24.68 

0.00 
0.12 

.- 0 . 0 0  - 

0 .00 
0.00 
0.00 
0.00 . 
0.00 
0.00 . 
0.00 

20.70 

0.06 
4.69 

-. 0.00 . 
~ 0.00 

1.56 
0.00 

- 0.00 -- - 
0.00 

-- 0.00 
. ~ 0.00 

37.50 

0.00 

.- -- 0.00 
-. - -- 0.00 

-- 0.00 
0.00 
0.00 
0.00 - 
0.00 
0.00 -- 

0.00 

0.00 



- - .- . :: 3162 9 cant. --___- - .- - 

1 ill Unidentif ied item 

0.15 
._ _ .__ _ 
. - . . . 0.00 

0.00 
- -. - - - . . 

0.00 

1 - -  

It ,G 
___ 

3.63 -- 

0.00 

- 
0.73 

~ 

0.00 . - 
0.00 
0.00 ~ 

2.30 

j: ZL 

/i 
C --- ~ 

/ /  i r -  

0.00 

- - 

0.00 
___ ____---- 

Unknown invertebrate egg, small (<0.2mm) --____--.___--.-. -- 
0.00 

0.31 0.53 0.00 

0.00 

Unknown invertebrate egg, large (>O02mm) 
~ a r ~ a c t i c o i d , s m e  - 
Isopod, general 
Nematode 

0.00 

1.08 0.00 0.00 

0.00 0.00 
0.00 - 

1.15 

/ i  :O ~ o ~ e ~ a ~ ~  --- I ; <~---%~-~ectinariidae -~ - -- 

0.00 

0.00 
~- 

0.12 
0.12 
0.00 

0 . 0 9 ~ 0 0  - 
0.12 - 

0.00 

0 . 0 0 ~ ~ o 5 ~ 0 0  

0.00 
0.00 

.-.- 

0.00 0.00 

L olychaeta, general, juvenile I ,  - --!?I 0.00 
' ZM - Unknown egg mass 0.00 _________ 

0.00 

o.001 
0.04 
0.00 
0.00 

_ 0.03 
-- 0.00 

0.00 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.54 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-- 0.00 
0.00 _ 
0.00 
0.00 - - - - - 

-- - 0.00 
0.00 _--__ - 
0.00 

- - -  

0.00 
- - - - - - . . . . 

0.00- 
0.00 
0.00 
0.00 

pp- 

0.00 

________.___.____ 
0.00 
0.00 

0.03 
0.03 
0.00 
0.00 
0.03 __ 

0.00 
~ 







,zc-~ )eta pod .-. -- -- - -~ .-- 

ecapod zoea, Shrimp, Crangonidae 0.00 7.58 0.00 0.00 0.00 0.00 
-- -- - - .- 0.00 0.00 - 0.00 

IZG &capod .- zoea, crab, -. general unknown 0.00 0.00 0.00 0.00 0.00 2.74 
a 

0.00 0.00 0.00 

arvacean 
3 - -- 1 1 

)KI I ~arvacea, Oikopleura dioica -- 1 0.301 213.191 2.861 4.461 6.661 0.801 0.001 - 26.171 - 5.89 
lalacostracan 

, i K ~ - T e y e s  only - 

IAL Malacostraca - - -- 1 
0.39 
0.00 

0.00 
0.00 

0.39 
0.00 

0.00 
0.00 , 

0.00 
0.00 

0.00 
0.00 

0.00 
12.06 

0.39 
0.00 

0.00 
0.00 



, I ~ l e  11 cont. , - - T  I 1 I I I I I I 

0.17 
43.25 
0.05 
2.74 
0.00 
0.00 
3.541 
0.26 
0.00 

0.00 
129.85 

0.31 
0.00 
0.00 
0.00 
0.09 
0.01 
0.00 
0.00 
0.02 
0.00 - - 

101.69 

0.01 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 

pp 

0.00 
0.00 
0.00 

256.35 

I - ---- 

,G ?unknown invertebrate egg, small (c0.2mm) 
- - 

iL ?unknown invertebrate egg, large (>0.2mm) 
:c i ~ a r ~ a c t i c o i d .  Zaus copepodite 

0.00 
0.00 
0.00 
0.00 
0.18 
0.00 
0.00 
0.00 

--rx66 
0.00 

42.89 

-- - 
? -- 
iM - - 
;O - -  - - 

SC - 
L - - -  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

143.57 

Isopod, general - 
Nematode 
Copepod, ~ a l i ~ i d a e ~ a r a s i t i c  copepod 
Polychaeta, Pectinariidae 

p o l y o  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

O . O O [ ~  
0.00 
0.00 

22.71 

0.11 
0.00 
0.00 
0.00 
0.27 
0.00 
0.00 
0.17 
0.00 
0.00 

716.23 

E_M Tunknown egg mass -- 

NI Unidentified item __________ 
f i ~ c  

0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
7.75 

1 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.09 
0.00 
0.00 

182.92 



I ~ l e  12 Percent b~omass of prey species observed In forage fish stomachs by species-size group (n = 10 each) at 
- - 

1 %  tions in central, northeastern and southwestern PWS ~n fall, 1994. 1 i -T I I 
- 

I 

aetognath -- 
T -. T~haeto~nath ,  species unknown 
E IChaetognath, Sagitta (elegans) - 

Decapod zoea, Shrimp, Crangonidae . 

Decapod zoea, crab, general unknown - 

0.00 
0.00 

0.00 
0.00 

0.00 
0.31 

1.06 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.17 
0.00 

0.00 
0.00 

0.31 
0.00 

0.00 
1.91 

0.00 
0.00 

0.00 
0.00 

0.68 
0.00 

0.00 
0.43 

0.00 
0.00 

0.00 
0.00 













ble 13 cont. -~ 

-- 





! _-I_--- I 

Central Area PWS, all fish species except for pollock 
- 7 -  - I 1 I I I I I I I I I 

<ble 14 Total numbers of prey species observed In forage flsh slomachs by specles-size group (n = 10 each) at r 311% In central (A) northeastern (0) and southwestern ( C )  PWS in summer. 1995 
, -7 - I I I I I 

- --- - -- -- 
p~nk pink sand- 

species herr~ng salmon salmon capelln capelin capelin capelln capelin capelin lance 
slze group 0 0 0 0 0 0 0 1 1 0 

~~~~~~~~~ 

stabon-haul 110-1 1-2 66-2 62-1 67-1 72-1 73-1 114-7 65-1 999-1 

- 

I I I I 
-- 





-- 
entral Area PWS, just pollock 
- r---- I I I 

-- I -- 

-. - specles pollock pollock pollock pollock pollock pollo& -pollock pollock pollock 
' 

-- 
sue group 0 0 0 0 0 0 0 0 0 0 

- -  - stat~on-haul 108 112 19-1 3-1 5-2 53-1 53-2 54-2 5% T 





VL 
GG- 
GL- 
I€!? -- 

' N l  
I\1P - 

Bivalve, larvae 
unknown invertebrate egg, small (<0.2mm) 
Unknown invertebrate egg, large (>0.2mm) 
Nematode 
Unidentified item 
Unknown nauplius - 

TOTAL, 

0.00 
10932.00 

5.00 
1.00 
0.00 
0.00 

24895.00, 

0.00 
16.00 
0.00 
0.00 
1.00 
0.00 

206.00. 

0.00 
0.00 
0.00 
0.00 

0.00 
124.00. 

0.00 
838.00 

11.00 
0.00 

0.00-0.00 
0.00 

1710.00, 

0.00 
5.00 
0.00 
0.00 
0.00 
0.00 

371.00. 

3.00 
425.00 

0.00 
0.00 
0.00 
0.00 

1541.00, 

0.00 
628.00 

2.00 
0.00 
0.00 
0.00 

2676.00, 

1.00 
145.00 

0.00 
0.00 
0.00 
0.00 

535.00, 

1.00 
61.00 
0.00 
0.00 
0.00 
0.00 

2.00 
144.00 

1.00 
0.00 
0.00 
1.00 

218.00/ 450.00, 

1.00 
472.00 

0.00 
0.00 
0.00 
0.00 

2420.00 172.0r333.00 

0.00 
12.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

-- 0.00 
.- 0.00 

4.00 

-1.00 





CM -. - - - . 
G B -~ - -  

MG 
- - 

. 
Decapod, megalops, unknown crab 
Decapod, zoea, Brachyura, general 
Decapod, megalops, Brachyura 

0.00 
11 .OO 
0.00 

M L - -. -- - 
M P 
-- - - - -. - 
ZB - - ~ ~ 

ZG - ~ 

ZP 
- - - -- - 

1 E 
- 

Z 
- -  . 

1 .OO 
- . 0.00 

12.00 
15.00 
0.001 
1 .oo 
4.00 
0.00 
0.00 
0.00 
1 .oo 

0.00 
20.00 
1 .OO 
0.00 

0.00 

18.00 
34.00 

328.00 

Decapod, megalops, Lithodidae 
Decapod, megalops, Paguridae - 
Decapod zoea, crab, Brachyrhyncha 
Decapod zoea, crab, general unknown 
Decapod zoea, crab, Pisinae 
Decapod zoea, shrimp, Hippolytidae --- 

Decapod zoea, Anomuran, Lithodidae 

0.00 
0.00 
0.00 
0.00 
2.00 
1.00 
3.00 
0.00 
0.00 

3z --  ~ - - ~  Decapod zoea, Shrimp, Pandalidae 
;z 
- - - - - -- 

Decapod zoea, hermit crab, Paguridae 
i P -- - -- 

Decapod,Shrimp, gen. unknown juv.ladult 
i R -- Decapod zoea, general shrimp- -- 

~phaus i i d  - - 

1.00 
0.00 
0.00 

J3 - 
J4 -. 

JP 
- - 

s h  -. --- 
s E 
astropod -- 
SB - - 
ST -- -. - 

AJ 
-- - - - --- - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-. - -. 

Euphausiid calyptopis 

-- Euphausiid furcilia 
Euphausiid, general unknown .__. 

Euphausiid, T. longipes 

-- Fish egg (-1.0 mm) 

Gastropod, juv. snail w/ black pigment 
Gastropoda, generaljuvenile (SNAIL) 
Gastropod, Pteropod, Limacina helicina J - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

- - 0.00 
- 0.00 

2.00 
0.00 
0.00 

- 5.00 

37.00 
4.00 
0.00 
0.00 

1.00 

50.00 
6.00 

10.00 

-- 0.00 
- 0.00 

0.00 
- 0.00 
- 0.00 

. 

- 0.00 
0.00 

- -- . . - 0.00 
0.00 

.- - 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
1.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
0.00 

- 
0.00 
0.00 

- 4.00 -- 
1 .OO 

0.00 

0.00 
0.00 
0.00 

0.00 
23.00 

. 

0.00 
0.00 . 
0.00 
0.00 
5.00 
4.00 
0.00 
1 .OO 

-- 0.00 
-- 0.00 

0.00 

0.00 
.- 0.00 

0.00 
0.00 

-- 0.00 
0.00 .- 

. - 0.00 
0.00 

. .- 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
- 0.00 

- 0.00 - 0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
4.00 
0.00 
4.00 

--- 
0.00 
0.00 
0.00 

-. 0.00 

- 0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 

1 .OO 
3.00 
0.00 -- 
0.00 

0.00 

10.00 
1 .oo 

780.00 

0.00 
- 0.00 

0.00 -- -. -. -p 
0.00 

0.00 . -- 

0.00 
- 2.00 
. . 4.00 



,iyperiid 
dYB Amphipod, Hyperiid, unknown small (<2mm) 0.00 

rlYP ~ -1 
PA2 1 .oo 

0.00 
209.00 

0.00 
0.00 
0.00 

- - - - -- .- 

PS 1 --- 
PS2 

0.00 

0.00 

Lawacean I 
OKP Ilarvacea, O~kopleura sp. 
Malacostracan -- 
MAE -- 

/Malacostraca, eyes only 

0.00 
0.00 
0.00 
0.00 
0.00 

- 0.00 - 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

- 0.00 
3.00 
0.00 
0.00 
0.00 

Amphipod, Hyperiid, Parathemisto sp.<2mm 
Amphipod, Hyperiid, Parathem. sp.2-6.9mm 

M AL 1 ~alacostraca 

0.00 

4.00 

1834.00 

38.00 

Other- - 
i- 
; BVL 
1 E=-- - 
EGL -- -- 
HEM 
H R 

-- - 

H R C  
HZ - 

LAC 
LAO .- - .  .- 

PLL 
T S ~  
UEM 
.- -- 
UNI 
UNP 
TOTAL 

13.00 
2.00 

113.00 
pp 

5024.00 
16.00 
1.00 
3.00 

16.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

12.00 
59687.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 2.00 

12.00 

0.00 

. 

Bivalve, larvae 
Unknown invertebrate egg, small (<0.2mm) 
Unknown invertebrate egg, large (>0.2mm) 
Harpacticoid, general eggsac 
Harpacticoid, general, unknown stage 
Harpacticoid, general copepodite 
Harpacticoid, Zaus copepodite -. 

Harpacticoid, Laophontidae, copepodite 
Harpacticoid, Laophontidae, adult 
Polychaeta, general, juvenile 
Harpacticoid, Tisbe copepodite 
Unknown egg mass 
Unidentified item 
Unknown nauplius 

0.00 
1 
0.00 
0.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.00 
0.00 

119.00 

9.00 
14998.00 

15.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .OO 
0.00 
0.00 
0.00 

16.00 
46084.00 

0.00 
1.00 
0.00 
0.00 
0.00 

-- 
1.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

- - 0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

ppp 

0.00 
0.00 

107.00 

10.00 
6.00 
0.00 
4.00 
0.00 

I--- 
1.00 

14.00 

23.00 

-, 

0.00 
. 0 0 r T v T  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
0.00 
0.00 

206.00 

0.00 
1 .OO 
0.00 
0.00 
0.00 

0.00 

13864.00 

34.00 

0.00 
0.00 

-- 0.00 

- 0.00 

0.00 -, 

21.00 

- 
0.00 

5.00 

2.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .oo 
0.00 
0.00 
0.00 
0.00 

16337.00 

0.00 

-. . 

15.00 
4.00 
0.00 
0.00 

12.00 
12.00 
2.00 
1.00 
3.00 
0.00 
2.00 
0.00 
0.00 
0.00 

385.00 

2.00 0.00 



;able 14 cont. 
- - 
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:) Southwest Area PWS 

















-able 15 cont. - - - -- I I I I 
3)N~iih\a~t --- Area PWS 

species herring herring pollock pollock sandlance herring herring sandlance 
size group 1 0 2 2 0 1 0 0 

-- 
station-haul 22-2 27-1 29-1 82-1 82-1 116 118 118 

,pcd -- 





0.06 
0.04 
0.00 
0.02 
0.00 

84.86 

0.21 
0.01 

0.03 
3.61 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 . 
0.01 
0.00 

- 0.00 
0.00 
0.00 

able 15 cont. -- -- 

-- .- 

yperiid 

YB -- 

YP -- 

~ - 

0.00 
0.07 
0.00 
0.03 
0.00 

3.98 

0.08 
0.00 

0.02 
32.54 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.03 

-- 

empty 
empty 
empty 
empty 
empty 

empty 

empty 
empty 

empty 
empty 
empty 
empty 
empty 
empty 
empty 

- empty 
.- -. empty 

empty 
empty 
empty 
empty 
empty 

- 

.- 

Amphipod, Hyperiid, unknown small (<2mm) 
Amphipod, Hyperiid, unknown juvenile 

~ - 

0.00 
2.52 
0.00 
0.00 
0.00 

10.08 

0.00 
0.84 

0.00 
0.84 
0.00 
0.00 
0.84 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.68 
0.00 

0.00 
0.35 
0.00 
0.00 
0.00 

0.00 

0.01 
0.00 

0.19 
8.42 
0.03 
0.00 
0.01 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 

-- 

0.00 
0.26 
0.00 
0.00 
0.00 

5.45 

0.00 
0.00 

3.90 
1.04 
0.00 

- 
0.00 
3.12 
3.12 
0.52 
0.26 

- -. 0.78 
0.00 
0.52 
0.00 
0.00 
0.00 

42 -- 
Amphipod, P. pacifica juvenile, 2-6.9mm 
Amphipod, Hyperiid, Parathemisto sp.<2mm 
Amphipod, Hyperiid, Parathem. sp.2-6.9mm g:-- --- 

arvacean - 

KP l~arvacea ,  Oikopleura sp. 
alacostracan -- 

- 

0.00 
0.49 
0.00 
0.00 
0.00 

6.80 

11.17 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

A E  
-. . . - -- 
IAL 

- -. 
ther -- -- 

VL 
- 

-- 

-- 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

. .~  

0.00 
0.00 
0.00 
0.00 
- 0.00 
0.00 

Malacostraca, eyes only 
Malacostraca - - -- - . -. 

Bivalve, larvae 
GG 

SL - 

- EM 

0.00 
0.49 
0.00 
0.00 

Unknown invertebrate egg, small (<0.2mm) 
Unknown invertebrate egg, large (>0.2mm) 
~ar~ac t i co id ,  general eggsac 

I- 0.00 
0.00 
0.00 
0.00 

R - - . . . - - .- Harpacticoid, general, unknown stage 
RC - .  Harpacticoid, general copepodite - 

ZC - Harpacticoid, Zaus copepodite 
4C -. -- - - - Harpacticoid, Laophontidae, copepodite 
4 0  - Harpacticoid, Laophontidae, adult . - 

Polychaeta, general, juvenile 

3C ~ - - - -  

EM - 
N I 
-- - .  

NP 

~- 
Harpacticoid, Tisbe copepodite 
Unknown egg mass - 

Unidentified item 
Unknown nauplius 





















1-- I - 
entral Area PWS, summer 1995, pollock only I 
1 - I I I I I I I I I I I I I 

I 

- - - - spectes pollock pollock pollock pollock pollock pollock - pollock pollock pollock pollock pollock pollock pollock 
slze group 0 0 0 0 0 0 0 0 0 0 0 0 0 

stat~on-haul 3-1 5-2 19-1 53- 1 53-2 54-2 56-1 57-2 58-2 62-2 73-1 108 112 



I phausiid 
j3 / Euphaus~~d calyptopls 

;L F~sh larvae, general 
000 000 

ammarid 
A I  l ~ m ~ h ~ p o d ,  Gammar~d, unknown, small 000 000 000 







-- 

7 ale 17 cont I I I I I I I I I I 
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)) Northeast ~ Area ~ PWS 

- 

--- - - ~  ~ 

iarnacle 



zoea crab, Pisinae 





1:' 18cont. 
uthwest Area PWS, summer 1995 - -- 

I 
1 - 

--- -- - species I size group 
capelm 

0 
herring 

1 
herrrng 

0 

-- - . r-- - -- 
100 1 107 

I I 
stat~on-haul 

capelrn 
0 

43-1 

capelin 
0 

43-1 

tomcod 
1 

pollock 
0 

47-1 51-1 51-1 



- - -- - - - - -- 

F i G ~ n o r d ,  Pseudocalanus AM 
- 

C s q  ceran 
- - - - - - -- - - -- - - -- -- 

C / I~ladocera, General 
E L s o c e r a n ,  Evadne sp. - 

- - 

F I P  1~ladoceran, Podon sp 
C i )od 1 ;; : r a 7  zoea, l3rachYuri, general 

- 

Decapod zoea, crab, Brachyrhyncha 
C C Decapod zoea, crab, general unknown 
F - )i Deca od zoea, Shrimp, Pandalrdae 
F 7 i  Decapod zoea, hermlt crab, Pagurldae 
S IF - Decapod -- zoea, general shrlmp 

rusiid - 

Euphausiid calyptopis 

- 
fu~hausiid, general unknown 

Fish, juven~le, general 
Esh, walleye pollock, (41 -60mm) 
Flsh, walleye pollock, (61-80mm) .- 

^ '1 
/., Amphlpod, Gammar~d, unknown, large 

3 ,L 
G - s >pod 1 -- 
-1 IJ helicina J 
ti p iid - -. 
-1 E Amphlpod, Hyperiid, unknown small (<2mm) 
-1 F - -- ,Amphlpod, Hyperlid, unknown juvenile 

? I -- - Amphrpod, Hyperiid, Primno macropa, gen. 
P - 1 Amphlpod, Hyperiid, Parathemrsto sp <2mm 
P 2 - - Amphlpod, Hyperiid, Parathem. sp.2-6.9mm 



' I )le 18 cont. 1 ---7- - -  
I I I I 

-- 

; b  lacostracan-- -_ -_ 
M a l m e s  o ~ l y  i; F-K 0.20 0 00 0.00 0.00 0.00 0.00 0.00 

] - . Malacostraca -. 
0.00 0.00 0.00 0.36 0.00 0.00 0.00 





























- 

Calanoidcopepod-small . -  - 55.45 12.99 - 7.19 28.62 5.14 0.82 0.22 0.00 0.00 0.24 - - .- 

Chaetognath - - 0.44.- - ---- 0.44.- 0.00 0.00 2.20 1.76' 0.00 0.00 0.00. 0.00 
- -- 

  la doc era- 0.00- . 0.00- 0.00 0.00 0.00 0.00 0.00 0.00 0.00- 0.00 
.- - 

Cyphonaute 1.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -- -~ - ~ 

- - .. -- . Decapod 
- Euphausiid 

0.00 
176.55- 

0.00 
309.90 

Fish 0.00 0.00 0.00 0.00 - 
0.00 
0.00 

15.72 
0.00 
0.90 
1.33 

25.57 
0.33 

167.91 

- 

- Gammarid 
-~ - ~ a s t r o ~ o d  

Hyperiid -- ~. 

5.57 
3.64 

0.00 
0.00 
0.00 
9.81 
0.00 
0.00 
1.63 
0.00 
0.18 

462.31 

0.00 
1.28 
0.00 

... 

0.00 
42.55 

0.00 
0.00 
0.00 

100.52 
0.00 
0.00 
0.03 
0.00 

10.26 
474.13 

0.00 
0.00 

61.80 
12.84 
3.21 

845.37 

~ 

1.34 
1.18 
0.00 

- -  Insect 
Cnidarianl Ctenophore 

~ - - - -- - -- - 
- --- ~ a ~ a c e a n - -  

Malacostracan -. . - -- - - -- -- 

- - -  - .- Other 
TOTAL 

. - ~ 

0.00 
124.80 

-. 

0.00 
0.00 

157.88 
-- 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
'-0.00 
0.01 

18.43 

0.35 
0.00 

275.19 
000 
2.41 

586.29 

0.00 
86.30 

-- - - 

0.00 
0.00 
037 

26.07 
0.12 

612.55 

. . - - -- . -- - . 

0.00 -~ 
0.00 
0.17 
0.00 
0.00 
0.00 
0.00 
0.39 
0.00 

17.90 

-- 

0.00 
18.20 

0.00 - - 
0.00 
0.00 
0.00- 

0.00 
17.34 

0.00 
-. 

0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.24 

-- 



Table 22 cont. -- -PA- 

- -- 
Northeastern ~ r e a m !  

- I -- r- 1 
-- I I I I 

----- I 
O o  b~omass -- 

eulachon eulachon capelin capel~n 
srze group 0 0 2 0 1 0 0 

- 7-1 7-2 - 7-2 7-2 7-2 8-1 9-1 
SUMCODE 

southwestern - . - -- Area Pws T q  i 
Total b~omass - -- -- 

. - -. - - - -. . . - - - -. 

. -- -- --- - Barnacle 
Calanoid copepod-large 

~ - . . - - - - -- 
Calanoid copepod-small 

~~ -- --- 
- Chaetognath 
- Cladocera 

0.00 
0.00 

60.08 
0.00 

> 

0.00 
0.00 
0.82 
0.00 
0.00 

. - -- 
Cyphonaute 

. - - - - Decapod 
0.00 
0.00 

0.02 
0.00 

0.00 
10.25 
4.90 -- 
1.32 
0.04 
0.00 
0.00 

Euphausiid 31.95 

0.00 
30.70 
0.07 
1.32 
0.00 

0.00, 18.32 28.85 

. - 

0.00 
0.00 - 



/Table 22 cont. 
i - 
i 
9 ~ 

-- __ 
- 

, ~ i s h l  

8 -_ - -. __- Garnmarid 

, - -  
Gastropod 

1 Hyperiid 

-. .. -- 

-- 

A- 

- 

-... 

- 

.- 

-- 

- . 

. 

~-~~ 

-- 

0.00 
0.00 
1.44 
0.00 

Euphausiid . - . . . - . . 
I 

I - - - ~  
Fish 

i Garnrnarid 
! . . 

Gastropod 
- - - . - - - 

- 
- - Hyperiid 

I - - .- .-.- ~ lnseci' 

0.00 
0.00 

.- 0.00 
23.58 

0.00 
0.00 
0.00 
7.86 ~ 

i 
i - - -. - .- Insect 

Cnidarianl Ctenophore1 
-. . -. - - 

I Larvacean ._ - -  

-. 

. 

0.00 
4.67 
0.00 

.- 

0.00 
0.00 
0.00 
0.80 
0.00 
0.36 

73.20 

-- 

pollock 
0 

- 2- 1 

-- 
- 0 . 0 0  

14.00 
6.69- 
1.80 
0.05 - 
0.00 
0.00 

-. 

.- 

. .- 

-- 

-- 

-- 

-- - 

- .- . . 

.- .. 

-. .- . - . 

0.00 

- 
0.00 
0.1 1 
0.03 

26.46 
24.14 

116.36 

-. 

- 

pollock 

- 1 
- 2- 1 

- 
- - 0.00 

26.39 
0.06 - 
1.13 - 
0.00 - . - - -. 
0.00 
0.00 

0.00 
0.00 

28.01 

. . .- 

.- 

0.00 
0.00 
0.47 

- 

- - 

-- -- 

66.47 
- - 

. . . - -- . - - . . -. - 

: Cnidarianl Ctenophore 
I 

- Larvacean 
I Malacostracan 

0.00 
0.09 

27.56 

___ 
herring 

1 

I j - -. Malacostracan 
I I ~ Other 
! . - . . - -_ - TOTAL 
1 .. . - - . . .  - 
Southwestern Area ! . _ - - -- 

'"lb Biomass 
i _- - . -- ___ 

species 
- - . .~ . .- - 

- -  

. . . - - -- 

I 
i 

0.00 
15.00 ~- 

0.21 

0.00 -- 
1.69 
0.00 

0.39 
96.68 

186.66 

-- 

- 
herring 

. 

- 

43.65 

- .--r 
0.00 - 
0.00 

~. ..- 

. -- - 

.- 

I station-haul 2-1 2-1 ~. 

0.00 
0.00 

0.00 - -- - - . 
0.00 

0.00 -- -. -. 
1.09 
0.00 

I - size group 

SUMCODE 
I - . - . . -- 

i . -- - - - ~arnacle-  -. 

! Calanoid . . . . -. - --- copepod-large 
j Calanoid - -. . . . - copepod-small - 

Chaetognath - .-. . . . . - - 
I 

0.00 
--- 

4*01 -~ 

24.79 

.- 

- 0 .. . 

-- 

0.77 
. - 

-. 0.00 - - -. - . 
0.00 - 

0.10 
. . 

0.03 
22.74 

. - . . 

-- 

- . . . - 0.00 - - . - 
0.00 -- 

32.1 9 
0.00 

-- - - - 

- - - -. 

- 

-- 

j 

- - - 0.00 - . . 
0.00.. 
2.99 
0.00 

- -. .- 

.- - 

- 

0.00 - 
28.52 

-- -~ 0.00 

Cladocera 
- -~ ~- 

0.00 
32.21 
0.00 

0.02 

0 00 
0 00 
0.00 

0.00 - 
0.00 I - - Cyphonaute ~ 0.01 

I Decapod 
- - - - - - - - 0.00 - __- 0.00 



Table 23. Biomass of prey species observed in forage fish stomachs by species-size group (n = 10 each) at stations 
- 

In central (A), northeastern (B) and southwestern (C) PWS in fall, 1995. 1 -- r -. 

7 I I 1 I I _ --- 1 I I I I I I I 

A) Central Area PWS 











able 23 cont. - 
I I I I I I I I 



;able 23 cont. 
- -7 I I I I 
. .  __--- 

;) Southwestern Area PWS 
- r---- -t1 

-- - P 

species herring herring pollock pollock 
size group 0 1 

station-haul 2-1 2-1 2-1 2-1 
SPCD -- n 2 8 10 10 

I Chaetognath 
CHT T~haetoanath. s~ecies unknown I 0.001 0.001 0.001 0.88 

-- 

Cnidarianl Ctenophore 
CNS -7cnidaria (<2mm), general small  0.001 0.00 0.00) 0.11 
Cyphonaute - 1 
CFN 1 ~ryozoa,  cyphonautes larva 0.021 0.001 0.00/ 0.00 



Table 23 / cont. 
- - 

I I I _ _- _I - -  - -  

Zladoceran 
-- - - - 

=ON --- - h d o c e r a n ,  Podon sp 0.00 0.00 0 04 0.OC 
- - -- 

Euphausiid 
E U K  "_';*"~'iid furcha 0.00 0.39 0.00 0.OC 
I U J  - -- Euphausiid juvenile, general 0.00 7.28 0.00 18.2C 
:UP Euphausiid, g e n e r a l u n k n o w n  -- - 0.00 10.65 31.95 10.65 
Samrnarid 

-. -- -- 

Gammarid, unknown 0.00 0.00 0.00 0.65 
Gammarid, unknown U.00 0.00 0 00 1.34 
Gammarid, unknown 0.00 0.00 0 00 2.68 

- -- - 

3ST -- - / ~astropoda, general - juvenile 1.44 0.00 0.00 0.00 
dyperiid 

-I ~P/ArnS~yperiid,unknowni. - - 0.00 7.86 23.58 0.00 
-arvacean - - 

311- ILarvacea, Oikopleura - < - 2mm - - - - - 3.76 0.00 0 00 0.00 
~ K P  l ~ w a c e a ,  Oikopleura sp. 24.24 0.47 0.80 0.03 

- 

-- -- - - 
blakcostracan 

invertebrate egg, small -- - -- 

- . 

JNI Un~dent~fied item 0.00 0.00 0.00 0.00 
JNP Unknown nau~lius 0 00 0.00 0.01 0.00 

-. - - -- - . - - -- 

DLL  - polyihaeta, general, - juvenile -- 0.09 0.00 0.001 0.00 
rOTAL 186.66 27.56 73.201 1 16.36 



Table 24. Percent biomass of prey species observed in forage fish stomachs by species-size group (n = 10 each) at - 

stations - -- ~n central (A), northeastern (6) and southwestern (C) PWS in fall, 1995. 
1-- 

-- - - --- I 









Table 24 cont. - -- 7 I 
I 

I -1 1 I I 



Table 24 cont 
- - T 







-. - able 24 cant. 

-1- 1 -  r-p-------.--- -- 

- 

. -  -- 
'UN ,Polychaeta, unknown large 

- 

0.00 O.OOpempty 0.00 2.11 000 000-  000 0.00 0.00 



iable 24 cont. 
-- I 
---- 

:) Southwestern Area PWS 

Iadoceran 

~ .- 
2nidarianl Ctenophore 
> ~ z / n i d a r i a  (<2mm), general small 0.00 0.00 0.00 0.10 
=yphona'Jte -- ~- 

2FN l ~ r y o z o a ,  . . -- - . -. cyphonautes - larva - -- 0.01 0.00 0.00 0.00 



Table 24 cont. 
I -- 7- 
LU4--/- 

- -. - -- - - - -- . I 
Euphausiid furcilia 

1 -. __ - _ - - --- 0.00 1.42 0.00 0.OC 
' 

EUJ IEuphausiid juvenile, general 0.00 26.41 0.00 15.64 
EUP 1 Euphausiid, general unknown 
I - 

0.00 38.64 43.65 9.15 
Gammarid 

Amphipod, Gammarid, unknown 0.00 0.00 0.00 0.56 

1- 
0.00 0.00 0.00 1.15 
0.00 0.00 0.00 2.30 

j-- Gastropod ] -- -. 
GST I~astropoda, general juvenile 0.77 0.00 0.00 0.00 

' Hyperiid 
I -  - - 

,HYP , - I ~ m ~ h i p o d ,  Hyperiid, unknown juv. 0.00 28152 32.21 0.00 

l - Larvacean - 

017  Larvacea, Oikopleura < 2rnm 
I -  -- 
OKP Larvacea, Oikopleura sp. 
- - 
Malacostracan 

8 - -- 
MYS -- Mys~dae, general adult - 

Other .- 

BVL B~valve, larvae -- - - - 

CLA Cladocera. General 



 able - -- 25. Diet 

- -- 

stat~on-haul 
I (season year) 
I - p  
I I - -- 

6-1 (F94) 
I - -  

7-4 (F94) 
I _ -  - 

I 
6-1 (F95) 
7-1 (F95) , --- - 

7-1 (F95) 
- - 

7-2 (F95) 
8-2 (F94) 

- - - -. - 

8-3 (F94) 
I - -_ 
I 2-1 (S95) 

2-1 is95 j- 
7-1 ( E 5 )  
7 - , (~95 )  
- 

53-1 (S95) 
53 -2 ( S T ~ )  
2-1 (595) 
7-2 (F95)- 
- --- 

3-1 (F95) 
3 - 2  ( ~ 9 5 )  
4-3 ( ~ 9 5 )  

overlap 

species 
0 pollock 
0 herr~ng 

3.00 
78.00 

- 

26.50 
32.00 

-- 

- - 

- -- - - 

- - -. 

- 

.- -- - 

- - - 

- -- . 

A - - - . 

.- - - 

-- - . 

1994-1995. (Schoener - 

- - 

2pollock 
0 herring 

64.00 

-- 

- 

0.00 
0.00 - 

- - - -- 

- - . - - 

- 

- 

- 

- ~ 

-- - -~ 

. - - - . 

.- - - - 

- 

Overlap 

1 herring 
0 herring 

31.00 

.- 

- 

-- 
0.00 
0.00 

-- 

-- 

-- 

-- 

- - 

- - 

Index) values 

1 h&ng 
0 pollock 

70 00 

-- 0.co 

-- -. 

for co-occurring 

1 herring 
1 pollock 

25.00 

0.00 

-- 

- 

- 

-- - -- 

0 pollock 
0 pollock 

42.00 

0.00 
0.00 

-- 

PWS, 

0 pollock 
2 pollock 

40.00 
39.00 
12.00 
0.00 

0.00 
0.00 
0.00 
0.00 

pollock and 

0 pollock 
0 pollock 

42.00 

-- 

0.00 
0.00 

- -- 

herring in 

0 pollock 
1 pollock 

20.00 

i 
1 

-- 

0.00 



rable 26. Diet overlap (Schoener Overlap Index) of sympatric forage fish species-size .- groups (n = 10 each) at 
;tations . - in northeastern PWS in fall, 1994. 

1 I I I I 

Northeastern Area PWS 

Chaetognath --- -. -- -- 
CHT Faetognath, species unknown 0.001 0.171 0.001 0.001 0.00 

L 

7 
0 herring 
0 pollock 

6 
0 herring 
0 pollock 

- -- - 
-.- 

-- 
-- 

station-haul 
species 

7 
0 herring 

0 eulachon 

7 
0 pollock 

0 eulachon 

8 
0 herring 
1 herring 



rable 26 cont. 
.. - - -- 

~. 

;GE Chaetognath, sagitta (elegans) 
1ecGod 

Decapod zoea, shrimp, Crangonidae 
general unknown 

-- 

Zuphausiid 

-- 

Euphausiid, Thysannoessa sp., gen. adult 
- 

-~ 

;ammarid 
unknown, small 
unknown, medium , 

;astropod -- 

'A? -- 
libellula 2-6.9mm 

'P 

-arvacean - . - . - - -- - . . -- - 

IKI  Larvacea, Oikopleura dioica 
- - . _I1 ___.-p---_--.-- 

Aalacostracan -. - 

AAE ~ - - - - - - - 

AAL . - .  - 

0.00 

0.00 
0.00 

0.25 
0.60 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.69 
0.00 

0.00 
6.05 
0.00 
0.00 
0.00 
0.00 

--A 0.00 
0.00 
0.00 

5.80 

0.00 
0.00 

0.00 

0.00 
0.00 

0.09 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

~ ~ a a c o s t r a c a ,  - eyes .- only 
~alacostraca .~ 

0.00 

0.00 
0.00 

0.00 
0.15 

51.92 
19.08 
0.00 
0.00 -- 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

46.90 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

46.90 
0.00 
0.00 
0.00 

: 0.00 

0.00 
0.00 

2.44 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 -- 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
- 0.00 

~- 
0.00 

0.56 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
3.07 
0.00 

- 0.00 
- 0.00 
0.00 

. 0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 





Table 27 Dlet overlap (Schoener Overlap Index) of sympatr~c forage f ~ s h  species-size groups (n = 10 each) at -- -- 
stat~ons In central, northeastern and southwestern PWS In summer, 1995. 1 --- - -- - 7- -7-- 1 1 









- - - -. - 

-- - 

0.00 - -- - - 
- 0.08 

- -. - 

- - 

- - 

0.12 

Table 27 cont. 
- 

JNP 
TOTAL 

- - - . 

herring empty 
herring empty 

- - 

-. - - 
0.00 

40.09, 11- 59.65 
capelin empty 
capelin empty 

G e l i n  empty 
capelin empty 

- 





- -. - -- -- -- - 
oda, - general juvenile - - - - - - - -. - - - . 

od, Pteropod, Limacina 





0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 
0.73 0.17 0.17 
0.00 0.00 0.00 
0.00 0.00 0.00 

'Chaetognat - --. 

0.07 
0.00 

CHT - - -- - 
SGE 
~ - 

Chaetognath, species unknown -- 
Chaetognath, Sagitta (elegans) _ ___ 
- -. 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

- 
0.00 
0.00 





0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 --- 
0.00 
0.00 
0.00 
0.00 

39.86 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

64.12 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

32.42 

0.00 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

26.46 

Table - - - -- 28 - - cont.---~- - . 

0.00 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

41.77 

- . 
EGL 
H R 
-- 

HRC 
HZC - -- 
HZZ ~- 

ISP 
NEM -- --- 

UNI 
PC0 
P LA . - 
PLL . . - - -- . 

PUN 
-- - - ..- - 
lotal 

Unknown invertebrate egg, large -- 
Harpacticoid, general, unknown 
-. Harpacticoid, - -. - - general copepodite - 

Harpacticoid, Zaus copepodite 
Harpacticoid, Zaus sp. -- - - 
- Isopod, general -PA 

Nematode .- 

unidentified item -- 

Copepod, Caligidae, - parasitic 

Polychaeta, general, juvenile 
Polychaeta, unknown large 



Table ---? 28 ~ cont. 

-L 
C) Southwestern Area PWS 

S P C L ~ .  
icalanoid copepod-large 
;-- 
,BRC Calanoid, Bradyidius saanichi 
1- 
B R F  Calanoid, Bradyidius saanichi -- - 
BRG Calanoid, Bradyidius saanichi 
CAL - Calanoid, general large (>2.5mm) 
CCP Calanoid, Calanus sp. 
MG - Calanoid, Metridia sp. 
MGF Calanoid, Metridia general 
MPF Calanoid, Metridia pacifica 
MPM -- Calanoid, Metridia pacifica 
TOR . - - - - - Calanoid, Tortanus discaudatus 
NPF Calanoid, Neocalanus plumchrus 

Chaetognat 
Chaetognath, species unknown - 

Sagitta (elegans) SGE _ -- 
Cladocera -. 

- . -- - - -  

PON l ~ 1 a ~ o c e r a n ~  Podon SP. 
C ~ P h o n a u !  .--- 

CFN pryozoa, cyphonautes larva 

Gammarid  pod, Gammarid, unknown 
GA2 Am h~pod, Gammarid, unknown 



Table 28 cont. 
I I I I I I 

' G A U - ~ ~ W ,  Gammarid, -. u 
Gastropod 

iGST l~astropoda, general ju 
'Hyperiid 
~ H Y P  I~mphipod, Hyperiid, u 
'Cnidarianl ,- .- Ctenophore 
,CNS T n i d a r i a  (<2mm), general small-- 
i 
I Lawacean 
I -- -- 
011 I~arvacea, . O~kopleura < 2mm 0.00 0.00 0.00 0.00 0.00 0.00 

;-- 
8 OKP I l a ~ a c e a ,  Oikopleura sp. 1.69 1.09 0.03 1.09 0.03 0.03 
'Malacostracan 

Malacostraca, eyes o n l y  0.00 0.00 0.21 0.00 0.00 0.00 
Malacostraca 0.00 0.00 0.00 0.00 0.00 0.00 

/ - -  
0.00 0.00 0.00 0.00 0.00 0.00 

Other 





-- .- . , 
3GG ~ 26.1 1 27.10 27.02 27.98 32.00 32.00 19.50 18.93 6.98 6.98 0.59 7.77 7.77 empty empty 

0.00 -0.01 0.00 -1.81 -1.70 -2.i5 -2.31 -1.82 -0.96 -0.86 -3.17 -0.57 -0.31 empty empty 
ZMP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 empty empty 
rpc . - -  0.00 0.00 - 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 empty empty 
EPF 
- - - . - 

_PI - -. - - . - -. 
3PM 

0.00 -- 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

--- 000 
000 

0.00 
0.00 

-0.01 

0.00 
0.00 
0.00 

0.00 
000 
000 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.07 
0.00 
0.15 

0.00 
0.00 
0.00 

0.00 
-0.11 
0.00 

empty 
empty 
empty 

empty 
empty 
empty 











Table 29 cont. 

- - -  - 

-3.27 -2.06 -3.02 -0.85 -0.52 -0.85 
ALG -- -0.1 1 0.00 0.00 0.00 0.00 0.00 
A L 0.00 0.00 -0.14 -1.21 -0.14 
A L M  -- -1.23 -0.34 -0.14 -0.42 0.00 0.00 0.00 
ALC -0.45 -0.14 -0.21 0.00 0.00 0.00 

--+o 
I 0.00 

0.00 
-0.52 

- -- - 

-- -- 

MCP -- - 

NPF 
. - -- 

NEO -- 

NCP ---- 

OSC 
-- - - - - - - - 

/ 0.00 0.00 0.00 1 . 0.00 1 0.00 1 - 0.00 1 0.00 1 0.00 
OSF 1 0.00 0.00 -0.17 / -0.25 1 -0.17 1 -0.25 / -0.17 1 -0.28 

- 

~ 

-0.22 

-0.52 
0.00 

-1.21 
0.00 
0.00 

-1.54 
-0.28 
-0.12 
-0.12 
0.00 
0.00 

0.00 
2.97 
0.00 

0.00 
0.00 
0.00 

-0.27 

-6.47 
0.00 
0.00 

-0.80 
-0.47 

0 
0.00 
0.00 
0.00 

-0.34 
0.00 

-0.17 
0.93 
0.00 

E Y I  - -   TWO^ 
PSF -70.51 - -37.24 -61.04 - -53.89 - 
PSM 

~. . 
-3 35 0.00 0.00 0.00 

- -- . .. -. 

PCP -3.26 0.64 0.001 0.00 
PSG 
- - - 

-0.56 -0.52 -0.96 -1.45 
PS A -6.39 -14.78 -16.70 -14.73 

0.00 
0.00 - 

0.00 
0.00 

. 

0.00 
0.00 -. 
0.00 

-0.34 

Calanoid -- copepod-small 

-- - - -. - .- - 

AC t 0.15 
- - -- -- . -- . - - - - 

0.15 0.00 
C A - - ~  0.01 0.00 0.00 

0.00 
-51.56 

0.00 
0.00 

-0.14 
-12.39 

' 0.00 
-54.06 

0.00 
0.00 

-0.17 
-16.87 

0.00 
0.00 
0 00 
0.00 

ACA -- -- 

ACC 
- -- 
ACF 
ACM 

0.00 
0.00 
0.00 
0.00 
0.00 - 

0.00 

CAF -- ... - 

CAM 
- - .... - -- 

0.00 
0.00 
0.00 

-0.10 
-0.22 

' - 

0.00 
-51.56 

0.00 
0.00 

-0.14 
-12.39 

0.00 
0.00 
0.00 
0.00 

-3 
0.00 
0.00 

-0.14 
0.00 
0.00 

C AC 
- - - -  ~ 

0.00 0.00 0.00 
. . . - - . - -. - - - -. . 

cos -. . - - - - - 
0.00 ~ 0.00 0.00 

CAV - 0.00 - 
- - - . . - 

CAN 
47.45 

-. 

EYF 

0.00 
0.00 
0.00 
0.00 

-0.14 
4.85 
0.00 

-0.14 
0.00 

-0.1 1 
0.00 

0.00 
14.29 
0.00 

0.00 
-54.06 

0.00 

0.00 
0.00 
0.00 
0.00 

0 
0.00 
0.00 
0.00 

-0.34 
0.00 

0.00 
-41.27 
-0.12 

0.00 
0.00 
0.00 
0.00 

-3 
0.00 
0.00 

-0.14 
0.00 
0.00 

-0.17 
4.85 
0.00 

- 

0.00 
0.93 
1.87 
0.93 

-0.14 
0.93 
0.00 

0.03 
0.00 

0.00 
-0.17 

-16.87 

0.00-- 
0.00 
0.00 
0.00 

0.00 
-0.28 
-8.93 

- 0.00 
0.93 
1.87 
0.93 

-0.12 
0.00 
0.01 

-0.35 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

-0.12 
0.00 



. . . - . . - 

-.-- "."" "."" "."" "."" 
-- - ..- . . - - 

SHY -0.01 -- - ~-. 

SHP 0.00 0.00 0.00 

- 

0.49 

0.00 
0.00 

- 
0.00 
0.00 

- .. - -~ 

Euphausiid 
- - - - -. - - . - . 
EU? -. . . - - - - - -. 
EU3 
EU4 -. . . . . 

0.49 

0.00 
0.00 

-0.03 
-0.01 

-~ 

. -- 

- 

~. -0.45 

EUJ 0.00 

0.00 

-- 

0.00 
0.00 
0.00 
0.00 

- - . 

-0.01 
~p 

0.00 

0.00 

-- 

0.00 
0.00 

-0.03 
-0.01 

-- 

-0.17 
- - 

0.00 

- 

0.00 

-0.28 
-0.23 
0.02 

-0.16 
0.03 

-0.15 0.00 

-0.27 - - - 

-0.14 
0.00 

-0.10 
-0.4i 0.00 -- 



Table 29 cont. - -- - - - - -r--- 

Fish - . -- - --- -- 

FSE 
TL 
- ~ 

- 

FSJ 
- .- -- - - - 0.00 

. ~p 

FSL 
I - - - - -  - -- - -- 
; FW2 0.00 

- 
-- 

, FW3 0.00 
Garnmerid - ~. -- -- 
GAM - 0.00 
CGC -- - - - - - - 

0.00 
- 

G A3 
-. 

0.00 
G A2 - --- - 

0.00 
G AU 0.00 
GA1 
. - - .- . - - 

- -- - 

VEL - -. . - - -- 

LAO 

-- 

PSI 
0.00 

r nl 

HYB 
PA 1 
- - -. . -- - 



Table 29 cont. 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.84 0 84 0.00 0.00 0.00 0.00 0.00 

HRC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
HRJ 0.00 

TSB 

LAC 0.00 

,-% - I I  ,.,.-I ?.--I - - - I  I  - - - I  - 2 .  I  ^ ^^  I  ^ ^^  
I d 1  uuu -- - 

0.00 
0.03 

30.14 
o 00 

- - - -- 

NEM- 
---- 

-- - - - - u.uu 
-. - - - - 

-0.14 
0.00 
0.01 
0.00 

!A PLL -- I;: - 
EGL -0.37 -- 

EGG - 42 35 
T R K  

uuu ' U . 1 - t  - - - . - 4 o.oo 
0.00 -3.60 - - 

-0.25 0.00 
-0.02 0.00 

uuu 

0.00 
-1.03 
0.00 
0.00 

-u. I -t 

0.00 
-3.60 

- 0.00 
0.00 

u.uu u.uu 

0.00 
-1.03 
0.00 
0.00 

0.01 
-12.46 

3.61 
0.00 



Table 29 cont. 
I I I I I 1 



Table 30. Prey select~on (Strauss Linear Selection values, L) by forage fish species-size groups (n = 10 each) at 
stations - in central and southwestern (A) and northeastern (B) PWS in fall, 1995.1 
1 
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Calanoid. Euchaeta elongata 
Calanoid, Euchaeta elongata 
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Table 31. Stations used to compare pollock and herring frequencies of prey selection when in single species 
(allopatric) versus sympatric (co-occurring, multi-species) schools. 

I Single Species Stations 

Herring Pollock 

Summer 1995 
station-haul 

Fall 1995 
station-haul 

i Multi-Species Stations 

Herring and Pollock 
Co-occurring 

*sets in parentheses without zooplankton 
**2 age classes present 
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64 1.52 0.03 

-- .- 
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Table 33 Summary of stomach fullness statistics for all APEX herring specimens analyzed 1994-1995. See also -- 
Fiaures 17 a n d m  I I I 

! 

I 
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Table 34. Summary of stomach fullness statistics for all sandlance diet specimens analyzed to date from collections 
by APEX Projects 951 63A (non-diet), 961 63A and 961 63F (diel samples) in PWS. See also Figure 18. 
- - - i i - - I T 7 1  

species-size 

time date 1- -o- 1 haul 
Central Area PWS 
Tm7m 51 7-0-999-1 

811 6/95 1 -0- j 51 7-0-999-1- -- 
811 6/95 1 

~ 

-0- 1 517-0-999-1 
Northeastern Area PWS 

51 7-0-82-1 
51 7-0-82-1 

Fish 
Fish 
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i c  n ~7 4 - r  
I " ." ,  ., ,u-u-7, - l I 

. . . . - . . . - -- .. .~ 
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Table 36. Summary of stomach fullness statistics for all APEX eulachon specimens (n=30) analyzed 
-- . 

from 1994-1 995 collections. 
- -~ 

. 

Fish 
Fish stomach Total prey stomach stomach Percent 

1011 4/95 23:20 51 1-1 -7-2T 61 54 110 5.661 0.031 0.001 1 3 0.00 
-- - . - -- - 

1011 4/95 23:20 51 1 - 7 - 7 - 2 ~  61 55 105 5.51 1 0.031 0.001 1 3 0.00 





0 July - August, 1995 

Figure 1 .  Map of APEX sampling locations where forage fish were successfully collected for diet 
studies in fall, 1994 and summer and fall, 1995, in  central (gray symbols), northeastern (black 
symbols) and southwestern (open symbols) Prince Willi:lm Sound, Alaska. For further detail about 
collections, see APEX 05 163A annual report. 



Capelin 2 

250 I 

' . o  i 2 
. , 

o i i  0 i  o o - 

200 

150 -- 

Fish Size Group 

Figure 2. Mean size of preserved forage fish species-size groups analyzed for APEX diet studies in 
central, northeastern and southwestern in fall, 1994 and summer and fall, 1995 (n = 90, n = 280 and n = 

200, respectively). Size groups on the x-axis represent estimated ages (0 - 2). See Table I for a summary 
of fish size hy station location. 
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Figure 3. Mean zooplankton density (number per cubic meter) in central, northeastern and southwestern PWS at sample stations where forage fish 
were collected for APEX diet analyses in summer and fall, 1995. Numbers above bars indicate number of hauls represented. Zooplankton was 
collected at two depths only i f  fish were collected at multiple depths. See Table 2 for mean densities at each statlon and depth per sample area. 
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Major Prey Categories 
wl Small Calanoids (SC) Fish (FIS) 

Other (OTH) Euphausiids (EUP) 

Larvaceans (LAR) Decapod larvae (DEC) 

Large Calanoids (LC) ml Bryozoan larvae (BRY) 

Ctenophores 81 Cnidarians L I  Cladoceran (CLA) 

Hyperiid Amphipods (HYP) Chaetognaths (CHT) 

r l  Gastropods (GST) Barnacle larvae (BAR) 

Gammarid Amphipods Unid. Malacostracans 

Figure 4. Key to major categories of zooplankton or prey observed in stomach contents. Key represents all figures of zooplankton or diet 
composition which follow. 
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Figure 5. Zooplankton composition (mean percent number in major taxonomic catagories) in PWS by 
depth and area, summer and fall, 1995. See Figure 4 for key. See Table 2 for mean zooplankton 
densities at each station and depth per sample area. 
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20 m 80 m 

Herring, 94 mm Herring, 170 mm 

Pollock, 11 1 mm Herring, 215 mm 
50 m 95 m 

Figure 6. Diet composition of all forage fish species-size groups from fall, 1994 collections, as percent 
biomass of major prey categories. Fish were collected in northeastern and southwestern PWS only. 
Species, mean FL and depth fished are shown above each pie. See Figure 4 for key. 



Herring, 76 mm 
I m 

Herring, 71 mm Sandlance, 90 mm 

Station 
118 

Pollock, 181 mm Sandlance, 61 mm 
100 m 100 m 

Figure 7. Diet composition (percent biomass of major prey catagories) of forage fish species-size groups 
from 3 station in Port Fidalgo, northeastern PWS, in summer, 1995. Species, mean FL and depth fished 
are shown above each pie. See Figure 4 for key. 
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Figure 8. Forage fish prey selection at Port Fidalgo, northeastern PWS, in summer 1995. Values on the y-axis are Strauss Linear Selection, L, 
calculated from diet and zooplankton data collected at the same station. Specific taxon codes on [he x-axis are groupcd into the ~rlnjor prey 
categories indicated (see also Appendix 3). Figure represents the same species-size groups at stations depicted in Figure 7. 



Herring, 95 mm Pollock, 90 mm 
20 m 20 m 

Pollock, 179 mm ~ o l l o c k , ~  03 mm 
90 m 90 m 

Eulachon, 106 mm Eulachon, 39 mm 
90 m 90 m 

Figure 9. Diet composition (percent biomass of major prey categories) of forage fish species-size 
groups from two depths at Station 7 in Port Fidalgo, northeastern PWS, in fall, 1995. Species, mean FL 
and depth fished are shown above each pie. See Figure 4 for key. 
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Figure 1 1 .  Forage fish prey selection at Station 2, southwestern PWS, in fall, 1995. Values on thc y-axis are Strauss Linear Selection, L, calculated 
from diet and zooplankton data collected at the same station. Specific taxon codes on the x-axis are grouped into the m:?jor prey catagories 
indicated (see also Appendix 3). 
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Figure 12. Diet overlap (Schoener Overlap Index by prey biomass) of sympatric herring (H) and pollock (P) collected for APEX diet studies, 
1994- 1995. Ages (0 - 2) are estimated from mean lengths. Each bar represents overlap between 10 fish of each species at one station (see also 
Tables 25 - 27). 
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Figure 13. Frequency of occurrence (y-axis: percent number of hauls) of prey taxa selected by pollock occurring in single species schools (n = 8 allopatic 
hauls) vs. mult-species schools with herring (n = 6 sympatric hauls). Specific taxon codes on the x-axis are grouped into the major prey categories indicated 
(see also Appendix 3). Data represents all possible hauls from fall, 1994 and summer and fall, 1995 APEX cdllections. 
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Figure 14. Frequency of occurrence (percent number of hauls) of prey taxa selected by hening occuning in single species schools (n = 5 allopatric hauls) vs. 
multi-species schools with pollock (n = 3 sympatric hauls). Specific taxori codes on the x-axis are grouped into the major prey categories indicated (see also 
Appendix 3). Data represents all possible hauls from fall, 1994 and summer and fall, 1995 APEX collections. 
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Figure 15. Diel feeding rhythm (mean percent fullness index) ofjuvenile sandlance collected at two stations in two areas of PWS in July, 1996. Mean 
FL of the 10 specimens are shown for each time of day (n = 30 from Knowles Head, northeastern PWS and n = 40 from Cabin Bay, Naked Island, 
central PWS. 
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Figure 16. Diel feeding rhythm of juvenile sandlance collected at Cabin Bay, Naked Island, July 1996 (top: mean percent fullness index; bottom: percent 
biomass of major prey categories). 



A July-August, 1995 
October, 1995 

time 

Figure 17. Mean stomach fullness index of herring (top) , pollock (middle) and capelin (bottom) 
collected at all times of day for APEX diet studies, fall, 1994 and summer and fall, 1995. Each data 
point represents 10 fish from one haul. (See also Table 3 1 ,  32 and 34). 
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Figure 18. Stomach fullness (prey percent body weight) of all individual herring (top) and pollock 
(middle) specimens collected for APEX diet studies in fall, 1994 and summer and fall, 1995 at all 
times of day, and sandlance (bottom) specimens collected for die1 feeding rhythm studies at discreet 
time intervals in 1996. Each data point represents one fish. (See also T ~ b l e  3 1 - 33). 



Appendix 1 A. Co-occurring forage fish species and associated prey samples collected 
in PWS in non-die1 hauls in 1996. 

APEX 96163A 
Southwest Region PWS 

Number of fish stomachs=220 
Number of epibenthic samples=6 
Number of plankton samples=lO 



Appendix 1 A, continued. 

Northeast Region PWS Central Region PWS 

7-27 
7-27 

Number of fish stomachs=gO 
Number of epibenthic samples=4 
Number of plankton samples=8 

I 

84-4 
84-5 

"stomach ID completed 

Number of fish stomachs=90 
Number of epibenthic samples=4 
Number of plankton samples=lO 

10:50 
10:50 
1 1 :00 
11:OS 
11:lO 

point off of N arm of Cabin Bay 

plankton 
plankton 

7-22 
7-22 
7-22 
7-22 
7-22 

18:38 
18:42 

48-1 -beach 
48-1 -beach 

48-2 
48-3 
48-4 

pink salmon 
sandlance 
epibenthic 
plankton 
plankton 



Appendix 1 B. Single species forage fish and associated prey samples collected in PWS in non-die1 hauls in 1996. 

APEX 961 63A 
Central Region PWS Central Region PWS Southwest Region PWS 

Northeast Region PWS 



Appendix 1 C. Die1 series of forage fish diet samples collected in PWS in 1996. 

Northeast Region PWS, 1996 

Knowles Bay (replicate 1) 
Beach seines (APEX 961 63A) 

**stomach ID completed 

Knowles Bay (replicate2) 
Beach seines (APEX 961 63A) 

"pseudo-diels" at Knowles Bay 

7-25 71 -2 epibenthic 
7-25 71 -3 dankton 

7-25 
7-25 

herring 
epibenthic 

72-1 
72-2 

1520 
15:50 



Appendix 1 D. Miscellaneous forage fish species collec 
and Barrens Islands in 1996. 

Northeast region PWS, miscellaneous species 
I I station-haul 1 
I date -gear I species I time i 
N a l e n a  Bav I I I 
I 7-23 I 53-1-beach I pink salmon I 9:OO 1 r- 7-23 I 53-2 I epibenthic 1 9:05 

7-23 
7-23 

Port Fidalgo 
7-24 
7-24 
7-24 
7-24 

53-3 
53-4 

for 

66-1 -beach 
66-2 
66-3 
66-4 

13:35 
13:50 
7350 
1355 

1 1 
Boulder Bay (inside Bidarka Pt.) 

diet samples from PWS, 

plankton 
plankton 

Galena Bay W. of Narrows 

Cook Inlet 

10:30 
10:35 

sandlance 
epibenthic 
plankton 
plankton 

sandlance 
epibenthic 
plankton 
plankton 

7-24 
7-24 
7-24 
7-24 

herring 
epibenthic 
plankton 
plankton 

7-23 
7-23 
7-23 
7-23 

18:05 
18:20 
18:20 
18:25 

63-1 -beach 
63-2 
63-3 
63-4 

t l:10 
1 1 :20 
1 1 :35 
1 1 :40 

54-1 -beach 
54-2 
54-3 
54-4 



Appendix 1 D, continued. 

Central region PWS 
Miscellaneous gear (APEX 96163A) 

I I 

South inside of Bay of lsles 
7-1 9 I 27-1-beach I tomcod 

time 

1 1 :48 
7-1 9 
7-19 
7-1 9 

species date 

I 

North side Bay of lsles 
7-1 9 I 29-1-beach 
7-19 I 29-2 

station-haul 
-gear 

27-2 
27-3 
27-4 

7-19 
7-1 9 

l ~ o u t h  Smith Is. I I I 

tomcod 
eoibenthic 

1 

North side Bay of lsles 
7-1 9 I 18-2-purse 

I 

7-21 65-1 -trawl pollock 15:09 
7-21 65-2 plankton 15:35 
7-21 65-3 plankton 15:45 

epibenthic 
plankton 
plankton 

16:30 
16:45 

29-3 
29-4 

1 7-71 65-3 I nlankton I 15:45 
I I 

12:OO 
12:lO 
12:15 

herring 
no olankton 

plankton 
plankton 

12:30 

Southwest region PWS 

16:55 
1 7:OO 

I 

South Storey Is. 
7-22 I 49-1 -beach 
7-22 1 49-2 

pink salmon 
e~ibenthic 

time 

9:40 

12:lO 
12:20 

species 

greenling 
no plankton 

date 
station-haul 

-gear 

East Chenega Is. 
7-1 8 22-1-beach 



Appendix 1 D, continued. 

**stomach ID completed 

Lower Cook Inlet, 1996 APEX 961 63M) 
Miscellaneous gear, all species 

8-27 
8-27 
9-1 2 
9-1 3 

PB-beach 
PC-beach 
ST-beach 
PB-beach 

pacific cod 
sandlance 

smelt 
sandlance 

7:45 
8:10 
15:20 
16:lO 



Appendix 1 D, continued. 

Amatouli Cove, Barren Islands, 1996 
Beach seines (APEX 961635) 

I I 

1 7-17 1 1 I sandlance I 

date 
7-2 
7-2 
7-9 
7-1 7 

I 7-23 I 1 I tomcod I 

set # 
1 
1 
3 
1 

1 8-23 1 1 I sandlance I 

species 
tomcod 

sandlance 
surf smelt 

s ink salmon 

1 9-8 1 1 I sandlance I 

sandlance 
sandlance-lrg 

sandlance 
pink salmon 

capelin 
sandlance 

7-23 
7-23 
7-24 
7-24 
8-1 6 
8-1 6 

2 
2 
3 
3 
3 
3 



Appendix 1 E. Forage fish diet samples and associated prey samples collected in PWS at adjacent 
sites or with multiple fishing gear types at one site in 1996. 

Northeast region PWS 
Multiple gear 

I station-haul I 
date 

NE Bligt 
7-23 

Central region PWS 

-gear 
Island 
47-1 -purse 
47-2-cast 

60-3 
60-4 

Multinle aear 
1 ~ o r t  h Eleanor Is. I I I 

species 

herring 
herring 

plankton 
plankton 

1 7-20 1 35-1 -beach I pink salmon 1 12:30 1 

time 

16:15 
17:30 
1O:lO 
10:15 

1 - 1  24-2-purse I pink salmon 12:06 1 
1 7-20 1 35-2 epibenthic 1 12:50 1 

Northeast region PWS 
Adiacent sites 

7-20 
7-20 

I station-haul I I 

35-3 
35-4 

date I -gear 
Knowles, Redhead 

plankton 
plankton 

species 

7-25 
7-25 
7-25 
7-25 

13:05 
13:lO 

Multiple gear and adjacent sites 

time 

sandlance-lrg 
sandlance-sml 

71 -1 -beach 
71 -1 -beach 

7-25 
7-25 

14:30 
14:30 

72-1 -beach 
72-2 
71 -2 
71 -3 

herring 
epibenthic 

15:20 
15:50 

epibenthic 
plankton 

1 5:35 
15:40 



Appendix 2A. APEX collections of herring and associated prey samples for diet studies, 1996. 

Southwest Region PWS, co-occurring species 
I station-haul I 

date I -aear I s~ecies I time I 
Bainbridge Point 

7-16 1 10-3 plankton 1 16:20 1 

herring 
pink salmon 
epibenthic 
plankton 
plankton 

7-1 6 
7-1 6 
7-1 6 
7-1 6 
7-1 6 

15:48 
15:48 

Prince of Wales Passage 

7-1 6 
7-1 6 

7-16 1 10-4 1 plankton 1 16:30 
I I 

15:30 
15:30 
16:05 
l6:20 
16:30 

10-1 -beach 
10-1 -beach 

10-2 
10-3 
10-4 

7-16 1 3-2-purse 
7-1 6 1 3-2-~urse 

1 whale Bav I I I 

herring 
Dink salmon-sml 

3-2-purse 
3-2-purse 

17-17 1 12-1-beach 1 herrina 1 8:30 1 
7-17 1 12-1-beach I tomcod 1 8:30 
7-17 1 12-2 I e~ibenthic 1 8:40 

pink salmon-lrg 
chum salmon 

. . .  . -  - 
I I 

7-17 1 12-4 plankton 1 9:05 

15:48 
15:48 

Northeastern PWS - 

West Bligh Island 
herring 

sandlance 
sandfish 

epibenthic 
~lankton 

7-24 
7-24 
7-24 
7-24 
7-24 

9:50 
9:50 
9 5 0  
10:10 
1O:lO 

60-1 -beach 
60-1 -beach 
60-1 -beach 

60-2 
60-3 



Apopendix 2A, continued. 

Single Species Miscellaneous 

Southwest PWS 
1 Jack~ot Bav I I I 
1 7-17 1 16-1-beach I herrina 1 13:30 1 

Miscellaneous 

- 
7-1 7 
7-1 7 

16-3 
16-4 

Central PWS 

Northeastern PWS 

herrin 1 1 :45 

lankton 12:OO 
7-24 plankton 

Galena Bay W. of Narrows 
7-23 1 54-1-beach 1 herring 
7-23 I 54-2 I e~ibenthic plankton 

plankton 
7-23 

12:30 
North side Bay of Isles 

11:lO 
- 

11:20 13:45 
13:55 

7-1 9 

W. Landlocked Bav. Bidarka Pt. 

54-4 

I 
Port Fidalgo 

7-24 1 65-2-beach 
7-24 1 65-3 

I I I 
Inner Port Fidalao 

18-2-purse 

7-24 1 65-5 

" I I 

7-26 1 62-2-purse 1 herring 1 9:30 

plankton 

herring 
no plankton 

herring 
e~ibenthic 

- - -  

plankton 1 17:20 

I I no plankton I 
I I 

1 1 :40 

17:OO- 
17:30 

I I I 

St. Matthews Bay 
herrin 9:OO 

I 

N. Port Gravina 

7-26 
7-26 

herring 
e~ibenthic 

7-26 
7-26 

1 1 :20 
1 1 :35 

76- 1 -beach 
76-2 

1 1 :35 
1 1 :40 

76-3 
76-4 

plankton 
plankton 



Appendix 2A, continued. 
Northeast region PWS 

dual gear (APEX 961 63A) 
I 1 station-haul I 1 

date I -gear 
NE Bliah Island 

. - .  
I 

7-24 1 60-4 plankton 1 10:15 

- 
7-23 1 47-1-purse 
7-23 1 47-2-cast 

Northeast region PWS 

species 

J 

herring 1 16:15 
herrina 1 17:30 

time 

13:15 
13:50 
13:50 
13:20 
13:28 

Tatitlek Narrows along Black Pt. 
7-23 

7-23 
7-23 
7-23 
7-23 

56-1 -beach 
57-1 -beach 
57-1 -beach 

56-2 
56-3 

herring 
tomcod 

unid. greenling 
epibenthic 
plankton 



Apopendix 2A, continued. 

Northeast Region PWS, diels (APEX 96163A) 
Knowles Bay (replicate 1) 
all beach seines 

Knowles Bay (replicate2) 

7-27 
7-28 
7-28 
7-28 
7-28 
7-28 

**stomach ID completed 

84-5 
88-1 
88-2 
88-3 
88-4 
88-5 

plankton 
sandlance** 
epibenthic 
epibenthic 
plankton 
plankton 

18:42 
6:35 
6:38 
6:40 
6:58 
7 :OO 



Appendix 28. APEX collections of sandlance and associated prey samples for diet studies, 1996. 

Co-occurring Species 
Northeastern PWS (APEX 961 63A) 

I station-haul I 
date -gear species 

West Bligh Island 
60-1 -beach sandlance 
60-1 -beach herring 

7-24 60-1 -beach sandfish . - 

17-24 
I 

I 60-2 I epibenthic 1 10:10 1 
7-24 
7-24 

Central PWS (APEX 96163A) 

I I 

Beach seine, Knowles, Redhead Northeastern PWS (APEX 961 63A) 
Adjacent sites 

60-3 
60-4 

plankton 
plankton 

sandlance-lrg 
sandlance-sml 

epibenthic 
plankton 
plankton 

7-25 
7-25 
7-25 
7-25 
7-25 

71 -1 -beach* 
71 -1 -beach* 

71 -2 
71 -3 
71 -4 



Appendix 28, continued. 

Single Species 

Central PWS (APEX 961 63A) 

Miscellaneous 

Northeastern PWS (APEX 961 63A) 

Southwestern PWS (APEX 96163A) 

17:40 
17:55 
18:15 
18:25 

sandlance 
epibenthic 
plankton 
plankton 

inside Bainbridge Pt. 
7-1 6 
7-1 6 
7-1 6 
7-1 6 

1 1 -2-beach 
11-3 
11-4 
11-5 



Appendix 28, continued. 

**stomach ID completed 

7-22 
7-22 
7-27 
8-1 3 

Lower Cook Inlet 1996 1 
Miscellaneous gear (APEX 961 63M) 

1 9-13 1 PB-beach I sandlance 1 16:10 

F-2 
F-2 
F- 1 
A-1 

sandlance** 
sandlance** 
sandlance 
sandlance 

12:lO 
20:15 
10:35 
17:40 



Appendix 28, continued. 

Diel Samples (APEX 96163A) 
Northeastern PWS 
Knowles Bay (replicate 1) 
Beach seines 

**stomach ID completed 

Knowles Bay (replicate2) 
Beach seines 

West Bligh Island 
Beach seines 



Appendix 2C. APEX collections of pollock and associated prey samples for diet studies, 1996. 

Central Region PWS (APEX 96163A) 

Co-occurring Species Miscellaneous (APEX 96163A) 

I ( station-haul I I 1 

S. McPherson Bay 
pollock 
tomcod 

epibenthic 
plankton 
plankton 

7-21 
7-21 
7-2 1 
7-2 1 
7-2 1 

1 7-21 1 65-1-trawl 1 pollock (15 :09(  

date I -gear 
South Smith Is. 

13:30 
13:30 
1350 
1350 
13:45 

42-1 -beach 
42-1 -beach 

42-2 
42-3 
42-4 

1 7-21 1 65-2 ' 1  plankton 1 1535 1 
1 7-21 1 65-3 1 plankton 1 15:45 1 

species 

Lower Cook Inlet, 1996 (APEX 96163M) 
I I 1 

time 



Appendix 2D. APEX collections of tomcod and associated prey samples for diet studies, 1996. 

Co-occurring Species 
Southwestern PWS (APEX 96163A) 

time date 

I 

West Latouche Island 

Northeastern PWS (APEX 961 63A) 
station-haul 

-gear 

tomcod 
pink salmon 
epibenthic 
plankton 
olankton 

7-1 5 
7-1 5 
7-1 5 
7-1 6 
7-1 6 

1O:lO 
1O:lO 
10:35 
10:40 
10:45 

West of Point Countess Central PWS (APEX 961 63A) 

- 

date species 

13:20 
13:21 
13:45 
16:20 
16:30 

1-1 -beach 
1-1 -beach 

1-2 
10-3 
10-4 

~ ~- - 
1 - - -  -I 

l ~ o u t h  side of Pt. Eleanor 

7-23 I 56-3 

tomcod 
herring 

epibenthic 
plankton 
plankton 

7-1 7 
7-1 7 
7-17 
7-1 7 
7-1 7 

1 7-20 1 34-1 -beach I tomcod 1 1 1 :05 1 

station-haul 
-gear 

plankton 
plankton 7-23 

14-1 -beach 
14-1 -beach 

14-2 
14-3 
14-4 

1 7-20 1 34-1-beach I linacod 1 11 :05 1 

13:28 
13:32 56-4 

species time 

L " 
7-20 1 34-1-beach I pollock 
7-20 1 34-2 I e~ibenthic 

1 1 :05 
11:15 

7-20 
7-20 

34-3 
34-4 

S. McPherson Bay 
tomcod 
pollock 

epibenthic 
plankton 
plankton 

7-21 
7-21 
7-2 1 
7-2 1 
7-2 1 

plankton 
plankton 

13:30 
13:30 
1350 
13:50 
13:45 

42-1 -beach 
42-1 -beach 

42-2 
42-3 
42-4 

11 :20 
1 1 :25 



Appendix 2D, continued. 

Central PWS (APEX 96163A), single species 

Southwestern PWS (APEX 961 63A) 

tomcod 

Northeastern PWS (APEX 96163A) 
Diel Station 

]South Bliah Is. I I I 
1 7-27 1 86-1 -beach I tomcod 1 21 :45 1 

1 7-27 1 8604 1 Plankton 1 22:25 1 
1 7 - 2 7  / 86-5 plankton 1 22:28 1 

Northeastern PWS (APEX 961 63A) 

Amatouli Cove, Barren Islands, 1996 
Beach seines (APEX 961 63J) 

Central PWS (APEX 961 63A) 

Northeastern PWS (APEX 961 63A) 

species 
tomcod 
tomcod 

no plankton 

date 
7-2 
7-23 

set # 
1 
1 



Appendix 2E. APEX collections of pink salmon and associated prey samples for diet studies, 1996. 

Co-occurring species (APEX 961 63A) 
Southwestern PWS 

time date species date 
station-haul 

-gear 
station-haul 

-gear species time 



Appendix 2E, continued. 
Single Species (APEX 961 63A) 

Co-occurring Species (APEX 961 63A) Central PWS 
Northeastern PWS 

outer Port Fidalgo 
ink salmon 

stickleback 
7-25 68-3 
7-25 68-4 lankton 1O:OO 

date 

Central PWS 

time 

SW arm of Naked Island 
pink salmon 9:OO 
epibenthic 9:10 

7-2 1 39-4 plankton 9:25 
7-21 39-5 plankton 9:30 

species date 

SW Naked Island 

epibenthic 
40-3 plankton 

7-2 1 40-4 plankton 11 :00 

time 
station-haul 

-gear 
station-haul 

-gear species 

N. Eleanor Is. 

Ingot Is. 
7-20 24-2-purse 

7-20 
7-20 
7-20 
7-20 

pink salmon 
no plankton 

35-1 -beach 
35-2 
35-3 
35-4 

12:06 

pink salmon 
epibenthic 
plankton 
plankton 

12:30 
12:50 
13:05 
13:10 



Appendix 2E, continued. 

Dual gear 
Central PWS 

I station-haul I I 1 

7-20 1 24-2-purse I pink salmon 1 12:06 1 

, date I -gear 
' ~ o r t h  Eleanor Is. 
i 

7-20 1 35-1 -beach 

Miscellaneous hauls (APEX 96163A) 
Northeastern PWS 

species 

 ink salmon 

7-20 1 35-3 

Central PWS 

time 

12:30 

plankton 1 13:05 
7-20 1 35-4 I ~lankton 1 13:lO 

Dual gear and adjacent sites 
Northeastern PWS 

Miscellaneous hauls 

South Storey Is. 
pink salmon 
epibenthic 
plankton 
plankton 

7-22 
7-22 
7-22 
7-22 

12:10 
12:20 
12:20 
12:25 

49-1-beach 
49-2 
49-3 
49-4 

time 
6:45 

missing 

Lower Cook Inlet 1996 (APEX 961 63M) 

Amatouli Cove, Barren Islands, 1996 
Beach seines (APEX 961 63J) 

date 
6-28 
7-1 8 

date 
7-1 7 
7-24 

station-gear 
CP1 -beach 

trawl 

set # 
1 
3 

species 
pink salmon 
pink salmon 
no plankton 

species 
pink salmon 
pink salmon 
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STUDY HISTORY 

Field work for project 95 163E began during the summer of 1995 and consisted of detailed 
studies of the reproductive biology and foraging ecology of Black-Legged Kittiwakes in Prince 
William Sound (PWS), Alaska. In 1995, studies were conducted at one colony in northeastern 
(Shoup Bay) and two colonies (Eleanor Island and Seal Island) in central PWS. Research at 
Shoup Bay was conducted in conjunction with ongoing studies funded by the U.S. Fish and 
Wildlife Service (USFWS). In 1996, we expanded the study to include North Icy Bay rather than 
Seal Island, thereby having sites representing northeastern (Shoup Bay), central (Eleanor Island), 
and southwestern (North Icy Bay) PWS. Additionally, we can make comparisons with long-term 
demographic (Shoup Bay) and population studies (all of PWS) conducted by the USFWS. This 
allows us to more accurately address relationships of variation in prey and decadal trends in 
populations. 

ABSTRACT 

The distribution of Black-legged Kittiwakes (Rissa tridnctyln) nesting in Prince William 
Sound (PWS), Alaska has changed dramatically since the early 1970's. Sixty-three percent of the 
population now nests in northern PWS compared to 30% in 1972. Population analyses indicated 
that between 1984 and 1996, productivity at five northern colonies (n = 9) was sufficient to 
maintain a stable or net population increase (fledgling production 2 adult mortality) while 
productivity at all southern colonies (n = 18) was insufficient to maintain the population (fledgling 
production < adult mortality). These changes and trends corresponded with a decrease in the 
availability of high quality forage fishes in the Gulf of Alaska (GOA). We hypothesize that these 
changes in the GOA primarily affected kittiwakes in the southern PWS where oceanographic 
conditions and prey associated with the Alaska Coastal Current are more similar to those found at 
colonies in the GOA. This resulted in a shift of the nesting population to the north where local 
forage fish production (primarily Pacific herring, Clupen pnllnsi, and Pacific sand lance, 
Anl~tlodyres Izexallterus) allowed high kittiwake productivity in PWS compared to the GOA. As 
part of the APEX project we are conducting detailed studies of three kittiwake colonies located in 
northeastern (Shoup Bay), central (Eleanor Island), and southwestern (North Icy Bay) PWS. 
Based on the above hypothesis, we would expect the Shoup Bay colony to be most successful 
followed by Eleanor Island and North Icy Bay. Our results for 1996 partially support this 
hypothesis and, in cooperation with other APEX components, will allow us to further examine the 
rel~atlonship between PWS and GOA ecosystems. Additionally, res~~l t s  of these studies will help 
determine factors limiting the productivity of kittiwakes in portions of PWS. 

In 1990, the year following the TN Ex,~orz V~rklez oil spill, productivity of Black-legged 
Kittiwakes in Prince William Sound (PWS) decreased and had not recovered as of 1995. Studies 
during this period indicated the decline in productivity resulted from decreased food availability 
and increased predation. Data collected in 1996 provided the first evidence that food availability 
may have been similar to conditions prior to 1990. 



Data collected during this study and Irons (1992) will allow us to model relationships of 
reproductive success, chick diets, chick growth rates, and foraging effort, as indicators of relative 
prey quality and availability. By working with other APEX components and the SEA project 
(EVOS project #320), the above parameters can be used to predict the effects of changes in 
oceanographic conditions and forage fish availability on population dynamics of kittiwakes in 
PWS. 

INTRODUCTION 

Seabirds have been recognized as potentially useful indicators of marine resources by 
many authors (Ashmole 197 1, Boersma 1978, Crawford and Shelton 1978, Anderson and Gress 
1984, Ricklefs et al. 1984, Cairns 1987, Croxall et al. 1988, Monaghan et al. 1989, Harris and 
Wanless 1990, Furness and Barrett 199 1, Furness and Nettleship 199 1, Hamer et al. 199 1, Hunt 
et al. 199 1). Availability of food resources affect foraging success, which in turn affects 
reproductive output. Several reproductive parameters have been proposed as useful indicators: 
breeding phenology, clutch size, breeding success, chick diets, chick growth rates, adult colony 
attendance, adult activity budgets, foraging trip duration, and adult mass (Cairns 1987, Croxall et 
al. 1988). 

Although foraging behavior partially determines reproductive output, the nature of this 
relationship may be complex. Optimal foraging models predict precise behaviors that are assumed 
to maximize fitness (Schoener 1971, 1987, Pyke 1984, Stephens and Krebs 1986). In contrast to 
the idea of optimality, evidence indicates there is a range of foraging effort over which 
reproductive output is not affected (Costa and Gentry 1986, Burger and Piatt 1990, Irons 1992). 
For example, Cairns (1987) suggested that adult survivorship changes only when food is in very 
short s ~ ~ p p l y  while activity budgets change only during medium and high levels of food 
availability. The phenomenon responsible for this uncoupling of foraging effort and reproductive 
output above threshold levels of food abundance has been termed a "buffer" (Cairns 1987, Burger 
and Piatt 1990). A buffer can be defined as the surplus capacity to forage. Buffers can be used to 
compensate for periods of low food availability so that reproductive output is maintained even 
though food is less available. Cairns (1987) also pointed out that activity budgets may be better 
than reproductive parameters as indicators of changes in food supply; the effects that changes in 
food supply have on reproductive output may be reduced by parents altering their foraging 
behavior to compensate for shortages. Burger and Piatt ( 1990) and Irons ( 1992) found evidence 
of this in common murres (Urin aalge) and black-legged kittiwakes, respectively. 

In addition to understanding how food shortages affect productivity of seabirds, i t  is 
important to understand how seabirds find their food in order to identify which processes break 
down during a food shortage. Many species of seabirds, including black-legged kittiwakes and 
marbled murrelets (Brclchyra~tlph~ls nznrmorarus), forage in flocks (Sealy 1973, Hoffman et al. 
198 1 ,  Duffy 1983, Harrison et al. 1991) which apparently increase foraging efficiency (Lack 
1968. Morse 1970, Sealy 1973, Hoffman et al. 198 1 ,  Wittenburger and Hunt 1985, Gotmark et 
a1. 1986, Harrison et al. 1991). The formation of seabird feeding flocks is enhanced by a form of 



information transfer termed "network foraging" (Wittenburger and Hunt 1985), which results in 
heabirds learning of and joining feeding flocks by observing the flight of other seabirds as they fly 
toward a feeding flock (Gould 197 1, Sealy 1973, Hoffman et al. 198 1). However, the importance 
of flock foraging has been questioned by Irons (1992), who found that much foraging by breeding 
kittiwakes occurred outside of foraging flocks. 

During the 1995 and 1996 nesting season, productivity, chick diets, and foraging of 
kittiwakes were monitored at three colonies in PWS. We addressed three of the ten APEX 
project hypotheses: 
1) Seabird diet reflects changes in relative abundance and distribution of forage fishes around 

colonies. 
2) Changes in seabird productivity reflect changes in availability of forage fishes as measured 

in foraging trips, chick meal size, and chick provisioning rates. 
3) Seabird species within a community react predictably to different prey bases. 

METHODS 

Study Area 

This study was conducted in Prince William Sound (PWS), a 10,000 km2 inland 
marinelestuarine waterway located along the north coast of the Gulf of Alaska (Fig. 1). The 
abundant fjords, bays, and islands in PWS provide shoreline habitat in excess of 4000 km. This 
area is also characterized by heterogeneous bathymetry and large tide height variation causing 
eddies and upwelling which likely affect the distribution of forage fishes and availability to 
seabirds (Irons 1992). 

Population Dynamics 

Estimates of the nesting population of Black-legged Kittiwakes in PWS were first 
conducted in 1972 by Isleib and Kessel (1973). In 1984, David Irons (1996) began collecting 
annual population (nest counts in mid June) and productivity (chick counts in early August) data 
from all colonies (n  = 37) in PWS (total of 13 years including 1996). Additionally, an intensive 
banding effort was initiated at Shoup Bay in 1988. This consisted of color-banding 500 kittiwake 
chicks each year. In 199 1 ,  about 850 were captured and color-banded for individual identification 
and annual resighting efforts ( 199 1 to 1996) have been conducted to estimate adult survival rates 
(Golet et al. in review). By using these data and treating individual colonies (initially) and PWS 
(secondarily) as closed populations (assuming no immigration or emigration) we addressed the 
working hypothesis: 

I )  Demographic parameters can be used to explain observed changes in populations at 
individual colonies and PWS as a whole. 

Recruitment required to maintain a population at equilibrium is defined by : 



where fecundity is the number of female offspringlfemalelyear, FSR,,,,, is the finite survival rate of 
adults and FSR,,, is the finite survival rate of juveniles (Ricklefs 1973). Estimates of adult 
survival were obtained from kittiwakes at Shoup Bay, PWS (mean = 0.922; Golet et al. in 
review). We are in the process of calculating juvenile survival and mean age at first breeding for 
kittiwakes at Shoup Bay. For these analyses, however, we used first year survival (0.79; Coulson 
and White 1959) and mean age at first breeding (4 to 5 years; Wooler and Coulson 1977; Porter 
and Coulson 1987) from studies at the North Shields colony in Scotland. We used adult survival 
rate as a conservative estimate for juvenile survival from age 1 to breeding age and a fledgling sex 
ratio of 50:50. Given these demographic parameters, a population would have to produce 0.24 to 
0.27 young per nest (or female) for the population to replace itself. Therefore, a productivity 
(fledglingslnest) of > 0.27 produced a net population increase, < 0.24 produced a net decrease, 
and 0.24 to 0.27 was considered a stable population. 

Treating each colony as a closed population, we determined if immigration or emigration 
occurred by comparing projected colony sizes to actual counts between 1984 and 1996. 
Estimated colony sizes were determined by using a population projection matrix (birth pulse 
model for a post-breeding census; Leslie 1945, 1948 ) with the above demographic parameters, 
and number of fledglings produced each year. For initial analyses we assumed a probability of 
breeding of 100%. 

Colony Studies 

Primary Black-legged Kittiwake colonies studied during the 1996 nesting season in PWS 
were located near Shoup Bay, Eleanor Island, and North Icy Bay. In 1996, Shoup Bay was the 
largest kittiwake colony (6537 nests, an increase of 5 106 nests since 1984) in PWS, Eleanor 
Island was a relatively small colony (268 nests, relatively stable since 1984), and North Icy Bay 
was of moderate size ( 1877 nests, an increase of 1680 nests since 1984). 

Between 2 June and 16 August, the contents of Black-legged Kittiwake nests were 
recorded every three to seven days at colonies near Shoup Bay (206 nests in 12 plots), Eleanor 
Island (286 nests, entire colony), and North Icy Bay (162 nests; 1 1  plots). Only nests built before 
20 June were included in the plots. 

To determine growth rates, measurements of chicks were recorded every four (Shoup Bay 
and Eleanor Island) to eight days (North Icy Bay) from hatching to fledgling. Recorded 
measurements included head plus bill (+ 0.1 mm), tarsus (+ 0.1 mm), wingchord (_+I  mm), tenth 
primary ( + I  mm), and total mass (k1 g)  of bird. Growth was calculated as mass gain per day 
during the near-linear growth phase of 60 to 300 g; producing results that are virtually identical to 



Ricklef s ( 1967) maxin~um instantaneous growth rates (Galbraith 1983). Additional measures of 
growth will be evaluated during further data analyses. 

Chick diet samples (regurgitations) were collected while handling chicks, weighed to the 
nearest 0.01 g on an Ohaus top-loading balance, and frozen. Typically, no more than one sample 
was collected per chick. Prey were identified using otoliths (all species) and scales (Pacific 
herring). 

Adult Black-legged Kittiwakes were captured at their nests using a noose pole or leg 
noose and radio transmitters (Advanced Telemetry Systems, Inc (ATS), 166 - 167 MHz,  10 g) 
were attached to 38 birds at Shoup Bay, 24 birds at Eleanor Island, and 20 birds at North Icy 
Bay. At Shoup Bay and Eleanor Island, each transmitter had a unique frequency. At North Icy 
Bay. three transmitters for each frequency were differentiated by pulse widths of 145, 185, and 
195 milliseconds. Transmitters were attached (using two plastic cable ties and Loctite 494 instant 
adhesive) to the ventral surface at the base of tail feathers (Anderson and Ricklefs 1987; Irons 
1992). Head, breast, tail and underwings of radio-tagged kittiwakes were dyed (Nyanzol D and 
Rhodomine B) one of three unique color combinations. The dye permitted easy identification of 
kittiwakes during tracking. 

A remote receiving station (RRS) recorded the presence of radio-transrnittered kittiwakes 
at Shoup Bay, Eleanor Island, and North Icy Bay colonies. A RRS consisted of an ATS data 
collection computer (DCC) connected to an ATS receiver and a dipole (Shoup Bay and Eleanor 
Island) or two element "H" antenna (North Icy Bay). A reference transmitter was placed on the 
colony to verify continuous operation of the DCC. Frequencies beyond the range of transmitters 
("dummy frequencies") were input into the DCC to test for radio interference. The RRS was 
powered by an 80 ampkr deep cycle, lead-acid battery, which was charged by a three amp solar 
panel. The DCC's at Shoup Bay and Eleanor Island continuously scanned each frequency 
(including high/low brackets + 2 KHz, reference transmitter, and three dummy frequencies) for 
approximately twenty seconds every ten minutes. DCC's at North Icy Bay continuously scanned 
each frequency for approximately one minute every ten minutes. The DCC at Shoup Bay required 
a little iess than 45 min for a complete scan of all frequencies (including high/low brackets, 
allowing three opportunities to receive each frequency). A kittiwake was, therefore, considered 
absent from the nest if the transmitter signal was not received for > 45 min. 

Foraging trip duration, distance, location, and behavior were determined while tracking 
radio-tagged kittiwakes from a 7.3 m Boston Whaler with an ATS receiver and a four element 
yagi antenna. Kittiwakes rearing chicks were selected for tracking. Observers waited near the 
colony until a radio-tagged bird left, then attempted to keep the'kittiwake in view until i t  returned 
to the colony. Behaviors recorded included traveling (straight flight), searching for prey (back 
and forth tlight), foraging (surface plunge or surface seize; Ashmole 197 l ) ,  resting, and lost (bird 
out of view) . Since duration of pursuit and handling of prey for kittiwakes is negligible compared 
to search time (Irons 1992), foraging was combined with searching in final analyses. Observers 
also recorded locations of foraging flocks and whether the radio-tagged kittiwake joined or 



passed the foraging flock. Foraging flocks included any seabird species and were divided into 
three categories; 1 )  foraging flock (2 2 birds flying back and forth with at least two surface plunge 
or surface seize locations less than 10 m apart), 2) dispersed foraging flock ( 2  2 birds foraging in 
an area > 10 n~ and < 500 m), and 3) potential foraging flock (2 2 birds flying back and forth with 
< 2 foraging attempts within a 500 m diameter). Locations of foraging kittiwakes, foraging 
flocks, and flight paths of radio-tagged kittiwakes were determined using a Lowrance LMS-350A 
geographic positioning system receiver (GPS). The computer program Atlas GIs  was used to 
plot foraging trip locations and measure distance to shore for foraging kittiwakes, maximum 
foraging distance from colony (shortest distance without intersecting land), and total trip distance. 

In addition to tracking efforts at Shoup Bay and North Icy Bay colonies, we also used a 
series of telemetry surveys to obtain at-sea locations of birds from these colonies. The telemetry 
surveys consisted of traveling by boat along a designated route encompassing expected foraging 
ranges and monitoring radio frequencies for presence or absence of radio-tagged birds. 

In addition to adult kittiwakes captured for radio-tagging, adults were also captured 
during the late chick rearing period at the three colonies. Morphometrics obtained from these 
birds were used to compare body condition between incubation and chick rearing and among 
sites. Principal components analysis (SAS 1988) was used to calculate body size indices which 
were plotted against corresponding masses. A regression of body size index versus mass was 
calculated to compare mean residual mass between early and late season and among sites. 

RESULTS 

Analyses of data collected are not complete and considered preliminary. Final results will 
be subjected to additional statistical analyses. 

Population Dynamics 

There are 27 colonies of Black-legged Kittiwakes located throughout PWS (Fig 1). 
Colony size ranges from < 20 to over 6500 nests. Since 1972, tile nesting population at certain 
colonies has greatly increased while others have greatly decreased or been abandoned. Overall, 
distribution of the nesting population in PWS has changed dramatically since the early 1970's. 
Sixty-three percent of the population now nests in northern PWS compared to 55% in 1985 and 
30% in 1972. For this comparison, northern and southern PWS are divided by a line intersecting 
Port Nellie Juan in western, Naked Island in central, and Bligh Island in eastern PWS (northern 
PWS comprises those colonies with foraging ranges more likely associated with oceanographic 
conditions specific to PWS waters vs. GOA influences in southern PWS; Fig 1). Population 
ilnalyses indicated that between 1984 and 1996, productivity at five northern colonies (n = 9) was 
sufficient to ~naintain a stable or net population increase at those colonies (fledgling production 2 

adult mortality) while productivity at all southern colonies (n = 18) was insufficient to compensate 
adult mortality (tledgling production < adult mortality; Fig 2). For PWS as a whole, productivity 
was sufficient to maintain a net population increase between 1984 and 1989. Decreased 



productivity, however, between 1990 and 1995 was insufficient to maintain the population. 
When evaluated by regions during 1984 through 1996, however, it was only the northern 
colonies that maintained sufficient productivity to compensate adult mortality. Whereas, 
productivity at the southern colonies was insufficient to maintain populations during this period 
(Table 1 ) .  

There was evidence of immigration at 44% of northern (n = 9) and only 28% (n = 18) of 
southern colonies (Fig 3). Suprisingly, these included colonies where fledgling production was 2 

adult mortality and where fledgling production was < adult mortality. Passage Canal was the only 
colony that had evidence of juvenile emigration (projected population was > actual counts). Six 
colonies in southern PWS had evidence of emigration of adults (population declined at a rate 
greater than what could be explained by adult mortality alone). There was evidence for 
immigration into PWS during several years. Based on demographic parameters, the kittiwake 
population in PWS should decline over the next couple of years if immigration is not occurring. 

Colony Studies 

In 1996, productivity (fledglingslnest) was greatest at Shoup Bay (0.73) followed by 
Eleanor Island (0.53) and North Icy Bay (0.28). Compared to !995, productivity was less at 
Shoup Bay and greater at Eleanor Island in 1996. Laying success (2 0.87 of nest structures 
having 2 1 egg) and mean clutch size (2 1.73 eggs) was relatively high at all three sites. 
Therefore, low productivity at North Icy Bay resulted from loss of eggs and chicks over the 
nesting period. Overall productivity for kittiwakes in PWS was the greatest (0.35 fledglingslnest) 
since 1989; in contrast to the last six years (1990 to 1995) of reduced productivity. 

Chick growth rates were greatest at Shoup Bay and least at North Icy Bay, although these 
differences were smaller than anticipated (< 0.6 glday). Chick growth rates at Eleanor Island and 
North Icy Bay were slightly greater in 1996 compared to 1995. 

When reproductive and foraging parameters were compared with previous years, some 
interesting trends became apparent. At Shoup Bay, foraging trip distance, chick growth, 
productivity, and chick diets were similar during three of four years (Fig 4). In 1990, however, a 
dramatic change in diet (significantly less herring, and more walleye pollock, Theragra 
chnlcogrc~nlcz) resulted in greater foraging trip distances, reduced chick growth, and decreased 
productivity. These data indicated the additional time and energy required to obtain food was 
beyond the adults ability to buffer their chicks against variability in prey resources. At Eleanor 
Island, two of three years were similar among these measurements. In this case, a significant 
change was observed in 1996 with a dramatic change in diet (markedly less herring and more 
capelin, Mcrllot~~.~ vi1losu.s) and corresponding increase in foraging trip distance (Fig 5). This 
increased effort, however, did not result in decreased productivity or chick growth, indicating that 
the adults were able to obtain sufficient quantities of good quality food and that the increased 
effort was within the limits for the adults to buffer their young. The relatively few adult 
kittiwakes at North Icy Bay that were able to obtain sufficient quantities of high quality food 



(herring, sand lance, and capelin) produced chicks with good growth rates (Fig 6). Their 
estimated foraging trip distances, however, were long; approaching the limit observed for 
kittiwakes at Shoup Bay in 1990 and may have contributed to reduced productivity. This 
increased effort at North Icy Bay corresponded with adults being slightly lighter (1.5 - 4%) than 
those at Eleanor Island and Shoup Bay. These differences were not as great as expected, but may 
reflect increased energetic requirements of adults at North Icy Bay and reduced abundance of 
good quality prey. 

At-sea locations of kittiwakes from Shoup Bay in 1996 were similar to locations obtained 
in 1995 (Fig 7c). The only exception appears to be more locations around Glacier Island in 1996, 
west of the entrance to Valdez Arm. These are consistent with similar foraging trip durations 
and diets between the two years. In contrast, there was a change in foraging areas used by 
kittiwakes from Eleanor Island. In 1996, the significantly greater foraging trip durations and 
distances and change in diet corresponded with more trips to Green Island where large schools of 
capelin were observed (Fig 7a). One kittiwake from North Icy Bay was tracked south to Pt. 
Elrington (Fig 7b) where it was observed foraging on a large school of capelin. Foraging flocks 
associated with the capelin schools were much larger (100's to 1000's of birds) than those 
typically found in PWS. Although foraging flocks were commonly encountered while tracking, 
adult kittiwakes that successfi~lly raised young were observed foraging alone > 50% of the time 
when foraging flocks were present. Distance to shore of foraging locations was on average within 
1 km of shore, consistent with data from previous years. 

Data from contin~~ous monitoring by the DCCs indicated mean daily trip duration changed 
over the chick rearing period (Fig 8a,b). At Shoup Bay and Eleanor Island, mean trip duration 
increased markedly and became more variable around the third week in July. The increased trip 
duration was observed for adults with chicks of various ages and for one adult without chicks; 
indicating potential responses to variation in prey availability. Trip duration among adults raising 
chicks at North Icy Bay was considerably more variable (Fig 8c) and may reflect limited or 
unpredictable food resources. 

Using these measures ot reproductive and foraging effort obtained over years with 
variable prey diversity and abundance, we can build theoretical frameworks for estimating quality 
and relative abundance of prey as outlined in Table 2. These estimations could then be compared 
to data collected by the fisheries investigators (APEX component A). 

DISCUSSION 

Morrison ( 1986) and Temple and Wiens ( 1989) argued that avian population measures are 
not useful to monitor environmental change because of the difficulties involved in establishing 
direct cause-and-effect relationships. Also, the appearance of the effects may be buffered by time- 
lags caused by intermediate stages in the cause-effect relationship or the site-fidelity of breeding 
birds (Tempie and Wiens 1989). This is a reasonable conclusion when addressing change over 



t ~ m e  per~ods that are short in relation to life hisories of seabirds, which are typically long-lived 
specles that experience delayed maturity, low reproductive rates (Lack 1967), and breeding site- 
fidelity. However, when considering environmental change on the decadal scale, such as that 
described in the GOA (Piatt and Anderson 1996), changes in seabird populations would likely 
reflect these conditions. Until recently, there has been little information on the relationship of 
oceanographic processes in PWS and the GOA. Because of this, it is not known how changes in 
the GOA since the late- 1970's may have affected oceanographic conditions in PWS. Researchers 
from the SEA project (EVOS project 320) are in the process of collecting data to model the 
Alaska Coastal Current and its effect on the oceanography of PWS. Long term monitoring of 
kittiwake populations and demography in PWS may provide valuable information for correlating 
popc~lation trends with environmental changes. Between 1984 and 1989, kittiwake productivity in 
the GOA was at a low of 0.19 fledglings/nest (Hatch et al. 1992), similar to those colonies in 
southern PWS. In contrast, productivity at colonies in northern PWS were significantly greater, 
indicating availability of prey resources to maintain productivity. Diets of luttiwake chicks in the 
GOA consist of primarily capelin and sand lance, in contrast to northern PWS where herring and 
sand lance are the dominant prey items. Reduced productivity of kittiwakes and other piscivorous 
seabirds in the GOA are likely related to changes in oceanographic conditions and subsequent 
decline in abundance of capelin and, potentially, sand lance since the late 1970's. We hypothesize 
that the proposed regime shift in the GOA primarily affected kittiwakes in southern PWS where 
oceangraphic conditions and prey associated with the Alaska Coastal Current are more similar to 
those found at colonies in the GOA. This resulted in a shift of the nesting population to the north 
where local forage fish production (primarily herring and sand lance) allowed greater kittiwake 
productivity in PWS compared to the GOA. 

Cairns ( 1987) described relationships between population and behavioral parameters of a 
generalized seabird and its food supply. These parameters--adult survivorship, breeding success, 
chick growth, colony attendance, and activity budgets--are sensitive to different ranges of food 
availability and indicate responses on the order of hours (time budgets) to years (survivorship). A 
confounding factor is the ability of an adult to buffer their chick(s) from variability in food supply 
(Burger and Piatt 1990). As food supply decreases, however, a maximum limit of foraging effort 
is reached at which point adults can no longer buffer their chicks from reduced prey availability 
(Irons 1992). Therefore, to use seabirds as indicators of food availability requires integration of 
measures from all parameters and a standard by which to compare; as can only be obtained from 
long-tern~ studies. 

For example, based on the above parameters for data acquired for kittiwakes in PWS, we 
would estimate relative prey quality and availability as depicted in Table 2. If reproductive 
p~uameters, diet quality, and chick growth are good and foraging trip effort (distancelduration) is 
within limits of the buffer, we conclude that available prey is of high quality and availability (as for 
Shoi~p Bay in 1989, '95, '96, and Eleanor Island 1996). If measurements of parameters were all 
poor. then prey quality and availability is presumed low, as with Shoup Bay in 1990. If all 
parameters were good except productivity (Eleanor 1989, '95) we would conclude that factors 
other than food qu~tlity and availability limited productivity (e.g. predation, weather, 



anthropogenic influences). If, however, foraging effort was unusuaily high in association with 
low productivity, as with North Icy Bay in 1996, this indicates that relative abundance of prey 
may have been low (Table 2). With sufficient data, theoretical relationships (such as proposed in 
Table 2)  can be developed into predictive models. 

Further development of these relationships (conceptually and numerically) in conjuction 
with other APEX components will provide powerful tools for future monitoring of factors 
affecting reproductive success and foraging effort. 
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Table 1 .  Productivity (fledglings/nest) of kittiwakes nesting at colonies in northern vs. southern 
PWS from 1984 to 1989. 

North 0.44 0.47 0.48 0.45 0.46 0.54 

South 0.09 0.03 0.13 0.19 0.16 0.09 



Table 2. Conceptual framework for estimating quality and abundance of prey available to 
kittiwakes based on measures (+:good, -: poor, =: average) of productivity, diet quality, chick 
growth, and trip distance (+:within estimated buffer, -:at or near limit of buffering ability). 

Shoup '89, '95, '96 
Eleanor '96 Eleanor '89, '95 North Icy Bay '96 Shoup '90 

Productivity 

Diet Quality 

Chick growth 

Trip Distance 

Estimated Prey 
Availability 

Quality 

Abundance 

high 

high 

high 

high 

high 

low 

mod / low 

low 

Comments 
Not Food 

Related 
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Figure 1 .  Locations of 27 kittiwake colonies ( 0  = study colonies) within Prince William Sound 
(PWS), Alaska. Line divides northern and southern PWS; northern PWS comprises those 
colonies with foraging ranges more likely associated with oceanographic conditions specific to 
PWS waters vs. GOA influences in southern PWS. 

Figure 2. Kittiwake colonies with productivity sufficient for a net population increase 
(reproduction > adult mortality), one colony where productivity was sufficient to maintain a stable 
population (reproduction = adult mortality), and colonies with insufficient productivity to 
maintain the population (reproduction < adult mortality) between 1984 and 1996. Arrows depict 
approximate summer flow of the Alaska Coastal Current. 

Figure 3. httiwake colonies with consistent evidence of immigration or emigration among years, 
1984 to 1996. 

Figure 4. Mean foraging trip distance (straight line distance without hitting land to the furthest 
foraging location from colony), chick growth rates (60 - 300 g linear), productivity 
(fledglingslnest), and diet composition of chicks (% occurrence) for kittiwakes at the Shoup Bay 
colony, 1989 - 1996. 

Figure 5. Mean foraging trip distance (straight line distance without hitting land to the furthest 
foraging location from colony), chick growth rates (60 - 300 g linear), productivity 
(fledglingslnest), and diet composition of chicks (% occurrence) for kittiwakes at the Eleanor 
Island colony, 1989 - 1996. 

Figure 6. Mean foraging trip distance (straight line distance without hitting land to the furthest 
foraging location from colony), chick growth rates (60 - 300 g linear), productivity 
(fledglingslnest), and diet composition of chicks (% occurrence) for kittiwakes at the North Icy 
Bay (1996) and Shoup Bay colonies (1990, a year of poor food availability). 

Figure 7. Foraging locations obtained by radio-tracking kittiwakes from Eleanor Island (a), 
North Icy Bay (b) and Shoup Bay (c) in 1995 (+) and 1996 (a). Also, approximate locations of 
unknown activites of kittiwakes from North Icy Bay (b) and Shoup Bay (c) in 1996, determined 
by telemetly surveys. 

Figure 8. Mean daily foraging trip durations during July for kittiwakes raising chicks (< 32 days 
old) at Shoup Bay, Eleanor Island, and North Icy Bay colonies in 1996. 
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Executive Summary 

The objective of this component was to evaluate the breeding and feeding ecology of 
pigeon guillemots (Cepphus columbn) with respect to the abundance and availability of forage 
fish in the near shore environment. We monitored the reproductive success of 50 guillemot nests 
at Naked Island, Prince William Sound. Using binoculars and spotting-scopes, we determined 
the diet of guillemot chicks by identifying fish carried to the nests by adult birds. 

The population of pigeon guillemots in Prince William Sound decreased from about 
15,000 in the early 1970s to less than 5,000 in the 1990s. Study colonies at Naked Island and 
four neighboring islands in Prince William Sound have shown a similar trend since the late 
1970s. During this same period, the diet of pigeon guillemot chicks on Naked Island also 
changed. In the late 1970s Pacific sand lance (Ammodytes hexnpterus), a schooling forage fish, 
dominated the chick diet. In the 1990s chick diet has been dominated by fish that live on or near 
the bottom, such as gunnels (Pholididne), pricklebacks (Stichneidne), and sculpins (Cottidne). 
Also more prevalent are the cod-like fish (Gadidae) in chick diets. The correlation between 
percent sand lance in the chick diet and the total guillemot population is strong, and we suggest 
that there is a link between the change in diet and the population decline. 

The productivity of guillemots at Naked Island was lower, but not significantly so, in the 
1990s than it was in the late 1970s. After 1989, predation was more prevalent at our study 
colonies than it was previously, and was the cause of numerous failed nesting attempts. 
Guillemots at Naked Island are doing better than guillemots in other regions. The weighted 
average productivity of guillemots on Naked Island (0.81 fledglinghest) is higher than the 
combined weighted average, from numerous studies, of guillemots in British Columbia, 
Washington, and Oregon (0.65 fledgling/nest). Thus low productivity for birds attempting to 
nest is not an obvious factor in the population decline in Prince William Sound. 

Data from numerous sources indicate that there has been a change in the Gulf of Alaska 
marine ecosystem that began around the late 1970s which in turn has probably affected marine 
bird populations. The populations of many species of piscivorous marine birds and mammals 
have declined in Prince Wiillalr~ Sound since the early 1970s. This ecosystem shift and the 
accompanying changes in the food web may account for many of the observed population 
declines. Besides the 1989 oil spill, other possible contributing factors are winter mortality of 
adults and juveniles, and low proportions of birds attempting to breed. However, these factors 
are also likely food-related and thus linked to changes in the ecosystem. 

In 1996, we observed more schools of sand lance and more seabird foraging flocks 
around Naked Island than in either of the two previous years. This may indicate a strong year 
class for sand lance and possibly future increases in their abundance. The percent of sand lance 
in the chick diet was 17% in 1996 compared to 10% for each of two the two previous years. 
This component of the APEX study will further investigate the link between the diet, population 
and prod~~ctivity of g~~illemots and the abundance and distribution of forage fish in Prince 
William Sound. 



The Breeding and Feeding Ecology of Pigeon Guillemots at Naked Island in Prince 
William Sound, Alaska 

INTRODUCTION 

During the 1996 breeding season, we studied the breeding and feeding ecology of pigeon 
guillemots nesting on Naked I. in the western part of Prince William Sound (PWS). Pigeon 
guillemots were chosen for study by Alaska Predator Ecosystem Experiment (APEX) and 
Nearshore Vertebrate Predator Project (NVP) because 1) they constitute an injured resource 
affected by the oil spill, 2) they forage near shore in shallow water on fish and invertebrates 
particularly vulnerable to oil accumulations, 3) there exists prespill data for this species in PWS, 
and 4) they are relatively easy to study for population, diet, and productivity data. 

Pigeon guillemots (Cepphus columbn) are cavity-nesting, pursuit-diving seabirds that 
forage mostly in the near shore environment on both demersal and schooling fish (Storer 1952). 
Guillemots nest in small scattered colonies or in solitary pairs in natural cavities along rocky 
shorelines. Unlike most other members of the family Alcidae, the pigeon guillemot typically 
lays a clutch of two eggs. The chicks are semiprecocial, usually spending about 35 to 45 days in 
the nest. During the daylight hours, they are fed by both parents, which return to the nest with 
one prey item (usually fish) at a time in their bills. 

The population of pigeon guillemots in PWS has decreased from about 15,000 in the 
1970's (Dwyer et al. ND) to less than 5,000 in the 1990's (Agler et al. 1994, Sanger and Cody 
1994). There is some evidence suggesting that this population was in decline before the T N  
Exxon Vnldez oil spill in March of 1989 (Oakley and Kuletz 1996). 

Demersal fish such as gunnels (Pholidae), pricklebacks (Stichaeidae), and sculpins 
(Cottidae) have always been an important component of chick diet, and their relative 
contribution has increased since 1989. The proportions of Gadidae and schooling fish such as 
Pacific herring (Clupea herengus) capelin (Mnllotus villosus) and Pacific sand lance 
(Ammodytes hexcrpterus) have varied widely from year to year. 

Numerous studies have shown that changes in the availability of prey species can result 
in widespread reproductive failure of seabirds (Vermeer et al. 1979, Anderson et al. 1982, 
Springer et al. 1986, Safina et al. 1988, Uttley et al. 1989, Furness and Barrett 1991; but see 
Burger and Piatt 1990). We hypothesized that pigeon guillemot numbers may be limited by the 
availability of suitable forage fish such as Pacific sand lance (Ammodytes hexnpteriis), Pacific 
herr~ng ( C l u p e ~ ~  hureizg~is) and capelin (Mczllotus vi1lo.s~~). Adult survival, recruitment, 
breeding, and foraglng parameters were investigated to try and determine if food availibility is a 
limiting factor to overall populations. Although results are still preliminary and more data from 
future years is planned, the correlation between percent sand lance in the chick diet and the total 
guillemot population at Naked Island is strong, and we suggest that there is a link between the 
change in diet and the population decline. 



OBJECTIVES 

1. Determine if availability of food is limiting reproductive success of guillemots by 
collecting the following kinds of data: 
a. Measuring breeding parameters, including phenology, chick growth rates, 

fledging weights, and reproductive success at several colonies on Naked I. 
b. Measuring foraging parameters, including diet and provisioning rates of chicks, 

and locations of foraging areas. 

METHODS 

Study Area 

Our field season extended from 6 June through 22 August 1996. All of our study 
colonies were located on Naked I. in PWS (Fig. 1). We chose Naked I. in 1994 as one of our 
principal study sites and as a base of operations because of the high number of breeding pigeon 
guillemots present (almost one third of the population in PWS) and the accessibility of the nest 
sites. Also it has an excellent anchorage and it had been used previously as a base camp for 
other guillemot studies (Eldridge and Kuletz 1980, Oakley 1981, Kuletz 1983, Oakley and 
Kuletz 1996). The camp has been used consectutive seasons since 1994. Naked I. (ca. 3,862 ha) 
has a maximum elevation of 400 m and is part of a group of three main islands. Much of the 
shoreline of Naked I. is characterized by low cliffs and cobble or boulder beaches; higher, steep, 
exposed cliffs occur along portions of the eastern shore. The island is forested to its summit; the 
principal species of tree are Sitka spruce (Picea sitchensis), western hemlock (Tsugn 
Ileterophylla), and mountain hemlock (T. mertensiann). Naked I. is part of the Chugach 
National Forest. 

Naked I., about 30 km southwest of the site where the T N  Exxon Vuldez ran aground on 
Bligh Reef, was one of the first areas to be oiled (see Fig. 1, Kuletz 1996:772). Between 27 
March and 2 April, 1989, portions of the eastern, northern, and northwestern shorelines were 
oiled. The prevailing winds moved most of the oil to the south, away from the island, but 
between 7 and 9 April, southerly winds brought the oil into contact with the southern and 
western shorelines of Naked I. again. 

Censusing: Population and Colony Attendance 

Pigeon guillernot populations at Naked, Peak, Storey, Smith, and Little Smith Islands 
(the Naked Island complex, Fig. 1)  were censused by circumnavigating each island in a small 
boat at a distance of between 50 m and 100 rn from the shore when the weather was good and 
the tides were near high. We censused Naked I. on 7 June and the other islands of the complex 
on 8 June. Thebe censuses were conducted at approximately the same time of day (0600- 1200 



Alaska Daylight Time) and at the same time of year that previous censuses of the this area were 
made. Also, throughout the breeding season, but mostly during the chick-rearing period, we 
counted the maximum number of guillemots present at a particular colony at 15-minute intervals 
whenever that colony was being monitored from a boat or a blind. To examine colony 
attendance as a function of time of day , we made two continuous 24-h watches at the Nomad 
colony ( 12-13 and 18- 19 June) from noon to noon on each watch. Observation shifts were four 
hours. 

Nest Sites and Monitoring 

We monitored those nests used in 1994 and 1995 plus several new ones found during the 
1996 breeding season. Most were at colonies along the western shoreline. Because of their 
inaccessibility or our inability to determine their contents, some of these nests were monitored 
only during feeding observations and were not used as part of our productivity sample. Nest 
sites were classified according to one of three types of habitat in which they occurred: tree root 
systems, rock crevices, or talus piles. 

To reduce the risk of nest abandonment due to our activities, we checked nests at five- 
day intervals (less frequently than during previous seasons) until near fledging. When a chick 
reached an age of 30 days, then that nest was checked and the chick weighed and measured on a 
daily basis until it fledged. 

Banding and Morphometrics 

Some adults were caught by hand at the nest or with a mist net as they attempted to 
deliver food to their chicks. Adults were banded on the left foot with a USFWS metal band 
(bottom) and a color plastic cohort band (top), and on the right foot with a unique combination 
of two color plastic bands. Chicks were banded on the right foot with a USFWS metal band 
(bottom) and a color plastic cohort band (top) and on the left foot with a unique combination of 
two color plastic bands. The 1996 cohort plastic band was white. 

We measured all adults that we handled and all accessible chicks. We measured 
niaximum wing chord and length of the fifth and outer primaries with a rule to the nearest 
millimeter. We weighed birds with pesolaTM spring scales (0-100 g x 1 g, 0-500 g x 5 g, or 0-1 
kg x 10 g). Newly hatched chicks were marked on the right foot and on the down of their head 
with permanent markers to distinguish between alpha (first-hatched) and beta (second-hatched) 
chicks until they were large enough to be banded. 

Nesting Chronology and Productivity 

We did not have enough information on hatch dates to construct a complete nesting 
chronology as in previous years. However, we determined fledging dates for many chicks to 
w~thin one day. 

We estimated productivity only from those nests that were found in the egg stage and 
followed through fledging. During the incubation stage, a nest was considered to be active and 
included in our salilple if i t  contained at least one egg and if an adult was seen in that nest at 



least once. If we knew two eggs had been laid in a nest but saw only one chick and no sign of 
the other egg, we assumed that both eggs hatched and one chick died. It seems unlikely that a 
predator entering an active nest would take only one egg and leave the other intact. Also, based 
on other guillemot studies (G. Divoky, pers. comm.; D.L. Hayes, pers. obs.), the proportion of 
two-egg nests in which only one egg hatches is fairly low. 

Measures of productivity were defined as follows: hatching success (eggs hatchedeggs 
laid), fledging success (chicks fledgedleggs hatched), and overall productivity (chicks 
fledged/eggs laid). Thirty days is approximately the minimum time spent in the nest by 
guillemot chicks; the actual time is often much longer. For purposes of estimating fledging, 
however, any chick surviving in the nest for 30 days was assumed to have fledged. Other 
measures of productivity (mean clutch size, number of chicks hatched per nest, and number of 
chicks fledged per nest) were used for comparison with previous years' data from Naked I. and 
from other regions. 

Predation 

If eggs disappeared from nests between visits, we assumed that predation was the cause. 
If chicks too young to fledge (i.e., younger than 30 days) disappeared from nests between visits, 
we assumed predation was the cause only if we were reasonably certain that no chick was still in 
some hidden corner of the nest. In some instances, where the nest cavity was too long or 
labyrinthine, it was not possible to make this determination. If after repeated visits to this type 
of nest, we never saw the chick(s) again or never found direct evidence of predation, we listed 
the cause of fdilure as unknown. 

Chick Growth and Fledging Weights 

We calculated the growth rates of chicks as the change in body mass (g/d) during the 
linear phase of their growth, which is the period eight to 18 days after hatching (Koelink 1972). 
We estimated the age of some chicks by comparing their body mass to that of known-age chicks 
from the 1995 field season, or from other clues such as the appearance of the down. Fledging 
weight was assumed to be the last recorded weight of a chick that was measured within 24 hours 
of fledging. 

Chick Provisioning and Diet 

Either from blinds or from boats we observed adult guillemots bringing food items to 
their chicks throughout the chick-rearing period (total observation time = 256 h). Feeding 
watches ranged from 2 h to 18 h; shifts lasted up to 5 h. Usually only one observer was in the 
blind at a time. Binoculars and spotting scopes were used to identify prey items in the bills of 
guillemots to the lowest possible taxon or "type" of prey. When time and visibility permitted, 
we also estimated the length of the prey item as a multiple of the guillemot's bill to the nearest 
half-bill length. We recorded the time an adult returned to the colony with a fish or the time it 
was first seen with a fish on the water in front of the colony. We also recorded the time of each 
delivery and the number of the nest to which the prey was delivered. We obtained additional 



information about chick diet by retrieving fish found in the nests or by intercepting fish at or 
near the nest entrance with a mist net. 

To test whether deliveries were distributed more or less evenly throughout the daylight 
hours, the day was divided into three equal periods: early (0600-1 120), mid-day (1 120- 1640), 
and late (1640-2200). Although a few deliveries occurred very early and very late, when it was 
often too dark to make reliable observations, the period used for analysis was truncated at both 
ends in accordance with the times listed above. Using a Chi-square goodness-of-fit test, 
the actual number of deliveries observed during each of the three periods was compared to the 
expected number of deliveries in those periods if they had been distributed evenly throughout the 
day. 

Provisioning rates were determined for chicks of 15-35 days of age at both one- and two- 
chick nests. Only deliveries recorded during continuous observations made between 0600 and 
2200 were used in determining delivery rates. 

Sampling of Fish 

We occasionally sampled waters (< ca. 15 m) around Naked I. with fish traps set on or 
above the bottom to collect specimens for identification and laboratory analysis. 

We used a beach seine at several beaches around the island (Fig. 1). Beach seining was 
conducted using a 14 ft inflatable boat. The net configuration was a 120 ft floating seine, 16 ft 
deep in the middle tapering to 5 ft at each end. Mesh size was 0.25 in the middle 30 feet and 0.5 
In on the ends. Attached to each end was a bridle with a 110 ft length of .75 in polypropylene 
line. The net was usually deployed using the parallel method. This was accomplished by 
holding one length of the polypropylene line on shore while the boat reversed out 100 feet 
perpendicular to the shore. Then the net was set parallel to the shore and the trailing line 
brought back perpendicular to the shore. The net was pulled in evenly (two people on each end) 
to the beach. An alternative method (round haul) was sometimes used. One end of the net was 
anchored at the beach while the net was set perpendicular to the beach. While the outer end was 
still attached to the boat, the net was then swept through an arc of 90 degrees back to the beach. 
When space permitted, two sets on adjacent sections of shoreline were made. When large 
numbers of schooling fish were caught, numbers were estimated volumetrically with containers 
that held a known quantity of the fish. We kept subsamples from the fish traps and beach seines, 
releasing the remaining fish. We measured wet weight and standard length of all fish that were 
kept. Beach seine sets were usually made at or near high tide and at beaches having substrates 
not likely to snag the net as it was pulled in. The operation was not always smooth because of 
snagging or other problems and some schools may have escaped before we closed the net. Few 
benthic fish were caught in the nets, either because they could escape under the net, or because 
the beaches we selected were not the appropriate hab~tat. Therefore, results of beach seines 
should not be considered quantitative. 

Data Analysis 

Data from the 1996 field season were not compared statistically with that from any 
particular year in the past, but were tabulated with appropriate data from all previous years of 



s t ~ ~ d y  at Naked I. All means are reported as the mean plus or minus one standard deviation, 
unless otherwise noted. The level of significance was set at a = 0.05. 

RESULTS 

Population Counts and Colony Attendance 

In 1996, 809 pigeon guillemots were counted around the shorelines of the Naked Island 
complex during the censuses on 7 and 8 June (Table 1). Maximum counts of pigeon guillemots 
usually occurred in the early morning, shortly after first light, or sometimes later in the day at or 
around the high tide (Figures 2 and 3). After first light, the birds were typically detected in rafts 
a considerable distance from shore; then they gradually moved closer to the colony. 

Nesting Chronology and Productivity 

The median fledging date for guillemots on Naked I. in 1996 was 2 August (n = 30). 
The earliest fledging date was 27 July and the latest fledging date was 19 August. 

The mean clutch size was 1.80 +- 0.38 (n = 41). Hatching success (chicks hatchedleggs 
laid) was 0.82. Of a total of 74 eggs, 61 hatched, three were depredated, three were abandoned, 
and seven were incubated but failed to hatch. Fledging success (chicks fledgedlchicks hatched) 
was 0.49. Of a total of 61 chicks, 30 fledged, 11 were depredated, four were found dead in the 
nest, and the fate of 12 others was unknown (though predation was suspected for many of those). 
Four other chicks from two nests were found dead in the nest, their deaths probably being related 
to the death of a parent; an adult carcass with wounds to the neck was found in each of these 
nests. Overall productivity (chicks fledgedleggs laid) was 0.41. Twenty-three of the 41 nests 
(0.56) in our productivity sample at Naked I. produced at least one fledgling. The most 
s~~ccessful type was rock crevice. The proportion of successful nests (i.e. those from which at 
l e a ~ t  one chick fledged) for each nest type was as follows: rock crevice (15/23 = 0.65), tree root 
(61 12 = 0.50), and talus (2/6 = 0.33). 

In 1996, the mean number of hatchlings per nest was 1.49 + 0.12 (n =41) and the mean 
number of fledglings per nest was 0.73 +- 0.12 (n = 41). Mean clutch size and number of 
hdchlings per nest were slightly higher, while mean number of fledglings per nest was slightly 
lower than in 1995. These values are within the range of values reported for Naked I. in 
previous years (Table 2). 

Predation 

Of the 41 nests monitored from the egg stage through fledging, eggs were depredated in 
two and one or both chicks were depredated in nine. Also, of nine other nests that failed for 
unknown reasons, predation was suspected as the cause of failure for eight. Thus the predation 
rate was at least 27% and may have been as high as 46%. We observed other nests not in our 
productivity sample that also showed clear signs of predation. The Tuft colony at the southwest 
end of Naked I. was devastated by predation in 1996. At two nests, guillemot adults were found 



dead in the nest. The carcasses were intact except for small puncture wounds to the neck. In 
both nests, the chicks died too, in most instances probably from starvation, as the adult carcass 
was blocking the nest entrance. In one of these nests, however, one chick had also been bitten in 
the neck. Guillemots at the Tuft colony nest sympatrically with parakeet auklets 
(C~clorrlzync/zus psittnculn). Several auklet carcasses were found in the area, either intact, 
except for the head being cleanly chewed off, or with feathers scattered in the vicinity. 

Chick Growth and Fledging Weights 

The mean growth rate during the linear phase of growth (i.e. 8 - 18 days posthatch) of 
chicks at Naked I. was 20.9 + 5.4 g/d (n = 20, range = 11.6 - 32.0 g/d; see Table 3 for 
comparison with growth rates from previous years). The mean fledging weight of chicks at 
Naked I. was 456 + 58 g (n = 23, range = 328 - 560 g; see Table 4 for comparison with fledging 
weights from previous years). 

Chick Provisioning 

Collectively, guillemots delivered fish to their chicks throughout the daylight hours at 
Naked I. (n = 535 total, n = 492 between 0600 and 2200; Fig. 4). The distribution was not 
significantly different from a theoretical even distribution of deliveries made throughout the day 
(XI = 3.671, df = 2, P > 0.10). 

Based on nine feeding observations lasting at least 17.5 h, delivery rates to guillemot 
nests ranged from 0.22 to 1.56lnestlh for chicks of any age. For chicks between the ages of 15 
and 35 days, the mean delivery rate was 0.67 & O.l6/nest/h (n = 10, range = 0.33 - 0.89lnestlh) to 
one-chick nests and 0.88 + 0.34lnestlh (n = 13, range = 0.44 - 1.56/nest/h) to two-chick nests. 
At any particular nest, there were sometimes periods of several hours in which no deliveries 
were made. 

The mean time that guillemots spent on the water between arrival at the colony with a 
fish and delivery of that fish was 13.5 minutes (SD = 19.5 minutes, range = 0 - 215 minutes, n = 
650). 'The time between consecutive deliveries to the same nest was not considered. 

Chick Diet 

In 1996, the diet of pigeon guillemot chicks at Naked I. was dominated by demersal fish 
(Fig. 5 ) .  Schooling fish, mostly sand lance, accounted for about 21% of the chick diet. The 
proportions of sand lance, sculpins, and gadids in the chick diet was higher than in 1995, while 
the proportions of herringlsmelt and blennies was lower. A relatively large proportion (ca. 22% 
111 1996) of fish could not be identified. Crescent gunnels, then sand lance were the most 
common types of fish recovered from, or intercepted at, the guillemot nests (Table 5). 

Chick Diet Relative to Population Size 

At Naked I . ,  the percent of sand lance in the diet of chicks was positively related to the 
number of guillernots (R' = 0.74, P = 0.0 13; Fig. 6) over the years in which population and diet 



data was available. The number of active nests (R2 =n 0.69, P = 0.010; Fig. 7 )  was also 
positively related to the percent of sand lance in the diet. 

Foraging 

During observation periods, pigeon guillemots at Naked I. sometimes foraged directly in 
front of their colony in water less than 15 m deep. However, usually they flew out of sight to 
nearby bays or to the broad, shallow-water (< 25 m deep) shelf surrounding Naked I to forage. 
These distances were typically more than 2 kilometers away. 

Fish Types Caught in Traps and Beach Seines 

Shrimp (mostly Pnndnlus danae and Eunlus gairnardii) were the most frequently taken 
animal in the fish traps at Naked I. Arctic shannies (Stichneus pcinctatus) and crescent gunnels 
(Pholis lneta) were the most likely fish to be caught in traps, except when traps were set among 
some eel grass beds in Cabin Bay, where crescent gunnels and pricklebacks (Lumpeizus spp.) 
were most commonly caught. 

Relatively few benthic fish were caught with the beach seines. Sand lance, gadids 
(mostly Pacific Tomcod Microg(ld~is proximus), and herring (Clupea hnrengus) were the most 
frequently caught fish with beach seines in descending order of frequency of occurrence (Table 
6; see Fig. 1 for locations of beach seine sets). 

DISCUSSION 

Censusing 
King and Sanger (1979) considered the pigeon guillemot to be one of the birds that is 

most vulnerable to oil spills because of its near shore foraging habits. Several studies have 
reported sublethal toxic effects of oil on marine birds (Peakall et al. 1980, Peakall et al. 1982, 
1983 as cited in Oakley and Kuletz 1996). Marked declines in populations of the pigeon 
guillemot or its congener, the black guillemot (C. grylle) have been attributed to oil pollution 
(Ainley and Lewis 1974, Asbirk 1978, Ewins and Tasker 1985). Over 600 guillemot carcasses 
were recovered throughout the spill zone (135 in PWS) after the spill, but this might represent 
only 10-30% of the actual number killed (Piatt et al. 1990). Based on censuses taken around the 
Naked Island complex (Naked, Peak, Storey, Smith, and Little Smith Islands), prespill counts 
(ca. 2,000 guillemots) were roughly twice as high as postspill counts (ca. 1,000 guillemots; 
Oakley and Kuletz 1996). Also, on Naked I., the relative decline in the numbers of guillemots 
was greater along oiled shorelines than along unoiled shorelines (Oakley and Kuletz 1996). 

However, censusing data in 1980 indicates that standardized early season counts of 
pigeon guillemots in the Naked Island complex suggest that their population had decreased 
considerably from counts in 1978 and 1979 before the oil spill (Table 1). This decline in 
guilleinot numbers appears to be continuing through 1996 counts. Vermeer et al. (1993a) 
reported that the optimal time to determine the population of nesting guillemots was at high tide 
In the morning. Observed colony attendance patterns of guillemots at Naked I. during the 1994- 



1996 seasons also indicate that the time of day can be important when conducting pigeon 
guillemot censuses. Replicate counts at the appropriate time of day and tidal cycle, and perhaps 
starting slightly earlier in the breeding season would increase our confidence in our estimates of 
the numbers of guillemots in the Naked Island complex. 

Nesting Chronology 

The median fledging date at Naked I. in 1996 was earlier than in 1995 and earlier than in 
1994. Nesting chronology data obtained for black-legged kittiwakes (Rissa tridactyla) in PWS 
during the 1996 season indicate that the median hatching date for this species was earlier and the 
median fledging date was earlier than in 1995 (R. Suryan, pers. comm.). 

Productivity 

The ideal and most straightforward method of calculating productivity is from a sample 
of known nests that are followed from before egg-laying through fledging. We did have known 
nests on Naked I. that had been found in 1994 and 1995, but because of when we arrived at the 
study sites (6 June, when some eggs had already been laid), we had to include nests monitored 
from incubation through fledging as well. It is important to note that the nests used for 
measuring productivity do not constitute a "sample" in the true sense of the word. On Naked I., 
they represent all of the nests that we were able to find and then reach, not a random sample of 
nests on the island. We can only assume that they are fairly representative of the island as a 
whole. 

Productivity (as measured by number of fledglings per nest) of pigeon guillemots at 
Naked I. in recent years is lower than what it was in the late 1970s (Table 2). After 1989, 
predation was more prevalent than it was previously, and was the cause of numerous failed 
nesting attempts. The weighted average productivity of guillemots for 10 years at Naked I. was 
0.8 1 fledglingslnest (n = 2 15). The combined weighted average in British Columbia, 
Washington, and Oregon was 0.65 fledglingslnest (n = 941; Ewins 1993 and references therein). 
At the Farallon Islands off California, productivity averaged 0.9 fledglingslnest for a period of 
13 years, but w j s  extremely variable from year to year, the birds failing to breed in one of the 
years (Ainley and Boekelheide 1990). This comparison suggests that guillemots at Naked I. are 
doing relatively well compared to their conspecifics in other regions. However, the populations 
may be declining in these other regions as well. 

In addition to predation, investigator disturbance may be responsible for some of the 
decline in productivity. More intensive research efforts at the Naked I. colonies in recent years 
have probably increased the level of disturbance. Several investigators at guillemot colonies 
elsewhere have observed reduced productivity that was apparently associated with human 
disturbance (Bergman 197 1, Cairns 1980, Vermeer et al. 1993b). 

Predation 

Since the oil spill, and especially in the last few years, predation has become a factor 
contributing to the lower reproductive success of guillemots on Naked I. (Hayes 1995, 1996, 



Oakley and Kuletz 1996). Studies at other guillemot colonies have related lowered productivity 
or emigration to the presence of mammalian predators (Asbirk 1978, Petersen 1979, Cairns 
1985, Ewins 1985, 1989). 

Oakley and Kuletz (1996) noted that the primary difference in productivity of pigeon 
guillemots on Naked I. that they observed following the oil spill was lowered nesting success, 
which was the result of nest predation during the chick stage. Increased predation pressure 
relative to that in the past appears to be a continuing problem on Naked I. (Table 7). 

Potential nest predators include the river otter (Lutra canadensis), mink (Mustela vison), 
northwestern crow (Corvus caurinus), common raven (C. cornx), Steller's jay (Cyanocittn 
stelleri), glaucous-winged gull (Lnrus glnucescens), and black-billed magpie (Pica pica). Bald 
eagles (Hnlineet~ls leucocephalus), peregrine falcons (Fnlco peregrinus), and other raptors might 
be predatory on adult and fledgling guillemots. 

Although we have witnessed only avian predation, the available evidence strongly 
suggests that mammalian predators are responsible for some of the disappearances of eggs or 
young guillemot chicks. River otters were seen frequently in the vicinity of our study colonies 
in all years and are the most likely mammalian predator, but evidence found in 1996 indicates 
that mink may also be involved. Intact carcasses of guillemot adults and chicks with wounds to 
the neck and headless carcasses of parakeet auklets in the same area are suggestive of mink 
predation. Ewins (1985) reported that on the island of Mousa in Shetland, otters (L~i tra  lutra) 
killed both chicks and incubating adults, and that decapitated carcasses were a sure sign of these 
predators. Ewins also noted that there were few nests inaccessible to them. Crows and magpies 
are the likeliest avian predators on eggs and chicks. Other studies indicate that crows are a 
major source of egg predation and sometimes take young chicks as well (Ernrns and Verbeek 
1989, Ewins 1989). Adults, and especially fledglings, are probably sometimes taken by large 
raptors. Bald eagles are known predators of adult guillemots in British Columbia (Vermeer et al. 
1989 as cited in Ewins et al. 1993). Beaks of guillemots were found beneath an eagle's nest on 
Naked I. during a previous study (K. Kuletz, pers. comm.). Predators can affect local population 
levels of guillemots (Asbirk 1978, Petersen 1979, Cairns 1984). 

Chick Growth 

In 1996, our estimates of growth rates (20.9 gld) during the linear phase of growth were 
similar to those of Oakley and Kuletz (1996) at Naked I. (range = 16.6 - 23.8 g/d), as were our 
estimates of fledging weights. Growth rates were slightly higher than those reported by Koelink 
(1972) for Mandarte Island (15.9 g/d) and Ainley and Boekelheide (1990) for the Farallon 
Islands (16.5 gld). It is important that caution be used when making comparisons based on these 
data; the sample sizes are relatively small in most instances. 

Chick Provisioning 

Members of the genus Cepphus typically lay two eggs. Most other alcids lay only a 
single egg, but the near-shore foraging habits of guillemots probably account for their ability to 
raise two chicks. Mehlum et al, (1993) maintain that long-distance foraging by black guillemots, 
which typically raise two-chick broods and have a high wing loading relative to most other 



seabirds, is too energetically demanding and might exceed their maximum sustainable working 
level. In Iceland, artificial triplets fledged at lower mean weights than chicks from normal 
broods (Petersen 198 1 as cited in Harris and Birkhead 1985). Koelink (1972) argues this same 
point for chick-rearing pigeon guillernots. In his study, although artificial broods of three were 
successfully raised to fledging, there was a proportional decrease in the amount of food 
delivered per chick throughout the nestling period. 

Our measured rates of food deliveries to individual nests (range = 0.33 - 0.89/nest/hr at 
one-chick nests; range = 0.44 - 1.56/nest/h at two-chick nests) are comparable to those of other 
studies of Cepphus guillemots (Thoresen and Booth 1958, Bergman 1971, Asbirk 1979 as cited 
in Harris and Birkhead 1985, Cairns 1981, 1987, Kuletz 1983). However the mean delivery rate 
of 0.67 + 0.16/nest/h and (n = 10, range = 0.3 3 - 0.89/nest/h) to one-chick nests are somewhat 
lower than pre spill years. The values we used to calculate the means reported above represent 
minimum delivery rates as it is likely that we occasionally missed deliveries. 

Foraging 

The maximum diving depth of black guillemots is about 50 m (Piatt and Nettleship 
1985). The pigeon guillemot probably has similar diving capabilities, and if foraging on benthic 
fish must be limited to using the broad, shallow-water shelf surrounding Naked I. and the 
neighboring islands (see Fig. 14 in Hayes 1995). Kuletz (1983) reported that the guillemots 
breeding on Naked I. generally foraged around the island, usually within about 600 m of the 
shore and in water shallower than 25 m. Benthic fish in this environment probably constitute a 
more dispersed though less ephemeral resource. In the absence of large schools of forage fish, 
guillemots might have to compete for these benthic resources. After numerous hours of 
observing guillemots on their foraging grounds, however, we saw few interactions between 
conspecifics that would suggest they were competing for a resource or defending a feeding 
territory. 

At the Igloo colony on the east side of Naked I., we saw most of the adults flying away 
from the colony through the narrows between Naked and Peak Islands, presumably to forage. 
hiost deliveries to the Igloo colony came from this direction and consisted of mostly demersal 
fish. This behavior seemed surprising to us because our regular beach seining efforts as well as 
anecdotal observations consistently indicated the presence of a large concentration of sand lance 
in MacPherson Bay just to the south of the Igloo colony. This suggests that guillemots have 
preferred foraging areas as noted with tagged birds in previous studies (Kuletz, 1983). 

Chick Diet 

Since the late 1970s and early 1980s there has been a dramatic change in the diet of 
plgeon guillemot chicks at Naked I. In the years 1979-1981 Pacific sand lance were the single 
largest component (42%) of the diet, while in the five years 1989-1990 and 1994-1996, sand 
lance accounted for a much smaller fraction (13%) of the diet. The increase in the proportion of 
gadids has been equally dramatic, from 4% to 2 1 % for these same periods. Demersal fish such 
as sunnels (Pholidae), pricklebacks (Stichaeidae), and sculpins (Cottidae) have always been an 
important component of the diet although their relative contributions have varied widely from 



lance accounted for a much smaller fraction (13%) of the diet. The increase in the proportion of 
gadids has been equally dramatic, from 4% to 21 9b for these same periods. Demersal fish such 
as gunnels (Pholidae), pricklebacks (Stichaeidae), and sculpins (Cottidae) have always been an 
important component of the diet although their relative contributions have varied widely from 
year to year. 

The proportion of high-quality forage fish such as sand lance, herring, capelin, and smelt 
in the diet of chicks might be related to the ephemeral nature of schools of these fish and their 
presence within the foraging range of guillemots. Their capture might occur only coincidentally 
when behavioral factors (e.g., spawning) or oceanographic factors (e.g., currents, up welling) 
bring these prey into shallower near shore waters. On a broader time scale though, these fish 
may not be as abundant in PWS as they were previously, suggesting that a possible shift in the 
marine ecosystem has occurred. Data from numerous sources indicate that there has been a 
change in the Gulf of Alaska marine ecosystem that began around the late 1970s, which in turn 
has probably affected marine bird populations (Piatt and Anderson 1996 and references therein). 

Guillemots forage near their colonies and in shallow water less than about 50 meters. 
This limits foraging adults at Naked Is. to the broad, shallow-water shelves surrounding the 
Naked Island complex when foraging on demersal fish. Demersal fish in this limited area may 
not be abundant enough to support higher numbers of breeding guillemots (Hayes and Kuletz, 
1996). When sand lance numbers are low, switching to alternate demersal prey species has 
allowed breeding Naked Is. guillemots to maintain their productivity. However, guillemot 
poptilation declines appear to be related to availability or abundance of sand lance. This 
relationship between sand lance in chick diet and population suggest that availability of high- 
quality forage fishes are important for maintaining large, productive colonies of pigeon 
guillemots in Alaska (Hayes and Kuletz, 1996). Also, guillemots that specialized in sand lance 
(and perhaps other surface fish), did not easily switch to alternative prey, so as the availability of 
sand lance declined in the late 1980s, the guillemot population could not maintain historic 
numbers (Kuletz and Hayes, 1996). 

Fish Types Caught in Traps and Seines 

Although arctic shannies were the most common fish caught in the traps, they were 
infrequently seen being delivered to guillemot chicks and were not among the samples obtained 
at the nests. Aside from crescent gunnels,which were consistently captured, the catch in fish 
traps did not correlate to chick diet. Only when traps were placed in eel grass did the benthic 
fish captured (more gunnels and pricklebacks) resemble chick diets more closely. Schooling fish 
(mostly sand lance) dominated the catch in beach seine sets. Over 20% of chick diets for Naked 
Island included schooling fish, so the correlation between seine catch and diet seems better. 
However, because of bias in sampling due to problems retaining fish (especially benthic) in the 
seine, overall abundance of species can not be inferred from this. 

Compared to other areas with long stretches of sand or gravel beaches, the shoreline of 
Naked I. had few beaches suitable for seining. If seining is continued in the future around 
Naked I., we suggest that it be limited to locations A, B, C, F, and possibly I (Fig. 1). The 
substrate at these beaches seemed relatively suitable for seining and fish were frequently caught 
when we seined there. The other beaches either yielded very little fish or the substrate was such 



that i t  was particularly difficult to seine there and the chance of fish escaping was high. 

CONCLUSIONS 

The population of pigeon guillemots at Naked I. and four neighboring islands have 
shown a decreasing trend since the late 1970s similar to that of PWS guillemot population. 
During this same period, the diet of pigeon guillemot chicks on Naked I. also changed from one 
that was previously dominated by sand lance to one that is now dominated by demersal fish. We 
believe there may be a link between the change in chick diet and the population decline. 

The productivity of pigeon guillemots was lower, but not significantly so, in the 1990s 
than it was in the late 1970s. After 1989, predation was more prevalent at our study colonies 
than it was previously, and was the cause of numerous nesting failures. However, the pigeon 
guillemots on Naked I. appear to be doing better than their conspecifics in other regions. Thus 
low productivity is not likely to be the cause of the population decline. 

The Gulf of Alaska ecosystem shift may account for the observed decline in populations 
of pigeon guillemots and other piscivorous marine birds. Switching to alternate prey species, 
however, has allowed remaining guillemots at Naked I. to maintain their productivity. Chick 
diet, seine attempts, aerial surveys by Evelyn Brown, and anecdotal evidence indicate an 
increase in the numbers of sand lance around Naked Island. If the trend continues, we can track 
this sand lance increase and see if the population of guillemots changes in response to it. Also, if 
the guillemot population does increase with increasing sand lance abundance, we can monitor if 
and when they reach historical population levels. 
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F I G U R E  CAPTIONS FOR 1996 A P E X  GUILLEMOT REPORT 

Figure 1. Naked Island complex (Naked, Peak, Storey, Smith, and Little Smith Islands), 
Prince William Sound, Alaska. Distribution of pigeon guillemot study colonies 
(circles) and beach seining locations (triangles) on Naked Island. Study 
colonies: Igloo (I),  Nomad (Z), Thumb (31, Row (4), North Cabin ( 5 ) ,  South 
Cabin (6), Outer Cabin (7 ) ,  North Outside (8), Inside Outside (9), Hook (lo), 
Tuft (1 1). Beach seining locations: MacPherson Isthmus (A), MacPherson 
Narrows (B), East Bob Day Bay (C), North Cabin Bay (D), Division Point (E), 
Fuel Cache Beach (F), Outer Cabin Bay (G), Outer Cabin Point (H), Inside 
Outside Bay (I), East Outside Bay (J), West Outside Bay (K), and Hook I1 (L). 

Figure 2. Attendance patterns of pigeon guillemots at Nomad and Thumb colonies on 
Naked Island, Prince William Sound, Alaska (12-13 June, 1996). 

Figure 3 .  Attendance patterns of pigeon guillemots at Nomad and Thumb colonies on 
Naked Island, Prince William Sound, Alaska (18-19 June, 1996). 

Figure 4. Temporal distribution of food deliveries (n = 535) by adult pigeon guillemots at 
several colonies on Naked Island, Prince William Sound, Alaska. Observations 
made between 3 July and 7 August, 1996 (9 colony-days, 43 nest-days). 
Samplin,o effort was not equal for periods before 0600 and after 2200. 

Figure 5. Diet history of pigeon guilleniot ihicks on Naked Island, Prince William 
Sound, Alaska. Numbers above bars are sample sizes. Blennies include 
mostly gunnels and pricklebacks. Other includes flatfish, greenling, sandfish, 
rockfish, and a few other types. 

. - 
Figure 6. Regression of pigeon guillemot population on percent of sand lance in chick 

diet for Naked Island, Prince William Sound, Alaska. 

Figure 7 .  Regression of number of active pigeon guillemot nests on percent of sand lance 
in  chick diet for Naked Island, Prince William Sound, Alaska. 
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Table 1. Counts of pigeon guillemots during early season censuses at Naked, Peak, Storey, 
Smith, and Little Smith Islands, Prince William Sound, Alaska. Censuses conducted in 
the morning between 30 May and 14 June unless otherwise noted. Dashes indicate no 
surveys were conducted. 

Year 

1978 

1979 

1980 

1989 

1990 

1991 

1992 

1993" 

1994 

1995 

1996 

Naked 
Island 

1115 

1226 

89 1 

615 

729 

755 

586 

385 

739 

550 

428 

Storey 
Island 

392 

495 

-- 

193 

293 

29 3 

266 

242 

298 

165 

185 

Peak 
Island 

94 

- 150 

-- 

73 

102 

102 

87 

94 

8 1 

3 8 

5 7 

Smith 
Island 

175 

30 1 

-- 

-- 

124 

76 

100 

7 5 

12 1 

11 1 

116 

Little 
Smith 
Island 

72 

58 

-- 

-- 

3 1 

3 5 

23 

3 2 

2 3 

2 3 

23 

- -- 

Total 

1848 

2230 

-- 

-- 

1279 

126 1 

1062 

828 

1262 

887 

809 

Wot all counts made in the morning. 

Note: Data for 1978-1992 from Table 1 (Oakley and Kuletz 1996). 



~ ~ b \ ~  2.  M e n  u c  size, mean rates of hatching (hatchlingslnest) and fledging (fledgingslnest) 
of pigeon guillemots on Naked Island, Prince William Sound, Alaska. 

Clutch Size Hatching Success Fledging Success 

Year Mean n SE Mean n SE Mean n SE 

1978 1.54 13 0.14 1.22 9 0.28 1.25 8 0.20 



Table 3. Growth rates of pigeon guillemot chicks raised on Naked Island, Prince William 
Sound, Alaska. 

Minimum Maximum 
Number of Mean Growth Growth Rate Growth Rate 

Year Chicks Rate (gld)" SE (bald)" (dd)" 

'Mem number of grams gained per day during the linear phase of growth (8-18 days 

pdsthatching; Koelink 1972). 



Table 4. Fledging weights" of pigeon guillemot chicks raised on Naked Island, Prince William 
I 

Sound, Alaska. 

_ ___-___- 
Maximum Mean Minimum 

Number Fledging Fledging Fledging 

Year of Chicks Weight (g) SE Weight (g) Weight(g) 

546 428 202 
, 
I 198 1 13 29 

1989 507 16 420 570 
I 

10 I 
3 10 5 10 

I 
1990 13 438 16 

1994 17 453 13 357 525 

1995 22 455 311 56 1 16 

1996 -- 23 456 12 328 560 

" Fledging weight was considered to be the last weight obtained within one week (1978-1994) and 

wittiin 24 hours (1995-1996) of fledging. 



Table 5. Types of fish and numbers (n=67) recovered from or intercepted at guillemot nests on 
Naked Island, Prince William Sound, Alaska, in 1996. 

Pacific Sand Lance (Ammodytes he-rapterus) 
Slender Eelblenny (L~trnpenus fcrbricii) 
Crescent Gunnel (Pholis laeta)" 
Daubed Shanny (Lumpenus macrilatus) 
Snake Prickleback (L~irnpenus sagitra) 
Black Prickleback (Xiphisrer atropurpureus) 
Ribbed Sculpin (Triglops pingeli) 
Lingcod (Ophiodon elongatus) 
Pacific Sandfish (Trichodon trichodon) 
Shrimp (Pandal~is sp .) 
Walleye Pollock (Theragra chalcogramma) 
Rex Sole (Glyptocephalus zachirus) 
Northern Ronquil (Ronquilus jordani) 
Slim Sculpin (Radulinus asprellus) 
Tidepool Sculpin (Oligocotrus maculosus) 
Plain Sculpin (iMyoxocephalus jaok) 

m o s t  Crescent Gunnels were collected from the same nest (NO1 in Outside Bay). 



Table 6. Fish caught i n  beach seine sets made around Naked Island, Prince William Sound, Alaska, in 1996 
SAN=sand lance, GAD=gadids, SAL=salmonids, SND=sandfish, HEX=Hexagrammidae, 
HER=herring, SCU=sculpins. See F i p r e  1 for locations. 

Total 22230 495 155 115 40 234 15 48 



Table 7. Causes of nesting failure of pigeon guillernots at Naked Island, Prince William Sound, 
Alaska. 

Number of  nests in which at least one egg failed to hatch or at least one chick 
failed to fledge. 

Number of Unhatched Young C h c k  predation Predation Starvation Unknown 
Year Nests Egg" ~ e a t h ~  of Egg of Chick or Exposure Reason 

"Includes eggs which failed to hatch due to infertility, embryo death, or nest desertion. 

bRefers to chicks, less than one week old, dying in the nest for no apparent reason. 

'Predation suspected in 8 instances. 

"Predation suspected in 6 instances. 



APPENDM G 

APEX: 96163G 



Exxon Valdez Oil Spill 
Restoration Project Annual Report 

Diet Composition, Reproductive Energetics, and Productivity of 

Seabirds Damaged by the Ejmon Valdez Oil Spill 

Restoration Project 96 163 G 

Annual Report 

Start-up Date: April 1 996 

This annual report has been prepared for peer review as part of the 
E n o n  Valdez Oil Spill Trustee Council restoration program for the 

purpose of assessing project progress. Peer review comments 
have not been addressed in this annual report. 

Jill A. Anthony 
Daniel D. Ro by 

Oregon Cooperative Widlife Research Unit 
Department of Fisheries and Widlife 

104 Nash Hall 
Oregon State University 

Corvallis, OR 9733 1-3803 
(telephone: 541-737-1955) 

March 1997 



STUDY HISTORY 

Restoration Project 96163 G is similar to the research described in the original proposal submitted 
as 95 1 18-BAA to be a component of the Alaska Predator Ecosystem Experiment Project (APEX), 
for which funding was first approved by the Trustee Council in April 1995. This research 
examines the effects of diet composition on the reproductive energetics and productivity of 
piscivorous seabirds in the northern Gulf of Alaska. Black-legged kittiwakes, pigeon guillemots, 
and tufted puffins were studied as bioindicators of the distribution and abundance of forage fishes 
to further understand the recovery of injured seabird resources. Study sites were at Shoup Bay, 
and Eleanor, Naked, Jackpot, and Seal islands in Prince William Sound and at Kachemak Bay, 
Gull, Chisik, and the Barren islands in Lower Cook Inlet. In 1996, this research continued without 
the tufted p u f i  component and with the shift fkom Seal Island to North Icy Bay for black-legged 
kittiwakes. To date, this project has produced new information advancing our knowledge of the 
comparative biochemical composition and physiological condition of forage fishes available to 
seabird, marine mammal, fish, and human predators; the influence of location, age, gender, and 
reproductive status on the nutritional quality of forage fishes; foraging strategy responses of 
breeding seabirds to shifts in prey availability; and the energetic consequences of foraging on 
different prey with different energy contents. 

ABSTRACT 

A shift in marine trophic structure of the Exvon Valdez oil spill (EVOS) area may have prevented 
recovery of injured seabird resources, especially pigeon guillemots, common murres, and marbled 
murrelets. We studied potential energetic factors (diet composition, diet quality, meal size, 
delivery rate) constraining seabird productivity in the EVOS area, focusing on pigeon guillemots 
and black-legged kittiwakes in oiled, non-oiled, and reference sites. Lipid content of fish prey in 
diets varied fiom 3% dry mass in juvenile walleye pollock to 48% in some juvenile herring. 
Seabirds can potentially experience a four-fold difference in energy intake based on fish quality. 
Guillemots preyed mostly on blennies and sculpins at Naked Island, herring at Jackpot Island, and 
sandlance and blennies at Kachemak Bay. Coincident with less sandlance in the diet, guillemot 
growth performance at Kachernak Bay declined in 1996 compared to 1995, and was not different 
than at Naked Island. Kittiwakes fed their young mostly herring and sandlance in Prince Wiam 
Sound and sandlance and capelin in Lower Cook Inlet. Kittiwake growth and brood size were 
highest at Shoup Bay. Kittiwakes and guillemots require access to high-quality, schooling forage 
fishes to maintain high nesting densities. 

KEY WORDS 

energetics, energy, Exxon Valdez, fish, lipid, proximate composition, seabird, reproduction, trophic 



EXECUTIVE SUMMARY 

This restoration research project is a component of the Alaska Predator Ecosystem Experiment 
Project (APEX), which is investigating whether low food abundance and quality contributes to 
the failure of some seabird and marine mammal populations to recover li-om the Exxon Valdez Oil 
Spill (EVOS). The basic premise of APEX is that a shift in the marine trophic structure of the 
EVOS area has prevented recovery of injured seabird resources. Specifically, this research 
component of APEX addresses whether changes in diet quality may have constrained 
reproduction in pigeon guillemots (Cepphus columba), common murres (Uria aalge), and 
marbled murrelets (Brachyramphus marmoratus), all resources injured by the spill. The major 
hypothesis tested is that differences in the nutritional quality of forage fishes are a primary 
determinant of energy provisioning rates to seabird nestlings, which influence not only the growth 
and survival of young, but also other factors that regulate seabird populations (e.g., post-fledging 
survival and recruitment rates). 

Pigeon guillemots and black-legged kittiwakes (Rissa fridactyla) were the focal piscivorous 
seabirds studied during the 1995 and 1996 breeding season. In cooperation with other APEX 
projects, we collected samples of nestling meals and measured nestling growth rates, provisioning 
rates, and nesting success in relation to diet. The two guillemot study sites in Prince William 
Sound (PWS) were located at Naked Island (an oiled site) and Jackpot Island (a non-oiled site), 
and were compared with one site in Kachernak Bay (a reference site). Three study sites for 
kittiwakes in PWS were located at Eleanor Island (an oiled site), North Icy Bay (a non-oiled site), 
and Shoup Bay (a non-oiled site), and were compared with three study sites in Lower Cook Inlet 
(LCI) at Gull, Chisik, and the Barren islands (all reference sites). In addition, forage fishes 
collected using a variety of methods were analyzed in the lab to determine quality as seabird prey. 

The primary factor determining the energy density of forage fishes is lipid content (% dry mass); 
lipid has twice the energy density of protein and carbohydrates. The lipid content of forage fishes 
varit.d Eom a low of 3% dry mass in some juvenile walleye pollock (Theragra chalcogramma) to 
intermediate values of 22% in sand lance (Ammodytes hexdpterus) and 37% in capelin (Mallofus 
villosus), to highs of 48% in some juvenile herring (Clupea harenguspallasii) and 52% in 
eulachon (Thaleichthys paciJicus). Intraspecific variation in lipid content of forage fishes was 
related to location, age, gender, and reproductive status. Of those fishes present in the diets of 
luttiwakes and guillemots, herring, sand lance, and capelin had the highest energy density, 
nearshore demersal fishes (e.g., gunnels, pricklebacks, eelblennies, shannies) were intermediate, 
and gadids (e.g., walleye pollock, Pacific cod (Gadus macrocephalus), Pacific tomcod 
(Microgadus proximus)) were lowest in energy. Energy densities of fkesh forage fishes ranged 
fiom 2.8 kJ/g wet mass in pollock, 6.3 H/g in sand lance, 7.4 kJ/g in capelin, to 10.0 kJ/g in 
eulachon and some herring. Consequently, piscivorous seabirds can experience a four-fold 
difference in energy intake based solely on the quality of forage fishes consumed. 

The diets of guillemot nestlings were composed primarily of blennies and sculpins at Naked 
Island, herring at Jackpot Island, and sand lance and blennies at Kachemak Bay. The energy 
density of guillemot nestling diets was higher in Kachernak Bay than in Prince W'iarn Sound 
from 1 994 through 1 996. Coincident with less sand lance in the diet, guiUemot growth 



performance at Kachemak Bay was lower in 1996 compared with 1995. Unlike 1995, growth 
was not higher than at Naked Island. These results support the hypothesis that breeding 
guillemots in the EVOS area are constrained by the availability of high-quality forage fishes, 
especially sand lance. 

Kittiwakes fed their young high energy schooling forage fishes, which were in decline and are now 
rebounding. In 1996, nestling diets were dominated by herring and sand lance in PWS and sand 
lance-and capelin in LCI. The energy density of kittiwake nestling diets were higher at Shoup Bay 
than at Eleanor Island, and higher in 1996 than in 1995 for both sites. Shoup Bay kittiwakes also 
transported larger meals back to the colony to feed their chicks, when compared to those in the 
other study sites. Also, kittiwake growth performance and average brood size were higher at 
Shoup Bay than at Eleanor Island or North Icy Bay. Kittiwake parents at Shoup Bay selected 
higher quality prey and provided larger food loads for larger brood sizes and better growth rates 
for their chicks than parents at the other colonies in PWS and LCI. Our results support the 
hypothesis that breeding kittiwakes in the EVOS area are constrained by the availability of high 
quality forage fishes. 

In summary, results from the 1996 season of field work support the APEX hypotheses structuring 
this project (4, 8, and 9). The species composition and abundance of bh used as prey by seabirds 
nesting in the EVOS area has changed. Kittiwakes and guillemots apparently require access to 
high quality, schooling forage fishes to maintain high nesting densities in the EVOS area. 
Productivity and size of forage species appear to change the energy potentially available for 
nesting seabirds. Changes in seabird reproductive productivity appear to reflect differences in 
forage fish abundance as measured in adult seabird foraging trip duration, brood meal size, and 
brood provisioning rates. Seabird reproductive productivity appears to be determined in part by 
differences in forage fish nutritional quality. By implication, the productivity of two other seabird 
species that were injured by the spill (specifically, common murres and marbled murrelets) may 
also be constrained by availability of high quality forage fishes. 

INTRODUCTION 

Reproductive success in seabirds is largely dependent on foraging constraints experienced by 
breeding adults. Previous studies on the reproductive energetics of seabirds have indicated that 
productivity is energy-limited, particularly during brood-rearing (Roby 199 1). Also, the young of 
most seabird species accumulate substantial fat stores prior to fledging, an energy reserve that can 
be crucial for post-fledging survival in those species without post-fledging parental care (Perrins et 
al. 1973; but see Schreiber 1994). Data on foraging habitats, prey availability, and diet 
composition are critical for understanding the effects of changes in the distribution and abundance 
of forage fish resources on the productivity and dynamics of seabird populations. 

The composition of forage fishes is particularly relevant to reproductive success, because it is the 
primary determinant of the energy density of meals delivered to nestlings. Parent seabirds that 
transport brood meals in their stomachs (e.g., kittiwakes) or in a specialized pouch (e.g., auklets) 
qopmally transport meals that are close to the maximum load. Seabirds that transport brood meals 
as single prey items held in the bill (e.g., guillemots, murres, murrelets) experience additional 



constraints on meal size if optimal-sized prey are not readily available. Consequently, seabird 
parents that provision their young with fish high in lipids are able to support faster growing chicks 
that fledge earlier and with larger fat reserves. This is because the energy density of lipid is 
approximately twice that of protein and carbohydrate. Also, forage fish are generally very low in 
carbohydrate, and metabolism of protein as an energy source requires the energetically expensive 
process of excreting the resultant nitrogenous waste. While breeding adults can afford to consume 
prey that are low quality (i.e., low-lipid) but abundant, reproductive success may depend on 
provisioning young with high quality (i.e., high-lipid) food items. If prey of adequate quality to 
support normal nestling growth and development are not available, nestlings either starve in the 
nest or prolong the nestling period and fledge with low fat reserves. 

Forage fish vary considerably in lipid content, lipid:protein ratio, energy density, and nutritional 
quality. In some seabird prey, such as lanternfishes and eulachon, lipids may constitute over 50% 
of dry mass (A. R. Place, unpubl. data; J. Piatt, unpubl. data; S. Payne, unpubl. data); while in 
other prey, such as juvenile walleye pollock and Pacific cod, lipids are frequently less than 5% of 
dry rnass (J. Wejak, unpubl. data; J. Piatt, unpubl. data). This means that a given fiesh mass of 
lanternfishes or eulachon may have 3 to 4 times the energy content of the same rnass of juvenile 
pollock or Pacific cod. By increasing the proportion of high-lipid fish in brood diets, parents can 
increase the energy density of brood meals in order to compensate for the low frequency of brood 
feeding (Ricklefs 1984, Ricklefs et al. 1985). 

Three seabird species that were damaged by the Enon Valdez oil spill are failing to recover at an 
acceptable rate: pigeon guillemot, common murre, and marbled murrelet. Damage from the spill 
to a fourth species of seabird, black-legged kittiwake, is equivocal, but recent reproductive failures 
of kittiwakes within the spill area may be due to longer term ecosystem perturbation related to the 
spill (D. B. Irons, pers. comm.). The status of pigeon guillemots and marbled murrelets in PWS 
and LC1 has been of concern for nearly a decade due to declines in numbers of adults observed on 
survey routes (Laing and Klosiewski 1993, D. Zwiefelhofer, pers. comm). All of these damaged 
or potentially damaged seabirds are piscivorous and rely to a greater or lesser extent on pelagic 
schooling hhes  during the breeding season. 

One prevalent hypothesis for the failure of these seabirds to recover is that changes in the 
abundance and species composition of forage fish resources within the spill area has resulted in 
reduced availability and quality of food for breeding seabirds. Concurrent population declines in 
some marine mammals, particularly harbor seals and Steller sea lions, have also been blamed on 
food limitation. Seabirds, unlike marine mammals, offer the possibility of directly measuring diet 
composition and feeding rates, and their relation to productivity. Thus, the piscivorous seabirds 
breeding in PWS and LC1 present an opportunity to assess the relationship between the relative 
availability of various forage fishes and the productivity of apex predators. Whether these changes 
in forage fish availability are related to or have been exacerbated by EVOS is unknown. 

This study is relevant to EVOS Restoration work because it is designed to develop a better 
understanding of how shifts in the diet of seabirds breeding in EVOS area affect reproductive 
success. By monitoring the composition and provisioning rates of seabird nestling diets, prey 
nreferences can be assessed. Measuring provisioning rates is crucial because even very poor 



quality prey may constitute an acceptable diet if it can be supplied at a high rate without increased 
parental investment. Understanding the diet composition, foraging niche, and energetic constraints 
on seabirds breeding within the spill area will be crucial for designing management initiatives to 
enhance productivity in species that are failing to recover fiom EVOS. If forage fish that are high 
in lipids are an essential resource for successful reproduction, then efforts can be focused on 
assessing stocks of preferred forage fish and the factors that impinge on the availability of these 
resources within foraging distance of breeding colonies in the EVOS area. As long as the 
significance of diet composition is not understood, it will be difficult to interpret shifts in the 
utilization of forage fishes and develop a management plan for effective recovery of damaged 
species. 

Guillemots are the most neritic members of the marine bird family Alcidae (i.e., murres, puffins, 
and auks), and like the other members of the family, capture prey during pursuit-dives. Pigeon 
guillemots are a well-suited species for monitoring forage fish availability for several reasons: (1) 
they are a common and widespread seabird species breeding in the EVOS area (Sowls et al. 1978); 
(2) they primarily forage within 5 krn of the nest site (Drent 1965); (3) they raise their young 
almost entirely on fish; (4) they prey on a wide variety of fishes, including schooling forage fishes 
(e.g., sand lance, herring, pollock) and subtidaYnearshore demersal fishes (e.g., blennies, sculpins; 
Drent 1965, Kuletz 1983); and (5) the one- or two-chick broods are fed in the nest until the young 
reach adult body size. Guillemots carry whole fish in their bills to the nest-site crevice to feed their 
young. Thus, individual prey items can be identified, weighed, measured, and collected for 
composition analyses. In addition, there is strong evidence of a major shift in diet composition of 
guillemot pairs breeding at Naked Island. Sand lance were the predominant prey fed to young in 
the late 1970s (Kuletz 1983), but currently sand lance is a minor component of the diet (D. L. 
Hayes, unpubl. data). In contrast, guillemots breeding in Kachemak Bay continue to provision 
their young predominately with sand lance, and sand lance is particularly prevalent in the diet at 
breeding sites that support high densities of nesting guillemots (A. Prichard, unpubl. data). 

Black-legged kittiwakes also breed abundantly in the spill area and rely largely on forage fish 
during reproduction. Unlike guillemots, kittiwakes are efficient fliers, forage at considerable 
distances fiom the nest, and capture prey at or near the surface. Although kittiwakes are highly 
colonial, cliff-nesting seabirds, they construct nests and can be readily studied at the breeding 
colony without causing substantial egg loss and chick mortality. Like guillemots, kittiwakes can 
raise one- or two-chick broods, and chicks remain in the nest until nearly adult size. Kittiwake 
breeding colonies at Shoup Bay, Eleanor Island, and North Icy Bay in PWS are easily accessible so 
that chicks can be weighed regularly without resorting to technical climbing. Kittiwake colonies at 
Gull Island, Chisik Island, and the Barren Islands in LC1 are not as accessible as the PWS colonies, 
but acquiring sufficient data on reproductive performance for comparison with PWS colonies is 
feasible. 

This study is one component of the APEX Project, working in conjunction with EVOS Projects 
95 163A-P, to test the overall hypothesis that a shift in the marine trophic structure of the EVOS 
area has prevented recovery of injured resources and 12 more specific hypotheses related to this. 
The three specific hypotheses of this study are: 



1. Productivity and size of forage species change the energy potentially available for 
seabirds (APEX Hypothesis 4). 

2. Changes in seabird reproductive productivity reflect differences in forage fish 
abundance as measured in adult seabird foraging trips, brood-meal size, and brood- 
provisioning rates (APEX Hypothesis 8). 

3. Seabird reproductive productivity is determined in part by ditferences in forage fish 
nutritional quality (APEX Hypothesis 9). 

These hypotheses address the two primary determinants of energy provisioning rates to nestling 
seabirds, which in turn have a direct bearing on fitness through variation in reproductive output. 
Another variable, parental investment, is assumed to remain constant among breeding sites and 
years. This assumption will be tested in 1997 and 1998 by measuring parental energy 
expenditure rates during chick-rearing . 

OBJECTIVES 

The overall objective of this research is to determine the energy content and nutritional value of 
various forage fishes used by seabirds breeding in the EVOS area, and to relate ditferences in 
prey quality and availability to nestling growth performance and productivity of breeding adults. 
The research in 1996 emphasized pigeon guillemots and black-legged kittiwakes. 

Objective 1. To determine the proximate composition of various forage fish species consumed 
by seabirds in the EVOS area as a fimction of size, sex, age class, and reproductive status, 
including: 

a) lipid content 
b) water content 
c) ash-free lean dry matter (protein) content 
d) energy density (kJ/g wet mass) 

Objective 2. To determine dietary parameters of pigeon guillemot and black-legged kittiwake 
chicks in the EVOS area, including: 

a) provisioning rate (meal size X delivery rate) 
b) taxonomic composition of diets 
c) biochemical composition of diets 
d) energy density of diets 

Objective 3. To determine the relationship between diet and the growth, development, and 
survival of seabird nestlings. Variables measured will include: 

a) growth rates of total body mass 
b) rates and patterns of wing and flight feather growth 
c) fledgling body mass 
d) fledging age 



Objective 4. To determine the contribution of specitic forage fish resources to the overall 
productivity of seabird breeding pairs and populations, including: 

a) relative contribution of each forage fish species to overall energy intake of 
nestlings 

b) gross foraging efficiency of parents 
c) conversion efficiency of food to biomass in chicks 
d) net production efficiency of the parent/o ffspring unit 
e) estimates of population-level requirements for forage fish resources during 

brood-rearing 

STUDY AREAS 

Data collection fiom the field occurred in Prince William Sound (Naked, Jackpot, and Eleanor 
islands, and Shoup and North Icy bays) and Lower Cook Inlet (south shore of Kachemak Bay, 
Gull, Chisik, and the Barren islands) during the 1996 breeding season. These sites were identical 
to those seabird breeding sites that were used by other components of APEX. 

Field work on pigeon guillemots was conducted at breeding colonies on Naked Island (oiled 
area), Jackpot Island (non-oiled area, both in P WS), and in Kachemak Bay (reference site). 
Approximately 500 guillemots nest along the shores of Naked Island (Sanger and Cody 1993), 
supporting a large proportion of the total breeding population of guillemots in PWS. The field 
camp in Cabin Bay served as the base camp for field studies of guillemots nesting on the western 
and northern shorelines of Naked Island (see APEX Component 96 163 F). Naked Island has 
been the site of long term studies of guillemot reproductive ecology since 1979 by the U.S. Fish 
and Wildlife Service (Kuletz 1 983). 

Jackpot Island is a small island in southwestern PWS that supports the highest known breeding 
density of guillemots in the Sound (G. Sanger, D. L. Hayes, pers. comm.). Jackpot Island has 
been the site of intensive studies of guillemot nesting success since 1994 and is bcated in a non- 
oiled portion ofPWS. Kachemak Bay served as a third study site for guillemots. Since 1994, 
the breeding population of guillemots on the south shore of Kachemak Bay (fiom Mallard Bay in 
the northeast to Seldovia in the southwest) has been studied intensively. Results in 1994 
suggested that the guillemot prey base in Kachemak Bay is largely sand lance, and is perhaps 
similar to the prey base at Naked Island 15-20 years ago. Consequently, the Kachernak Bay 
guillemot study site provides an excellent reference site for guillemot studies in PWS. 

Field work on black-legged kittiwakes in PWS was conducted at three breeding colonies: (1) 
Shoup Bay in Port Valdez (non-oiled area), the largest kittiwake colony in PWS consisting of c. 
6500 breeding pairs, (2) Eleanor Island in central PWS near Knight Island (oiled area) with c. 
200 breeding pairs, and (3) North Icy Bay in southeast PWS and a non-oiled area with c. 500 
breeding pairs. The Shoup Bay colony is the site of continuing long-term studies of kittiwake 
nesting ecology in P WS by the U.S. Fish and Wildlife Service, and Eleanor Island has been 
selected as a site for intensive study for comparison purposes (see APEX Component 96163 E). 
In Lower Cook Inlet, kittiwake breeding colonies at the Barren Islands (high productivity), Gull 
Island (moderate productivity), and Chisik Island (low productivity) were monitored for diet and 



reproductive success (see APEX Component 96163 M) . 

METHODS 

Field Data Collection 

The research approach utilized a combination of sample/data collection in the field (in 
conjunction with other APEX components in PWS and LCI) and laboratory analyses of forage 
fish samples. A minimum of 40 active and accessible nests of each species were located and 
marked prior to hatching at each of the study colonies, and these nests were closely-monitored 
until the young fledged or the nesting attempt failed. Samples of forage fshes were collected 
concurrently with data on seabird reproduction during the 1996 breeding season. 

Fresh samples of forage fishes used by guillemots were collected for determination of species 
composition and proximate composition of the diet. Guillemot diet samples were collected by 
capturing adults in scraps of mist net as they entered the nest crevice with a chick meal held in 
their bill and opportunistically when dropped meals were discovered in or near nest crevices. 
Supplemental samples of fishes fed to guillemot chicks were collected using beach seines and 
minnow traps deployed in guillemot foraging areas and by netting specimens at low tide during 
spring tide series. 

Adult kittiwakes transport brood meals in the stomach and esophagus, so diet samples consist of 
semi-digested food. Most kittiwake diet samples were collected when chicks regurgitated during 
routine weighing and measuring. Additional diet samples were collected by capturing adult 
kittiwakes as they returned to feed their young and encouraging them to regurgitate the contents 
of their esophagus. Fresh specimens of forage fishes used by kittiwakes were provided by mid- 
water trawl (APEX Component 961 63 A). 

Puffin bill loads f?om the Barren Islands were also used as a source of prey samples, Guillemot 
brood meals, kittiwake regurgitations, puffin bill loads, and fiest fish samples were weighed (k 
0.1 g) in the field on battery-powered, top-loading balances, placed in whirl-paks, and 
immediately frozen in small, propane-powered freezers that were maintained at each of the study 
sites. Samples of fiesh forage hh, guillemot brood meals, puffin bill loads, and kittiwake 
regurgitations were shipped frozen to Dr. A. Springer's laboratory at the Institute of Marine 
Science, UAF, where K. Turco sorted, identified, sexed, aged, measured, and determined 
reproductive status of specimens in preparation for proximate analysis. Some kittiwake 
regurgitations were shipped f7ozen to the University of California Santa Cruz, where the 
semidigested material was sorted and identified to species to the extent possible by G. Golet. 

Proximate analysis of all samples was conducted by the first author and Heather Zollinger in the 
second author's laboratory at the Oregon Cooperative Wildlife Research Unit, Department of 
Fisheries and Wildlife, OSU. Forage fish specimens and brood meals were reweighed on an 
analytical balance (& 0.1 mg), and dried to constant mass in a convection oven at 60°C to 
determine water content. Lipid content of dried samples was determined by solvent extraction 
llsino a soxhlet apparatus and 7:2 hexane/isopropyl alcohol (v:v) as the solvent system. Lean dry 



samples were transferred fiom extraction thimbles to glass scintillation vials and ashed in a 
muffle fiunace at 550.C in order to calculate ash-fiee lean dry mass (protein) by subtraction. 
Energy density (Wg wet mass) and energy content of forage fishes and brood meals were 
calculated fkom their composition (water, lipid, ash-fiee lean dry matter, and ash), using 
published energy equivalents of these &actions (Schmidt-Nielsen 1990). 

Brood provisioning rates for pigeon guillemots and black-legged kittiwakes at each of the study 
sites were determined by monitoring active nests for meal delivery rates (meals1 nest day) 
throughout the 24 hour period (dawn to dusk watches). Average meal mass was determined for 
guillemots using the sample of individual prey items collected at nest sites. Average meal mass 
for black-legged kittiwakes was estimated using the periodic weighing technique. Nestlings were 
weighed in a sample of nests at 2-hour intervals during concurrent watches to determine meal 
delivery rates. The mass increment between weighings of chicks that were fed was corrected for 
mass loss between weighings and feedings by adding the average of mass loss in the previous 2- 
hour period and mass loss in the subsequent 2-hour period to the observed mass increment. This 
corrected mass increment was used as an estimate of meal size. The product of average meal size 
(g) and average meal delivery rate (mealdday) was used as an estimate of average quantity of 
food delivered to a nest daily by a pair of adults (gl(nest day)). The taxonomic and proximate 
composition of the diet was used to calculate average energy density of brood diets for each 
species at each site. Finally, the product of average energy density of brood diets (kJlg wet 
mass) and average quantity of food delivered (glnest day) was calculated as an estimate of 
energy provisioning rates (Wnest day) for each species at each site. 

Active guillemot and kittiwake nests were checked daily or every other day during the hatching 
period in order to determine hatching date. In the case of two-chick broods, siblings were 
marked soon after hatching so that individual growth rates could be monitored throughout the 
nestling period. Nestling growth rates were determined by weighing and measuring chicks 
(known-age, in most cases) on a regular basis (every three days, ifpossible) throughout the 

. nestling period. Nestling survival rates were calculated &om the results of periodic nest.chccks, 
using the Mayfield method. During the fledging period, we attempted to weigh nestlings every 
other day in order to more precisely determine fledging mass and age. Data on nestling body 
mass, wing chord, and primary feather length were separated by colony for each species. 

Breeding adult guillemots and kittiwakes that were captured at the nest were weighed, measured, 
and banded for future identification. 

RESULTS AND DISCUSSION 

Obiective 1: Proximate Composition of Forage Fishes 

Specimens of the following forage fish taxa (and two invertebrates) were subjected to proximate 
analysis in 1995 and 1996: 



Schooling fishes: 
juvenile walleye pollock (Theragra chalcogramma) 
juvenile Pacific cod (Gadus macrocephalus) 
juvenile Pacific tomcod (Microgadus proximus) 
Pacific sand lance (Ammodytes hexapterus) 
capelin (Mallotus villosus) 
Pacific herring (Clupea harengus pallasii) 
Pacific sandfish (Trichodon trichodon) 
eulachon (Thaleichthys pacificus) 
lanternfish (Myctophidae) 
Pacific salmon (Onchorhynchus spp.) 
lingcod (Ophiodon elongatus) 
prowfish (Zaprora silenus) 
surf smelt (Hypomesus pretiosus) 
kelp greenling (Hexagrammos decagrammus) 

Nearshore demersal fishes: 
crescent gunnel (Pholis laeta) 
slender eelblenny (Lumpenusfabricii) 
snake prickleback (Lumpenus sagitta) 
daubed shanny (Lumpenus maculatus) 
black prickleback (Xiphister atropurpureus) 
northern ronquil (Ronquilus jordani) 
crested sculpin (Blepsias bilobus) 
silverspotted sculpin (Blepsias cirrhosus) 
four homed sculpin (Myoxocephalus quadricornis) 
plain sculpin (Myoxocephalus jaok) 
padded sculpin (Artedius fenestralis) 
ribbed sculpin (Triglops pingeli) 
roughspine sculpin (Triglops macellus) 
slim sculpin (Radulinus asprellus) 
tidepool sculpin (Oligocottus maculosus) 
arctic shanny (Stichaeus punctatus) 

Other: 
shrimp (Pandalus spp.) 
dover sole (Microstomus pacificus) 
rex sole (Glyptocephalus zachirus) 
squid (unknown species) 

Several patterns in the proximate composition of these forage fishes were revealed by inter- 
specific comparison (Figure 1). First, lanternfishes and eulachon had the highest lipid content, 
and therefore the highest energy density (kJ/g wet mass) of the forage fishes analyzed. Herring, 
sand lance, and capelin had the highest values for forage fishes observed in the diets of seabirds 
in this study. Gadid species (pollock, cod, torncod) and prowfish consistently had the lowest 



lipid content and, consequently, the lowest energy density. There is a clear dichotomy in quality 
among the schooling forage fishes: gadids are generally low quality and herring, sand lance, and 
capelin are relatively high quality. No such dichotomy in quality was revealed among the 
nearshore demersal species (Figure 1). Nearshore demersal fishes (blennies, sculpins, 
pricklebacks) were intermediate in energy density. 

Intraspecific comparisons of proximate composition revealed differences related to age, location, 
gender and reproductive status. The lipid content of herring increased dramatically fiom age 
class O+ to older fish (Figure 2). Lipid content was highly variable within an age class, which 
was suggestive of wide variation in the condition ofjuvenile herring fiom PWS. Some of this 
variation could be attributed to differences between collection sites in the average lipid content 
of herring (Figure 2). Variability in lipid content within an age class was less pronounced in sand 
lance compared to herring. Surprisingly, the lipid content of 1+ sand lance was somewhat 
greater than in 2+ sand lance. Female 2+ sand lance had higher lipid content and higher energy 
density than male 2+ sand lance. Juvenile pollock exhibited a different pattern of lipid content as 
a function of age: O+ pollock had slightly higher lipid content than 1+ or 2+ pollock (but lower 
than O+ herring or sand lance). 

The observed inter- and intra-specific differences in lipid content of forage fishes reflect 
differences in He history as they influence reliance on stored energy reserves for survival or 
reproduction. For example, sand lance spawn in the fall (Dick and Warner 1982), and adults, 
especially females, presumably deposit lipid reserves during summer for later investment in 
gametes. Juvenile pollock, however, feed year-round and selection has favored allocation of 
assimilated energy to rapid somatic growth over storage of lipid during the juvenile period. 

The energy densities for those schooling and nearshore demersal fishes that were collected and 
analyzed in 1995 and 1996 differed by a factor of up to four. A parent seabird breeding in PWS 
could potentially increase its rate of energy provisioning to its brood by a factor of as much as 
four by selecting prey based on quality, given similar availability. Such ar: increase in energy 
provisioning rate could dramatically enhance fitness. 

Objective 2: Dietary Parameters of Nestling Seabirds 

Data collected in 1996 built on the data set that began in 1995 to broaden our understanding of 
how seabirds compensate prey availability, diet quality, prey selection, meal size, and feeding 
fiequency to maximize energy provisioning rates to the brood. The patterns are beginning to 
appear in the second year of this four-year field study: the importance of certain high-quality 
schooling forage fishes, the flexibility of meal size in response to shifting prey availability, and 
the trade-off between increasing feeding fiequency and meal size. Pigeon guillemots and black- 
legged kittiwakes have demonstrated different foraging strategies to deal with reproducing under 
shifting conditions of food availability and quality. 



Pigeon Guillemots 

Pigeon guillemots have a diverse diet, composed of poorly-known nearshore demersal fishes, as 
well as relatively well-known schooling forage fishes. Blennies and sculpins were the primary 
prey of nestlings at Naked Island in 1 996 (Figure 3), whereas the proportion of gadids has 
decreased since 1994. At Kachemak Bay, nestlings were fed mostly sand lance and blennies in 
1996, but the proportion of sand lance in the diet decreased fiom 1995. Pacific herring and 
gunnels were the main prey for nestlings at Jackpot Island in 1996, although sample size was 
small due to intense nest predation by a mink and a resultant high rate of nest failure. The 
proportion of schooling forage fishes in 1996 diets was greatest at Jackpot Island (46%), 
followed by Kachemak Bay (36%) and Naked Island (2 1 %). 

One hundred and one pigeon guillemot brood meals, composed of individual fish, were collected 
in 1996: 73 at Naked Island, 25 at Kachemak Bay, and 3 at Jackpot Island. These samples were 
generally representative of nestling diets at the respective study sites, as indicated by the species 
composition of fish observed delivered to the nest by adults (Figure 3). The average mass of 
brood meals collected fiom Naked Island was similar in 1995 and 1996 (Table 1). Sample size 
of brood meals at Jackpot Island was small in 1996, so no estimate of average meal size could be 
made. In 1995 and 1996, average meal size at Naked Island was smaller than at Jackpot Island 
in 1995. The average mass of brood meals collected at Kachemak Bay (1 1.4, s.d. = 7.9, n = 25) 
was slightly less than at Naked Island (14.2, s.d. = 11.6, n = 73; t = 4.02, one-tailed, p = 0.09). 

Diet quality appears to be an important factor influencing energy provisioning rates to pigeon 
guillemot nestlings. The average energy density of brood meals was similar at Naked and 
Jackpot islands in both 1995 and 1 996 (Table 1). An increase in the proportion of sand lance in 
guiUemot diets at Naked Island fiom 1995 to 1996 may have been compensated by a decrease in 
capelin. At Jackpot Island, energy density of brood meals was moderate in both years, despite a 
high incidence of herring in the diet. This is apparently due to geographical differences in lipid 
content of juvenile herring; herring fiom northeast PWS had higher lipid content and energy 
density than herring fi-om southwest or central P WS. Brood meals at Kachemak Bay had higher 
average energy densities than the other sites in 1994, 1995, and 1996, due to the high proportion 
of sand lance in the diet. The average energy density of guillemot brood meals fiom Kachernak 
Bay declined in 1996, coincident with a decline in the proportion of sand lance in the diet. 

Guillemot feeding eequency (brood meals delivered per nest day) was highest at Jackpot Island 
(1 995), intermediate at Kachemak Bay (1 996), and lowest at Naked Island (1 995, 1996; Table 
1). The feeding fiequency at Naked Island was similar in 1995 and 1996 (means adjusted for 
proportions of nests containing one- and two-chick broods). Consequently, the estimated mass 
of food delivered to guillemot nests at Jackpot Island (330 g/nest day, 1995) were almost twice 
those at Naked Island (1 70 glnest day, 1996) or Kachemak Bay (162 g/nest day, 1996). 

Energy provisioning rates (Wnest day) can be estimated fiom measurements of feeding 
fiequency (mealslnest day), meal size (g wet mass), and energy density of meals (kJ/g wet mass). 
Energy provisioning rates for guiUemots were almost twice as high at Jackpot Island ( 1,394 

kJ1nest day. 1995) than at Naked Island (750 Wlnest day, 1996) and Kachemak Bay (826 kJ/nest 



day, 1996; Table 1). Limited data for 1996 suggests that feeding frequency was about 17.6 
mealdnest day at Jackpot Island, which was similar to 1995. If the small sample of meal size 
data was representative, the energy provisioning rate at Jackpot Island (847 Wnest day, 
estimated for 1996) would be slightly higher than Naked Island (1 995, 1996) and Kachernak Bay 
(1 996). If the 1996 meal size data fiom Jackpot Island were biased low and average meal size 
was closer to 20.0 gram (as observed in 1995), then the energy provisioning rate at Jackpot 
Island in 1996 would be about twice as high as the other two study sites (1,584 Wlnest day). 
Guitlemots nesting at Kachernak Bay provisioned their young with energy at a higher rate than at 
Naked Island. They compensated for low average meal size and moderate feeding fiequency 
with high energy density of prey. At Naked Island, where the energy density of brood meals was 
moderate, guillemots delivered moderate-sized fishes at a lower feeding frequency compared to 
the other two sites. Consequently, energy provisioning rates to broods at Naked Island were 
lower than at the other two study sites. 

Black- legged Kittiwakes 

In 1 996, the diet of black-legged kittiwake nestlings in P WS was composed primarily of herring 
and sand lance (Figure 4). Capelin supplemented the diet, more so in the central and 
southwestern portions of the Sound. Some kittiwakes at Eleanor Island also consumed salmon 
smolts, while others at Shoup Bay fed on offal fiom fish processors. In comparison with 1995, 
nestling diets at Shoup Bay showed a small increase in herring and a small decrease in sand lance 
and capelin. At Eleanor Island, nestlings were fed less herring and more salmon smolts in 1996 
compared to 1995. Sand lance and capelin figured prominently in kittiwake diets fiom LC1 
(Figure 4). Kittiwake nestlings at Gull Island fed their young sand lance, supplemented with 
herring. The sample size for kittiwake diets fiom Chisik Island was very small. At the Barren 
Islands, sand lance was more important than capelin in 1996, which was a reversal from the diet 
composition in 1995. 

By filling the esophagus and stomach with forage fishes, black-legged kittiwake parents can 
maximize meal size for their nestlings and potentially increase the efficiency of foraging trips. 
DBerent average meal sizes among colonies contributed to intercolony differences in energy 
provisioning rates (Table 2). Shoup Bay in 1995 provides the best example of a kittiwake colony 
where large meal size compensated for longer foraging trips. In 1996, meal size at Shoup Bay 
was larger than at any other kittiwake colony, whde meal size at North Icy Bay, Chisik Island, 
and Eleanor Island was moderate. Gull Island had the smallest average meal size. Meal sizes 
were similar at Shoup Bay and Eleanor Island in both 1995 and 1996 (Table 3). 

Parent kittiwakes in PWS and LC1 fed their broods food with average energy densities of 3 to 5 
kJ/g wet mass (Table 2). Average energy densities of brood regurgitations were higher at Gull 
Island, Shoup Bay, and North Icy Bay than at Eleanor, Chisik, and the Barren islands. The 
energy density of kittiwake regurgitations was higher at Shoup Bay than at Eleanor Island, and 
higher in 1996 than in 1995 at both sites (Table 3). Shoup Bay diets had a predominance of 
herring with high average lipid contents, compared to a more diverse diet of herring, sand lance, 
c a p e h  and salmon smolt at Eleanor Island. 



Feeding frequencies (brood meals delivered per nest day) were highest at Gull Island and Eleanor 
Island, intermediate at Shoup Bay, and lowest at Chisik and the Barren islands (Table 2; means 
adjusted for proportions of nests that contained one- and two-chick broods). Intercolony 
differences in the rates of food delivery to broods were driven by meal size andfor feeding 
frequency. The estimated rate of food delivery to kittiwake nests at Shoup Bay (132 g/nest day) 
and Eleanor Island (106 glnest day) were greater than at Gull Island (81 g/nest day) and almost 
twice that at Chisik Island (68 g/nest day). Delivery rates at Shoup Bay were a third higher in 
1 996 than in 1 995, while delivery rates were about the same at Eleanor Island each year. Shoup 
Bay had a lower average food delivery rate than Eleanor Island in 1995 (96 vs. 104 glnest day), 
and a higher rate in 1996 (132 vs. 106 g/nest day). 

Energy provisioning rates, calculated fiom the product of meal size, energy density, and feeding 
frequency, were highest at Shoup Bay, intermediate at Eleanor and Gull islands, and lowest at 
Chisik Island (Table 2). Energy provisioning rates to nestlings were higher at Shoup Bay than at 
Eleanor Island in 1996, but provisioning rates were similar at the two colonies in 1995 (Table 3). 
Energy provisioning rates were higher at Shoup Bay in 1996 than in 1995. Energy was 

provisioned to broods at Shoup Bay at a rate more than twice that at Chisik Island. The 
estimated energy provisioning rate at Gull Island was comparatively low, however, because 
average meal size was low. Based on foraging trip durations (APEX Component 96163 E), the 
feeding frequency at North Icy Bay was estimated at about 4 mealshest day. This frequency 
would produce an energy provisioning rate of 441 Wnest day, lower than at Shoup Bay and 
higher than at Eleanor Island. Average meal size at the Barren Islands would have to be around 
40 grams for an energy provisioning rate similar to Eleanor and Gull islands, colonies with 
similar productivity to the Barren Islands. Limited data on meal size at the Barren Islands 
suggest that this estimate may be larger than the meals actually delivered. 

Objective 3: Diet and Nestling Growth and Survival 

Pigeon Guillemots 
..* . 

Data on body mass of nestling guillemots were plotted as a function of wing length for each of 
the study sites. By taking the square root of body mass and the square root of the log of wing 
length, this relationship was linearized and homogeneity of variance was achieved. The slope of 
the resultant least squares regression line can serve as an index to growth performance of 
nestlings over the entire pre-fledging period. 

The growth performance of guillemot nestlings at Naked Island in 1996 was similar to 1995 
(Figure 5). Growth performance at Kachemak Bay declined f'i-om 1995 to 1996, coincident with 
a lower proportion of sand lance in the diet. Growth at Kachemak Bay was not significantly 
different than at Naked Island in 1996. Nest predation by a mink at Jackpot Island resulted in no 
successful fledging from that colony, and a limited data set for nestling growth. 

Growth performance of guillemot nestlings paralleled patterns in energy provisioning rates, 
determined by energy density, feeding frequency, and meal size. Slightly more energy was 
delivered to Kachemak Bay nestlings than those at Naked Island in 1996, and the growth index 



was slightly greater. The average energy provisioning rate at Kachernak Bay was lower in 1996 
than at Jackpot Island in 1995, and the growth performance index was lower as well. Inter- 
colony differences in the growth performance index appear to be related to the quality of diets 
provisioned to nestlings. 

Black-legged Kittiwakes 

Nestling growth performance was similar among kittiwake colonies in 1996 (Figure 6). Gull 
Island growth performance was similar to those of the PWS colonies, and Chisik Island growth 
was lower than at the Barren Islands. A combination of herring and sand lance in the diets in 
PWS and mostly sand lance at Gull Island in LC1 provided the energy density to support high 
growth rates. Breeding adults at Chisik Island were unable to provision their young with 
sufficient energy to support growth rates as high as at the other colonies, but some chicks did 
survive to fledging. 

Kittiwake nesting productivity was highest at the Shoup Bay colony in 1996. This colony 
demonstrated the highest nestling growth performance, lowest incidence of brood reduction, and 
a high productivity (0.73 fledglingslnest). Breeding adults at Shoup Bay fed their nestlings a 
higher quality diet and larger brood meals, although the range and duration of foraging trips were 
high compared to other colonies. Confronted with low food availability, kittiwakes at Chisik 
Island had the lowest nesting success, with low growth performance, more single chick broods, 
and low productivity (0.05 fledglings1 nest). 

Kittiwakes nesting at North Icy Bay provisioned their young with high-quality prey, although 
herring in southwestern PWS have a lower energy density than in the northeastern region where 
Shoup Bay kittiwakes forage. Nonetheless, the energy density of the diet at North Icy Bay was 
high; meal size was fairly large; and the estimated energy provisioning rate was intermediate 
between Shoup Bay and Chisik Island. Associated with this foraging strategy, growth 
performance was low to intermediate, brood size was low, and productivity was low (0.28). 
High laying success (87% of nest structures with 2 1 egg) and mean clutch size ( 2 1.73 eggs) 
suggest loss of eggs and chicks (see APEX Component 961 63 E) to predation, disease, or 
another factor. 

Objective 4: Contribution of Forage Fish Resources to Seabird Productivity 

Energy provisioning rates were higher for pigeon guillemots than for black-legged kittiwakes in 
1 995 and 1 996. Guillemots provisioned their young with energy (average: 788 to 986 kJIday) at 
about twice the rate for kittiwakes (average: 413 kJ1day) in both years. Yet, these two species 
have similar average brood sizes. Several factors may contribute to this pattern. Guillemots 
forage close to the colony and capture prey during pursuit dives, so they can prey on fishes 
throughout the water column. Kittiwakes forage at considerable distances fiom the colony and 
capture prey at or near the surface. 

Growth rates of nestlings paralleled the patterns in energy provisioning rates. The growth rates 
for guillemot nestlings (average = 21 glday, Naked Island) were higher than for kittiwakes 



(average = 17 glday, Shoup Bay). Guillemot nestlings fledged at a higher mass (456 g, Naked 
Island) than kittiwakes (396 g, Shoup Bay), despite similar fledging ages. This leads to the 
inference that the mass speci£ic metabolic rate for guillemot nestlings is higher than kittiwakes, 
and their maintenance costs are likely higher. Guillemot nestlings appear to be less efficient in 
growth, as their average energy provisioning rate was about twice those for kittiwakes. 

Guillemots in the EVOS area fed their nestlings schooling forage fishes and nearshore demersal 
fishes. Kittiwakes fed primarily on high-quality, schooling forage fishes during chick-rearing . 
Diet quality was higher for kittiwake nestlings than for guillemots, and the high energy density of 
brood meals helped compensate for low feeding frequencies. The high energy density of 
kittiwake chick diets suggests that breeding adults are selecting prey based at least partly on 
quality. In support of this, energy provisioning rates at Shoup Bay were close to those for 
guillemots. High energy provisioning rates are associated with higher growth performance, 
which would be expected to lead to higher survival and, in turn, to higher nesting densities. 

The species composition and abundance of fishes consumed by seabirds breeding in the EVOS 
area has changed over time. The prevalence of herring, sand lance, and capelin in kittiwake and 
guillemot diets coincides with rebounding populations of these species since the early 1990s. 
Both guiuemo ts and kittiwakes in the northern Gulf of Alaska apparently require access to these 
high-qualit y, schooling forage fishes to maintain high nesting densities. Juvenile herring and 
adult sand lance were the primary energy sources for piscivorous seabirds in PWS, whereas sand 
lance and capelin were important in LCI. By implication, the productivity of common murres 
and marbled murrelets, injured by the spill and slow to recover, may also be constrained by 
availability of high quality forage fishes. 

CONCLUSIONS 

Obiective 1 : Proximate Composition of Forage Fishes 

Myctophids and eulachon had the highest energy densities of sampled forage fishes 
(Figure I). 

Herring, capelin, and sand lance had the highest average energy densities of those forage 
fishes found in seabird diets (Figure 1). 

Pollock, Pacific tomcod, and prowfish had the lowest average energy densities of sampled 
forage fishes (Figure 1 ). 

Nearshore demersal fishes (blennies, sculpins) had intermediate energy densities (Figure 1). 

DEerences in location, age, gender, and reproductive state lead to intraspecific differences in 
energy density of forage fishes (Figure 2). 

- Herring fiom northeastern Prince Wdliam Sound had higher energy densities than in the 
central or southwestern Sound, demonstrating regional differences in lipid content. 



- Age 1+ and 2+ herring and sand lance had higher energy densities than conspecific age 
0+ fish. 

Obiective 2: Dietary Parameters of Nestling Seabirds 

Guillemots fed their young mostly blennies and sculpins at Naked Island, herring at Jackpot 
Island, and sand lance and blennies at Kachemak Bay in 1996 (Figure 3). 

The energy density of guillemot nestling diets was higher in Kachemak Bay than in Prince 
W i a m  Sound fiom 1994 through 1996 (Table 1). 

Kittiwakes fed mostly on herring and sand lance in Prince William Sound and sand lance and 
capelin in Lower Cook Inlet (Figure 4). 

In 1996, herring was the dominant prey item for kittiwakes breeding in Prince William Sound 
and sand lance was dominant in Lower Cook Inlet (Figure 4). 

The energy density of kittiwake nestling diets was higher at Shoup Bay than at Eleanor 
Island, and higher in 1996 than in 1995 for both sites (Table 2). 

Obiective 3: Diet and Nestling; Growth and Survival 

Guillemot growth performance at Kachemak Bay declined in 1996 compared with 1995, and 
was not significantly higher than at Naked Island (Figure 5). 

The lower growth performance of guillemots at Kachemak Bay in 1996 was coincident with 
less sand lance in the diet, compared to 1995 (Figure 5). 

Kittiwake growth performance was higher at Shoup Ray than at Eleanor Island or North Icy 
Bay (Figure 6) ,  coincident with herring of higher quality in the diet. 

Kittiwakes in Prince William Sound had higher productivity in 1996 compared with 1995, 
coincident with more herring, capelm, and sand lance in the diet - all high quality forage 
iishes. 

Ob-iective 4: Contribution of Forage Fish Resources to Seabird Productivity 

The species composition and abundance of fish used as prey by seabirds nesting in the EVOS 
area has changed. The prevalence of herring, capelin, and sand lance in seabird diets has 
increased, corresponding to rebounding populations of these forage fishes since the early 
1990s. 

Guillemots apparently require access to high quality, schooling forage fishes (herring, sand 
lance) to maintain high nesting densities in the EVOS area. 



Productivity of kittiwakes in the EVOS area also appears dependent on availability of high 
quality forage fishes (herring, sand lance, capelin). 

In Prince William Sound, juvenile herring and adult sand lance are the primary energy 
sources for piscivorous seabirds. 

Outside the Sound, sand lance and capelin are the primary energy sources for piscivorous 
seabirds in the EVOS area. 
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Figure 1. Energy density (kJ/g wet mass) and relative energy content in lipid vs. protein for forage fishes 
sampled in the northern Gulf of Alaska in 1995 and 1996. 
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Figure 3. Diet composition of nestling pigeon guillemots in the northern Gulf of Alaska, 1994 - 1996. 



Figure 4. Diet composition of nestling black-legged kittiwakes in the northern Gulf of Alaska, 1996. 
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The growth performance index is the slope of the least squares regression line for the square root of body mass 
vs. the square root of the natural log of wing length. 
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Table 1. Feeding frequency, meal size, and energy density in determining energy provisioning rates to pigeon 
guillemot nestlings in the northern Gulf of Alaska, 1994-1996. 

Energy 
Meal Energy Feeding Provisioning 
Size Density Frequency Rate 
(g; wet mass) (meals/nest day) (kT/nest dav) 

Naked Island 
1994 ? 

Jackpot Island 
1994 ? 4.5 ? 

Kachemak Bay 
1994 



Table 2. Energy Provisioning Rates to Black-legged Kittiwake Nestlings in the Northern Gulf of Alaska, 1996. 

Energy 
Meal Energy Feeding Provisioning 
Size Density Frequency Rate 
(g; wet mass) (kT / p wet mass) (meals /nest day) [kT/nest day) 

Shoup Bay 30.6 4.7 4.3 618 

Eleanor Island 23.1 3.8 4.6 404 

North Icy Bay 24.5 4.5 ? ? 

Barren islands ? 4.0 2.4 ? 

Gull Island 17.2 4.9 4.7 396 

Chisik Island 24.4 3.4 2.8 232 



Table 3. Energy Provisioning Rates to Black-legged Kittiwake Nestlings in the Northern Gulf of Alaska, 1995-1996. 

Energy 
Meal Energy Feeding Provisioning 
Size Density Frequency Rate 

(kT/g wet mass) (meals /nest dav) !kT/nest dav) 

Shoup Bay 

1995 

1996 

Eleanor Island 

1995 

1996 
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APEX Project Leader 

David Cameron Duffy 
Alaska Natural Heritage Program and Department of Biology 

University of Alaska Anchorage 
707 A Street 

Anchorage AK 99501 USA 
Tel: 907-257-2784 
Fax: 907-257-2789 

Email: afdcdl @uaa.alaska.edu 

This project was created to provide scientific oversight and coordination among the 
subprojects of the Alaska Predator Ecosystem Experiment or APEX Project. The past 
year was spent working with the P.l.'s to undertake our first full season of field work, 
primarily by shifting effort to the nearshore for sampling and fine-tuning projects' goals 
in response to our initial year of work. We also brought in two new projects, 96163 H 
and 96136 Q, to undertake analysis of fish samples and to provide initial modelling of 
the relation between forage fish and seabird reproduction, and we greatly increased 
support to 961 63 M, in Cook Inlet. 

Within the project, we supported a graduate student to work with K. Frost of ADF&G 
and with APEX Pl's, to examine the relation between harbor seal diving and fish 
distribution. To date most of effort has been expended on preparing the data for 
ArcView and INFOCAD. 

In addition, we have undertaken a project with USFWS's seabird atlas to examine 
whether the distribution of seabird colonies in Prince William Sound may be 
determined by food, with the predictions that bigger colonies should be farther apart 
and that colonies with less demand for food within their exclusive foraging zones 
should do better than colonies with overlap. Data layers have been acquired and 
brought into ARCINFO. Analysis is underway. 

Some time has also been devoted to planning for a symposium on change in Pacific 
seabirds to be held in 1998. This will allow for the first time a comparison of events in 
the Sound with those of the rest of the Pacific. 

Finally, much of the project is involved in the generation of reports, coordinating 
research efforts and methods, and in discussions of future needs that appear as the 
APEX project matures. 

The results of the APEX research are discussed in the abstracts for projects 961 63 A, 
B, C, E, F, G, J, K, L, M, N, 0 ,  and P. 



APPENDIX J 

APEX: 96163 J 



Exxon Valdez Oil Spill 
Restoration Project Annual Report 

Barren Islands Seabird Studies, 1996 

Restoration Project 96163J 
Annual Report 

This annual report has been prepared for peer review as part of the Exxon 
Valdez Oil Spill Trustee Council restoration program for the purpose of 
assessing project progress. Peer review comments have not been addressed in 
this annual report. 

David G. Roseneau 
Arthur B. Kettle 
G. Vernon Byrd 

U.S. Fish and Wildlife Service 
Alaska Maritime National Wildlife Refuge 

2355 Kachemak Bay Drive (Suite 101) 
Homer, Alaska 99603-802 1 

March 1997 



Barren  Islands Seabird Studies, 1996 

Restoration Project 961635 
Annual Report 

Studv Historv: Barren Islands APEX seabird studies were initiated in 1995 (Project 951635; 
see Roseneau et al. 1996a, Barren Islands seabird studies, 1995). In 1996, these studies became 
Project 961635 (see the APEX FY 96 detailed project description). 

Abstract: Data on breeding and foraging parameters of common murres (Uria aalge), black- 
legged kittiwakes (Rissa tridactyla), and tufted puffins (Fratercula cirrhata) were obtained by the 
same collection and analysis methods used at the Barren Islands in 1995. Murre and kittiwake 
productivity was high and normal, respectively, and similar to 1994-1995. Although Pacific sand 
lance (Ammodytes hexapterus) replaced capelin (Mallotus villosus) as the dominant prey fed to 
kittiwake chicks, and chick regurgitation weights were lower, nestling growth rates were normal 
and similar to 1995. Murre and puffin chick diets were similar to 1995: murres received about 
90% capelin (Mallotus villosus), and puffins were primarily fed capelin, Pacific sand lance 
(Ammodytes hexapterus), and walleye pollock (Theragra chalcogramma). However, puffin bill- 
load weights and chick growth rates were lower, and fewer puffin chicks fledged than in 1995. 
Murre and kittiwake chick feeding rates were similar among days and to 1995 levels, but puffin 
chick rates (a variable not obtained in 1995) differed between 1996 observation dates. Although 
murre attendance varied between days both within and between years, kittiwake attendance was 
similar to 1995. Kittiwake foraging trips lasted longer, and murres made fewer 2-4 hour-long 
trips, compared to the previous year. Nesting chronology of kittiwakes was similar to 1994-1995, 
but murres nested earlier than in all previous postspill years. The trend toward earlier timing in 
murre nesting chronology since 1993 may have resulted from changing environmental conditions 
and/or the increasing age and experience of the breeding birds. 

Kev Words: Barren Islands, black-legged kittiwake, common murre, East Amatuli Island, East 
Arnatuli Light Rock, Exxon Valdez, forage fish, Fratercula cirrhata, oil spill, Prince William 
Sound, Rissa tridactyla, tufted puffin, Uria aalge. 
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INTRODUCTION 

This study is a component of the Alaska Predator Ecosystem Experiment (APEX). The APEX 
project, initiated in 1995, is composed of 15 related studies designed to determine whether forage 
fish availability and quality are limiting the recovery of seabird populations injured by the T N  
Exxon Valdez oil spill. Over the course of the 5-year project, data on a variety of seabird breeding 
parameters and distribution, abundance, and energy content of forage fish will be compared among 
species, years, and study sites in Prince William Sound and lower Cook Inlet-Kachemak Bay to 
provide insight into how ecosystem processes may be affecting populations of seabirds nesting in 
the spill area. 

The Barren Islands were included in the APEX seabird-forage fish project for several reasons. 
The islands support some of the largest concentrations of black-legged kittiwakes (Rissa 
tridactyla), common murres (Uria aalge), and tufted puffins (Fratercula cirrhata) nesting in the spill 
area, and some information on these species was available from past studies (e.g., Bailey 1975a,b 
and 1976; Manual 1978,1980; Manual and Boersma 1978; Nysewander and Dippel 1990,1991; 
Dippel and Nysewander 1992; Nysewander et al. 1993; Dragoo et al. 1995; Boersma et al. 1995; 
Erikson 1995; Roseneau et al. 1995, 1996a,b). Also, the offshore location of the islands provided 
opportunities to compare data from an oceanic environment with results from APEX studies in 
Prince William Sound and Minerals Management Service (MMS) and other APEX research in 
lower Cook Inlet-Kachemak Bay. Furthermore, capelin (Mallotus villosus), an important forage 
fish species scarce in the northern Gulf of Alaska since the late 1970's (Piatt and Anderson 1995), 
were abundant near the islands during 1993-1994 (Roseneau et al. 1995, 1996b). Large stocks of 
these fish and the presence of other forage species, including Pacific sand lance (Ammodytes 
hexapterus) and young cods (e.g., 0-1 age-class walleye pollock, Theragra chalcogramma, and 
Pacific cod, Gadus macrocephalus) in surrounding waters provided an opportunity to explore 
seabird - forage fish relationships that might help explain why populations of some seabird species 
have not increased in the spill area. 

Data collected at the Barren Islands are being used to help test three APEX hypotheses: 

Hypothesis 7: Composition and amounts of prey in seabird diets reflect changes in relative 
abundance and distribution of forage fish near nesting colonies. 

Hypothesis 8: Changes in seabird productivity reflect differences in forage fish abundance as 
measured by amounts of time adult birds spend foraging for food, amounts of food fed to chicks, 
and provisioning rates of chicks. 

Hypothesis 9: Seabird productivity is determined by differences in forage fish nutritional quality. 

In 1996, we collected data on kittiwake, murre, and puffin productivity and nesting chronology; 
types and amounts of prey fed to kittiwake, murre, and puffin chicks; growth rates of kittiwake 
and puffin chicks and fledging size of murres; feeding frequencies of kittiwake, murre, and puffin 
chicks; and time-activity budgets of kittiwake and murre adults. We also obtained information that 
can be used to help track trends in population size of the these species (trends in Barren Islands 
murre numbers are being studied in greater detail by Projects 96144 and 97144; see the FY 96 and 
FY 97 common murre population monitoring project descriptions). 

Data were compared with results from the 1993-1994 EVOS-sponsored Barren Islands common 
murre restoration monitoring projects (Projects 93049 and 94039; see Roseneau et al. 1995, 

APEX hypotheses are currently undergoing review; they may be modified to better address questions raised by the 
T/V E.rxon Valde: oil spill. 



1996b) and the 1995 APEX Barren Islands seabird studies (see Roseneau et al. 1996a). 
Information was also shared with other APEX investigators to allow comparisons to be made 
among colonies (e.g., D. Irons, Project 96163E; J. Piatt, Project 96163M; D. Roby, Project 
961636). Prey samples were sent to D. Roby for energy content and density analyses, to D. 
Schell (University of Alaska-Fairbanks) for isotope analysis, and to M. Sturdevant (Project 
96163C) for studies of fish diets. Also, 40 beach-seine sets were made during the 1996 field 
season using the same methods employed at Gull and Chisik islands (Project 96163M). Data from 
these activities were sent to J. Piatt to allow comparisons to be made among study sites (see 
Robards and Piatt, in press). 

OBJECTIVES 

Objectives of the 1996 Barren Islands seabird studies were to: 

1 .  Determine the productivity of common murres (fledglings per egg laid), black-legged 
kittiwakes (fledglings per nest), and tufted puffins (percent of occupied burrows containing 
chicks). 

2 .  Determine the nesting chronology of common murres, black-legged kittiwakes, and tufted 
puffins (median hatch date). 

3 .  Determine the growth rates of black-legged kittiwake and tufted puffin chicks (grams per day). 

4. Determine the types of prey fed to common murre chicks (composition by number), and 
black-legged kittiwake and tufted puffin chicks (composition by number and weight). 

5. Determine provisioning rates for common murre and black-legged kittiwake chicks (feedings 
per hour), and tufted puffin chicks (feedings per day). 

6 .  Determine the amounts of food fed to black-legged kittiwake and tufted puffin chicks (grams 
per chick regurgitation and grams per nest screen, respectively). 

7 .  Determine adult activity budgets for common murre and black-legged kittiwake adults (foraging 
trip duration, minutes per hour both adults were present at nests, minutes per hour both adults 
were absent from nests). 

8. Sample near-shore forage fish populations throughout the season by making regular beach 
seine sets using Project 96163M methods. 

9 .  Collect forage fish samples from kittiwake regurgitations and tufted puffin burrow screenings. 

METHODS 

Study Area 

The Barren Islands are located at about 58O 55' N, 152O 10' W, between the Kodiak archipelago 
and the Kenai Peninsula (Fig. I). The study was conducted at East and West Amatuli islands, and 
Amatuli Cove camp served as base of operations (Fig. 2). Data were collected during 18 June - 13 
September by a team of four to five people. Team members commuted to murre and kittiwakes 
study sites in outboard-powered, 4.8-m-long, rigid-hulled inflatable boats, and to puffin study 
areas by boating and hiking. 



Productivity 

Murres: Murre productivity data were collected at 9 of the 10 East Amatuli Island - Light Rock 
plots established for this purpose in 1993-1995 (see Roseneau et al. 1995, 1996a,b) and one plot 
set up to replace another that had become difficult to see. The plots, containing about 25-50 nest 
sites (sites with eggs) each (1996 nest site total = 266), were viewed through 7 x 42 binoculars and 
15-60 power spotting scopes from land-based observation posts as often as weather permitted 
(range = 1-6 days). Viewing distances varied from about 30 to 100 m, and observers were 
assigned specific plots for the duration of the field season. Nest sites were mapped using 
photographs and sketches, and data were recorded for each site using previously established 
codes. Plot checks consisted of searching for eggs and chicks and adults in incubation and 
brooding postures, and counting adults. Each plot was checked about 28 times during 23 June - 4 
September, from before eggs were laid until most chicks had gone to sea. Plots were treated as 
sample units and productivity was calculated as fledglings per egg laid. These data were also used 
to calculate hatching and fledging success (see Roseneau et al. 1995, 1996a,b). Differences 
among 1993-1996 results were tested by ANOVA. 

Kittiwakes: Data on kittiwake productivity were collected from 11 East Amatuli Island plots, 
including four established 1993 and seven set up in 1995 (see Roseneau et al. 1995, 1996a,b). 
The plots, located on the same headlands as the murre productivity plots, contained 25-50 nests 
each (1996 nest total = 312; 285 contained eggs). Methods for collecting and analyzing data were 
similar to those used for murres, and were compatible with methods used by Projects 96163E and 
96163M. Nest checks consisted of searching for eggs and chicks, and counting adults (adult 
postures were not used to determine kittiwake nest content). Each plot was checked about 28 times 
during 23 June - 4 September, from just after laying began until most chicks had fledged. Plots 
were treated as sample units and productivity was calculated as fledglings per nest site. 
Information on hatching and fledging success was not obtained in 1996, because poor weather 
conditions made it impossible to collect sufficient data during the hatching period. Differences 
among 1993-1996 results were tested by ANOVA. 

Puffins: Puffin productivity data were obtained from four study plots established by University of 
Washington personnel in 1990 to collect information on chick growth rates (see growth rates 
below), and four transects totaling 270 m2 established by FWS crews in 1986 to monitor numbers 
and occupancy of burrows (see Nishimoto 1990). Burrows in the plots were searched for signs of 
activity (trampled and cleared vegetation, guano from adults and chicks, fresh digging) and 
nestlings durinz 23 July - 25 July, when most chicks were about one week old. A 35-cm-long 
flexible scoop was used to help determine presencelabsence of nestlings. After the initial visit, 
burrows containing chicks were checked every five days until 8 September. Active and inactive 
burrows and nestlings were also counted once on the transects on 28 August, just prior to 
fledging. Burrows were treated as sample units and productivity was calculated as the percentage 
of active burrows containing chicks just prior to fledging. The difference between 1995-1996 
results was checked with Pearson's Chi-square test. Data on hatching success were obtained from 
a plot containing 36 burrows marked for this purpose. Burrows were checked three times during 
the nesting season: once just before and once just after hatching, and once just before most chicks 
fledged. 

Nesting Chronology 

Murres: Median hatch date, derived from productivity plot data, was used as the primary 
measurement of murre nesting chronology (see Roseneau et al. 1995, 1996b). Median dates were 
calculated for the plots and values were averaged to describe timing of nesting events. Because 
laying and hatching of eggs and fledging of chicks were rarely observed, the date that nest sites 
changed status (i.e., from eggs to chickq) was estimated to be the midpoint between the closest 



pre- and post-event observation dates. Two methods were used to maintain precision during 
analysis. Nest sites with data gaps of more than seven days between pre- and post-event laying 
and hatching observation dates were excluded from the data set. Also, for nest sites where the 
range of possible laying dates was smaller than the range of possible hatching dates, hatching dates 
were calculated by adding 32 days to laying dates (32 days is the average incubation time-see 
Byrd 1986, 1989; Roseneau et al. 1995, 1996a,b). Plots were treated as sample units and 
differences among 1993-1996 results were tested by ANOVA. 

Kittiwakes: Median hatch date, derived from productivity plot data, was used to measure kittiwake 
nesting chronology (see Roseneau et al. 1996a). Methods for calculating this variable were the 
same as those described for murres, except that 27 days (rather than 32) were added to laying dates 
at sites where the range of possible laying dates was smaller than the range of possible hatching 
dates (see Byrd 1986, 1989). Plots were treated as sample units and differences among 1993- 
1996 results were tested by ANOVA. 

Puffins: Median hatch date was used to measure puffin nesting chronology. The date was derived 
from wing measurements of chicks instead of laying or hatching information, because burrows 
were not visited until the chicks were about one week old (visiting burrows prior to this time can 
result in abandonment of eggs or chicks). Chicks were treated as sample units and the date was 
obtained by estimating the ages of 44  chicks from first wing measurements and a growth equation 
reported by Arnaral (1977), and then calculating the median of the nestlings' estimated hatch dates. 
The difference between 1995-1996 results was checked with a two-tailed t-test. 

Chick Growth Rates 

Murres: Data on murre chick growth rates were not obtained during the study, because disturbing 
birds to weigh and measure chicks could have caused high levels of chick mortality. However, 46 
nestlings were dip-netted from the water and weighed (to nearest whole g) and measured (culmen, 
tarsus, and wing chord to nearest whole mm) just after they left the cliffs and went to sea (captured 
chicks were released immediately after data were collected). Chicks were captured at night to 
prevent predation by glaucous-winged gulls (Larus glaucescens). Average chick weight provided 
an index of sea-going size. 

Kittiwakes: To obtain information on kittiwake chick growth rates, 40 chicks from 38 broods 
were weighed (to nearest whole g) and measured (e.g., wing chord, culmen, tarsus, and back of 
head to tip of bill to nearest 0.1 mm) every 5-7 days, from shortly after hatching until they were 
about 32 days old. Growth rate calculations followed Project 95 163E protocol. Average daily 
increases in weight were calculated for each chick from the most linear section of the growth curve 
(from 60 to 300 g) by dividing the difference in weight between the first and last measurements by 
the number of days between measurements. Resulting values were then used to calculate average 
growth rates for 'A' chicks (chicks in single-chick nests plus first to hatch chicks in 2-chick nests; 
n = 33) and 'B' chicks (the second-hatched chicks in 2-chick nests; n = 2). The difference 
between 1995-1996 'A' chick growth rates was checked with a two-tailed t-test. 

Puffins: Thirty-three puffin chicks on three of the five study plots (see productivity above) were 
weighed (to nearest whole g) and measured (culmen, wing chord, and tarsus to nearest 0.1 mm) 
every five days, from the time they were about one week old until they were almost ready to 
fledge. To check the effects of more frequent visits on growth, 12 additional nestlings were 
weighed and measured three times on the remaining study plots. Weight was used as the primary 
indicator of growth. Data were analyzed by fitting a simple linear model to the 150-450 g section 
of each chick's growth curve (the portion that is nearly linear), and then calculating the average 
daily weight gain for each chick by using the slope of the line and numbers of days between first 
and last measurements. The final grams per day rate was the mean of the 33 chick values. The 
difference between 1995-1996 growth rates was checked with a two-tailed t-test. 



Chick Diets 

Murres: Prey items delivered to murre chicks were observed on seven different days during 12 
August-1 September. Identifications were made using 7 x 42 binoculars and field guides. In total, 
236 prey items, all fish, were recorded during deliveries, and 226 (96%) fish were identified to 
species or family groups (e.g. Gadidae) on the basis of color and body and fin shapes (e.g., 
caudal, anal, adipose fins). Data were analyzed by calculating percentages by number for five 
categories of prey: capelin, Pacific sand lance, cods (Gadidae), salmonids (Oncorhynchus spp.), 
and unidentifiable fish species. 

Kittiwakes: Samples of prey brought to kittiwake nestlings were obtained when growth study 
chicks regurgitated before, during, and after measurements. A total of 84 regurgitations were 
obtained on 15 days during 14 July - 9 August, when nestlings were about 1-4 weeks old. 
Samples were frozen shortly after collection and weighed (to nearest whole g) in the Homer lab. 
Individual prey items were weighed and identified by K.R. Turco at the University of 
Alaska-Fairbanks. Data were analyzed by calculating percentages by number and weight for seven 
categories of prey: capelin, Pacific sand lance, Pacific herring (Clupea harengus pallasi), walleye 
pollock, salmonids, euphausiids (Thyssanoessa spp.), and unidentifiable items. 

Puffins: Samples of prey brought to puffin chicks were collected by temporarily blocking nesting 
burrows with squares of hardware cloth (screens). One hundred thirty-nine potential chick meals 
containing 446 prey items were obtained on six screening days at East Arnatuli Island and four at 
West Arnatuli Island during 23 July - 7 September. Prey were identified in the field using 
taxonomic keys and field guides, and then frozen. Preserved items were thawed, cleaned, and 
weighed (to nearest whole g) in the Homer lab. Data were analyzed by calculating percentages by 
number and weight for nine categories of prey: capelin, Pacific sand lance, walleye pollock, 
Pacific cod, prowfish (Zaprora silenus), larval daubed shannies (Lumpenus maculatus), pink 
salmon (Oncorhynchus gorbuscha), squids (Cephalopoda), and other species. 

Chick Provisioning Rates 

Murres: Data on murre chick provisioning rates were collected from a plot containing 10 nest sites 
near one of the productivity plot observation posts. The plot was located in a flat rock-strewn area 
near the top of a cliff containing some of the productivity plots. Food deliveries were recorded 
during three 14-hr-long (0700-2100) watches on 12, 17, and 24 August. Data were analyzed by 
calculating the average number of feedings per hour for the three observation periods. Nest-days 
were used as sample units and differences among the five 1995-1996 observation dates were 
checked by ANOVA. 

Kittiwakes: Kittiwake chick provisioning rate data were obtained from 12 chicks in eight nests that 
were located in one of the kittiwake productivity plots (see productivity abolre). Most information 
was collected'by viewing nests through 7 x 42 binoculars from about 20 m away and recording 
times of feeding events during three 14-hr-long (0700-2100) watches on 16,26, and 30 July. 
Some data were also obtained by recording activities on video tape (using two modified 8-mm 
Sony HandyCam camera/recorders) and reviewing the tapes in camp (in 1995, no differences were 
found between data collected simultaneously by the two methods). Observations began when 
nestlings were about nine days old and ended when they were about 23 days old. Because chicks 
are often fed several times after foraging adults return to their nests, and because adults sometimes 
leave their nests for short periods of time without foraging at sea, only first feedings after trips 
lasting 30 minutes or more were counted as feeding events. Data were analyzed by dividing the 
data into 1- and 2-chick nests, and calculating the average number of feedings per hour for the 
three observation periods. Differences between I- and 2-chick nests on the five 1995-1996 
observation dates were checked with two-tailed t-tests (if nest-types differed, annual indices were 
calculated for each type). Differences among the five observation dates were tested by ANOVA. 



Puffins: Data on puffin chick provisioning rates were collected by observing adults returning to 10 
marked burrows in one of the chick growth rate study plots during two 16-hr-long dawn-to-dusk 
watches (0600-2200) on 3 1 August and 2 September. Observations were made with 7 x 42 
binoculars from a blind located about 50 m from the nesting burrows. Data consisted of adult 
departure and return times, and notes on activities in the vicinity of the burrows that might have 
affected the behavior of returning and departing birds (e.g., visits by aerial predators). Days were 
treated as sample units and the difference between observation dates was checked with a paired- 
sample t-test. 

Amounts of Food Fed to Chicks 

Murres: Data on amounts of food fed to murre chicks were not collected during the study, because 
disturbing the birds to collect and weigh fish could have caused high levels of chick mortality. 

Kittiwakes: Information on amounts of food fed to kittiwake chicks was obtained from 
regurgitated samples (see chick food types above). Because amounts of food fed to nestlings 
increased until they were about 20 days old, the average weight of 33 samples collected from 20- 
day-old or older chicks were used to calculate meal-size. The difference between 1995- 1996 
results was checked with a two-tailed t-test. 

Puffins: Data on amounts of food fed to puffin chicks were obtained from burrow screening 
samples (see chick food types above). Weights of the screened samples were averaged to obtain 
the meal-size index for this variable, and the difference between 1995-1996 results was checked 
with a two-tailed t-test. 

Activity Budgets of Adults 

Murres: Data on murre activity budgets were obtained during the three 14-hr-long observation 
periods used to collect chick feeding frequency information (0700-2100 hrs) on 12, 17, and 24 
August; see chick provisioning rates above) and three additional 14-hr-long watches made during 
the incubation period (0700-2100 hrs on 15,21, and 3 1 July). Adult anival and departure times, 
and times when members of pairs exchanged duties (i.e., incubating eggs or brooding chicks), 
were recorded for each nest site. Bird-minutes per hour were used to measure the amount of time 
nest sites were attended by one or two adults. For example, if one adult was present at its nest site 
for 60 minutes and the second adult was present for 30 minutes during the same hour-long block 
of time, the qest was assigned 92-bird-minutes of attendance for that hour. Nest-days were used 
as sample units and differences among the five 1995-1996 observation dates were checked by 
ANOVA. Average foraging trip time was obtained by treating trips made during the nestling 
period as sample units and calculating the mean trip duration during the three dawn-to-dusk 
watches that ended in chick feedings (n = 85 trips). Nest-days were used as sample units and the 
difference between 1995-1996 results was checked with a two-tailed t-test. The frequency of trips 
in 2-hr blocks of time (0-2,2-4,4-6 and 6-8 hrs) was also computed and between-years 
differences were checked with a Chi-square test. 

Kittiwakes: Kittiwake activity budget information was obtained during chick feeding frequency 
observations at eight nests (see chick provisioning rates above) and one incubation period watch. 
Adult anival and departure times, and times when members of pairs exchanged duties (i.e., 
incubating eggs or brooding chicks) were recorded for each nest. Bird-minutes per hour were 
used to measure the amount of time adults spent at their nests each day (see murres, above). Nest- 
days were used as sample units and differences among the five 1995-1996 observation dates were 
checked by ANOVA. Average foraging trip time was obtained by treating trips made during the 
nestling period as sample units and calculating the mean duration of trips that ended in chick 
feedings and left another adult at the nest (because adults were not marked; n = 23 trips). Nest- 



days were used as sample units and the difference between 1995-1996 results was checked by a 
two-tailed t-test. 

Puffins: During the two dawn-to-dusk watches made to obtain chick provisioning rate data, adult 
puffins stayed at their nesting burrows about 30 seconds or less to deliver fish to chicks. Because 
adults left the burrows unattended and were not marked, it was not possible to determine the 
duration of the foraging trips made by individual birds. 

Population Counts 

Murres: Murres were counted 16 times on the productivity plots on 16 different dates between the 
peak of laying and the first sea-going of chicks. Methods for collecting and analyzing data were 
the same as those used during the 1993-1994 Barren Islands m u m  restoration monitoring studies 
(see Roseneau et al. 1995, 1996b) and the 1995 Barren Islands APEX seabird project (see 
Roseneau et al. 1996a). Counts were averaged to obtain an annual estimate of birds on the plots 
and differences among the 1993-1996 scores were tested by ANOVA. Note: Trends in Barren 
Islands murre numbers are being studied in greater detail by Project ~96144  and 97144. 

Kittiwakes: Kittiwakes were counted 12 times on the productivity plots on 12 different dates 
before numbers began declining near the onset of fledging. Methods for collecting and analyzing 
data were the same as those used during 1993-1995 (D.G. Roseneau and A.B. Kettle, unpubl. 
data). Counts were averaged to obtain an annual estimate of birds on the plots and differences 
among the 1993-1996 scores were tested by ANOVA. 

Puffins: The number of active puffin burrows on the three chick growth rate study plots and four 
transects were calculated to provide an annual index of population size. Plots and transects were 
treated as sample units and the difference between 1995-1996 results was checked with a Wilcoxon 
signed-ranks test. 

RESULTS 

Productivity 

Murres: Murre productivity was high (0.77 fledglings per egg, SD = 0.14; Table 1, Fig. 3a; see 
Byrd et al. 1993) and similar to 1994-1995 levels (0.73 and 0.77 fledglings per egg, respgctively; 
Roseneau et al. 1995, 1996a,b); however, all of these values were higher than the 1993 results 
(0.55 fledglings per egg; P = 0.01 1, 0.001, and 0.002, respectively). Fledging success followed 
an identical pattern: it was high (0.90 chicks per egg, SD = 0.12; see Byrd et al. 1993) and similar 
to 1994-1995 levels (0.93 and 0.91 chicks per egg, respectively), and results from all three years 
were higher than the 1993 value (0.79 chicks per egg; P = 0.014,0.035, and 0.063, respectively). 
Hatching success exhibited a slightly different pattern: although it was also high (0.85 chicks per 
egg, SD = 0.10; see Byrd et al. 1993) and similar to 1994-1995 levels (0.85 and 0.79 chicks per 
egg, respectively), only 1995-1996 values were higher than the 1993 results (0.70; P = 0.023 and 
0.022, respectively). 

Kittiwakes: Productivity of kittiwakes was high (0.71 fledglings per nest, SD = 0.19; Table 1, 
Fig. 3b; see Hatch et al. 1993) and similar to 1994 and 1995 levels (0.64 and 0.81 fledglings per 
nest, respectively; see Roseneau et al. 1996a). These values differed sharply from 1993, when 
nesting pairs failed early in the nesting season and reproductive success was zero (no eggs or 
chicks were present on the four East Amatuli Island plots, Roseneau et al. 1995). 

Puffins: Just prior to fledging, 0.31 (SD = 0.16) chicks were found per occupied burrow on the 
three growth rate plots and group of four transects (Table 1). This was a significantly lower (P < 



0.001) than in 1995 (0.53 chicks per occupied burrow; see Roseneau et ul. 1996a). Hatching 
success, obtained from a plot established for this purpose, was 0.5 chicks per egg. This figure 
was lower than most values reported from other Alaskan colonies (see Byrd et al. 1993). 

Nesting Chronology 

Murres: Based on the median hatch date (4 August, SD = 4; Table I), hatching occurred 5, 7, and 
12 days earlier than in 1995, 1994, and 1993, respectively. These dates differed significantly from 
one another, with the exception the 1994-1995 dates. Also, the 1993 hatch date was earlier than 
the reported 1992 Nord Island and 1991 East Amatuli Light Rock dates (see Dragoo et al. 1995 
and Boersma et ul. 1995, respectively). 

Kittiwakes: The median hatch date was 7 July (SD = 7; Table 1); this was similar to 1994-1995 
results (10 and 8 July, respectively). 

Puffins: The median hatch date for puffins was 16 July (SD = 5; Table 1). This was significantly 
earlier than in 1995 (21 July, P<0.001). 

Chick Growth Rates 

Murres: The average weight of the 46 murre chicks dip-netted from the sea was 240 grams (SD = 
24; Table 1). 

Kittiwakes: The average growth rate of kittiwake chicks, for all chicks combined (n = 3 3 ,  was 
17.5 grams per day (SD = 5.8; Table 1). 'A' chicks (chicks in single-chick nests plus first chicks 
to hatch in 2-chick nests; n = 33) gained 17.6 grams per day (SD = 5.9), while 'B' chicks (the 
second-hatched chicks in 2-chick nests; n = 2) grew at a rate of about 14.9 grams per day (SD = 
1.6). The 'A' chick rate was similar to the 1995 value (19.4 g per day). 

Puffins: Puffin chicks in the three main study plots gained an average of 3.3 grams per day (SD = 
1.6 g, n = 32; Table I), while chicks visited only three times during the same period gained 3.1 
grams per day (SD = 1.3, n = 12). The difference between these rates was not significant. The 
combined growth rate for all chicks was 3.2 grams per day (SD = 1.5; n = 44), a rate that was low 
for puffins, and considerably lower than the 1995 value of 11.4 grams per day (P < 0.001). 

Chick Diets 

Murres: Prey items delivered to murre chicks consisted solely of small fish (n = 236), most of 
which were capelin (91 % by number; Fig. 4a). Adults also fed nestlings a few unidentified cods 
(Gadidae, probably walleye pollock and Pacific cod) and Pacific sand lance, and one unidentified 
salmonid (3 %, 2%, and < 1 % by number, respectively). Ten fish (4%) could not be identified to 
group or species. Results were similar to 1995: capelin were clearly the primary component in 
chick diets. 

Kittiwakes: By weight, 29% of the contents in the 84 kittiwake chick regurgitation samples could 
not be identified (Fig. 4b). However, Pacific sand lance (40%) and capelin (21 %) were apparently 
the primary sources of food, while other prey types, including Pacific hening (6%), walleye 
pollock (1 %), salmon (1 %), and euphasiids (1 %) were less important. Based on these data, 
chicks were apparently fed a larger proportion of sand lance and a smaller proportion of capelin, 
compared to 1995. However, methods used to identify the contents of the regurgitation samples 
differed somewhat from the previous year (otoliths recovered from the samples were saved, but 
not identified as they had been in 1995). This difference is being resolved, and a more detailed 
comparison between 1995-1996 results will be made in the next annual report. 



Puffins: Prey deliveries (n = 139 screen samples) to puffin chicks contained 446 items (Fig. 5). 
By weight, capelin (37%), Pacific sand lance (27%), and walleye pollock (18%) were clearly the 
primary sources of food, while other types of prey, including pink salmon 6 (%), larval daubed 
shannies (4%), Pacific cod (2%), prowfish (2%), squid (2%), and other fish and invertebrates 
(2%), were less important. Based on this information, chicks.received larger amounts of capelin 
and sand lance, and much smaller amounts of prowfish, compared to 1995. Chicks were also fed 
somewhat smaller amounts of pollock, compared to the previous year; however, this decrease 
(6%) was equivalent to the new pink salmon component (6%), which was not present in 1995. 

Chick Provisioning Rates 

Murres: During the three all-day observation periods, chicks averaged 0.26 feedings per hour (SD 
= 0.05, n = 3 d; Table 1, Fig 7a), a figure similar to the overall 1995 value (0.29 feedings per 
hour). No differences were found among the five 1995-1996 all-day watches. 

Kittiwakes: During the three all-day observation periods, single-chick nests averaged 0.19 
feedings per hour (SD = 0.03, n = 3 d; Table 1, Fig. 7b), and nests containing two chicks 
averaged 0.24 feedings per hour (SD = 0.08, n = 3 d). Although this difference was not 
significant, the difference between 1- and 2-chick nests was significant in 1995 (1- and 2-chick 
nests = 0.21 and 0.40 feedings per hour, respectively; P = 0.015). As a result, the 1995-1996 1- 
and 2-chick nest values were compared separately; however, no significant differences occurred 
among the five 1995- 1996 all-day observation periods. 

Puffins: All puffins returning to burrows were carrying fish. The number of feedings per burrow 
differed between the two all-day watches (3 1 Aug = 7.20, SD = 2.25; 2 Sep = 3.80, SD = 1.55; P 
< 0.001; Table I), and there was a pronounced diurnal pattern on both dates: chicks were fed 
more often in the early morning hours than during other parts of the day (see Fig. 8). 

Amounts of Food Fed to Chicks 

Kittiwakes: Kittiwake chick regurgitation weights increased with nestling age (based on median 
hatch date). Weights averaged 10.1 grams (SD = 5.7, n = 18), 16.6 grams (SD = 11.0, n = 32), 
and 20.8 grams (SD = 13.3, n = 33) when chicks were less than 10 days old, 10-20 days old, and 
20 days old or older, respectively. Only data from the 20-day-old and older chicks were used to 
compute this index. The average meal-size of 20.8 grams (SD = 13.3; Table 1) was lower than 
1995 results (27.7 g, SD 11.5, n = 37; P = 0.2). 

Puffins: The average weight of 109 screen samples collected during the nestling period was 6.9 
grams (SD = 6.8, Table 1). This was significantly lower than the average weight of 110 samples 
obtained in 1995 (10.3 g; SD = 12.8; n = 110). 

Activity Budgets of Adults 

Murres: (Nest Attendance) -- During the incubation period, at least one adult murre always 
attended each nest site, and both pair members were present an average of 19.5 minutes per hour 
(79.5 bird-midhr; SD = 6.0; n = 3 d; Table 1, Fig. 9a). During the nestling period, at least one 
adult was also always attended each site, and both birds were present an average of 9.6 minutes 
per hour (69.6 bird-minuteslhr; SD = 4.1; n = 3 d); this was similar to the 1995 figure (66.4 bird- 
midhr). Testing by ANOVA showed that there was a significant difference among observation 
dates, and a Tukey post-hoc test indicated that two days were marginally different in 1996 (12 and 
17 August; P = 0.055), as were one in 1995 (24 August) and one in 1996 (15 August; P = 0.069). 
These results indicated that differences between days were as great as differences between years. 



(Duration of Foraging Trips) -- During the nestling period, murre foraging trips averaged 150 
minutes (SD = 78, n = 85 trips; Table l), a figure similar to 1995 results (158 minutes). 
However, the frequency of trips between 0-2 and 2-4 hrs differed between years (see Figs. 10 and 
1 1 ; x2 = 17.14, P = 0.001); shorter trips were more common in 1995. 

fittiwakes: (Nest Attendance) -- Adult kittiwakes rarely left eggs unattended during the incubation 
period, and during the same interval, it was even rarer for members of pairs to tend nests together. 
During the nestling period, as in 1995, members of pairs also rarely attended nests together. In 
1996, chicks were occasionally left alone: both adults left 1- and 2-chick nests for an average of 
1.0 minutes per hour (SD = 1.4, n = 3 d; Table 1, Fig. 9b) and 5.4 minutes per hour (SD =4.5). 
respectively. Although within day differences between 1- and 2-chick nests were not significant, 
2-chick nests were consistently left alone more often than 1-chick nests (1-chick nests, 59.0 bird- 
min/hr/nest, SD = 1.43; 2-chick nests, 54.6 bird-midhrlnest, SD = 4.48). As a result, data were 
analyzed separately; however, no differences in attendance were detected among days at 1- and 2- 
chick nests. 

(D~iration of Foraging Trips)-- Kittiwake foraging trips averaged 326 minutes during the nestling 
period (SD = 91 min, n = 23 trips; Table 1). This was significantly longer than in 1995 (237 min; 
P = 0.01). 

Population Counts 

Murres: Murre counts on the productivity plots averaged 407 birds (SD = 24.3; Table 1). This 
estimate was similar to the 1993, 1994, and 1995 scores of 435,404, and 392 individuals, 
respectively (see Roseneau et al. 1995, 1996a,b). 

Kittiwakes: Kittiwake counts on the four productivity plots that could be compared among years 
averaged 183 individuals (SD = 8.2, n = 12; Table 1). This estimate was similar to the 1994 and 
1995 scores of 192 (SD = 10.3) and 201 (SD = 8.7) birds, respectively, but higher than the 1993 
count of 120 individuals (SD = 50.3; P < 0.001). 

Puffins: The number of occupied puffin burrows on the three growth rate study plots and group of 
four transects were similar between years (142 active burrows in 1996, Table 1; and 125 active 
burrows ir, 1995). 

DISCUSSION 

In 1995-1996, availability of forage fish to black-legged kittiwakes and common murres was 
apparently high enough in the vicinity of the Barren Islands to allow these species to reproduce at 
average and above average levels, respectively. In contrast, tufted puffin productivity was normal 
in 1995, but quite low in 1996. The lack of concordance between murres and puffins, both diving 
species, may in part, reflect differences in chick-rearing strategies. Puffin chicks remain in nesting 
burrows about twice as long as murre chicks stay at nest sites, and prey, including forage fish, 
need to be available to adult puffins for longer periods of time to ensure continued growth and 
survival of nestlings to fledging age. Foraging behavior also differs between puffins and murres: 
puffins tend to forage in flocks less often than murres; this trait might help explain why puffin 
chick diets were much more diverse than diets of murre chicks in 1995-1996. 

During 1995-1996, growth rates of kittiwake and puffin chicks mirrored productivity (murre 
growth rates were not obtained during the study). However, while growth rates of kittiwake 
chicks were normal and similar between years, puffin chick growth rates were normal in 1995, but 
quite low in 1996. Again, differences in chick-rearing strategies and foraging behaviors might 



partially explain this difference. However, the low growth rate of puffin chicks in 1996 also 
suggested that these seabirds were having a harder time finding food during the chick-rearing 
period than in the previous year. 

Capelin, generally considered to be relatively high quality prey, were by far the most common item 
fed to murre chicks in 1995-1996, and nestling diets were similar between years. Murres also 
reproduced at similar above average levels in 1995-1996. Capelin, in combination with Pacific 
sand lance, another high quality prey species, also played an important role in the diets of kittiwake 
and puffin chicks; however, by weight, percentages varied between years and were higher in 1995 
than in 1996. Sand lance use followed an opposite pattern: percentages by weight in the chick 
diets of both species varied between years, but were higher in 1996 than in 1995. However, 
despite these dietary differences, kittiwake chick growth rates and productivity were normal and 
similar between years. 

Puffin chick diets were the most diverse among the three seabird species. The percentage of 
prowfish fed to nestling puffins was relatively high in 1995, but markedly lower in 1996, when 
larger percentages of capelin and sand lance were delivered to burrows, compared to the previous 
year. Prowfish are generally considered to be poorer-quality prey than sand lance or capelin; 
however, nestling growth rates and productivity were normal in 1995, but quite low in 1996, 
when chicks received higher percentagQ of higher quality prey species. This difference suggested 
that a change in prey availability, rather than a change in food type, was responsible for the lower 
chick growth rates and productivity of puffins in 1996. 

Seabird productivity and chick growth rates can be altered by availability of prey. The size of 
meals delivered to nestling kittiwakes was lower in 1996 than in 1995, and the duration of foraging 
trips was longer, compared to the previous year. These differences suggested that food was more 
difficult to acquire, and more effort was needed to feed chicks in 1996. However, by working 
harder, kittiwakes were apparently able to compensate for changes in prey availability and provide 
food to their nestlings at a frequency similar to the previous year-thereby preventing growth rates 
and productivity from dropping below 1995 levels. 

Murres may have also worked harder to obtain food for chicks in 1996: fewer short foraging trips 
were made, compared to the previous year, although average trip duration was similar to 1995, and 
nest attendance and chick provisioning rates did not differ between years. Because murres are 
capable of diving and foraging throughout the water column, they are less susceptible to changes in 
oceanographic conditions that can affect surface-feeding Litti~srakes by causing prey to remain 
below this specie's feeding depths. 

Puffins delivered significantly smaller meals to chicks in 1996, compared to 1995. Again, this 
difference suggested these birds were having a more difficult time finding food than in the previous 
year. Changes in prey availability and amounts of food fed to chicks, rather than changes in types 
of prey, probably accounted for the lower chick growth rate and productivity of puffins in 1996. 

Murre nesting chronology has been getting steadily earlier in the Barren Islands since 1993 (and 
also apparently since 1991). While the possibility exists that changes in food supplies and 
environmental conditions may be involved in this in timing change, the pattern is typical for 
populations undergoing increases in age and experience of breeding individuals- something that 
might be expected after a major mortality event, such as the Exxon Valdez oil spill (see 
Nysewander et cc.1. 1993). Factors that may be responsible for the change in timing of murre 
nesting events may be identified by continuing to explore relationships among breeding parameters 
and food supplies of murres and other seabirds at the Barren Islands colonies. 



CONCLUSIONS (To be addressed in the final report) 
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Table 1. Results from Barren Islands Seabird Studies, 1996. 

Variable Common murre Black-legged kittiwake Tufted puffin 

Productivity Eggs hatched / eggs laid 0.85 (0.10)' Chicks fledged / nests built: 0.71 (0.19) Chicks / 
Chicks fledged / eggs hatched 0.90 (0.12) occupied burrow 0.31(0.16) 
Chicks fledged / eggs laid 0.77 (0.14) 

Nesting chronology Median hatch date: 4 Aug (4) Median hatch date: 7 Jul (7) Median hatch date: 16 Jul (5 ) 

Chick rrowth rate Fledging weight (g): 240 (24) Grams / day (all chicks): 17.5(5.8) Gramslday: 3.3 (1.6) 
("A" chicks): 17.6 (5.9) 
("B" chicks): 14.9 (1.6) 

Chick feeding f r e ~ .  Feedings /chick / hr (0700-2 100): 0.26 (0.05) Feedings/nest/hr (0700-2100) (1 ch): 0.19 (0.03) Feedings/nest/d (0600-2200): 
(2 ch): 0.24 (0.08) 7.2 (2.2) - 3.8 (1.5) 

Adult trip duration Minutes / trip: 150 (78) Minutes / trip: 326(91) Nodata 

Time no ad. on nest Minutes / hour: 0.0 Minutes /hour (I  chick): 1 .  (1.4) Not yet analyzed 
(2 chicks): 5.4 (4.5) 

Time 2 ad. on nest: Minutes / hour (incubation): 19.5 (6.0) Minutes / hour (1 chick): 0.0 Not yet analyzed 
(nestling period): 9.6 (4.1) (2 chicks): 0.0 

Chick meal size no data Regurgitant weight (g): 20.8 (13.3) Screen samp. wt. (g): 6.9 (6.8) 

Population size Productivity plots (no. of birds): 407 (24) Productivity plots (no. of birds): 183 (8.2) Number of burrows: 142 

Standard deviation in parentheses 
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Figure 1. Location of the Barren Islands, Alaska 
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Figure 2. The East Amatuli Island study area showing the general locations of the 
common murre (COMU), black-legged kittiwake (BLKI), and tufted puffin (TUPU) 
study sites. 
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Figure 3. Productivity of (a) common murres and (b) black-legged kittiwakes at East Amatuli 
Island, Barren Islands, Alaska, 1993-1996 (number of plots shown in parentheses; error bars = 
standard deviation). 
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Figure 4. Types of prey fed to (a) common murre and (b) black-legged kittiwake chicks at East 
Amatuli Island, Barren Islands, Alaska, 1995-1996: Composition of prey by (a) number and (b) 
weight. 
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Figure 5. Types of prey fed to tufted puffin chicks at East Amatuli Island, Barren Islands, 
Alaska, 1995-1996 (composition by weight). 
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Figure 6. Growth rates of (a) black-legged kittiwake and (b) tufted puffin chicks at East Amatuli 
Island, Barren Islands, Alaska, 1995-1996 (number of chicks shown in parentheses; error bars = 
standard deviation). 
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Figure 7. Provisioning rates of (a) common murre and (b) black-legged kittiwake chicks at East 
Amatuli Island, Barren Islands, Alaska, 1995-1996 (n = 2 days in 1995 and 3 days in 1996; error 
bars = standard deviation). 
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Chick provisioning frequency 
Tufted puffin 

Time of day 

Figure 8. Number of times adult puffins brought prey to burrows at East Amatuli Island, Barren 
Islands, Alaska during two dawn-to-dusk observation periods in 1996 (calculated as returns per 
nest per hour, for a sample of 10 nests with chicks; hours are start times for corresponding data 
points). 
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Figure 9. Number of minutes per hour spent at nests by (a) common murre and (b) black-legged 
kittiwake adults during the chick rearing period at East Amatuli Island, Barren Islands, Alaska, 
1995-1996 (n = 2 days in 1995 and 3 days in 1996; error bars = standard deviation). 
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F o r a p g  trip duration 
Common murre-- 1995 
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Figure 10. Duration of foraging trips by common murres from 12 nest sites at East Amatuli 
Island, Barren Islands, Alaska during two days in 1995: (a) 24 August and (b) 26 August. 
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Protocol for APEX Common Murre Studies 
-. .. 

Barren Islands 
Gull Island 
Chisik Island 

Arthur Kettle, John Piatt, Dave Roseneau, and Stephani Zador 
17 April 1997 

Productivity and Hatch Dates 

Murre productivity and hatch dates are calculated from data recorded during regular observations 
of nest sites grouped into plots. 

Field work: Generally, clusters of 20-40 nest sites (sites with eggs) on cliff faces or sections of 
flat-topped offshore rock are considered plots. At least 7 plots are subjectively selected (to 
include different habitat types) at each study location (E. Amatuli, Gull, Duck). Plot boundaries 
are defined by recognizable, permanent features of the substrate. 

If possible, the same plots are used each year. When it is possible to identify nest sites used in 
previous years, nest site numbers are retained. New nest sites receive new numbers (or the 
number of an adjacent site plus a letter). Observations of each plot are made from a marked 
point that is used each year. Plot boundaries are clearly marked on photographs taken from the 
observation point, and on hand-drawn maps that show recognizable features of the terrain. 

Plots are checked about every 3 days, from before eggs are laid until nest fates can be 
determined. During each check, codes are used to describe for each nest site the status of adults 
and, if visible, the nest content. Since it is often difficult to see underneath a murre to determine 
whether an egg or chick is present, distinct adult postures are used as indicators of the presence 
of eggs or chicks (see "Data analysis"). Codes for these data follow: 

Adult codes 

S Standing and not in incubation or brooding posture. 

L Laying down and not in incubation or brooding posture. 

IP Incubation posture. A distinct posture assumed by most murres when incubating 
eggs. Adult sits forward with back humped, tail held down, and wings slightly 
dropped with tips uncrossed. 

BP Brooding posture. A distinct posture assumed by most murres when brooding 
chicks. Characterized by wing-mantling--the wing sheltering the chick is 
dropped. 



P Adult present. Can't classify posture as any of the above. 

N No adult present. 

Example: "2s" means that 2 adults were standing 

Nest content codes 

E An egg is seen 

C A chick is seen 

0 There is no egg or chick 

U Undetermined nest content 

Examples: "SLG" means that one adult stood, another lay, and there was no egg or 
chick. 

"NC" is an unattended chick 

"NJZJ" is an empty nest site 

Data analysis: For each plot we calculate productivity (chicks fledged1 per nest site), hatching 
success (chicks hatched per nest site), fledging success (chicks fledged per chick), and median 
hatch date. The mean and standard deviations of plot values provide the point estimate for a 
study location for each year. Data are analyzed according to the procedures in appendices 1 and 
2. 

Plot estimates (n >= 7 per site) are the sample for comparison among sites and years 
with ANOVA and Tukey pairwise mean comparison. Trends among years are tested with 
Kendall's tau rank correlation analysis. 

Chick Growth 

Gull and Chisik islands 

Field work: On Gull and Chisik islands, fifteen to thirty unmarked murre chicks of unknown age 
are weighed and measured three times. Personnel visit the colonies before dawn or after sunset 
during early, mid, and late chick-rearing periods and attempt to measure a sample that represents 

 h he term "fledge" in this protocol refers to the departure of a chick from its nest site, 
rather than the ability of flight or independence from parental care. 



chicks of varying ages. Data recorded are mass (to 1 g), flattened wing chord (to 1 mm), and 
culmen (to 0.1 mm). Personnel time in the colony is limited to 30 min. 

Data analysis: Mean mass as a function of wing length is plotted for all data, and the linear phase 
of mass increase is determined. For all measurements within this linear phase, mass is divided 
by wing length to derive an index of body condition. These values are then averaged for each 
island. 

East Amatuli Island 

Field work: At East Amatuli Island, if sea conditions allow it (as they did in 1996), fledglings 
will be weighed and measured just after they jump from the nesting cliffs. Fledglings are 
scooped from the water, weighed, measured, and released one at a time. A dip net is used to 
capture the chicks. Wing chord is measured to 1 mm, culmen to 0.1 mm, and mass to 1 g. Wing 
chord is measured on a flattened wing. If the weighing platform is a boat, a 500-g Pesola scale, 
rather than a 300-g scale, will be used to minimize bounce. To maintain boating safety and 
precision of weights, this parameter will be measured only in very calm sea conditions. 

Data analvsis: Mean mass, wing chord, and culmen are averaged as annual indices. Differences 
among years are tested with ANOVA and Tukey pairwise mean comparison. 

In 1997, personnel at Gull and Chisik will assess the feasibility of measuring murre fledgling 
size, and the crew at East Amatuli Island will assess the feasibility of measuring more pre- 
fledging samples (one sample of 33 chicks was measured late in the nestling period in 1996). 

Chick Food Types 

Field work: We identify prey items brought to chicks by observing, with binoculars, prey in the 
bills of adults as they return to the nest. Identification is based on the color and shape of the 
item, and of the caudal, anal, adipose fins of fish. "A field guide to common murre bill loads" 
(John Piatt) and other keys is used to identify prey. 

Observation periods can occur at any time of day and be of any specified length of time, but the 
time is set aside specifically for this purpose. We do not include fish haphazardly observed 
during productivity checks; this practice may skew observations toward large fish. At least 50 
positive identifications will be obtained during each week of the nestling period. When possible, 
days of observations will be synchronized among Gull, Chisik, and East Amatuli islands. Only 
prey fed to chicks are recorded (not fish brought in for "display"). Each observation is recorded 
as one of the following three categories: (1) "Not Seen" (a feeding occurred, but because the 
return was too fast or was obscured, no identification was possible), (2) "Unknown" (a view 
sufficient for identification was obtained, but positive identification wa.s not made) and the 
reason why identification was not made (e.g., not enough of the fish was available for 
identification), or (3) the fish is identified to the lowest practical taxonomic level. 

When nest sites are visited for chick measurements, the area is searched for dropped prey items; 



any found are collected. 

Data analysis: Percentage of occurrence will be calculated for "unknown" and for each taxon of 
prey. The "not seen" category will be excluded. 

Adult Time Budgets 
Chick Provisioning Frequency 
Nest Attendance by Adults 
Foraging Trip Duration 

Field work: Adult time budgets are calculated from day-long observations of a plot of 10 nest 
sites at each study location. So that variation among both nest sites and days can be calculated, 
the same nest sites are used for all observation-days within a year, if possible (although some 
nests for attendance observations will be different from nests used for the nesting period, if eggs 
fail to produce chicks). The observation post provides a view of chick feeding for each nest site. 
The time of all adult arrivals, deliveries of prey to chicks, exchanges of incubation or brooding 
duty, and adult departures are recorded. Each observation-day begins as close to first light as 
possible and-,ends as close to dark as possible. Because at East Amatuli Island a commute by 
boat is necessary, early-morning and late-night observations are recorded by video and later 
analyzed at camp. At least three observation-days occur during incubation and three during the 
nestling period. The observations sample the early, middle, and late parts of the incubation and 
nestling periods. When possible observation days are synchronized among study locations. If 
observation nests must change between years we will choose nests near the previous ones, to 
minimize the possibility of confounding among-plot effects with among-year effects. 

In 1997 we will attempt to color-mark with a squirt gun and dye one adult at each nest site. 

Data analysis: Nest attendance is measured as bird-minutes per nest per hour (e.g., a nest with 
one bird attending for a full hour and its mate attending for half of the hour has 90 bird-minutes 
that hour), and we calculate separately nest attendance during incubation and during the nestling 
period. Adult provisioning frequency is measured as feedings per nest per hour. Adult duty 
exchange frequency is calculated as exchanges per nest per hour. A trip from the nest begins 
when an adult leaves the nest and ends when it returns. Values are calculated separately for trips 
made during incubation, trips during the nestling period, and trips that ended with chick 
provisioning. Only complete trips are counted--not trips that were in progress when the 
observation period started or ended. 

Within each year, among-nest and among-day differences in attendance, and in provisioning and 
exchange frequency are analyzed using the nest-day value as the sample. For example, to test 
differences among nests, the number of feedings for Nest 1 on the first, second, and third 
observation-day are compared with the three values for Nest 2, etc. To test differences among 
days, the number of feedings for nests 1- 10 on Day 1 are compared with the ten values on Day 2, 
etc. Differences are tested with repeated-measures ANOVA and Tukey pairwise mean 
comparison. 



Because there are not enough complete trips from each nest each day for us to obtain an average 
daily trip duration that is representative of each nest, the sample for comparisons among days is 
the individual trip; trips from all nests are pooled. Differences among days are tested with 
ANOVA and Tukey pairwise mean comparison. 

For among-year comparisons of attendance, and of provisioning and exchange frequency, the 
sample is the mean among nests for an observation-day. For trip duration, the sample is the per- 
day mean of all trips. The annual index of each parameter is the mean and standard deviation of 
the per-day values. Comparisons among years are tested with ANOVA and Tukey pairwise 
mean comparisons; trends among years are tested with Kendall's tau rank'correlation test. 

Population Counts 

Field work: Murres are counted on all productivity plots each day that they are checked. Murres 
on an additional set of larger attendance plots are counted 5-10 times during the season. 

Counts are made between 1100 and 2000 hours on East Amatuli (the time during daylight hours 
when attendance is most stable [see Birkhead and Nettleship 1980; D.E. Dragoo, unpubl. data; 
Boersma et al. 1995; Roseneau et al. 1995]), and between 1000 and 1600 hours on Chisik and 
Gull Islands. 

Data analvsis: The sample for obtaining the annual mean for each type of plot set is the daily 
total count of all the plots. The annual index for comparing population size among years is the 
mean and standard deviation of the samples for all days between the peak of egg-laying and the 
start of fledging. If plots are added or subtracted between years, we will maintain a sample of 
plots for which counts can be compared among all the years of the study. 

Differences among years and sites are tested with ANOVA followed by Tukey pairwise mean 
comparison. Trends are tested with Kenda117s tau rank correlation analysis. 
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Appendix 1 .  Rules used for analysis of APEX common murre productivity and nesting 
chronology data 

1.  Sites without observations of eggs and postures that indicate the presence of an egg (see [3.], 
below) are excluded from all productivity analyses, whether or not a chick is seen. 

2. Sites with data that are not logical (e.g., an observation of "no nest content" between 
sightings of a chick) are excluded from analyses. 

3. Observation of an incubation posture (IP) during three nest checks without an intervening 
observation of ( I )  no nest content; or (2) one adult, standing, without an egg sighting; or (3) 
two adults, standing, without an egg sighting, constitutes an egg at that sight first "seen" on 
the day of the first IP. For this rule, an egg sighting is equivalent to an IP after the first IP 
(e.g., if there are sightings of "IP, E, E" then the egg was first "seen" on the date of the P). 

a. This rule is also used to determine the last day that an egg is present. 

4. An observation of a brooding posture (BP) constitutes a chick first "seen" on that day. 

a. This rule is also used to determine the last day that a chick is present. 

5. Because laying and hatching of eggs and fledging of chicks are rarely observed during plot 
checks, the date that a nest site changes status (i.e. "no egg" to "egg," "egg" to "chick," or 
"chick" to "no ch ick )  is estimated to be the midpoint between the closest pre- and post-event 
observation dates. If the number of days between the two visits is even or is zero, the even 
Julian date closest to the midpoint is used in place of the midpoint. 

a. On the day that a nest's status changes from "egg" to "chick," the chick's age is zero. 
The day that the status changes from "chick to "no chick" is included in the chick's age. 
Simply subtracting of the hatch date from the "disappeared" d~.te will age the chick 
according to these rules. 

6. In nests with relaid eggs, only the first egg is used for hatch date calculations and only the 
second for determination of breeding success. 

7. Two methods are used to improve hatch date calculation precision. 

a. Each nest site with a "data gap" of more than seven days between pre- and post-event 
observations for both laying and hatching is excluded from calculations involving hatch 
dates or chick ages. Since this rule acts only on nests that produce chicks, it has the 
potential to artificially reduce the chicks-to-eggs ratio. For analyses that involve the 
proportion of eggs that produced chicks, the number of egg-only nests should be reduced 
by the proportion of chick-nests that were excluded (e.g., if 15 percent of the nests with 
chicks were excluded, the number of egg-only nests is reduced by 15 percent). 



b. If the data gap for laying is smaller than the gap for hatching, we calculate the hatch 
date by adding 32 days (the incubation period) to the laying date. 

8. Nests with more than 7 days between the last sighting of the chick and the first sighting of no 
chick are excluded from calculations involving the number of fledglings. 

9. Chicks that disappeared at age 15 days2 or older are considered fledged. Nests with data 
insufficient for determination of whether chicks died or fledged are excluded from fledging 
analyses. 

20ther studies have used similar conventions for fledging age: 

Study Observation Midpoints used Minimum chick 
interval (days) for fledge date? age for fledging (days) 

Hunt, et al. 198 1 3 -4 no 
Byrd 1989 3-5 no 
Hatch and Hatch 1990 2 no 
Dragoo and Dragoo 1994 3 Yes 
Roseneau et al. 1995 1-7 Yes 



Appendix 2. hformation included on forms for collection and analysis of APEX murre 
productivity and nesting chronology data 

Data collection form 

Each page of the field data collection forms is labeled with the island name and the year, species, 
and plot. Data fields (columns) are the nest site and the plot check dates; data records (rows) are 
listed by nest site. Observation codes are entered for each date, by nest site. Forms are printed 
on waterproof paper. 

Data analysis form 

Each page of the form used for analysis of nest status change dates is labeled with the island 
name and the year, species, and plot. Each record in the form contains the calculations for one 
nest site. Suggested data fields are: 

Parameter Short for: Data needed for calculation: 
abbreviation 

1. Nest site 
2. ENL 
3. EY1 
4. EYL 
5. CYl 
6. CYL 
7. CN1 
8. #E 
9. #C 
10. ELR 
11. CHR 
12. BHR 
13. BHD 

14. CGR 
15. CGD 

15. CGA 

"Egg No Last": the last "no egg" observation date 
"Egg Yes 1st": the first "yes egg" observation date 
"Egg Yes Last": the last "yes egg" observation date 
"Chick Yes 1st": the first "chick yes" observation date 
"Chick Yes Last": the last "chick yes" observation date 
"Chick No 1st": the first "chick no" observation date 
"# Eggs" the number of eggs produced on the plot 
"# Chicks" for murres, a "0" or a " 1 ." 
"Egg Lay Range" EY 1 minus ENL 
"Chick Hatch Range" CY 1 minus EYL 
"Best Hatch Range" Lowest of ELR and CHR 
"Best Hatch Date" EYL + (CY 1 minus EYL) / 2, unless ELR < CHR; 

then BHD = ENL + 32 + (EY 1 minus ENL) / 2 
"Chick Gone Range" CN 1 minus CYL 
"Chick Gone Date" if CGR =< 8: CYL + (CN1 minus CYL) 1 2 ;  

otherwise leave blank 
"Chick Gone Age" if CGR =< 8: CGD minus BHD; otherwise leave 

blank 
"Fledge Age" CGA if CGA >= 15; otherwise leave blank 
"Dead Age" CGA if CGA < 15; otherwise leave blank 
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Barren Islands Seabird Studies, 1996 

Restoration Project 961635 
Annual Report 

Study Histors: Most of the monitoring methods used in this project were also employed during 
1995, at the same study sites, by Project 951635. A report of that study was appended to the 
1995 annual report for APEX Project 95 163. 

Much of the information generated from both the 1995 and 1996 studies is directly comparable 
with information gathered at the same study site in 1993-1994 during Restoration Projects 93049 
and 94039 (see Roseneau et al. 1995, 1996). 

Abstract: This 1996 APEX component continued methods of Project 951635 (1995) for 
monitoring the breeding and foraging parameters of common murres (Uria aalge), black-legged 
kittiwakes (Rissa tridactyla), and tufted puffins (Fratercula cirrhata) at the Barren Islands, 
Alaska. Many of the results are directly comparable with results from 1993-1994 restoration 
studies at the Barren Islands, and some are comparable with results from earlier studies. 
Breeding productivity (the number of chicks fledged per nest) of murres and kittiwakes was 
relatively high and normal, respectively, at East Amatuli Island in 1996; these results were 
similar to those of the previous two years. Growth rates of kittiwake chicks were normal and not 
significantly different from those of 1995, although the mass of chick regurgitant samples was 
lower in 1996. Kittiwake chick diet had a greater proportion of sand lance and a lower 
proportion of capelin in 1996 than in the previous year. The composition of murre and puffin 
chick diets in 1996 was similar to that of 1995: murre chicks were fed about 90% capelin 
(Mallotus villosus), and puffin chicks received mainly capelin, walleye pollock (Theragra 
chalcogramma), and Pacific sand lance (Ammodytes hexapterus). However, puffins fledged 
fewer chicks in 1996 than in 1995, and the growth rate of puffin chicks was very low. The mean 
mass of puffin bill-load samples was lower in 1996 than in 1995. Further analysis of the data 
may indicate whether the food shnflage occurred during all or just part of the nesting season, and 
why the reproductive success of only puffins and not that of murres and kittiwakes was affected. 

There were no significant differences among days in 1995 and 1996 in the frequency that murre 
and kittiwake chicks were fed. There was a significant difference in puffin provisioning 
frequency between the two days we observed this in 1996. We found differences in nest 
attendance for murres between days both within and between years, but found no differences for 
kittiwakes. 

Mean foraging trip duration was longer for kittiwakes in 1996 than in 1995. For murres, there 
were fewer short trips of 2-4 hours of duration in 1996 than in 1995. 



Common lnurres on East Amatuli Island have laid and hatched their eggs earlier each year since 
1993. Breeding chronology in 1993 was, in turn, earlier than during previous post spill years 
(Dragoo et al. 1994; Boersma et al. 1995). This trend may be caused by environmental 
conditions or by increasing age and experience of breeding murres. Further analysis, including 
examination of other species' breeding chronology, will explore these and other possible factors. 

Key Words: Barren Islands, black-legged kittiwake, common murre, East Amatuli Island, East 
Amatuli Light Rock, Exxon Valdez, forage fish, Fratercula cirrhata, oil spill, Prince William 
Sound, Rissa tridactyla, tufted puffin, Uria aalge. 

Pro.iect Data: (will be addressed in the final report) 

Citation: Roseneau, D.G., A.B. Kettle, and G.V. Byrd. 1997. Barren Islands seabird studies, 
1996. Unpub. annual rept. by the Alaska Maritime National Wildlife Refuge, Homer, Alaska for 
the Exxon Valdez Oil Spill Trustee Council, Anchorage, Alaska (APEX Project 961635). pp. 
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INTRODUCTION 

This study is a component of the Alaska Predator Ecosystem Experiment (APEX). APEX began 
in 1995 and is an association of 18 study components designed to determine whether low prey 
quality or abundance is limiting the recovery of populations of seabirds that were damaged in the 
Exxon Valdez oil spill. By comparing measurements of seabird activity among years, species, 
and sites, and with results from studies of forage fish distribution, abundance, and energy 
content, we hope to learn more about how ecosystem processes affect the population dynamics of 
seabird colonies. 

The Barren Islands study was included in the APEX seabird-forage fish project for several 
reasons. First, the Barrens provide nest sites for the largest groups of common murres (Uria 
aalge)' and tufted puffins in the oil spill area. The majority of dead seabirds were found near or 
downstream from the Barrens. Common murres are being monitored for recovery. Second, 
some information on these species was already available from the colony (E.G. Bailey 1975a, b 
and 1976; Manual 1978, 1980; Manual and Boersma 1978; Nysewander and Dippel 1990, 199 1 ; 
Dippel and Nysewander 1992; Nysewander et al. 1993; Dragoo et al. 1994; Boersma et al. 1995; 
Erikson 1995; Roseneau et al. 1995, 1996). Third, the island group's offshore location provided 
opportunities to compare data from an oceanic environment with results from APEX studies in 
Prince William Sound and Minerals Management Service (MMS) and other APEX research in 
lower Cook Inlet-Kachemak Bay. Finally, capelin (Mallotus villosus), an important forage fish 
species scarce in the northern Gulf of Alaska since the late 1970's (Piatt and Anderson 1995), 
were abundant near the islands during 1993-1994 (Roseneau et al. 1995, 1996). Large stocks of 
these fish and the presence of other forage species, including sand lance (Ammodytes hexapterus) 
and young cods (e.g., 0- 1 age-class walleye pollock [Theregra chalcogramma] and Pacific cod 
[Gadus macrocephalus]) in surrounding waters provided an opportunity to study seabird - forage 
fish relationships that might help explain why populations of some seabird species have not 
increased in the T N  Exxon Valdez oil spill area. 

Data collected during the study are being used to test three APEX hypotheses: 

Hypothesis 7: Composition and amounts of prey in seabird diets reflect changes in 
relative abundance and distribution of forage fish near nesting colonies. 

Hypothesis 8: Changes in seabird productivity reflect differences in forage fish 
abundance as measured by amounts of time adult birds spend foraging for food, amounts 
of food fed to chicks, and provisioning rates of chicks. 

Hypothesis 9: Seabird productivity is determined by differences in forage fish nutritional 
quality. 

'Although a few thick-billed murres (Uria lomvia) breed in the Barren Islands, In this 
report, "murre" refers to the common murre. 



We collected data on kittiwake, murre, and puffin productivity and nesting chronology; types and 
amounts of prey fed to kittiwake, murre, and puffin chicks; growth rates of kittiwake and puffin 
chicks and fledging size of murres; feeding frequencies of kittiwake, murre, and puffin chicks; 
and time-activity budgets of kittiwake and murre adults. We also collected information for 
analysis of population trends of the three species. The status of murre population size at both 
East Amatuli and Nord Islands are covered more broadly by Exxon Valdez Oil Spill Trustee 
Council Project 96144, Common Murre Population Monitoring . 

We have compared our results with data from the 1993- 1994 EVOS-sponsored Barren Islands 
common murre restoration monitoring projects (Projects 93049 and 94039; see Roseneau et al. 
1995, 1996). Results from this study have been shared with other APEX investigators for 
comparisons among colonies (e.g., D. Irons, Project 96163E, and J. Piatt, Project 96163M; D. 
Roby, Project 961636). Prey samples have been provided to D. Roby for energy content and 
density analyses, to D. Schell (Project ) for isotope analysis, and to M. Sturdevant (Project 
96163C) for studies of fish diets. The Barrens field crew made 40 beach-seine sets during the 
season; protocol and methods were the same as for crews on Gull and Chisik islands. The results 
of this activity were sent to J. Piatt, who reported comparisons among sites (Robards and Piatt, 
submitted). 

OBJECTIVES 

Objectives for this 1996 study at the Barren Islands were (units of measure are in parentheses): 

1. Determine the breeding productivity of the common murre (fledglings per egg-site), 
black-legged kittiwake (fledglings per nest), and tufted puffin (percent of occupied 
burrows containing chicks). 

2. Determine the nesting chronology of the common murre, black-legged kittiwake, and 
tufted puffins (median hatch date). 

3. Determine the growth rates of black-legged kittiwake and tufted puffin chicks (grams per 
day). 

4. Determine the types of prey fed to chicks of the common murre (species composition by 
number), black-legged kittiwake (species composition by number and weight), and tufted 
puffin (species composition by number and weight). 

5 .  Determine chick provisioning frequencies of common murres, black-legged kittiwakes, 
and tufted puffins (feedings per hour). 

6. Determine the amounts of food fed to chicks of the black-legged kittiwake (grams per 
chick regurgitation) and tufted puffin (grams per nest screen). 



7. Determine adult activity budgets for the common murre and black-legged kittiwake 
(foraging trip duration, minutes per hour both adults were present at nests, minutes per 
hour both adults were absent from nests). 

8. Sample near-shore forage fish by regularly setting a beach seine, using methods shared 
with Project 96163M. Measure samples of each species caught, throughout the season. 

9. Collect samples of forage fish from tufted puffin burrows, kittiwake regurgitant, and 
beach seines. 

METHODS 

Study Area 

The Barren Islands are located at about 58" 55' N, 152" 10' W, between the Kodiak archipelago 
and the Kenai Peninsula (Fig I). The study was conducted at East Amatuli and West Amatuli 
islands, and personnel stayed at the Amatuli Cove camp (Fig 2). Four to five people occupied 
the camp during 18 June - 13 September. They commuted to murre and kittiwake study sites in 
outboard-powered, 4.8-m-long, rigid-hulled inflatable boats, and to puffin study areas by boating 
and hiking. 

Productivity 

Murres: Murre productivity data were collected at 9 of the 10 East Amatuli Island - Light Rock 
plots used for this purpose in 1993-1995 (see Roseneau et al. 1995, 1996b) and one plot 
established to replace another that had been difficult to see. The plots, containing about 25-50 
nest sites (sites with eggs) each (1996 nest site total = 266), were inspected with 7 x 42 
binoculars and 15-60 power spotting scopes from land-based observation posts as often as 
weather allowed (range = 1-6 days). Viewing distances varied from about 30 to 100 m, and 
observers were assigned specific plots for the duration of the field season. Nest sites were 
mapped using photographs and sketches, and data were recorded for each site using previously 
established codes. Plot checks consisted of searching for eggs and chicks and adults in 
incubation and brooding postures, and counting adults. Each plot was checked about 28 times 
during 23 June - 4 September, from before eggs were laid until most chicks had left the cliffs. 
Using the plot as the sample unit, breeding productivity was calculated as fledglings per nest site; 
we also calculated hatching and fledging success (see Roseneau et al. 1995, 1996b). Differences 
among 1993- 1996 results were tested with ANOVA. 

Kittiwakes: Kittiwake productivity data were collected from 11 East Amatuli Island plots; four 
have been used in studies since 1993, and the other seven since 1995. The plots, located on the 
same headlands as the murre productivity plots, contained 25-50 nests each (1996 nest total = 
3 12; 285 contained eggs). Methods for collecting and analyzing data were similar to those used 



for murres; methods were also compatible with those used in other APEX studies in Cook Inlet, 
and those in Prince William Sound . Nest checks consisted of searching for eggs and chicks, and 
counting adults (adult postures were not used to determine kittiwake nest content). Each plot 
was checked approximately 28 times during 23 June - 4 September, from just after egg-laying 
began until most chicks had fledged. Using the plot as the sample unit, breeding productivity 
was calculated as fledglings per nest site. Hatching and fledging success were not calculated for 
1996 because weather prevented us from obtaining enough data during the egg-hatching period. 
Differences in productivity among 1993-1996 results were tested with ANOVA, with the plot as 
the sample unit. 

Puffins: Puffin productivity data were obtained from four study plots established by University 
of Washington personnel in 1990 to collect information on chick growth rates (see "Growth 
Rates" below), and four transects totaling 270 m2 established by FWS crews in 1986 to monitor 
numbers and occupancy of burrows (Nishimoto 1990; Table 2). Burrows in the growth rate plots 
were searched for signs of activity (trampled and cleared vegetation, guano from adults and 
chicks, fresh digging) and chicks during 23 July - 25 July, when most nestlings were about one 
week old. A 35-cm-long flexible scoop was used to help determine presencelabsence of chicks. 
After the initial visit, all burrows containing nestlings were checked every five days until 8 
September. Burrows in the transects were checked once on 28 August, just prior to chick 
fledging, to count all burrows, active burrows, and nestlings. Productivity for both the growth 
rate plots and the transects was calculated as the proportion of active burrows containing chicks 
just prior to fledging. Using the burrow as the sample unit, a productivity index (i.e., pre- 
fledging chicks per active burrow) was calculated and compared between years with Pearson 
Chi-square. 

We measured tufted puffin hatching success in a plot of 36 burrows marked for this purpose. We 
checked this plot once just before eggs hatched, again just after they hatched, and a third time 
just before chicks fledged. 

Nesting Chronology 

Murres: From the productivity plot data, we calculated median hatch date to measure murre 
nesting chronology (see Roseneau et al. 1995, 1996b). The median hatch date was calculated for 
each plot. These dates were then averaged. Because laying and hatching of eggs and fledging of 
chicks were rarely observed on the productivity plots, the date that nest sites changed status (i.e., 
from eggs to chicks) was estimated to be the midpoint between the closest pre- and post-event 
observation dates. Two methods were used to maintain precision during data analysis. First, 
each nest site with a "data gap" of more than seven days between pre- and post-event 
observations for both laying and hatching was excluded from the data set. Second, at each nest 
site with a smaller data gap for laying than for hatching, we calculated the hatch date by adding 
32 days (the incubation period) to laying the date (see Byrd 1986, 1989; Roseneau et al. 1995, 
1996b). Using the plot as the sample unit, we tested for differences among the years 1993-1996 
with ANOVA. 



Kittiwakes: Median hatch date was used to measure kittiwake nesting chronology. Data analysis 
methods were the same as described above for murres, except that an incubation period of 27 
days (rather than 32) was added to laying dates when the laying date calculation was more 
precise than the hatch date calculation (see Byrd 1986, 1989). Using the plot as the sample unit, 
we tested for differences among the years 1993-1996 with ANOVA. 

Puffins: Median hatch date was used to measure puffin nesting chronology. Wing 
measurements, rather than laying or hatching information, were used to determine the hatch date 
for each chick, because burrows were not visited until the chicks were about one week old 
(visiting them prior to this time can result in abandonment of eggs or chicks). The hatch date 
was calculated for each chick in the growth study by estimating the age of the chick at the first 
wing measurement with a growth equation reported by Amaral (1977). The median hatch date 
among the chicks was then determined. The difference between 1995 and 1996 results were 
compared with a t-test, using the hatch date of each chick as the sample unit. 

Chick Growth Rate 

Murres: We weighed and measured 33 chicks on Light Rock just before the start of fledging. 
This was performed at night to prevent predation of the chicks by glaucous-winged gulls (Larus 
glaucescens). We also weighed and measured 46 fledging murre chicks by dipnetting them from 
the water as they jumped from cliffs. Murre chick measurements included culmen, tarsus, and 
wing chord (to 1 mm), and mass (to 1 g). As an index of fledgling size for 1996, we calculated 
the mean fledging weight. 

Kittiwakes: We weighed (to 1 g) and measured (e.g. wing chord, culmen, tarsus, and back of 
head to tip of bill, all to 0.1 mm) 40 kittiwake chicks from 38 broods every 5-7 days, from near 
hatching until they were about 32 days old. Methods for calculating growth rates followed the 
protocol for APEX Project 96163E in Prince William Sound. The daily increase in mass was 
calculated for each chick for the most linear section of the growth curve (from 60 to 300 g), by 
first calculating the difference in mass between the first and last measurements within the "linear 
phase" and then dividing the result by the number of days between those me~slirements. These 
values were then used to calculate the mean growth rates for "A" chicks (chicks in single-chick 
nests plus chicks first to hatch in 2-chick nests; n = 33) and "B" chicks (the second-hatched 
chicks in 2-chick nests; n = 2). Differences between 1995 and 1996 growth slopes were 
compared with a t-test, using each "A" chick's growth slope as the sample unit. 

Puffins: Thirty-three puffin chicks in three of the five study plots (see productivity above) were 
weighed (to 1 g) and measured (culmen, wing chord, and tarsus, all to 0.1 mm) every five days, 
from the time they were about one week old until we left the island, when most chicks were old 
enough to fledge. To check for the effect on growth of more frequent measurement, 12 
additional nestlings were weighed and measured only 3 times on the two other study plots. 
Average daily mass change was chosen as the primary measurement of growth. Data were 
analyzed by fitting a simple linear model to the 150-450 g section of each chick's growth curve 



(the portion that is nearly linear), using the slope of the line as the measure of average daily mass 
change, and then averaging the slopes among the chicks to represent the annual index and to 
calculate variation. Differences in the slopes between 1995 and 1996 were compared with a t- 
test. 

Chick Diet 

Murres: Prey items delivered to murre chicks were identified during observation periods on 7 
days. Prey were identified with 7 x 42 binoculars and field guides. In total, 236 prey items, all 
fish, were observed during 12 August- 1 September. Two hundred twenty-six (96%) of the fish 
were identifiable to species or family groups (e.g. Gadidae) on the basis of color and body and 
fin shapes (e.g., caudal, anal, adipose fins). Data were analyzed by calculating percentages by 
number of items for five categories of prey: capelin (Mallotus villosus); sand lance, (Ammodytes 
hexapterus); salmonids, (Oncorhynchus); and cods, (Gadidae). 

Kittiwakes: Samples of prey brought to kittiwake chicks were obtained when growth study 
chicks regurgitated before, during, and after measurements. A total of 84 samples was obtained 
on 15 days during 14 July - 9 August, when chicks were about 1-4 weeks old. Samples were 
frozen the same day they were collected and weighed (to 1 g) when we returned to Homer. 

Prey items were analyzed by K.R. Turco and A.M. Springer, Institute of Marine Sciences, 
University of Alaska-Fairbanks. Samples were thawed, then separated into identified and 
unidentified portions. Identified prey were separated by species or lowest possible taxon. All 
component groups were weighed. Composition of the diet was summarized by listing the 
proportion of the total mass represented by the mass of each component group. 

Puffins: Samples of prey brought to puffin chicks were collected by temporarily blocking 
burrows with squares of hardware cloth (screens). One hundred thirty-nine chick meals 
containing 446 items were obtained during six screening days at East Amatuli Island and four at 
West Amatuli Island during 23 July - 7 September. Samples were frozen. Specimens were 
identified in the field using field guides and taxonomic keys. Frozen prey items were cleaned 
and weighed (to 1 g) in the lab when we returned to Homer. Data were analyzed by calculating 
percentages by number and weight of identifiable prey items. 

Chick Provisioning Frequency 

Murres: We collected murre chick provisioning frequency data from a plot of 10 nest sites near 
one of the productivity plot observation posts. The plot was located in a flat rock-strewn area 
near the top of a cliff that contained some of the productivity plots. Food deliveries were 
recorded on the plots during three 14-hr-long (0700-2 100) watches during the nestling period 
(12, 17, and 24 August). We tested for differences among these three days in 1996 and the two 
observation-days in 1995, using the nest-day as the sample unit, with ANOVA. 



Kittiwakes: Kittiwake chick provisioning frequency data were obtained from eight nests in one 
of the kittiwake productivity plots (see Productivity, above). The nests contained 12 chicks. 
Most of the data were collected by watching the nests with 7 x 42 binoculars from about 20 m 
away and recording times of feeding events. Some data were also obtained by recording these 
activities on video tape (using two modified 8-mm Sony HandyCam cameralrecorders) and 
reviewing the tapes in camp (during analysis in 1995, no differences were found between data 
collected simultaneously by the video and direct observation methods). Observations began 
when the nestlings were about nine days old. Because chicks may be fed several times after a 
foraging adult returns to the nest, and because adults sometimes leave their nests for short 
periods of time without foraging at sea, only first feedings after trips lasting 30 minutes or more 
were counted as "provisioning" events. Food deliveries were recorded on the plots during three 
14-hr-long (0700-2100) watches during the nestling period (16, 26, and 30 July). 

We compared the difference between in feeding rates between l-chick and 2-chick nests for each 
of the five observation days during the two years. We used t-tests, with the nest-day as the 
sample unit. Lf we found a difference between the two types of nest, we would calculate an 
annual index for each type of nest, rather than combining them. We tested for differences among 
days, using the nest-day as the sample unit, with ANOVA. 

Puffins: During 3 1 August and 2 September we measured the provisioning frequency of tufted 
puffin chicks by observing adults returning to 10 nests in one of the tufted puffin chick growth 
study plots. Observations were made from a blind located about 50 m from the nests. Nests 
were marked with numbered flags. We made two dawn-to-dark watches (0600-2200), from 
before the adults were flying until after they had stopped. Binoculars were used to observe 
whether returning adults were carrying fish. We noted the time of each adult's return and 
departure, and any activities in the vicinity that may have been affecting the return or departure 
behaviors and times (e.g., visits by aerial predators). Using the nest-day as the sample unit, we 
compared the chick provisioning frequencies of the two days with a paired-sample t-test. 

Amount Fed to Chicks 

Murres: We did not collect data on the size of murre chick meals. 

Kittiwakes: An annual index of the size of meals fed to kittiwake chicks was obtained from 
regurgitated samples (see Chick Food Types, above). Because the amount of food fed to 
nestlings increased until they were about 20 days old, we used as the annual index the average 
mass of 33 samples collected from chicks that were about 20 or more days old. Using the 
regurgitant sample as the sample unit, we compared the masses in 1996 with those in 1995, with 
a t-test. 

Puffins: An annual index of the size of meals fed to puffin chicks was obtained by averaging the 
masses of burrow screening samples (see chick food types above). The 1996 samples were 
compared with those of 1995 with a t-test. 



Activity Budgets of Adults (Nest attendance, Foraging trip duration) 

Murres: Data to describe adult murre activity budgets were recorded during the 14-hr 
observations used for feeding frequency (see above) and three 14-hr periods during the 
incubation period (15, 21, and 3 1 July; 0700-2100 hrs). Adult arrival and departure times, and 
times when members of pairs exchanged duties (i.e., incubating eggs or brooding chicks) were 
recorded at each nest site. 

We used "bird-minutes per hour" to measure the proportion of time that the nest was attended by 
one or two adults. If during one hour a nest was attended by one adult for the entire hour and the 
second adult for half the hour, the nest had 90 bird-minutes of attendance that hour. The sample 
unit for comparisons among years was the nest-day. We compared among the five nest-days over 
the two years, with ANOVA. 

Average foraging trip time was obtained by treating trips as sample units and calculating the 
mean duration of all trips made by birds during the three dawn-to-dusk watches during the 
nestling period, that ended with a chick feeding (n = 85 trips). Using the trip as the sample unit, 
we compared the duration of trips in 1996 with trips in 1995, with a t-test. We also calculated 
the frequency of trips in 2-hr blocks of time (0-2,2-4,4-6 and 6-8 hr), and compared these 
frequencies in 1996 with those in 1995, with a Chi-square test. 

Kittiwakes: Kittiwake activity budget information was obtained during chick feeding frequency 
observations of 10 nests (see Chick Provisioning Frequencies, above) and one incubation watch. 
Adult arrival and departure times, and times when members of pairs exchanged duties (i.e., 
incubating eggs or brooding chicks) were recorded at each nest. We calculated the amount of 
time spent by adults at each nest, for each day (using "bird-minutes," as with murres, above). 
Using the nest-day as the sample unit, we compared differences among the observation days of 
1995-1996 with ANOVA. 

We calculated mean foraging trip duration for kittiwakes, during the nestling period. Only trips 
that resulted in a chick-feeding, and only trips that left another adult attending the nest were used 
(because adults were unmarked). As for murres, the sample for obtaining an index of the season 
was the individual trip. We compared trips in 1996 with those in 1995, with a t-test. 

Puffins: During the two days of observations, puffin adults did not stay at the study nests longer 
than the approximately 30 seconds used to deliver fish to the chicks. Because adults left the nests 
unattended and adults were unmarked, we could not determine the duration of foraging trips of 
individual birds. 

Population Counts 

Murres: Murres were counted on the productivity plots almost every time the plots were checked 
(19 counts). To calculate an annual index we averaged the 16 counts made between median lay 



date and the start of fledging. Methods for collecting and analyzing these data were the same as 
those used during the 1993- 1995 Barren Islands restoration monitoring studies (see Roseneau et 
al. 1995, 1996b). Using the plot-set count as the sample unit, we compared the annual means of 
1993- 1996 with ANOVA. More extensive counts of murres in the Barren Islands were made by 
Project 96 144. 

Kittiwakes: Kittiwakes were counted on the productivity plots almost every time the plots were 
checked (23 counts). To obtain an annual index for the year we first graphed the data and 
marked visually the date when adult counts began to decline near the start of fledging. We then 
averaged the daily plot-set counts made before that date (we used 12 counts for the 1996 
average). 

These counts were made and analyzed by the same procedures used during 1993-1995 (D.G. 
Roseneau and A.B. Kettle, unpubl. data). Counts were compared among years with ANOVA, 
using the daily plot-set count as the sample unit. 

Puffins: We used the number of active burrows in the three tufted puffin chick growth plots and 
the four transects as an index of the population size for each year. We compared the number of 
active burrows between the two years with a Wilcoxon signed rank test, using the plots and 
transects as sample units. 

RESULTS 

Productivity 

Murres: Common murre productivity was high in 1996 (0.77 fledglings per egg, SD = 0.14; 
Table 1 ,  Fig. 3a) and similar to the 1994-1995 results (0.73 and 0.77 fledglings per egg, 
respectively; Roseneau et al. 1995, 1996b). Values from 1994, 1995, and 1996 were 
significantly higher than in 1993 (0.55 fledglings per egg, P = 0.01 1,0.001, and 0.002, 
respectively; Roseneau et al. 1996). 

Fledging success was also high (0.90 chicks per egg, SD = 0.12; see Byrd et al. 1993 for 
comparisons) and similar to the 1994- 1995 levels (0.93 and 0.9 1,  respectively). Results from 
1994, 1995, and 1996 were higher than the 1993 value (0.79; P = 0.014, 0.035, and 0.063, 
respectively). 

Hatching success exhibited a slightly different pattern; the 1996, 1995 and 1994 figures (0.85 
(SD = 0. lo), 0.85, and 0.79 chicks per egg, respectively) were similar to each other (and were 
also high values, see Byrd et al. 1993), but only the 1995 and 1996 values were significantly 
higher than the 1993 figure (0.70; P = 0.023 and 0.022, respectively). 



Kittiwakes: Productivity of kittiwakes was high in 1996 (0.71 fledglings per nest, SD = 0.19; 
Table 1, Fig. 3b; see Hatch et al. 1993 for comparisons in the Gulf of Alaska) and similar to the 
1994 and 1995 levels (0.64 and 0.81 fledglings per nest, Roseneau et al. 1995). These results 
were in sharp contrast to 1993, when nesting pairs failed early in the nesting season and 
reproductive success was zero (no eggs or chicks were present on the four East Amatuli Island 
plots, Roseneau et al. 1995). 

Puffins: Just prior to fledging in 1996,0.3 1 (SD = 0.16) chicks per active burrow were found in 
the 3 growth plots and the group of 4 transects. This was a significantly lower (P < 0.001) result 
than in 1995 (0.53, SD = 0.12). 

Hatching success, from data obtained in the plot established for this purpose, was 0.5 chicks per 
egg. This was lower than reported for most years in other colonies of Alaska (Byrd et al. 1993). 

Nesting Chronology 

Murres: Based on the median hatch date (4 August, SD = 4; Table I ) ,  hatching in 1996 occurred 
five days earlier than in 1995, seven days earlier than in 1994, and 12 days earlier than in 1993. 
Each of the years 1993-1996 were significantly different from the others, except for the 1994- 
1995 comparison. Hatching in 1993, in turn, occurred earlier than during 1992 at nearby Nord 
Island (Dragoo et al. 1994) and 1991 on East Amatuli Light Rock (Boersma et al. 1995). 

Kittiwakes: The average median hatch date was 7 July (SD = 7; Table 1); this was similar to that 
of 1995 (8 July) and 1994 (10 July). 

Puffins: The median chick hatch date for tufted puffins in the study plots was 16 July (SD = 5). 
This was significantly earlier than for 1995 (21 July, P<0.001). 

Chick Growth Rate 

Murres: The average w~iglli of the 46 fledging murre chicks was 240 g (SD = 24). 

Kittiwakes: The average growth rate of kittiwake chicks, for all chicks combined (n = 3 3 ,  was 
17.5 g per day (SD = 5.8; Table 1). "A" chicks (chicks in single-chick nests plus first chicks to 
hatch in 2-chick nests; n = 33) gained 17.6 g per day (SD = 5.9), while "B" chicks (the second- 
hatched chicks in 2-chick nests; n = 2) grew at a rate of about 14.9 g per day (SD = 1.6). The 
mean growth rate for "A" chicks in 1996 was not significantly different from the 1995 mean 
(19.4 g per day). 

Puffins: Puffin chicks in the three main study plots gained an average of 3.3 g per day (SD = 1.6 
g, n = 32; Table 1).  In the "control" plots (where chicks were measured only 3 times during the 
same period), they gained 3.1 g per day (SD = 1.3, n = 12). The difference between the two 
groups was not significant. The growth rate for the two groups combined was 3.2 g per day (SD 



= 1.5; n = 44). This rate was very low for puffins in general, and was much lower than last year's 
rate of 1 1.4 g per day (P<0.00 1). 

Chick Diet 

Murres: Prey items delivered to murre chicks consisted solely of small fish (n = 236), most of 
which were capelin (91%; Fig. 4a). Adults also fed nestlings unidentified cods (Gadidae, 
probably primarily walleye pollock and Pacific cod), sand lance, and an unidentified salmonid, 
but in much lower numbers (3%, 2%, and <I%, respectively). We were unable to identify 10 fish 
(4%) of those observed. These results were similar to last year's (see Fig. 4a). 

Kittiwakes: The unidentified portion of the samples made up 29 percent of the total mass, and 
29 of the 84 samples were unidentified. One and one-half percent of the identified portion was 
classified as euphausid shrimp (euphausids were present in two of the samples). The remainder 
was composed of forage fish. Of the identified portion, sand lance made up 40 percent of the 
total; capelin 2 1 percent; pacific herring 6 percent, salmon 1.6 percent; and walleye pollock 1.6 
percent. 

It appears that there was a higher proportion of sand lance and lower proportion of capelin in the 
diet of kittiwake chicks than in 1995. Differences between this and last year's methods of 
analyzing the regurgitant samples are being resolved before more detailed comparisons in diet are 
made. 

Puffins: Prey deliveries (n = 139 screen samples) to puffin chicks contained 446 items (Fig. 5). 
Capelin, sand lance, and pollock were by weight the largest components of the samples (37%, 
27%, and 18% of the total, respectively), followed by pink salmon (Oncorhynchus gorbuscha), 
pacific cod, squid, and larval fish (probably daubed shanny [Lumpenus maculatus]). By number, 
the larval fish were the largest component (44%), followed by walleye pollock, sand lance, 
capelin (23%, 15%, and 13%, respectively) and in lower proportions: squid, pink salmon, 
sculpin, greenling, prowfish, pacific cod, octopus, and larval flatfish. The main difference in 
prey deliveries between I995 and 1996 was that ill 1995 prowfish were the third most important 
species by weight; this year there was only one prowfish found. 

Chick Provisioning Frequency 

Murres: During the three observation-days of the 1996 nestling period, chicks averaged 0.26 
feedings per hour (SD = 0.05, n = 3 d; Table 1 ,  Fig 7a). There were no significant differences 
among the results from the five observation days in 1995-1996 (the 1995 mean was 0.29). 

Kittiwakes: During the three observation days of the nestling period, single-chick nests averaged 
0.19 feedings per hour (SD = 0.03, n = 3 d; Table 1, Fig. 7b), and nests containing two chicks 
averaged 0.25 feedings per hour (SD = 0.09, n = 3 d). This difference was not significant; 
however, the difference between 1- and 2-chick nests in 1995 was significant (1-chick nests = 



0.2 1 feedings/nest/hour; 2-chick nests = 0.40; P = 0.01 5). Therefore, in comparing feeding rates 
between 1995 and 1996, we chose to compare l-chick nests and 2-chick nests separately. 

The number of feedings per nest per hour for 1-chick nests and for 2-chick nests were not 
significantly different among any of the five observation days during 1995 and 1996. 

Puffins: All returning adults were carrying fish. The number of feedings per nest was different 
between the two days (P < 0.001; 31 Aug = 7.20, SD = 2.25; 02 Sep = 3.80, SD = 1.55). 

There was a pronounced diurnal pattern of feeding on both days--there were more feedings early 
in the morning than during the rest of the day (Fig. 8). 

Amount Fed to Chicks 

Kittiwakes: The mass of kittiwake chick regurgitations increased with collection date. When 
(according to the median hatch date) chicks were less than 10 days old, the mean regurgitant 
mass was 10.1 g (SD = 5.7, n = 18); when 10 -20 days old, the mass was 16.6 g (SD = 11.0, n = 
32); when older than 20 d: 20.8 g (SD = 13.3; n = 33). The latter mass was used as the annual 
index in 1996 and 1995. The 1996 masses were significantly lower (P = 0.02) than those of 1995 
(27.7 g; SD 11.5, n = 37). 

Puffins: The average weight of the 109 screen samples collected during the nestling period was 
6.9 g (SD = 6.8, Table 1). This was significantly lower than the mean of the 110 samples 
collected in 1995 (10.3 g; SD = 12.8; n = 110). 

Activity Budgets of Adults 

Murres: Nest attendance -- During the incubation period, at least one adult was always present at 
each site, and both birds were present an average of 19.5 minutes per hour per nest (79.5 "bird- 
minkr;" SD = 6.0; n = 3 d; Fig. 9a). During the nestling period, at least one adult was always 
present a; e a ~ h  site, and both birds were present an average of 9.6 minutes per hour per nest (69.6 - - 

bird-minuteshr; SD = 4.1; n = 3 d); this was similar to the 1995 figure (66.4 bird-midhr). The 
ANOVA showed a significant difference among the observation days; the Tukey post-hoc test 
showed that two of the days in 1996 were marginally different (12 and 17 August; P = 0.055), as 
were one day in 1995 (24 August) and one in 1996 (15 August; P = 0.069). These results show 
that differences between days were as great as differences between the two years, for the given 
sample size. 

Foraging trip duration -- The average duration of murre foraging trips during the nestling period 
was 150 minutes (SD = 78 min.; n = 85 trips). This was similar to the 1995 mean of 158 
minutes. However, the frequency of trips between 0-2 hour and 2-4 hour were different (Fig. 11 
and I 1 ;  x2 = 17.14, P = 0.001); the shorter trips were more common in 1995. 



Kittiwakes: Nest attendance -- Incubated eggs were very rarely left unattended, and it was even 
rarer for two adults to tend the nest together during incubation. During the nestling period, as in 
1995, there were very rarely two adults on a nest. Chicks were occasionally left unattended in 
1996; both adults were absent from 1-chick nests for an average of 1.0 minutes per hour per nest 
(SD = 1.4, n = 3 d; Fig. 9b); from 2-chick nests: 5.4 minutes per hour per nest (SD =4.5). 
Although within each day, the differences between 1- and 2-chick nests were not significant, 2- 
chick nests were consistently abandoned more often than were 1-chick nests (1-chick nests: 59.0 
bird-min/hr/nest, SD = 1.43; 2-ch nests: 54.59 bird-minkrlnest; SD = 4.48), so we analyzed the 
data separately, when looking for among-day differences. 

There were no differences among days, for 1-chick nests or 2-chick nests. 

Foraging Trip Duration -- We calculated a mean foraging trip duration for kittiwakes of 326 
minutes(SD = 91 min, n = 23 trips). This was significantly longer than the mean duration in 
1995 (237 min; P = 0.01). 

Population Counts 

Murres: The average number of murres counted on the productivity plot sample was 407 (SD = 
24.3). In 1993, 1994, and 1995, the average counts were 435,404, and 392, respectively. While 
there were no significant differences among years in these counts, the general pattern of the 
counts across years agreed with the counts of larger plots counted at East Amatuli Island in other 
projects in previous years, and in Project 96144. 

Kittiwakes: Counts on the sample of four kittiwake plots for which we can compare for the years 
1993- 1996 averaged 183 in 1996 (SD = 8.2; n = 12). This average was similar to that for 1995 
(201; SD = 8.7) and 1994 (192; SD = 10.3); the results for all three of these years were higher 
than those for 1993 (120; SD = 50.3; P<0.001). 

Puffins: There was no significant difference in the number of active tufted puffin burrows in the 
seven productivity plots between 1996 (total =. 142 active burrows) and 1995 (125 active 
burrows). 

DISCUSSION 

Forage fish near the Barren Islands in 1995 and 1996 apparently provided adequate prey to 
support average or higher productivity for kittiwakes and murres. Tufted puffins produced 
normally in 1995, but had reduced success in 1996. The lack of concordance between murres 
and puffins, both divers, may reflect their different chick-rearing strategies. Puffin chicks are fed 
approximately twice as long at nest sites as are murre chicks, so forage fish would have to be 
available at adequate densities for a longer period. There also are differences in feeding behavior 



between puffins and murres. Puffins tend to feed less often in flocks; this may have resulted in 
puffins collecting more diverse prey than did murres in 1995 and 1996. 

Chick growth rates of kittiwakes and puffins in 1995 and 1996 mirrored their productivity (we 
had no 1995 growth data for murres). Growth rates for kittiwake chicks in 1995 and 1996 were 
similar (they were slightly, but not significantly, lower in 1996) and normal. Puffin chicks grew 
normally in 1995 but had very low growth rates in 1996. 

Capelin was the most important prey item for murres in 1995 and 1996 in the Barren Islands. 
This forage fish, along with sand lance, was also important to kittiwakes and puffins. The 
proportion of sand lance brought to kittiwake chicks was higher in 1996 than in 1995. Puffin 
chick diets were the most diverse of the three species. There was a substantial reduction in the 
amount of prowfish in the puffin diets from 1995 to 1996. Capelin and sand lance are relatively 
high in lipid content and are generally considered high-quality prey for seabirds. In contrast, 
prowfish are low in lipids and would not be considered high-quality prey. 

Productivity and chick growth are affected by factors other than prey type. The size of meals 
delivered to kittiwake chicks was lower in 1996 than in 1995, and the duration of forage trips 
was longer in 1996. Although these results indicate that adult kittiwakes were working harder in 
1996 than in 1995, they managed to feed chicks at relatively similar frequencies in the two years, 
thus keeping growth rates and productivity from being significantly reduced in 1996. Murres 
also may have worked harder in 1996. They made fewer short foraging trips in 1996 than in 
1995, although mean trip durations were similar. There were no significant differences between 
years in murre nest attendance or chick provisioning frequency. Murres have access to prey 
throughout the water column, so they are likely to obtain food more easily than are surface- 
feeding kittiwakes. Puffins delivered significantly smaller meals to chicks in 1996 than in 1995. 
This reduction in meal size, rather than a change in prey type, probably accounted for reduced 
chick growth and productivity of puffins in 1996. 

The timing of the onset of nesting has been gradually getting earlier for murres in the Barren 
Islands since at least 1993. While it is possible that changes in food supply could be invciveci, 
this pattern would be expected for a population undergoing an increase in the age or experience 
of breeders, as would occur after a mortality event, such as the Exxon Valdez oil spill (see 
Nysewander et al. 1992). By more closely examining the timing of breeding of murres and other 
species on the Barren Islands, and by continuing our examination of the effects of changes in 
food supply on these species, we will explore the potential causes of this pattern in breeding 
chronology. 
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Table 1 .  Results from Barren Islands Seabird Studies, 1996. 

Variable Common murre Black-leuzed kittiwake Tufted ~ u f f i n  

Productivity Eggs hatched / eggs laid 0.85 (0.10)' Chicks fledged / nests built: 0.7 1 (0.19) Chicks / 
Chicks fledged / eggs hatched 0.90 (0.12) occupied burrow 0.3 1 
Chicks fledged / eggs laid 0.77 (0.14) 

Nesting chronology Median hatch date: 4 Aug (4) Median hatch date: 7 Jul (7) Median hatch date: 16 Jul (5. I )  

Chick growth rate Fledging weight (g): 240 (24) Grams / day (all chicks): 17.5(5.8) Grams/day: 3.3 (1.6) 
("A" chicks): 17.6 (5.9) 
("B" chicks): 14.9 (I .6) 

Chick feeding frea. Feedings / chick / hr (0700-2100): 0.26 (0.05) Feedingslnestlhr (0700-2100) (1 ch): 0.19 (0.03) Feedings/nest/hr (0600-2200): 
(2 ch): 0.25 (0.09) 7.2 (2.2) - 3.8 (1.5) 

Adult trip duration Minutes / trip: 150 (78) Minutes / trip: 326 (9 1 )  No data 

Time no ad. on nest Minutes /hour: 0.0 Minutes /hour (I chick): 1.0 ( 1  4 Not yet analyzed 
(2 chicks): 5.4 (4.5) 

Time 2 ad. on nest: Minutes /hour (incubation): 19.5 (6.0) Minutes / hour (1 chick): 0.0 Not yet analyzed 
(nestling period): 9.6 (4.1) (2 chicks): 0.0 

Chick meal size no data Regurgitant weight (g): 20.8 (13.3) Screen samp. wt. (g): 6.9 (6.8) 

Population size Productivity plots (no. of birds): 407 (24) Productivity plots (no. of birds): 183 (8.2) Number of burrows: 142 

Standard deviation in parentheses 



Table 2. Results from searches of four tufted puffin transects at East Amatuli Island, Barren 
Islands, Alaska, 1993- 1996. Total area = 270 m2 

Active Active / Chicks / 
Year Burrows burrows total burrows Chicks active burrows 

- ---. 

Average 57 23 0.40 10 0.44 
St. Dev. 9 4 0.02 5 0.19 



Barren Islands 

Figure 1 .  Location of the Barren Islands, Alaska. 
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Figure 2. The East Amatuli Island study area showing the general locations of the 
common murre (COMU), black-legged kittiwake (BLKI), and tufted puffin (TUPU) 
study sites. 
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Figure 3. Productivity of (a) common murres and (b) black-legged kittiwakes at East Amatuli 
Island, Barren Islands, Alaska, 1993-1996. Number of plots in parentheses; error bars = standard 
deviation. 
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Figure 4. Types of prey fed to (a) common murre and (b) black-legged kittiwake chicks at East 
Amatuli Island, Barren Islands, Alaska, 1995-1996. Composition of prey by (a) number of fish 
and (b) mass. 
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Figure 5.  Types of prey fed to tufted puffin chicks at East Amatuli Island, Barren Islands, 
Alaska, 1995 and 1996. Composition of prey by mass. 



Figure 6. Growth rate of (a) black-legged kittiwake chicks and (b) tufted puffin chicks at East 
Amatuli Island, Barren Islands, Alaska, 1995-1996. Number of chicks on parentheses, error bars 
= standard deviation. 
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Figure 7. Chick provisioning frequency of (a) common murres and (b) black-legged kittiwakes at 
East Amatuli Island, Barren Islands, Alaska, 1995-1996. Sample size = 2 days in 1995 and 3 
days in 1996; error bars = standard deviation. 
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Chick provisioning frequency 
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Figure 8. Number of times adult puffins returned to nests with fish at East Amatuli Island, 
Barren Islands, Alaska during two dawn-to-dusk observation periods in 1996. Calculated as 
returns per nest per hour, for a sample of 10 nests with chicks. Hours listed are start times for the 
corresponding data points. 
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Figure 9. Number of minutes per hour spent at the nest by adults (e.g., 2 adults with full 
attendance = 120 bird-minutes per hour) of (a) common murre, and (b) black-legged kittiwake, 
during chick rearing at East Amatuli Island, Barren Islands, Alaska, 1995-1996. Sample size = 2 
days in 1995 and 3 days in 1996; error bars = standard deviation. 
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Foragmg trip duration 
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Figure 10. Duration of trips by common murres, by frequency of occurrence, from 12 nests at 
East Amatuli Island, Barren Islands, Alaska, 1995: (a) 24 August and (b) 26 August, 1995. 
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Figure 1 1.  Duration of trips by common murres, by frequency of occurrence, from 10 nests at 
East Amatuli Island, Barren Islands, Alaska, during three days in 1996. 
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Abstract 

Large declines of apex predator populations (rnurres, kittiwakes, harbor seals, and 
Steller sea lion) have occurred in the Gulf of Alaska since the 1970s. Changes in 
composition and abundance of forage species may be responsible for the decline of these 
predator populations and their chronic low population levels. In an effort to delineate 
changes in forage species and a trophic regime shift, if any, over the last several decades, 
we have gathered together historical fishery-independent scientific survey data to address 
this question. This report includes three manuscripts submitted for publication from recent 
analysis of information and data from small-meshed trawl studies conducted in the Gulf of 
Alaska by the Alaska Department of Fish and Game and the National Marine Fisheries 
Senice and its predecessor agencies from 1953 through 1996. Nearly 10,000 individual 
sampling tows are in the current database of the two agencies. The need for moving this 
project into a monitoring status is discussed. Preliminary analysis of an icthyoplankton time 
series is presented with relevancy toward APEX project goals. 



Introduction 

This project pursues analysis of small-mesh trawl sampling results from near-shore surveys 
in the Gulf of Alaska conducted by the National Marine Fisheries Service (NMFS) and the 
Alaska Department of Fish and Game (ADF&G). The data for analysis was collected 
starting in 1953 and continues through 1996. This report includes two manuscripts that will 
be published this summer dealing with specific areas and analysis that was completed during 
the past project year. Only general background material concerning this part of the project 
will be discussed in this section. The reader is referred to the two enclosed manuscripts for 
details of the methodology and analysis used with this portion of the data. Additional items 
discussed in this narrative is the need for moving this project data collection into the 
monitoring category and analysis of the icthyplankton time series for Shelikof Strait. 

Recently there has been information presented that the Gulf of Alaska ecosystem has 
undergone some abrupt and significant changes (Piatt and Anderson, 1996). The extent and 
degree of these changes is poorly documented and is important in determining future 
strategies for management of the marine ecosystem. Analysis of the historic data is a first 
step in gaining an appreciation for the rapid and abrupt changes that have occurred in the 
marine species complex in the last five decades. The data from small-mesh shrimp trawl 
cruises provides an opportunity to review changes in the composition of forage species that 
occurred through time in the Gulf of Alaska. 

Historically, there is evidence of major abundance changes in the fish/crustacean community 
in the western Gulf of Alaska. Fluctuations in Pacific cod availability on a generational 
scale was reported for coastal Aleutian communities by Turner (1586). Similarly, landings 
from the near-shore Shumagin Islands cod fishery (Cobb, 1927) showed definite periods of 
high and low catches with the fishery peaking in late 1870s. King crab commercial catches 
in the Gulf of Alaska show two major peaks of landings, one in the mid 1960s and another 
in 1978-1980 (Blau, 1986). All of the area was closed to fishing in response to low 
population levels in 1983 (Blau, 1986) and has yet to reopen. By the 1960s there was 
evidence of high pandalid shrimp abundance in these same areas (Runholt 1963). One of 
the highest densities of pandalid shrimp known in the world was to spur the development 
of a major shrimp fishery (Anderson and Gaffney, 1977). By the late 1970s the shrimp 
population density had declined radically and was accompanied by a closure of the shrimp 
fishery and the return of cod to inshore areas (Albers and Anderson, 1985). Catches of 
almost all salmon stocks of Alaskan origin suddenly increased to unprecedented levels in 
the 1980's (Francis and Hare, 1994, Hare and Francis, 1995). These changes, witnessed over 
the last century, imply dynamic fluctuations in abundance of commercially fished species. 
Managers, fisherman, and processors should be aware of these dynamics and their impacts 
on the ecology and economy. 



Area of Coverage 

The study area includes the continental shelf (0 - 200 m.) and upper slope (201 - 400 m.) 
from 144" W. longitude (in the vicinity of Kayak Island) westward to 168" W. longitude 
(vicinity of Unalaska Island, eastern Aleutians). This area is characterized as having a 
relatively broad shelf which is punctuated with numerous islands, separated by deep gullies 
and large inlets, sounds, and fjords. Most of the data was collected in trawlable locations 
associated with the numerous gullies and bays that are associated with this bathymetry. The 
study area covers the entire affected zone of the EVOS. 

Icthyoplankton Analysis 

Our small-mesh trawls catch most of the species of direct interest to the APEX project 
except for one critical component, Pacific Sand Lance. We do however capture sand lance 
larvae in significant numbers during our icthyplankton surveys, both by bongo and neuston 
sampling gear. FY97 was the first year we have attempted to quantify the changes in relative 
density of sand lance larvae. Some of the preliminary analysis of this new aspect of the 
project is discussed. 

Sand lance and capelin which together make up a significant amount of the forage base in 
the Gulf of Alaska have a high affinity for near-shore sediments for spawning. Potential 
damage to these critical near-shore habitats could have occurred as a result of the EXXON 
Valdez oil spill, especially along the fine sediment Katrnai coast and sandy beaches on the 
eastern coast of Kodiak Island. We propose to study the early life history and variation in 
production before and after the spill of sand lance larvae from NMFS collected 
icthyoplankton data base. Additional studies will be proposed to fund work on analyzing the 
capelin portion of this data. 

Sand Lance are one of the main prey for marine birds, further, 0+ sand lance are a major 
component of nestling diet and may indicate a linkage between ocean production and 
nesting success of seabird colonies (Bertram and Kaiser 1993). We propose to study past 
abundance and test hypothesis concerning changes in abundance of the early life history of 
sand lance in the vicinity of Kodiak. We propose to analyze a long-term database (1972 - 
1995) of an icthyoplankton collection containing sand lance for the Kodiak and Shelikof 
region of the Gulf of Alaska to develop hypothesis concerning observed changes in density 
and distribution. Preliminary analysis will focus on the critical spawning (Oct -Jan) and over 
wintering (Nov - March) state of sand lance and how it might relate to larval s u ~ v a l  and 
year-class strength. 

Methods 

Larval sand lance were collected from lower Cook Inlet to Unimak Pass with two types of 



sampling devices. The neuston layer was sampled using a "Sameoto sampler" (Sameoto and 
Jaroszyinski, 1969), with an opening of .3m by .5m and a mesh of 0.505mm. The water 
column from near-bottom to the surface was sampled using a PvlARlMAP bongo sampler 
(Posgay and Marak, 1980) with 0.6m diameter opening and either 0.333 or 0.505mm mesh 
nets. Depths and position were recorded for each deployment of the sampling gear. Samples 
of sand lance and other planktonic species were preserved using 5% formalin-seawater 
solution buffered with either calcium carbonate or sodium tetraborate. Specimens were 
separated, counted, and up to 50 individuals of sand lance' were measured to the nearest 
O.lmm SL (Rugen, 1990). 

Results 

Out of the sixty-six tava identified in the neuston samples, Ammodytes hexaptems were the 
fifth most abundant in terms of number caught for all sampling made between April 1972 
and May 1986 (1,546 neuston stations sampled). For the bongo samples they were the 
second most abundant during the same time period (2,414 bongo samples) out of 118 taxa. 
In the months of March through the early part of May Pacific sand lance were the single 
most abundant species in bongo samples. This peak abundance of sand lance larvae in the 
spring samples is also reflected well in the neuston samples where their peak relative 
abundance was found during the first half of June. Sand lance were absent from neuston 
samples after August and from bongo samples after June sampling periods. 

Large numbers of larvae from bongo samples were spatially located close to Kodiak Island 
with higher concentrations located to the northeast and southwest of the island in March. 
This distribution pattern held steady in later time periods except for a tendency of larvae 
to even out there distribution in Shelikof strait. Larvae captured with neuston nets showed 
relatively large catches later in the year and were found close to Kodiak Island or above the 
slope. Lengths of larvae were larger in the neuston tows (9.6-29.7 mm SL) than in the bongo 
samples (5.4-18.7 m SL). 

Discussion 

Pacific sand lance are one of the most, important larval fish components of the 
icthyoplankton around Kodiak Island during the spring period. The only larval fish 
component that outnumbers sand lance in bongo samples was the walleye pollock, Theragra 
chalcograrnma. The analysis of total numbers of larvae captured showed that pollock larvae 
were nearly 20 times more abundant (233,762) overall than sand lance (13,739). The next 
most abundant species was Bat/zymaster sp. only accounted for 80 total individuals caught 
in the 1972-1956 bongo samples.(Rugen, 1990) 

Walleye pollock, Tjzeragra chalcogramma, are also a locally prominent component of the 
icthyoplankton during the same period as sand lance larvae and may compete with them for 
food. Distribution of pollock larvae is concentrated in lower Shelikof strait during the March 
which is quite different then that of sand lance during the same time period. Also there is 



indication that as the larvae age and attain a larger size sand lance are more commonly 
found in the neuston layer than pollock (Bodeur and Rugen, 1995) which suggests a 
different vertical distribution in the water column. Therefore it seems likely that sand lance 
may only be a competitor with pollock during the early spring at only a few localized areas 
mainly in lower Shelikof strait. 

Future Direction of Analysis 

1. Determine relative year-class strength of sand lance in study area. Do this by examining 
larval size data and adjusting for differences in hatch dates and growth between years. 

2. Inshore migration dynamics and vertical distribution changes and how these might relate 
to year-class strength. 

3. Examin neuston samples to determine timing of in-shore migration. 

4. Compare density estimates from neuston samples with those of the same yearset for 
bongo sampling to investigate the feasability of determining a relative survival index arnoung 
year-classes. 
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FIGURES 

Figure 1. Annual number of small-mesh survey sampling from 1953 to 1994 in 
the Gulf of Alaska by NMFS and ADFG. All NMFS tows since 1990 
conducted in Pavlof Bay only. 

Figure 2. Relative density of Pacific sand lance larvae in the Kodiak - Shelikof 
Strait region 1971 - 1992. Density values in numbers per 10 mete?. 
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APPENDIX 

Three manuscripts submitted by project investigators for inclusion in: Proceedings of the 
Role of Forage Fishes in Marine Ecosystems. Expected publication date is summer 1997. 
These manuscripts are submitted as completed portion of project studies for FY96 & FY97. 



Exron Valdez Oil Spill 
Restoration Project Annual Report 

Analysis of Small-Mesh Trawl Data 

Restoration Project (APEX) 96163L 

Paul J. Anderson 
James E. Blackburn 

B. Alan Johnson 

National Marine Fisheries S e ~ c e  
Alaska Fisheries Science Center 

P.O. Box 1638 
Kodiak. Alaska 99615 

March 1997 



Analysis of Small-Mesh Trawl Data 

Restoration Project(AF'EX) 96163L 
Annual Report 

Studv History: Restoration Project 96163L was initiated as part of the APEX project that 
is studying the relationship between changes in forage species composition and marine birds 
in the spill affected area. Large declines of apex p,redator populations (murres, kittiwakes, 
harbor seals, and Steller sea lion) have occu~red in the Gulf of Alaska since the 1970s. 
Changes in composition and abundance of forage species may be responsible for the decline 
of these predator populations and their chronic low population levels. In an effort to 
delineate changes in forage species and a trophic regime shift, if any, over the last several 
decades, we have gathered together historical fishery-independent scientific survey data to 
address this question. This part of the annual report includes one manuscript submitted for 
publication from recent analysis of information and data from small-meshed trawl studies 
conducted in the Gulf of Alaska by the Alaska Department of Fish and Game and the 
National Marine Fisheries Service and its predecessor agencies from 1953 through 1996. 

Abstract: Twenty-four years (1972-95) of shrimp trawl survey catch data was analyzed in 
order to reveal changes in the species composition of demersal biomass in the Gulf of 
Alaska. A shrimp-dominated crustacean species community (mostly Pandalus goniurus and 
P. borealis) came to an end in the late 1970's and has not yet regained its former level of 
biomass. Changes in community structure continued with the decline of capelin (Mallotus 
villosus) in the late-1970s, followed by a build-up of gadid fishes in 1978-83 and pleuronectid 
fishes in 1984 to the present. Overall, the biomass index, as represented by shrimp sampling 
trawl, has declined to less than one-half of its former size under the recent fish-dominated 
environment. This epibenthic regime shift was accompanied by a rapid increase in water 
temperature which may largely be responsible for the observed abrupt temporal change in 
species composition. 

Kev Words: Regime Shift, Gulf of Alaska, Forage Species, osmerids, capelin, pandalid 
shrimp, gadids, pleuronectids, epibenthic, benthic, biomass index, community structure. 

Citation: Anderson, P.J., J.E. Blackburn, and A.B. Johnson. 1997. Declines of Forage 
Species in the Gulf of Alaska, 1972-95, as an Indicator of Regime Shift. In Baxter, B.R. (ed) 
Proceedings of the Symposium on the Role of Forage Fish in the Marine Ecosystem. Alaska 
Sea Grant College Program AK-SG-97-01, 1997 (In Press). 



Declines of Forage Species in the Gulf of Alaska, 1972-95, 

as an Indicator of Regime Shift 

Authors : 

Paul J. Anderson -- Alaska Fisheries Science Center -- Kodiak 
James E. Blackburn -- Alaska Department of Fish and Game -- 

Kodiak 

B. Alan Johnson -- Alaska ~isheries Science Center -- Kodiak 

*Abstract 

Twenty-four years (1972-95) of shrimp trawl survey catch data was 

analyzed in order to reveal changes in the species composition of 

demersal biomass in the Gulf of Alaska. A shrimp-dominated 

crustacean species community (mostly Pandalus goniurus and P. 

borealis) came to an end in the late 1970's and has not yet 

regained its former level of biomass. Changes in community 

structure continued with the decline of capelin (Mallotus 

villosus) in the late-1970s, followed by a build-up of gadid 

fishes in 1978-83 and pleuronectid fishes in 1984 to the present. 

Overall, the biomass index, as represented by shrimp sampling 

trawl, has declined to less than one-half of its former size 

under the recent fish-dominated environment. This epibenthic 

regime shift was accompanied by a rapid increase in water 

temperature which may largely be responsible for the observed 

abrupt temporal change in species composition. 



Simultaneous and abrupt declines of crustacean populations, most 

notably shrimp of the genus Pandalus, and smelt of the family 

Osmeridae, have occurred in the Gulf of Alaska along with 

increasing densities of gadid fishes and many species of 

pleuronectid flatfishes. These concurrent changes in several 

species suggest that they are causally connected in affecting 

commercial (Anderson 1991) and non-commercial species (Piatt and 

Anderson 1996) alike, and thus represent a regime shift (Steele 

1996). Implicit in the concept of a regime shift is that changes 

occur throughout the ecosystem and a new community structure is 

formed. A crustacean/forage fish epibenthic community changed to 

the current regime dominated by fishes during a brief time period 

between 1978 and 1981 in the central and western Gulf of Alaska. 

This shift is well documented by results from a long-term small- 

mesh trawl survey series conducted before and after the shift 

(Piatt and Anderson 1996). This paper describes the results from 

these surveys and presents hypotheses for the observed regime 

shift. 

Data used in this study were collected during small-mesh 

trawl surveys which targeted shrimp as their primary species. The 

data set is a compilation of nearly 10,000 trawl samples by the 

National Marine Fisheries Service (NMFS) and the Alaska 

Department of Fish and Game (ADF&G). Most of the sampling was 

done with a small-mesh net with 32 mm stretched mesh throughout 



(Anderson 1991). Survey tows were conducted during daylight in 

water deeper than 50 m since preliminary surveys had shown low 

shrimp densities in shallow water (Anderson 1991). Most tows 

covered an average length of 1 to 2 km. 

Survey catches were sorted by species and all species were 

weighed separately. Occasionally, catches were so large that sub- 

sampling of the catch was employed after the method described by 

Hughes (1976). Subsamples were counted to obtain the average 

weight of individuals. All shrimp, juvenile fish (mostly 

Pleuronectidae) were combined, weighed, and subsampled for 

species composition. The subsampled species groups were then 

counted and weighed to the nearest gram using a triple-beam 

scale. The extrapolated juvenile' weights of each species were 

added to those of the adults of the same species. 

Organism counts and weights were converted to density values 

expressed as either number or kilograms caught per kilometer 

towed by the sampling gear (catch per unit of effort [CPUE]). 

Converting density values in this way minimizes possible bias 

associated with sampling tows of unequal distance or duration. 

Abundance comparisons for species among years and areas all use 

CPUE rather than actual catch values. 

Sampled locations were mapped using the computer program 

ARCINFO and data distribution was outlined graphically to define 

the sampled area over the time series. Species density by area 

was determined by combining CPUE values for each area by year and 

computing the mean. Eight bays were chosen for detailed study 



(Fig. 1) representing a broad coverage of the Gulf of Alaska 

inshore bay ecosystem. 

We have abstracted major components from the total biomass 

in order to simplify our analysis for density trends. Two groups 

of forage species, which include shrimps mainly of the family 

Pandalidae and smelts of the family ~smeridae made up of mostly 

capelin Mallotus villosus, and to a lesser extent eulachon 

Thaleichthys pacificus, and small amounts of other miscellaneous 

smelts composed the forage species complex. For this study, we 

consider the smelts and shrimps as trophospecies, a species group 

that shares similar prey and predators. Flatfishes 

(Pleuronectidae) were treated as a group and include five 

species, arrowtooth flounder (Atheresthes stomias), flathead sole 

(Hippoglossoides elassodon), yellowfin sole (Pleuronectes asper), 

rock sole (Pleuronectes bilineatus), and Pacific halibut 

(Hippoqlossus stenolepis). Gadid fishes include pacific cod 

(Gadus macrocephalus) and walleye pollock (Theragra 

chalcoqramma). All other species, which made up the remainder of 

the catch biomass, was treated as a coeined element for this 

study. 

*Results 

Combined biomass of all species declined in seven of the 

eight study areas to the lowest CPUE during the 1985-89 period. 

One area, Two-headed Island gully, showed low total biomass 

during the early 1970-74 time period. Since most of the data for 

this time period had to be discarded due to incomplete catch 



sorting, we feel that the low total biomass for this period 

distorts the results. If this data point is discarded, then the 

trend of low overall abundance of all organisms fits the same 

pattern observed for the other areas (Table 1). All areas sampled 

showed an increase in total biomass as measured by our sampling 

gear in the latest period (1990-95) . 
In order to remove fluctuations associated with seasonal on- 

shore and off-shore movements of biomass components, we selected 

catch data from the August through November time period to study 

changes in total biomass. Anderson (1991) hypothesized that 

shrimp density was most stable at this time of year because of 

mating aggregations. Ketchen (1961) indicated that inshore cod 

populations were probably more available in the summer and fall 

because of wamer temperatures before winter cooling. Highest 

total biomass was 493.1 kg/km (mean CPUE n=873, ~D=470.2) during 

the 1972-80 time period before declining to 176.1 kg/km (mean 

CPUE n=342, SD=158.3) in 1985-88. Based on the recent 1991-95 

sampling period total biomass has recovered to 373.6 kg/b (mean 

CPUE n=215, SD=229.3) (Fig. 2). 

The two main forage species groups, shrimp and osmerids, 

declined from relatively high levels of abundance in 1970-84 to 

uniformly low abundance during 1985-95. Three areas, Chiniak, 

Pavlof, and Ugak Bays, all showed high levels of osmerids and 

shrimp simultaneously. In two areas, Pavlof and ~hiniak Bays, 

high forage species abundance was coincident with high total 

biomass. Chignik bay showed highest osmerid abundance earlier 



than observed maximum shrimp abundance (Table 1). 

In the Osmerid group, capelin alone composed 84% of total 

group biomass prior to 1981 and declined thereafter leaving 

eulachon the major species in the group. Capelin maximum mean 

CPUE for late summer and fall surveys was in 1972 at 23.7 kg/km; 

other peaks in abundance occurred in 1976 at 21.2 kg/km and again 

in 1980 at 15.9 kg/km. Abundance has remained at less than 0.1 

kg/km since 1987 and shows no sign of recovery (Fig. 3). 

Results indicate a close relationship between high total 

biomass and high forage species abundance. In contrast, low total 

biomass is related to both low abundance of forage species and 

high levels of flatfish abundance (Table 1). In order to explore 

these observed relationships, we used a I1slug trace" plot (Ramsey 

1988) to illustrate periods of biomass regime shift for our study 

areas. This technique uses bivariate time plots of the studied 

species groups in two dimensions accompanied by a univariate 

scatter plot. The relationship between the two forage species is 

shown in Figure 4. The arrow line on the corresponding plots 

signals the reqime shift observed in the survey data. It is clear 

from these plots that the relationship of shrimp and osmerid 

abundance changed between 1976-83, signaling the shift to a new 

community structure. 

*Discussion 

A major shift in the physical regime of the Gulf of Alaska 

occurred in 1976-77 (Royer 1989, Kerr 1992, Trenberth and Hurrell 

1995) and is reflected in the observed shift in species 



composition data from trawl surveys of inshore bays over a broad 

region in this study (Fig. 5). Other studies have shown increased 

landings of Pacific salmon (Beamish and Bouillon 1992), possibly 

due to enhanced ocean survival which may be the direct result of 

increased zooplankton abundance (Brodeur and Ware 1992) or more 

favorable temperature. ~odiak Island near-shore (10.7 m) water 

temperature in March averaged -0.48 to 2.01 degrees C during 

1971-76, 2.90 to 5.09 degrees C during 1977-88, and 2.14 to 3.33 

degrees C during 1989-94 (S. F. Blau, pers. comm.). Increases in 

near-shore water column temperature may possibly affect 

productivity for shrimp and forage fish in a negative way. 

Aquatic communities integrate the totality of environmental 

factors that they are exposed to. Our contention is that the 

physical regime shift co-occurred with the shift from the 

crustacean/forage fish regime to the current epibenthic community 

now dominated by cod, pollock, and pleuronectid flatfishes, and 

was the primary mechanism that caused the epibenthic community 

shift. 

Shrimp declined uniformly throughout all study areas, but 

one species (Pandalus goniurus) that was formerly a significant 

part of the shrimp biomass became nearly extinct (Fig. 6 )  while 

the other primary species (P. borealis) has declined, but not to 

levels of near-extinction. This observed change demonstrates that 

some species are more vulnerable to being extinguished from the 

near-shore ecosystem as a result of regime shift.   his species 

was not heavily targeted by commercial shrimpers, and declines 



after closure of commercial fisheries continued. We hypothesize 

that the near-extinction of P. goniurus was caused by sustained 

higher winter temperatures that took place in the late 1970s 

(Royer 1989). This species is found in relatively shallower 

waters than P. borealis and is subject to areas of high residual 

winter cooling. These distribution traits along with abrupt 

changes in winter temperatures may explain the region-wide regime 

shift. 

Influxes of Pacific cod into the inshore bays and gullys 

where dense shrimp and osmerid populations occurred was a 

destabilizing factor on those populations and was partially 

responsible for the observed ecosystem regime shift in the Gulf 

of Alaska. Cod were virtually absent in inshore bays during the 

early 1970s (Albers and Anderson 1985) (Fig. 5). We believe that 

warming water column temperatures may allow cod to remain in our 

study areas throughout the winter instead of migrating offshore 

when temperatures are cooler (Ketchen 1961). This increased 

contact with the forage base probably contributed further to the 

observed decline of shrimps and osmerids that continued well 

after the end of most in-shore shrimp trawl fisheries in the late 

1970s (Albers and Anderson 1985). 

In conclusion, our analysis shows a marked decline in the 

available biomass after the shift from the crustacean regime to 

the regime dominated by fishes (Fig. 2 and 5). The declines in 

epibenthic biomass, as observed in this study, were opposite of 

the increase in landings and abundance of many species of Pacific 



salmon (Beamish and Bouillon 1 9 9 3 ) .  Also coincident with the 

regime shift was a change in the higher trophic levels and 

composition of zooplankton (Brodeur and Ware 1 9 9 2 ) .  Since many 

forage species, including capelin and shrimp, are planktivores 

this obsenred change in plankton composition could explain the 

uniform decline of these species. 

Abrupt changes in the physical regime with concurrent or 

slightly delayed reaction from the epibenthic ecosystem had an 

extreme effect on the inshore fishing fleet and processing of the 

central and western Gulf of Alaska. The regime shift, as 

described in this paper, occured rapidly and may shift again from 

a fish-dominanted to another community regime. These species 

composition shifts are preceded by changes in the physical 

environment. Monitoring water column temperature and changes in 

the epibenthic organisms in many areas of the Gulf of Alaska 

could be used to forecast future changes and perhaps lead to less 

disruption in the fishing industry when these regime shifts 

occur. 
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Table 1. Mean catch in kilograms per kilometer trawled of 

selected species groups by study area and selected time ~ e r i o d s  

(ns = not sampled). 

Alitak Bay 

Period Total Shrimp Osmerids Flatfish Cod 

1970-74  ns 3 5 8 . 6 3  ns ns ns 

1 9 7 5 - 7 9  312 .32  2 3 3 . 3 8  7 . 0 0  22 .3  0 . 5 6  

1 9 8 0 - 8 4  221 .44  1 0 6 . 7 5  6.12 2 7 . 6 1  1 6 . 1 4  

1 9 8 5 - 8 9  1 1 3 . 2 4  1 4 . 2 5  0 . 5 7  1 9 . 9 5  9 . 9 6  

1 9 9 0 - 9 5  210 .03  3 8 . 9 0  1 . 9 1  80 .49  6 . 4 8  

Chiniak Bay 

1970-74  ns ns ns ns ns 

1 9 7 5 - 7 9  490.43  2 5 3 . 6 9  2 .74  88 .52  5 . 4 7  

1 9 8 0 - 8 4  303.54  1 2 6 . 4 8  0 .78  9 5 . 8 6  1 3 . 9 0  

1 9 8 5 - 8 9  1 6 6 . 1 6  1 7 . 3 4  0.77 78 .08  5 . 9 1  

Kiliuda Bay 

1970-74  ns 3 6 2 . 2 9  . 0 7  2 . 8 5  0 .09  

1 9 7 5 - 7 9  5 1 1 . 9 5  3 6 6 . 8 0  7 . 2 4  3 6 . 1 5  9 . 9 1  

1980 -84  345 .52  3 4 . 9 2  27 .97  59 .08  22 .34  

1 9 8 5 - 8 9  260 .56  9 . 1 8  1 . 0 8  1 0 8 . 7 0  2 2 . 1 0  

1 9 9 0 - 9 5  476.97  7 . 5 6  7 . 6 7  1 4 1 . 9 1  1 5 . 3 0  



Table 1. Continued 

Marmot Bay 

Period Total Shrim~ Osmerids Flatfish Cod 

1 9 9 0 - 9 5  262 .05  5 4 . 7 8  0 . 1 2  1 0 4 . 3 8  5 .95  

Pavlof Bay 

1 9 7 0 - 7 4  795.59  6 9 5 . 3 5  2 1 . 2 5  5 . 2 0  0 .03  

Ugak Bay 



*List of Figures 

1. Location of bays and near-shore sampling sites for small-mesh 

trawl surveys 1970-95. Note: "Chignik-Castle" is a group of three 

bays; Chignik, ~ujulik, and Castle Bays. 

2. Mean CPUE (expressed as kilograms caught per kilometer 

trawled) of total biomass for the months August through November, 

1972-95 . All 8 sampling sites combined. 

3. Mean CPUE of capelin from August through November trawl 

surveys in all sampling locations combined. 

4.Slug traces of shrimps and Osmerids from several bays; regime 

shift identified by arrow line on scatterplots. (Please note 

difference in scales of mean CPUE for species groups in bivariate 

time plots). 

5. Species composition represented by proportional contribution 

in August through November total biomass in all sampling sites 

combined. 

6. Mean CPUE of Pandalus borealis and P. goniurus from all 

sampling areas, 1972-95. 
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Analysis of Small-Mesh Trawl Data 

Restoration Project(APEX) 96163L 
Annual Report 

Studv History: Restoration Project 96163L was initiated as part of the APEX project that 
is studying the relationship between changes in forage species composition and marine birds 
in the spill affected area. Large declines of apex predator populations (murres, kittiwakes, 
harbor seals, and Steller sea lion) have occurred in the Gulf of Alaska since the 1970s. 
Changes in composition and abundance of forage species may be responsible for the decline 
of these predator populations and their chronic low population levels. In an effort to 
delineate changes in forage species and a trophic regime shift, if any, over the last several 
decades, we have gathered together historical fishery-independent scientific survey data to 
address this question. This part of the annual report includes one manuscript submitted for 
publication from recent analysis of information and data from small-meshed trawl studies 
conducted in the Gulf of Alaska by the Alaska Department of Fish and Game and the 
National Marine Fisheries Service and its predecessor agencies from 1953 through 1996. 

Abstract: A Twenty year (1976-95) of shrimp trawl survey catch data was analyzed in order 
to reveal changes in the species composition of dernersal biomass in Kachemak Bay. A 
shrimp-dominated crustacean species community (mostly Pandalus gonium and P. borealk) 
came to an end in the late 1970's and has not yet regained its former level of biomass. 
Despite a complete closure of the commercial shrimp fishery in 1987, no rebuilding of 
shrimp resource has occurred. Walleye pollock occurrence declined to 22% in the mid- 
19807s, and have since increased to over 90% of tows in the 1990's. Smelt, as a group, 
declined from 893.1 per tow in 1978 to 8.9 per tow by 1989. Capelin have appeared to 
increase their distribution in the sampled area in recent surveys while relative abundance 
has declined. 

Key Words: Kachemak Bay, Forage Species, osrnerids, capelin, pandalid shrimp, gadids, 
Walleye pollock, biomass index, community structure. 

Citation: Bechtol, W.R. 1997. Changes in Forage Fish Populations in Kachemak Bay, 
Alaska, 1976 to 1995. In Baxter, B.R. (ed) Proceedings of the Symposium on the Role of 
Forage Fish in the Marine Ecosystem. Alaska Sea Grant College Program AK-SG-97-01, 
1997 (In Press). 



Changes in Forage Fish Populations 
in Kachemak Bay, Alaska, 1976 to 1995 

Note: This manuscript is currently under review as a contribution to the Proceedings from the 
Symposium on the Role of Forage Fishes in Marine Ecosystems, to be published by the Alaska 
Sea Grant College Program. 

William R. Bechtol 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development 
Homer. Alaska USA 

INTRODUCTION 
Relationships between different components of the Kachemak Bay marine ecosystem are poorly 

understood, yet fish and shellfish populations in this area have undergone significant changes 

since the mid-1 970's. For example pandalid shrimp (Pandalus sp.) and red king crab 

(Paralithodes carntschaticus), once commercially important in this area. declined to low levels in 

the 1980's and have shown no evidence of rebuilding even though the fisheries have been closed 

since that time (Davis 1982; Gustafson 1994; Kirnker 1996;). In particular, the collapse of the 

pandalid shrimp resource, especially the failure of this population to rebuild after a decade 

without commercial fishing pressure, indicated the magnitude of ecosystem change and the need 

to examine changes in other marine species. For example, some fish species. such as walleye 

pollock ( Theragra chalcogramma), were reported to have dramatically increased. 

A 20 year database of ADF&G surveys with small-mesh bottom trawls existed for the Cook Inlet 

area. Although the primary goal of these surveys was to assess pandalid shrimp resources (e.g. 

Gustafson 1994), some information was also collected on other captured species. As part of an 

Exxon Valdez oil spill study, the Alaska Predator Ecosystem Experiment (APEX; Duffy 1996), I 

examined the occurrence and abundance of fishes captured during these tra~vl surveys. This 

paper presents results of my analyses on selected species that might be described as either forage 

fish, i.e., species that might serve as an important prey item for other marine organisms , or as 

species potentially having a significant impact on the available forage base. 



METHODS 

From 1976 to 1995. the Alaska Department of Fish and Game (ADFgiG) conducted bottom trawl 

surveys to assess shrimp populations in Kachemak Bay. Alaska. an embayment centered 

approximately at 59'35'N. 15 1 '52.W in the northern Gulf of Alaska (Figure 1). Spring surveys 

were conducted annually in hlaq from 1976 to 1993. then shifted to alternate years beginning in 

1993. Fall surveys occurred annually from 1976 to 1990. and a single winter survey occurred in 

1979. ADF&G made 16 to 45 to~vs ~vithin a season and year stratum. \kith a total of 1.300 

survey tons  in the historical database (Table 1). 

Surveys in~rolved tows of a 32 mm mesh net with a mouth rising 18.3 m and a 17 m tickler chain 

(Davis 1952). Tows Lvere typically 1.0 nautical mile long. Follo~ving each tow, the tared catch 

weight was obtained as the catch was dumped on deck. Prior to 1989. all large non-fish objects 

were removed from the catch and the remaining catch was subsampled to estimate the shrimp to 

non-shrimp composition. In many cases the species composition of the non-shrimp catch was 

only described qualitatively. Beginning in 1989. the tared catch weight was obtained. then the 

entire catch was sorted. counted. and weighed by species or major species group with the total 

catch subsampled as necessary. 

For this analysis, field data sheets were processed into an electronic database. All data were 

summarized according to shnmp and non-shrimp components. Subsample data on species 

composition were entered if ava ihb l~ .  Hotvever, sampling emphasis and methods changed 

somewhat over the survey time series. In particular, little sampling effort was applied to non- 

shnmp species during the mid- 1980's and quantitative data were not recorded for non-shrimp 

species during most survey tows. If quantitative data were not available. qualitative data were 

entered during my subsequent analysis. All catch data were converted to 1.0 nrn equivalents and 

summarized within a to* and season. General fish catch ~vas  estimated as kglnrn and percent 

catch composition. I calculated frequency of occurrence and mean tow abundance for three fish 

families. eelpouts (Zoracidae), poachers (Agonidae), and smelt. excluding capelin (Osmeridae); 

and four fish species. capelin (.Llctllotzls villoszis). Pacific cod (GL~L~LIS rnc t~ro~ephul~~s) ,  Lvalle) e 

pollock (Thrrncyru chalcogrnmmcr). and Pacific tomcod (.llicroga~Jr/spro.uin~zls). I calculated 



frequency of occurrence for one more family, ronquils and searchers (Bathymasteridae), but did 

not estimate mean tow abundance because this family was encountered in catches only 

infrequently. 

RESULTS 

Relative and Absolute Increases in Fish Catches 

Fish comprised an increasing portion of the mean tare weight in Kachemak Bay shrimp surveys 

since 1976. As the shrimp population declined in the 1980's. the fish component of Cook Inlet 

shrimp survey catches increased dramatically from less than 20% of the catch biomass in the late 

1970's to more than 80% in recent years (Figures 2 and 3). Fish contribution in the fall was 

generally greater than in the spring. Although representing only a single winter assessment, fish 

composition in the 1979 winter survey was greater than any other seasonal contribution prior to 

the fall of 198 1.  

The aggregate catch biomass of all fish species also changed substantially over time as fish 

biomass per tow was again greater in fail than spring, and the single winter catch in 1979 was 

greater than spring or fall catches prior to 198 1 (Figure 4). Spring fish catches generally 

averaged less than 60 k g / m  through 1983, then doubled to nearly 120 k g l m  in 1986 and 1987, 

and in the 1990's ranged from 264 to 395 kglnm. Fall fish catches ranged from 87 to 113 kg!nm 

in the 1970's, and from 123 to 665 kglnrn between 1980 and 1990. The mean winter catch in 

. 1979 was 163 kglnrn. Thus, not only has the overall finfish component of the survey cat.=te; 

increased, but the total fish biomass also increased. In addition, in years when multiple surveys 

were conducted, more fish were available in the fall than in the spring. 

Frequency of Occurrence 

The frequency of occurrence changed dramatically for all families and species examined (Table 

2: Figure 5 ) .  Although the occurrence of ronquils and searchers increased slightly in the 1990's. 

these species were present in less than 10% of the tows. Poachers occurred in 10% or less of the 

suney  tows during the late 1970's. but increased to nearly 25% of all sumey tows since 1989. 

Eelpouts occurred in a maximum of 35% of the annual suney  to~vs  prior to 198 I .  but have 



steadily increased since 1989. reaching a peak of 77% of the to\vs in the 1995 survey. Capeiin 

and other smelt species are more typically regarded as forage fish VMFS 1996). The annual 

occurrence of capelin was quite variable during 1976 to 1983, ranging from 0% to 3 1% with a 

mean frequency of 8.3%. The annual occurrence of capelin during 1987 to 1993 exhibited 

similar variability, ranging from 6% to 29% with mean occurrence increasing to 14.4%. No 

capelin were reported from the 1995 survey. The occurrence of the three gadid species has also 

increased in recent years. Neither Pacific cod nor Pacific tomcod exceeded 10% of the annual 

sun-ey tows for most years prior to the mid-1980's. Although some variability is evident, the 

occurrence of both species increased dramatically in recent years. The peak occurrence of 

Pacific cod in tows . 53%. was reported from the 1993 survey while the peak occurrence of 

Pacific tomcod. 92%. was reported from the 1992 survey. Both historically and in recent years, 

walleye pollock has been the most frequently occurring gadid species. Prior to 198 1. walleye 

pollock occurred in 4 1 % to 7 1 % of tows during annual surveys. Walleye pollock occurrence 

declined to 22% of tows during annual surveys in the mid-19807s, and increased to over 90% of 

the tows in 1990's surveys. In fact, this species occurred in 100% of tows in both the 199 1 and 

1995 surveys. 

Mean Catch Abundance 

Mean catch abundance, expressed as the average number of fish-per-tow, changed considerably 

during the survey time series for the families and species examined (Table 3; Figure 6). Many 

species exhibited peak mean abundance in late 1977 or 1978, and again in 1989. Catches of 

walleye pollock have been the greatest, and one of the most variable. of all the fish examined 

from the Kachemak Bay surveys. Walleye pollock abundance ranged from a low of 34.1 per tow 

in 1993 to a high of 1.280.5 per tow in 1977. For most years in which forage fish data were 

available. pollock catch rates exceeded 300 catch per tow. Pacific tomcod mean abundance, 

while also quite variable. was generally greater in the 1990's than in the 1970's. The peak catch 

of Pacific tomcod was 1 15.6 per tow in 1989. Although Pacific tomcod catch rates declined to 

6.1 per tow in 1992, they have increased to 30.7 per tow in the 1995 surveq. Pacific cod 

abundances have been greater in the 1990's. averaging 11.4 per tow after 1999, than for previous 

years, which averaged 2.6 per tow. However, the catch abundance of Pacific cod has generally 



declined since 1989, falling to only 2.0 per tow in 1995. Catch rates of both poachers and 
I 

eelpouts peaked in 1989, but have been relatively low in recent years, particularly for eelpouts. 

Mean capelin abundances peaked at 250.4 per tow in 1978, declined to 1.4 per tow in 1959, 

increased to 13.4 per tow in 1992. and has since declined precipitously; no capelin were reported 

during the 1995 survey. Smelt exhibited a similar trend. This group declined from a peak of 

893.1 per tow in 1975 to 8.5 per tow in 1989, and then increased to 19.5 per tow in 1992 before 

decreasing to 2.7 per tow in 1995. 

DISCUSSION 

It is apparent that some major changes have occurred within the Kachemak Bay ecosystem 

during 1976 to 1995, the time series encompassed by ADF&G surveys with small-mesh bottom 

trawls. From 1969 to 1952, pandalid shrimp harvests ranged from 1.800 to 2,800 mt annually, 

then decreased to 200 to 1,400 mt during 1983 to 1986 (Figure 2). Despite a complete closure of 

the commercial fishery since 1987, the shrimp population has failed to rebuild (Gustafson 1994). 

In contrast, the mean fish contribution to survey tows and the aggregate fish biomass both 

increased beginning in the mid-1980's (Figures 3 and 4). In years when surveys were conducted 

in more than one season, fish catches were greater in fall than spring. I could not determine fiom 

available information whether these seasonal changes in fish catches resulted fiom growth of 

young fish, mortality of older fish, or migration patterns. The lack of reliable forage fish 

abundance data during the entire time series inhibited a more complete understanding of 

ecosystem changes. In particular. survey data from the mid-1980's reflected a limitation in the 

sampling technique and should be regarded as suspect. In addition, the species I inciuded in this 

analysis comprise only a portion of the Kachemak Bay biomass and some species. such as 

flatfish. may have increased over the time series while pelagic species such as Pacific herring 

have decreased (W. Bucher. Alaska Department of Fish and Game. Homer, .Alaska. personal 

communication). 

Substantial interannual variation in both frequency of occurrence and mean catch abundance was 

apparent for most fishes examined. Pacific cod. Pacific tomcod, and walleye pollock generally 



occurred more frequentlq in tows made during the 1990's than in previous years. but their mean 

catch rates ha\.e actually declined since 1989 (Fisures 5 and 6). An increasing frequency of 

occurrence coupled with decreasing catch rates may be the result of a large number of small. 

, oung  fish (i.e. an abundance year class) growing, subject to annual mortality. into fe~ver. but 

wider-dispersed large. old fish. The recent trend in bvalleye pollock abundance may illustrate this 

well. The relatively large catches of this species obtained in 1989 and 1990 would correspond to 

age-1 and -2 walleye pollock from the strons 1988 year class also documented in Gulf of Alaska 

commercial fisheries (Hollowed et al. 1996). The decline in Kachemak Bay survey catches of 

tvalleye pollock tvould result from mortality and migration of this large year class. Some pre- 

recruit indices for walleye pollock in the Gulf of Alaska suggest that the 1994 year class may be 

more abundant than the 1988 year class (Hollotved et al. 1996). If the 1994 year class is also 

abundant in Cook Inlet, age-2 walleye pollock should be very abundant in the 1997 Kachemak 

Bay trawl survey catches. 

Although the frequency of occurrence of poachers in survey tows increased from about 4% prior 

to 198 1 to nearly 25% after 1988, mean catch rates have remained below 10 per tow in the 

1990's. This suggests that poachers may have expanded their distribution with little increase in 

overall abundance. Eelpouts also appeared more frequently in tows while their catch rates 

declined between early and more recent portions of the survey time series. This may again 

indicate an expanded distribution with little or no increase in abundance. 

Smelt, an important forage species for fish, birds and marine mammals (NblFS 1996), were 

commonly captured throughout the survey time series. Smelt frequency of occurrence in recent 

years was exceeded only by walleye pollock and Pacific cod. However, the relative abundance 

of smelt declined over the time series. indicating these species have also become more widely 

dispersed but not relatively more abundant. Capelin. the only smelt for tvhich data was recorded 

at the species level. follo~ved a similar pattern. Capelin appeared to increase their distribution in 

recent years. bvhile their relative abundance has declined even more extensively and this species 

bvas not recorded from a single tow during the 1995 survey. 



Despite the limitations of the historical trawl suneq  data. anal> ses indicated that the biomass of 

many fish species increased Lvhile biomass for man). in~ertebrclte species. notably pandalid 

shrimp and red king crab (Gustafson 1994; Kimker 1996), decreased. In addition. not all fishes 

continued to increase in abundance. For example. Pacific cod and \\alleye pollock, both large 

oadid species, increased in distribution and relative abundance. but the relative abundance of 
L 

important forage species such as capelin and smelt decreased (Figures 5 and 6). Thus, large 

predatory fishes appear to have benefited from ecosystem changes while small forage fishes. as 

well as shrimp and crabs. appear to hate been ad~ersely affected. It is possible that the 

ecosystem has now reached a relative stability in Lvhich predator species suppress the production 

of prey species that are limited in abundance (May 1977). 

Unfortunately, the trawl survey Lvas not originally designed to monitor fishesi and sampling for 

fishes have been somewhat inconsistent. Wlile I feel that observed trends in distribution and 

abundance reflect the true underlying population and not just sampling artifacts. one must be 

careful in using this data set to examine fishes. Only slight modifications to these surveys in the 

future would greatly improve their usefulness for examining fish populations. For example. 

random sampling of the entire survey catch instead of only the target species, and obtaining 

information on fish size, particularly for the gadid species, could provide valuable information on 

the population dynamics of many fishes. 
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71'at>le 1 .  Number ortows by season cluring boltom trawl surveys Ibr pandalid shrimp in Kachemak I h y ,  
Alaska. li.om 1976 to 1995. 

Number of Tows Number of Tows 

Year Winter Spring Fall Total Year Winter Spring Fall Total 

1976 3 6 33 69 1986 36 46 82 

1977 40 36 76 1987 38 37 75 

Total 38 668 494 1,200 



Table 2. hlean frequency of occurrence for selected iish during traivl sun-ejrs in Kachemak Ba!.. 
Alaska from 1976 to 1995. 

Year Pollock Pacific Pacific Poachers Capelin Ronquils/ Eelpouts Smelt 
Cod Torncod Searchers 

Percent Occurrence 

198 1 4.2 0.0 1.4 0.0 1.4 0.0 1.4 1.4 

1982 1.4 1.4 0.0 0.0 0.0 0.0 0.0 0.0 

1983 12.5 10.7 0.0 0.0 1.8 0.0 1.8 1 .8 

1984 No Survey 

1985 21.6 16.2 Data Lacking 

1986 36.6 14.6 Data Lacking 4.9 

1987 76.0 37.3 18.7 0.0 9.3 1 .3 0.0 13.3 

1988 80.5 48.8 18.3 2.4 6.1 0.0 2.3 11.0 

1989 86.5 60.7 36.0 23.6 7.9 2.2 31.5 36.0 

1990 83.9 72.4 44.8 21.8 11.5 8.0 33.3 44.8 

1991 100.0 63.6 31.8 27.3 20.5 9.1 47.7 50.0 

1992 92.1 92.1 23.7 10.5 28.9 0.0 44.7 68.4 

1993 97.2 86.1 52.8 25.0 16.7 8.3 55.6 72.2 

1994 No Survey 

1995 100.0 86.7 40.0 33.3 0.0 6.7 76.7 53.3 



Table 3. Mean catch of selected fish species during tralvl surveys in Kachemak Bay. Alaska 
from 1976 to 1995. 

Year Pollock Pacific Pacific Poachers Capelin Eelpouts Smelt 
cod Tomcod 

Mean Catch (fishlnautical mile) 

3.2 0.3 

Data Lacking 

Data Lacking 

No Survey 

Data Lacking 

Data Lacking 

Data Lacking 

Data Lacking 

620.5 27.3 115.6 36.8 1.4 74.0 8.5 

8 17.3 18.9 79.7 6.3 2.1 33.5 11.3 

89.7 6.4 17.5 4.6 12.1 7.8 17.0 

459.6 10.9 6.1 0 .2 13.4 5.2 19.5 

34.1 2.7 7.8 0.3 0.4 1.2 3.3 

No Survey 

82.5 2.0 30.7 2 .O 0.0 3.5 2.7 



J'igore I .  Ge~ieml sludy area fbr  trawl shrimp surveys of Ksckemak Day, Al;lsha ih~ring 1976 to 1995. 
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Bay. Alaska from 1976 to 1995. 
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Analysis of Small-Mesh Trawl Data 

Restoration Project(APEX) 96163L 
Annual Report 

Studv History: Restoration Project 96163L was initiated as part of the APEX project that 
is studying the relationship between changes in forage species composition and marine birds 
in the spill affected area. Large declines of apex predator populations (murres, kittiwakes, 
harbor seals, and Steller sea lion) have occurred in the Gulf of Alaska since the 1970s. 
Changes in composition and abundance of forage species may be responsible for the decline 
of these predator populations and their chronic low population levels. In an effort to 
delineate changes in forage species and a trophic regime shift, if any, over the last several 
decades, we have gathered together historical fishery-independent scientific survey data to 
address this question. This part of the annual report includes one manuscript submitted for 
publication from recent analysis of information and data from small-meshed tow and beach 
seining studies conducted in Cook Inlet and around Kodiak Island in 1976 and 1978 by the 
Alaska Department of Fish and Game. 

Abstract: A small-mesh surface tow net and beach seine were used to sample the near-shore 
fishes on the west side of Kodiak and in Cook Inlet in late 1976 and 1978. Sampling was 
conducted from March through November, lowest catches occurring in March and 
November, and highest catches in May through September. The growth of sand lance 
(Ammodytes h a a p t e m )  based on length frequencies indicated August mean size of 87 mm 
for age 0 and 136 mm for age 1 in the Kodiak area. Very little growth occurred between 
August and the following May. In Cook inlet both growth and catch rates were lower than 
Kodiak, with August mean size of 57mm for age 0 (age 1 average size was not available due 
to insufficient data). During August-September the abundance increased in inshore areas 
and in Cook Inlet, where growth was restricted, changes in size distribution occurred in a 
pattern which strongly suggested movement of the age 0 fish into near-shore waters. Catches 

. stratified by tidal stage were not significantly different but suggested real differencss exist 
that were not detected. Catch variability among samples were extremely high, coefficients 
of variation typically from 4 to 6. A few fish in spawning condition were found from August 
through November. Food habits from Cook Inlet showed more than 90% by weight of the 
food was calanoid copepods during the summer; more variety in diet was evident during 
different times. 

Key Words: Cook Inlet, Kodiak Island, Pacific sand lance, growth, and seasonal movements. 

Citation: Blackburn, J.E. and P.J. Anderson 1997. Pacific Sand Lance(Ammodytes 
hexapterus) Growth, Seasonal Availability, Movements, Catch Variability, and Food in the 
Kodiak-Cook Inlet area of Alaska. In Baxter, B.R. (ed) Proceedings of the Symposium on 
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ABSTRACT 

A small-mesh surface tow net and beach seine were used to sample the near-shore fishes on the west side of 

Kodiak and in Cook Inlet in 1976 and 1978. Sampling was conducted from March through November, lowest 

catches occurring in March and November, and highest catches in May through September. The growth of sand lance 

(Ammodyes hexaprerw) based on length frequencies indicated August mean size of 87 rnrn for age 0 and 136 mm 

for age 1 in the Kodiak area. Very little growth occurred between August and the following May. In Cook Inlet both 

growth and catch rates were lower than Kodiak, with August mean size of age 0 of 57 mm (size of age 1 was not well 

documented in August in Cook Inlet). During August-September the abundance increased in inshore areas and in 

Cook Inlet, where growth was restricted, changes in size distribution occurred in a pattern which strongly suegested 

movement of the age-0 fish into the near-shore waters. Catches stratified by tidal stage were not significantly 

different but suggested real differences exist that were not detected. Catch variability among samples was extremely 

high, coefficients of variation typically from 4 to 6. A few fish in spawning condition were found from August 

through November. Food habits from Cook Inlet showed more than 90'70 by weight of the food was calanoid 

copepods during summer; more variety of items in the diet occurred at other times. 



* Inuoduction 

Little is known of the biology of the Pacific sand lance (Ammodytes he.raprerrrs  pall^), although the species 

typically forms large schools (Trumble 1973) and is locally abundant in the near-shore water:; of the North Pacific. 

Pacific sand lance are a major component of the diet of many marine birds. including tufted puffins (Frarercula 

cirrhara; Baird and Hatch 1979), horned puffins (Frarercula cornicrtlara; Jones and Peterson 1979), black legged 

kittiwakes (Rissa rridacnla; Baird and Hatch 1979; Jones and Peterson 1979), glaucous winged gulls (Larus 

glaucescens; Baird and Hatch 1979), and rhinoceros auklet chicks (Cerorhinca monocerara; Verveer and Westrheim 

1984). During winter in Kachemak Bay, Pacific sand lance were important to oldsquaw (Clangula hxemalis; Sanger 

et al. 1979; Sanger and Jones 1984) and less so to common murres (Uria aalge) and marbled murrelets 

(Brach?-rarnphus marrnoratus; Sanger et al. 1979). Pacific sand lance were important to Pacific cod (Gadns 

rnacrocephal~is: hloiseev 1953; Kasahara 196 1)  and chinook (Oncorhyzch~ts rsharvyscha) and coho salmon (0. 

kisurch), lingcod (Ophiodon elongarus), halibut (Hippoglossus stenolepis), and fur seals (Caliorhinus nrsinrrs; Hart 

1973). 

Trumble (1973) reviewed the sand lance family, Ammodytidae, and reported their strong association with 

clean sandy bottoms, probably related to their habit of burrowing. All species of sand lance live in shallow water, 

rarely exceeding 100 m depth. Very little information is available on seasonal distribution or migration. Kendall and 

Dunn (1985) reported that sand lance larvae were found in winter, spring, and summer near Kodiak, although they 

were most abundant in the spring, when they occurred throughout the study area. 

Seasonal migration is common for Ammodytidae but has not been demonstrated in all areas (Trumble 

1973). Citing Andnyashev (1954). Trumble stated that the Munnan population moves into the coast beginning in 

mid June, where they remain until August or occasionally September, and then return to deep water for the winter. 

Trumble (1973) cited incomplete information from which i t  was deduced the North Sea sand Itlnce migrate 

seasonally whereas those in the western Atlantic do not. 

The purpose of this paper is to present information on the gowth of sand lance, seascnal movements, 

seasonal availability, catch variability, spawning conditien, and food in the Kodiak-Cook Inlet region of Alaska. 

*Study Area 



The study area included lower Cook Inlet from the Forelands south including Kacher~~ak and Kamishak 

Bays and four bays on the east side of Kodiak: Izhut, Kalsin, Kiliuda. and Kaiugnak Bays (Figure I) .  Tr.e Kodiak 

bays are more marine in character than Cook Inlet which is estuarine. In Cook Inlet the net flow consists of marine 

waters that enter between the Kenai Peninsula and the Barren Islands and flow north along the eastern shore. Water 

freshened by runoff and heavily laden with particulate matter flows south along the west side of the inlet and exits 

past Cape Douglas (Larrance et. al. 1977). Strong tidal currents are superimposed on the net flow. Primary 

productivity and chlorophyll a concentrations were consistently up to 2 times greater in Kache~nak Bay than 

elsewhere in lower Cook Inlet, and p r i m q  productivity in Kamishak Bay was 10-50% that of Kachemak 

Bay(L3srance et al. 1977). 

The ebb and flood of waters across vast intertidal deposits of silt present around the upper inlet and most of 

the lower inlet results in large temperature changes effected by prolonged solar heating during :ummer. This results 

in extreme fluctuations in environmental conditions, which are greatest on the west side of the inlet due to the current 

pattern. Near-shore warer temperatures in Karnishak Bay in August 1978 ranged from 11.5' to 17' C. 

*Materials and Methods 

Samples for this study were collected in 1976 and 1978 as part of extensive studies of :ewer Cook Inlet and 

Kodiak. The survey of lower Cook Inlet in 1976 was designed to cover the greatest possible area once each month 

from June through September. In contrast, 1978 collections in Cook Inlet were designed to cover a smaller area 

twice each month. 

In 1976, samples were taken from a pair of 5.1-m outboard skiffs. The eastern shore was accessed from the 

Homer boat harbor and transport by boat trailer. The western shore was reached by transponing the two skiffs on the 

deck of a larger vessel. Cnce there, two personnel in each skiff, traversed the survey area, and began collecting 

samples, camping nights until they rendezvoused with the larger vessel after 3-5 d. 

In 1978 tow-ner samples in Cook Inlet were taken using a 6.4-m outboard skiff and a 10.6-m vessel. In 

April the field personnel operated from Homer and in October from the Kasitsna field station. During May through 

September they lived in a field camp in Cottonwood Bay on the west side of the inlet. 

The Kodiak field crew l~ved aboard and worked from a vessel, the 19.5-m hlN YANKEE CLIPPER during 

April through August. The RN COhIbIXNDO was used during November and EvIarch. A 5.7-m outboard skiff was 



used to pull one side of  the tow net, and the larger vessel pulled the other side. The outboard was used for beach 

seining 

The beach seine was 37.25-m long by 3.6-m deep, was constructed of knotless nylor~ throuehout, and was 

hung to float. It consisted of a rectangular center section, 10.6-m long by 3.6-m deep of 6-mni (114-in) ace web. amd 

two identical wings, tapered from the depth of the center section to 0.9-m deep at the ends, that were constructed of 

6.1-m wide panels of 13-mm (112-in) ace webbing next to the center and 12.2-m wide panels of 38-mm (1-112-in) 

ace webbing to the ends. Ace webbing is woven, not to be confused with tied net material. 

The beach was approached by a small outboard-powered boat. and the net was set within a few minutes and 

then immediately retrieved. The beach seine was set in an arc with each end of the net within about 3 m of the waters 

edge, which made escape around the ends unlikely. At nearly all locations fished the net reached bottom along its full 

length, preventing escape. The beach seine spanned about 30 m of beach and sampled about 370 sq m of water. 

The tow net used during 1976 was 2.7 m square at the mouth and 8.2 m long. It was made of a 2.4-m 

forward section of 38-mm stretch mesh, a 2.7-m midsection of 13-rnm stretch mesh, a 3.0-m cod end of 6-mm stretch 

mesh with a 3-mm (118-in) stretch mesh cod end liner in the last 0.6 m and a zipper on the cot1 end to access the 

catch. The net was held open vertically by spreader bars and horizontally by a towing vessel cn each side. The net 

was pulled at the surface for 10 min at approximately 5 km/h by two 5.1-m skiffs with 70 hp clutboards; each skiff 

was attached to the net with 20-m of cable. 

The larger tow net used in 1978 was 6.1 m wide by 3.1 m deep at the mouth. It was constructed of a 4.6-m 

panel of 76-mm stretch mesh, a 2.2-m panel of 38-mm stretch mesh, a 2.5-m panel of 19-mm $126 web, and a 5.6-m 

panel of 6-mm #63 web, the last 1.2 m of which were lined with 3-mm web. The nets were deployed in a manner 

similar to that of the smaller tow net described above, except that one of the towing vessels was larger, 9.7 m in 

Cook Inlet and 19.8 m in Kodiak. 

In early summer small sand lance larvae were too small to be sampled quantitatively. When larval fish were 

first caught in 1976 no attempt was made to identify them. During July they were first includelj in the catch data. and 

in 1975, larval sand lance were recorded throuehout the study. The beach seine was spread on the beach and 

thoroughly examined for fish at the end of each set. Larval fish the size of sand lance were quite easily seen and 

recovered. When larval sand lance were caught in the tow net, often they were tansled in the meshes and only those 

in the cod end were readily recovered. 



In 1976 in Cook Inlet, collections were made in four areas, at the same time each mclnth. In Kachemak Bay 

samples were late in the month from May through September. On the west side of Cook Inlet from Cape Douglas to 

Chinitna Bay, samples were collected durin? the period of 6th to 13th of each month from Ju11e through September. 

Collections were made on the east side of Cook Inlet between Anchor Point and the Foreland.; during about 19th to 

23rd from June through September. In the South Kenai area. southwest of Tutka Bay to Port Graham. collections 

were taken in early August and September. Length (total length in milirneters) frequencies were obtained from fish 

preserved in formalin for one to seven days. 

In 1978, collections were taken from Kachemdc Bay in April and October and from ICamishak Bay during 

May through September. Larval fish were routinely preserved, identified, and counted. Age-0 sand lance were 

usually recorded separately from large ones on catch forms. Length (total length in centimeter ;) frequencies were 

obtained from most samples of fresh fish. Stomach samples were taken from collections in C o ~ k  Inlet in 1978. 

In Kodiak, samples were taken each month from ~ p r i l  through August. Kalsin Bay was sampled from the 

1st to 7th, Izhut Bay 8th to 15th. Kiliuda Bay 16th to the 23rd, and Kaiugnak Bay 24th througl! the end of the month. 

During November 1978 and March 1979 the sequence did not change but the time of month vluied. A sample 

(selected without known bias) of fish was measured to the nearest centimeter total length at tht: time of capture. 

Unidentified larvae were routinely preserved and later sorted and recorded. 

All samples collected in 1978 were classified by tidal stage using one hour before anc one hour after tide 

change as the breaking points for low, flood. high, and ebb tide classifications. A statistical tes of differences by 

tidal stage used a generalized linear model with binomial enor and presencelabsence as the dependent variable. 

There were 1,449 gear sets completed in the three surveys; 437 of the sets caught san~l lance, and lengths 

were sampled from 263 of these (Table 1). We caught 261,932 sand lance. and measured 1,670 for lengths (Table I ) .  

Sand lance were numerically predominant in  all areas except the west side of Cook Inlet in 1978, where herring were 

more numerous. 

**Seasonality 

The monthly catch rates for the tow net and beach selne (Figure 7) were highest in the Kodiak area, 

Kachemak Bay rates were lo\ker, and the east and west sides of Cook Inlet had tila lowest rates (Figure 7 ) .  Catch 



rates were low in the earliest (March and April) and latest months (November), and highest f r ~ m  May through 

September. 

**Growth 

The samples from Kodiak (Figure 3) contained 20-30-mm sand lance (age 0) in May, which grew about 20 

mm per month to modes at 70 mm in July and 90 mm in August. A mode at 90 mm in March [age I) progressed 

about 10 mm per month to 120-140 mm in July, and 130-140 mm in August and November, (note: the mode in 

August was hidden by the high abundance of the age-0 fish; Figure 3). If age-2 fish were pres,:nt, they should have 

appeared at about 130-140-mm in March; there was a weak mode of the fish that progressed from that size to about 

150 mm in June and was not seen later (Figure 3). Little growth occurred between August anc April (Figure 3). 

The samples from Cook Inlet in 1978 (Figure 4) show similar features. Age-0 sand Itlnce 20-50 mm 

appeared in June and progressed to 80-90 mm by October (Figure 4). Age-l fish, about 90-1CO mm, appeared in 

June beach seine samples, grew for the next 2 months, but then were too infrequent to followiFigure 4). A mode at 

120 mm in May and June tow-net samples might have been age-2 fish (Figure 4). Lareful exanination of the July 

through September catches of age-0 fish (Figure 4) shows a relatively slow growth during Jul;? until the first week of 

August. During August and September there was a pronounced broadening of the size range cf age-0 fish then a 

sudden shift to a much larger modal size (Figure 4). The fish in Kachemak Bay in October were about the same size 

as those on the west side in September (Figure 4). Monthly average sizes from the different ar:as indicate minimal 

growth between Ausust and May (Figure 5). 

The 1976 samples from Cook Inlet displayed a growth pattern similar to 1978, a l tho~~gh several different 

areas were sampled (Figure 6). Kachemak Bay and South Kenai age-0 fish grew to a September size of about 73-78 

mm, and those on the east and west sides grew to about 60 mm. The age- 1 fish which appeare j in late May in 

Kachemak at about 78-88 mm. grew to about 103 mm in late July and to 118-128 mm in late 14ugust. .4ge-1 fish 

from the east side appeared to be about 85 mm in late July but later growth was not clear. 

**Inshore hlovement 

On the west side of Cook Inlet in 1978 age-0 sand lance increased in size between A  gust and September 

(Figure 4), and the catch rate was substantially hisher in September (Figure 7) .  The slze mode increased from 50 mm 

In August to YO mrn In September, too great a chanze to be accounted for as growth. This sug:!ests that the west side 



received an influx of larger fish (Figure 4). The west side of Cook Inlet in 1976 had neither a large increase in 

abundance (Figure 2 )  nor an increase in size of sand lance (Figure 5), indicating an influx of fish did not occur 

before the last samples in September that year. 

In Kodiak there was neither an increase in size nor an increase in heterogeneity of siz:s in Ausust 1978 

(Figure 3); however, consistent with an inshore movement there was a substantial increase in t.le beach seine catch 

rate and a decline in the tow-net catch rate (Figure 2). Catch in August was also more concenuated toward the inner 

portions of bays than at other times (Table 2). 

Kachemak and South Kenai are essentially the inner part and outer part of the same bity. The age-0 sand 

lance from these areas averaged 57-58 mm in late July-early August (Figure 6). This size is cor.sistent with I l-mm 

per month growth and a probable hatch date of about March 1. By one month later (late Augus:-early September), 

Kachemak fish averaged 67 mm, but the South Kenai fish averaged 76 mm, much larger than etpected with I l-mm 

per month growth (Figure 6). In late September, Kachemak fish averaged 75 mm. There was a substantial increase in 

catch per sample (Figure 2) in the beach seine in both the South Kenai and Kachemak areas sin~ultaneous with the 

increases in size. The only likely explanation is a late August invasion of the area by larger fish, from oceanic areas, 

where growth was similar to that in Kodiak (Figure 6), with the larger fish first appearing in t h e  outer part of the bay. 

**Catch by Tidal Stage 

Catches classified by tidal stage appeared to be different only during July and August. The trends were 

similar in Cook Inlet and Kodiak samples but higher Kodiak catches facilitate discerning trends. The beach seine 

catch rates in July and August were generally lowest on ebb and low tide and highest on flood 2nd high stages (Table 

3), whereas tow-net catch rates were higher on the ebb tide. Differences by tide stage were not r tatistically 

significant. (In an analysis by bay, tide, and gear each factor was significant but the interaction e m s  were also 

significant. masking any real effects). Both the statistical tests and the consistency suggest the differences are real, 

but do not establish it. 

**Variability of Catch Rate 

Variability of sand lance catches was typically very hish. The monthly values for coef icient of variation of 

samples from Kociiak ranged from 7.9 to 6.3 for the beach seine and 1.8 to 5.4 for the tow net. !;imilar values were 



obtained in  the Cook Inlet samples. High variability in catches per sample effected wide confijlence ranges making 

comparisons difficult. The distributions of catch numbers per sample (Figure 7) are helpful. T ley  convincingly show 

seasonality. And, the grouping of multiple catches with large values during the summer, especially in August beach 

seine, demonstrates repeatability in the catches. 

**Spawning 

Maturing ova and sperm were present in the body of larger sand lance from Kachem~lk Bay in September 

1976. In Kodiak in 1978 maturing gametes were observed as early as late July. In late August one sample included 

one mature (free flowing) and two spent fish. Samples in November yielded 58 sand lance with extrudable gametes 

(Table 4). Mature fish were not seen at any other time of year. The 83 maturing and spawning fish captured in 

August and November ranged from 104 to 155 mm, and the 29 fish judged to be immature rar ged from 62 to 114 

mm. There were few fish between 104 and 114mm suggesting that no age-0 fish were mature ~ n d  that all age-1 and 

older fish were mature. 

**Food Habits 

Sand lance from Cook Inlet were sampled for food habits during three periods in 1978. The 191 specimens 

had consumed 26 different taxa (Table 5). Copepods composed 43-91% by weight of the diets. Non-calanoids were 

eaten in April, whereas mostly calanoids were consumed from May through October. Barnaclt: (cirripede) nauplii 

composed 12% of the diet in April through mid June. Barnacle cyprids were very frequent but composed 3% or less 

of the diet. Lxvaceans composed 23% of the diets late in the year (Figure 8). Shrimp larvae were 22% of the diet in 

April through mid June. Fish larvae (including herring) composed 3% of the April-mid June d et and chaetognaths 

(arrow worms) composed 4% of the September-October diet. Also consumed were fish eggs, c ladocera, cumacea, 

polychaetes, diatoms, gammarid amphipods. bivalve larvae, crab larvae (6 taxa), gastropod ve.igers, mysids, 

unidentified crustacea, and adult insects. 

The food during both early and late summer was much more diverse than during mid summer (mid June 

through August). 



*Discussion 

Catches of sand lance were high from May through September, but catches were 1ar;:est and most frequent 

during .4ugust and September, especially for beach seines. In general, age- 1 and older sand lance were a greater 

proportion of the catch early in the summer, age 0 becoming more important in July-August. ' 3 e  late summer 

increase in beach seine catch rate of  age-0 sand lance was due in part to their growing to a siz: that could be 

captured, but that size was attained by the cohort in July, implying that further increase in cat( h rate was due to 

inshore movement. The interruption of studies in KodiaEr between August and November precluded documenting 

details of the transition to low winter abundance. In Cook Inlet sand lance were still common n September though 

decreasingly abundant into October. The decreased abundance is probably due to the fish sper.ding increasing 

amounts of time buried in the refuge of the sand. The minimal growth between August and Mziy supports this 

interpretation. Fish were not captured in March in Kodiak. were rarely taken in April, and becine fairly common in 

May. Growth of age- l and older fish began in June, when abundance was high. 

Catches in the tow net from Kodiak were a different pattern; they were mostly age 0, were highest in May, 

and declined through August. This is consistent with sampling at the pelagic extreme of a life t~istory where the 

youngest are pelagic and dispersed, then become closely associated with shallow sandy areas. 

Sand lance apparently spawn in sandy areas inside bays, especially near the outlets of rivers and creeks 

(Dick and Warner, 1982). The larvae would be dispersed by the currents, and as they grow, be1:ome increasingly 

mobile. The massive inshore migration documented here is a logical necessity to make the transition to winter 

residence in the refuge of sand. The larval dispersion is supported by Kendall and Dunn (1985 1 who found small 

larvae most abundant nearer shore and a bit more widely dispersed as larger juveniles. Offshor: spawning or 

wintering areas may exist, although we have no evidence of such, and suitable offshore habitat is very limited in the 

Kodiak area. 

The increased size of age-0 sand lance in Cook Inlet noted in September and October was probably due to 

larger fish moving into the area. Apparently these fish did not move back out the following sunlmer since a decrease 

In size of age 1 was not observed early in summer. 

The inshore migration provides an important food source to predators for a relatively jhon portion of the 

year. Many studies cite the use of sand lance during July and August as food of birds (Baird and Hatch, 1979; Jones 

and Peterson. 1979: Verveer and Wzstrheim, 1954). Xloiseev (1953) states, that in Anadyrsk~ Iiay cod concentrate 



and fezd heavily on sand lance between the middle of August and end of October when the sar d lance are all over 

the littoral region. 
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Table 1 .  Descriptive statistics of effort, catch of sand lance, and sampling of sand lance by gezr and study from three 

independent studies. 

Number Sets With Catch Number Number 
Area and Gear of Sets Catch Sampled Caught Measured 

KODIAK 1978179 
Beach Seine 4 15 138 118 150,775 2,475 
Tow Net 2 14 4 5 19 54,369 29 5 

Cook Inlet 1976 
Beach Seine 241 8 1 14 34,432 187 
Tow Net 214 76 23 16,818 318 

Cook Inlet 1978 
Beach Seine 156 7 8 7 3 4,711 967 
Tow Net 106 16 16 827 434 

Total 1,419 437 263 261,932 4,676 



Table 2. Mean number of sand lance per sample by month for the four bays sampled in KodiaE from May through 

November. Catches du r~ng  March and April were too low to be meaningful for the purposes oi this table. 

BEACH SEINE TOW NET 
MAY JUN JUL AUG NOV MAY JUN JUL AUG NOV 

Kalsin Bay 
Inner 
Outer 

Izhut Bay 
Inner 
Inner mid 
Outer mid 
Outer 

Kiliuda Bay 
Inner 
Inner mid 
Outer mid 
Outer 

Kaiugnak Bay 
Inner 
Outer 

0 0 25 5569 NS 2008 0 NS 0 0 
0 0 . O  725 0 125 O N S  0 0 



Table 3. Catch per haul and frequency of occurrence in percent of sand lance catches from Kodiak and Cook Inlet in 

1978 by gear and tidal stage. 

TIDAL STAGE 
GearRegion Month HIGH EBB LOW FLOOD 

Beach Seine 
Kodiak 
Kodiak 
Cook Inlet 
Cook Inlet 

Tow Net 
Kodiak 
Kodiak 
Cook Inlet 
Cook Inlet 

Beach Seine 
Kodiak 
Kodiak 
Cook Inlet 
Cook Inlet 

Tow Net 
Kodiak 
Kodiak 
Cook Inlet 
Cook Inlet 

Catch Per Haul 

J ul 118 67 1 604 
Aug 2930 43 8 1668 2425 

Jul 8 4 0 13 
Aug 0 3 0 4 

Jul 0 1528 0 0 
Aug 0 148 0 9 3 

Jul 0 20 15 0 
A ug 0 0 0 0 

Percent Frequencv of OccurrencefNumber of Samples) 

Jul 33 (6) 37 (19) 11 (9) 40 (30) 
Aug 45(11) 47(17) 75 (8) 67 (30) 

Jul 40(15) 27 (15) 33 (3) 33 (6) 
Aug 21 (14) 57 (14) 0 (2) 24 (17) 

Jul 0 (4) 32 (19) 0 (1) o(14) 
Aug 0 (7) 15 (26) 0 (2) 50(14) 

Jul 0 (3) 20(10) lOO(2) 12(16) 
Aug 0 (3) o(21) 0 (4) 0 (7) 



Table 4. Number of fish recorded at each stage of maturity by date in Kodiak in 1978." 

Gonadal JULY AUGUST NOVEMBER 
Stage 1-15 16-31 1-15 16-31 1-8 12-18 

Maturing 
Spawning 
Spent 
Inactive 

"The project objectives did not include documenting spawning so the methods of determining hese stages were 
those of the field biologists. Spawning was defined as sperm or ovulated eggs readily extruded 



Table 5. Pacific sand lance (Arnmodyres hexapterus) diet composition in percent occurrence, pt rcent by numbers, 

and percent by weight by major food item and time of year from Lower Cook Inlet in 1973. Apn'l and October fish 

were from Kachemak Bay and others were from Kamishak Bay." 

April 1 1  throuah June 15 June 16 throuoh Auo. 3 1 Sep. 1 throuoh ( k t .  3 1 
Food Item C/o  %By % B y  L7c % B y  % B y  C/c  %By % B y  

Occur. Number Weieht Occur. Number Weight Occur. Number Weiaht 

Copepod, calanoid 
Copepod, other 
Cimpedia nauplii 
Cirripedia cyprids 
Shrimp Larvae 
Polychaetes 
Fish Eggs 
Fish Larvae 
Gastropod veligers 
Chaetognaths 
Larvaceans 
Other 

Number of Fish 59 
Number Empty 1 
Predator Size Range 66- 147 mm 

a Sampling was from 12 periods (April, half-monthly from May through September, then all of lctober) and these 
have been grouped here based on periods of consistency. 



*List of Figures 

1. Location of areas sampled for sand lance in Cook Inlet and on the east side of the Kodiak A.chipelago. 

2. Number of sand lance caught per sample by month and area from four sample areas in Cook Inlet in 1976, the 

west side of Cook Inlet in 1978, and the Kodiak area in 1978-79. The error bar is one standard error. 

3. Monthly size-frequency distributions of sand lance from the Kodiak area in 1978-79. 

4. Monthly size-frequency distributions of sand lance from Cook Inlet in 1978, by sample gear. 

5. Average size of sand lance by month of age from Kodiak in 1978-79 and Cook Inlet in 197t. January 1 is the 

assumed birthday. 

6. Weekly size-frequency distributions of sand lance from Cook Inlet in 1976 including separation by area. 

7. Frequency distribution of number of beach seine sets that contained the indicated number of sand lance. Sets with 

zero catches were off the scale. 
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Cook Inlet Seabird and Forage Fish Studies 

Restoration Project (APEX) 96 163M 
Annual Report 

Studv History: Since the late 1 9701s, seabirds in the Gulf of Alaska have shown signs of food 
stress: population declines, decreased productivity, changes in diet, and large-scale die-offs. 
Small-mesh fishing trawls conducted during the past 30 years reveal that a major shift in fish 
community composition occurred in the late 1970's: some forage species (e.g., capelin) virtually 
disappeared, while predatory fish (e.g., pollock) populations increased markedly. Restoration 
Project 96163M was initiated as part of APEX in 1995 to characterize relationships between 
seabird population dynamics, foraging behavior, and forage fish densities in lower Cook Inlet-- 
the area in which most seabirds were killed by the EVOS. CISeaFFS is a collaborative project of 
the Alaska Science Center and the Alaska Maritime National Wildlife Refuge, with major 
funding and logistic support from the EVOS Trustees (APEX), the MMS, USGS, USFWS, 
ADF&G and the University of Alaska, Fairbanks. 

Abstract: In 1995 and 1996, populations, productivity, diets and foraging behavior of 6 seabird 
species (murre, kittiwake, guillemot, puffin, cormorant, gull) were studied at three seabird 
colonies in lower Cook Inlet (Chisik, Gull and Barren islands). Oceanographic measurements, 
seabird and hydroacoustic surveys, trawls, and beach seines were conducted in waters around 
(<40 km) each colony. Offshore and southern waters of Cook Inlet were dominated by juvenile 
walleye pollock and capelin, important prey for murres and puffins. Nearshore waters of Cook 
Inlet were dominated by sandlance, which were consumed by seabirds (e.g., kittiwakes, 
guillemots, murres) in proportion to their local abundance. Halibut consumed large numbers of 
capelin in southern areas, and more sandlance in the north. Forage fish densities ranged from 10's 
fisWcubic m (pollock) to 100's and 1000's of fisWcubic m (sandlance). Acoustically-measured 
forage fish biomass was lowest around Chisik Island, moderate in Kachemak Bay, and highest 
around the Barren Islands. Correspondingly, seabird densities at sea and seabird breeding 
success ranged from relatively low in the Chisik Island area to relatively high in the Barren 
Islands area. Populations of seabirds at Chisik Island continued a long-term decline, whereas 
popl.~lations at Gull and Barren islands are stable or increasing. Behavioral studies revealed that 
seabirds worked harder (longer foraging trips, less "free" time) at colonies where nearby fish 
densities were lower. Capelin and sandlance had higher energy loads (fat content) than pollock or 
cod, and in areas where these fish were observed in high densities, seabirds consumed large 
quantities and had the highest breeding success. Experiments further revealed that kittiwake and 
puffin chick growth was better in chicks raised on oil-rich sandlance or capelin, than on 
relatively lean pollock. 

Key Words: Cook Inlet, murre, kittiwake, guillemot, forage fish, diet, pollock, capelin, 
sandlance, reproduction, growth rate, hydroacoustic, trawl, seine, Exxon Vnldez, Kachemak Bay. 

Citation: Piatt, J., M. Robards, S. Zador, M. Litzow, and G. Drew. 1997. Cook Inlet Seabird and 
Forage Fish Studies. Exxon Valdez Oil Spill Restoration Project Annual Report (Restoration 
Project 96 163b1), Biological Resources Division, U.S. Geological Survey, Anchorage, Alaska. 



The 1997 Annual Report for the Cook Inlet Seabird and Forage Fish Study (CISeaFFS) is 
comprised of several related papers (in following order): 

1) APEX Project 97163M: Cook Inlet Seabird and Forage Fish Studies (CISeaFFS). Summary 
document that integrates all aspects of the project, from oceanography to seabird productivity, 
and reviews hypotheses under examination in CISeaFFS. 8 pp. 

2) Temporal and Geographic Variation of Fish Populations in Nearshore and ShelfAreas of 
Lower Cook Inlet, Alaska. Manuscript under review for submission to Estuarine, Coastal and 
Shelf Science. 50 pp. 

3 )  Seabird Populations, Productivity, and Behavior at Gull and Chisik Islands, Cook Inlet, in 
1996. Report of seabird biology at study colonies for EVOS Trustees and Minerals Management 
Service. 30 pp. 

4 )  Time-budgets of Common Guillemots (Uria aalge) at declining and increasing colonies in 
Alaska. Manuscript under review for submission to Ibis. 12 pp. 

5 )  Breeding Biology and Feeding Ecology of Pigeon Guillemots at Kachemak Bay, Alaska, in 
1996. Report of Pigeon Guillemot biology for CMI funded research (University of Alaska 
Fairbanks, Minerals Management Service ) and EVOS Trustees. 
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I APEX Project 97163M: Cook Inlet Seabird I 
and Forage Fish Studies (CISeaFFS) 

PROJECT LEADERS PARiWERS 

John F. Piatt E.xxon Valdez Oil 
Alaska Science Center Spill Trustee Coun- 

Biological Resources Division cil (APEX Projects 
U.S. Geological Survey 97 163-J,K,L,M,N 
1 0 1 1 East Tudor Road 97144, & 97306), 
Anchorage, AK 99503 U.S. Geological Sur- 

vey, U.S. Fish and 
urzd Wildlife Service, 

U.S. Minerals Man- 
David G. Roseneau agement Service, 

Alaska Maritime Alaska Dept. of Fish 
National Wildlife Refuge and Game, National 

U.S. Fish and Wildlife Service Marine Fisheries 
2355 Kachemak Bay Drive Service, University 

Homer, AK 99603 of Alaska Fairbanks 

It is difficult to assess the potential for recovery of Cook Inlet- the area in which most seabirds were 
seabirds from the Exxon Valdez oil spill (EVOS) killed by the EVOS.  CISeaFFS is a 
and other human impacts (e.g., gill-nets, harvest, multidisciplinary research project ofthe Alaska Sci- 
commercial fisheries, etc.) because long-term ence Center and the Alaska Maritime National 
changes in the marine environment were appar- WildlifeRefuge, which has management responsi- 
ently also affecting seabirds at the time of the spill, bility for most seabird colonies in Alaska. 
and during subsequent years. Since the late 1970's, 
seabirds in the Gulf of Alaska have shown signs of METHODS 
food stress: population declines, decreased pro- In 1995 and 1996, populations, productivity, diets 
ductivity, changes in diet, and large-scale die-offs. and foraging behavior of seven seabird species 
Small-mesh fishing trawls conducted during the (Common Murre, Black-legged Kittiwake, Pigeon 
past 30 years reveal that a major shift in fish com- Guillemot, Tufted Puffin, Homed Puffin, Pelagic 
munity composition occurred in the late 1970's: Cormorant, Glaucous-winged Gull) were studied 
some forage species (e.g., capelin) virtually disap- at three seabird colonies in lower Cook Inlet 
peared, while predatory fish (e.g., pollock) popu- (Chisik, Gull and Barren islands). Oceanographic 
lations increased markedly. These changes corre- measurements (SST's, CTD's), seabird transects 
late with long-ten11 cycles in seawater tempera- and hydroacoustic surveys for fish, mid-water and 
ture. It is not known whether fish communities will benthic trawls, and beach seines were conducted 
return to their previous composition and popula- in core study areas around (<40 krn) each colony 
tion levels. (Figure 1, next page). In 1996, surveys extended 

CISeaFFS ("Sisyphus") was initiated in 1995 throughout lower Cook Inlet, as far south as 
as a long- ten  research project to characterize re- Shuyak Island. Also in 1996, coastal transects were 
lationships between seabird population dynamics, added to the survey of core areas to increase Sam- 
foraging behavior, and forage fish densities in lower pling of the productive nearshore zone. 
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Figure 4. Temperature, salinity and density pro- 
files of the water column at the three study colo- 
nies obtained from CTD casts in July, 1996 

The abundance and species composition of fish in 
Cook Inlet were examined by conducting mid-wa- 
ter and benthic trawls (Figures 6&8), beach seines 
(Figures 7&8), and hydroacoustic surveys (Fig- 
ures 98~10). Pelagic forage fish 
abundance increased by about an 
order of magnitude (Fig. 1 O), and 
diversity decreased (Fig. 8), as 
we sampled from North (Chisik) 
to South (Barrens). Benthic 
trawls revealed a similar pattern 
for bottom fishes.  Pacific 
sandlance dominated in both 
coastal and offshore waters 
around Gull Island (Kachemak 
Bay), although capelin and pol- 
lock were also common offshore. 
Around the Barrens, juvenile pol- 
lock and capelin dominated off- 
shore catches, while coastal 
beach seines caught sandlance 
almost exclusively. The abun- 
dance of fish in coastal waters 
varied seasonally (Figure 7), with 
peak seine catches in June-Au- 
gust for most species. 

4 
Mean Daily Water Temperatures (Srn), 
Gull, Chisik, and the Barren islands. 

2 - _ 

4 1  P-' 

2 d Apr 1 May 1 Jun 1 Jul 1 Aug I Sep 1 

Month 

Figure 5. Mean daily water temperatures 
at 5 m depth obtained from continuously 
recording temperature probes at the three 
study colonies in c o o k  Inlet. 
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Figure 7. Catch per unit effort (CPUE) 
and frequency of occurrence of fish caught 
in beach seines in Kachemak Bay, 1996. 
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Figure 8. Species composition of fish 
catches in mid-water trawls and beach 
seines In lower Cook Inlet, summer 1996 
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Figure 10. Relative abundance of fish in each 
of the three core colony study areas (Fig. 1) 
as determined by hydroacoustic surveys in 
summer, 1995 (Slmilar results in 1996) 



SEABIRDS A T SEA I I 8-15 birds 

lThe abundance and distribution of fish-eat- 16-230 bird 

ing seabirds corresponded to patterns of 
oceanography and fish distribution in lower 
Cook Inlet. Seabirds were concentrated 
around the Barrens (Fig. 1 I), northeast along 
the Kenai coast, and in Kachemak Bay. Shal- 
low coastal habitats were particularly rich, 
whereas birds were conspicuously scarce in 
the west half of lower Cook Inlet. A detailed 
look at Common Murre distribution (Figure 
12) reveals that high-density murre foraging 
areas are close to Gull Island in Kachemak 
Bay, and further away from the Barrens in 

1 several directions. Chisik murres forage little 
in the vicinity of Chisik Island, and appear to fly southeast to good foraging areas in Kachemak Bay. 
Kittiwakes reveal a similar pattern (Figure 13), except many appear to forage within 40-50 krn of 
Chisik, and birds from the Barrens forage a long distance north along the coast of the Kenai Peninsula. 

Figure 12 



SEA BIRDS AT COLONIES 
-- THE BOTTOM LINE-- 

We consider here preliminary analyses ofdata or 
Common Murres and Black-legged Kittiwakes 
Diets of chicks fed by adults in 1996 (Figure 14: 
reflect the patterns observed from fish and birc 
surveys at sea. Diet diversity decreases from Nortf 
to South. Kittiwakes feed chicks more or 
sandlance in coastal areas (especially in the North) 
whereas murre chick diets include more offshort 
species such as capelin and pollock (especially ir 
the South). Adult murres preferentially feed chick: 
energy-rich capelin. In 1996, adult diets comprisec 
more than 70% pollock, while chicks were fec 

/more than 90% capelin (Figure 14). 

Figure 15. Variation in different parameters 
of breeding and behavior for murres and kit- 
tiwakes at each of 3 study colonies in 1996. 

I Common Murre 

- r iu  'MS 
Parameter 

Parameters: BS- B r e e d ~ n ~  Success, CGR- Chick Growth 
Rate, ATT- Attendance by Adults, CFR- C h ~ c k  Feeding ratc 
ESC- Euchange Rate of B r o o d ~ n g  Adults, FTD- Foraging 
'P~rne Duration, MS- Mean Meal Size. Asterisk (* )  indicate: 
51enificsnt tiifferencc in paramctcr vul~ies het\veen co lon~es  

APEX Proj. 96163M, 1997 Ann. Rep. p. 6 

Murre KiRiwake 

Figure 14. Diet composition of Common 
Murre and Black-legged Kittiwake chicks 
in lower Cook Inlet, summer, 1996. 
- -- - -- 

The results of studies at colonies and at sea can 
je integrated by contrasting murre and kittiwake 
~opulation parameters at the three study colo- 
lies. Data are expressed as percentages of high- 
:st observed parameter values (Figure 15). For 
:xample, murre breeding success was highest at 
Sull Island (100%=0.87 chickslpair), and propor- 
:ionally lower at Chisik (0.78 ch/pr) and the Bar- 
rens (0.77 chtpr). There was no statistical differ- 
:nce in chick production betwe'en colonies, de- 
spite the apparent regional differences in fish avail- 
ability. Murre chick growth rates also did not dif- 
fer between Chisik and Gull islands (no data from 
Barrens). However, murres at Chisik spent more 
time foraging (mean trip = 243 min), fed chicks 
less frequently (only 2.58 mealslday), and had 
fewer brooding exchanges (usually after feeding 
chicks), than murres at the Barrens or Gull Is- 
land. As one indication ofthis extra effort, murres 
at Chisik spent less time in attendance ("loafing") 
at nest-sites compared to Gull Island (Figure 16). 
However, even Gull Island birds appeared stressed 
during late chick-rearing (29 August). Despite the 
extra effort required at Chisik, rnurres there man- 
aced to maintain high chick ~roductinn. 
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land. Apparently, the latter combination was in- 
adequate to support chick production. 

In summary, murres can compensate for short- 
age of food in adjacent waters by flying further, 
and using some of their "loafing time" to feed 
chicks. Kittiwakes may compensate by flying fur- 
ther, and carrying larger loads back to the 
colony- if prey are available within some thresh- 
old distance (ca. <45 krn, which is less than for 
murres, ca. <70 krn). Such was not the case at 
Chisik in 1996, and this problem may account for 
the steady decline in populations there over the 
past 25 years (Fig. 17). Kittiwakes have produced 
almost no chicks during this period. In contrast, 
murres at Chisik have had high breeding success 
during the past two years (only data available), 
and yet their population has been declining at a 
rate similar to kittiwakes. It may be that the stress 
of chick-rearing at Chisik increases over-winter 
mortality of adult murres. Alternatively, adult 
murres and kittiwakes may be emigrating from 
Chisik to Gull Island, where populations have in- 
creased substantially during the past 20 years. 

, ,,- Gull 711 7 T Chisik 7/24 

I Gull 811 1 Chisik 8/08 

2 80 
C 

6 5 -  
u 

65 - 
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Figure 17 
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Populat~on Trends of Common Murres (CM) and Black-legged 
ffitt~wakes (BK) at Ch~stk,  Gull, and Barren Islands 
- - - - - - - - 
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Figure 16. Diurnal attendance patterns of 
murres at Gull and Cbisik Islands during 
incubation (July) and chick-rearing (Au- 
gust). Note >60 bird-minutes = "Loafing" 

fittiwakes exhbited a very different response (Fig- 
ure 15). While productivity was high at Gull Is- 
land (0.87 chlpr), kittiwakes almost failed to fledge 
chicks at Chisik. Similarly, chick growth rates were 
much lower at Chisik (1 1 .l g/day). Attendance at 
nest-sites did not vary between colonies, but this 
is because rarely was more than one bird present 
at a nest (unlike muyes where the "off-duty" bird 
often spent hours "loafing" at the site). Chick meal 
deliveries are difficult to measure as kittiwakes re- 
gurgitate many times at "one feeding", but brood- 
ing exchange rates were low at both Chisik and 
the Barrens compared to Gull Island. Correspond- 
ingly, Barrens (mean=5.4 h) and Chisik (4.0 h) kit- 
tiwakes spent far more time away on foraging trips. 
Unlike munes, which can carry only one fish at a 
time, kittiwakes may carry many fish in their crop 
to regurgitate later to chicks. It appears that Gull 
Island kittiwakes make many short foraging trips, 
and deliver many small loads to chicks. Barrens 
kittiwakes make fewer and much longer foraging 
trips, but deliver large loads (mean=] 8.3 g). Chisik 
kittiwakes make long foraging trips, but deliver 
loads onlv sli~rhtlv hiooer t h a n  those a t  G~lll lc-  

r - T T 

P - m - V . V i  - - - ! Z E Z  

Time 
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HYPOTHESIS TESTING - PROGRESS 
In our Detailed Project Description (1 99511 996) 
we proposed to examine several hypotheses about 
how seabirds respond to changes in forage fish 
abundance and distribution in lower Cook Inlet: 

1) Seabird recovery from the EVOS is lim- 
ited by present-day forage fish densities. To 
date, our studies suggest that seabirds at 'oil-af- 
fected' colonies at Barren and Gull islands were 
not limited by food supplies in 1995-96, whereas 
they were at Chisik Island. However, the numeri- 
cal response of populations occurs at decadal time 
scales, and many more years of study are required 
to assess the form and density threshold of re- 
sponse curves. 

2) Seabird breeding failures and population 
declines are due to long-term changes in for- 
age fish abundance or species composition. 
Assessment of this hypothesis requires compari- 
son of long-term data on seabird population biol- 
ogy and forage fish trends. Data for lower Cook 
Inlet are patchy for seabirds, and still being 
analysed for forage fish (APEX Project 97 163L). 
Preliminary evidence suggests that at least the con- 
verse of the hypothesis is true in Kachemak Bay: 
a major shift in forage fish abundance and compo- 
sition occurred In Kachemak Bay during the early 
1980's, leadins to an increase in local seabird pro- 
ductivity and population size. 

3 )  Seabird species respond to different thresh- 
old densities of prey abundance. Our data ap- 
pear to confirm this hypothesis. Kittiwakes fail to 
thrive on prey densities at which murres and puf- 
fins are capable of rearing chicks. However, prey 
switching may modulate the form of responses and 
the threshold densities at which responses occur 
may depend on prey type. 

3) Large seabirds have more 'free time' to ad- 
just foraging effort as prey densities fluctuate. 
Our data appear to confirm this hypothesis. Murres 
(ca. 1000g) can adjust foraging effort to compen- 
sate for lower prey densities, whereas kittiwakes 
(c3. 500%) appear to have little or no 'spare time' 

- -- 

4) Prey density or distribution near t h z l  
surface is influenced by depth of the ther- 
mocline (or pycnocline). We have not examined 
data yet to test this hypothesis. However, waters 
in lower Cook Inlet (LCI) are very well-mixed 
and forage fish are abundant at many depth lev- 
els, so this environmental factor may not be im- 
portant in lower Cook Inlet. 

5) Weather (wind, sea state) affects foraging 
success of seabirds, and annual variability in 
seabird breeding success is influenced by 
weather. Two years of data are insufficient to test 
this hypothesis. 

6) Kittiwake foraging success (and hence 
breeding success) is limited by availability of 
prey at the sea surface (as opposed to overall 
prey abundance). We have not examined the data 
yet to explicitly test this hypothesis. However, evi- 
dence suggests that overall prey abundance has a 
strong influence on foraging success. Prey abun- 
dance and availability at the surface may be cor- 
related. 

7) Forage fish prey differ in quality (prima- 
rily energy content), and therefore seabird 
chick growth may be limited by diet composi- 
tion. In collaboration with Dan Roby, and from 
previous studies, we know that different prey have 
markedly different nutritional value. Experiments 
conducted in Kachemak Bay in 1996 (APEX 
Project 97 163N) clearly demonstrated that chick 
growth is markedly affected by prey type. The en- 
ergy content of prey is a very important determi- 
nant of chick growth, but other factors may also 
influence subsequent chick survival (fat deposi- 
tion, stress). 

8) Seabirds work harder (adjust time spent 
foraging) when feeding on low quality prey. 
This hypothesis is supported by observations of 
longer feeding trips and fewer chick meal deliver- 
ies by murres at the Barren islands (where adults 
eat mostly pollock) compared to murres at Gull I. 
(where adults eat mostly sandlance). Data still 
need to be analysed by pro-rating foraging invest- 
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Abstract 

The nearshore and shelffish communities of Lower Cook Inlet, Alaska were studied at 3 locations 

(Kachemak Bay, Chisik Island, and the Barren Islands). The Barren Island waters are largely oceanic, 

Kachernak Bay receives largely oceanic water but has a significant keshwater runoff component, and 

Chisik Island waters are predominantly estuarine in nature. Beach seines and mid-water trawls were the 

primary capture methods at all sites. Kachernak Bay was sampled over the course of two years (1995 & 



1996), whereas Chisik Island and the Barren Islands were only sampled in the summer of 1996. 

The study areas support a diverse nearshore fish community of at least 52 species. Of these species, 50 

were caught in Kachernak Bay, 24 at Chisik Island, and 12 at the Barren Islands. Pacific sand lance was 

clearly the dominant nearshore species at the Barren Islands and Kachemak Bay comprising 99% and 

71% of the total individuals respectively. The nearshore fish community at Chisik Island did not show 

any clear dominance by a single species, which was paralleled by an increased community diversity over 

the other two sites. Significant changes have occurred in the nearshore fish community of Kachernak 

Bay between 1976 and the present with increased diversity, particularly in regard to gadids which were 

almost absent in 1976. A strong seasonality of the nearshore community was noted with a paucity of 

species and individuals present in the winter. Several species were only present for a portion of the 

summer. Significant differences in the nearshore community were noted between high and low tides but 

not between consecutive sets or years (1 995 and 1996). 

Shelf waters were less diverse in their species assemblages than for nearshore areas. Of at least 26 

species found, 14 were present at Kachernak Bay, 19 at Chisik Island, and 7 at the Barren Island. 

Similar trends in community structure to nearshore areas was noted with no clear dominance and high 

diversity at Chisik Island compared to a markedly dominated community at both Kachernak Bay and the 

Barren Islands. However, the Barren Island shelfareas showed a paradoxical situation over nearshore 

areas with walleye pollock the dominant species, as opposed to sand lance being dominant for both 

nearshore and shelfareas of Kachemak Bay. 



Introduction 

The main purpose of this study was to assess in terms of abundance, diversity, and species composition, 

the changes in the nearshore fish community over 20 years and between three geographically distinct 

locations w i t h  Lower Cook Inlet. In addition, concurrent offshore fish sampling allowed comparisons 

to be made between shelf and nearshore fish communities. 

Blackburn (1980) surveyed the nearshore fish of Kachemak Bay during the summer of 1976, which until 

the present was the most comprehensive investigation for this area. The current study was designed to 

sample the nearshore habitat of Kachemak Bay as comprehensively as possible over the course of two 

summers at the same sites investigated by Blackburn to establish if temporal changes have taken place. 

The importance of inshore coastal marine habitats as nursery areas for juveniles of many marine fish 

species is well documented, and it has been shown that many species are dependent on these areas 

during the juvenile phase of their life cycles (Poxton et al., 1983; Orsi & Landingham, 1985; Bennett, 

1389; Blaber et al., 1995; Santos & Nash, 1995; Dalley & Anderson, 1937). Many studies have also 

described seasonal variation in shallow water fish assemblages (e.g., Horn, 1980; Allen, 1982; Nash & 

Gibson, 1982; Nzsh, 1988; Bennett, 1989). However, there is a paucity of information available 

concerning seasonal variation of nearshore fish assemblages in Alaska, due largely to the difficult 

working conditions and logistics of winter fieldwork. 

This study is a component of the Exxon Valdez Oil Spill (EVOS) Trustee Council fimded project in the 



northern Gulf of Alaska, which is currently researching forage fiswvertebrate predator interactions. 

Profound changes in seabird populations have been linked to shifts in the abundance and composition of 

forage fish stocks in the Gulf of Alaska over the past twenty years (Piatt & Anderson, 1996). 

Coincident with cyclical fluctuations in sea-water temperatures, the abundance of several forage species 

such as capelin (Mallotus villosus) declined precipitously in the late 1970s whlle populations of large 

predatory fish such as walleye pollock (Therugra chalcogramma) and Pacific cod (Gadus paclJica) 

increased dramatically. Correspondingly, seabird diets shifted from mostly capelin in the 1970s to 

mostly Pacific sand lance and juvenile pollock in the late 1980s. Furthermore, a variety of seabirds and 

marine mammals have exhibited signs of food stress through the 1980s and early 1990s (Piatt & 

Anderson 1996). Three main study areas were identified in the Lower Cook Inlet centered around 

seabird colonies; Gull Island in Kachernak Bay, Chisik Island on the west side of Cook Inlet, and the 

Barren Islands in the mouth of Cook Inlet. Gull Island is an increasing colony, Chisik is failing (Slater et 

al., 1994), and the Barren Islands are regarded as stable (Roseneau et al., 1995). Investigation of fish 

communities in nearshore and shelf areas around these colonies provide information to relate differing 

forage fish abundance and composition to seabird diets and productivity. 

Materials and methods 

Study sites 

Lower Cook Inlet (Figure 1) is located in the southcentral region of Alaska. The area supports several 

important seabird colonies, numerous marine mammals, a large overwintering and summer bald eagle 

(Haliaeetus leucocephalus) population, major staging areas for migrating shorebirds, as well as 



commercially and recreationally important fisheries including salmon (Oncorhynchus Spp.) and halibut 

(Hippoglossus stenolepis). 

Kachernak Bay is situated at the southern tip of the Kenai Peninsula in Alaska. The bay is 38km wide at 

its entrance, defined as a line fiom Anchor Point on the north to Point Pogibshi on the south, and is 

approximately 62krn long. The upper 6krn are mud flats which are exposed most of the time. Depths in 

the bay are relatively shallow, ranging fiom about 35 to 90m, with deeper areas (100 to 165m) between 

Gull and Yukon islands on the south side of the bay. Water entering the bay is largely oceanic, 

originating fiom the Gulf of Alaska via the Kennedy entrance at the southern end of the Kenai 

Pehinsula. 

Chisik Island is located on the western side of Cook Inlet (Figure 1). The island is 10.5km long and 

about 3.6km wide at its northern end but narrows to less than 0.4krn at its southernmost point. It lies in 

the mouth of the glacially fed Tuxedni Bay. Water passing the island is estuarine, having passed up the 

east side of Cook Inlet before circulating around and down the west side past Chisik Island. Although a 

navigable channel is present on the west side of the island (Snug harbor) the nearshore habitat around 

the island is dominated by shallow glacial silt and mud flats exposed at low tides, and rocky substrates 

with few sandy beaches present. 

The Barren islands are located at the entrance to Cook Inlet (Figure 1) and mark the transition between 

deep oceanic Gulf of Alaska waters and the estuarine Cook Inlet. The Alaska Coastal Current enters 

Cook Inlet past the Barren Islands leading to intense upwelling of cold, nutrient-rich waters onto the 



shallow shelf areas of southeast Cook Inlet (Piatt. 1994). The islands are renowned for storm conditions 

and tidal rips as water moves in and out of the Cook Inlet (second highest tidal range in North 

America). 

Field sampling 

In Kachernak Bay, samphg occurred between 1 6 June and 26 July, 1 995, and fiom February 8 until 

December 10, 1996. Weather and sea conditions prevented samples being collected in January and 

November of 1996. Sampling at Chisik Island occurred between July 3 and August 17, 1996, and at the 

Barren islands between June 26 and September 8, 1996. 

Beach seining was the primary method of capture for nearshore fish in this study. This method of fishing 

provides a very effective, non-selective method for sampling shallow, inshore waters with sandy, or 

smooth bottom environments (Cadliet et al., 1986). Out of a total of 305 sets made in 1995196 between 

spring (May) and fall (September) only 4 sets caught no h h .  

Beach seining during the summer of 1995/96 utilized a 44m long variable mesh beach seine. The net had 

4m deep, 3 mm knotless nylon stretch mesh (sm) for the middle 15.3m and tapered to 2.3m deep with 

13 mm knotted nylon sm in the wings. Thirty meters of rope was attached to each end of the seine for 

use in deployment. The net was set parallel to shore at a distance of 25 meters as described by Cailliet et 

al. ( 1 986). Samples were collected approximately every two weeks from May to September and once 

per month through the winter. The beach seine used in the Barren Islands was smaller in size; 36.7m 

long by 4.9m deep, tapering to 1 .Om deep at the wings. This net was constructed with a 4mm sm bag 



for the middle 9 . l m  13mm sm for the 3.0m inner wings, and 32mm sm for the outer 10.8m wings. 

Beach seines in the 1976 season were made with a net 47.3m long by 3.7m deep, tapered to l.Om deep 

in the wings. The 10.7m wide cod end was constructed of 7mm sm knotless nylon. The tapered wings 

were variable mesh with a 6. lm  length of 13 mm sm followed by a 12.2m tapered outerwing of 38 mm 

sm. The net was deployed closer to shore (1 Om as opposed to 25m in 1995196) which probably resulted 

in the increased catch per unit effort (CPUE) from 305 fish per set in 1976 to 5 1 1 fish per set in 

1995196. 

Beach seining was carried out at 38 sites within Kachemak Bay. These sites were chosen as they were 

also visited by Blackburn (1 980). Some sites visited by Blackburn were not sampled, either due to 

unsuitable substrates now being present (such as mussel beds) or from new beach-fiont housing 

development. Beach seining was carried out at eight sand substrate sites on the west side of the Chisik 

Island. Beach seining at the Barren Islands was carried out at one site (East Atnatuli Cove) which 

provided the only logistically feasible location. 

Beach seining was conducted within a one hour window either side of high or low tide to allow 

comparisons between the tidal states. To reduce habitat and tidal range variability, high tidellow tide 

comparisons were made during periods of maximum tidal range at a limited number of sites (6), which 

were sampled at the same time and frequency each month. Allen et al. (1992) state that a single seine 

haul provides a good representation of species richness and rank for the dominant species. To increase 

the representation of low-dominance species and to decrease the chance of missing schooling species 



that are moving along shorelines, each seining event consisted of two consecutive sets made adjacent to 

each other. Seining was not conducted in swells of over 0.5m which prevented the net being retrieved 

without the lead line repeatedly leaving the bottom ( r o h g )  allowing fish to escape. 

Once onto the beach, fish were immediately sorted by species and subsampled (by volume) if necessary. 

Fish needed for hrther analysis were placed into labeled plastic bags and subsequently either fiozen or 

preserved in 10% formalin. All other fish were released alive. Lengths (fork-length in rnrn) and weights 

(0.01g) of collected fish were recorded. Species were identified using the keys of Hart (1973), 

Eschrneyer (1983), and Kessler (1985). 

Comparisons with the nearshore beach seining samples were made with fish data collected by other 

methods. Cast netting (2.4m diameter, 13rnrn monofilament sm) was used to sample fish schools found 

close offshore being preyed on by feeding mellees of seabirds (usually black-legged kittiwakes (Rissa 

tridactyla)). Minnow traps and diver observations were used over neighboring rocky substrates to 

assess other fish species present that were not represented in beach seines. Mid-water trawls were used 

to sample the shelfenvironrnent using the Alaska Department of Fish and Game research vessel 

Pandalus. On transects of the study areas, forage fish abundance was recorded with a DT4000 digital 

120kHz echosounder. Significant fish aggregations identified by these hydroacoustics were fished using 

a 9m-wide mouth modified herring trawl lined with a 3rnm cod-end with collecting bucket. Mid-water 

trawling was monitored using a Furuno-net sounding system. Tow duration ranged fiom 20-60 minutes 

depending on fish concentrations. Recovered fish were identdied, measured, and samples frozen for 

later analysis. 



Water temperatures at the three study areas were collected using Onset Computer Corporation Optic 

StowAway temperature loggers (Version 2.02). These loggers were calibrated and programmed to read 

water temperature every 10 minutes. Weighted loggers were placed at 5m water depth below chart 

datum at 60 Foot Rock (Kachernak Bay), Snug Harbor (Chisik Island), and East Amatuli Cove (Barren 

Islands), moored either with h e  or 3mrn stainless steel cable attached to a stainless steel expansion bolt 

drilled into rock. Information for the logger in Kachemak Bay was downloaded approximately every six 

months. Temperature loggers at Chisik Island and the Barren Islands were left in the water only for the 

duration of the field season. Sea surface temperature and salinity data (measured using the practical 

s a h t y  scale) for shelf areas were recorded during CTD casts digitally on a Seabird SBE2 1 

thermosalinograph. 

Analyses 

Four diversity indices were calculated. The Shannon-Wiener index (H') (Pielou, 1977) which increases 

as both the number of species (richness) and the equitability of species abundance (evenness) increase. 

For the species 'richness component' of diversity, Margalef s index (D) was calculated (MargaleC1969). 

For the equitability of species abundance, Pielou's evenness function (J') was used (Pielou,1977). 

Similarity between species lists from different sampling periods was tested using the Jaccard similarity 

coefficient for presence and absence data (Boesch, 1977). All diversity calculations are based on 

numbers of individuals and the use of natural logs (log,). Species assemblages were statistically 

compared using the Mann-Whitney rank sum test. All species were used for these calculations that 

occurred in at least one of the two communities being compared. 



Results 

Physical Environment 

The only physical variable measured in the nearshore was temperature. Temperatures are depicted in 

Figure 2. The different effective depth of the loggers at spring and neap tides (due to being fixed to the 

substrate) explains the periodicity noted in the graphs. Kachemak Bay temperatures peaked at 10.4OC in 

early August and dropped to a minimum of (77) in 97 Cold oceanic water entering the Cook Inlet from 

the Gulf of Alaska, warms as it moves around the Cook Inlet past Kachernak Bay and subsequently past 

Chisik Island (Figure 1) which is observed in the nearshore temperature profiles (Figure 2). 

Analysis of CTD results showed Cook Inlet waters to be well mixed except for Kachemak Bay where a 

notable summer thermocline exists at approximately 5m water depth due to fieshwater glacial runoff 

into the bay (Figure 3). Shelftemperatures were similar in the Barren Islands and Kachemak Bay, but 

were notably warmer at Chisik Island. Salinities of shelf waters were highest in the Barren Islands (3 1- 

32), followed by Kachernak Bay (29-3 I), and then Chisik Island (29-30). 

Temporal Comparison of the nearshore fish in 

Kachemak Bay between 1976 and 1995/96 

Beach seines fiom the 199511996 period were limited to May 16 to September 27 (305 beach seines) to 

coincide with the 1976 sampling season (Blackburn, 1980). This data set was also used to compare 

between areas. 



A total of 155,99 1 fish of 50 species were identified in Kachemak Bay during the May to September 

seasons of 1995 and 1996 (Table 1). Of these species 35 were caught primarily in their juvenile form. 

No species were caught in the winter that were not represented in the summer. Of the fish collected, 

Pacdic sand lance was the most numerous comprising 7 1 % of the total individuals. Along with Pacific 

sand lance, three other species, Pacific herring, Pink salmon, and Pacific cod comprised over 92 % of 

the total individuals. Great sculpins and Pacific sand lance were the most frequently caught fish during 

199511 996 occurring in over 50 percent of all catches. Dolly Varden were the third most commonly 

occurring species occurring in over 46 percent of catches. 

Biomass results were collected in 1995 only. Of the species collected, Salmonids dominated the biomass 

comprising nearly 73% of the total. Of the remaining biomass Pacific sand lance and Pacific herring 

comprised nearly 60 percent. However, except for Dolly Varden, the results for salmonids are highly 

biased £?om one beach seine in Port Graham on 23 July when over 296 Kg of pink and chum salmon 

were caught (52% of biomass for all 60 beach seines conducted in 1995). Dolly Varden were 

consistently the dominant biomass in the nearshore environment throughout the summer until their 

departure into fieshwater streams and rivers. 

A total of 39,927 fish of at least 28 species (greenling and sculpins were not always identified to 

species) were collected during the 1976 field season in 13 1 sets (Table 1). For comparisons with 

1995196 data, all sculpin and greenling species were combined. 

Of the fish collected, Pacific sand lance, as in 1995196 was the most numerous comprising 8 1% of the 

11 



total individuals. Pacific sand lance and Pacific herring alone made up over 93 % of the total individuals 

in 1976 compared to the four species in 1995196. Four of the five dominant species by number caught in 

1976 were the same as in 1995 (Pacific sand lance, Pacific herring, Dolly Varden, and pink salmon). 

Pacific sand lance and Pacific herring were the number one and two most numerous fish in both years of 

study. During 1976, only 4 (0.01%) of fish were gadids (3 safion cod and 1 pacific cod). This figure 

increased to 70 12 out of 155,99 1 (4%) in 1995196 with Pacific cod the fourth most numerous fish 

caught for the time period. All four species of gadid exhibited a marked increase in frequency of capture 

(Table 1) indicating a dramatic increase in gadid populations between the time periods. Dolly Varden 

was the most important fish in relation to biomass in 1976. Rock sole as in 1995196 was the most 

common flatfish caught in seines. As for gadids, rock sole appear to have also increased in number 

(both in relation to frequency of capture and numbers caught) since the 1970s. 

Species diversity indices are summarized in Table 2 for the two time periods. The Shannon-Wiener 

index (H') was greater in the 1995196 season compared to 1976 and reflects the large number of gadids 

only present during the 1990s (accounting for two thirds of the difference in H7). Species richness (D) 

was also higher in the 1995196 season compared to 1976 as a result of four species comprising 92% of 

individuals in 1995196 compared to 2 species comprising 93% in 1976. The low equitabilities (J7) in 

both time periods reflect the high level of dominance in both of these assemblages by Pacific sand lance. 

Jaccard's similarity coefficient indicated only a moderate (59%) similarity between the two time periods. 

Increased effort during the 1990s may partly explain this with 10 species caught only in one or two 

seines out of a total 305 which were not caught in 1976. These species may have been too rare in the 



nearshore to have been sampled by the 1976 sampling effort. 

A significant difference in the species assemblages of 1976 and 1995196 was noted for CPUE, percent 

composition, and frequency of capture (Mann-Whitney rank sum test; P=0.007, 0.018, 0.033 

respectively). 

Seasonal investigation of the Kachemak Bay nearshore fish community 

Results from all 283 beach seines (130,325 fish of 46 species) made only in 1996 were used for the 

investigation of seasonal trends to alleviate inter-annual variation. 

Winter beach seines showed the nearshore waters to be almost devoid of fish with no schools caught or 

observed between December and March. Juvenile rock sole and great sculpins were the most abundant 

fish in the nearshore during February and March. Numbers of juvenile great sculpins increased rapidly in 

the spring with an influx of small juveniles (<20mm). The occupance of these juveniles dropped by the 

end of June leaving a relatively steady inshore population of 2nd. year sculpins throughout the rest of 

the summer (Figure 4). Flatfish were caught at a similar rate throughout the spring and summer but 

were not found after October (Figure 4). In April Dolly Varden moved into the nearshore environment 

where they remained through July before following salmon into their freshwater natal systems to 

overwinter (as described by Isakson et al., 197 1, Orsi & Landingham, 1985). 

During May, diversity within the nearshore rapidly increased with 20 species identified (Figure 5). 

Although the nearshore environment is dominated throughout the summer by Pacific sand lance, a 



diverse community is present with 3 1 species collected in June and July, and 34 in August. Fish move 

offshore in September with CPUE (Figure 6) dropping rapidly by October paralleled by a decline in 

species present from 34 in August to 3 in December (Figure 5). 

Only one capelin was caught in 1976, 1995, and 1996 Kachernak Bay beach seines until October 1996 

when 1586 1 st. year capehn (and 1 2nd year) capelin were collected in three seines. Many other capelin 

in several large schools were visually observed at the same time. Capelin were also caught in 3 out of 8 

seines during December. 

Seasonal results for selected taxa are summarized in Figure 4. All species were present to a greater 

proportion during the summer months indicating an inshore migration to take place as the water warms 

in spring and an offshore migration at the end of summer. Pacific sand lance as noted by Blackburn 

(1980) move out of the nearshore in July with fewer numbers being caught at this time. Pacific herring 

also displayed this trend. However, only five herring catches of over 100 individuals in June and four in 

August at Halibut Cove contributed almost 99 percent of the total herring numbers for the year. The 

low frequency of capture of herring schools and resultant possibiiity of missing schools at a very limited 

range of sites (only the three Halibut Cove sites) may account for the low herring catch in July. 

Catch per Unit Effort (CPUE) drops dramatically in mid-July for the nearshore community (Figure 6) as 

was also noted in 1976 (Blackbum, 1980). This is largely driven by the offshore Pacific sand lance 

migration but is compounded by two other species, pink salmon and PaciGc cod. Large catches of 

juvenile pink salmon increase CPUE for June as they migrate along shorelines (Orsi & Landingham, 



1985) but tail off rapidly in July as they move offshore (Blackburn, 1980). Large catches of gadids 

(particularly Pacific cod and walleye pollock) that do not appear in large numbers until August (Figure 

4) increase the August CPUE. Adult Pacific sand lance appear to remain offshore longer, with August 

sand lance numbers dominated by 1 st. year individuals; it is not until October that adult Pacdic sand 

lance return to inshore waters to spawn (Blackburn, 1980; Dick & Warner, 1982). 

Seasonal community indices are summarized in Figure 5. The Shannon-Wiener diversity index (H') and 

the Margalef index show diversity and species richness to steadily climb through the season, peaking in 

July before dropping rapidly through August to September and then increasing (although with vastly 

fewer individuals and species) into the winter. Evenness (J') drops throughout the season as Pacific sand 

lance dominate the nearshore summer community rising again in the fall with decreased number of 

species and individuals. 

Comparisons between adjacent sets, tides, and years 

Table 3 summarizes results of sets made immediately after the first during 1996 for selected species 

based on their abundant or common status (Table I). The impact of disturbance fiom the first of a 

double set on an area may scare fish away or attract fish to a disturbed prey source. Results need to be 

analyzed for both fiequency of occurrence as well as for CPUE. For densely schooling fishes, differing 

school size can markedly impact CPUE as seen for PacZc sand lance which were caught at a similar 

fiequency at the 1st. and 2nd. set of low or high tide, but displayed markedly different CPUE results. 

This result may also be a function of disturbance disrupting school structure, so a less dense school is 

present in the nearshore for the second set. Although numbers of individuals caught on first and second 



sets varied, little difference was noted for fiequency of capture, and no significant differences were 

observed for total catch, CPUE, or fiequency of capture for consecutive sets at high or low tide (Mann- 

Whitney rank sum test; P>0.05). 

Figure 7 displays results of sets made at adjacent high and low tides at the same sites. On high tides, 27 

species were collected compared to 41 on low tides. Gadids were collected at almost twice the 

fiequency at low tide as compared to high tide as well as in greater numbers. Juvenile Pacific sand lance 

displayed the most notable difference between high and low tide catches being caught both more 

fiequently at high (47%) than low (30%), as well as in far greater numbers; cpue being approximately 7 

times greater at high tide. Adult sand lance did not show this level of disparity between tides, being 

collected at a similar fiequency and in similar numbers at either tidal state. Sculpins (predominately 

great sculpin) were collected more commonly and in greater numbers at low tide. The low tide result is 

strongly influenced by juvenile fish (<20mm) whch were collected in large numbers at low tides during 

May and June. Flatfish (predominately rock sole) were collected in low numbers at high and low tide. 

However, they commonly occurred (over 50% of sets) in the low tide sets as compared to occasionally 

(13%) in high tide sets. 

Species diversity index was higher at low tide compared to high tide (1.55 and 1 .OO respectively). 

Species richness at high and low tides was similar (2.42 and 2.53 respectively). The equitability indices 

for high and low tides (0.30 and 0.42) indicated a higher degree of dominance for the high tide 

community resulting fiom the high proportion of Pacific sand lance in high tide sets. 

Jaccard's shlari ty coefficient indicated a 62 percent sirmlarity between the species assemblages of the 



two tidal states. A significant difference in the high and low tide species assemblages was noted for 

percent composition (Mann-Whitney rank sum test; P=0.03 1). 

During June and July 1995'27,944 fish of 42 species were caught in 60 beach seines. During June and 

July of 1996, 50,859 fish of 37 species were caught in 283 beach seines. Table 4 displays results of the 

comparison between sets made in June and July of 1995 and 1996. Forty four species were collected 

over the course of the two years in June and July of which 30 were caught in both years. Species 

diversity index (H') was s d a r  for both 1995 and 1996 (1.2 1 and 1.22 respectively) as was species 

richness (D) (3.6 1 and 3.43 respectively) and equitability (J') (0.34 in both years). 

Jaccard's similarity coefficient indicated a 68 percent sirmlarity between the species assemblages of the 

two time periods. The species not represented in either year were generally rare species occurring in 

only a few seines. No significant difference in the species assemblages between 1995 and 1996 was 

noted for percent composition (Mann- Whitney rank sum test; P=0.8 15). The significant similarity 

between the 1995 and 1996 surveys as well as the close community indices supports the validity of 

beach seines for nearshore comparisons and the significance of the disparity between the 1976 and 

1 99.5196 species assemblages. 

Impact of substrate type in Kachemak Bay 

Seining was restricted to the habitat types of sand and gravel. Areas of cobble were generally 

accompanied by boulders and bedrock causing snagging, and areas of substrates finer than sand were 

generally low angled mudflats of too shallow a depth to seine. This resulted in little variation in 

substrate type. However, one sheltered site at the south end of Halibut Cove was markedly different 



fi-om the other sites in having a large mud component to the substrate. This site accounted for 78 

percent of the total herring (juvenile) catch for the entire 1996 sampling period. The site is historically 

an important herring area in Kachemak Bay (Bucher and Harnrnarstrom, 1996). 

Beach seines sample nearshore sandy substrates and were not used on neighboring rocky beaches or 

areas with mussel beds and other potentially net-snagging terrain. In conjunction with beach seining, fish 

traps and diver observations were used to assess presence of other species in areas close to those beach 

seined. The northern ronquil (Ronquilus jordani) was commonly seen by divers or found in fish traps 

over rocky substrates. This represented the only species observed in the nearshore, not caught in beach 

seines and is directly related to its habitat preference. 

Cast netting was used in areas close offshore at sites of feeding mellees. Net avoidance is readily 

observable with cast netting which requires b h  to be at the surface both to aim the cast as well as to 

allow the net to catch them. Of eight success~ l  casts, five contained Pacific sand lance, and three 

capeh.  Average numbers of capelin were much higher (2900 per cast) than for sand lance (774 per 

cast) which may reflect the greater ability of sand lance to avoid this type of capture. The occupance of 

large numbers of capelin close to shore (within 1 krn) shows them to be an important summer nearshore 

fish although not found in direct proximity to the littoral habitat sampled by beach seines. 

The nearshore fish community of Chisik Island and the Barren Islands 

A total of 988 fish of 24 species were caught in 30 seines in the nearshore waters of Chisik Island 

during the field season of 1996 (July 3 to August 17). The fish are listed in Table 5 and the 

corresponding common and scientific names given. Of the fish collected, Dolly Varden was the most 



numerous comprising 30% of the total individuals and frequently caught occurring in 63% of seines. 

Pacific sand lance did not dominate the community as seen in Kachemak Bay and the Barren Islands 

comprising 24% of the total individuals and occurring in 33% of seines. Pacific snake pricklebacks 

comprised 12% of the total individuals and Pacific cod 8%. The large amounts of mud in this system 

probably account for the low numbers of Pacific sand lance which require clean sand and gravel 

substrates in which to rest during periods of inactivity (Dick & Warner, 1982). Sculpins as for 

Kachemak Bay and the Barren Islands were frequently caught occurring in 53 percent of seines. Starry 

flounder although not the most numerically abundant flatfish (rock sole) was the second most ikequently 

caught species occurring in 47% of seines exclusively as juveniles. 

A total of 180,232 fish of at least 12 species (482 unidentified sculpins, 1 unidentified flatfish and 1 

unidentdied greenling) were caught in 40 seines in the nearshore waters of the Barren Islands during the 

field season of 1996 (June 26 to September 8). The Barren Island beach seine catches were dominated 

by Pacific sand lance (Table 5, Figure 8) which comprised over 99 percent of the catch (predominately 

juveniles) and occurred in 90 percent of all seines. Pacific cod occurred in over 50 percent of seines 

ranking 2nd., followed by sculpins occurring in over 40 percent of seines and butter sole (the dominant 

flatfish) occurring in 18 percent of seines. Pacific cod and pink salmon were the 2nd. and 3rd. 

numerically dominant species (503 and 449 individuals respectively). 

CPUE results showed the Barren Islands to be the most productive nearshore waters of the three study 

areas followed by Kachernak and Chisik Island. The productivity (represented by CPUE) was vastly less 

at Chisik Island with only six percent and less than one percent of the CPUE found at this location. 

Chisik Island and Kachernak Bay displayed greater diversity and species richness than the Barren islands 



(Table 2). The colder oceanic domain present in the Barren Islands appeared to reduce species diversity 

as compared to the warmer increasingly estuarine domains of Kachemak Bay and Chisik Island. Equity 

(J') was much greater at Chisik Island showing this community to be much less dominated by a 

particular species. 

Comparison of nearshore and shelf communities 

Mid-water trawls were made during July of 1996 at each of the study areas. Results are detailed in 

Table 6 and are summarized in Figure 8. Nine species were collected in mid-water trawls that were not 

present in any of the beach seine collections (Table 6). Mid-water trawls were much less diverse in the 

number of species present than for beach seines (Table 6). Kachemak Bay displayed similar proportions 

of the most abundant taxa between trawls and beach seines with Pacific sand lance dominating catches.. 

Mid-water trawls made at Chisik Island as for beach seines displayed no clear dominance with low 

numbers of all the most common species. The shelf environment of the Barren Islands was dominated by 

walleye pollock contrasting the dominance by sand lance in the nearshore where only a single walleye 

pollock individual was caught. 

CPUE at Chisik Island was 27% and 1 1% of that found respectively at Kachemak Bay or the Barren 

Islands (Table 7) paralleling CPUE result for beach seines (Table2). Community diversity indices 

displayed similar trends to those found for nearshore beach seines (Table 2). Shannon-Wiener (H') 

diversity index and species richness (D) were highest for Chisik Island followed by Kachemak Bay and a 

large drop in diversity at the Barren Islands. Equity (J') was highest at Chisik Island followed by 

Kachemak Bay and a high level of dominance found in the Barren Islands. 



The most notable difference between the different study zones was the large component of walleye 

pollock in shelfareas compared to sand lance in the nearshore areas. Overall for all shelf trawls walleye 

pollock occurred in 88% of sets compared to 3% of beach seines. Walleye pollock does not appear to 

use the nearshore environment as a nursery area as observed for related species such as the Pacific cod. 

Discussion 

Limitations of Study 

The scope of the study, was affected by limitations of the equipment used. Sampling the nearshore 

environment with a beach seine is limited to sandy to cobble substrates. Mussel beds and rocky 

substrates prevent recovery of the net without snagging occurring, which allows fish to escape. Periods 

of high current or inshore swells of over 0.5m generally prevented effective retrieval of the net, thus fish 

preferring surf zone habitat may also be under represented. The surf zone is important or preferentially 

used by some species due to the low number of predators and food rich waters (Bennett, 1989). Fish 

that stay preferentially in these areas are therefore under represented by this study. 

Allen et al. (1992) stated that beach seine catches of burrowing fish would be reduced due to their 

ability to escape under the net. Dick & Warner (1982) and Gordon & Leavings (1984.) also raised doubt 

as to the adequacy of the beach seine as a sampling tool for sand lance with large schools observed 

avoiding the beach seine. Therefore Pacific sand lance, the dominant species within the nearshore areas 

of Kachemak Bay and the Barren Islands may occur to a greater degree than was observed by this 

study. Juvenile (both 0 and 1 group) cod have been shown to spend the day in deeper waters, moving 

into the nearshore at night (Keats, 1990; Methven & Bajdlk, 1994). Therefore cod (as well as the other 



gadids) may be under-represented by our catches (made during daylight hours). 

Nearshore fish community 

The number of species collected in Kachemak Bay was high in comparison to other temperate nearshore 

investigations using beach seines as a sampling method. In Alaska, Hancock (1 975) caught 17 species at 

Clam Lagoon, Adak, Isakson et al. (1971) found 40 species in the nearshore waters of Amchitka, and 

Orsi & Landingham found 42 species at southeast Alaska sites. Thorrnan (1986~) found 18 species in 

the Bothnian sea (Sweden), Allen & Horn (1975), Horn (1979), and Allen (1982) found 23,21, and 32 

species respectively in nearshore Californian locations. Nash (1988) found 33 and 23 species 

respectively at Ellingstad and Hvervenbukta in southern Norway. 

Several investigators of northeast Pacific bay, estuarine, and inshore fish populations (e.g., Allen & 

Horn, 1975; Hancock, 1975; Horn, 1980; Allen, 1982; Gordon & Leavings, 1984; Orsi & Landingham, 

1985) have observed five or fewer species usually comprise 75% or more of the total fishes sampled 

even though total number of species may be much larger. Our results dramatically highlighted this result 

with 4 species comprising over 92% of total numbers in 1995196, and 2 species comprising over 93% in 

1976 at Kachemak Bay. In the Barren Islands, 99% of total numbers was from sand lance alone. Chisik 

Island showed a different pattern with five species making up 79% of total numbers. These fish as stated 

by Allen (1982) were generally low in the trophic structure as would be expected by ecological patterns 

of relative abundance. 

Great variation in diversity was noted in Kachernak Bay on a seasonal basis due to the paucity of 

species in the winter months. High latitude temperate fish assemblages, particularly those of shallow 



water habitats are subject to large seasonal variations in temperature and day length. These physical 

factors impart a strong natural seasonality to community structure (Nash, 1988) with fish leaving 

shallow waters in the winter at their lower thermal tolerance seeking warmer water offshore, as well as 

for some species to leave this area in the summer months as their upper thermal tolerance is reached. 

Results for Kachernak Bay paralleled many studies including M e n  and Horn (1 975), Allen (1 982), and 

Bennett (1989) which have observed a general pattern of increased numbers of species and numbers of 

individuals during the late spring through fall period in nearshore waters. In the Gulfof Mexico fish 

were almost absent fiom the surf-zone during the winter months (Ross et al., 1987), and Bennett (1 989) 

only found about half the number of species to be present in winter on the southwestern Cape coast of 

South Afiica. Livingston (l976), Horn (1980), Allen (1982), Thorman (1986b), and Methven & Bajdik 

(1994) in addition, also observed a summer depression in abundance between peaks in spring and fall. 

This was clearly observed in the CPUE for beach seines in Kachernak Bay although was not paralleled 

by a reduction in species number as seen by Thorrnan (19863). 

Allen (1 982) states that the composition of fish assemblages in shallow areas depends to a great extent 

on water temperature and salinity. Temperature and salinity accounted for 83% of the variation in 

abundance of individual species collected in upper Newport Bay, California (Allen, 1 982). Seasonal 

declines in catch during July at Kachemak Bay are probably related to temperature and salinity of 

nearshore waters, as well as to biological responses to predation, feeding, or spawning. Thorrnan 

(1 986a) suggested that fish in exposed areas may avoid the shallowest regions remaining in slightly 

deeper less disturbed waters. This may be a factor, as well as temperature in the low numbers of 

individuals and species present in the nearshore during winter when there is generally increased wave 

action. The storm-prone nearshore areas of the Barren Islands displayed lower species number 



supporting Thorman (1 986a) as well as Horn (1 980) who stated unstressed fish assemblages tend to be 

higher in diversity. 

Thorman ( 1  9863) noted the average number of fish species is positively correlated with minimum 

salinity and total abundance is positively correlated with increased temperature. The increased diversity 

of Chisik Island over the Barren Islands or Kachemak Bay coincides with this observation. We expect 

that with a s~milar effort at Chisik to Kachemak Bay a similar or greater number of species would have 

been collected. However, our results contrast Thorman (19863) in that the Barren Islands with the 

coldest waters had the highest abundance of fish. Thorman (1 986b) states temperature to be the primary 

factor regulating abundance and recruitment of juveniles. Pacific sand lance, may be positively rather 

than negatively influenced by the cooler waters of the Barren Islands. 

Chisik Island and Kachemak Bay, both heavily influenced by freshwater influence and characterized by 

substrates ranging fiom rock to mud exhibit the greatest range of habitat diversity of the three sites. 

These sites also exhibited the greatest number of species in accordance with Blaber et al. (1 995) who 

suggested numbers of species present in inshore zones was pkitively correlated to increasing habitat 

diversity. Nearshore sampling in the Barren Islands was limited to one site reducing the diversity of sites 

being sampled. However, this site is one of the few sheltered sites in the islands with other beaches 

exposed to high wave action. These exposed, high energy beaches would not be expected to hold a 

high diversity species assemblage (Horn, 1980; Thorman, 1986~) .  

Salmonids as for other Alaskan nearshore studies were an important component of the nearshore 

community. Salmonids were the third ranked most important species by percent composition in 



Kachemak Bay. Pink Salmon were second ranked by percent composition occurring in 23 percent of 

seines in a study of Clam Lagoon, Adak (Hancock, 1975). Orsi & Landingham (1985) found salmonids 

to be the dominant nearshore species in southeastern Alaska. Between March and June of 1981 and 

1 982 pink salmon i?y dominated their catches comprising over 83 percent of the catch in both years. 

Large catches of capelin by cast net, their occurrence in mid-water trawls, and in seabird (Reference) 

and halibut (Roseneau & Byrd, 1996) diets show them to be numerous in Cook Inlet waters, although 

not generally found in the nearshore zone. Capelin is of prime interest in t h s  area due to its importance 

as a forage fish. Apart from three seines in October, 1996 in Kachernak Bay there has been little 

evidence of capelin occurring in the nearshore areas of Cook Inlet. Seasonal usage of the nearshore by 

capelin may impact catches, with this species occupying inshore waters outside the range of beach 

seines but inside our mid-water trawl survey area during the summer months. This may be a result of 

competition with sand lance in the nearshore environment. Capelin were documented sharply declining 

in the 1970s (Piatt & Anderson, 1996) and have been documented as returning to Cook Inlet waters 

during the 1990s (Roseneau et al., 1996) and may become more prevalent in the nearshore in 

subsequent years as their numbers increase. 

The apparent increase in gadids during the 1995196 sampling period over 1976 was the most dramatic 

temporal difference between the species assemblages of Kachernak Bay. Gadids were not caught in 

significant numbers in the whole of Lower Cook Inlet during the 1 976 survey, ranking ninth and 

comprising 0.2% (85 individuals in 262 seines) of the total catch (Blackburn, 1980). The increase in 

gadids between the 1970s and 1990s corresponds with a concurrent increasing trend in fkequency of 

capture of gadids fkom the 1970s to present in offshore trawls (Bechtol, 1997). Houghton (1987) in a 



study of inshore fish habitats north of the Alaska peninsula (Bering sea coast) found walleye pollock, 

unlike for Kachemak Bay or Arnchitka (Isakson et al., 1971) to only occur offshore, whereas Pacfic 

cod were also found inshore. Kachemak Bay's oceanic influence may explain the presence of pollock in 

the nearshore areas. Methven and Bajdik (1994) noted seasonal abundance of cod to peak in April to 

June and mid-August to November. Our results showed a small peak in gadid abundance in June with 

the proportion of gadids being caught in August supporting these results. The seasonality of fish such as 

Pacific cod needs to be taken into account in nearshore studies. Houghton (1 987) studied consecutive 

years and found Pacsc cod to be a numerically dominant species in 1984, but was not present in 1985. 

This was related to the shorter field season in 1985 whlch finished before the inshore migration of 

juvenile cod. 

Pacific sand lance were the dominant inshore species north of the Alaska peninsula comprising 63% of 

the total catch (Houghton 1987) as was found in Kachernak Bay and the Barren Islands. Utilizing other 

fishing methods they found sand lance to be most abundant close to shore within the 6m isobathand 

were distributed widely and irregularly. Larger sand lance appeared to occur offshore which coincides 

with the apparent offshore movement of adult sand lance in midsummer before spawning inshore during 

early winter. Ganssle (1 973) states that adults of the northern anchovy (Engraulis mordax) are less 

available in inshore waters during periods of warming and that young-of-the-year fish seem to tolerate 

higher temperatures than adults. This appeared to parallel the result noted for Pacific sand lance where 

adult sand lance were not caught throughout the period of maximum sea temperatures although first 

year fish were still present, although in much reduced numbers. This phenomenon of reduced adult sand 

lance numbers in mid-summer has also been noted via interpretation of seabird diets for Atlantic sand 

lance (Monaghan et al.. 1996). This period is a time of maximum predation by chick-rearing seabirds 



and mature sand lance may also avoid the nearshore and surface areas to avoid this predation. 

Sculpins, as for Kachernak Bay were the most commonly caught species in studies of Clam Lagoon 

(Hancock, 1975) and Amchitka in the western Aleutians (Isakson et al., 1971). However, unlike Clam 

Lagoon, they were not the numerically most important species in Kachemak Bay. Sculpins ranked 

second at Chisik Island and third at the Barren Islands for fiequency of occurrence in beach seines. 

Flatfish as for gadids displayed increased numbers and fiequency of capture over results for the 1970s. 

This was in accordance with trends noted for the Gulf of Alaska by Piatt & Anderson (1996) with a 

general increase of the flatfish catch over the past twenty years. 

Implications to Seabirds 

Piatt & Anderson (1996) suggested forage fish abundance is directly related to seabird productivity. 

Large numbers of high quality, schooling, nearshore forage fish at the Barren Islands and Kachemak 

Bay provide a large easily accessible food base for seabirds. At Chisik Island, no large agregations of 

forage fish were observed in the nearshore or offshore areas. This forces Chisik Island seabirds to 

forage hrther afield with a resultant drop in nesting success. Pritchard ( ), Sirean Rr Irons, ( ) and 

Kuletz ( ) have all linked sand lance abundance to seabird productivity in areas of Prince William Sound, 

Alaska and Kachemak Bay. Sand lance abundance parallels the productivity for black-legged kittiwakes 

(a species using sand lance as it's primary food) noted at the three study areas. Sand lance due to their 

nearshore densely aggregated distribution and high energy value may be the principle component in 

'sand lance selective' seabird productivity in the current system. 
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Table 1 .  Totals and frequency of occurrence by species for the 1976 (May 2 1 -September 29) and 1995196 
(May 16-September 27) sampling periods. 

1976'(131 Sets) 1995196 (305 sets) 

STATUS COMMON NAME LATIN NAME Total Fish % Occurrence Total Fish %Occurrence 
Abundant 
>50% of sets in 
least one of the 
time oeriods 
Com'mon 
1 @50% of sets 
in at least one 
of the time periods 

Occasional 
1-10% of sets in 
at least one of the 
time periods 

Dolly Varden Salvelrnus malma 

Pacific Sand Lance Ammodytes hexapterus 

Great Sculpin hfyoxocephalus polyacanthocephalus 

Pink Salmon Oncorhynchus gorbuscha 

Rock Sole Lepidopsetta bilineata 

Pacific Herring Clupea harengus pallasi 

Pacific Cod Gadus macrocephalus 

Whitespotted Greenling Hexagrammos stellerr 

Tubenose Poacher Pallasrna barbata arx 

Threespine Stickleback Gasterosteus aculeatus 

King Salmon Oncorhynchus tshawytscha 

Surf Smelt H.vpomesus pretrosus pretrosus 

Silverspotted Sculpin Blepsias crrrhosus 

Pacific Snake Prickleback Lumpenus sagitta 

Chum Salmon Oncorhynchus krta 

SafEon Cod Eleginus gracrlrs 

Pacific Staghorn Sculpin Leptocottus armatus 

Red Salmon Oncorhynchus nerka 

Pacific Tomcod Microgadus proximus 

Crescent Gunnel Pholis laeta 

Stany Flounder Platichthys stellatus 

Pacific Sandfish Trichodon trichodon 

Kelp Greenling Hexagrammos decagrammus 

Buffilo Sculpin Enophrys bison 

Slender E e l b l e ~ y  Lumpenus fabricii 

Masked Greenling Hexagrammos octogrammus 

Rock Greenling Hexagrammos lagocephalus 

Lobefin Snailfish Polypera green; 

Lingcod Ophrodon elongatus 

Butter Sole Isopsetta isolepis 

Walleye Pollock Theragra chalcogramma 

Coho Salmon Oncorhynchus krsutch 

Warty Sculpin E/lyoxocephalus verrucosus 
Sablefish Anoplopomafimbrra 

Longnose Prickleback Lumpenus longrrostris 

Northern Rockfish Sebastes po1,vspmrs 

Daubed Shamy Lumpenus maculatus 

Flnt?.ead Sole Hippoglossoides elassodon 

Sawback Poacher Sarritor frenatus 

Rare Soft Sculpin Gilbertrdia srnalutes - 
4% of sets in Petrale Sole Eopsetta jordani 
at least one of the 
time periods Prowtish Znprora srlenus 

Padded Sculpin Artedius fenestralis 

Pac~fic Hallbut Hrppoglossus stenoleprs 
Lemon Sole Parophrys vetulus 

Capelm hfallotus vrllo~us 

Arctlc S h a ~ y  Strchaeus punctatus 

Yellow Insh Lord Hemrleprdotus jordanr 

R~bbed Sculp~n Trrglops prngelr 

Smooth All~gatorlish Anoplagonus rnermrs 

Smooth Lumpsucker Aptocyclw ventrrcos~rs 0 0.0 1 0.3 

' 1976 data also includes: 28% sets with unidentified sculpins and 25% sets with unidentified greenlings. 



Table 2. Summary of nearshore community parameters for Kachemak Bay (1976 & 
1995/96), Chisik Island, and the Barren Islands. 

Location Year CPUE H ' J ' D 

Kachemak Bay 1976 3 05 0.74 0.23 2.27 

Kachemak Bay 1995/96 51 1 1.05 0.29 3.26 

Chisik Island 1996 3 3 2.13 0.67 3.34 

Barren Islands 1996 4506 0.06 0.03 0.91 



Table 3. CPUE and (Frequency of Occurrence) on consecutive sets for high and low 
tidal states at Kachemak Bay for selected species. 

High Tide (142 Sets) Low Tide (96 Sets) 
Species 

Set 1 Set 2 Set 1 Set 2 

Pacific Herring 1.7 (10) 0.7 (1 1) 0.2 (4) 35.3 (10) 

Pink Salmon 37.3 (28) 21.4 (23) 3.0 (48) 17.8 (35) 

Dolly Varden 3.0 (39) 8.5 (37) 5.7 (40) 2.8 (44) 

Pacific Cod 3.4 (1 1) 4.7 (17) 18.5 (29) 13.5 (25) 

1st. Year Sand Lance 892.9 (54) 156.6 (61) 67.5 (35) 11.7 (29) 

Mature Sand Lance 5.2 (27) 9.5 (28) 48.4 (40) 4.6 (42) 

Whitespotted Greenling 0.1 (6) 0.1 (6) 0.4 (23) 1.6 (25)  

Silverspotted Sculpin 0.0 (0) 0.1 (3) 1.6 (25) 0.5 (27) 

Great Sculpin 0.3 (44) 1.4 (56) 1.8 (58) 0.9 (50) 

Tubenose Poacher 0.07 (7) 0.1 (8) 0.3 (17) 0.3 (10) 

Rock Sole 0.1 (6) 0.3 (16) 3.0 (63) 2.4 (50) 



Table 4. Comparison of nearshore fish catch at Kachernak Bay between 1995 and 1996 for species 
occuring in over 10 percent of seines. 

1995 1996 

Species 

Sand Lance 

Dolly Varden 

Great Sculpin 

Pink Salmon 

Rock Sole 

Pacific Cod 

Herring 

Whitespotted Greenling 

Tubenose Poacher 

Fre uency 
of E apture 

75.0 

68.3 

68.3 

5 1.7 

33.3 

41.7 

30.0 

20.0 

31.7 

% of Total 
Catch 

66.6 

1.8 

0.7 

3 .O 

0.2 

7.4 

16.1 

0.2 

0.3 

CPUE Fre uency 
of E apture 

67.2 

55.7 

49.2 

52.5 

36.9 

18.9 

11.5 

21.3 

11.5 

% of Total 
Catch 

60.0 

1.8 

0.2 

13.8 

0.4 

0.5 

16.5 

0.1 

>o. 1 

CPUE 

Silverspotted Sculpin 20.0 0.2 0.8 1 17.2 0.1 0.5 



Table 5.  Numbers of individuals caught in beach seines at Chisik Island and the Barren Islands. 
Chisik Island Barren Islands 

30 Sets 40 Sets 
Pacific Herring Clupea harengus pallasi 18 0 
Pink Salmon Oncorhynchus gorbuscha 2 1 449 
Coho Salmon Oncorhynchus kisutch 1 0 
Red Salmon Oncorhynchus nerka 1 0 
Dolly Varden Salvelinus malma 297 5 
Surf Smelt Hypomesus pretiosus pretiosus 0 2 2 
Capelin Mallotus villosus 13 13.5 
Eulachon Thaleichthys pacificus 3 0 
Longfin Smelt Spirinchus thaleichthys 5 0 
Pacific Cod Gadus macrocephalus 74 503 
Pacdic Tomcod Microgadus proximus 2 0 
Walleye Pollock Theragra chalcogramma 0 1 
Threespine Stickleback Gasterosteus aculeatus 10 0 
Pacific Sandfish Trichodon trichodon 0 0 
Pacific Snake Prickleback Lumpenus sagitta 119 0 
Crescent Gunnel PhoIis laeta 11 0 
Prowfish Zaprora silenus 0 0 
Pacific Sand Lance Ammodytes hexapterus 233 17860 1 
Rock Greenling Hexagrammos lagocephalus 1 1 
Kelp Greenling Hexagrammos decagrammus 0 5 
Whitespotted Greenling Hexagrummos stelleri 22 0 
Lingcod Ophiodon elongatus 0 13 
Silverspotted Sculpin Blepsias cirrhosus 2 0 
Padded Sculpin Artedius fenestralis 2 0 
Pacific Staghorn Sculpin Leptocottus armatus 2 0 
Great Sculpin Myoxocephalus polyacanthocephalus 3 2 0 
Unidentified Sculpins 0 482 
Sawback Poacher Sarritor Jrenatus 5 0 
Pacific Halibut Hippoglossus stenolepis 1 0 
Butter Sole Isopsetta isolepis 0 13 
Rock Sole Lepidopsetta bilineata 62 0 
Starry Flounder Platichthys stellatus 5 1 0 
Total Fish 988 180,232 



Tabre 6. Numbers of fish caugh in mid-water trawls at Kachemak Bay, Chisik Island, and the 
Barren Islands. 

Common Name Latin Name Kachemak Bay Chisik Island Barren Islands 
16 Sets 6 Sets 17 Sets 

Walleye Pollock Theragra chalcogramma 456 123 12,912 
Pacific Sand Lance Ammodytes hexapterus 3857 132 195 
Capelin Mallotus villosus 44 1 14 1 840 
Pink Salmon Oncorhynchus gorbuscha 413 44 0 
Pacific Cod Gadus macrocephalus 317 4 1 
Pacific Sandfish Trichodon trichodon 0 59 0 
King Salmon Oncorhynchus tshuwytscha 0 19 0 
Tadpole Sculpin Psychrolutes paradoxus 16 0 0 
Snailfish Spp. Cyclopteridae 1 4 0 
Eulachon Thaleichthys paczJicus 0 10 0 
Prowfish Zaprora silenus 9 0 1 
Rock Sole Lepidopsetta bilineata 2 1 6 
Flatfish Spp. Pleuronectidae 6 0 0 
Armorhead Sculpin Gymnocanthus galeutus 0 5 0 
Sculpin Spp. Myoxocephalus Spp. 2 0 1 
Sculpin Spp. Gymnocanthus Spp. 2 0 0 
Dover Sole Microstomus paciJicus 0 2 0 
Poacher Spp. Bathyagonus Spp. 2 0 0 
Smooth Alligatorfish Anoplagonus inermis 0 2 0 
Pacific Herring Clupea harengus pallasi 0 1 0 
Spinyhead Sculpin Dasycottus setiger 0 1 0 
Northern Sculpin Icelinus borealis 0 1 0 
Ribbed Sculpin Triglops pingeli 0 1 0 
Arrowtooth Flounder Atheresthes stomias 0 1 0 
Starry Flounder Platichthys stellatus 1 0 0 
Pacific Lamprey Lampetra tridentatus 0 1 0 
Total Fish 5525 552 13,956 



Table 7. Summary of shelf community parameters for Kachemak Bay, 
Chisik Island, and the Barren Islands. 

CPUE H ' J' D 

Kachemak Bay 345 1.07 0.40 1.51 

Chisik Island 92 1.89 0.64 2.85 

Barren Islands 82 1 0.3 1 0.16 0.63 



Figure 1. Map of lower Cook Inlet showing the three study areas and oceanography. 

Figure 2. Seasonal variation in 1996 water temperatures at 5 m depth at Kachernak Bay (I), 
Chisik Island (2) and the Barren Islands (3). 

Figure 3. Depth variations in physical parameters for shelf areas at Kachemak Bay (-), Chisik 
Island (---) and the Barren Islands (----). 

Figure 4. Seasonal variations in nearshore abundance for selected species at Kachemak Bay. 
CPUE by month (bar graph) and fiequency of occurrence (line graph). 

Figure 5. Seasonal fluctuations of community parameters [number of species, species diversity 
(H'), evenness (J'), and species richness (D)] for the nearshore fish community of Kachemak Bay. 

Figure 6. Seasonal variation in nearshore CPUE during 1976 (**m*) and 1996 ( )  at Kachemak 
Bay. 

Figure 7. CPUE of major taxa caught in the nearshore on adjacent high (I N=93) and low tides 
(U N=90) during 1996 (February-October). Numbers are percent frequency of occurrence. 

Figure 8. Percent composition of major taxa in the nearshore (H) and shelf(0) areas of 
Kachemak Bay, Chisik Island, and the Barren Islands. 
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INTRODUCTION 

Some seabird populations in the Gulf of Alaska have declined markedly during the past few 

decades (Hatch and Piatt 1995; Piatt and Anderson 1996). Whereas human impacts such as those 

from the Exxon Valdez oil spill can account for some proportion of these declines (Piatt et al. 

1990), natural changes in the abundance and species composition of forage fish stocks have also 

affected seabird populations (Decker et al. 1994; Piatt and Anderson 1996). Marine fish 

communities in the Gulf of Alaska changed dramatically during the past 20 years (Anderson et 

al. 1994). Coincident with cyclical fluctuations in sea-water temperatures, the abundance of 

small forage fish species such as capelin (Mallotus villosus) declined precipitously in the late 

1970's while populations of large predatory fish such as walleye pollock (Theragra 

chalcogramma) and cod (Gadtu paczJica) increased dramatically. Correspondingly, capelin 

virtually disappeared from seabird diets in the late 1 9701s, and were replaced by juvenile pollock 

and other species in the 1980's (Piatt and Anderson 1996). Seabirds and marine mammals 

exhibited several signs of food stress (population declines, reduced productivity, die-offs) 

throughout the 1980's and early 1990's (Menick et al. 1987; Piatt and Anderson 1996). Similar 

trends in oceanography, seabird population biology and prey availability have been noted in the 

Bering Sea, although the cycle there appears to be offset by 4-5 years from events in the Gulf of 

Alaska (Decker et al. 1994, Springer 1992). 

Factors that regulate seabird populations are poorly understood, but food supply is clearly 

important (Cairns 1992). In many cases, anthropogenic impacts on seabird populations cannot be 

distinguished from the consequences of natural variability in food supplies (Piatt and Anderson 

1996). Thus, 'management' of seabird populations remains an uncertain exercise. For example, 

how can we enhance recovery of seabird populations lost to the Exxon Valdez oil spill if food 

supplies in the Gulf of Alaska limit reproduction? Would commercial fishery closures reduce or 

increase food availability to seabirds? What are the minimum forage fish densities required to 

sustain seabirds? 

We are attempting to answer some of these questions by studying seabird and forage fish 

interactions in lower Cook Inlet. Upwelling of oceanic water at the entrance to Cook Inlet 

creates a productive marine ecosystem that supports about 2-3 million seabirds during summer. 

More seabirds breed here than in the entire northeast Gulf of Alaska (including Prince William 

Sound) and concentrations at sea (up to 90 kg/km2) are among the highest in Alaska (Piatt 1994). 

For these reasons, the greatest damage to seabirds from the Exxon Valdez oil spill occurred in 

lower Cook Inlet (Piatt et al. 1990). 



Pilot studies were initiated in 1995. The overall objective was to quantify and contrast seabird- 

forage fish relationships at three seabird colonies in lower Cook Inlet: Chisik Island, Gull Island 

(Kachemak Bay), and the Barren Islands. The abundance and species composition of forage fish 

schools around each colony were quantified with hydroacoustic surveys, mid-water trawls, and 

beach seines. At each colony, we measured breeding success, diet composition, and foraging 

effort of several seabird species including: common murres, black-legged kittiwakes, pigeon 

guillemots, pelagic cormorants, glaucous-winged gulls, tufted puffins and homed puffins. 

Preliminary analyses indicate that the types and quantities of forage fish available to seabirds at 

each colony differed significantly, and this influenced breeding success of seabirds at each 

colony. 

In 1996, this research program was refined and expanded where appropriate. For example, we 

increased hydroacoustic sampling of nearshore habitats, tried some new fishing techniques (pair 

trawls, cast-nets), increased study effort on some species of seabirds (pigeon guillemots, puffins, 

cormorants) and forage fish (sandlance), and increased coordination of seabird studies at the 

three colonies (for example, we synchronized feeding watches and census counts with respect to 

breeding phenology). The basic components of this study have not changed, however, and we 

will measure the same fundamental parameters of forage fish and seabird biology for the duration 

of the 10-year study (1 995-2005). 

This report details some of the results obtained at Gull and Chisik ~sl'ands, including population 

trends, breeding success, and time-activity budgets for several of the key species breeding at 

these islands. Results presented here will eventually be combined with those from the Barren 

Islands (data presently being analysed by the Alaska Maritime National Wildlife Refuge). 

METHODS 

Study Areas 

Chisik: Chisik and Duck Islands (collectively referred to as Chisik) are located on the western 

side of lower Cook Inlet at about 60" 09' N, 152" 34' W (fig 1). Both are part of the Alaska 

Maritime National Wildlife Refuge. Chisik Island encompasses about 2606 ha, has a peak 

elevation of 8 15 m, and is located about 0.8 km from the mainland. Duck Island is 0.4 km east of 

Chisik, covers about 2.4 ha and reaches a maximum elevation of 49 m. Common murres (Uria 

aalge), black-legged kittiwakes (Rissa tridactyla), homed puffins (Fratercula corniculata), and in 

smaller numbers pelagic cormorants (Phalacrocorax pelagicus), double-crested cormorants (P. 

nuritus), tufted puffins (F. cirrhata) glaucous-winged gulls (Lams glaucescens) and parakeet 



auklets (Cyclorrhynchus psittactlla) nest on cliffs and talus slope of the islands. The gulls also 

nest throughout the vegetated interior portions of the island. The majority of the study was 

conducted at Duck Island, and personnel stayed at the Duck Island Camp. Two - three people 

occupied the camp from 22 June - 7 September. They commuted to study areas on Chisik by a 

13' outboard- powered inflatable boat. All study sites on Duck were accessed by foot. 

Gull: Gull Island is located in Kachemak Bay on the eastern side of lower Cook Inlet (fig 1). 

The island is situated 5 km southeast of the tip of Homer Spit at 59' 35' 10" N, 15 l o  19' 45" W 

and is owned by the Seldovia Native Corporation. This small island is composed of four rocky 

portions which connect at extremely low tides. The island is largely composed of steep rocky 

cliffs with a small vegetated area across the top. Murres, kittiwakes, pelagic cormorants, tufted 

puffins and in smaller numbers red-faced cormorants and homed puffins nest on the cliff faces 

and upper edges of the island. Gulls nest in all areas, but dominate the vegetated areas. The 

study was conducted on all accessible portions of the island, both by foot and from an 

outboard-powered, 4.8 m rigid-hulled inflatable boat. Due to limited accessibility and space, 

personnel commuted daily to the island by boat from a remote field camp 7 June - 4 September. 

Some monitoring was also conducted at 60-foot Rock, a small rocky island about 6 km south of 

the Homer Spit, which is part of the Alaska Maritime National Wildlife Refuge. 

Productivity 

Murres 

Murre productivity data were collected at 7 study plots established in 1995 and 1996 on Chisik 

and Gull. These plots, each containing 7- 21 nest sites (defined as sites with eggs), were checked 

with 8 X 42 or 10 X 42 binoculars or 15 X 60 spotting scope every 2 - 4 days, weather 

depending. Each plot was checked from a specific observation point or blind; viewing distances 

varied between 3 - 200 m. Nest sites were mapped by hand and plots photographed. On each 

visit, nest sites were checked for adults, eggs, chicks, or adults in incubation or brooding 

postures. Plot checks were initiated when murres began to lay eggs (Chisik: 28 June, Gull: 30 

June) and sites were followed until nest fates could be determined. Chicks last seen at age 15 

days or older were considered to have fledged (Hatch and Hatch 1990). Mean productivity 

(chicks fledged per egg), hatching success (chicks hatched per egg), and standard errors were 

calculated by using plots as sample units. Differences were tested using t-tests. 

On Gull Island an index of murre productivity was also calculated by counting the number of 

chicks per adult on a single visit to large subcolonies (69 - 103 chicks) just prior to peak fledging 

period. 



Kittiwakes 

Kittiwake productivity data were collected at 9 study plots on Chisik and 10 study plots on Gull 

established in 1995 and 1996. The majority of these plots, each containing 6 - 35 nests (defined 

as nest structures which contain eggs at some point during the breeding season), were checked 

with 8 X 42 or 10 X 42 binoculars and 15 X 60 spotting scope every 3-10 days during early 

incubation and every 3 - 5 days when chicks began to hatch. Four plots on Chisik were checked 

by using an extendable mirror pole held just above each nest to reflect the contents to the 

observer holding the pole below. Methods for mapping plots and collecting data were similar to 

those used for murres. Plot checks were initiated during the incubation period when personnel 

arrived at the colonies, and nests were followed until their fates could be determined. Chicks last 

seen at age 34 days or older were considered to have fledged (Hatch and Hatch 1990). Mean 

productivity (chicks fledged per nest), hatching success (chicks hatched per nest), clutch size, 

and standard errors were calculated using plots as sample units. Differences were tested using t- 

tests. 

An index of productivity (chicks per active nest) was also calculated for kittiwakes on Chisik and 

Gull. Counts were taken through binoculars by two observers in a boat 5 - 30 m off shore. All 

nests on Gull and a large sample of nests on Chisik were counted 26 - 29 June at the period of 

mid-incubation. Active nests were defined as those which appeared to contain eggs, mainly 

inferred from adult incubation posture. The same areas were surveyed similarly for visible chicks 

4 - 6 August, prior to peak fledging. Counts were averaged between observers. 

Cormorants 

Six double-crested cormorant nests on Chisik Island were monitored from Duck Island through a 

spotting scope 29 July - 12 August. Due to the great distance, observations were limited to 
counts of adults, nests, and chicks large enough to see over the nest rims. One additional nest on 

Duck was monitored similarly. Maximum productivity was calculated as the greatest number of 

chicks seen per active nest (defined as nests with adults seen in incubating posture for at least 

three consecutive checks). 

On Gull, the contents of eighteen pelagic cormorant nests were checked with 8 X 42 or 10 X 42 

binoculars three times during the incubation cycle and every 4 - 6 days during the chick-rearing 

period. Methods for collecting and analyzing data were similar to those used for kittiwakes on 

Gull, except means and standard errors are calculated using individual nests as sample units. 

Chicks last seen at age 41 days or older were considered to have fledged (Hatch and Hatch 

1990). 



Two pelagic connorant nests on Chisik were checked by boat through binoculars nine times from 

7 July through 2 September. Productivity was inferred by the observation of a chick in one nest 

during four consecutive checks. 

An index of productivity (chicks per active nest) was calculated for all pelagic connorant nests 

on Gull Island. Methods used were similar to those used for the kittiwake index count. Nests 

were counted 5 July, at mid-incubation, and all visible chicks were counted 23 August, just prior 

to the fledging period. 

Puffins 

Homed puffin productivity data were collected from fifty-five nests in four plots at Duck Island. 

All accessible nest sites were checked 4 - 5 July, during the period of mid-incubation. Those 

with both adults and eggs that could be directly observed were followed. Additional sites were 

added as found at later dates. Nests were checked for adults, eggs, chicks, or evidence of 

occupancy (fresh digging, guano, trampled vegetation) every 4 - 5 days or until nest fate could be 

determined. Chicks last seen at age 36 days or older were considered to have fledged. Mean 

productivity (chicks per egg), hatching success (chicks hatched per egg), and standard errors 

were calculated as for murres. 

Gulls 

On Gull Island, data on gull hatching success were collected from five plots that were established 

in 1995. Each plots contained 18 - 33 individually marked nests. Plots were checked every five 

days during incubation for nest contents and every 2 - 3 days when chicks were expected to 

hatch. Hatching success was determined as possible for each egg. Because chicks were not 

individually marked, only chicks which could be assigned to a nest by occupation or proximity 

were recorded as successfully hatched. Eggs with unknown fates due to chicks leaving the nest 
bowl were not included in hatching success calculation. Limited gull productivity data were 

collected at Chisik. During the late incubationlearly chick-rearing period areas on Duck Island 

known to contain nesting gulls were searched for nests. Contents of all nests found 24 June were 

recorded, and nest containing eggs were revisited 29 June to determine egg fate. Due to the 
unknown number of eggs laid, an index of hatching success (chicks seen per nest) was 

calculated. The same index was calculated with Gull Island nests for comparative purposes. 

Differences were tested using t-tests. 



Phenology 

Median hatch date was chosen as the primary measure of nesting chronology. When the events 

were not observed, laying and fledging dates were determined using previously established 

ranges in incubation and chick departure days (Hatch and Hatch 1990). When nest status changed 

from egg to chick between nest checks, the mid- date between checks was used to establish hatch 

date. When an even number of days passed between observed status change, the later date was 

used. When greater than nine days between status change elapsed, hatching dates were not 

calculated. Hatching dates for cormorants on Chisik were not estimated because nest contents 

were never observed. 

Populations 

On Chisik Island, murres were counted 6 - 9 times on two previously established and three newly 

established population plots. Counts were taken between early incubation and early hatching 

periods by two observers with binoculars from a boat or a land-based observation point. Counts 

were taken between 1000 and 1600 hours, weather permitting, and averaged between observers. 

Mean plot populations were calculated using replicate counts as sample units. On Gull Island, 

murres were counted 8 - 10 times on twelve previously established population plots. A single 

count was also taken at ten new population plots established and photographed this year. Counts 

were made and data analyzed using similar methods to those used at Chisik. 

On Chisik and Gull, kittiwakes, cormorants, and gulls were counted 6 - 10 times on 8 and 12 

plots respectively. All counts were made by observers in a boat. Gulls were also counted 6 times 

on two gull population plots (one counted from land, one from a boat) established on Duck 

Island this year. Counts were made and data analyzed using similar methods to those used for 

rnurres. 

Horned and tufted puffins on and around Duck Island were counted twice during the late 

incubatiodearly hatching period. Counts were taken between 2 100 - 2 13 5 ,  the period of highest 

estimated activity, by two observers circumnavigating the island by foot. All birds in the air and 

on the water within 200 m of the shore were counted. Counts were averaged for mean population 

indices. 



Time-Activity Budgets 

Murres 

On Chisik Island, continuous diurnal observations of incubating and brooding murres were 

conducted by observers alternating shifts in a blind 8 - 30 m away. Observations of arrivals, 

departures, incubation and brooding shift exchanges, feeding, and prey type and size, if possible, 

were made through 8 X 42 or 10 X 42 binoculars. Activity was recorded to the nearest minute. 

Three watches were conducted between 0500 - 2259 on 11 sites with incubating murres . Seven 

watches were conducted between 0600 - 2 159 on 7 - 10 sites during the chick-provisioning 

period. Total numbers of amvals, departures, and nest exchanges were recorded for each site 

each day. Total numbers of chick feedings and minutes of adult attendance were recorded for 

each site each hour and totaled for each watch. Hourly adult attendance was recorded in 

bird-minutes, derived from the total number of minutes each adult spent at the nest site in an 

hour (e.g. a site continuously occupied by 1- 2 adults would have a range of 60 - 120 

bird-minutes of attendance). Nest exchanges that occurred between two adults within one minute 

were not recorded as additional nest attendance. Foraging trip lengths, the number of minutes 

elapsed between each observed adult departure and subsequent arrival, were calculated and 

analyzed for all sites in each watch. Diurnal patterns of adult attendance and numbers of chick 

feedings were analyzed for each site for each watch. 

On Gull Island, a time-lapse video camera was used to record the same murre activities observed 

on Chisik. The camera was set to include 10 viewable murre sites within the picture frame, and 

the connected video recorder taped four still frames per second from 0600 - 2 159. Personnel 

pre-programmed the camera to record and retrieved the videotape when taping was completed. 

The tapes were later viewed on a color monitor by 2 - 4 observers. All visible activities at the 
nest sites were recorded to the nearest full minute. Data were summarized and analyzed as 

described for the murre activity watches at Chisik. 

Mean adult attendance, chick feeding rates, adult trip lengths, and number of next exchanges 

were compared between colonies. Differences in time-activity budgets were tested with analysis 

of variance (ANOVA), Kruskal-Wallis ANOVA, Mann-Whitney Rank Sum Tests, and t-tests. 

Correlations with time were tested by Pearson Product Moment Correlation (PPMC). 

Kittiwczkes 

On Chisik Island, kittiwake nests were observed from 0500 - 2259 once during incubation, once 

during late incubatiodearly chick provisioning (nests analyzed separately), and three times 

during the chick provisioning period. Six to ten nests were observed in each watch. On Gull 



Island, activity data at kittiwake nests were recorded from 0600 - 2 159 twice during incubation 

and three times during the chick provisioning period. Eight to twelve nests were observed in each 

watch. Data were collected and analyzed using similar methods as described for murres on each 

island. Only the first bout of chick feeding from an adult that had previously been away from the 

nest for more than 30 minutes was recorded. As chick feeding was often difficult to discern on 

the videotapes, all apparent attempts were recorded at Gull Island but not included in the 

analyses. Differences in time-activity budgets were tested with ANOVA and t-tests. 

Cormorants 

On Gull Island, activity data at two pelagic cormorant nests were recorded from 0600 - 2159 four 

times during the incubation period and twice during the chick provisioning period. Data were 

collected using the same methods as described for murres on Gull and have not yet been 

analyzed. 

Chick Growth Rates 

Murres 

On Chisik and Gull Islands, a sample of 15 - 30 unmarked murre chicks of unknown age were 

weighed and measured three times. Personnel visited the colonies at dawn or after sunset during 

the early, mid, and late chick-rearing periods and attempted to measure a representative sample 

of chicks of varying ages. Weight in grams, flattened wing chord to the nearest millimeter, and 

culmen to the nearest 0.1 millimeter were recorded for each chick. Personnel time in the colony 

was limited to 30 minutes. Mean mass as a hnction of wing length was plotted for all data. The 

linear phase of mass increase was determined to be between wing lengths of 30 - 40 mm by 

plotting mean mass as a function of wing length. For all measurements within the linear phase, 

mass was divided by wing length to derive an index of body condition. These values were 

averaged for each island and differences compared using t-tests. 

Kittiwakes 

On Chisik and Gull Islands, individually marked and/or known kittiwake chicks were weighed 

and measured every five days. Chicks with unknown hatch dates were aged using data from 

known-age kittiwake chicks in Shoup Bay, AK. Growth rate data were collected on 11 kittiwake 

chicks at Chisik and 34 chicks on Gull. Weight to the nearest gram, flattened wing chord to the 

nearest millimeter, and culmen and head-plus-bill length to the nearest 0.1 millimeter were 

recorded on each visit. Chicks at Gull Island were banded with stainless steel USFWS bands 

when they weighed over 250 g to distinguish twins and identify any chick movement between 

nests. Chicks were followed until their fates were determined. The linear growth phase was 



determined to be between 6 - 22 days by plotting mean mass at each age and choosing the period 

with the most linear increase. Least squares regression were calcillated for each chick within the 

linear phase and values averaged for each island. Differences between islands were compared by 

t-tests. 

Puffins 

Nineteen homed puffin chicks at Duck were weighed and measured every 4 - 5 days until their 

fates were determined. Weight in grams, flattened wing chord to the nearest millimeter, and 

culrnen to the nearest 0.1 millimeter were recorded on each visit. The linear growth phase was 

determined to be between 8 - 32 days by plotting mean mass at each age and choosing the period 

with the most linear increase. Least squares regression were calculated for each chick within the 

linear phase and values averaged for the island. 

Chick Diets 

Murres 

On Chisik and Gull Islands, murre chick diet composition was determined from sample 

collections and provisioning observations. Murre chicks meals were collected opportunistically 

when personnel were in the colonies to measure chicks. All fish seen on the colony substrate 

were collected, identified, and preserved. Additionally, adults carrying fish were observed with 

binoculars from blinds or observation points. Personnel recorded every meal delivery into the 

colony and identified the prey type to lowest practical taxonomic level and estimated prey size 

in relation to murre bill length when possible. Unidentified prey were included to avoid biases 

towards easily identifiable species. Percent composition was calculated for all items collected on 

each island. Differences between islands were tested using Z tests with Yates correction. 

Kittiwakes 

Kittiwake chick regurgitants were collected opportunistically while handling chicks or induced 

through gentle throat massage. Special effort was taken to collect samples throughout the chick 

provisioning period. All samples were placed in individual bags, numbered, and preserved 

shortly after collection. Data have not yet been analyzed. 

Pzlffirzs 

Samples of homed puffin chick meals were collected on Duck Island throughout the chick 

provisioning period. Two methods were used. In one method, wire mesh screens were placed 

over nest crevice entrances to block returning adults and cause them to drop any prey items. The 

other method involved spreading a fine mesh gill net over an area with several puffin nest 



entrances in hopes of temporarily entangling returning adults and causing them to drop their 

prey. Both screens and nets were in place for 1.5 - 2 hours, then collected along with any 

samples. In additions, opportunistic sightings of dropped prey were collected. All samples were 

bagged, numbered, labeled with collection method, and preserved. Diet composition was 

calculated by individual fish and by bill load for all items collected. 

Statistical Analyses 

All statistical analyses were performed using Sigmastat (v. 2.0, Jandel Scientific Software). All 

means are reported pus or minus one standard error. 

RESULTS 

Productivity 

Murres 

Murre productivity was high at both Chisik (0.78 * 0.04, n = 7) and Gull (0.87 * 0.05, n = 7). 

There was no significant difference between the two values (t-test, df = 12, p = 0.185). Hatching 

success was similarly high at both colonies (Chisik: 0.82 * 0.04, n = 7; Gull: 0.92 * 0.03, n = 7). 

There was no significant difference between the colonies (t-test, df = 12, p = 0.069). The 

hatching success value at Gull may be a maximum value, since early egg loss may have been 

unaccounted for as nest observations were initiated as active sites were found. 

Productivity appeared low at Gull based on index estimates. The mean number of chicks per 

adult in a single visit to two additional plots was 0.22 (n = 169 chicks). 

Kittiwakes 

Kittiwakes exhibited near reproductive failure at Chisik (0.05 i 0.03 chicks fledged per nest, n = 

9), but produced many fledglings at Gull (0.87 + 0.10, n = 10) (t-test, df = 17, p = <0.001). At 

Chisik, great loss occurred during the chick stage. There was no significant difference in 

hatching success in the same plots at each island (Chisik: 0.71 k 0.04; Gull: 0.71 * 0.04; t-test, df 

= 17, p = 1.0). Mean clutch sizes were significantly higher at Chisik (1.85 k 0.02) than at Gull 

(1.69 * 0.05) (t-test, df = 17, p = 0.01 1) 



The index productivity estimate at Chisik (0.05 chicks per nest, n = 2489) reflected productivity 

in the closely monitored plots. On Gull, the index productivity estimate (0.56, n = 5 152) was 

somewhat lower than that seen in the plots. 

Cormorants 

An estimate of pelagic cormorant productivity at Chisik was limited to one nest which appeared 

to fledge a single chick. A second nest which disappeared early in the season likely did not 

contain any eggs. Pelagic cormorant productivity at closely monitored nests at Gull was high 

(1.83 -1. 0.3 1, n = 18) and not significantly different from estimated productivity for all 

cormorants on the island (1.59 -1. 0.14, n = 87)( t-test, df = 103, p = 0.48). Hatching success was 

also high in the closely monitored nests (0.77 + 0.08, n = 20 ). Clutch size in these nests varied 

(3.1 -1.0.25, n = 20). 

Estimated red-faced cormorant productivity at Gull was high (2.75 + 1.1 1, n = 4). 

Double crested cormorants appeared productive at Chisik. A maximum production value of 1.7 1 

was estimated from the greatest number of large chicks discerned in eight nests. 

Puffins 

Homed puffin productivity at Chisik was fairly high (0.66 -1. 0.07, n = 4), only somewhat lower 

than hatching success in the same plots (0.86 i 0.07). Based on observed adult activity and the 

sighting of a large chick, the two homed puffin nests at Gull most likely fledged chicks. 

Gulls 

Based on an estimate of chicks per nest, gull hatching success per nest at Chisik (1.8 1 & 0.16, n = 

32) was significantly higher than a similar estimate ai Gull (1.19 & 0.10, n = 124)( t-test, df = 

154, p = 0.004). However, hatching success per egg in closely monitored plots at Gull was lower 

(0.68 -1. 0.03, n = 5). Mean clutch size in all nests was 2.37 + 0.08 (n = 124). 

Phenology 

Murres 

The median hatch date at Chisik was 10 August (range: 28 July - 20 August) and at Gull was 13 

August (range: 3 August - 3 September). Murres at Chisik hatched significantly earlier than those 

at Gull (Mann-Whitney Rank Sum Test, p = <0.001). 



Kitliwakes 

The median hatch date at Chisik was 2 July (range: 27 June - 25 July) and at Gull was 8 July 

(range: 28 June - 29 July). Kittiwakes at Chisik hatched significantly earlier than those at Gull 

(Mann-Whitney Rank Sum Test, p = <0.00 1). 

Cormorants 

The median hatch date for pelagic cormorants at Gull was 10 July (range: 8 July - 5 August). 

Hatching was not be observed at Chisik. 

PttfJins 

The median hatch date at Duck was 23 July (range: 15 July - 5 August). Hatching was not 

observed at Gull. 

Gulls 

Although early hatching was not observed at Chisik, hatching appeared to be much earlier at 

Chisik than at Gull. The median hatch date at Gull was 2 July (range: 28 June - 18 July). In 

contrast, all eggs on Chisik had hatched by 29 June. 

Populations 

Murres 

The mean number of murres on plots at Chisik was 162 (n = 9). This value continues a declining 

trend from previous years (fig 2). The mean number of murres in newly established plots was 76 

(n = 6). Expanding our monitoring effort in newly established plots will further document this 

trend. The mean number of murres on plots at Gull was 327 (n = 10). This value has decreased 
slightly in the past year, but continues a generally increasing trend in numbers in the past ten 

years (fig 3). 

Kittiwakes 

Mean numbers of kittiwakes (741, n = 6) and nests (714, n = 3) in plots at Chisik have increased 

slightly in the past year, continuing an unclear trend in population fluctuations (fig 4). Overall 

numbers of adults and nests have declined from counts in 1986. Mean numbers of kittiwakes 

(1  175, n = 10) and nests (816, n = 6) on plots at Gull decreased slightly, yet overall numbers 

continue to remain stable (fig 5). 



Cormorants 

Mean numbers of pelagic cormorants (3 1, n = 10) and nests (20, n = 6) in plots at Gull declined 

in the past year. However, excluding a substantial drop in 1992, numbers of cormorants and nests 

have remained generally stable in the past ten years (fig 6). 

Pufins 

The mean number of homed puffins counted on Duck Island was 864 * 67.38 (n = 2). The mean 

number of tufted puffins counted was 9 i 2.13 (n = 2). 

Time-Activity Budgets 

Murres 

For all watches combined, murres at Gull spent on average 68.9 * 0.81 minutes per hour at the 

nest sites (n = 92), while murres at Chisik spent 62.9 * 0.49 minutes per hour at the nest site (n = 

163) (fig 7). Breeding murres at Gull spent significantly more time at their nest sites than those at 

Chisik (t-test, df = 14, p = 0.036). Patterns of attendance over the season were similar between 

islands. Both islands showed highest average attendance in watches during early incubation. 

Attendance declined at both colonies as the season progressed. Mean hourly attendance on the 

final watch at Chisik (52.7 * 1.77) dropped below sixty minutes due to repeated desertion of 

chicks by some adults. 

Daily patterns generally show higher mean attendance in the latter half of the day. Highest hourly 

values for all watches at Gull occurred between 1500 and 21 59. During incubation, Chisik murre 

attendance showed the same general pattern as on Gull, but during the chick-rearing stage, 

highest hourly attendance occurred between 0700 - 1259. 

Both chick feeding rates and adult trip durations showed strikingly different patterns between 

islands. For the entire provisioning period, the mean feeding rate at Gull was 5.03 5 0.82 

deliveries per chick per hour (n = 3) and at Chisik was 2.58 * 0.29 (n = 3)(fig 8). Murre chicks at 

Gull were fed significantly more often than those at Chisik (Mann-Whitney Rank Sum Test, p = 

0.009). Daily mean feeding rates at Gull differed significantly (Kruskal-Wallis ANOVA on 

ranks, p = 0.028) and increased as the season progressed (PPMC, r = 0.439, p < 0.050). The daily 

mean feeding rate at Chisik on one day (20 August) was significantly higher than that on two 

other days (1 2 and 19 August)(ANOVA, P <0.05), but there were no other significant differences 

between days. Daily mean feeding rates were not correlated with date (PPMC, r = 0.119, p = 

0.399). Rates remained relatively level over the season. 



Over the same period, mean adult trip duration at Gull was 129.37 5 9.45 minutes (n = 127) and 

at Chisik was 242.9 * 20.56 (n = 107)(fig 9). Murres at Gull spent significantly less time away 

from their nest sites that those at Chisik (Kruskal-Wallis ANOVA by ranks, P = <0.001). Daily 

mean trip durations at Gull differed significantly between watches (Kruskal-Wallis ANOVA on 

ranks, p = 0.001) and decreased as the season progressed (Pearson Correlation, p < 0.001). At 

Chisik there was no significant difference between daily mean trip durations (Kruskal-Wallis, p = 

0.234), nor any correlation between feeding rates and date (Pearson Correlation, p = 0.959). 

There was no significant difference between the mean number of exchanges of incubation duty 

between adults at the nest sites at Chisik (0.94 i 0.14, n = 33) and Gull (1.17 i 0.14, n = 35)(t- 

test, df = 66, p = 0.250). However, the number of exchanges during the brooding period at Gull 

(3.27 + 0.73, n = 30) was significantly higher than that at Chisik (2.07 * 0.15, n = 6l)(t-test, df = 

89, p = 0.032). 

Kittiwakes 

Adult kittiwakes at both islands spent little time at the nests when not incubating or brooding. 

Average hourly nest attendance at Chisik was 58.84 i 0.46 minutes per hour (n = 88) and at Gull 

was 59.85 i 0.40 (n = 68). A t-test detected no significant difference between the values (df = 

154, p = 0.1 1 1). Daily mean values generally remained constant over the season, but dropped 

below sixty during the mid and late chick-rearing period at Chisik (59.2 i 0.6; 54.1 k 1.91) and 

late chick-rearing period at Gull (56.6 k 4-04), when chicks were periodically left unattended. 

The mean number of adult exchanges at the nests during the mid - late chick-rearing period at 

Chisik was 2.75 i 0.52 (n = 12) and Gull was 4.11 h 0.55 (n = 18) An ANOVA detected no 

significant difference between the values (p = 0.099). 

During the mid-late chick-rearing period, the average time spent away from the nest site by the 

off-duty kittiwakes at Chisik was 215.17 h 29.77 minutes per trip (n = 29), whereas at Gull the 

average duration was 137.6 * 8.49 minutes (n = 90). Kittiwakes at Chisik were away for 

significantly longer periods of time than those at Gull (ANOVA, p = 0.030). 

Cormorants 

Data have not yet been analyzed. 



Chick Growth Rates 

Murres 

During the linear growth phase, chick body condition at Chisik was 3.93 *0.12 grams per mm 

wing length (n = 44), while those at Gull were 4.25 i 0.19 grams per mm wing length (n = 25). 

A t-test detected no significant difference between values at each island (df = 67, p = 0.139). 

Kittiwakes 

During the linear growth phase, the average growth rate of all chicks at Chisik was 11.07 * 1.87 

grams per day (n = 1 I), while the average rate at Gull was 16.64 * 0.61 grams per day (n = 34). 

Growth rates were significantly higher at Gull than at Chisik (t-test, df = 43, p = <0.001). 

Puf$ns 

During the linear growth phase, the average Homed Puffin chick growth rate was 9.43 h 0.79 

grams per day (n = 14). 

Chick Diets 

Murres 

Murre chick diets at Chisik and Gull Islands comprised mainly capelin, sandlance, gadids, 

salmonids, and to a lesser degree, pricklebacks, genus Lumpenus (n = 368). Smelt and sandfish 

were prevalent in chick diets at Chisik only, comprising 33% and 7% of identifiable prey items 

respectively. There was no significant difference between islands in the proportion of capelin, 

sandlance, gadids and salmonids in total identified prey. Proportion of Lumpenus in diets at 

Chisik (1%) and Gull (3%) differed significantly (z-test with Yate's correction, p = 0.002). 

Kittiwakes 

Collections have not yet been analyzed. 

Puffins 

Sandlance dominated homed puffin chick meals at Chisik. Ninety-three percent of fish delivered 

to chicks were sandlance. The remainder were mainly capelin (4%) and salmonids (2%). 
Seventy-six percent of bill loads were completely sandlance. Fourteen percent contained more 

than one type of prey. The remainder contained only capelin (4%), salmonids (3%), and others 

(3 O/o). 



DISCUSSION 

Discussion of results is focused on differences between colonies in the 1996 breeding season. 

Some comparisons in population trends are made with data from past monitoring efforts. This 

year, the scope of this project expanded to include more behavioral, diet, and productivity 

monitoring. With greater effort in coming years, detailed inter-annual analyses will become 

possible. 

Murres 

Common murres lay a single egg in dense colonies and have been shown to dive as deep as 200m 

and range as far as 100 km while provisioning chicks (Piatt 1987). Murres have been shown to 

adjust their foraging behavior in response to a changes in food supply (Burger and Piatt 1990, 

Monaghan et al. 1994). High productivity at both Chisik and Gull Islands suggest murres were 

able to utilize available resources successfully this year. 

However, differences in adult behavior parameters between colonies suggest that murres at 

Chisik were working harder than those at Gull to achieve the same results. Murres at Gull made 

shorter foraging trips and non-brooding adults spent more time at the nest site, suggesting that 

murres at Gull may have been foraging closer to the colony than those at Chisik. These 

differences in behavior seemed to compensate for any differences in food supply, allowing high 

reproductive success. 

Although resources were within threshold limits at Chisik for birds to fledge young, behavior 

adjustments suggest that food supply may have been be sub-optimal. The population decline 

suggests that while these resources supported production this year, they have not been great 

enough to sustain population growth. 

Kittiwakes 

Black-legged kittiwakes are a highly colonial species that typically lay one or two eggs in each 

nest (Hatch et al. 1993). They are surface feeders and forage close to the nesting colony. 

Variability in prey densities within their limited foraging range has been shown to have direct 

effects on nest success at the colonies (Uttley et al. 1994). Kittiwakes frequently experience 

complete colony reproductive failure, yet can fledge more than one chick per nest when 

conditions are favorable (Hatch et al. 1993). 

High clutch sizes and hatching success rates at both Chisik and Gull suggest conditions were 

initially favorable to kittiwakes for reproduction. However, nest desertion and high chick loss at 



Chisik shortly after hatching suggest adults were not able to provision chicks successfully. The 

near complete reproductive failure illustrates the extent of the chick loss. At Gull, kittiwakes 

continued to do well throughout the fledging period, suggesting that the forage base within the 

adults' range was favorable. The difference between colonies in time spent away by the 

provisioning adult reflected difference in foraging effort. The longer trips at Chisik may have 

surpassed a threshold limit for successful provisioning. 

Fluctuations in kittiwake populations at Chisik may be influenced by fluctuations in reproductive 

success. Whereas at Gull, the stable population size may reflect a more consistent food supply, 

and hence, more consistent reproductive success. 

CONCLUSION 

At Chisik Island, foraging strategy seemed to be a crucial factor in reproductive success. Murres 

and homed puffins, species which have extended foraging ranges, bred successfully this year, 

while kittiwakes, a species with a restricted foraging range, did not. However, at Gull, both the 

far-ranging species and near-ranging species did well. This pattern suggests far-ranging species 

were better able to respond to changes in food supply. 
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Figure 1. Study locations in lower Cook Inlet, .Alaska. 
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Fig 2. Numbers of common murres in plots 1 - 7 at Chisik Island. 
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Fig 3. Numbers of common murres in plots 1 - 8 at Gull Island. 
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Fig 4. Numbers of black-legged kittiwakes @ and nests 0) on plots 1 - 7 

at Chisik Island. 
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Fig 5. Numbers of black-legged kittiwakes (J-J) and nests (0) in plots 

1 - 8 at Gull Island. 
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Fig 6. Numbers of pelagic cormorants Q) and nests (0) in plots 1 - 8 at 

Gull Island. 
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Fig 7. Mean hourly attendance (L s.e.) per all-day watch at common murre nest sites on Chisik and Gull Islands. 
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Fig 8. Mean number of food deliveries (2 s.e.) to common murre chicks at 
Chisik and Gull Islands. 
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ppendix 1. Productivity summary 1996 

Total Mean Hatching Median Hatch Index Count 
Plots Nests Nestslplot Clutch Size Success Productivity Hatch Date Range Prod Nests Dates 

HlSlK ISLAND 

LKI 9 111 (6-1 9) 1.85 (0.02) 0.71 (0.05) 0.05 (0.03) 2-JuI 6/27-7125 0.05 2489 816,6127 

OMU 7 110 (8-21) x 0.82 (0.04) 0.78 (0.04) 1 0-Aug (7128-8120) x x x 

ECO x note a x x x 1 note b x x x x 

CCO x 8 x x x 1.7l(max) x note c 

WGU x 32 x x 1.81 (0.16)* x note d (?-6/29) x x 

OPU 4 55 (7-18) x 0.86 (0.07) 0.66 (0.07) 23-JuI (711 5-815) x x 

ULL ISLAND 

LKI 10 261 

10 220 

OMU 7 84 

ECO x 18 

WGU 5 124 

FCO x 8 

IGU x 60 

x 55 

x 50 

x 8-JuI (6128-7129) 0.56 51 52 814,6129 

0.87 (0.10) 

0.87 (0.05) 13-Aug (813-913) 0.22 (e) 103, 69 27-Aug 

1.83 10-Jul (718-815) 1.66 87 8123,715 

x 2-Jul (6128-711 8) x x x 

x 1.8 5 8123,715 Gorilla Rock only 

x 28-Jun (6121 -7123) 

X 

0.59 
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INTRODUCTION 

Common Guillemots Uria aalge and Atlantic Puffins Fratercula arctica have non-linear, 

threshold foraging responses to fluctuations in prey density (Piatt 1987, 1990). Cairns (1 987, 

1992) proposed that other parameters such as adult survivorship, breeding success, colony 

attendance, and adult time-activity budgets should also exhibit non-linear responses to 

fluctuating food supplies. In support of this, Burger and Piatt (1990) showed that Common 

Guillemots were able to buffer against effects of variable prey abundance and maintain high 

levels of productivity by adjusting foraging effort. When prey are abundant, adult Guillemots 

spend more time attending nest sites (Furness and Barrett 1985, Burger and Piatt 1990). 

Conversely, when prey are scarce, Guillemots increase time spent foraging at the expense of time 

spent ashore (Monoghan 1994). In a companion study, Uttley (1994) showed that the largest 

difference in time-activity budgets between years with varying food supply was reflected in time 

spent at the colony by the non-brooding adult. 

We investigated patterns of parental attendance in two Guillemot colonies, one in which 

the population has been declining and one in which the population has been expanding during the 

past 20 years (Slater et a1 1995). Evidence suggests that these trends are due to differences in 

food availability between the two colonies, which are located about 100 krn apart on opposite 

sides of Cook Inlet, Alaska (Piatt and Roseneau 1996). We tested the hypothesis that Guillemots 

in the declining colony would reflect food stress by minimizing time spent at the colony. We 

expected to find higher parental attendance by Guillemots in the expanding colony. 

METHODS 

The study was conducted on Gull and Chisik Islands in lower Cook Inlet, Alaska. These 

islands support large breeding populations of Common Guillemots, Black-legged Kittiwakes 
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Rissa tridactvla, Glaucous-winged Gulls Larus glaucescens, and, on Chisik Island, Horned 

Puffins Fratercula corniculata. Chisik Island (60" 09' N, 152" 34' W) is located in an area of 

shallow water on the western side of Cook Inlet. Guillemot populations at Chisik Island have 

declined by about 90% during the past 20 years (Slater et al. 1995, J.F. Piatt, unpubl. data). Gull 

Island (59" 35' N, 15 lo  19' W) is located on the eastern side of the inlet, in Kachemak Bay, an 

area of deep water and variable bathymetry. Guillemot populations at Gull Island have increased 

by about 80% during the same time period (Slater et al. 1995, J.F. Piatt, unpubl. data). 

On Chisik Island, continuous diurnal activity watches were conducted from 0700 - 2 100 h 

on incubating and brooding guillemots by observers alternating shifts in a blind 8 - 30 m away. 

Observations of arrivals, departures, incubation and brooding shift exchanges, feeding, and prey 

type and size, if possible. were made with 8 X 42 or 10 X 42 binoculars. On Gull Island, a high- 

quality time-lapse video camera was used to record Guillemot activities. The camera was 

positioned to include 6 - 8 viewable Guillemot sites within the picture frame, and the connected 

video recorder taped four still frames per second. Personnel programmed the camera to record at 

appropriate time intervals and retrieved the videotape when taping was complete. The tapes were 

later reviewed with an editing machine equipped with a color monitor. 

Watches were conducted at each island once during earlylmid incubation (July) and once 

during late incubation (early August). During the chick-rearing stage (late August), watches were 

conducted twice at Gull Island and three times at Chisik Island. Total numbers of arrivals, 

departures, chick feedings, and nest duty exchanges were recorded for each site each day. Hourly 

attendance was recorded in bird-minutes, derived from the total number of minutes each adult 

spent at the nest site in an hour (e.g., a site continuously occupied by 1 - 2 adults would have a 

range of 60 - 120 bird-minutes of attendance). Nest exchanges that occurred between two adults 

within one minute were not recorded as additional nest attendance. Seasonal and diurnal patterns 

of adult attendance were analyzed for each site for each watch. Adult trip durations were 



Zador and Piatt, Guillemot Time -budgets 

calculated from the time elapsed between departures and arrivals at each site. Feeding rates were 

calculated for each chick from the mean number of food deliveries per hour. 

All statistical analyses were performed using Sigmastat (v. 2.0, Jandel Scientific 

Software). Differences in attendance patterns were tested with Kruskal-Wallis analysis of 

variance (ANOVA) on ranks. Correlations with time were tested by Pearson Product Moment 

Correlations. .All means are reported + 1 s.e. 

RESULTS 

Patterns of adult attendance at nest sites showed striking differences between colonies. 

Nest sites at Chisik Island were rarely occupied by more than one adult. Overall mean attendance 

at Chisik Island was 65.44 * 0.59 bird-minutes (n = 70), while at Gull Island was 75.41 f 1.65 

bird-minutes (n = 56). Guillemots breeding at Gull Island spent significantly more time at their 

nest sites than those at Chisik Island(Kruska1-Wallis ANOVA, p = <0.001) (Fig. 1). 

Mean daily attendance at Gull Island varied significantly over the season (Kruskal-Wallis 

ANOVA, p = <0.001) and decreased as the season progressed (9 = - 0 . 3 0 3 , ~  = 0.023). The same 

patterns were observed at Chisik Island. Attendance varied significantly (Kruskal-Wallis 

ANOVA, p = 0.005) and decreased as the season progressed (? = -0.346, p = 0.003). Attendance 

at Gull Island during the late chick-rearing period dropped sharply. Mean attendance at Gull 

Island at the end of the season was not significantly different from daily values at Chisik Island 

throughout the season. 

Attendance at Gull Island during incubation and early chick-rearing was higher and more 

variable in the latter half of the day (Fig. 2). Mean hourly attendance was positively correlated 

with time of day (J = 0 . 4 4 5 , ~  = <0.001, differences in means n.s.). In the late chick-rearing 

stage, the diurnal attendance pattern at Gull Island resembled those at Chisik Island throughout 
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the season. Hourly mean values did not vary significantly at Chisik Island and tended to decrease 

with time of day (r! = -0.332, p = 0.005). 

We detected no significant differences between chick feeding rates or trip durations at 

each island. Chicks at Gull Island were fed 0.34 i 0.02 fish per hour (n = 13 nests) while those at 

Chisik Island were fed 0.26 h 0.02 fish per hour (n = 16 nests). Guillemots at Gull Island left 

their nest sites for 120 i 14.21 minutes per trip (n = 49), while those at Chisik Island left their 

nest sites for 154 i 16.04 minutes (n = 55). 

DISCUSSION 

Investigations of seabirds as indicators of marine resources are growing in scope and 

number (Burger & Piatt 1990, Cairns 1987, 1992, Hatchwell 1991, Monaghan et al. 1989, 1994, 

1996, Springer et aI. 1996, Utteley et al. 1994, Williams & Rothery 1990). The non-linear 

relationships between seabird parameters and prey availability must be described to predict 

seabird responses to changes in their prey base. Responses vary in time and scale. Population 

trends may reflect large-scale changes in food supply which have long-term effects on adult 

survivorship and recruitment. Breeding success can provide a measure of food supply over a 

single breeding season. However, this parameter will only reflect extremes in food supply in 

species where adult behavior can ameliorate the effects of changes in prey availability (Burger & 

Piatt 1990). Adult behavior, measured in attendance at the colony and activity at sea, can reflect 

daily changes in prey availability and provide a more sensitive measure of current foraging 

conditions (Burger and Piatt 1990, Cairns 1987). 

We are currently investigating forage fish abundance in lower Cook Inlet, within potential 

foraging range of birds nesting at Gull and Chisik Islands. Preliminary results suggest more prey 

is available to birds from Gull Island than from Chisik Island. Differences in forage fish 

abundance were found in mid-water trawls conducted on targets identified on acoustic surveys 
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[Gull: 345.3 fish/set (n = 16); Chisik: 92.0 fish/set (n = 6)] .  Beach seines showed similar patterns 

[Gull: 5 11 fish/set (n = 238); Chisik: 33 fishlset (n = 30)]. Hydro-acoustic surveys indicated that 

relative biomass was approximately an order of magnitude greater around Gull Island than 

around Chisik Island (J.F. Piatt, in prep). These differences have been observed over two years 

(1995, 1996) and are consistent with the seabird population changes observed in each area. 

We predicted correctly that Guillemots nesting in the declining colony at Chisik Island 

would reflect food stress by minimizing time spent at the colony. Rarely did more than one adult 

Guillemot attend each nest-site at Chisik Island. In contrast, during incubation and chick-rearing 

both members of breeding adult pairs at Gull Island spent considerable time together at the nest 

site, especially during the latter half of the day. Gaston & Nettleship (1 982)observed that the 

attendance of Briinnich's Guillemot (Uria lomvia) also varied with food availability: attendance 

decreased as distance to prey increased. Uttley d.( 1994)observed both seasonal and annual 

differences in attendance at a Guillemot colony during two years of varying food supply. Off- 

duty birds spent more time at the colony in the year of greater prey abundance. 

Although time spent at the colony is not a direct (inverse) measure of foraging effort, it is 

a direct measure of time not devoted to foraging. Our data suggest Guillemots nesting at Gull 

Island devoted less time to foraging than those at Chisik Island. Guillemots at Gull Island appear 

to be less stressed and have more discretionary time ashore than those at Chisik Island. 

Attendance in the latter half of the day at Gull Island appeared to be "loafing" time, which was 

redirected to foraging when chick food demands increased. 

The decline in attendance through the season at both colonies suggests that energetic 

demands on the adults increased as they began to provision chicks. However, consistently low 

daily attendance at Chisik Island suggests the birds were approaching a limit in foraging effort. 

When chicks were largest and energetic demands on the adults greatest, the attendance pattern at 

Gull Island dropped to levels resembling patterns at Chisik Island throughout the season. 

However, Guillemots at Chisik Island were able to maintain similar chick feeding rates to those 



at Gull Island. Guillemots in Shetland in a year of extremely low prey availability were not able 

to provision chicks successfully (Uttlely et al. 1994). Prey availability was below a threshold 

limit where increased time spent foraging could not buffer the effects of poor food supply. Food 

stress was reflected at the colony: attendance, fledging rates, and chick weights were lower than 

when food supply was higher. 

We expected to find differences in adult trip durations between colonies. Two reasons 

may have contributed to the lack of significant difference: (1) Sample sizes may have been too 

small to detect differences; or (2) activity budgets at sea may have differed. Guillemots at Gull 

Island may have spent more time "loafing" away from the colony. We did not investigate 

activity budgets at sea. 

Differences in attendance clearly suggest Guillemots are adjusting their time and activity 

budgets to reflect food supply and maximize reproductive success (Burger and Piatt 1990). With 

further confirmation of the correlation between colony attendance and food supply, attendance 

can serve as a valuable monitoring tool. Attendance is a relatively simple and inexpensive 

parameter to measure and is sensitive to daily, seasonal, and annual changes in prey availability. 

Studies of colony attendance may augment or substitute for at-sea research in areas where marine 

work is prohibitively expensive or logistically impossible. 
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Figure 1. Attendance (ATT) in mean bird-minutes, chick feeding rates (CFR) in mean fish chick- 

' hour-', and adult trip durations (TD) in minutes at Chisik Island (solid histogram) and Gull 

Island (shaded histogram), Alaska, in 1995. Means are shown h 1 s.e. Significant difference is 

denoted with an asterisk. 

Figure 2. Representative attendance patterns during incubation (17 Jul - 1 1 Aug), early-chick- 

rearing (1 7 Aug), and late chick-rearing (29 Aug) at Chisik and Gull Islands, Alaska, in 1995. 

Means are shown * 1 s.e. 
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Abstract 

We studied the breeding biology and chick diet of pigeon guillemots Cepphus colz~mba 
nesting in Kachemak Bay, Alaska, in summer 1996, while simultaneously assessing the availability 
of forage fish around study colonies using beach seines and bottom trawls. Average breeding success 
was 0.56 chicks fledged per nest. Productivity was higher in areas where the diet included pacific 
sandlance Amm&tes hexqterus, but nest predation may have been more important than diet in 
determining reproductive success. Nest abandonment during incubation was also an important 
influence on reproductive success. Average growth was 17.4 g/d for chicks age 8-18 days. The 
average mass of 30 day old chicks (* 1 day) was 395.7 g. Non-schooling benthic fish made up 57% 
of chick diet, based on visual observations. Sandlance ranged fiom 45% to 0% of the diet at different 
colonies. Breeding adults rested more during chick provisioning in areas where sandlance were 
avdable. Beach seines were usel l  in assessing near shore forage fish communities, and our bottom 
trawl data established a baseline for monitoring benthic fish populations around guillemot colonies. 
We began color-banding chicks to collect data on annual survival and recruitment, and began a 
guillemot population-monitoring program based on repetitive colony counts. 

Introduction 

The Pigeon Guillemot ( C e p p h ~ s  colltrnba) is a small crevice-nesting seabird of the family 
Alcidae. Guillemots may lay either one or two egg clutches, and their nests may be aggregated into 
small colonies or widely dispersed. Guillemots forage near shore on benthic and schooling fish within 
a few kdometers of their nests (Drent 1965). 

Six hundred pigeon guillemot carcasses were recovered in Prince William Sound after the 
Exxon Valdez oil spill (EVOS), and this probably represents a small fraction of the total killed by the 
spill (Hayes 1995; Piatt and Ford 1996). Attempts to understand the effects of the spill on guillemot 
populations are complicated because these populations may have already been declining at the time 
of the spill (Oakley and Kuletz 1996). Populations may have declined in response to long term 
changes in forage fish populations throughout the Gulf of Alaska (Piatt and Anderson, 1996). Recent 
research on pigeon m e m o t s  in Alaska has focused on how changes in forage fish populations may 
have affected guillemot populations. 

We examined the breeding biology of guillemots nesting in Kachemak Bay, Alaska while 
studying aspects of their feeding ecology and the abundance of prey in their foraging areas. Chick 
diet was determined by visual observations and by collecting fish that were delivered to nests by 
adults. Forage fish populations were assessed with minnow traps, beach seines, and bottom trawls. 
We developed a censusiig protocol for the area to assess b r e  population trends, and examined the 
effect of diet by measuring breeding success and chick growth rates. In order to assess the behavioral 
response of guillemots to variable forage fish populations, we measured colony attendance, breeding 
phenology, chick provisioning rates, and adult time budgets. 

Although nesting guilemots were studied over a large area in Kachernak Bay, data on chick 
diet and provisioning rates were obtained at three colonies: Moosehead Point, Yukon Island, and 
Seldovia Bay (Fig. 1). Since guillemots at these three sites have different diets, comparisons of the 
effects of different foraging regimes are possible from a single year's data. Guillemots in Kachemak 
Bay were also the subject of a University of Alaska, Fairbanks study in 1994 and 1995 (Prichard 



1996). Most of the colonies and nest sites that we followed were located during the course of that 
study, and additional comparisons with data from that study are presented in Appendix 1. 

Methods 

Study Area 
Kachernak Bay is located in south-central Alaska, on the eastern shore of lower Cook Inlet. 

The southern shore of the bay is bordered by mountains and glaciers, and this rugged coastline is 
characterized by cliffs and rocky headlands which provide suitable nesting habitat for pigeon 
guillemots We studied guillemots fiom Seldovia Bay in the west to Mallard Bay in the east (Fig. 1) 
Our three main study areas were chosen because they offered relatively accessible nest sites, and 
locations where we could observe provisioning at several nests simultaneously. The nests that we 
studied at Seldovia Bay were all w i t h  100 meters of each other. Growth data for the Yukon Island 
colonv all came from nests within one kilometer of each other. We included data on clutch size and 
egg survival from nearby Hesketh Island in our analysis of productivity at Yukon, since the two 
groups are close and have had similar diets in past years (Prichard 1996). We included nests in China 
Poot Bay with our analysis of Moosehead Point birds because we observed that breeding adults from 
both colonies forage in the same area. 

Population Monitoring 
We counted guillemots along the south shore of Kachemak Bay between Seldovia Bay and 

Bear Cove from during 8- 10 June, 1996, following the methods of Sanger and Cody ( 1996). Sadie 
Cove and Tutka Bay were excluded fiom the survey because of time constraints and the low numbers 
of gudlernots observed in these bays in earlier years. We surveyed guillemots along the coast, using 
a small slufftraveling at 4-8 knots approximately 50m from shore. All guillemots on land and within 
100 meters of shore were counted This one-time survey was used to compare with data collected 
by Prichard ( 1996) in 1995 

We also conducted repetitive colony counts during the incubation period (3 1 May - 9 July). 
Standard census zones (n= 26) were established around colonies from Mallard Bay in the east to 
roughly two nautical miles west of Pt. Naskowhak in the west. We counted guillemots on land and 
within 100 meters of shore in these zones Counts were taken either within two and a half hours of 
a morning high tide or within one and a half hours of an afternoon high tide, when attendance is 
known to peak (Prichard 1996) Between six and nine replicate counts were made for each area. 

Banding 
M chicks that survived to age 25 days were banded with a steel U. S.F. W. S. band on the right 

leg. These chcks were also banded with a brown plastic color band above the steel band to mark 
their cohort year, and a unique color band combination on the left leg. 

Productivity and Phenology 
During incubation (May and early June) we observed guillemot colonies during high tide to 

locate active nest sites. In order to minimize disturbance and nest abandonment, we visited nests 
onlv once during incubation to confirm that they were active. Nests were generally accessed by 



rappelling fiom the clifftop. Regular nest checks were begun in late June, when we expected the first 
eggs to begin hatching. We attempted to visit nests every five days throughout the chick rearing 
period to assess their status. 

Because we began following most nests just before hatching, we necessarily missed nests that 
failed early in the incubation stage, and therefore our productivity estimates could be biased. To 
account for this bias, we employed the Mayfieid method to estimate productivity (Johnson 1979). 
This method compares the number of eggs lost with the number of days that eggs have been 
exposed to risk to calculate a daily survival rate (DSR) using the following formula: 

DSR =1 - (Number of Losses / Number of Exposure Days) 

The chance of an egg surviving incubation was calculated as: 

We used 3 1 days as the standard incubation period for our calculations. 
Produetwity was estimated as the product of three variables: the chance of an egg surviving 

incubation, the chance that a surviving egg would hatch, and the chance of a chick surviving to 
fledge. We considered any bird that was missing from the nest after age 30 days to have fledged 
unless there was evidence of predation. We did not use the Mayfield Method to calculate nestling 
survival because we discovered all but one of the nests in this study before eggs had hatched. 

The chance of an egg hatching was estimated by dividing the number of eggs that survived 
incubation but failed to hatch by the total number of eggs that survived incubation. Eggs that failed 
to hatch were considered exposed to risk a maximum of 31 days for purposes of the Mayfield 
Method. If one egg in a clutch failed to hatch it was considered exposed to risk until two days after 
the other egg hatched. 
Growth Rates 

We weighed and measured chicks every five days, and known-age birds that survived to 
fledge were also weighed at 30 days (* one day) to obtain a standard measurement of peak nestling 
mass. Chicks were weighed with 100g,500g, or 1 kg Pesola scales. We also measured flattened wing 
chord and the length of the tenth primary from its emergence from the skin to the tip, excluding 
down. 

Growth rates at different colonies were compared using three methods. The first was to 
compare growth rates during the linear phase of chick growth, 8-1 8 days (Koelink 1972). Growth 
rates during this period were calculated for every nestling as the slope of the least squares fit of the 
regression of mass on age. 

Growth rates were also compared by considering mass as a hnction of wing chord during the 
period that these two variables share a linear relationship (35mm - 140 mm). Rates for each chick 
were again calculated as the slope of the least-squares regression line. This method allows us to use 
more data than the first because unknown-age chlcks can be used, and more measurements are used 
from each chick. 

It is possible to linearize the relationship between mass and wing chord for the entire nestling 
period by comparing the square root of mass with the square root of the natural log of wing chord 
(Prichard 1996; Roby et al 1995). We used the resulting slope of mass on wing chord as the third 



method for assessing growth rates. This method allows the use of all growth data. 
No measurements were made of adults. 

Chick Diet and Provisioning Rates 
When provisioning their chicks, pigeon guillemots carry fish singly in their bills. and often 

spend long periods of time on the water in front of the colony before delivering to the nest. We 
observed guillemots provisioning their chicks from land (Moosehead Point) and anchored skiffs 
(Seldovia Bay and Yukon Island). Using binoculars and a spotting scope, we identified fish to the 
lowest possible taxonomic level as they were being carried by birds, and estimated prey size to the 
nearest half bill length. For each nest we recorded delivery time and the time elapsed between arrival 
on the water in fiont of the colony and delivery. Delivery rates were calculated for nests containing 
chicks aged 8 to 30 days. We observed provisioning either all day (0600-2200) or in eight hour 
blocks starting at 0600 or 1400. Additionally, we attempted to identie fish that we saw during the 
course of other field activities. Unsuccesshl attempts to identifjr fish were recorded to avoid biasing 
our diet composition estimates towards easily identified species. 

Some fish were collected in order to confirm our visual identifications. We employed two 
methods: intercepting delivering adults with scraps of mist net placed across nest entrances, and 
preventing chicks fiom swallowing fish with choke collars made from pipe cleaners. These fish were 
sent to Kathy Turco, University of Alaska Fairbanks, for species identifications and proximate body 
composition analysis. We also collected fish that we found while visiting nests to collect other data. 

Prey Assessment 
Minnow traps were occasionally placed in shallow water near colonies to capture locally 

available benthic fish. Additionally, a number of sites near guillemot colonies were sampled with 
beach seines (47 meter net) throughout the chick rearing period. Salmonids, larval sandlance, and 
larval sculpins were excluded from our analysis of beach seine data because these three groups are 
almost entirely absent from guillemot chick diets. Some beach seines were also conducted in' 1995. 
A Pearson Product Moment correlation was used to compare the proportion of sandlance in beach 
seines with the proportion of sandlance in the diet of chicks at nearby colonies in 1995 (Prichard 
1996) and 1996. A similar comparison was made between seasond changes in diet and catches at 
Moosehead Point in 1996. Beach seine catches were also used for a qualitative assessment of the 
availability of various demersal fishes to guillemots. 

Benthic fish in deeper water were sampled by bottom trawling on 8-9 August in waters less 
than 25 meters deep where we suspected that guillemots foraged. We used a 3.05 m plumbstaff 
beam trawl with a 7 mm square mesh net and a 4 rnm mesh codend liner. Each fish was identified to 
the lowest possible taxonomic level, usually species, and total body length was measured. 
Representative size classes for analysis were chosen based on the lengths of fish collected at nests: 
Lumpemrs spp. 40 - 250 rnrn; all others, 40 - 150 mm. Raw data from these trawls were extrapolated 
to obtain an estimate of catch per unit effort (CPUE, number per 1000 m' area trawled). 

Blood Samples 
We took blood samples i?om known-age chicks as a continuation of a Minerals Management 

Service project to identi@ the response of marker proteins to hydrocarbon contamination (L. D u e ,  
Univ. Alaska Fairbanks). We took blood by puncturing the brachial vein with a hypodermic syringe 



and letting the blood flow into an eppendorf container. When possible, each chick was bled at age 
20,25, and 30 days. Blood samples were spun down in a centrifiige and the plasma was separated 
and frozen for later analysis. Most samples were 1 cc, but we took 2 cc from some 30 day old 
chicks. 

Results 

Population Monitoring 
We counted 467 guillemots during our one-time survey of the southern shore of Kachemak 

Bay. Five hundred and eighteen individuals were counted in the same area in 1995 (Prichard 1996). 
Results of our repetitive colony counts are presented in Table 1 

Banding 
We banded thirty four chicks. If this effort continues, information on recruitment, survival 

rates, nest-site tenacity, and colony fidelity may eventually be available. 

Phenology 
Eggs hatched between 2 1 June and 23 July, with a median hatch date of 28 June. Based on 

a 3 1 day ir~cubation period, we estimate median laying date as 27 May. Since we were visiting nests 
every five days, no accurate information on fledging dates is available. 

Productivity 
We were able to determine the fate of svrty nests. Productivity for Kachemak Bay as a whole 

in 1996 was 0.3 1 chicks fledged per egg laid. By multiplying by the average clutch size (1.80), we 
estimate productivity to be 0.56 fledglings per breeding pair. Clutch size did not vary significantly 
among colonies (ANOVA, df,.,,, F= 0.963, P= 0.468). Hatch success was 0.49, chick survival was 
0.64.. and these values varied amon different locations (Table 2). Productivity at Moosehead was 
significantly higher than at Yukon &-test, z = 1.992, P = 0.046). - 

~ a t c h  failure and egg predation accounted for roughly two thirds of nest failures (Figure 2). 
Chick mortality was distributed throughout the nestling period (Figure 3).  Moosehead Pt. did better 
Yukon I. and Seldovia Bay in terms of hatch success (z-test, z = 2.220; P = 0.026) and chick 
survival (z = 2.364, P = 0.018). Neptune Bay, a productive area in previous years (Prichard 1996), 
experienced widespread nest abandonment and low overall pmductivi& (0.10 chicks fledged per egg). 
Nest abandonment was also a cause of low productivity in Seldovia Bay. Of the four chicks that 
hatched at the colony, two were preyed upon and one died of other causes. Birds in Halibut Cove also 
fared poorly (0.20 chicks fledged per egg). 

Survival was higher in two chick nests (0.69, n = 36 chicks) than in one chick nests (0.20, n 
= 5 chicks), but the difference was not significant (z test, z = 1.655, P = 0.098). 

Growth Rates 
The mean ~ r o w t h  rate for all chicks in Kachemak Bay during the linear growth phase was 

17.36 d d  (s.d.= 5.11, n = 37). Rates for individual colonies differed (Table 3), but an ANOVA 
detected no sigficant differences between colonies (df,.,,, F= 0.76 1, P = 0.528). A t-test detected 



no sigdicant difference between the colony with the highest growth rate, Moosehead Point, and all 
other colonies as a group (t= 1.262, P = 0.219). 

The average slope of mass as a hc t i on  of wing length during the linear period (3 5 - 140mrn) 
for all chicks was 2.68 (s.d.= 0.946, n = 34.) The three areas with the largest sample sizes were 
indistinguishable fiom each other (Moosehead, YukodSeldovia, KasitsnakIerring, ANOVA df , -- ,,, 
F< 0.001, P = 1.00). 

The average slope of transformed mass and wing chord data was 30.72 (s.d. = 0.39, n = 49). 
Again, there was no significant difference between areas (ANOVA, d.f ,,,, F= 0.45 1, P = 0.7 18). 

The mean peak nestling weight was 395.67 g (s.d. = 88.53, n = 15). At Moosehead Point 
the mean peak was 403.73 g (s.d.= 82.90, n = 1 1), at Kasitsna Bay it was 434.50 (s.d. = 17.68, n = 

2), and on Yukon Island it was 3 12.50 (s.d.= 152.03, n = 2). There was no significant difference 
between these colonies (ANOVA, df,.,,, F= 1.144, P = 0.35 1).  

Chick Diet 
Non-schooling benthic fish accounted for 57% of guillemot diets during our observations 

(n= 592). The most prevalent benthic fish were gunnels and pricklebacks (Stichaeidae and Pholidae, 
35%), sculpins (Cottidae, 6 %), and flatfish (Pleuronectiformes, 6%). Schooling fish, primarily 
sandlance (Ammo4ytes h q t e m s )  accounted for 36% of observations. We were unable to identifjr 
6% of the fish we saw. Greenling (Hexagrarnmidae) accounted for the remaining 1%. 

The percentage of various fish species in guillemot diets differed at the three study locations 
(Figure 5). The proportion of sandlance in the diet was significantly higher at Moosehead* Point 
(45%) than at Yukon Island (0%, z-test, z= 6.9, P< 0.01) or Seldovia Bay (21%, z= 3.7, P< 0.01). 

Twenty nine fish were collected from nests (Table 4). Since no systematic effort was made 
to gather samples equally fiom different areas, and because diet varied so much within .Kachemak 
Bay, no comparison was made between the composition of this collection and our observations. 

Adults delivered food to one-chick nests at an average rate of 0.8 1 fish per hour (s.e = 0.17. 
n = 6 nests), and to two-chick nests at an average of 0.97 fish an hour (s.e.= 0.15, n = 10 nests). 
There was no sigmficant difference between one- and two-chick nests, and no significant difference 
between the three study locations (ANOVA,dfi-,,, F=0.551, P= 0.593). 

Average resting time for each observation period is presented in Figure 9. Birds spent more 
time on the water with fish towards the end of the day; rest time and time after sunrise were 
sigdicantly correlated (Pearson correlation, ?= 0.1 1 5, P= 0.03 2). Tide also had a significant effect 
on loaf time (Kruskall-Wallis, H= 32.691, P< 0.001). Birds rested on the water less during high and 
ebb tides than they did during low and flood tides. There was also significant geographic variation 
in resting time (ANOVA,dfL2,,, F 4 . 4  19, P= 0.0 13). Moosehead Point birds rested an average of 
14.87 minutes (s.e.= 1.30, n= 189) and Yukon Island birds an average of 8.12 minutes (s.e.= 1.27, 
n= 61). The difference is sigdicant (Tukey, q=4.053, P< 0.05). The average resting time in Seldovia 
Bay was 10.97 minutes (s.e.= 2.26, n= 36). 

Prey Assessment 
Beach seine results from 1995 and 1996 are compared in Figure 6. The sites that we seined 

around Moosehead Pt. were well distributed in the area where we observed local birds foraging, and 
seine catches could accurately predict chick diet at this colony: the proportion of sandlance in nestling 
diet and seine catches was sigdicantly correlated through the season (Pearson Product Moment, r'= 



0.967, P= 0.033, Figure 7). Sculpins declined from 1995 to 1996 in both seines and chick diet and 
Moosehead and Yukon. The highest proportions of flatfish in seines and diet both occurred in 
Seldovia Bay. 

Bottom trawls can be replicated in future years and CPUE values used to assess changes in 
demersal fish populations around guillemot colonies. A comparison of diet and trawl data for 
Moosehead Point and Yukon Island from this year indicates that guillemots prey on gunnels and 
pricklebacks more often than sculpins, even though sculpins were more common at our trawl stations 
(Figure 8). The same pattern was also seen in seine and diet data from Seldovia Bay. 

Discussion 

Productivity 
Predation and nest abandonment were the biggest influences on reproductive success in 

Kachernak Bay this year. Suspected predators include northwestern crows (Corns caurrrrs), ravens 
(C corm), black-billed magpies (Pica p a ) ,  mink (Mustela vison), and river otters (Lutra 
cm2aderzsis). Overall breeding success (0.3 1 chicks fledged per egg) was slightly higher than in 1994 
and 1995 (0.19 and 0.25, respectively, Prichard 1996), but this average value conceals large 
differences among colonies within Kachemak Bay 

Although we observed no egg predation at Neptune Bay, hatchlng success was estimated at 
0.308, largely because of nest abandonment. Nests were visited less often during incubation thls year 
than in previous years, so our activity cannot account for the increase in abandonment. 

Moosehead Point birds did sigdicantly better than Yukon birds in terms of hatch success and 
chick survival. and it is tempting to explain these diierences as the result of the presence of high-lipid 
sandlance in the diet of chicks at the former colony and their absence in the diet at the latter. 
However, the nests at Moosehead are on much higher cliffs than those on Yukon, and height above 
the water has been shown to have a significant positive correlation with nesting success (Prichard 
1996), so the Moosehead birds may simply be better protected from predation. 

Growth Rates 
The linear phase growth rate that we observed ( 1  7.4 g/day), falls in the middle of the range 

of reported values from Prince William Sound in 1994 and 1995 (1 5.7 - 20.3 glday, Hayes 1995, 
1996). Chicks at Moosehead Point on average grew three grams a day faster during this phase than 
birds at Yukon Island. This difference was not significant (probably because of small sample sizes), 
but it follows the trend of differences between Moosehead Point and Outer Kachemak Bay observed 
in 1994 and 1995 (Prichard 1996), and may reflect the presence of sandlance in the diet at 
Moosehead. Sandlance have the highest lipid content and energy value of all guillemot forage fish 
in Kachemak Bay (Roby et al, 1995). 

Although we were unable to record actual fledging mass, we did weigh chicks at age thirty 
days as a measure of peak mass. These results will allow for comparisons with other areas and other 
years in Kachemak Bay. 

Chick Diet and Provisioning 
There were clear differences between the diets fed to chicks at the three main studv locations. 



Sandlance were the most common species in the diet of Moosehead Point birds, even though they 
made up less than half of the diet. Sandlance made up less of a quarter of the diet in Seldovia Bay 
and were absent at Yukon Island. Gunnels and Pricklebacks were the dominant benthic group in 
Moosehead and Yukon diets, but were less common than flatfish and sculpins in Seldovia Bay. 

Hayes (1996) found that pigeon guillemots in Prince William Sound fail to provision two- 
chick nests at twice the rate of one-chick nests. Presumably this means that singleton chicks are 
being fed at an optimal rate, but that both chicks in a two chick nest are not. We found that one- 
chick and two-chick nests were not provisioned at significantly different rates, which suggests that 
forage conditions were sub-optimal around all three study colonies. 

It has been demonstrated that Common Murres (Uria alge) have flexible time budgets that 
allow breeding birds to respond to changing forage fish availability with changes in time spent 
foraging (Burger and Piatt 1990). In contrast, Black-legged Kittiwakes (Rissa tridactyla) in Cook 
Inlet have no such flexibility; even when forage fish are plentiful, breeding adults have little or no 
resting time at the colony (Piatt et al, unpublished data). We measured the time elapsed between a 
guillemot's arrival on the water in front of the colony and delivery to the nest in an attempt to 
determine if this resting time was part of a flexible time budget during chick provisioning. If time 
spent foraging and resting are inversely related and fluctuate in relation to prey availability, then 
resting time would provide an index of foraging effort and foraging conditions. 

Provisioning birds spent significantly more time resting in fiont of the colony at Moosehead 
Point than at Yukon Island. This is consistent with observations that Moosehead birds have a ready 
supply of concentrated schoohg fish (sandlance) to feed on, whereas Yukon birds rely on dispersed 
benthic fish. However, the higher Moosehead value is the result of the very high average resting time 
(36.67 minutes) recorded on 4 August. If this watch is excluded, there was no significant difference 
between colonies in resting time (Kmskall-WAS, H= 5.15, P= 0.08). In any case, comparisons with 
data fiom hture breeding seasons should demonstrate whether resting time has any value as an index 
of foraging effort 

Prey Assessment 
The strong correlation between sandlance proportions in seines and chick diets at Moosehead 

Point suggests that seines can be used to foi!ow seasonal changes in the availability of schooling fish. 
Seine catches also reflected the decrease of sandlance in the diet at Moosehead from 1995 to 1996 
(Appendix). Seines also have some usefulness in measuring benthic fish availability. Beach seines 
correctly reflected declines in sculpin consumption by guillemots at Moosehead Point and Yukon 
Island in 1995 and 1996 (Appendix), and the high incidence of flatfish in the diet in Seldovia Bay in 
1996 

Bottom trawling is a promising method of sampling benthic fish, since it operates in deeper 
water further from shore. The trawl stations that we established this year will allow us to monitor 
benthic fish populations in future years. Data from this year indicate that although sculpins were 
more common than gunnels and blennies around Moosehead and Yukon (trawl data) and Seldovia 
(seine data), guillemots fed chicks blennies more often than sculpins at all three colonies. Blennies 
have a higher energetic value than sculpins (Roby et al, 1995), and guillemots may preferentially seek 
out these hlgher quality prey items when foraging for their chicks. It is also possible that sculpins' 
large heads and spines make them unpalatable prey 



Population Monitoring 
The results of our one-time survey of the south shore of Kachemak Bay are slightly lower 

than those from the 1995 count, but this difference cannot be evaluated statistically. We established 
a protocol for repetitive colony counts to more accurately monitor population trends. These counts 
were made at high tide, when colony attendance peaks in Kachemak Bay (Prichard 1996) and they 
will provide a baseline for hture monitoring efforts. Because of the variability in counts, the 
maximum number of guillemots counted may be a good measure of each colony's population. A 
comparison of the mean and maximum counts provides an index of colony attendance. Changes in 
the relationship between these two value could represent changes in colony attendance, and might 
provide an index of foraging effort and food availability during incubation. 

Conclusions and Recommendations 

1 )  Because feeding ecology varies markedly between colonies, Kachemak Bay is an ideal 
locale to study the interactions between pigeon guillemots and their prey. Future research should 
concentrate on the three main study colonies in order to increase sample sizes for statistical 
comparisons. Data on breeding biology and diet have been collected in Kachemak Bay for three 
consecutive years, providing an excellent baseline for future study. Additionally, prey populations 
have been assessed around guillemot colonies for the past two years. 

2) One-time counts are inadequate to monitor population changes, so we have established a 
protocol of repetitive colony counts which will allow us to accurately monitor population trends 
throughout Kachemak Bay on a fine spatial scale. These counts also provide an index of foraging 
effort during incubation. 

3 )  Differences in breeding biology may be related to diet, as birds with access to sandlance 
were more successhl then those relying on benthic fish. However, predation is also an important 
factor influencing reproductive success, and more study is needed to distinguish the effects of diet 
and predation. Chick growth rates were not significantly different between colonies, but larger 
sample sizes may help elucidate the relationship between diet and nestling growth. 

4) Beach seines and bottom trawhg are both usehl in assessing prey abundance, though both 
methods have limitations. Future research should increase sampling effort around the three main 
study areas and synchronize sampling with guillemot diet watches. Alternate methods such as scuba 
and video may allow prey populations to be accurately quantified. 

5 )  Foragng effort during incubation and time budgets during chick provisioning may provide 
usehl indices of the predatorlprey relationship. Birds at Moosehead Point spent more time at rest 
during chick provisioning than birds at the other study sites, and this may reflect the local abundance 
of sandlance. Better comparisons of time budgets at the three key study areas could be obtained by 
establishing simultaneous all-day watches at the three sites. This would require the efforts of at least 
six observers. Better data on time budgets could be obtained if we marked wing patches to identi@ 
individual birds. Radio telemetry would provide data on foraging effort and would allow us to 



determine the foraging range of birds at the three study areas and to focus our prey sampling efforts 
in these areas. 

6) The banding program that we began this year will eventually allow us to monitor annual 
adult survival and chick recruitment, and to compare these population parameters in the context of 
different foraging regimes. 
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Appendix: Inter-annual Comparisons 

Introduction 

Pigeon guillemots in Kachemak Bay were the subject of a Minerals Management Service 
study during the summers of 1994 and 1995 (Prichard 1996). Although that study concentrated on 
the response of blood marker proteins to hydrocarbon exposure in an attempt to develop guillemots 
as a bio-indicator species for marine oil pollution, data on feeding ecology and reproductive success 
were also collected. These data included chick diet composition and provisioning rates, chick growth 
rates, and productivity estimates. Reliable diet data aren't avadable for 1994, so this comparison will 
concentrate on results from the 1995 and 1996 field seasons. 

Results and Discussion 

Productivity 
Estimates of breeding success in Kachemak Bay as a whole were 0.19 chicks fledged per egg 

in 1994, 0.25 in 1995, and 0.3 1 in 1996 (Figure 10). These averaged values conceal dramatic 
changes in productivity at individual colonies (Figures 11-14). Productivity at Moosehead Pt. 
increased from 0.18 fledglingslegg in 1995 to 0.54 fledglingslegg in 1996 (z-test, z= 2.963; P= 
0.003). This increase is probably the result of decreased nest abandonment during incubation and 
decreased nest predation. Productivity values were not significantly different in nests from Yukon 
I. to Seldovia Bay (1995= 0.16, 1996= 0.21, z= 0.254; P= 0.800). Productivity declined at Halibut 
Cove (1 995= 0.5 1, 1996= 0.20, z= 1.499; P= 0.134) because of increased egg predation and nest 
abandonment. Breeding success also declined at Neptune Bay (1995= 0.60, 1996= 0.08, z= 2.566; 
P= 0.010). Fifly seven percent of the nests at this colony were apparently abandoned during 
incubation in 1996. 

Chick Growth 
Because of low productivity at Halibut Cove and Neptune Bay in 1996, sample sizes were 

adequate for statistical inter-annual comparisons of chick growth only at Yukon I. and Moosehead 
Pt. (Figure 15). The mean slope of transformed mass and wing chord data at Moosehead Pt. 
declined fiom 31.06 in 1995 (s.e.= 0.64, n= 17) to 28.67 in 1996 (s.e.= 1.02, n= 15, t= -2.04, 
P=0.05). There were no significant differences in outer Kachemak Bay (Yukon I.-Seldovia Bay). 

Chick Diet 
The results of diet watches in 1995 and 1996 are presented in Figure 16. The most obvious 

difference between years was the sharp decline in sandlance in the Moosehead Point diet, from 83% 
of observations to 45% (z test, z= 8.832, P< 0.00 1). This decline was accompanied by an increased 
reliance on gunnels and pricklebacks, and the appearance in the diet of significant numbers of 
sculpins. This sh& fiom sandlance to benthic fish represents a decline in the lipid content and energy 
density of prey items being fed to chicks (Roby et al, 1995). 

Inter-annual variation at Yukon Island probably has more to do with the way data were 
collected than differences in what chicks were being fed. In 1994 diet observations were generallv 



divided into four categories: sandlance, gunnel/prickleback, sculpin, and flatfish. In 1995 we made 
a more concerted effort to identi@ different taxonomic groups in the diet, and found that fish that 
probably would have been placed in the gunneVprickleback category in 1994 included gadids, 
ronqulls, searchers, and greenlings. Therefore we placed gunneVprickleback observations from 1994 
in the unidentified demersal fish category. The only apparent change in chick diet between the two 
years was the decline in sculpins, from 24% to 6% (z-test, z= 2.565; P= 0.010). 

Conclusions 

1) Low predation pressure was responsible for an increase in productivity at Moosehead Pt. 
in 1996. Nest abandonment during incubation was a significant factor in reproductive failure 
elsewhere in Kachemak Bay. Future research on foraging effort and prey availability during 
incubation may elucidate the relationship between food availability and nest abandonment. 

2) Chicks grew more slowly when sandlance were less prevalent in the diet at Moosehead 
Pt. At Yukon I., where there was no apparent change in the energetic quality of available forage fish, 
there was also no change in chick growth rates. 
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Table 1. Pigeon guillemot repetitive colony count results, Kachemak Bay, summer 1996. 

Census Area Maximum Mean SE n (counts) 

Moosehead Pt. 
China Poot 14 7.86 1.40 
Mothertoad 5 1 35.86 4.53 
N. Moosehead 19 11 .OO 2.13 
Peterson Side 47 41.29 1.92 

Yukon I. 
Hesketh I. 41 29.88 4.34 
S.W. Yukon 11 3.63 1.05 
Yukon I. 26 12.25 3.13 
Sub-Yukon 14 2.75 1.68 

Seldovia Bay 
Naskowhak Pt. 16 10.75 1.15 
Lemon Cliffs 4 3.33 0.33 
Gray Cliffs 16 9.25 1.47 
Seldovia Bay 34 26.25 1.49 
Sub-Seldovia 20 12.67 1.84 
Seldovia Pt. 45 28.89 4.54 

Other Areas (East to West) 
Mallard Bay 16 13.14 0.94 
Goshawk 5 2.88 0.44 
Triangle Rock 18 10.88 1.55 
Sea Cliff 7 3.88 0.93 
lsmailof 7 3.25 1.01 
Peterson Pt. 9 2.50 0.96 

E. Peterson 8 5.13 0.81 
The Nose 8 5.75 0.67 
N. Neptune 43 30.17 2.90 
S. Neptune 14 8.43 1.29 
Kasitsna Cliffs 15 7.44 1.30 
Guillemot Meadows 50 33.88 3.30 



Table 2. Pigeon guillemot productivity in Kachemak Bay, 1996. Hatch success is based on Mayfield 
estimates of egg survival and the percentage of surviving eggs that hatched. Chick survival rates were 
obtained by the traditional cohort method. 

Mean Clutch n Hatch n Chick n Chicks Fledged 
Colony Size (SE) (nests) Success (eggs) Survival (chicks) per Egg per Nest 

Moosehead Pt. 1.84 (0.09) 19 0.64 29 0.85 20 0.54 1.00 
Neptune Bay 1.86(0.14) 7 0.31 13 0.25 4 0.08 0.14 
Yukon I., Hesketh 1. 1.91 (0.09) 11 0.35 18 0.33 6 0.12 0.22 
Kasitsna Bay 1.50 (0.50) 2 1 .OO 3 0.67 3 0.67 1.00 

Herring Is. 1.67 (0.33) 3 0.41 5 0.75 4 0.31 0.51 
Halibut Cove 1.67 (0.17) 9 0.26 15 0.80 5 0.20 0.34 
Seldovia Bay 2.00(0.00) 5 0.27 12 0.33 3 0.09 0.18 
Mallard Bay 1.50 (0.29) 4 0.80 7 0.00 2 0.00 0.00 

Kachemak Bay 1.80 (0.05) 60 0.49 104 0.64 47 0.31 0.56 



Table 3. Three methods of assessing growth rates of pigeon guillemot nestlings in Kachemak 
Bay, 1996. The linear phase method relies on known age birds, which results in a smaller 

sample size. 
Slope of Mass on Wing 

Linear Rate (glday) Transformed Slope Length (35-140 mm) 
Colony Mean SE n Mean SE n Mean SE n 

Moosehead Pt. 18.43 1.45 15 28.67 1.02 15 2.68 0.21 19 
Neptune Bay 30.89 2.34 2 3.43 0.56 2 
Yukon Island 15.42 1.98 5 29.14 2.64 5 2.86 0.67 3 

Seldovia Bay 35.98 4.19 2 2.58 1 
Kasitsna Bay 13.63 2.38 2 28.84 1.75 3 3.27 0.12 2 
Hemng Is. 17.43 3.05 3 28.00 1.20 3 2.81 0.16 3 
Halibut Cove 32.71 0.31 4 3.80 1 
Mallard Bay 1.64 1 

Kachemak Bay 17.36 0.84 25 29.60 0.67 34 2.68 0.17 32 



Table 4. Taxa and standard length of fish collected from pigeon guillernot nests, 
Kachemak Bay, summer 1996 

Taxon Standard Length (mm) 
Flatfish 107 
Flatfish 242 
Flatfish 107 
Flatfish 93 
Flatfish 97 
Flatfish 97 
Flatfish 99 
Gunnel 
Gunnel 
Gunnel 188 
Gunnel 145 
Gunnel 157 
Gunnel 102 
Gunnel 145 
Gunnel 188 
Lumpenus sp. 22 1 
Lumpenus sp. 155 
Lumpenus sp. 242 
Lumpenus sp. 243 
RonquilISearcher 136 
Ronquil/Searcher 
Ronquil/Searcher 106 
RonquilISearcher 152 
RonquilISearcher 85 
Sandlance 134 
Sandlance 134 
Sculpin 102 
Sculpin 102 
Sculpin 107 
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Figure 2. Causes of failure for pigeon guillemot nests in Kachemak 
Bay, 1996 (n= 63 eggs and chicks). 
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Figure 3. Pigeon guillemot chlck mortality by age, Kachemak Bay 1996. 
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Figure 4. Growth curve of known-age pigeon guillemot nestlings in Kachemak Bay, 
summer 1996. Error bars equal one standard error. 
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Figure 5 .  Pigeon guillemot nestling diet in Kachemak Bay, summer 1996. 
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Figure 6 Beach seine results around Kachemak Bay pigeon guillemot colonies, 1995- 1996 
. . . . . . 
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Figure 7. Sandlance in pigeon guillemot nestling diet at Moosehead Pt. and nearby beach seines, 
Kachemak Bay, summer 1996. Sampling periods: 1 = 2-6 July (n= 19 chick meals, n= 4 seines, n= 328 
fish caught), 2= 22-25 July (n= 11 5 meals, n= 7 seines, n= 64 fish), 3= 31 July - 4 August (n= 97 
meals, n= 4 seines. n= 6 fish), 4= 10-1 2 August (n= 43 meals, n= 12 seines, n= 359 fish). 
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Figure 8 Bottom trawls around pigeon guillemot colonies in Kachemak Bay, 8-9 August. 1996 
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Figure 9. Pigeon Guillemot resting time during chick provisioning, 
Kachemak Bay, 1996. Error bars are one standard error. and sample sizes 
(number of deliveries observed) are shown along the x axis. 
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Figure 10. Pigeon guillemot breeding success in Kachemak Bay, 1994-1 996. 
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Figure 11. Pigeon guillemot breeding success at Moosehead Point, 1994-1 996. 
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Figure 12. Pigeon guillemot breeding success in outer Kachemak Bay (Yukon I. to Seldovia Bay), 
1 994-1 996. 
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Figure 13. Breeding success of pigeon guillernots in Halibut Cove, 1994-1 996. 
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Figure 14. Pigeon guillemot breeding success in Neptune Bay, 1994-1 996. 
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Figure 1 5 .  Pigeon guillemot nestling growth in Kachemak Bay, 1995- 1996. Outer bay includes 
nests from Yukon I. to Seldovia Bay. Sample sizes are given at the base of each column. Error 
bars equal one standard error. 
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Figure 16. Diet composition at Yukon Island and Moosehead Point in 1995 and 1996. 



APPENDIX N 

APEX: 96163N 



Exxon Valdez Oil Spill 
Restoration Project Annual Report 

EFFECTS OF DIET QUALITY ON POST-NATAL 
GROWTH OF SEABIRDS: CAPTIVE FEEDING TRIALS 

Restoration Project 96 163N 

Start-up Date: April 1996 

Marc D. Romano and Daniel D. Roby 
Oregon Cooperative Wildlife Research Unit 

Department of Fisheries and Wildlife 
104 Nash Hall 

Oregon State University 
Corvallis, OR 973 3 1-3 803 
(telephone: 541 737-1 355) 

and 

John F. Piatt 
Alaska Science Center 

USGSBRD 
10 1 1 E. Tudor Road 

Anchorage, AK 99503. 
(Telephone: 907 786-7542) 



ABSTRACT 

Declines in the availability of certain schooling forage fishes (Pacific sand lance Ammodytes hexapterus, 
Pacific hemng Clupea harenguspallasi, capelin Mallotzls villosus) have potentially contributed to the 
lack of recovery of some fish-eating seabirds (Pigeon Guillemots Cepphus columba, Common Murres 
Uria aalge, Marbled Murrelets Brachyramphus marmoratus) that were injured by the Eixon Valdez 
oil spill. These forage fishes tend to have high lipid content and, consequently, are assumed to have 
high nutritional value as food for nestling seabirds. This study tests the hypothesis that composition of 
the diet is one factor constraining the growth and development of piscivorous seabirds. 

We raised seabird nestlings (Black-legged Kittiwakes Rissa tridactyla and TuRed Puffins, Fratercula 
cirrhata) in captivity on rations of either capelin or sand lance as representative of high-quality forage 
fish, or walleye pollock (7heragra chalcograma) as representative of low-quality forage fish. Lipid 
content of capelin diets (3 1% dry mass) and sand lance diets (22% dry mass) were considerably higher 
than that of pollock diets (9% dry mass). Experimental diets consisted of iso-biomass and iso-caloric 
rations of low- and hgh-lipid fish types. 

Seabird nestlings fed rations of either sand lance or capelin had much higher growth rates of body mass 
and somewhat higher growth rates of wing length than nestlings fed the same biomass of pollock. 
Puffin chicks fed iso-caloric rations of pollock or capelin showed little dflerence in rates of mass or 
wing growth, but the capelin fed chicks deposited larger fat reserves than the chicks fed pollock. In 
this iso-caloric (ca. 330 Wday) comparison, puffin chicks had to be fed 80 g of pollock / day to receive 
the same calories as 45 g of capelin / day. Differences in mass gain between nestlings fed the different 
rations were more pronounced than differences in wing growth, suggesting that undernourished 
nestlings allocate food intake more to structural development than body mass. 

We conclude that when provisioning rates of seabirds to their young are constrained, the lipid content 
and nutritional quality of forage fish fed to nestlings has a marked effect on growth rates and, 
potentially, on reproductive success. One consequence of subsisting on pollock instead of lipid-rich 
forage species is that predators must expend more energy and catch more prey to meet the energy 
requirements of their offspring. In addition, nestlings fed lower lipid diets deposit less fat reserves, 
potentially reducing post-fledging survival. These conclusions provide more support for the hypothesis 
that recovery of seabird resources that were injured by the Exxon Valdez oil spill is dependent on 
recovery of certain key forage fish stocks, especially capelin, sand lance, and hemng. 

INTRODUCTION 

Recent declines among populations of top trophic level predators in the Northern Gulf of Alaska have 
been linked to decreasing availability of forage fishes (Memck et al. 1987, Hatch et al. 1993, Piatt and 
Anderson 1996). Several species of seabirds, including Marbled Murrelets (Brachyramphus 
marmoratus), Common Murres (Uria aalge), and Pigeon Guillemots (Cepphus columba), have 
experienced population declines in the Exxon Valdez oil spill area in recent years. Total failure of 
breeding seabirds has been recorded at several sites (Chisik I., Mddleton I., etc.), and a lack of hlgh 
quality, lipid-rich forage species to provision nestlings has been hypothesized as a factor in low 



productivity 

A major change in the taxonomic composition of diets of several seabird species has been observed in 
the Northern Gulf of Alaska during the past 20 years. Specifically, some species have switched from 
diets dominated by oily fishes, like capelin (Mallofus vzlloms) and sand lance (Ammodytes hexapterzrs), 
to diets dominated by juvenile walleye pollock (Theragra chalcograma) and other gadids (Piatt and 
Anderson 1996) Due to lower lipid content and energy density (Wg), juvenile pollock are lower 
quality than other prey commonly found in diets of nestling seabirds, such as capelin or sand lance 
(Baird 1991, Roby et al. 1996, Van Pelt et al. in review). The energy density of capelin or sand lance is 
almost twice that ofjuvenile pollock, depending on sex and age class (Roby et al. 1996, Van Pelt et al. 
in review). 

One of the key hypotheses that the APEX project is investigating states that reproductive success in 
seabirds is directly related to nutritional quality of forage fishes. Adult seabirds that rely on low quality 
prey to provision their young may experience lower productivity (Nettleship 1990, Martin 1989). As 
an example, Irons (1 996) argues that recent reproductive failures among black-legged kittiwakes in 
oiled areas of Prince William Sound are linked to food conditions. Reproductive success in seabirds is 
dependent, in part, on the parents ability to provision the brood with energy (Roby 1991). If an adult 
were to provide the same amount of energy to its young in the form ofjuvenile pollock as it could by 
provisioning with sand lance or capelin, it would have to deliver nearly twice as much food. Ths  may 
not be possible due to time and energy constraints, unless pollock are readily available close to the 
colony. Consequently, slower growth and lower fledging weights would be expected in nestlings fed 
primady low energy diets. The potential result would be fewer nestlings surviving to fledge and 
lower post-fledging survival. 

This research is designed to provide a better understanding of the relationship between diet quality and 
seabird productivity. Captive nestlings fed controlled rations of either pollock, sand lance, or capelin 
are being used to compare the effects of biomass intake, caloric intake, and 1ipid:protein ratio of the 
diet on growth and development. By comparing results of captive feeding trials on two different 
seabird species (a larid vs. an alcid), we are also investigating differences in energy and nutrient 
management between seabird taxa. 

METHODS 

The research design utilizes a combination of captive feeding experiments and laboratory analyses. The 
captive-rearing experiment was conducted at the Kasitsna Bay Laboratory of the Institute of Marine 
Science, University of Alaska Fairbanks, during the summer of 1996. Chicks used in the study were 
collected from either East Arnatuli Island in the Barren Islands group or colonies in Kachemak Bay. A 
sample of Black-legged Ktttiwake chcks (N = 22) and Tufted Puffin chicks (N = 21) were removed 
from their nests at 6- 10 days post-hatch and 5- 18 post-hatch, respectively. Kittiwake thermoregulation 
is well-developed at 6-8 days post-hatch (Barrett 1978). Puffin chicks are independent of parental 
brooding at 5 days post-hatch (Wehle 1983) and thereafter can be maintained in captivity at normal 
ambient temperatures without an artificial heat source. All chicks were placed in individual indoor 
cages for captive feeding experiments. Cases consisted of covered plastic buckets with the bottom cut 



out and replaced with a floor of galvanized hardware cloth. This design made cage cleaning easier. By 
placing a pan underneath each bucket, we were able to conveniently collect excreta. We made one 
collection of httiwake excrement and four collections of puffin excrement. Each collection was made 
for all subjects over a 24-hour period. These samples will be analyzed for energy content during the 
spring of 1997. 

The sample of kittiwake chicks was evenly divided into three diet treatment groups, each receiving a 
daily ration of one of the following: (1) 100 g ofjuvenile walleye pollock, (2) 43 g of Pacific sand 
lance, (3) 100 g of Pacific sand lance. The 43 g sand lance ration was expected to be similar in caloric 
content to the 100 g pollock diet, based on published values of energy density in the two species of 
forage fish. Variables that were measured daily in kittiwake chicks included: ( I )  total body mass 
(measured with an Ohaus triple beam balance, +/- 0.1 g), (2) wing length (measured flat on a ruler, +/- 
1 mm), and (3) headhill length (measured with calipers, +/- 0.1 mm). 

The sample of puffin chcks was also divided into three diet treatment groups, with each receiving a 
daily ration of one of the following: (1) 80 g ofjuvenile walleye pollock (2) 45 g of capelin, (3) 80 g of 
capelin. The 45 g capelin ration was designed to be sirmlar in caloric content to the 80 g pollock diet 
(approx 325 Wday) based on published values for energy density in the two forage fishes. Variables 
that were measured daily in puffins included: (1) body mass (measured with an Ohaus triple beam 
balance, +/- 0.1 g), (2) wing length (measured flat on a ruler, +/- 1 mrn), (3) culmen length (measured 
with calipers, +/- 0.1 mm), and (4) tarsus length (measured with calipers, +/- 0.1 mm). 

When captive-reared chicks reached early fledging age (3 1 days post-hatch for kittiwakes and 40 days 
post-hatch for puffins), they were sacrificed and fiozen for later body composition analysis in the lab at 
Oregon State University. Total body water, lean mass, total body fat, ash-free lean dry mass, ash mass, 
and fat index were determined for each chick. To calculate a fat index, total body fat was divided by 
lean dry body mass. 

Carcasses were weighed, partially thawed, plucked, and reweighed to determine plumage mass. 
Plucked carcasses were air-dried to constant mass at 60" C in a forced convection oven in order to 
determine moisture content. Dried carcasses were ground and homogenized by passing repeatedly 
through a meat grinder. Aliquots of  the dried homogenate were extracted in a soxhlet apparatus using 
petroleum ether as the solvent system in order to determine fat content and ash-fiee lean dry mass by 
subtraction. Extracted aliquots were ashed in a muffle furnace at 550°C to determine ash content. 
Body composition of chicks fiom the captive-feeding experiments were compared to determine the 
effects of energy intake and diet composition on the allocation of assimilated resources to growth in 
lean mass and fat reserves. Preliminary results of these analyses are presented here. 

Samples ofjuvenile pollock, sand lance, and capelin that were fed to captive kittiwake and puffin 
chcks were shlpped fiozen to the laboratory at Oregon State University, where they were subjected to 
proximate analysis. In the lab, forage fish specimens were dried to constant mass in a convection oven 
at 60" C to determine water content. Lipid content of the dried forage fish was determined by solvent 
extraction using a soxhlet apparatus and hexanelisopropyl alcohol 7:2 (v:v) as the solvent system. 
Lean dry fish samples were then ashed in a muffle furnace at 550°C in order to calculate ash-free lean 
dry mass by subtraction. Energ  content of chick diets was calculated fiom the composition (water, 



lipid, ash-free lean dry matter [protein], and ash) of forage fish along with published energy equivalents 
of these fractions (39.4 kJ/g lipid; 17.8 W g  protein)(Schrnidt-Nielseil 1990: 17 1). 

RESULTS 

All captive subjects appeared to adjust quickly to captivity, survived for the duration of the experiment 
and exhibited little variation in growth and development rate within each diet treatment group. All 
kittiwake and puffin chlcks readily consumed whole prey from the first feeding; no force feeding was 
required. Small aluminum pans were used to weigh out each meal and then the pans were placed in the 
cages and the chcks generally consumed the meal within 2-3 minutes. On a few occasions, primarily 
early in the captive feeding trials, individual fish had to be held with tweezers and presented to certain 
kittiwake chicks to encourage consumption. Puffin chicks did not require this encouragement; most 
chicks consumed their meals completely within a minute of being fed. 

The luttiwakes chicks used as subjects for the experiment were estimated to be from 6-10 days old 
when first removed from their nests. Each chick was aged using a regression equation derived from 
data on known-age kittiwake chicks from Prince William Sound, Alaska (D.B. Irons, unpubl. data). 
Tufted puffin chlcks used in the experiment were estimated to be 5-18 days old when they were 
removed from their nest burrows, with most being less than 12 days old. Puflin chicks were aged using 
a regression equation derived from data from known-age chicks on Aiktak Island, Alaska (Piatt and 
Romano, unpubl. data). Because of logistical constraints, we were forced to use puffins from a wider 
range of ages at the start of the captive feeding trials than we had intended. The primary drawback of 
including older chicks in the study was they were not allowed to habituate as long to captivity before 
being placed on their experimental ration as were the younger chicks. 

Average energy density of fishes used in the study was 4.07 kJ/g for pollock, 6.85 W g  for sand lance, 
and 7.36 W g  for capelin. These values were used to estimate daily energy intake of each experimental 
group. Estimates of daily energy intake for puffins fed presumed "iso-caloric" diets of capelin or 
pollock were similar. Puffins fed the pollock ration (80 g/day) received an estimated 326 Wday and 
the "iso-caloric" capelin ration (45 glday) was an estimated 33 1 Wday. In contrast, puffi~is fed the iso- 
biomass capelin ration (80 g/day) received an estimated 589 Wday 

m i w a k e s  fed the pollock ration (1 00 g/day) received approximately 407 Wday, whereas kittiwakes 
on the "iso-caloric" sand lance ration (43 g/day) received only about 294 Wday. Kittiwakes fed the 
iso-biomass sand lance ration (100 dday) received approximately 685 kJ/day. Thus, luttiwake growth 
could be compared for equal biomass rations of high and low lipid fish, but a comparison of growth on 
rations of equal caloric content was not possible. 

Results of the comparison of growth on iso-biomass rations were similar for both seabird species. 
Subjects fed the high-lipid diet (capelin for puffins, sand lance for kittiwakes) experienced much higher 
rates of body mass gain and higher rates of structural development than subjects fed the low-lipid diet 
(pollock)(Figs. 2-6 for puffins, Figs. 7-10 for kittiwakes). Differences in body mass gain among the 
three diet groups were much more pronounced than differences in structural development (i.e., wing, 
culmen, headhill and tarsus growth) 



Tufted puffins fed pollock had slightly but significantly higher average body mass at the end of the 
feeding triai than those fed an iso-caloric ration diet of capelin. There was no significant difl'erence in 
wing growth between the two groups (Fig. 6). There were no differences in culmen or tarsus growth 
between the two diet groups (Figures 4 and 5). However, average fat index for the two groups was 
very different. Fat index is used to compare body fat reserves among subjects while controlling for 
differences in body size. The pollock group had an average fat index of 0.0725, whereas the iso-caloric 
capelin group had an average fat index of 0.1500, more than twice that of the pollock group. 

The comparison of kittiwake growth on iso-caloric diets of pollock and sand lance is ambiguous 
because the diets were not actually similar in energy content. The pollock group (100 g/day) was fed 
38% more kJ/day than the sand lance group (43 g/day). Kittiwakes fed the pollock ration experienced 
significantly higher growth rates of body mass, wing length and head\bill length than kittiwakes fed the 
43 gday sand lance ration. 

DISCUSSION 

Both kittiwakes and puffins gained mass and grew at a higher rate on a diet of high-lipid fish as 
opposed to the equivalent biomass of low-lipid fish. This result was predicted because subjects on the 
high-lipid rations received an estimated 68.3% and 80.7% more Wday for kittiwakes and puffins, 
respectively. These findings support APEX hypothesis #9, that seabird reproductive productivity is 
determined by forage fish nutritional quality. Several APEX projects have obtained results from field 
studies that support the hypothesis, but this is the first controlled experimental study that has shown 
this conclusively. 

Differences in mass gain among diet groups were much more pronounced than drfferences in structural 
growth. An extreme example of this appears in the kittiwake group receiving the 43 g/day sand lance 
ration. The average mass gain for chicks in this group was less than 25 g over the course of the 19-day 
experiment, yet wing growth averaged 75 mrn for the same time period (Figs. 7 and 8). This suggests 
that undernourished seabird chicks preferentially allocate food energy intake to structural development 
over mass gain This may be especially significant rbr luttiwakes, where sibling competition may exact 
a heavy toll on young that fail to grow on limited resources. 

Work on Atlantic Puffins (Fratercula arctica) has shown that productivity is closely tied to availability 
of energy-rich forage fish prey. Nettleshlp (1984) found that Atlantic Puffins depending primarily on 
capelin to provision their young experienced high productivity when this forage fish was available. In 
contrast, during years when capelin was scarce productivity was reduced. Martin (1989) observed a 
similar pattern in an Atlantic Puffin colony that relied heavily on sand lance. Despite the fact that 
Martin identified 13 different prey species in the diet, breeding puffins were not able to obtain sufficient 
alternative food when sand lance stocks declined. The result was a severe breeding failure when sand 
lance became unavailable. 

Adult seabirds can increase their short-term foraging effort when prey is scarce in order to provide 
sufficient food for development of their young. Work with kittiwakes in Prince William Sound has 
shown that breeding adults have the potential to buffer their chicks against variable prey resources by 



traveling hrther and transporting larger food loads to provision young (Irons 1992). If adult seabirds 
can increase their foraging effort and provide more biomass of low-lipid prey, will the chicks develop 
at the same rate as chicks whose parents are able to provide the same amount of calories yet less 
biomass of a lipid-rich prey? This is the question we are addressing with the iso-caloric comparisons. 

A large part of the energy content of sand lance and capelin is in the form of lipid, whereas in low-lipid 
fish, like pollock, most of the energy content is in the form of protein. Protein is much less energy 
dense than lipid and utilizing it as an energy source requires excretion of the resultant nitrogenous 
waste products. The growth and development of tufted puffin chcks, however, does not seem to be 
affected by the source of energy (i.e., lipid vs. protein). In the iso-caloric comparison the growth and 
development of both groups was similar. The group receiving 80 g/day of pollock had a slight edge in 
mass gain over the group receiving 45 g/day of capelin, but structural growth (wing, culmen and 
tarsus) was not significantly different. Fat index was significantly higher (more than double), however, 
for the capelin group versus the pollock group, indicating that nestlings fed pollock did not store as 
much body fat. This could have a significant influence on survival of these chicks after they fledge and 
are foraging for themselves. 

Low availability of high-quality forage fishes could have adverse effects on nestling growth and 
development of piscivorous seabirds. If parental foraging is constrainecl, the availability of high-quality 
forage fish is necessary to compensate for reductions in biomass of prey provided to nestlings. If 
foraging is not constrained, adults should still preferentially choose high-quality prey to provision 
nestlings, even if this means providing less total biomass. Provisioning young with high-quality prey 
will generally result in nestlings that gain body mass and develop structurally more rapidly, and that 
fledge with greater energy reserves. 
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Fig. 1. Daily energy consumption of Tufted Puffin and Black-legged Kittiwake 
nestlings on experimental diets. 
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Fig. 2. Growth in body mass of Tufted Puffin nestlings raised on three 



Fig. 3. Growth in wing length of Tufted Puffin nestlings raised on three 
different experimental diets. 
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Fig. 4. Growth in culmen length of Tufted Puffin nestlings raised on 
three different diet treatments. 
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Fig. 5. Growth in tarsus length of Tufted Puffin nestlings raised on three 
different experimental diets. 
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Fig. 6. Average body mass and wing length of Tufted Puffin 
fledglings (40 days post-hatch) raised on three different 

experimental diets. 
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Fig. 7. Growth in body mass of Black-legged Kittiwake nestlings raised 
on three different experimental diets. 
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Fig. 8. Growth in wing length of Black-legged Kittiwake nestlings raised 
on three different experimental diets. 

.......... -. ...............- 

..................................... 

..................... ._ ............................ _ ..... . . . .  ....... . . . . . . . . . . . . . . .  

...... - ............................. - ............ - .. - ......... -. ... 

+ 100gIday sandlance 

-e 100gIday pollock . .  

-+ 43glday sandlance 

Initiation of feeding experiment 



Fig. 9. Growth in head-bill length of Black-legged Kittiwake nestlings 
raised on three different experimental diets. 
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Fig. 10. Average body mass and wing length of Black-legged 
Kittiwake fledglings (31 days post-hatch) raised on three 

different experimental diets. 
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Fig. 11. Fat Index of Tufted Puffin and 
Black-legged Kittiwake nestlings raised on different experimental diets. 
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Cheyenne, Wyoming 82001 

March 19, 1997 

Studv Bisiory: The Alaska Predator Ecosystem Experiment (APEX) in Prince William Sound, - 
Alaska required use of sampling designs whose analyses are not commonly available for biological 
field studies. The design included systematically located unequal length transects and collection of 
spatially correlated data on abundance, distribution, and biomass of forage fish and abundance and 
distribution of sea birds. Analyses include estimation of resource selection fbnctions and adjustment 
for the correlated data. Beginning in 1995, we provided review of and advice for the nonstandard 
study designs in order to help insure that appropriate statistical inferences can be made during the 
analysis phase of the studies. We also provided advice and assistance during statistical analyses of 
1995 data and report preparation for some of the individual projects within APEX. 

Abstract: Modifications were made in sampling designs and overall study protocols for the 1997 
field season in collaboration with Principal Investigators of the other APEX projects. Custom 
computer software was developed for analysis of spatially correlated acoustic survey data. 
Statistical analyses were recommended for some of the APEX projects to insure that statistical 
inferences are justified by the 1995 and 1996 data collection procedures. Results of interactions 
with the APEX projects are included in the annual reports, study protocols, and detailed project 
descriptions submitted by the Principal Investigators. 

Key Words: statistical analysis, spatially correlated data, protocols, study design. 

Modifications were made in the sampling design for collection of the 1996 acoustic survey data to 
included random placement of survey blocks in the near-shore areas of Prince William Sound in 
collaboration with Dr. Lew Haldorson and Dr. Tom Shirley, Project 97163A, Forage Fish 
Distribution. These blocks were sampled with transects running at approximately 45 degrees to the 
shoreline during the acoustic' survey. The off-shore acoustic survey in 1996 was conducted 
according to the same design as used in 1995 to provide comparable data. We developed custom 
software for analysis of the spatially correlated data collected in 1995 and 1996. These computer 
programs were used by Mr. Ken Coyle for assistance in analysis of the 1995 acoustic data and are 
currently being used for analysis of the 1996 near-shore and off-shore acoustic data. Analyses for 
abundance and distribution foraging sea birds in relation to schooling fish followed statistical 



procedures specifically developed for study of resource selection by animals in collaboration with 
Dr. William Ostrand, Project 971 63B. 

Interaction with these and other APEX projects included review of study protocols for the 1997 field 
season and general advise on statistical analysis for data collected in 1995 and 1996 

The individual Principal Investigators are primarily responsible for issuing the reports on 1995 and 
1996 data from the various projects within APEX. Results of our interactions with the Principal 
Investigators are contained within those reports. 
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The Factors That Limit Seabird Recovery In The EVOS Study Area: A Modeling Approach 

Restoration Project 97 163Q 
Annual Report 

Studv History: The project effort was initiated in Febmary 1997 as a new project. Field 
work is not direct component of this project, which relies on the data gathered by all other 
APEX projects as well as data in the literature. 

Abstract: We use mathematical models to assess ways in which food supply could be 
affecting recovery of seabirds in the EVOS study area. The models address foraging effort and 
success as it relates to breeding productivity. In the first year of effort we will concentrate on 
developing models for Pigeon Guillemots and Black-legged Kittiwakes in Prince William 
Sound. Results will test the degree to which food limitation is affecting recovery, indicate the 
mechanisms by which this could come about, and identify the scale at which interactions are 
occurring between food availability and the colonies being studied by APEX. Moreover, 
results should help to "aim" the APEX research effort so that sufficient data are collected to 
fulfill the overriding APEX objective: to understand the ways in which food supply is limiting 
seabird recovery. 

Kev Words: Ed.on  Valdez, Pigeon Guillemots, Black-legged Kittiwakes, foraging effort, 
population growth, mathematical modeling. 

Proiect Data: (will be addressed in the final report) 

Citation: Ainley, D. G., R. G. Ford and D. C. Schneider. 1997. hctors that limit seabird 
recovery in the EVOS study area: a modeling approach., Exxon Valdez Oil Spill Restoration 
Project Annual Report (Restoration Project 97 163Q), Anchorage, Alaska. 
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Executive Summary 

We use mathematical models to assess ways in which food supply could be affecting recovery 
of seabirds in the EVOS study area. Thus, we are addressing the main APEX (Alaska Predator 
Experiment) hypothesis that food supply is limiting recovery of certain avian populations fiom 
the E n o n  Valdez oil spill. We present here the general outline of the mathematical models, 
with lists of parameters to be included. Eventually data inputs will comprise information fiom 
the field components of APEX. supplemented with data published elsewhere. 

Introduction 

The general hypothesis of the APEX project is that a change in the relative abundance of 
forage fish species has prevented recovery of injured avian populations in Prince William 
Sound. Within this general hypothesis a series of ten working hypotheses are being 
investigated. The data being collected to test these hypotheses differ in temporal and spatial 
scale. Some additional data at the time scale of decades exist. However, most of the data are 
at much smaller scales than the general hypothesis, which is at the scale of decades (time for 
recovery in long-lived species) and at the spatial scale of the entire sound. Statistical 
inference can be used to bridge some but not all of the gap. The remainder will be bridged by 
the same methods used in oceanography (Figure l), where hypotheses are stated at a specific 
scale, hypotheses are constrained by conservation laws, and ratios of rates are used to identify 
the importance of competing processes. This approach integrates the available information, 
bridges the gap from data to the hypothesis, and identifies variables that need to be linked. 
The model output will allow avian recovery rates to be evaluated in relation to prey 
availability, using data and knowledge gathered for this ecosystem. 

Objectives 

Hypotheses to be evaluated by mathematical modeling using existing data, under the null 
hypothesis: 

1. Annual survivorship, age of first breeding, foraging range, feeding frequency of chicks, 
and reproductive success are not related to food availability. We hypothesize that feeding 
frequency of chicks and breeding success in large colonies should be lower than in small 
colonies. 

2. No differences in 1 will be evident in pre- and post-spill comparisons, where possible. 



Figure 1. Scope of APEX general hypothesis (circle), of available data on Pigeon Guille- 
mot feeding rate (solid lines), of statistical inference (dotted line), and of the model (box). 
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Methods 

The approach will be iterative, beginning with existing verbal models of population dynamics 
and foraging distribution, including recent findings by APEX investigators. From this a 
preliminary outline for an integrated computational model will be developed and presented to 
the APEX investigators and referees. The model will consist of a demographically structured 
spatial model linked to a spatially structured foraging model. The model will be revised as 
needed, then data sources for each functional relation in the model will be listed. The model 
will then be coded. Initial runs will be used to identify relative sensitivity to parameters. 
Which relationships, for example, have the largest influence on population change and rates 



of recovery? These results will be presented for discussion and revision as needed. The 
revised model will be used to guide further testing of working hypotheses. The model will 
then be used to quantify rates of recovery relative to changes in prey base. Because the 
model is based on dynamics, it can be used to calculate energy exchange from prey to avian 
populations through time, including average energy exchange before and after 1989. 

Results and Discussion 

A demographically structured model linked to a spatially structured foraging model was 
chosen for several reasons. First and most importantly, the APEX general hypothesis 
concerns demographics (recovery) in relation to prey distribution. Further, such an approach 
was successfully applied by Ford et a1 (1 982) for the Pribilof Island colonies and by Nur et 
al. (1993) for central California colonies. Finally, it is recognized that any long term 
monitoring program must include demographics, which prevail over other sources of change 
in avian density at decadal time scales (see below). 

Based on findings by APEX investigators, the following conceptual changes were 
made in the model developed by Ford et a1 (1982). First, longer term optimality, based on 
learning or territoriality, was introduced as an alternative to search based on short-term 
optimality. Evidence for consistent patterns of foraging site usage comes from work in 
Prince William Sound (PWS) on Pigeon Guillemots (Kuletz 1983) and Black-legged 
Kittiwakes (Irons 1992). Second, new habitat variables were introduced, notably distance 
fiom shore, depth, and substrate type. Pertinent evidence includes the observed restriction of 
foraging to nearshore areas in PWS, the absence of a strong advective regime in the inner part 
of the sound, the association of sandlance and juvenile herring with specific habitats in 
shallow water, and linkage of kittiwakes to shallow water features that increase the local rate 
of prey resupply near the sea surface. Deeper water species (notably murres and 
procellariids) are absent from PWS suggesting that foraging mechanisms in relation to 
habitat differ from the system of shelf break currents and shallow sea fronts that were 
modeled at the Pribilof colonies. Third, conservation laws were used to make complete 
listings of processes that alter seabird density at multiple scales. Important components were 
then identified by comparing rates at the scale of the hypothesis. 

Black-legged Kittiwakes and Pigeon Guillemots were chosen because more data 
exists on these than other species. The guillemot is listed by the EVOS trustees as not 
recovered. 

Spatial scale. A 5 km2 grid was considered sufficiently detailed for PWS, which 
extends roughly 100 krn from north to south and east to west. A smaller grid scale may be 
necessary within 10 km of the coast, based on the finding that the bulk of foraging on energy 
rich fish species occurs in this habitat, with much lower foraging activity offshore. 

Time scale: Available data limited the model to time steps of two seasons (breeding 
vs non-breeding) with a 10 day time step during the breeding season. 



Once the avian species, spatial scope, and iemporal scope of the model were 
identified, the components of the general hypothesis were quantified. 

BOX 1. Quantification of the APEX general hypothesis. 

"Change in forage fish has prevented recovery of some avian populations." 

"Avian population" was defined as the number of a species within grid cell of area A = 5 
km2, where: 

"Change in avian population" was defined as an instantaneous rate, resulting in components 
(r = b - z) consistent with the demographc literature, where: 

dotN = 1/N * dN1dt = %/unit time 

"Forage fish" from the point of view of predators was defined as the energy available to a 
bird species within the area of each grid cell, where: 

E = Sum over depth of spE * B.prey = kJlg * g/m3 = kJl5 km2 

E for kittiwakes was defined as the energy density within the surface layer, 1 m by 5 
km, based on acoustic estimates immediately below this layer. spE is the specific energy 
(kJ/g) of the resource, B.prey is the biomass concentration (g/rn3) of the resource. E for 
Pigeon Guillemots was defined as the energy density either within the water column or at the 
bottom, in water less than 50 m in depth. 

"Change in forage fish" was defined as the instantaneous rate of change in energy 
density available to a bird species within the finite area of each grid cell, again to produce 
component variables consistent with the demographic literature: 

dotE = 1/E * dE/dt = %/time within each grid cell. 

The general hypothesis was cast in quantitative terms on a fixed (Eulerian) grid, 
where dynamics were computed in discrete time steps within finite volumes. This means that 
dynamics are first expressed as instantaneous rates, such as the familiar expressions for 
instantaneous mortality (z in the fisheries literature), recruitment (b in the ecological 
literature), or net rate of increase (r = b - 2). These rates are then integrated over finite 
volumes and areas to obtain averages over volumes or areas (r.0 = b.o - 2.0). Conservation 
I , . . . ,  Cnv nl lmh~rs  maw and energy were used to obtain a complete listing of concomitant 



rates. An expression for energy exchange was written for each bird species and each of its 
important prey. The relative importance of these concomitant rates was evaluated by taking 
ratios at the scale of the hypothesis. Application of a conservation law for numbers and 
energy produces a complete listing of all sources of change in avian density dotN.0 and 
change in resource density dotE.0 of fish. 

dotN.0 = b.0 - 2.0 + F.0 
= recruitment - mortality + movement(f1ux) 

change in density = demographic change + kinematic change 

dotE.0 = dot spE + dotM + b.o - z.o + F.o 
change in + somatic + recruitment - death + movement 

specific growth from parent within 
energy with age cohort known 

cohort 

Once a complete listing was obtained, the next step was to identify which components 
could be treated as constants at the time and space scale of the hypothesis. Order of 
magnitude values were assigned to each component of change in resource density dotE.0, 
based on knowledge of the biology of sand lance, herring, and capelin. 

dot spE = < 1 %/decade (limited decadal change in kJ/g) 
dotM = <lO%/decade (limited decadal change in body size) 
b.o = > 1 OO%/decade (1 00% change in recruitment possible) 
F.o = > 100%/decade (doubled migration into P WS possible) 

The conclusion from this was that specific energy spE and body mass M could be 
taken as single values for each pley species. For spE arld T*2, short term measurements (lower 
left part of Figure 1) could be applied at scale of the hypothesis (upper right part of Figure I). 
For prey that do not migrate into and out of PWS (possibly sand lance), recruitment b.o and 
mortality z.o will be more important than movement, F.o, which can be ignored at the scale 
of PWS. At smaller scales, within PWS, redistribution at decadal scales would need to be 
considered. For highly migratory species such as capelin and herring, both demographics 
(b.0 - z.0) and movements at the scale of PWS would need to be considered. 

Similar analysis was made for the components of dotN.0, change in avian density, at 
the scale of the hypothesis. At the time scale of a half year, 100% of a migratory population 
vacates the breeding range, while mortality will be of the order of 10% during the 
nonbreeding season. The ratio r/F = (1 O%/halfyear)/(l OO%/halfYear). At this time scale, 
movements prevail (r/F < 1). At the time scale of a year or more seabird colonies change 
little in distribution; a figure as high as I %/year would be surprising in any breeding 
population in PWS. At the time scale of a year, r/F = (lO%/year)/(l%/5 year). The ratio 
r/F exceeds unity and demographics prevail over kinematics (movements). For Black- 
I .--,, A T7;4&:  ..,- I . - -  T-: ?....- 9 -L-.. - + I - -  - - l c L : - , T  : 2 ,,--- - c  ---..---- & - * , A  -1 - . - - - - " - - I - . - , .  



as a function of space and time scale. The conclusion from this analysis was that 
demographics cannot be ignored, at the scale of the APEX general hypothesis. 

Figure 2. Scope diagram for demographics vs kinematics of Black-legged Kittiwakes. 
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The data available for marine birds were sufficiently detailed to allow an age or stage 
specific treatment of recruitment and death. The demographic model was structured around 
the transition points listed in Table 1. A stage was defined as the time between hvo transition 
points. Survival within each stage was defined as proportion surviving from one transition 
point to the next (Table 2). Death rate, D, within a stage was defined as the proportion 
removed. Recruitment rates, b, total mortality rates ztot, and predation rates zpred were 



calculated from survival and mortality, as shown in Table 3. Instantaneous rates were 
calculated because these, unlike crude survival and death rates, can be summed over areas, 
over sources, and over time periods. 

Table 1. Transition points used in age structured model of population size. 

attempts = nest built 

eggs = egg laid 
hatch = chick hatched live 
fledge = check departed nest alive 
new adults = chick returned alive to breed 
adult@fledge = adult alive at date of fledge 
adultanext attempt = adult returned alive after breeding 

Table 2. Stage specific survival and death rates used in the age structured model of avian 
population size. 

SURVIVAL RATES 

S.nest = attempts = #nests/pair in colony 
S.egg = egg production = number eggslnest 
S.chick = egg hatch = number hatchlnurnber eggs 
S.subad = chick production = number fledgedlnumber hatched 
S.adl = subadult survival = first breederslnumber fledged 
S. ad2 = breeding survival = returned breederslfirst breeders 
S.ad.n = adult survival = breeders at age nlbreeders at n-1 

D.nest = nest failure = failed pairsltotal pairs 
D.egg = egg loss = eggs losdeggs laid 
D.chick = chick loss = chcks lost/chcks hatched 
D.subad = subadult loss = subadults lost/chicks fledge 
D.adl = 1 st breeder loss = 1 st breeders lostll st breeders marked 
D.ad2 = 2nd breeder loss = 2nd breeders lostl2nd breeders marked 
D.ad.n = breeder loss = breeders lostbreeders marked 



Table 3. Instantaneous rates of recruitment b, total mortality ztot, and predatory 
mortality zpred computed from the proportions in Table 2. 

b.egg = ln S.nest + In S.egg 
= eggslpair 

b.subad = yi' * (1nS.nest + 1nS.egg + 1nS.chick + 1nS.subad). 
= subadultslpair 

LOSS RATES 

nest failure = ztot.nest - 1 = (nest - pair)/pair 
egg loss = ztot.chick - 1 = (hatch - eggs)/eggs 
chick loss = ztot.subad - 1 = (fledge - hatch)/hatch 
subadult loss = ztot.ad1 - 1 = (return - fledge)/fledge 
first breeder loss = ztot.ad2 - 1 (return - 1st tries)/lst tries 
breeder loss = zt0t.ad.n - 1 (returned - breeder)/breeders 

PREDATION RATES 

These demographic rates are related to prey resource density E via adult intake rates 
(dotE.int = kJ/day) and delivery rates to chicks (dotE.deliv = kJIday), as in Table 4. The 
quantitative relation between avian demographic rates (including recovery) and fish resource 
density E was then expressed in both verbal (Table 5) and graphical (Figure 3) forms. 



Table 4. Definition of adult intake dotE.int and chick delivery dotE.deliv. 

dotE.int = F.rate * C.att * C.succ * C.energy = kJ/day 

F.rate = trips/day = foraging rate 

C.att = attemptltrip = capture attempts 

C. succ = capturedattempt = capture success 

C.energy = kJ/capture = energy value of capture 

dotE.deliv = F.rate * h/l.meal * spE.mea1 = kJ/day 

F.rate.deliv = tripslday = foraging rate 

hl.meal = gltrip = meal size 

spE.mea1 =kJ/g = meal value 

Table 5. Verbal statement of r~lat'on of variables, for APEX 
general hypothesis. 

A l .  Survival to next stage depends on (intake, predation, other) 
A2. Recruitment depends on (delivery, predation, other) 

B 1. Intake depends on (resource quality spE, density E, other) 
B2. Delivery depends on (resource quality spE, density E, other) 
B3. Delivery depends on (distance from colony, other costs) 



Figure 3. Graphical expressions of the relation of variables, for the APEX 
general hypothesis; shapes of curves provisional. 
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Based on discussions with APEX investigators, several variables (Table 6) $ere 
considered potentially important in affecting intake and delivery rates of food. These 
variables were resource distribution E, relative abundance of prey with high specific energy 
spE = kJ/g, and costs of food delivery, including time to find food. Travel time will in turn 
depends on foraging tactics (information center, traplining, etc). 



Table 6. Variables considered to be potentially important in affecting food intake dotE.int 
by birds, or delivery dotE.deliv to chicks. 

E = resource density 
B.prey.pe1 = local resource concentration in water 

B.prey.benth = local resource concentration at bottom 
spE.high/spE.low = ratio of high to low energy density species 

Cost of capture (kJIday) 
L .prey = distance between prey 
A.schoo1 = school area 
FMR = field metabolic rate 

Cost of delivery (kJ1delivery) 
L.colony = distance from colony 

These variables and relationships were developed in discussion with several 
investigators before the APEX review in February 1997. The resulting model structure was 
presented to APEX investigators and referees during the February review meeting. The 
model was presented first in rough outline (Table 5, Figure 3), then in more detailed form, 
shown in Figure 4. 



Figure 4. Age structured model, showing relation of survival (or recruitment) to intake (or 
delivery), together with relation of intake (or delivery) to resource distribution E (food). 
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Investigators agreed on the concept of using non-linear relations between 
demographic rates and intake/delivery. The preferred form of the relation was generally 
sigmoidal ("buffers"), following those sketched by Cairns (1987). The available data (Ainley 
et al. 1995; Anker-Nilsson 1996) are consistent with this form of relation. Based on 



et al. 1995; Anker-Nilsson 1996) are consistent with this form of relation. Based on 
comments from investigators, a few modifications were made. Three additional variables 
(Table 7) were suggested as being important, via effects on subsequent survival. 

Table 7. Hypotheses concerning variables that potentially affect future survival. 

HYPOTHESES 

C 1. post breeding survival depends on (effort to breed) 

C2. post breeding survival depends on (weight loss) 

C3. sub adult survival depends on (weight at fledge) 

C4. sub adult survival depends on (condition at fledge) 

VARIABLES 

dotE.effort = kJ1season (delivered + ingested) = effort to breed 

deltaM.adult = gladult - mean(g1adult) = weight loss (gain) 

dotM.chick = glday = chick growth rate 

M.subad = glfledgling = weight at fledge 

cond.fledge = gramlcm = condition at fledge 

The third variable in Table 7 corrects weight at fledging for degree of development, 
measured as wing length at time of fledging, a rough proxy for age. A derived measure (with 
units of gram21(ln(cm))2) is also being used. An effort will be made to find a more 
biologically interpretable measure. One possibility is to use wing length as a proxy for age, 
then fit the chick growth data to model with biologically interpretable parameters, such as a 
von Bertalanffy growth cunre. 



Once the model was identified, the next step was to list the available data. These data 
(Tables 8,9,10) will be used to define the form of the relation between variables, to estimate 
average values of each variable, and to estimate parameters relating one variable to another. 

Table 8. Data for Black-legged Kittiwakes in Prince William Sound. Source is either no 
data, historical data, or APEX protocols for data collection and reporting, listed by sub- 
project letter. JD = Julian date; (A) = archeology (will require time to assemble). 

POPULATION SIZE AND TRENDS 

S .nest egg success/nest built E 
S.egg clutch sizelnest with eggs E 
S.chick eggs hatchedleggs laid E 
S .subad fledgedlchicks hatched E 
S .ad1 adults returning/chicks fledged E 
S.ad2 --- 
S .ad.n adults returning/adults banded E 

all colonies JD 
coastline JD 

3 colonies JD 
3 colonies JD 
3 colonies JD 
3 colonies JD 
1 colony JD 

- 
1 colony JD 

MORTALITY DUE TO PREDATORS 

Dpred.nest ---- - 
Dpred.egg losses/egg laid D.Irons(A) 3 colonies JD 
Dpred.chick losses/chick hatched D.Irons(A) 3 colonies JD 
Dpred.subad ---- - 
Dpred.ad1 ---- - 
Dpred.ad2 ---- - 
Dpred.ad.n losseshreeding pair F.Bassett(Th.) 1 colony JD 



Table 8. Continued .... 

OTHER VARIABLES 

deltaM.adult gladult (end of season) 
dotM.chick g/day 
M.subad glfledgling 
condwedge  g r d c m  (winglength) 
dotE.effort kJ/season 
dotE.int kJ1day 
F.rate tripslday 
C.att atternputrip 
C . succ captureslattempt 
C.energy kJ1capture 
dotE.deliv kJ/d 
F.rate.deliv tripslday 
M.meal gltrip 
spE.mea1 kJ/g 
L.prey km 
A.schoo1 km' 
FMR kJkg 
L.colony km 

1 colony 
3 colonies 
3 colony 
3 colony 

1 colony 
1 colony 
latllong 

PWS 

PWS 
1 colony 
1 colony 
1 colony 

PWS 
1 colony 
1 colony 

- -  - - 
Table 9. Data for Pigeon Guillemots in Prince William Sound. Source is either no data, 
historical data from K.Kuletz at one colony (KK), colony atlas (FWS), or APEX protocols 
for data collection and reporting, listed by subproject letter. JD = Julian date; (A) = 

archeology (will require time to assemble). 

N.colony pairslcolony FWS all colonies 
N.colony pairslcolony F,G,KK 2 colonies JD 
N.sea birds/km2 E,F,KK coastline JD 



Table 9. Continued .... 

S.nest egg siteslpair 

S.egg eggslsite 
S.chick chckslnest site 
S.subad fledgedchicks hatched 
S .ad 1 adults returninglchicks fledged 
S.ad2 --- 
S .ad.n adults returningladults banded 

MORTALITY DUE TO PREDATORS 

Dpred.nest ---- 
Dpred.egg egg losslnest site 
Dpred-chick chick losslnest site 
Dpred.subad ---- 
Dpred.ad 1 ---- 
Dpred.ad2 ---- 
Dpred.ad.n losseslpair 

OTHER VARIABLES 

deltaI.adult 
dotM.chick 
M.subad 
condafledge 
dotE.effort 
dotE.int 
F.rate 
C.att 
C.succ 
C .energy 
dotE.deliv 
F.rate.deliv 
Pvl.mea1 
spE.mea1 
L.prey 
A.schoo1 
FMR 
L.colony 

gladult (end of season) 
g/day 

glfledgling 
g r d c m  (winglength) 

Wlseason 
kJ/day 

tripslday 
attempthip 

captureslattempt 
kJ1capture 

kJ/day 
tripslday 

gltrip 
k Jlg 
km 

km' 
kJlday 
km 

2 colonies JD 
2 colonies JD 
2 colonies JD 
2 colonies JD 
2 colonies JD 

- 
2 colonies JD 

- 
1 colonies JD 
1 colonies JD 

- 

- 
1 colony JD 

2 colony JD 
2 colony JD 
2 colony JD 
2 colony JD 

2 colony JD 

latllong JD 
PWS JD 

2 colonies JD 
2 colonies JD 
2 colonies JD 

ladlong JD 



Table 10. Prey data for Black-legged Kittiwakes and Pigeon Guillemots in Prince William 
Sound. Source is either no data, NVP = nearshore vertebrate predator protocol, SEA project, 
or APEX protocols for data collection and reporting, listed by subproject letter. JD = Julian 
date; (A) = archeology (will require time to compile). 

M.prey.pe1 g/m3 Alacoustic 3 block 
Blacoustic PWS 
SENaerial PWS 

M.prey.benth g/m2 ~ ~ ~ l a c o u s t i c  (A) PWS 
NVPIseine (A) PWS 
Flseine (A) 1 colony 

W.Barbour/quadrat (A) intertidal 
ADF&G/shrimp trawl (A) 

UAF (A) kelp beds 

spE. benth kJ/g G 

Discussion and Conclusions 

1. The APEX general hypothesis could be readily cast in quantitative terms. 

2. In seabirds, demographic rates prevail over kinematic (movement) rates at the scale of the 
APEX general hypothesis. Demographic variables will need to be estimated, in relation to 
prey intake and delivery, in order to test the APEX genera1 hypothesis. 

3. Data exist to estimate nearly all demographic parameters in 3 colonies of Black-legged 
Kittiwakes and 2 colonies of Pigeon Guillemots in Prince William Sound. 

4. Post fledging and post breeding mortality (s.ad1, s.ad.n) need to be estimated in multiple 
years, starting in 1997. 

5 .  Concomitant data are needed to estimate parameters relating uptakeldelivery to small 
scale resource density E, for both species. Concomitant measures of the following variables 
need to be made in multiple years, starting in 1997. 



-Capture rates (C.att, C.succ, C.energy) in relation to prey density E = kJ/area. 

-Prey intake (dotE.int = kJIday) and delivery rates (dotE.deliv = kJ/day) relative to 
variation in resource density E and quality (spE.higWspE.10~). 

6. Prey intake (dotE.int) by adults needs to be estimated for the pre-breeding, incubation, 
chick rearing, and post breeding periods. 

7. The feasibility of use field metabolic rate (FMR) to measure prey intake of both species in 
relation to resource density, delivery rate, and energy content (spE) of chick meals should be 
examined. 
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ASSESSMENT OF THE PAH CONTAMINATION OF POPULATIONS OF THE 
FORAGE FISH, SAND LANCE (Antmodytes hexapterus), INHABITING 

CLEAN AND OIL-IMPACTED SEDIMENTS 

ABSTRACT 

APEX investigators collected samples of sand lance fiom Northwest Block Island, Southeast 
Eleanor Island, North Cabin Bay, and East Bob Day Bay. Sediments were collected fiom 
Southeast Eleanor Island, Northwest Block Island, MacPherson Isthmus, Fuel Cache Beach, 
MacPherson Narrows, and East Bob Day Bay. AU samples were extracted by EPA methods 
(3540, 3550) to produce dichloromethane @CM) extracts, and small aliquots of these were 
applied to human liver cancer cells (lOlL), which produce a luminescent enzyme (luciferase) if 
dioxins, hrans, coplanar PCBs and polycyclic aromatic hydrocarbons ( P A H i )  are present. The 
amount of luciferase produced (light) is measured with a luminorneter, A d  the intensity is a 
hnction of the concentrations and potency of the planar organic compounds present in the 
extract. This test simulates the response of mammals and fish which may ingest contaminated 
Ammodytes. Tissue extracts were fiom composites of several whole fish, with the combined 
dry weight per sample of between 0.5 and 2.9 grams. Previous investigations with fish tissue 
collected in Southern CMornia have detected levels of PAHs of fiom 0.3 to 4.0 pg of 
Benzo(a)pyrene Equivalents per g (ppm) in muscle, liver and ovary tissues. In this study, 
sediments were found to contain between 0.2 and 3.5 pg B(a)PEq/g. Levels of approximately 
3 pg B(a)PEq/g were found in sediments collected at Eleanor Island SE and Block Island 
NW. Many of the sand lance samples did not show any sigtllficant contamination, but other 
samples ranged f?om 2 to 16 pg B(a)PEq/g. A few samples of fish fiom Block Island NW 
contained 5.5 to 16.2 pg B(a)PEq/g and one sample from East Bob Day Bay contained 3.3 pg 
B(a)PEq/g. When the data are expressed as pg B(a)PEq/g lipid, values as high as 82 were 
observed. There appears to be sigruficant contamination in some of the fish and sediment 
samples, which is likely fiom high molecular weight PAHs. These data will need to be 
discussed with the investigators who collected the samples and others with knowledge of the 
levels of oiling at these sites during the spill. Extracts can be sent to an analytical laboratory for 
confirmation. 

INTRODUCTION 

Sand lance (Ammodytes hexapterus) are marine fish inhabiting the coastal Northeast 
Pacific. They are an important trophic link to tertiary fish and mammals in this ecosystem. 
When not foraging on zooplankton in the water column, these fish bury themselves in 
bottom sediments to avoid predation. Because of this, sand lance may be important 
indicators of sediment contamination, including that following the Exxon Valdez oil spill 
in Prince William Sound (PWS), Alaska in March of 1989. 

Given the persistant nature of petroleum hydrocarbons in sediment, levels of PAH 
contamination in sediments collected from some sites in PWS even in 1996 may be 
significant. Collier et al (1996) found that, in contrast to species in the littoral zone, 



nearshore benthic fish species in Prince William Sound showed continuing oil exposure 
through the first two field seasons after the spill, and there was some evidence of increased 
exposure even after more than two years. Sand lance, though prefering to burrow into 
clean sand, may be exposed to oil-impacted sediments in these shallow subtidal zones 
(Pinto et al 1954). Contaminant levels in tissue extracts of fish collected at these sites, as 
compared to those from sites where oiling did not occur, may indicate this exposure. In 
this study, sand lance as well as sediments were collected from several sites in PWS. 

Induction of the cytochrome P450 system in fish in response to petroleum hydrocarbon 
contamination in sediments has been well characterized (Collier et al, 1995, 1996). These 
contaminants, including polycyclic aromatic hydrocarbons (PAHs) are known to bind to 
an intracellular cytosolic protein referred to as the Ah receptor . This complex is 
translocated to the nucleus of the cell, where it interacts with elements in the promoter of 
the CYPlAl gene and causes transcription of the P450 enzyrne system. While many of 
these enzymes are involved in metabolic detoxification pathways, epoxidation of 
benzo[a]pyrene by the P450 enzyme system produces a reactive metabolite, actually 
enhancing its carcinogenicity (Varanasi et al 1987). 

To determine possible contamination which may be related to toxicity and carcinogenicity, 
extracts of sediments and fish tissues collected from PWE were analyzed by a P450 
Reporter Gene System (RGS) (APHA, ASTM 1997). This assay utilizes a human cell 
line, know as 101L, into which a plasmid has been stably integrated. This plasmid 
contains the CYPlAl promoter linked to a reporter gene, firefly luciferase. When 
compounds that induce transcription of P450 by the CYPlAl gene are present in these 
cells, the enzyme luciferase is produced. Luciferase acts on the substrate luciferin to 
produce light. P450 induction can therefore be measured by a simple assay that measures 
relative light units in a luminometer. In tissue extracts from mussels deployed in San 
Diego Bay, P450 RGS-estimated Benzo[a]Pyrene Equivalents were highly correlated to 
Toxic Equivalents (TEQs) based on chemical analytical data of these mussel tissues 
(Anderson et a1 1997). 

METHODS 

Sediments 
Approximately 40 grams of sediment from six stations in Prince William Sound (see map) 
were extracted by EPA method 3540 to produce 1 mL dichloromethane @CM) extracts 
containing the extractable organic compounds. Two of these six stations were considered 
oiled, while the other four were thought to be relatively unoiled sites. Per cent solids were 
obtained for each sample. 

Tissues 
Sand lance were collected from six locations (two oiled and four unoiled) in PWS. Fish 
varied in length and mass, and some samples consisted of composites of four or five small 
fish. Because of this, samples were given a size classification, so that fish greater than 130 
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mm in standard length were assigned to Class A, from 100 mm to 130mrn to Class B, and 
fish less than 100 mm in length, including composites of such fish, to Class C. Tissue 
samples were weighed and extracted as described above. Percent solids as well as percent 
lipids were determined for three samples, one from each of the three size classes. 
Because of their flocculent lipid content, tissue extracts were centrifuged at 6000 rpm. 
The resulting supernatent was then decanted and saved. The lipid pellet was resuspended 
in fresh DCM, mixed, centrihged again and the supernatents combined. In order to  
assure that no organic compounds were being harbored in the lipid pellet, one sample was 
spiked with the reference inducer TCDD and analyzed by the P450 RGS assay before and 
after several resuspensions in DCM. From this, it was determined that two resuspensions 
and centrihgations were sufficient to assure that little or no organic content of the sample 
was lost with the discarded lipid pellet. 

Following this, tissue extracts were allowed to evaporate at room temperature to dryness, 
then taken up in 500 pL of DMSO. DMSO is a more favorable solvent to  the cells and 
the plastic tissue culture plates than DCM when addition of 10 to 20 pL, is necessary for 
optimum analysis of tissue samples. This exchange was unnecessary with sediment 
extracts since only 5 pL of DCM was applied. 

P450 RGS Analvsis 
The detailed methodology used in this study has been described elsewhere (Anderson et al 
1995, 1996). Small portions of extracts were applied to approximately one million human 
liver cancer cells contained in three replicate wells with 2 mL of culture medium. After a 
16-hour incubation, the cells were washed, lysed, the solution centrifuged, and 50 pL  of 
the supernatant was measured for luminescence. With each sample run, a solvent blank 
(using a volume of DCM or DMSO equal to the extract volume being tested) and a 
reference toxicant (2,3,7,8-dioxin at a concentration of 2 ng/mL) were applied to three 
replicate wells each. Fold induction of the solvent blank was set equal t o  1, and the fold 
induction of each sample and the reference toxicant was determined by dividing the 
relative light units (RLUs) produced by that sample by the RLUs produced by the solvent 
blmk. 

In order to produce benzo[a]pyrene equivalents (B[a]PEq) for each sample, fold induction 
values were divided by 60, a value derived from previous studies showing that 1 pglmL 
(ppm) of B[a]P produces approximately a 60 fold induction in this P450 RGS assay. 
Further multiplication by a factor that brings the volume applied up to  the total extract 
volume and then division by the dry weight (in grams) for both the sediment and tissue 
samples, and by the lipid weight of the tissues yielded B[a]P Eq values in pg/g dry and 
pg/g lipid, respectively. 

Qualitv Assurance/Ouality Control 
After each test run, responses to the solvent blank and dioxin were compared to the those 
values in a control chart to assure that they were within two standard deviations of a running 
mean. Additional quality control procedures included spiking samples with 
benzo[a]pyrene, along with analysis of standard curves for both B[a]P and a quantified 



PAH mixture. The lurninometer was calibrated using a luciferase standard curve of 
relative light units vs. enzyme concentration. 

RESULTS 

The results of this project are summarized in the following tables and figures and in Excel 
PC files on the enclosed disk. 

Table 1 below shows the results of the seven different runs of the RGS assay, listing the 
mean of the triplicate luminometer readings for the dichloromethane (DCM), 
dimethylsulfoxide (DMSO), and dioxin (TCDD). In the first run, only sediment extracts in 
DCM were tested, so no DMSO blank was run. The tissue extracts, exchanged into 
DMSO, were run with a DMSO and usually a DCM blank, and the'fold induction with 
both solvents is listed where applicable. All data points fell within 2 standard deviations 
of the means. 

Table 1. Variability of Fold Induction in Multiple Runs. 
I DATE DCM DMSO TCDD FOLD FOLD I 

(DCM) (DMSO) 
10122196 0.103 NA 10.706 103.9 NA 

151.6 

2S.D. 0.043 0.048 

Lower C.L. 0.073 0.028 7.792 

Table 2 lists the wet weights, percent solids, and subsequent dry weights of the six 
sediment samples as determined by the Columbia Analytical Services laboratory in Kelso, 
Washington. 

Table 2. Dry Weight Calculations of Sediment Samples. 

Wet wt. Dry wt. 
CAS ID# (9) %Solid (9) . 
6369-1 40.2 96.7 38.9 
5793-48 41.1 94.1 38.6 
5793-49 40.7 79.3 32.3 
5793-50 40.5 91.3 37.0 
5793-51 40.5 94.2 38.1 
5793-52 40.9 90.9 37.2 



Table 3 lists the wet weights, percent solids, and percent lipids of the thirty-eight tissue 
samples also determined by the Columbia Analytical Services laboratory in Kelso, 
Washington. It also presents the subsequent dry weights and lipid weights of a l l  tissue 
samples. The percent solids were based on analysis of two samples, both of which were 
found to be 28%. Percent lipids were based on analysis of three samples, one from each 
of the three fish size classes, and each sample was assigned a percent lipid value based on 
that classification, as explained in Methods. 

Table 4 shows the triplicate luminometer readings in relative light units (RLUs), and the 
calculated fold induction and benzo[a]pyrene equivalents @[a]PEq) for all samples. Fold 
induction was calculated as the mean RLU value of the sample divided by the mean RLU 
of the solvent blank (either DCM or DMSO). All values for % of the mean (coefficient of 
variation) are less than 20%, indicating little variation among the triplicates. B[a]PEq 
were calculated using the following formula: 

B[a]PEq = (fo1d/60)*(VJVa) / wt 
where 60 = B[a]P conversion factor (see Methods) 

V, = total extract volume 
V, = volume of extract applied to cells 
wt = dry or lipid weight of sample 

This gives a B[a]PEq in pg per gram of either dry weight or lipid weight. 

To summarize the data, Table 5 and Figures 1 and 2 present the B[a]PEq by sample, 
including the sample description and collection site. 

Tissues 
A sand lance tissue sample (CAS #6) from Eleanor Island SE was found to contain the 
highest amount of compounds that induce P450 RGS, calculated as 16 pg B[a]PEq per g 
dry weight and 82 pg B[a]PEq per g lipid weight. The majority of all tissue samples were 
lower in pg B[a]PEq per dry weight: 55% were < 2.0, 26% were between 2.0 and 5.0, 
and 18'34, including the highest sample, were X.0 .  

Sediments 
A sediment extract from Block Island NW (CAS #48) was determined to have the highest 
level of B[a]PEq at 3.5 pg/g. Most of the sediment extracts (71%) had <1.0 pg B[a]PEq 
per g dry weight. 



.?able 

A: Standard length 21 30mm 
B: Standard length between 100 and 130mm 
C: Standard length 11 OOmm 

3. Weight Calculations of Tissue Samples. 
size wet wt. dry wt. lipid wt. 

CAS l.D # class* (g) %solid (g) %lipid (9) 
K5793-2 A 10.37 28 2.9 10.9 1.13 

3 B 2.72 28 0.8 8.4 0.23 
4 C 1.37 28 0.4 5.6 0.08 
5 C 2.65 28 0.7 5.6 0.15 
6 C 0.94 28 0.3 5.6 0.05 
7 A 10.67 28 3.0 10.9 1.17 
8 A 8.88 28 2.5 10.9 0.97 
9 B 3.43 28 1.0 8.4 0.29 
11 B 5.56 28 1.6 8.4 0.47 
12 C 1.97 28 0.6 5.6 0.1 1 
13 B 6.36 28 1.8 8.4 0.54 
14 C 1.70 28 0.5 5.6 0.09 
15 A 7.74 28 2.2 10.9 0.85 
16 B 3.56 28 1.0 8.4 0.30 
17 C 1.00 28 0.3 5.6 0.06 
18 C 1.70 28 0.5 5.6 0.09 
19 C 2.18 28 0.6 5.6 0.12 
20 B 3.25 28 0.9 8.4 0.27 
2 1 A 8.70 28 2.4 10.9 0.95 

'Size classes: 

size wet wt. dry wt. lipid wt. 
CAS 1.D # class* (g) %solid (9) %lipid (9) 

22 B 3.52 28 1 .O 8.4 0.30 
23 A 8.27 28 2.3 10.9 0.90 
24 B 8.01 28 2.2 8.4 0.68 
25 C 2.87 28 0.8 5.6 0.16 
26 A 9.74 28 2.7 10.9 1.06 
27 C 2.05 28 0.6 5.6 0.1 1 
28 A 9.13 28 2.6 10.9 1 .OO 
29 B 4.63 28 1.3 8.4 0.39 
30 B 4.88 28 1.4 8.4 0.41 
31 A 8.60 28 2.4 10.9 0.94 
33 B 7.74 28 2.2 8.4 0.65 
36 A 10.00 28 2.8 10.9 1.09 
37 A 10.10 28 2.8 10.9 1.10 
39 A 10.54 28 3.0 10.9 1.15 
41 C 4.71 28 1.3 5.6 0.26 
42 A 9.90 28 2.8 10.9 1.08 
43 C 10.60 28 3.0 5.6 0.59 
44 C 10.50 28 2.9 5.6 0.58 
45 C 10.00 28 2.8 5.6 0.56 



Table 4. Triplicate RLUs and Calculated B[a]P Equivalents. 
Applied 
Volume 

Test Date CAS # Solvent (pL) type' RLUl RLU2 RLU3 MEAN S.D. %MEAN FOLD 

1 0122196 M B DCM 5 N A 0.144 0.169 0.155 0.156 0.013 8.0 1.5 

10lW96 63641 DCM 5 sed 4.068 3.783 3.375 3.742 0.348 9.3 36.3 

10lW96 5793-48 DCM 5 sed 4.099 4.208 4.274 4.194 0.088 2.1 40.7 

1 OlW96 49 DCM 5 sed-oiled 0.201 0.212 0.209 0.207 0.006 2.7 2.0 

10/22/96 50 DCM 5 sed 0.231 0.221 0.187 0.213 0.023 10.8 2.1 
1 OLW96 51 DCM 5 sed-oiled 0.358 0.434 0.453 0.415 0.050 12.1 4.0 

10122196 52 DCM 5 sed 0.264 0.286 0.267 0.272 0.012 4.4 2.6 

1 o m 9 6  43 DCM 10 SL-oiled 0.071 0.064 0.111 0.082 0.025 30.9 0.8 

1012496 9 DMSO 10 S L 0.158 0.159 0.149 0.155 0.006 3.5 2.5 

10/24/96 16 DMSO 10 SL-oiled 0.1 44 0.152 0.145 0.147 0.004 3.0 2.4 

10125196 3 DMSO 10 S L 0.078 0.073 0.067 0.0727 0.006 7.6 1.3 

10/25/96 4 DMSO 10 S L 0.074 0.071 0.068 0.071 0.003 4.2 1.3 

10/25/96 5 DMSO 10 S L 0.097 0.101 0.101 0.0997 0.002 2.3 1.8 

10125196 17 DMSO 10 SL-oiled 0.074 0.069 0.072 0.0717 0.003 3.5 1.3 

10/25/96 18 DMSO 10 SL-oiled 0.116 0.125 0.111 0.1173 0.007 6.0 2.1 

10/25/96 19 DMSO 10 SL-oiled 0.132 0.145 0.167 0.148 0.018 , 12.0 2.7 

10/25/96 20 DMSO 10 SL-oiled 0.114 0.119 0.113 0.1153 0.003 2.8 2.1 

10125196 22 DMSO 10 SL 0.070 0.072 0.061 0.0677 0.006 8.7 1.2 

10/29/96 2 DMSO 5 S L 0.070 0.056 0.063 0.063 0.007 11.1 0.9 

1 0129196 21 DMSO 5 SL-oiled 0.075 0.076 0.065 0.072 0.006 8.4 1.0 

1 1/4/96 6 DMSO 5 SL 0.130 0.140 0.122 0.131 0.009 6.9 2.6 

1 1/4/96 7 DMSO 5 SL 0.109 0.098 0.097 0.101 0.007 6.6 2.0 

1 1/4/96 8 DMSO 5 S L 0.095 0.097 0.092 0.095 0.003 2.7 1.9 

1 1/4/96 11 DMSO 5 SL 0.143 0.133 0.117 0.131 0.013 10.0 2.6 

1 1/4/96 12 DMSO 5 SL 0.137 0.137 0.127 0.134 0.006 4.3 2.6 

1 1/4/96 13 DMSO 5 SL 0.097 0.084 0.083 0.088 0.008 8.9 1.7 

1 1/4/96 14 DMSO 5 SL 0.082 0.082 0.078 0.081 0.002 2.9 1.6 

1 1/4/96 15 DMSO 5 SL 0.090 0.093 0.089 0.091 0.002 2.3 1.8 

1 1/4/96 23 DMSO 5 SL 0.090 0.089 0.084 0.088 0.003 3.7 1.7 

1 1/4/96 24 DMSO 5 SL 0.080 0.078 0.074 0.077 0.003 4.0 1.5 

1 1/4/96 25 DMSO 5 SL 0.110 0.119 0.123 0.117 0.007 5.7 2.3 

1 1/4/96 26 DMSO 5 SL 0.092 0.096 0.109 0.099 0.009 9.0 1.9 

1 1/4/96 33 DMSO 5 SL 0.085 0.086 0.083 0.085 0.002 1.8 1.7 

1 1/4/96 36 DMSO 5 SL 0.078 0.079 0.071 0.076 0.004 5.7 1.5 

1 1/5/96 27 DMSO 5 SL 0.088 0.094 0.122 0.101 0.018 17.9 0.9 

1 1/5/96 28 DMSO 5 SL 0.091 0.124 0.089 0.101 0.020 19.4 0.9 

1 1/5/96 29 DMSO 5 S L 0.111 0.117 0.109 0.112 0.004 3.7 1.0 

1 1/5/96 30 DMSO 5 SL 0.097 0.092 0.094 0.094 0.003 2.7 0.8 

1 1/5/96 31 DMSO 5 SL 0.103 0.107 0.111 0.107 0.004 3.7 0.9 

1 1/5/96 37 DMSO 5 S L 0.095 0.092 0.096 0.094 0.002 2.2 0.8 

1 1 I7196 39 DMSO 5 SL 0.092 0.095 0.086 0.094 0.002 2 3  1.1 

1 1 I7196 41 DMSO 5 SL 0.253 0.250 0.280 0.252 0.002 0.8 2.9 

1 1 I7196 42 DMSO 5 SL 0.087 0.092 0.074 0.090 0.004 4.0 1.0 

1 1 /7/96 44 DMSO 5 SL 0.134 0.127 0.129 0.131 0.005 3.8 1.5 
1 1 17/96 45 DMSO 5 SL-oiled 0.498 0.462 0.387 0.480 0.025 5.3 5.5 

*type: SL=Sandlance tissue sample; SL-oiled= Sandlance tissue sample from oiled site; 
sed= Sediment sample; sed-oiled = sediment sample from oiled site 

Fold values in bold are 4.0,  and are assigned B[a]PEq = < what a 1.0 fold would give. 

B[a]P Eq. B[a]P Eq. 



Table 5. Summary of B[a]P Equivalents in APEX Samples. 
I CAS # B[a]PEq.* B[a]PEq.* 

K5793- Description Location (vg/?Z dry) (pg/g lipid) 
2 SL Block Island NW <1.43 <3.66 
3 SL Block Island NW 2.9 9.6 
4 SL Block Island NW 5.6 28.3 
5 SL Block Island NW 4.1 20.5 
6 SL Block Island NW 16.2 8 1.9 
7 SL Block Island NW 1.1 2.8 
8 SL Block Island NW 1.2 3.2 
9 SL-oiled Block Island NW 4.3 14.4 
11 SL Block Island NW 2.7 9.1 
12 SL Block Island NW 7.9 40.0 
13 SL Block Island NW 1.6 5.4 
14 SL Block Island NW 5.5 27.9 
15 SL Block Island NW 1.4 3.5 
16 SL-oiled Block Island NW 4.0 13.2 
17 SL-oiled Block Island NW 7.8 39.1 
18 SL-oiled Block Island NW 7.5 37.7 
19 SL-oiled Block Island NW 7.3 37.1 
20 SL-oiled Block Island NW 3.8 12.8 
2 1 SL-oiled Block Island NW 1.4 3.7 
22 SL Eleanor Island SE 2.1 6.9 
23 SL Eleanor Island SE 1.2 3.2 
24 SL Eleanor Island SE 1.1 3.7 
25 SL Eleanor Island SE 4.8 24.1 
2 6 SL Eleanor Island SE 1.2 3.0 
2 7 SL Eleanor Island SE €1.22 <4.07 
28 SL Eleanor Island SE <1.22 c4.07 
29 SL Eleanor Island SE 1.2 4.1 
3 0 SL Eleanor Island SE <1.22 <4.07 
3 1 SL Eleanor Island SE <1.22 <4.07 
3 3 SL Eleanor Island SE 1.3 4.2 
3 6 SL Eleanor Island SE 0.9 2.3 
37 SL Eleanor Island SE 4 . 2 2  <4.07 
39 SL Eleanor Island SE 0.6 1.5 
4 1 Composite of SL Elean~r  Icland SE 3.6 18.2 

#32,34,35,38,40 
42 SL Eleanor Island SE 0.6 1.6 
43 SL-oiled MacPherson Isthmus <1.1 <5.7 
44 SL North Cabin Bay 0.8 4.2 
45 SL-oiled East Bob Day Bay 3.2 16.4 

Sediment Type Location 
Blank NA NA 0.1 

K6369-1 sed Eleanor Island SE 3.1 
K5793-48 sed Block Island NW 3.5 

49 sed-oiled MacPherson Isthmus 0.2 
50 sed Fuel Cache Beach 0.2 
5 1 sed-oiled East Bob Day Bay 0.4 

1 5 2 sed MacPherson Narrows 0.2 1 
*Differences in detection limits result from variability among sample weight and fold induction 
values of blanks. 



Figure 1. P450 RGS-estimated B[a]P Equivalents in Sand Lance 
Tissues from Prince William Sound, Alaska 
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Figure 2. P450 RGS-estimated B[a]P Equivalents in Sediments from 
Prince William Sound, Alaska 
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Statistical Analysis 
A t-test was used to determine differences between the mean B[a]P Equivalency values of 
tissues from oiled and unoiled collection sites ~ c r o s o f i  Excel 5.0). One data point from 
unoiled Eleanor Island SE (CAS # 6 )  was not used in this analysis. This value was an 
extreme outlier, greater than three standard deviations above the mean B[a]PEq for 
unoiled samples. Using a two-tailed t-test with unequal variances, the mean B[a]PEq from 
the oiled sample set was found to be significantly greater than that from the unoiled set at 
the 95% confidence-li5VZl-(j, < 0.02). 

Table 6. Results of Statistical Analysis on B[a]PEqs from Sand Lance Tissues. 

1 oiled 1 8 1 4.93 1 2.3 

L2A!cE 
Figure 3 shows the dioxin control chart used to assure quality control of the P450 RGS 
assay. After every test run, the fold induction produced by dioxin at 2 nglmL is entered 
into an Excel spreadsheet that adds that day's dioxin performance to  obtain a running 
mean. From this, a confidence interval (shown on the chart by dashed horizontal lines at 
two standard deviations above and below the most recent value for the running mean) is 
determined and the test run is evaluated. AU dioxin fold induction values obtained in this 
study (data points from 10122 to 1117) were within two standard deviations of the running 
mean, and were therefore acceptable. 

Variable 
unoiled 

In addition, a sediment extract method blank was tested along with the sediment samples. 
This extract yielded a 1.5 fold induction and 0.1 pg B[a]PEq per g dry weight (of sodium 
sulfate used in the extraction method). This gives a baseline value upon which B[a]PEqs 
calculated from true sediment samples can be analyzed. 

mean 
2.43 

N 
22 

S.D. 
2.0 



Figure 3. P450 RGS TCDD (2 nglmL) Control Chart 
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Figure 4. P450RGS Induction from Benzo[a]Pyrene 
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Figure 5. P450 RGS Induction from PAH Mixture 
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Standard curves for Benzo[a]Pyrene and a commercially obtained PAH mixture are shown 
in Figures 4 and 5, respectively. Along with this, a luciferase standard curve (Figure 6) - 

shows the lower detection limit of the lurninometer and the strong linear correlation 
between RLUs and enzyme concentration, indicating the sensitivity and precision of the 
instrument. 

Results from the spiking study are shown in Table 7 and Figure 7. Three samples were 
spiked: the sediment sample showing the highest induction (CAS #48) and two tissue 
samples (CAS #6 and CAS #36). Sample #48 and # 6 were spiked with 300 ng/mL 
B[a]P, while sample #36 (not shown in Figure 7) was spiked with only 50 ng/rnL B[a]P 
(see Table 7). 

Table 7. Results of Spiking Study with B[a]P. 
FOLD FOLD 

B[a]P Spike Sample B[a]P FOLD 
CAS ID# <ng/m~) alone spike Sample + spike 
5793-6 300 1.5 9.4 8.2 

In cases where the fold induction of samples is 11.0 (equal or less than that of the solvent 
blank), as with many of the sand lance tissue extracts in this study, the B[a]P EQ are 
expressed as < what would result from a 1.0 fold induction. From previous studies using 
very low concentrations of 2,3,7,8-dioxin, the lower endpoint of detection with the P450 
RGS assay is approximately 0.001 ngfmL, yielding between 1 and 2-fold. From the 
luciferase standard curve (Figure 6), detection of as little as 5 picograms of luciferase is 
possible. Preliminary studies with a PAH mixture (Figure 5) indicate that at least 40 
ng/mL yields a reproducible detection of between 2 and 4-fold, and B[a]P concentrations 
as low as 10 n g / d  have been detected (Figure 4). Other individual PAH compounds, 
particularly benzo[k]fluoranthene, have even lower detection S i t s .  

DISCUSSION AND CONCLUSIONS 

The induction of luciferase production in the lOlL cell line used in the P450 RGS assay, 
as measured by relative light units of cell lysates, indicates that the applied sample contains 
chemicals that act upon the CYPlAl gene and cause transcription of cytochrome P450. 
This response is known to be associated with human and aquatic organism health effects, 
including carcinogenesis. These inducing chemicals include PAHs, PCBs, and dioxins, and 
are present, likely as mixtures, as environmental contaminants. As a result of the Exxon 
Valdez oil spill, Prince William Sound sediments are known to have significant levels of 
primarily PAH contamination. While this contamination can be measured directly using 
chemical analysis (GC/MS, I-PLC, etc.) of sediment and pore water, this is a tedious and 
costly process, and the impact of the quantified chemicals on wildlife remain unclear. The 
P450 RGS analysis is a valid and useful, as well as quick and inexpensive, screening tool 



to assess the potential of contaminated sediment to have deleterious health effects on 
humans and wildlife via the Ah-mediated pathway. 

In addition, analysis of tissue extracts by P450 RGS enables a hrther investigation into 
exposure and food web transfer of contaminants. While PAHs are metabolized by fish, 
many invertebrates accumulate these chemicals, leading to the transfer of much higher 
levels to organisms that ingest them. 

This study investigates the potential for tissue extracts of sand lance, a fish that may be 
particularly susceptible to sediment-associated contamination during burrowing, to induce 
cytochrome P450. Such induction would presumably occur in organisms ingesting sand 
lance tissue. The results of this study indicate that the induction potential of these tissue 
samples was not necessarily correlated with the estimated level of oiling in the collection 
areas. For example, the strongest-inducing tissue sample came from an area that was 
presumed to be relatively clean. It must be noted here, however, that this particular 
sample extract (CAS #6) came from the tissue sample of lowest mass, contributing to  its 
higher B[a]PEq value. Given that only five of the thirty-eight tissue samples analyzed 
were collected from oiled sites, the implications of this are unclear. 

Sediment analyses also yielded results inconsistent with assumptions of oiling levels in 
collection sites. The two extracts that produced the strongest induction were from 
presumably clean sites. Obviously, there are many factors, including fish movement as 
well as contaminant patchiness, contributing to the difficulties in interpreting these 
findings. 

In this study, the main focus was on investigating the potential of the P450 RGS assay as a 
screening tool for detecting PAH contamination in both fish tissues and sediments in a 
wide area, such as Prince William Sound. In previous studies, P450 RGS-estimated 
B[a]PEq have been found to be highly correlated with calculated toxic equivalency values 
determined from chemical analysis of extracts. Follow-on studies using P450 RGS and 
chemical analysis should investigate Sand Lance tissues and sediments fiom sites in Prince 
William Sound yielding high induction response in this study. 

REFERENCES 

Anderson, J. W., S. S. Rossi, R.H. Tukey, T. Vu, and L.C. Quattrochi. 1995. A 
biomarker, 450RGS, for assessing the potentioal toxicity of organic compounds 
in environmental samples. Environ. Toxicol. Chem. 14: 1 159-1 169. 

Anderson, J.W., K. Bothner, T. Vu, and R.H. Tukey. 1996. Using a biomarker (P450 
RGS) test method in environmental samples. In G.K. Ostrander, ed., Techniques 
in Aquatic Toxicolow. Lewis Publishers, Bocha Raton, FL. pp. 277-286. 



Anderson, J.W., K. Bother, J. Means, D. McMillin, T. Vu, and R. Tukey. 1997. 
Correlation of CYP 1Al induction, as measured by the P450 RGS biomarker 
assay, with Benzo[a]Pyrene equivalents (B[a]PTEQs) in extracts of mussels 
deployed at various sites in San Diego Bay. To be published as part of a special 
issue of Marine Environmental Research on biomarkers in deployed mussels. 

APHA. 1996. P450 Reporter Gene Response to Dioxin-like Oranics. Method 8070, 
In: Standard Methods for the Examination of Water and Wastewater, 19th Edition 
Supplement, pp. 24-25, American Public Health Association, Washington D.C. 

ASTM In Press. Standard Guide for Measuring the Presence of Planar Organic 
Compounds which Induce CYPl A, Reporter Gene Test Systems. Approved by 
Committee E47, November 1996, American Societv for Testing and Materials, 
West Conshohocken, PA. 

Collier, T.K., B.F. Anulacion, J.E. Stein, A. Goksoyr, and U. Varanasi. 1995. A field 
evaluation of Cytochrome P4501A as a biomarker of contaminant exposure in 
three species of flatfish. Environ. Toxicol. Chem. 14: 143-1 52. 

Collier, T.K., C.A. Krones, M.M. Krahn, J.E. Stein, S.Chan, and U. Varanasi. 1996. 
Petroleum exposure and associated biochemical effects in subtidal fish after the 
Exxon Valdez oil spill. In S.D. Rice, R.B. Spies, D.A. Wolfe, and B.A Wright, 
eds., Proceeding of the Exxon Voldez Oil Spill Svmposium, American Fisheries 
Society Symposium 18, Bethesda, MD. pp. 671-683. 

Pinto, J.M., W.H. Pearson, and J.W. Anderson. 1984. Sediment preferences and oil 
contamination in the Pacific sand lance Ammodjtes hexapterus. Marine Biology 
83: 193-204. 

Varanasi, U., J.E. Stein, M. Nishimoto, W.L. Reichert, and T.K. Collier. 1987. 
Chemical carcinogenesis in feral fish: Uptake, activation, and detoxification of 
organic xenobiotics. Environ. Health Perspect. 71 : 155-170. 



ASSESSMENT OF THE PAH CONTAMINATION 
OF POPULATIONS OF THE FORAGE FISH, 

SAND LANCE (Ammodytes hexapterus), 
INHABITING CLEAN AND 

OIL-IMPACTED SEDIMENTS 

PROJECT NUMBER 96163P 

ADDENDUM TO THE 

FINAL REPORT 

TO THE 

EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
RESTORATION OFFICE 

ANCHORAGE, AK 

AND 

NO AA 
OFFICE OF OIL SPILL 

AUKE BAY, AK 

FOR WORK ORDER 40ABNF60 12 16 

FROM 

Jack W. Anderson and Jennifer M. Jones 
Columbia Analytical Services 

6060 Corte del Cedro, Carlsbad, CA 92009 



ASSESSMENT OF THE PAH CONTAMINATION OF POPULATIONS OF THE 
FORAGE FISH, SAND LANCE (Ammoetes hexapterzrs), INHABITING 

CLEAN AND OIL-IMPACTED SEDIMENTS 

RESULTS 

Investigators Marie Larsen, Jeff Short, and Stan Rice, of the Auke Bay N O M  laboratory, 
graciously analyzed extracts of the sand lance and sediments used in our investigation (data 
enclosed). The tissue extracts &om composites of several whole fish, with the combined dry 
weights per sample of between 0.5 and 2.9 grams, were not found to contain detectable 
amounts of the higher molecular weight PAHs. These 4- to 6-ring aromatic compounds are 
those that would be expected to produce the P450 RGS responses observed. We recognized 
that any measured concentrations would be quite low, as the RGS responses were just above 
background. Apparently, the induction of CYPlAl observed was from uncharacterized 
natural compounds present in the tissues. Previous investigations with fish tissue collected in 
Southern CaWornia have detected levels of PAHs of fiom 0.3 to 4.0 pg of Benzo(a)pyrene 
Equivalents per g (ppm) in muscle, liver and ovary tissues. 

The RGS assay indicated that two sediment samples (Figure 2), collected at Eleanor Island SE 
and Block Island NW contained low but detectable amounts of PAHs (3.1 to 3.5 pg 
B(a)PEq/g). Chemical analyses by the Auke Bay scientists demonstrated that the content of 
high molecular weight PAH in these two sediment samples were 100 and 208 nglg, 
respectively (see table). The other two sediment samples analyzed by N O M  (Fuel Cache Bay 
and MacPherson Narrows) showed no detectable levels of any PAH, which agrees with the 
baseline values reported for the P450 RGS assay. Ushg the Toxic Equivalency Factors 
(TEFs) for specific PAHs generated in our laboratory, the analytical data for the two samples 
were converted to estimated Toxic Equivalency values (in pg B(a)PEq/g). These values 
compare very favorably (correlation of 0.86) with the estimates of toxic equivalency produced 
earlier by the RGS assay. 

CONCLUSIONS 

While we feel that sand lance can be important indicators of sediment contamination, 
including that following an oil spill, it is apparent that by 1996 no residual contamination 
from the 1989 Exxon Valdez oil spill is present in their tissues. Very low levels of 
sediment contamination were identified in two samples by the P450 RGS assay, and this 
finding has now been confirmed by detailed chemical analyses. 

The P450 Reporter Gene System has demonstrated the ability to determine which of many 
sediment samples should be hrther evaluated for petroleum contamination. In the case of 
RGS responses to tissue extracts, we do not know what substances induced the measured 
responses. The relatively low level of response observed does not warrant the type of 
research effort that would be required to evaluate the chemistry of these extracts. 



Figure 2. P450 RGS-estimated B[a]P Equivalents in Sediments from 
Prince William Sound, Alaska 
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