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Common Murre Population Monitoring at the Barren Islands, Alaska, 1999 

Restoration Project 99144 
Final Report 

Studv Historv: Exxon Valdez Oil Spill Tntstee Council-sponsored common murre damage 
assessment studies were initiated at the Barren Islands in 1989 as part of Department of Interior - 
Fish and Wildlife Service (DOI-FWS) Bird Study No. 3 (Population surveys of seabird nesting 
colonies in Prince William Sound, the outside coast of the Kenai Peninsula, Barren Islands, and 
other nearby colonies, with emphasis on changes in numbers and reproduction of murres). During 
the damage assessment work, three progress reports were written (Nysewander and Dipple 1990, 
1991; Dipple and Nysewander 1992), and a final report of 1989-1991 results was completed in 
1993 (see Nysewander et al. 1993, Effects of the TNExxon Valdez oil spill on murres: A 
perspective from observations at breeding colonies). In 1992, murre restoration monitoring work 
began at the Barren Islands as part of Restoration Project No. 11 (see Dragoo et al. 1995, Effects 
of the T N  Exxon Valdez oil spill on murres: A perspective from observations at breeding colonies 
four years after the spill), and two additional restoration monitoring projects were conducted there 
in 1993-1994 (Restoration Projects 93049 and 94039, respectively-see Roseneau et al. 1995, 
Common murre restoration monitoring in the Barren Islands, Alaska, 1993; and Roseneau et al. 
1996a, Common murre restoration monitoring in the Barren Islands, Alaska, 1994). In 1996 and 
1997, the Barren Islands murre colonies were censused again to reassess the recovery status of this 
injured species in the spill area (Projects 96144 and 97144; see Roseneau et al. 1997a, common 
murre population monitoring at the Barren Islands, Alaska, 1996; and Roseneau et al. 1998a, 
common murre population monitoring at the Barren Islands, Alaska, 1997, respectively). The 

monitoring detailed project description). 
study continued as Project 99144 in 1999 (see DOf-FWS FY 99 common murre population 

Abstract: Murres were censused at the East Amatuli Island - Light Rock and Nord Island - 
Northwest Islet Barren Islands colonies by th.e same methods used during the 1993- 1994 and 
1996-1997 restoration monitoring projects. Counts were pooled and averaged with estimates 
obtained during the 1989-1997 U S .  Fish and Wildlife Service, 1990-1992 University of 
Washington, and 1991 Dames & Moore postspill studies, and analyzed for trends. Positive trends 
were present at a small East Amatuli Island - Light Rock plot set and Light Rock, and a significant 

the East Amatuli Island - Light Rock trends c:oupled with the Nord Island - Northwest Islet 
increase was also found at the Nord Island - Northwest Islet colony. The increasing strength of 

Gulf of Alaska nesting locations. 
increase indicated that murre populations were continuing to recover at these important northern 

Exxon Valdez, Gulf of Alaska, Nord Island, oil spill, population monitoring, Prince William 
Kev Words: Barren Islands, common murres, East Amatuli Island, East Amatuli Light Rock, 

Sound, restoration monitoring, thick-billed murres, Uria aalge, Uria lomvia. 

Proiect Data: The 1989-1999 Barren Islands census data have been compiled in Excel spread 

be found in tables and appendices attached tcl the 1993-1999 annual and final reports. 
sheets and are available on Mac or PC disks, or in printed form upon request. These data can also 
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Citation: Roseneau, D.G., A.B. Kettle, and G.V. Byrd. 2000. Common murre population 

Report (Restoration Project 99144), U.S. Fish and Wildlife Service, Alaska Maritime National 
Wildlife Refuge, Homer, Alaska. 
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FYECUTIVE SUMMARY 

Introduction 

The Barren Islands, in the northwestern Gulf of Alaska, supported one of the largest breeding 
concentrations of common murres (Uriu uulge) in the path of the Exxon Vuldez oil spill. When 
winds and currents swept oil through the region during April-May 1989, many of these seabirds 
were killed: they comprised 74% of 30,000 bird carcasses recovered by 1 August. Based on this 
information and a computer modeling study, estimates of total bird mortality suggested that 74,000 
to 3 15,000 murres died after contacting float:ing oil. Because mortality of murres appeared to be 
high, the U.S. Fish and Wildlife Service (FWS) conducted Exxon Vuldez Oil Spill Trustee 
Council-sponsored murre damage assessment and restoration studies at the Barren Islands during 
1989-1991 and 1992-1997, respectively. In 1999, the Barren Islands colonies were recensused. 
Evidence was found that murre populations were continuing to recover at the nesting colonies I O  
years after the spill. Positive trends first discovered on a small East Amatuli Island - Light Rock 
plot set in 1994, and on the much larger Light Rock section of the nesting complex in 1997, 
strengthened when 1999 scores were included in the analyses. Also, a significant increase was 
found in the Nord Island - Northwest Islet whole-colony counts for the first time since postspill 
studies began. 

Objectives 

The objective was to test the null hypothesis .that murre populations have not increased at the 
Barren Islands colonies since 1989, the year of the spill. 

Methods 

The East Amatuli Island - Light Rock and Nord Island - Northwest Islet murre colonies were 
censused completely, and counts were also made on sets of multicount plots. Plots were counted 
from boats by the same methods used during, the 1993-1994 and 1996-1997 restoration studies 
(i.e., the counts were made by two observers using standard protocols that took into account daily 
and seasonal attendance patterns of adults). :Results were pooled and averaged with corresponding 
information from 1989-1997 U.S. Fish and Wildlife Service (FWS), 1990-1992 University of 
Washington ( U W ) ,  and 1991 Dames & Moore (D&M) postspill studies. Linear regressions were 
run to test for trends, and differences between counts and averages of previous postspill estimates 

of the tests and reduce Type I1 error (the 0.9 confidence interval was adequate for our purposes). 
were checked with one-sample f-tests. The 0.1 significance level was used to increase the power 

Results 

East Amatuli Island - Light Rock: Positive trends were still present on East Amatuli Island - Light 
Rock multicount plots BMP 3-4 and Light Rock, and these trends were stronger than those found 
on these population monitoring plot sets in 1997. 

Nord Island - Northwest Islet: A significant increase was found at the Nord Island - Northwest 
Islet colony, the first increase seen at this nesting complex since postspill studies began.. Also, the 
1999 Nord Island - Northwest Islet mu1ticou:nt plot BMP 1-1 1 score was significantly higher than 
the average of all previous estimates on this population monitoring plot set. 

Discussion 

Evidence was found that common murre populations were continuing to recover at the Barren 
Islands nesting colonies 10 years after the spill. Positive trends first discovered on East Amatuli 
Island - Light Rock multicount plots BMP 3-4 in 1994, and on the much larger Light Rock section 
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of the nesting complex in 1997, strengthened. when 1999 scores were included in the analyses (see 
Tables 2 and 3, and Figs. 4b and 5b, respectively). Also, a significant increase was apparent in 
the Nord Island - Northwest Islet whole-colony counts for the first time since postspill studies 
began (Table 3, Fig. 7b). The strengthening trends at East Amatuli Island - Light Rock and the 
increase in numbers found at Nord Island - Northwest Islet were correlated with the presence of 

the strong 1993-1996 chick cohorts. 
large numbers of nonbreeding birds that were probably 3-, 4-, 5- , and 6-year-old subadults from 

Conclusions 

The increasing strength of two positive trends at the Barren Islands East Amatuli Island - Light 
Rock colony and a significant increase in numbers at the nearby Nord Island - Northwest Islet 
nesting complex indicated that murre populations were continuing to recover at these important 
northern Gulf of Alaska breeding locations. 

Recommendations 

1. Based on 1999 results, we recommend recensusing the Barren Islands East Amatuli - Light 
Rock and Nord Island - Northwest Islet common murre colonies in 2002. Given the amount of 
high quality baseline information that has accrued since 1993, counting these nesting complexes 
every third year should be sufficient to track changes in population numbers and monitor the 
recovery status of this injured species at these important northern Gulf of Alaska breeding 
locations. 

changes in murre numbers at the Barren Islands nesting colonies: East Amatuli Island - Light Rock 
2. In future years, we recommend using the  following population monitoring plot sets to track 

multicount plots BMP 1-8 and BMP 3-4, Light Rock plots BCP 47-64, and Nord Island - 
Northwest Islet plots BCP 1-28. If time allows, we also recommend counting East Amatuli Island 
plots BCP 1-46 once each field season (these counts combined with Light Rock data provide a 
whole East Amatuli Island - Light Rock colony count that helps assess population changes). 
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INTRODUCTION 

The Barren Islands, in the northwestern Gulf of Alaska, supported one of the largest breeding 
concentrations of common murres (Uria aalge) in the path of the TN Enon Valdez oil spill (e.g., 
Sowls et al. 1978, Piatt et al. 1990, FWS 1994). When winds and currents swept oil through the 
region during April-May 1989, many of these seabirds were killed: they comprised 74% of 
30,000 bird carcasses recovered by 1 August (see Piatt et al. 1990).1 Based on this information 
and a computer modeling study, estimates of total bird mortality suggested that 74,000-315,000 
murres died after contacting floating oil (see IPiatt et al. 1990, ECI 1991). 

Because the impact of the spill on common murres appeared to be severe, the U.S. Fish and 
Wildlife Service (FWS) made murre population counts at the Barren Islands during the 1989-1991 
Exxon Valdez Oil Spill Trustee Council-spon,sored damage assessment studies (e.g., Nysewander 
and Dipple 1990, 1991; Dipple and Nysewander 1992; Nysewander et al. 1993). F W S  biologists 
also counted murres at these islands in 1992, as part of the first Trustee Council restoration project 
designed to assess the recovery status of this species in the spill area (see Dragoo et al. 1995). 

Other research groups also made population counts at the Barren Islands murre colonies during the 
early 1990s. University of Washington (W) investigators counted birds at East Amatuli Island - 
Light Rock in 1990-1992, during Exxon- and Minerals Management Service-funded studies (see 
Boersma et al. 1995), and Dames & Moore (D&M) biologists censused this nesting complex and 
the Nord Island - Northwest Islet colony in 1'991 during an Exxon-supported project (see Erikson 
1995). 

In 1993-1994, we censused the East Amatuli Island - Light Rock and Nord Island - Northwest 
Islet murre colonies (Restoration Projects 93049 and 94039; see Roseneau et al. 1995 and 1996a, 
respectively). Trends were not apparent in the 1989-1993 F W S  counts, or in the combined 1989- 
1994 FWS, U W ,  and D&M estimates from Nord Island - Northwest Islet and the larger sections 
of East Amatuli Island - Light Rock. However, increases were found on two small sets of East 
Amatuli Island - Light Rock plots counted in 1989-1994 and 1990-1994, respectively. 

We also censused the Barren Islands murre c'olonies in 1996-1997 (Projects 96144 and 97144; see 
Roseneau et al. 1997a and 1998a). Although a positive trend was still present on one of the small 
East Amatuli Island - Light Rock plot sets in 1996, no convincing evidence was found that 

Light Rock and Nord Island - Northwest Islet colonies over the 7-year postspill interval. 
indicated population numbers had increased on the larger sections of the East Amatuli Island - 

However, by 1997 the positive trend on the small East Amatuli Island - Light Rock plot set had 
strengthened, and a significant increase was also present on the Light Rock section of the colony. 
These trends and the fact that counts on six of the seven East Amatuli Island - Light Rock and 
Nord Island - Northwest Islet plot sets were significantly higher than the averages of previous 
postspill estimates suggested that murre populations were beginning to increase at the Barren 
Islands colonies (the high 1997 counts were associated with the presence of large numbers of 
nonbreeding birds at the colonies, almost certainly 3- and 4-year-old subadults belonging to the 
strong 1993-1994 chick cohorts-see Rosenseau et al. 1995, 1996a. 1996b, 1997a 1997b, 1998a, 
1998b). 

Murre population monitoring work was not conducted at the Barren Islands in 1995 or 1998. 
However, we counted birds on three sets of E:ast Amatuli Island - Light Rock plots during our 
Alaska Predator Ecosystem Experiment (APEX) studies (Projects 951635 and 981635; see this 
study and Roseneau et  al. 1996b, 1997a, 1999). 

Seventy percent of the murre carcasses were comm.on murres (Piatt et al. 1990; J.F. Piatt, pers. comm.). 



In 1999, we censused the Barren Islands m u m  colonies again (this study, project 99144) and 
found that positive trends were still present a{: the small East Amatuli Island - Light Rock plot set 
and Light Rock. We also detected a significant increase in numbers at the Nord Island - Northwest 
Islet colony. The increasing strength of the East Amatuli Island - Light Rock trends coupled with 
the Nord Island - Northwest Islet increase indicated that murre populations were continuing to 
recover at these important northern Gulf of Alaska nesting locations. 

OBJECTIVES 

The project was designed to test the null hypothesis that murre populations have not changed at the 
Barren Islands colonies since 1989, the year of the spill. The specific objective was to count 

compare the estimates with counts made during the 1989-1997 FWS, 1990-1992 UW, and 1991 
murres at the East Amatuli Island - Light Rock and Nord Island - Northwest Islet colonies and 

D&M studies. 

METHODS 

The Barren Islands are located at about 58" S5' N, 152" 1 0  W, between the Kodiak archipelago 
and the Kenai Peninsula (Fig. 1). The study area consisted of East Amatuli and Nord islands and 
two nearby islets, East Amatuli Light Rock (Light Rock) and Northwest Islet (Figs. 2 and 3). 
These sites. which comDrise the East Amatuli Island - Light Rock and Nord Island - Northwest ~~~~~~ ~~ , 

Islet colonies, contain 21 of the murres currelntly breedin; in the island group (see Roseneau et al. 
1995, 1996a, 1997a, 1998a). 

We used the M N  Sufi ird,  a 21 -m-long FWS research vessel, and the Amatuli Cove camp to 

The vessel-based census team was intermittently assisted by two APEX seabird studies 
support the population counts (Fig. 2). Two people were based on the boat during 14-29 July. 

counted some of the East Amatuli Island - Light Rock monitoring plot sets both before and after the 
investigators stationed at Amatuli Cove camp (Project 991635). The APEX team members also 

vessel-based crew visited the study area. 

Population census data were collected and analyzed by the same methods used during the 1993- 
1994 and 1996-1997 restoration monitoring projects (see Roseneau et al. 1995, 1996a, 1997a, 

Nord Island, and Northwest Islet completely to obtain whole-colony estimates of birds on major 
1998a). To compare our counts with information from previous studies, we censused Light Rock, 

subdivisions of the colonies (e.g., East Amacnli Island, Light Rock). We also counted smaller, 
previously established plot sets ("multicount plots"; see Roseneau et al. 1995, 1996a. 1997a, 

population size. The multicount plot sets, which provide additional indices for detecting changes 
1998a) several times to obtain data for statistical analyses of among-year differences and trends in 

in numbers, contained about IO-15% of the murres on the cliffs at each nesting complex. 

At East Amatuli Island - Light Rock, we counted 19 population census plots (BCP 47-64) and 
eight multicount plots (BMP 1-8) set up in 1993 (Fig. 3a; also see Roseneau et al. 1995, 1996a, 
1997a, 1998a). The multicount set included two plots used during the 1989-1991 and 1992 FWS 
damage assessment and restoration projects (one at East Amatuli Island and one on Light Rock; see 
Nysewander et al. 1993, Dragoo et al. 1995). We also counted some plot subsections separately 
because they were equivalent to four plots used during the 1990-1992 University of Washington 
( U W )  studies (the OSTR plots: Oval, Swatch, Triangle Rock S, and Triangle Rock N W ;  see 
Boersma et al. 1995). The multicount plots sampled both central and peripheral nesting areas in 
general proportion to the number of birds using these habitats (see Roseneau er al. 1995, 1996a, 

Wildlife Refuge ( A " )  files. 
1997a, 1998a). Plot boundaries were located using photographs in Alaska Maritime National 
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To census birds at Nord Island - Northwest Islet, we used 28 population census plots (BCP 1-28) 
and 11 multicount plots (BMP 1-1 1) set up during the 1993-1994 restoration studies (Fig. 2b; also 
see Roseneau e f  al. 1995, 1996a, 1997a, 1998a). Twenty-six of these plots P C P  1-10 and 12- 
27) were established during the 1989-1991 FWS damage assessment projects (e&, Nysewander 
et al. 1993, Dragoo et al. 1995; population census plots BCP 1-10 and 24 were equivalent to 
multicount plots BMP 1-10 and 11, respectively-see Fig. 3b), and two (BCP 11 and 28) were set 
up in 1993 to cover areas containing small numbers of birds not reported earlier (see Roseneau e f  
al. 1995, 1996a, 1997a, 1998a). AMNWR photographs were used to locate plot boundaries. 

All population census team members had previous experience counting murres at the Barren 
Islands nesting colonies. Two people censused East Amatuli Island - Light Rock several times 
during 1990-1997, one of them counted Nord Island - Northwest Islet in 1996-1997, and the team 
leader censused both colonies on numerous occasions in 1993-1994 and 1996-1997. 

Census team members counted plots from outboard-powered, 4.8-m-long, ridged-hulled inflatable 
boats and inflatable rafts with the aid of 7 x 42 binoculars and hand-held tally meters (see 
Roseneau et al. 1995, 1996a, 1997a. 1998a). Boats were tied to bull kelp (Nereocysris spp.) 30- 
90 m in front of the plots or were allowed to drift slowly past them at similar distances. Distances 
between birds and observers varied, depending on the height and configuration of the cliffs and 
other factors (e.g., presence of offshore rock:s); however, these variables were kept as consistent 
as possible between counts, including those made during 1993-1997. 

Counts were made during the part of the nesting season when attendance was most stable. The 
census period was defined as the interval between the peak of laying and first sea-going of chicks 
(e.g., Hatch and Hatch 1989; Byrd 1989; Roseneau et al. 1995, 1996a, 1997a, 1998a). We used 
a combination of census guidelines, sun-time, and information on attendance patterns from 
previous Barren Islands studies to determine the best times of day for counting birds (e.g., 
Boersma et al. 1995; Dragoo et al., unpubl. data). All counts were made during 1100-2000 hrs 
Alaska Daylight Time (ADT). 

Plots were counted by two observers. Durin,g the counts, one person recorded the scores without 
revealing his or her own count to the other team member. The recorder compared the scores to see 
if they were within 15% of each other (i.e., within 7.5% of their average). If they were not and if 
time allowed, the plot was recounted until the scores fell within this range. 

Birds were estimated by 10s; however, observers often counted the last group of individuals on a 
plot by 1’s if the remaining birds consisted o:f less than IO individuals (Roseneau et al. 1996a, 
1997a, 1998a). The only exceptions were three small East Amatuli Island multicount plots that 
were always counted by 1’s to match UW methods (see Boersma et al. 1995), and the top of Light 
Rock, where birds were sometimes estimated by ~ O ’ S ,  because of high densities. 

The East Amatuli Island section of the East Amatuli Island - Light Rock colony was not censused 
because of weather. However, we counted L.ight Rock five times, and censused multicount plots 
BMP 1-8 (see Fig. 2a) six times. We also counted the Nord Island - Northwest Islet colony and 
Nord Island - Northwest Islet multicount plots BMP 1-1 ].(see Fig. 2b) three times. 

To analyze the data, we calculated one-day tctals for Light Rock, East Amatuli Island - Light Rock 
multicount plots BMP 1-8 and 3-4, Nord Island - Northwest Islet, and Nord Island - Northwest 
Islet multicount plots BMP 1-1 1. We also calculated one-day totals for parts of multicount plots 
BMP 1, 5 ,  and 8 at East Amatuli Island - Light Rock, because sections of these plots were 
equivalent to the UW OSTR plots. To obtain1 single values for the UW Light Rock, East Amatuli 
Island (“Mainland”), and East Amatuli Island. - Light Rock (“E. Amatuli Island Total”) counts 
reported by Boersma et al. (1995), we averaged numbers listed as ranges in Table 1 of their 
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pl 'Jlication.1 Results were pooled with corresponding data from previous FWS, UW, and D&M 
postspill studies ( i c ,  Nysewander and Dipple 1990, 1991; Dipple and Nysewander 1992; 
Nysewander et al. 1993, Dragoo et al. 1995; Roseneau et al. 1995, 1996a. 1997a, 1998a; 
Boersma et al. 1995; Erikson 1995). UW and D&M estimates were treated as additional counts 
and averaged with F W S  data (e.g., the respesctive 1992 UW and FWS Light Rock scores of 9,655 
and 5,960 birds were averaged to obtain an estimate of 7,808 individuals for that year). Linear 
regressions were run to test for trends, and differences between counts and averages of previous 
postspill estimates were checked with one-sample t-tests. The 0.1 significance level was used to 
increase the power of the tests and reduce Type II error (the 0.9 confidence interval was adequate 
for our purposes). 

RESULTS 

East Amatuli Island - Light Rock 

At East Amatuli Island - Light Rock, we censused Light Rock (Appendices 1-5), and the eight 
multicount plots set up at the colony in 1993 (Appendices 6-8). The multicount data also provided 
information on the small 1989-1992 F W S  and 1990-1992 UW OSTR plot sets (see Dragoo et al. 
1995 and Boersma et al. 1995, respectively)., 

Multicount plots BMP 1-8 will eventually become the primary set of plots for monitoring post- 
1992 trends at the East Amatuli Island - Light Rock colony. This plot set, counted three to eight 
times each year since it was established in 1993, contains more plots, birds, and nesting habitat 
than the other sets of multicount plots that have longer count histories (e.g., BMP 3-4, UW OSTR 
plots). 

No trend was found on multicount plots BMP 1-8 when 1998-1999 data were pooled with 
previous scores (linear regression; see Table 1 and Fig. 4a). However, the increase first detected . 
on the smaller BMP 3-4 plot set in 1994 was still present (linear regression, P < 0.01, see Table 2 
and Fig. 4b; also see Roseneau et al. 1996a), and this positive trend strengthened when 1998-1999 
counts were included in the analysis (r2 = 0.78, P < 0.01 in 1999 vs r2 = 0.73, P e 0.01 in 1997 
and r2 = 0.63, P < 0.02 in 1996; see Rosene.au et al. 1997a, 1998a). 

In contrast, the small UW OSTR plot set did not exhibit a trend when the 1998-1999 counts were 
pooled with 1990-1997 scores (linear regression; see Table 2 and Fig. 5a). 

The increase first discovered at Light Rock i n  1997 was still present (linear regression, P < 0.01; 
see Table 3 and Fig. 5b), and this positive trend strengthened when 1999 data were included in the 
analysis (r2 = 0.69, P < 0.01 in 1999 vs r2 = 0.52, P < 0.04 in 1997; see Roseneau et al. 1998a). 

A complete count of the entire East Amatuli ![sland - Light Rock colony was not obtained in 1999 
(see Table 3 and Fig. 6). However, the 1997 score of 35,209 birds was significantly higher than 
the average of all previous estimates at this nesting complex (1991-1996 mean = 31,917 
individuals; one-sample r-test, P < 0.01). 

Nord Island - Northwest Islet 

At Nord Island - Northwest Islet, we censusad the entire colony (Appendices 9-1 1) and the 11 
multicount plots that were set up in 1989 (Appendices 8 and 12). Although a significant increase 

' Numbers listed as ranges in Table 1 of Boersma et ,al. (1995) were the individual scores of two observers making 
the counts (A.B. Kettle, pers. comm.). 
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was not apparent in the mrlticount plot BMP 1-1 1 data, a positive trend was found in the whole 

Figs. 7a and 7b, respectively). Also, the 1999 count of 4,091 birds on multicount plots BMP 1-1 1 
colony counts over the 10-year postspill period (linear regression, P < 0.09; see Table 1 and 3, and 

was significantly higher than the average of all previous estimates on this plot set (1989-1997 
means = 3,362; one-sample t-test, P < 0.02). 

DISCUSSION 

We found evidence that common murre populations were continuing to recover at the Barren 
Islands nesting colonies 10 years after the spill. Positive trends first discovered on East Amatuli 
Island - Light Rock multicount plots BMP 3-4 in 1994, and on the much larger Light Rock section 
of the nesting complex in 1997, strengthened when 1999 scores were included in the analyses (see 
Tables 2 and 3, and Figs. 4b and 5b, respectively). Also, a significant increase was apparent in 
the Nord Island - Northwest Islet whole-colony counts for the first time since postspill studies 
began (Table 3, Fig. 7b). 

The strengthening trends at East Amatuli Island - Light Rock and the increase in numbers found at 
Nord Island - Northwest Islet were correlated with the presence of large numbers of nonbreeding 
birds that were probably 3-, 4-, 5 ,  and 6-ye;ar-old subadults from the strong 1993.1996 chick 
cohorts (productivity was about 0.50,0.70,0.70, and 0.70 fledglings per egg at East Amatuli 
Island - Light Rock in 1993, 1994, 1995, and 1996, respectively, and 0.70 and 0.70 fledglings 
per egg at Nord Island - Northwest Islet in 1993 and 1994, respectively; see Roseneau et al. 1995, 

several hundred individuals in areas of the ccllonies where birds were either absent or found in only 
1996a, 1998a, 199%). As in 1997, these nonbreeders were often seen roosting in groups of up to 

small numbers during the 1993-1996 breeding seasons. They were also observed rafting on the 
water in front of both colonies in aggregations ranging from a few hundred to a few thousand 
individuals (about 1,000-1,500 and 1,500-2,000 birds were loafing on the water near the southeast 
comer of Nord Island on 23 and 26 July, res,pectively). 

CONCLUSIONS 

The increasing strength of two positive trends at the Barren Islands East Amatuli Island - Light 
Rock colony and a significant increase in numbers at the nearby Nord Island - Northwest Islet 
nesting complex indicated that murre populations were continuing to recover at these important 
northem Gulf of Alaska breeding locations. 

RECOMMENDATIONS 

1, Based on 1999 results, we recommend recensusing the Barren Islands East Amatuli - Light 
Rock and Nord Island - Northwest Islet common murre colonies in 2002. Given the amount of 
high quality baseline information that has accrued since 1993, counting these nesting complexes 
every third year should be sufficient to track changes in population numbers and monitor the 
recovery status of this injured species at these important northern Gulf of Alaska breeding 
locations. 

2. In future years, we recommend using the following population monitoring plot sets to track 
changes in murre numbers at the Barren Islands nesting colonies: East Amatuli Island - Light Rock 
multicount plots BMP 1-8 and BMP 3-4, Light Rock plots BCP 47-64, and Nord Island - 
Northwest Islet plots BCP 1-28. Also, if time allows, we recommend counting East Amatuli 
Island plots BCP 1-46 once each field season (these counts combined with Light Rock data 
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provide a whole East Amatuli Island - Light Rock colony count that helps assess population 
changes). 

ACKNOWLEDGMENTS 

We would like to thank Margaret A. Blanding and Erica Sommer for helping to make the 1999 
Barrens Islands murre population monitoring project a success. Their boating skills and 

go to Philip Schempf and Captain Joe McClung, Raptor Management Office, Juneau. Phil 
willingness to spend long hours at sea counting plots made our job much easier. Our thanks also 

arranged for our use of the M N  Sulfbird, and Joe gave us constant, cheerful assistance, both in 
Homer and while sailing under his expert command. Joe's maritime expertise and willingness to 
help contributed significantly to the safety and success of the project. Trina Fellows and Kris 
Thorsrud, AMNWR headquarters, monitored our daily radio calls and were always prepared to 
help us with logistical needs. The study was funded by the Exxon Valdez Oil Spill Trustee 
Council, as part of their ongoing restoration monitoring effort; additional support was provided by 
AMNWR. 

LITERATURE CITED 

Boersma, P.D., J.K. Parrish, and A.B. Kettle. 1995. Common murre abundance, phenology, 
and productivity on the Barren Islands, Alaska: The Exxon Valdez oil spill and long-term 
environmental change. Pp. 820-853 in i k o n  Valdez Oil Spill: Fate and effects in Alaskan 
waters, ASTM STP 1219, P.G. Wells, .J.N. Butler, and J.S. Hughes (eds.), Amer. SOC. for 
Testing and Materials, Philadelphia, PA. 

Byrd, G.V. 1989. Seabirds in the Pribilof Idands, Alaska: Trends and monitoring methods 
M S .  thesis, Univ. of Idaho, Moscow, ID. 

Dipple, C. and D. Nysewander. 1992. Marine bird and mammal censuses in the Barren Islands, 
1989 and 1990, with specific emphasis on species potentially impacted by the 1989 Exxon 

Wildl. Serv., Homer, AK. 71 pp. 
Valdez , including supplemental appendices for 1991 murre data. Unpubl. rept., U. S. Fish 

Dragoo, D.E., G.V. Byrd, D.G. Roseneau, 13.A. Dewhurst, J.A. Cooper, and J.H. McCarthy. 

breeding colonies four years after the spill. Final rept., Restoration Proj. No. 11, U.S. Fish 
1995. Effects of the TNExxon Valdez oil spill on murres: A perspective from observations at 

Wildl. Serv., Homer, AK. 

ECI (Ecological Consulting, Inc.). 1991. Asessment of direct seabird mortality in Prince 
William Sound and the westem Gulf of .4laska resulting from the Exxon Valdez oil spill 
Unpubl. rept., Ecol. Consulting, Inc.. Portland, OR. 153 pp. 

Erikson, D.E. 1995. Surveys of murre colony attendance in the northern Gulf of Alaska 
following the Exxon~ Valdez oil spill. Pp. 780-8 19 in Exxon Valdez oil spill: Fate and effects 
in Alaskan waters, ASTM STP 1219, F'.G. Wells, J.N. Butler, and J.S. Hughes (eds.), 
Amer. SOC. for Testing and Materials, P:hiladelphia, PA. 

F W S  (Fish and Wildlife Service). 1994. Alaska seabird colony catalog computer data base and 
colony status record archives. U.S. Fish Wildl. Serv., Migratory Bird Manage., Anchorage, 
AK. 

6 



Hatch, S.A. and M.A. Hatch. 1989. Attendance patterns of common and thick-billed murres at 
breeding sites: Implications for monitoling. J. Wildl. Manage. 53:483-493. 

Nysewander, D. and C. Dipple. 1990. Population surveys of seabird nesting colonies in Prince 
William Sound, the outside coast of the Kenai Peninsula, Barren Islands, and other nearby 
colonies, with emphasis on changes in numbers and reproduction of murres. Bird Study No. 
3. Unpubl. prog. rept., U.S. Fish Wildl. Serv., Homer, AK. 48 pp. 

- and , 1991. Population surveys of seabird nesting colonies in Prince William 
Sound, the outside coast of the Kenai Peninsula, Barren Islands, and other nearby colonies, 

Unpubl. prog. rept., U. S. Fish Wildl. Serv., Homer, AK. 70 pp. 
with emphasis on changes of numbers and reproduction of murres. Bird Study No. 3. 

- 9  C.H. Dipple, G.V. Byrd, and E.P. Knudtson. 1993. Effects of the TN E x o n  Valdez oil 

Final rept., U.S. Fish Wildl. Serv., Homer, AK. 40 pp. 
spill on murres: A perspective from observations at breeding colonies. Bird Study No. 3. 

Piatt, J.F, C.J. Lensink, W. Butler, M. Kendziorek, and D.R. Nysewander. 1990. Immediate 
impact of the "Exxon Valdez" oil spill on marine birds. Auk 107:387-397. 

Roseneau, D.G., A.B. Kettle, and G.V. Byrd. 1995. Common murre restoration monitoring in 
the Barren Islands, Alaska, 1993. Unpubl. final rept. by the Alaska Maritime National 
Wildlife Refuge, Homer, Alaska for the Exxon Valdez Oil Spill Trustee Council, Anchorage, 
AK (Restoration Project 93049). 71 pp, 

-, 1996a. Common murre restoration monitoring in the Barren Islands, Alaska, 1994. 
Unpubl. final rept. by the Alaska Maritime National Wildlife Refuge, Homer, Alaska for the 
Exxon Valdez Oil Spill Trustee Council, Anchorage, AK (Restoration Project 94039). 73 pp. 

Ecosystem Experiment (D.C. Duffy, Compiler), Exxon Vuldez Oil Spill Restoration Proj. 
Annual rept. (Restoration Proj. 95163), Alaska Natural Heritage Program, Univ. of Alaska, 
Anchorage, AK. 

-. 1996b. Barren Islands seabird studies, 1995. Appendix J in Apex: Alaska Predator 

Unpubl. annual rept. by the Alaska Maritime National Wildlife Refuge, Homer, Alaska for the 
Exxon Valdez Oil Spill Trustee Council, Anchorage, Alaska (Restoration Project 96144). 54 
PP. 

~. 1997a. Common murre population monitoring at the Barren Islands, Alaska, 1996. 

Ecosystem Experiment (D.C. Duffy, Compiler), Exxon Valdez Oil Spill Restoration Proj. 
Annual rept. (Restoration Proj. 96163), Alaska Natural Heritage Program, Univ. of Alaska, 
Anchorage, AK. 

-. 1997b. Barren Islands seabird studies, 1996. Appendix J in Apex: Alaska Predator 

-. 1998a. Common murre population monitoring at the Barren Islands, Alaska, 1997. 
Unpubl. annual rept. by the Alaska Maritime National Wildlife Refuge, Homer, Alaska for the 
Exxon Valdez Oil Spill Trustee Council, Anchorage, Alaska (Restoration Project 97144). 

-. 1998b. Barren Islands seabird studies, 1997. Appendix J in Apex: Alaska Predator 
Ecosystem Experiment (D.C. Duffy, Compiler), Exxon Valdez Oil Spill Restoration Proj. 
Annual rept. (Restoration Proj. 97163), Alaska Natural Heritage Program, Univ. of Alaska, 
Anchorage, AK. 

7 



-. 1999. Barren Islands seabird studies, 1998. Appendix J in Apex: Alaska Predator 
Ecosystem Experiment (D.C. Duffy, Compiler), Enon Vuldez Oil Spill Restoration Proj. 
Annual rept. (Restoration Proj. 98163). Alaska Natural Heritage Program, Univ. of Alaska, 
Anchorage, AK. 

Sowls, A.L., S.A. Hatch, and C.J. Lensink. 1978. Catalog of Alaskan seabird colonies. U.S. 
Fish Wildl. Serv., Biol. Serv. Prog. FWS/OBS 78/78, Anchorage, AK. 153 pp. 

8 



Table 1. Average counts of murres on the primary East Amatuli Island - Light Rock and Nord Island - 
Northwest Islet multicount plots at the Barren Islands, Alaska during 1989-1999 (number of counts 
shown in parentheses). 

East Amatuli Island - Light Rock (EAILR) Nord Island - Northwest Islet (NINI) 

Year Numbers of Birds CV(%)& Numbers of Birds CV(%) 
Multicount Plots BMP 1-8 Multicount Plots BMP 1-1 1 

1989b N D C  2,431 (2) 5.1 

1990b ND 4,383 (3) 12.9 

1991b ND 3,558 (2) 4.0 

199Zd ND 2,971 (5) 10.6 

1993' 5,807 (4) 6.9 4,003 ( 5 )  12.9 

1994' 5,599 (8) 4.9 2,890 ( 5 )  22.1 

1995' 5,225 ( 5 )  11.2 ND 

1996h 5,648 (7) 7.0 2,825 (6) 6.3 

1997' 7,139 (7) 11.1 3,835 (6) 8.8 

1998' 7,275 (3) 5.5 ND 

1999' 6,245 (6) 3.9 4,091 (3) 3.5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . .................. .................. .. ... . ........ ..... .. . . .... .. . . . . .... ......... ..... ..................... ... .... ... .. . .... . . . 

Regression Analysis: Count vs. Year (Significance Level = 0.1) 

EAILR Multicount Plots BMP 1-8 NINI Multicount Plots BMP 1-1 1 

No significant correlation (n = 7) No significant correlation (n = 9) 

a CV = coefficient of variation (standard deviation divided by the mean and multiplied by 100) 
b Data are from Nysewander and Dipple (1990, 19911); Dipple and Nysewander (1992); and Nysewander etal. (1993). 

Counts on Nord Island - Northwest Islet plots BMP 1-1 1 were 2,519 and 2,343 (SD = 125) in 1989; 4,991, 3,869, and 
4,288 (SD = 567) in 1990; and 3,659 and 3,457 (SD = 143) in 1991. 
ND = no data. 
Data are from Dragoo efal. (1995). Counts on Nord Island - Northwest Islet plots BMP 1-1 1 were 3,008,2,637,2,744, 
3,449, and 3,016 (SD = 314) in 1992. 

d 

e Data are from Roseneau ef al. (1995). Counts were 6,148, 5,835.6.002. and 5,242 (SD = 398) on East Amatuli 
Island - Light Rock plots BMP 1-8, and 4,589,4,513, 3,813, 3,479, and 3,623 (SD = 514) on Nord Island - Northwest 
Islet plots BMP 1-11 in 1993. 
Dataare fromRoseneau ernl. (1996a). Counts were 5,423,5,215, 5,530, 6,145,5,635, 5,741,5,674, and 5,430 (SD = 
277) on East Amatuli Island - Light Rock plots BMP 1-8, and 1,970,2,685,3,031,3,046, and 3,718 (SD = 636) on 
Nord Island - Northwest Islet plots BMP 1-1 1 in 1'394. 

f 
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Table 1 (Continued) 

Data are from Roseneau et nl. (1997a). Counts were 4,791,5,074,5,937,4,597, and 5,727 (SD = 584) on East Amatuli 
Island - Light Rock plots BMP 1-8 in 1995. 
Data are from Roseneau etal. (1997a). Counts wwe 6,148,5,504,5,527,5,099,5,419,6,198, and 5,638 (SD = 396) on 
East Amatuli Island - Light Rock plots BMP 1-8, and 3,035,2367, 2,659, 2,656, 2,704, and 3,028 (SD = 178) on Nord 
Island - Northwest Islet plots BMP 1-1 1 in 1996. 

'Data are fromRoseneau ernl. (1998a). Counts were 6,427, 6,102, 7,851,6,836,7,835,6,781, and 8,139 (SD = 795) on 
East Amatuli Island - Light Rock plots BMP 1-8, a,nd 3,267,3,662,3,797,4,072,4,026, and 4,183 (SD = 357) on Nord 
Island - Northwest Islet plots BMP 1-11 in 1997. 

' Data are from D. G. Roseneau and A.B. Kettle, unpubl. data (see Appendix 6). Counts were 7,335,7,643, and 6,846 (SD 
= 402) on East Amatuli Island - Light Rock plots HMP 1-8 in 1998. 
Data are from this study (see Appendices 7 and 12:). Counts were 6,165,5,968,6,078,6,586,6,493, and 6,182 (SD = 
242) on East Amatuli Island - Light Rock plots BMP 1-8. and 4,128,3,934, and 4,212 (SD = 143) on Nord Island - 
Northwest Islet plots BMP 1-1 1 in 1999. 

k 
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Table 2 .  Average counts of murres on East Amarlli Island - Light Rock multicount plots BMP 
3-4 and the four UW OSTR plots at the Barren Islands, Alaska during 1989-1999 (number of 
counts shown in parentheses). 

East Amatuli Island - Light Rock 
F W S  Multicount Plots BMP 3-4 uw OSTR Plots 

Year Numbers of Birds CV(%)' Numbers of Birds CV(%) 

1989 852 (2)b 14.8 ND' 

1990 575 (2y 32.8 648 (2-5)d 

1991 860 (2)b 27.2 811 (5-6)d 

1992 745 ( 5 ) C  32.6 818 (6.10)' 

1993' 1,375 (8) 12.6 1,003 ( 5 )  9.1 

1994g 1,246 (8) 8.1 866 (8) 5.4 

1995h 1,130 ( 5 )  14.7 724 (5) 11.3 

1996' 1,392 (7) 7.8 785 (7) 8.2 

1997' 1,959 (7) 16.7 880 (7) 21.3 

1998' 1,974 (3) 5.9 834 (3) 3.4 

1999' 1,652 (6) 8.5 808 (6) 11.8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Regression Analysis: Count vs. Year (Significance Level = 0.1) 

Multicount Plots BMP 3-4 uw OSTR Plots 

rz= 0.78, Ho: Slope = 0, P <  0.01 (n = 11) No significant correlation (n = 10) 

a CV =coefficient of variation (standard deviation divided by the mean and multiplied by 100). 

Data are from Nysewander and Dipple (1990, 199 I) ;  Dipple and Nysewander (1992); and Nysewander et nl. 
(1993). Counts on BMP 3-4 were 763 and 941 in 1989 (SD = 126); 708 and 441 in 1990 (SD = 189); and 1,025 
and 694 (SD = 234) in 1991. 

'ND = no data. 
' Data are from Boersma et nl. (1995). Only the averages of the counts were reported for 1990, 1991, and 1992. 

Numbers of counts were listed as ranges because they apparently varied among the four plots each year (e.g., in 
1990, at least one plot was only counted two times and at least one was counted five times). 

'Data are from Dragoo er al. (1995). Counts were ,167,948,926, 893, and 493 (SD = 243) on BMP 3-4 in 1992. 

'Dataare from Roseneau eral. (1995). Counts were 1,580, 1,259, 1,540, 1,492, 1,505, 1,254, 1,263, and 1,110 
(SD = 174) on BMP 3-4, and 1,091, 1,086, 1,022. 889, and 928 (SD = 92) on the OSTR plots in 1993. 
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Table 2 (Continued). 

gDataare fromRoseneau etal. (1996a). Counts we:re 1,110, 1,153, 1,270, 1,439, 1,258, 1,301, 1,188, and 1,245 
(SD = 101) on BMP 3-4, and 871,788,850,949,842,899,873, and 855 (SD = 46) on the OSTR plots in 1994. 
Data are from Roseneau et al. (1997a). Counts we:re 1,040, 1,148,1,323,900, and 1,238 (SD = 166) on BMP 
3-4 and 652, 697,793,652, and 828 (SD = 82) on .the OSTR plots in 1995. 

'Data are from Roseneau etal. (1997a). Counts were 1,443, 1,408, 1,421, 1,326, 1,240, 1,580, and 1,329 (SD = 
108) on BMP 3-4, and 778,709,899,823,720,788, and 775 (SD = 64) on the OSTR plots in 1996. 

' Data are from Roseneau et a!. (1998a). Counts were 1.683, 1,933,2,295, 1,525,2,085, 1,768, and 2,423 (SD = 
328) on BMP 3-4, and 713,567,982,955, 1,073, 823, 1,047 (SD = 187) on the OSTRplots in 1997. 

'Data are from D. G. Roseneau and A. B. Kettle, unpubl. data. Counts were 2,000,2,075, and 1,847 (SD = 116) 
on BMP 3-4 (see Appendix 8), and 847, 853, and 801 (SD = 28) on the OSTR plots in 1998. 

' Data are from this study. Counts were 1,753, 1,554, 1,603, 1,884, 1,619, and 1,501 (SD = 141) on BMP 3-4 
(see Appendix 8), and 946,735,713, 894, 818, and 743 (SD = 95) on the OSTR plots in 1999. 
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Table 3. Average counts of murres at the BaITen Islands, Alaska East Amatuli Island - Light Rock and 
Nord Island - Northwest Islet colonies during 1989-1999 (number of counts shown in parentheses). 

East Amatuli Island - Light Rock Nord Island - Northwest Islet 

East Amatuli Light Rock East Amatuli :Island Entire Colony Entire Colony 
Year Number of Birds CV(%)' Number of Birds CV(%) Number of Birds CV(%) Number of Birds CV(%) 

- . .~ 

1989 

1990 

1991 

1992 

1993' 

1994" 

1996" 

1997" 

1999Q 

6,912 (2)h 

5,865 (2)b 

9,256 

7,808 (2)h 

8,454 (4) 

7,750 (5) 

8,620 (4) 

10,377 ( 5 )  

11,115 (5) 

10.2 

10.5 

33.5 

8.4 

7.5 

13.0 

4.3 

9.7 

ND' 

ND 

26,501 (1)' 

25,129 (I)' 

24,775 (2) 

25,054 (2) 

19,722 (1) 

25,400 (1) 

ND 

ND 

ND 

31,660 (4)' 17.9 

34,784 (IY 

6.5 32,722 (2) 5.7 

3.2 32,871 (2) 0.7 

27,550 (1) 

35,209 (1) 

ND 

11,838 (2)b 

12,278 (2)b 

14,419 (3)g 

11,212 (l)k 

13,422 (4) 

11,797 (4) 

11,688 (3) 

16,423 ( 5 )  

16,633 (3) 

6.5 

6.5 

13.1 

15.5 

11.0 

5.3 

6.2 

4.2 

Regression Analysis: Count vs. Year (Significance Level = 0.1) 

East Amatuli Light Rock Nord Island - Northwest Islet 

rz = 0.68, H,,: Slope = 0, P< 0.01 (n = 8) r2 = 0.36, Ho: Slope = 0, P <  0.09 (n = 9) 

East Amatuli Island - Light Rock 

No significant correlation (n = 6) 

* CV =coefficient of variation [standard deviation (SI)) divided by the mean and multiplied by 1001. 

Data are from Nysewander and Dipple (1990, 1991)., Dipple and Nysewander (1992), and Nysewander er al. (1993). 
Counts at Light Rock were 7,410 and 6,413 in 1989 (SD = 705), and 5,430 and 6,300 in 1990 (SD = 615), and counts at 
Nord Island - Northwest Islet were 12,381 and 11,294 in 1989 (SD = 769), and 11,713 and 12,842 (SD = 798) in 1990. 

ND = no data. 
Data are from Boersma et al. (1995). The number listed here is the average of the two values (8,918 and 9,594; mean = 
9,256) reported in Table 1 of their publication; in all cases, numbers that appear to be ranges in their table are the 
individual scores of two observers. The previously reported 1991 FWS count of 5,529 murres was not used, because 
it  included 3,429 birds on the cliffs and 2,100 individuals on nearby waters (see Nysewander and Dipple 1991). 
Data are from Boersma etal .  (1995). The number listed here is the average of the two values (25,468 and 27,534; mean = 
26,501) reported in Table 1 of their publication. 
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Table 3 (Continued). 

'Data are from Boersma et al. (1995; Table 1) and Erikson (1995; Table 2). The number listed here was derived by first 
averaging the two values (34,386 and 37,128; mean = 35,757) reported by Boersma et al. and then averaging this number 
with three counts made by Erikson (28,660, 25,213, and 37,010; mean of four counts = 31,660, SD = 5,656). 
Data are from Dipple and Nyswander (1992), Nyswander et al. (1993), and Erikson (1995). The number listed here is the 
average of two counts reported by Dipple and Nyswander and Nyswander et al. (13,404 and 13,262) and the count made 
by Erikson (16,592; mean of three counts = 14,419, SD of three counts = 1,883). 
Data are from Dragoo et al. (1995) and Boersma et al. (1995; Table 1). The number listed here was derived by averaging 
the two values (9,573 and 9,736; mean = 9,655) reported by Boersma ef nl. and then averaging this number with the count 
made by Dragoo et nl. (5,960; mean of two counts := 7,808, SD = 2,613). 

' Data are from Boersma et al. (1995; Table 1). The number listed here is the average of the two values (24,814 and 25.444; 

h 

mean = 25,129) reported in their publication. 
' Data are from Boersma et al. (1995; Table I ) .  The  number listed here is the average of the two values (34,387 and 35,180; 

mean = 34,784) reported in their publication. 
' Data are from Dragoo ef al. (1995). 
' Data are from Roseneau er nl. (1995). Counts were 9,414, 8,134, 7,760, and 8,507 (SD = 709) at Light Rock; 23,632 and 

25,917 (SD = 1,616) at East Amatuli Island; 31,392 and 34,051 (SD = 1,880) at East Amatuli Island - Light Rock; and 
12,474, 16,484, 12,817, and 11,913 (SD = 2,075) at Nord Island - Northwest Islet in 1993. 
Data are from Roseneau et al. (1996a). Counts were 6,749,7,412, 8,450, 7,916, and 8,223 (SD = 682) at Light Rock; 
25,615 and 24,492 (SD = 794) at East Amatuli Island 33,027 and 32,715 (SD = 221) at East Amatuli Island - Light Rock; 
and 11,071, 10,461, 12,296, and 13,361 (SD =1,292) at Nord Island - Northwest Islet in 1994 (the average East Amatuli 
Island and East Amatuli Island - Light Rock counts of 25,195 and 33,011 listed in Table 1 of Roseneau ef al. 1996a were 
incorrect; the corrected values of 24,054 and 32,871 are reported here). 

12,392, 11,199, and 11474 (SD = 625) at Nord Island - Northwest Islet in 1996. 
" Data are from Roseneau et al. (1997a). Counts were 7,828, 8,294, 10.273, and 8,133 (SD = 1.1 16) at Light Rock, and 

"Data are from Roseneau ef al. (1998a). Counts were 10,511, 9,809, 10,022, 10,757, and 10,787 (SD =441)  at Light Rock, 
and 15,137, 17,260, 15,506, 16,932, and 17,278 (SD = 1,023) at NordIsland - Northwest Islet in 1997. 
Data are from this study (see Appendices 1-5 and 9-1 1). Counts were 9,956, 10,229, 12,454, 10,959, and 11,978 (SD = 
1,083) at East Amatuli Island - Light Rock, and 16,951, 15,840, and 17,108 (SD = 691) at Nord Island - Northwest Islet in 
1999. 
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Figure 1. Location of the Barren Islands, Alaska. 
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Figure 3. Murre nesting habitat (shaded areas), population census plots (BCP), and multicount 
plots (BMP) at the (a) East Amatuli Island - Light Rock and (b) Nord Island - Northwest Islet 
seabird colonies, Barren Islands, Alaska. 

17 



12,000 , 
(a) Multicount Plots BMP 1-8 

10,000 

9,000 

r2 = 0.41 (No significant correlation) 

e! 8,000- 3 7,000- 

0 6,000- 

.! 5,000- 
E 2 4,000- 

3,000- 

2,000- 

1,000 - 

c 5,807 6,245 

c 

5.225 

0, 
. .  

I I I I I I I 
88 89 90 91 92 93 94 95 96 97 98 99 

Years 

J 

v) 2 2,000- 

8 
43 
O 1,500- 
8 
E 
z, 

1,000- 

500 - 

(b) Multicount Plots BMP 3-4 
r2  = 0.78 (Ho: Slope = 0, .P < 0.01) 

I I I I I I I 
88 89 90 91 92 93 94 95 96 97 98 99 

Years 
01 

Figure 4. Average counts of murres on (a) East Amatuli Island - Light Rock multicount plots 
BMP 1-8 and (b) BMP 3-4, Barren Islands, Alaska 1989-1999. Counts were made by the U.S. 
Fish and Wildlife Service (FWS). Number of counts shown in parentheses; error bars = 
standard deviation. 
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Figure 5. Average counts of murres on (a) the University of Washington (UW) Oval, Swatch, 
Triangle Rock NW, and Triangle Rock S (OSTR) plots, and (b) Light Rock, Barren Islands, 
Alaska 1989-1999. Counts were made by UW (see Boersma ef al. 1995) and the U.S. Fish and 
Wildlife Service (FWS). Number of counts shown in parentheses; error bars = standard 
deviation. 
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I East Amatuli Island - Light Rock 
60,000 r2 < 0.02 (No significant correlation) 
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Figure 6. Average counts of murres at East Amatuli Island - Light Rock, Barren Islands, Alaska 

University of Washington ( U W ;  see Boersma et al. 1995), Dames & Moore (D&M; see Erikson 
1991-1997 (no counts were obtained in 1989-1990 or 1998-1999). Counts were made by the 

1995), and the U.S. Fish and Wildlife Service (FWS). Number of counts shown in parentheses; 
error bars = standard deviation. 
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Figure 7. Average counts of murres on (a) Nord Island - Northwest Islet multicount plots 
BMP 1-11 and (b) Nord Island - Northwest Islet, Barren Islands, Alaska 1989-1999. Counts 
were made by the U.S. Fish and Wildlife Service (FWS) and Dames & Moore (D&M, see 
Erikson 1995). Number of counts shown in parentheses; error bars = standard deviation. 
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