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Study Higtory: Restoration Study Number 106 was initiated in
response to the results of the Exxon Valdez 0il Spill
State/Federal Natural Resource Damage Assessment Study Number 5
{Injury to Dolly Varden and Cutthroat Trout in Prince William
Scund), which measured the effects of 0il on growth and survival
of these two species. Hepler et al. (1989 and 1990) documented
injury to these species in the year following the Exxon Valdez
0il spill and also provided evidence that injury to oiled stocks
persisted between 1990 and 1991. The nature of this injury was
lower survival and growth rates for both cutthroat trout and
Dolly Varden in oiled portions of Prince William Sound.

Abstract: In order to restore populations of Dolly Varden and
cutthroat trout, a closure of sport fisheries for these two
species occurred in oiled areas. The goal of this project is to
provide information to protect impacted stocks of Dolly Varden
and cutthroat trout, while allowing for continued recreational
opportunities for sport anglers where stocks can support
fisheries. Sixty-one stream systems in non-oiled locations in
Prince William Sound that support populations of Dolly Varden and
cutthroat trout were identified and incorporated into a site
selection matrix. Sites were scored according to their potential
to support fisheries for Dolly Varden or cutthroat trout.
Twenty-seven of these sites were sampled from 1 May through 4
October 1991. Catch rate, size information, and information
about stream morphology were collected during the ground surveys.
A mark recapture experiment was initiated for estimating
abundance of Dolly Varden and cutthroat trout at the most heavily
fished fresh water site in Prince William Sound. Migration
information was analyzed from four years of tag return data, as
an initial effort to understand stock movement and definition.
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EXECUTIVE SUMMARY

This report summarizes the first year of findings from a study that
will provide the information needed to restore populations of, and
fishing cpportunities for, Dolly Varden and cutthroat trout in
Prince William Sound. This restoraticn project was initiated in
response to the results of the Natural Resource Damage Assessment
Study #5, Injury to Dolly Varden and Cutthroat Trout in Prince
William Sound (Hepler et al. 1989, 1990), which measured the
effects of o0il on growth and survival of these two species. Hepler
et at. (1989 and 1990) documented injury to these species in the
year following the Exxon Valdez oil spill and also provided
evidence that injury to oiled stocks persisted between 1%9C and
1991. The nature of this injury was lower survival and growth
rates for both cutthroat trout and Dolly Varden in oiled portions
of Prince William Sound (Hepler et al. in prep.).

In 1591 Exxon corporation and Exxon shipping company settled with
the state and federal governments for damages caused by the Exxon
Valdez 0il Spill. This settlement invelved setting up a trust fund
which would be uged to restore, enhance, replace, rehabilitate or
acquire equivalent resourxces and services in Prince William Sound
and the Gulf of Alaska.

After considering various restoration options, it was decided that
the best course of action to restore populations of Dolly Varden
and cutthrcat was to close sport fisheries for theses two speciles
in oiled areas. This should allcw for the populations to rebound.
However this solution leads to lost services for recreational
anglers, and may lead to overexploitation of equivalent stocks of
cutthroat trout and Dolly Varden in nonoiled areas. 1t is unclear
how much fishing pressure can be sustained by populations in
nonoiled areas, therefore we need to identify what rescurces are
available to anglers and how much pressure those resources can
withstand. Recovery time 1s also uncertain for stocks in oiled
areas, therefor monitoring is recommended to gauge when closed
areas can be reopened.

The goal of this project 1is to provide infeormation to protect
impacted stocks of Dolly Varden and cutthroat trout, while allowing
for continued recreational opportunities for sport anglers where
stocks can support fisheries. To achieve this goal data is needed
that details stock size, stock movement, and geggraphic
distribution of both species. Data is alsc needed on harvest
levels and locations.

In an effort to gather the afcrementioned data the fellcowing tasks
were completed in 1991. Sixty-one stream systems in non-oiled
locations in Prince William Sound that support populations of Dolly
Varden and cutthroat trout were identified. Information about
these sites was incorporated into a site selection matrix and sites
were scored according to their potential to support fisheries for
Dolly Varden or cutthroat trout. Twenty-seven of these siteg,



selected based on these matrix scores, were sampled from 1 May
through 4 October 19%1. Catch rate and gize information, as well
as information abcout the stream’s morphology were collected during
the ground surveys. In addition tc the ground surveys, a mark
recapture experiment was initiated for estimating abundance of
Delly Varden and cutthroat trout at the most heavily fished fresh
water site in Prince William Sound. Also migration information
for Dolly Varden and cutthroat trout in Prince William Sound was
analyzed from four years of tag return data, as an initial effort
to understand stock movement and definition.



INTRODUCTION

Recreational fishery

The recreational fishing opportunities in Prince William Sound are
diverse, there are fisheries for rockfish, halibut, salmon, Dolly
Varden and cutthrecat trout, which support approximately a 100,000
angler days of effort annually. The recreation fishing industry is
a vitally important component for the local economies of Valdez,
Whittier and Seward. Recreational fishing ig also important to the
residents of and visitors to Cordova. Following the "Exxon Valdez
oil spill" (EVOS), a number of studies were initiated to measure
the damage to the natural resources of the spill area, and to
measure the loss to the people who depend on those resources.
Particular attention was given to species, such as Dolly Varden and
cutthroat trout, that inhabit the intertidal and subtidal habitats
where the impact of the oil was the greatest.

Most Dolly Varden and cutthroat trout in Prince William Sound are
anadremous. They are born in freshwater streams, but migrate to
the sea after reaching smelting size, approximately 150mm. They
utilize nearshore and estuarine areas for feeding during the summer
months and return to freshwater in the fall to overwinter in lakes.

The Natural Resource Damage Assessment (NRDA) Study #5, Injury to
Dolly Varden and Cutthroat Trout in PWS (Hepler et al. 1989, 1990},
was designed to measure and compare the annual survival and growth
rates of oiled and nonoiled stocks. From 1989 to 1990 both
survival and growth of Dolly Varden and cutthroat trout were
significantly lower for stocks from ciled systems. The results for
adult fish , 270mm and greater, are reported here to illustrate the
difference between oiled and non-oiled stocks. Dolly Varden from
oiled areas had survival rates that were 38% lower than those from
non-oiled areas. Cutthreat trout survival rates for £fish from
oiled sites were 29% less than non-oiled systems. The reductions
in annual growth rates for ciled populaticns of fish from 1989 to
1990 were 24% for Dolly Varden and 43% for cutthroat trout. In the
second vyear following the spill, differences in growth between
olled and non-ociled populations continued to be detected.
Cutthroat trout from oiled areas grew 47% slower and Dolly Varden
grew 9% sglower than fish from non-oiled stocks. It was not
possible to calculate survival estimates for 1990 - 1991 because
sampling was not done in 1992. We do not know if these populations
are recovering, however the growth data suggests that injury to the
resource is persisting.

In an attempt to estimate natural recovery time for effected stocks
an age structured model was constructed. This model that takes
into account survival rates for juvenile, smolt and mature fish;
the percentage of each age class that smolts or becomes mature;
fishing mortality, and the increased mortality rates calculated for
populaticns of fish that issued into oiled waters. {An explanation
of the model and the values and parameters with which i1t was run



appear in Appendix A). The model suggest that recovery time for
populations in oiled areas could be cut in half if the mortality
due to sport harvest was eliminated (Figure 1).

The Alaska Department of Fish and Game issued an emergency order in
1992, prohibiting the retention of sport caught cutthroat trout in
oiled waters of PWS and closing two systems to all fishing from
April 1% through June 31, when fishing effort is targeted on
outmigrating Dolly Varden and cutthroat trout. This action was
taken for two reasons. One was to speed the recovery of both Dolly
Varden and cutthroat trout by reducing mortality for stocks of fish
in the oil effected area. The second was to eliminate the sport
harvest of cutthroat trout, because the two stocks studied in the
0oil spill area are not sustainable, given historic fishing
mortality, mnatural mortality and oil induced mortality. This
conservative management approach will be continued until recovery
of these stocks is demonstrated.

These fishing closures should allow for the populations to rebound.
However this solution further exacerbates lost services for
recreaticnal anglers and their service providers, who have already
faced the initial disruption and degradation of experience cause by
the EVOS. The closures may also lead to overexploitation of stocks
of cutthroat trout and Dolly Varden in nonoiled areas i1if anglers
shift their effort to non-oiled populations. It is unclear how
much fishing pressure can be sustained by populations in non-oiled
areas. Therefore we need to identify what resources are available
to anglers and how much pressure those resources can withstand.

This repcort summarizes the first year’s efforts of a multi-year
project that would provide stock status informatiocn on Dolly Varden
and cutthroat trout populations in PWS. This information will be
used to manage the recreational fisheries for Dolly Varden and
cutthroat trout in PWS. In 1991, surveys were conducted to
identify potential and existing Dolly Varden and cutthroat trout
figsheries in non-oiled portions of PWS. In addition we started
stock assessment research on the overwintering populations of Dolly
Varden and cutthrcat trout at FEyak Lake. If a shift in effort
occurs it will most likely be to this fishery. It is the most
accessible fishery that has both Dolly Varden and cutthroat trout
and accounts for the largest harvest of both species in all of PWS.
We do not know if the current level of harvest is sustainable
because we do not have a population estimate for either species at
this site.
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OBJECTIVES

The overall gcal of this project is to collect appropriate
biological data to aid in the management of Dolly Varden and
cutthreat trout populaticons in PWS following the EVOS. The
objectives for the 19921 field season were the following:

1. Identify and categorize gtream systems in non-ociled
locations in PWS that support populations of Dolly
Varden or cutthroat trout.

2. Conduct ground surveys of sites identified as
potential Delly Varden or cutthroat trout
fisheries. At each site determine relative

abundance of each species, using catch per unit
effort (CPUE) as an index, and determine length
distribution for each species.

3. Estimate abundance of Dolly Varden and cutthroat
trout 2200 mm that overwintered at Eyak Lake, such
that the estimate is within 2%% of the true wvalue
95% of the time.

4. Estimate the relative stock densities (RSD) of
Dolly Vayden and cutthrcat trout overwintering at
Eyak Lake, such that all proportions are within
5 percentage points of the true values 95% of the
time.



METHOLDS

Identification of Potential Survev Sites

An inventory of potential Delly Varden and cutthroat trout systems
was compiled using available information gained by prior research

conducted within PWS. Information on site specific harvest came
from Mills (M. J. Mills, Alaska Department of Fish and Game,
Anchorage, personal communication). Information on distribution

was collected incidentally to a NRDA study, Fish/Shellfish #1,
Injury to Salmon Spawning Areas (S. Sharr, Alaska Department of
Fish and Game, Cordova, personal communication), and was also
obtained from the report, Field Data Summary for Copper River and
Prince William Sound Lake Investigaticns (Barto et al. 1982, 1983,
Pellisgier et al. 1984, 198%5). Additional information about
fisheries in Valdez and northeastern PWS was cobtained through
interviews with Valdez Fisheries Development Association hatchery
personnel and other local anglers. Information abeout recreational
facilities and land status was collected from the United States
Forest Service {USFS).

All sites for which there was information available were listed in
the site gelection matrix. Information about facilities, land
ownership, sport harvest, and locations where Dolly Varden and
cutthroat trout were known te occur in PWS and the Copper River
Delta, was incorporated into the matrix using the following
criteria. Although many of these index values were arbitrary, they
served only to identify the most important sites.

1. USFS_Cabin: a value of 1 was given toc sites where a USFS
cabin was present, and 0 if there was no cabin.

2. Land Status: a value of 1 was assigned if the stream system
was located on public land, and 0 if on private.

3. ADF&G Stream Survey Data: a value of 3 was given to those
sites where ADF&G perscnnel, doing either ground or aerial
surveys, had seen more than 500 Dolly varden; 2 where 101 -
500 were geen; 1 where 1 - 100 Dolly Varden had been seen; and
0 for sites surveyed but where no Dolly Varden were seen.

4. Statewide Harvegt Survey: a value of 3 was given to sites
where the average 1985-1989 estimated harvest of Dolly Varden
exceeded 100 fish, 2 for sites where it exceeded 50 fish but
was less than 100, 1 for sites where it exceeded 1 but was
less than 50, and 0 for those sites that had no reported
harvest for 1985-19885.

5. Length Data from Lake Investigations: a value of 1 was
assigned to those sites where any Deolly Varden or cutthroat
trout caught by either minnow traps, gill nets or hook and
line were over 200 mm in length.




6. CPUE Data from Lake Investigations: a value of 3 was assigned
to those sites having a CPUE (fish caught per hour) statistic
off 1.5 or greater for either species, 2 for sites where CPUE
for either species ranged between 0.5 and 1.5, and 1 for sites
where CPUE for either species was greater than 0 but less than
0.5.

7. Valdez References: Valdez Fisheries Development Associaticon
personnel and local anglers were interviewed and asked to
gquantify their observations of Dolly Varden and cutthroat
trout in local streams, and in northeastern PWS streams. From
their observations, a wvalue of 3 was given to those sites
where they had seen wmore than 500 Dolly Varden or cutthroat
trout, 2 wherxe 101 - 500 were seen, and 1 where 1 - 100 Dolly
Varden or cutthroat trout had been seen.

Information was not available for every category at each site,
therefore, a percentage score was calculated for each gtream. The
calculation was the sum of the values assigned, divided by the sum
of the highest possible value for each category for which
information was available.

Streams listed in the site selection matrix were then categorized
by one of three fishery type zones. Each of these zones is defined
by accessibility and suggests certain types of sport fishing
experiences. Zone 1 fisheries are accessikble from either the
Cooper River Highway 1in Cordova or the Richardson Highway in
Valdez. Zone 2 fisheries are within a 25 mile radius from
Whittier, Valdez or Cordcva, but are not rocad accessible. Zone 3
fisheries are located more than 25 miles from Whittier, Valdez or
Cordova, and are agcgeggible by beoat or plane {(Figure 2) .

Ground Survevs

The seven highest scoring streams per zone in the site selecticn
matrix were gelected for ground surveys. Exceptions to this rule
were streams or lake systems that were gecgraphically close to the
highest scoring streams that could also be easily sampled. In
addition, two of the unoiled sites studied in the NRDA project,
Makarka Creek and Fish Creek in Boswell Bay were sampled. All
selected sites within a zone were sampled within a 2-week time
period to reduce the chance that differences in abundance or stock
structure could be attributed to time of year sampled.

Ground surveys of 28 stream systems were conducted from 24 July
through 4 October. The following information was recorded for each
site: the amount of time spent sampling, location, gear used to
collect samples cf target species, number of target and non-target
specles caught, number of fish ocbserved but not caught; stream
morphclogy and water character, riparian and intertidal structure
of surveyed area; access to the site, existing trails and
facilitiesg, and amount of human use observed or suspected. Fish
were caught using common sport tackle (flies, lures or bait).
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Beach seines were used when possible to augment sample sizes.

All Dclly Varden and cutthrozt trout greater than 199 mm were
measured (fork length) to the nearest 1 mm and tagged with an
individually numbered Floy FD-68 anchor tag inserted at the base of
the dorsal fin, the left ventral (pelvic) fin was partially clipped
to provide a secondary mark to estimate tag loss. All Dolly Varden
and cutthroat trout were checked for secondary marks and tag scars
from previous tagging efforts. Date, location, species, tag
number, type of hook and line gear used, and sex (if identifiable
from external maturation characteristics) were recorded for each
fish over 199 mm in length cn revised tagging mark sense forms.
Scale smears were taken from all cutthroat trout captured and
otoliths were taken from all Dolly Varden mortalities.

The mean CPUE for each site by gear (fly, lure or bait) for each
sampling period was calculated using the formula:

n
Y CPUE; (1)
CPUE}:iﬂ___W__
I
J
where:
CPUE ;; = the catch of angler i using gear J divided by the
effert (in hours fished) expended by angler i using
gear J.
n; = number of sampling events where ] gear was used at

each site.

Relative Stock Density statistics were calculated, as described by
Gabelhouse (1984), for sites where the sample size was greater than
30, Mean length of fish sampled at a site was calculated for
gsample sizes greater than ten.

Fishery Matrices

Information collected from ground surveys and information from the
gsite selection matrix was incorporated into a fishery matrix for
each zone. The highest possible wvalues for each category were
based on the relative impcrtance of the particular piece of
information. The two most heavily weighted pieces of information
in the matrices were estimated annual harvest of either species,
and the site’s CPUE rank. Each site was ranked using the criteria
below.

1. Accesszs: for Zone 1 sites, a value of 2 was assigned to those
sites that are road accessible, 3 for those sites that are
both rocad and boat accessible. For Zone 2 and 3 sites, a
value of 2 was given to those siteg where access was limited
by tide, and 3 if there was a landing strip or good mooring

10



10.

11.

site present.

Land Satus: a value of 0 was assigned if the land surrounding
the lake or stream is privately owned, and 3 if the land
surrounding the lake or stream is publicly owned.

Lake System: a value of 0 was given to non-lake systems, 2 to
closed lake systems, and 3 for open lake systems.

Salmon Species: a value of 0 was given if no preferred salmon
species, sockeye or cohe, are available; a wvalue of 2 if
sockeye or coho salmon are present; and a value of 3 if both
sockeye and coho salmon are present.

Average Dolly Varden Harvest: the values assigned here are
the product of the averaged {1985 - 1990) (M. J. Mills, Alaska
Department of Figh and Game, Anchorage, personal

communication) estimated annual harvest of Dolly Varden for
the gite, and a conversion factor. The conversion factor is
used to give the value a weight similar to that of the CPUE
rank.

Average Cutthroat Trout Harvest: the averags of the 1985-1390
estimated annual harvest of cutthroat trout (M. J. Mills,
Alaska Department of Fish and Game, Anchorage, personal
communication) multiplied by a conversion factor (see above) .

Dolly Varden CPUE: the rank of the CPUE values from the most
representative ground survey.

Cutthrcat Trout CPUE: the rank of the CPUE values from the
most repregentative ground survey.

Length Score: the value is the mean length (fork length in
millimeters) divided by 100 for sites where 10 or more Larget
species fish were caught. The mean length of target species
caught at a site was divided by 100 so that the mean length
score carries the approximate weight cf other values in the
fishery matrix.

Target Species: a value of 2 was agsigned to sites where one
of the target species was present, and 3 if both target
species were present.

Stream Structure: a value of 2 was assigned to streams that
had widths of less than 20 ft, or overhanging vegetation with
few gravel bars from which to fish; and a wvalue of 3 was
assigned to streams that were wider than 20 £t fcor at least a
guarter of a mile, and that were easy to fish, and had gocd
riffle-pocl configuration.

Abundance Estimate

Eyak Lake was chosen for study as a Zone 1 locaticn prior to

11



development of the fishery matrix because the harvests of Dolly
Varden and cutthroat trout comprise a significant portion, 15% to
30%, of the total harvest of these two species in PWS (Mills

1989,1990). It is alsoc the most heavily fished freshwater stream
in PWS, and would be a likely location where increased angler
effort would ceccur. Therefore we felt that an estimation of

sustained yield for these pcpulations was warranted.

A gampling strategy was designed so that either a medified Petersen
two event mark-recapture estimator (Chapman 1851), or the
generalized Jolly-Seber estimator (Seber 1965 and 1982) as modified
by Buckland (1980) could be used to estimate the abundance of Dolly
Varden and cutthroat trout greater than 199 mm (FL} overwintering
in Eyak Lake.

The timing of the first event for both estimators was 9 May 1991
through 19 July 1991. This time period was selected based on
observations of Dolly Varden and cutthroat trout emigrations at
five siteg in PWS {(Hepler et al. 198%, 19%9%0), and the fact that
cutthroat trout in Eyak lake gpawn during April, May, and through
early June and leave the lake immediately after spawning
(Professional Fighery Consultants 1%84). Fyke nets, hoop traps,
and an improvised weir were used as capture mwethods in the spring
of 1991. On 9 May, six baited fyke nets (3'x 3'x 13’ with 3'x 30’
wings) were placed approximately 200 yd downstream from the lake
outlet. From 11 May through 23 May, ancother six fyke nets were
placed approximately one mile downstream to serve as the recapture
event for the Petersen estimator. On 18 May, the upstream fyke
nets were replaced with an improvised weir made up of two 8’x 300’
beach geines and three fyke nets arranged so that approximately 80%
of BEyak River was weired off. An 8 ft gap was left cpen during the
day to accommodate river boat traffic. This improvised welr served
as the primary capture device during the remainder of the
emigration. The outlet of the lake was also sampled with eight
sunken baited hoop nets (2’ diameter x 7' length) from 30 May
through 21 June, and seven fyke nets arranged so that effectively
50% of the lake outlet was blocked from 14 June - 25 June. These
were 1in place to increase the number of fish caught during the
emigration.

Relative Stock Density

Length distribution data for emigrants from Eyak lake were
evaluated using RSD statistics. The RSD statistic is a length-
categorization system used to describe the length characteristics
of a populaticn of fish in terms of preferences of sport anglers
{Gabelhouse 1984). Minimum lengths for each length category for
Dolly Varden and cutthroat trout are: guality 200 mm, preferred
240 mm, memorable 320 mm, and trophy 400 mm. Proportions of each
species within specific length categeries were calculated for each
system.

12



The proporticn of each species in the sample that belong to length
category j was estimated by:

8y=22 (2)
where:
vy = the number of fish of length category j sampled; and,
n = the total number of fish sampled.

The unbiased variance of this proportion is estimated by:

vip,) =20 (3)

Migration

Information on recaptures of fish that were tagged during the NRDA
study or the restoration study was used to better understand the
movements of Dolly Varden and cutthroat trout in PWS. In the four
yvears gince the Exxon Valdez oil gpill, over 80,000 Dolly Varden
and over 7,000 cutthroat trcut have been tagged with individually
numbered Floy tags. The majority of fish were tagged at five weir
locations in PWS. The weirs were installed each year from
approximately wmid-April to mid-May. Fish were captured in live
boxes at weirs as they moved from overwintering lakes to saltwater.
Fish greater than 199 mm in length were measured and tagged with
individually numbered tags inserted below the dorsal fin. Length
and tag number were reccrded for each fish tagged. Additiocnal
tagglng of Dolly Varden and cutthroat trout was accompllshed by
roving crews in 1989 and 1991, and at the Eyak River weir in 1991.

Information about Deolly Varden and cutthroat recaptures has cone
from several sources. In 1989, an objective of the NRDA Study #5
was to determine the presence or absence of fish from non-ociled
systems in ociled waters. Crews sampled five streams in the Port
Chalmers area on Montague Island, three streams in Bay of Isles on
Knight Island, ten streams in Culross Passage and in Port Nellie
Juan, two streams in Eshamy Bay and Jackpot stream and lake. Crews
used bkoth hook and line, and beach geines to capture fish.
Locations that were sampled in 1991 by restoration crews are
presented in Figure 3. Tags have also been returned to the
department from fish that were caught 1in commercial and sport
fisheries, and in sampling efforts of cother EVOS research projects.
Two tags were found below eagle nests and returned to the

13



PT

P
Cape
Fairfield

PRINCE WILLIAM

SOUND

€ Zone 1 sites
¥ Zone 2 sites
W Zone 3 sites

Cape
Suckling

Figure 3.

Location of sites where ground Surveys were conducted during 1991.



department . Persons returning tags were reqguested to write the
location of where, and the date when, fish were caught as well as
the length and fate of fish they caught. From this information the
distance from release site to recapture site was calculated. The
distance between release and recapture sites was measured on maps
with a scale of 1 inch = 1 mile. The route measured was the
shortest possible route that went arcund land masses. These
distances are not thought to be the actual distances traveled, but
rather the minimum distance between release and recapture location.

RESULTS and DISCUSSION

Identification of Potential Surxrvey Sites

Existing information about populaticons of Dolly Varden and
cutthroat trout in PWS and the adjacent Copper River Delta was
examined. Sixty-one sgites, and the information associated with
them, were entered into a site selection matrix (Table 1}). Each
lake or stream system was classified as a Zone 1, 2, or 3 study
site depending on its distance from either Cordova, Whittier, or
Valdez. Zone 1 fisheries consisted of 14 lake and stream systems
that were on either the Valdez or Cordova zrcad systems. The
fisheries within Zone 2 consisted of 19 lake and stream systems
located within a 25 mile radius of Whittier, Valdez or Cordova.
Zone 3 fishery locations were comprised of 28 remote lake and
stream systems. Twenty-seven of these 61 systems were chosen for
ground surveys in 1991.

Ground Survevs

From 24 July through 4 October, surveys were conducted for & Zone
1l sites, 14 Zone 2 sites and 7 Zone 3 sites (Figure 3}. CPUE data
for each site sampled is presented in Appendix B. Tables 1 - 7.
Length data gathered at each site is presented in Appendix B.
Tables 8 and 9. The following summary of catch and length data for
each zone emphasizes sites having the highest catch rate statistics
(all hook and line gear combined) and RSD results for sites where
more than 30 Dolly Varden or cutthroat trout were caught by hook
and line.

Zone 1:

Zone 1 sites were surveyed during the first 2 weeks of August and
September. Catch per unit effort for each site during both time
periods are reported in Appendix B. Tables 1 and 2. The Alaganik
Slough/McKinley Lake system had the highest Dolly Varden catch
rate, 4.33 fish per hour, followed by the Eyak River system, 2.92
fish per hour, for the August sampling period. The two sites
having highest catch rates for the September sampling period were
Power Creek, a tributary to Eyak lake, 5.49 fish per hour, and
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Table 1. Site Selection matrix

USFS LAND ADF&G HARVEST  Lake Surveys Valdez
Stream name Zone Location CABIN Status  SURVEY SURVEY  >200mm cpue  References Points Score
Eyak Lake comptex 1 Eyak Lake 1 0 3 3 7.0 87.5
Clear Creek 1 Copper R. flats 0 1 3 3 7.0 87.5
McKinley Lake Complex 1 Copper R. flats 1 1 3 2 7.0 87.5
Robe River 1 Valdez 0 1 3 3 7.0 87.5
Alaganik Stough 1 Copper R. flats 0 1 2 3.0 60.0
Ptarmigan Creek 1 Tsina R. 0 1 2 3.0 60.0
Lowe River 1 valdez 0 1 2 0 3.0 60.0
Rainbow Creek 1 Valdez ] 1 2 3.0 60.0
Pipeline Lakes 1 Copper R. flats 0 1 2 3.0 60.0
Elsper River 1 Copper R. flats 0 1 3 0 4.0 50.0
Tsina River 1 Tiekel R. 0 1 1 2.0 40.0
Cabin Lake 1 Cordova 0 1 1 2.0 40.0
Mineral Creek 1 valdez 0 1 1 1 3.0 37.5
Hartney Creek 1 Hartney Bay 0 0 1 1 2.0 25.0
Eccles Creek 1 Orca Inlet a a 1 a 1.0 12.5
Lake Shroede 2 Culross Passage 1 1 3 3 8.0 100.0
Halferty Creek 2 Cochrane Bay 0 1 1 3 5.0 83.3
Canhoe Pass Lake 2 Hawkins I. 0 0 3 3.0 80.0
Shoestring Creek 2 Shoestring Cove 0 1 0 3 4.0 80.0
Swanson Creek 2 Pigot Bay 1 1 2 1 5.0 62.5
Paulson Creek 2 Cochran Bay 1 1 2 0 4.0 &0.0
Raspberry Lake 2 Culross Istand 0 1 2 3.0 60.0
Simpson Bay 2 Orca Bay 0 0 3 3.0 60.0
Naomoff River 2 Jack Bay 1 1 0 4] 2 4.0 50.0
Hawkins Creek 2 Hawkins Is. 0 1 3 0 4.0 50.0
unnamed Creek 2 Port MWells 0 1 1 1 3.0 50.0
Devish Lake 2 Valdez 0 1 1 2.0 40.0
Viasoff Creek 2 Jack Bay 0 1 0 0 2 3.0 37.5
Stellar Creek 2 Sawmill Bay 0 1 2 0 3.0 37.5
Esther River 2 Wells Passage 0 1 0 1 1 3.0 33.3
Allen Creek 2 Sheep Bay 1 0 1 0 2.0 25.0
Twin Lakes Creek 2 Simpson Bay ] 0 1 0 1.0 12.5
Katalla River 3 Katalla Bay 0 0 3 3 6.0 87.5
Martin River 3 E. of Copper R. 1 1 3 2 7.0 B87.5
unnamed Creek 3 Columbia Bay 0 1 1 3 5.0 83.3
Coghill River 3 College Fjord 1 1 2 4.0 80.0
Bering River 3 Controlter Bay 0 1 3 4,0 80.0
Beach River, 3 Montague Is. 1 C 2 3.0 80.0
Macleod Creek 3 Macleod harbor 0 0 2 3 5.0 62.5
Silver Lake 3 valdez Arm i 0 3 3.0 60.0

-cont i nued-



Takle 1. (Page 2 of 2}

LT

USFS LAND ADFEG  HARVEST  Lake Surveys Valdez
Stream name Zone Location CABIN Status SURVEY  SURVEY  >200mm cpue References Points Score
King’s River 3 King’s Bay 0 1 F4 3.0 60.0
Swamp Creek 3 Montague l1s. 0 1 3 0 4.0 50.0
Hells’s Hole 3 Port Gravina 0 0 1 3 4.0 50.0
Princeton Creek 3 lcy Bay 0 H 0 1 1 3.0 50.0
Edwards River 3 Controller Bay 0 1 3 0 4.0 50.0
Martin River Slough 3 E. of Copper R. 0 1 3 0 4.0 50.0
Tokun Lake 3 Martin R. 0 1 1 2.0 40.0
Cook Creek 3 poubte Bay 0 1 2 0 3.0 37.5
Nellie Martin River 3 Patton Bay 1 a 1 1 3.0 37.5
Hanning Creek 3 Hanning Bay 0 1 2 0 3.0 37.5
Quadra Creek 3 Hanning Bay d 1 2 0 3.0 37.5
Nuchek Creek 3 Port Etches 0 1 2 0 3.0 37.5
Jonah Creek 3 Jonah Bay 0 1 2 0 3.0 37.5
Irish Creek 3 Port Fidalgo 0 0 3 0 3.0 37.5
Dog Salmon Creek 3 Port Etches 0 1 1 0 2.0 25.0
Captain Creek 3 Double Bay 0 1 1 0 2.0 25.0
Cabin Creek 3 Port Chalmers c 1 0 1.0 20.0
Patton River 3 Patton Bay 0 0 1 1.0 20.9
Double Creek 3 Double Bay 1 1 0 0 2.0 18.2
Whalen Creek 3 whalen Bay 0 0 1 ] 1.0 12.5




Clear Creek, 4.32 fish per hour. The RSD for the Dolly Varden
caught in Salmon Creek (n = 31), & tributary to Alaganik Slough,
was 12.9% preferred (2406 - 319 mm), 48.4% memorable (320 - 359 mm),
and 38.7% trophy (400 mm and larger). Relative stock density of
the Dolly Varden caught at Power Creek (n = 149) was 3.9%
preferred, 34.6% memorable, and 61.4% trophy. The RSD of Dolly
Varden caught at Clear Creek (n = 76) was 17.1% memorable and 82.9%
trophy.

Zone 2:

Thirteen Zone 2 sites were surveyed 24 July through 13 August. OCfF
thoge, five were sampled again with one additional site, from 24
September through 4 October. <Catch per unit effort statistics for
each site for both time periods and for each species are reported
in Appendix B, Tables 3 - 6. The top three sites for Dolly Varden
catch rates were Halferty Creek, 1.65 fish per hour, Makarka Creek,
1.07 fish per hour, and Naomoff Creek, 0.92 fish per hour. The top
three sites for cutthroat trout CPUE in August were Makarka Creek
1.92 fish per hour, Boswell Creek 1.60 fish per hour, and Hawkins
Creek 1.52 fish per hour. The September sampling at Zone 2 sites
ragulted in low catch rates for Dolly Varden. The only site where
cutthroat trout were caught in September was Makarka Creek where
the catch rate was 1.75 fish per hour. Relative Stock Density
percentages were not calculated for any Zone 2 sites, due to
insufficient sample sizes.

Zone 3

Seven Zone 3 streams were surveyed in the latter part of August
(hAppendix B, Table 7). The sites with the highest Dolly Varden
catch rates, using all types of hook and line gear combined, were
Quadra Creek, 4.44 fish per hour, and Swamp Creek, 4.03 fish per
hour. However, these CPUE statistics were driven by the high catch
rates achileved when bait was used, for example, the mean CPUE for
all anglers using bait at Quadra Creek was 10.27 fish per hour, and
wag 7.56 fish per hour at Swamp Creek. The ranking procedure
eliminated this bias against sites where bailt was not used as a
gear type, which resulted in Hanning Creek being ranked second
highest rather than Swamp Creek.

The RSD for Deolly Varden caught at Martin River {(n = £1) was 3.3%
quality, 62.3% preferred, 32.8% memorable and 1.6% trophy. The RSD
for Quadra Creek (n = 34) was 17.6% preferred, 52.9% memorable and
29.4% trophy.

Fishery Matrices

The information gathered in the inventory and ground surveys was
incorporated into a fishery matrix for each zone (Tables 2 - 4}.
A summary of pertinent information for these matrices follows the
tables.
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Table 2. Fishery matrix for Zcne 1 streams in Prince William Sound, 1991,

bolly Varden Cutthroat
Land Lake Salmon Average CPUE Length Awverage Target Stream Matrix
Access Status System Species Harvest Rank  Score Harvest Species Morphology Score

Eyak River 3 3 3 3 2.02 5 4.24 5.00 3 3 0.92
Robe River 2 3 3 3 5.00 1 2.5 2 2 0.73
Clear Creek 3 3 0 3 0.52 4 4.4 0.25 3 3 0.65
Alaganik Slough 3 3 3 3 0.18 * 3.77 2.09 3 3 0.64
Lowe River 2 3 0 3 0.30 2 2 3 0.55
Mineral Creek 2 3 0 2 0.05 3 2 2 0.50
Dolly varden estimated annual harvest conversion facter = .003396

Cutthroat trout estimated annual harvest conversion factor = .025125

*The September sampling period was chosen for ranking CPUE statistic, however Alaganik Slough
was not sampled due to high water levels.
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Table 3.

Fishery matrix for Zone 2 streams in Prince William Sound,

Dolly Cutthroat

Land Ltake Salmon CPUE  CPUE tength  Target Stream Matrix

Access Status System Species Rank Rank Score Species Morphology Score

Makarka Creek 2 3 3 3 4 5 3.16 3 3 0.97
Boswel |l Creek 2 3 3 3 0 4 3 3 0.78
Halferty Creek 2 3 2 2 5 0 2 3 0.70
Hawkins Creek 2 3 ¢ 2 2 3 3.04 3 3 0.70
Lake Shrode 3 3 3 3 * *» 2 3 0.63
Canoe Pass Lake 3 0 3 2 0 2 2.47 3 3 0.61
Naomoff Creek 3 3 0 2 3 0 2 3 0.59
Vlasslof Creek 2 3 0 2 1 0 2 3 0.48
Swanson Creek 2 3 0 2 0 o] 2 3 0.44
Paulson Creek 2 3 0 2 0 0 2 2 0.41
Twin Lakes 2 0 2 0 0 1 2 3 0.37
Raging River 2 0 0 0 1] 0 3 3 0.30
Rogue River 2 0 0 0 0 0 3 2 0.26
Humpback Creek 2 0 0 0 0 0 2 2 0.22

* The August sampling periocd was chosen for ranking the CPUE statistic, however

Lake Shrode was not sampled during the August sampling period,
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Table 4. Fishery matrix for Zone 3 streams in Prince William Scound, 1991.

Dolly Varden
Land Lake Salmon Average CPUE Length Target Stream FsS Matrix
Access S$Status System Species Harvest Rank Score Species Morphology Cabin Score

Martin River 3 3 3 3 2.49 5 3.04 3 3 3 0.81
Hanning Creek 3 3 0 2 6 3.82 2 3 0 0.7
Quadra Creek 3 3 0 2 7 3,77 2 2 0 0.71
Swamp Creek 2 3 0 2 3 4.05 2 2 3 0.646
Nellie Martin 3 3 0 3 1.20 2 2.97 2 3 3 0.59
Katalla River 3 0 0 3 7.00 1 3 3 0 0.57
Macleod Creek 3 0 0 2 4 2 3 0 0.50

Dolly varden estimated annual harvest conversion factor = 0.03004
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Zone 1:

The two systems scoring the highest in the fishery matrix for Zone
1 {Table 2) are the Eyak and Robe Lake drainages. Eyak River has
consistently ranked as one of the top three sites of freshwater
harvest for both cutthroat trout and Delly Varden in PWS (M. J.
Mills, Alaska Department of Fish and Game, Anchorage, personal
communication) . Power Creek, a tributary of Evak Lake, had the
highest CPUE of all sites in Zone 1. Additional factors that
influenced the high ranking of Eyak Lake drainage include, boat and
road access and the valuable sockeye and coho fisheries that also
occur in the drainage. Robe Lake system achieved the second
highest score in Zone 1. This high score was driven by the
historically high catches of Dolly Varden caught at this site.
However, the annual sport harvest of Dolly Varden from Robe River
has been in decline since 1986, down from an estimated 4,449 in
1986 to 98 fish harvested in 1990. A decline in angler effort
accempanies the decline in harvest (Figure 4). One possibility for
both of these declines is that Rcbe Lake has become eutrophic in
recent vears due to the diversion of two streams that previously
flowed into the lake (Koenings et al. 1985). Large numbers of
Dolly Varden were not found during ground surveys, the catch rate
statistics for the August and September sampling periods were 0.28
fish per hour in August, and 0.0 fish per hour in September.
However fish may wmove into the lake at a later time. Research
should be conducted at this site to determine the population size
of Dclly Varden that use Robe Lake as an overwintering location so
that regulations that are commensurate with the population size can
be recommended for this site.

Zone 2:

The two highest scoring sites in the fishery matrix for Zone 2
{Table 3) were Makarka and Boswell creeks. The reasons for their
high ranks is that they had the highest cutthroat trout catch rates
of all Zone 2 sites, and they are both lake systems that provide
overwintering habitat for both target species. Both streams
support viable runs of sockeye and coho salmon. These two stream
systems may support the largest populations of cutthroat trout in

PWS and the adjoining Copper River Delta. The NRDA Study #5
conducted research at both Makarka and Boswell creeks from 1989 -
1991, The amount of information that we have for the two systems

is sufficient to¢ manage these populations, given the effort
expended on these stocks. The next two highest scoring sites were
Shrode Lake and Halferty Creek. Shrode Lake is accessikle either
by flecat plane or by walking from a mocorage in Long Bay. There is
a USFS cabin located beside the lake and trails that lead from the
lake down to Long Bay. Shrode Lake supports small runs of sockeye
and coho salmon. While the catch rates experienced at this site
were low in late September, several hundred Dolly Varden were
observed during the sampling trip at the outlet of the lake. The
USFS has built a fish pass at Shrode Lake and ground survey crews
believe that the Dolly Varden spawners cobserved below the lake
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outlet had used this fish ladder to reach the lake. Halferty Creek
had the highest Dolly Varden CPUE rank in Zone 2 and it is an easy
site to fish; however there is a 20 ft. barrier falls below
Halferty Lake so that it does not serve as an overwintering area
for cutthroat trout or Dolly Varden.

Zone 3:

The fisheries matrix for Zone 3 (Table 4) indicates that Martin
River initially looks promising as a remote fishery location for
Dolly Varden and cutthrocat trout. The on-gite survey of Martin
River verified that there were abundant numbers cof Dolly Varden in
the Preferred (62%) and Memorable (33%) length categories in Martin
River as well as Trophy size individuals in Martin Lake (mean
length 448 mm, n = 19} . Cutthreat trout were also found in Martin
River although they were far less abundant than Dolly Varden.
There were alsc abundant c¢oho, pink and red salmen in the system.
According to data from Mills (M. J. Millsg, Alaska Department of
Fish and Game, Anchorage, persconal communication), there has been
a limited harvest of both Dolly Varden and cutthroat trout at this
site. The guantity and diversity of fish at Martin River, coupled
with the availability cof a USFS cabin, make this a site where sport
fishing pressure could increase.

Hanning and Quadra creeks, located on the western side of Montague
Island, received the second highest scores for Zone 3 sites. Both
of these sites are located on USFS land {public), and have good
mooring sites avallabie in Hanning Bay. Cf the seven sgites
surveyed, Quadra Creek had the highest catch rate and Hanning Creek
had the third highest catch rate. Hanning Creek had the largest
mean length of any Zone 3 site (462 mmn = 27). Neither of these
streams are part of a lake system and therefore mneither are
overwintering systems for Dolly Varden or cutthroat trout. Thirty-
three percent of the fish caught at Hanning Creek were originally
tagged at Rocky Bay Creek or Makarka Creek weirs. Forty-five
percent o©f the fish caught at Quadra Creek were from Rocky Bay
Creek.

Abundance Estimate

Abundance estimates for Dolly Varden and cutthroat trout at Eyak

River were not possible due to insufficient recaptures in Eyak
River during 1991. A tectal of 512 Dolly Varden and 16 cutthroat
trout greater than 199 mm were caught in Eyak River from 9 May
through 19 July 1991. All cutthroat trout and Dolly Varden were
tagged and released. Of the total number of Dolly Varden tagged,
56 were caught in the fyke nets below the lake outlet, 5 were
caught in fyke nets set approximately 1 mile below the upstream
nets, and 451 were caught at the improvised weir. None of the five
Dolly Varden caught in the downstream fyke nets was a recapture
from either the weir or the upstream fyke nets. There were no
Dolly Varden or cutthroat trout greater than 199 mm caught in the
fyke nets cor hoop traps set in the lake. Of the total number of
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cutthroat trout caught, three were caught in the upstream fyke nets
and 13 were caught at the weir.

Examination of the catch by day of Dolly Varden at the Eyak River
welr {Figure 5), indicates that the peak of wigraticn occurred
prior to our sampling effort. The spike observed beginning on May
17 corresponds to when the upstream fyvke nets were replaced by the
improvised weir which was a more efficient capture device.

Relative Stock Density

The relative stock density for all emigrating Dolly Varden over 200
mm FL from Eyak Lake (based on 508 lengths} caught in either the
fyvke nets or the weir was 67.5% Quality (200 - 239 mm}, 31.6%
Preferred (240 - 2319 mm}, and 1.0% Memorable (320 - 399 mm). There
were no Trophy (400 mm and larger) size Dolly Varden caught. The
sample size for Eyak Lake system cutthrcat over 200 mm in length
was insufficient to perform RSD analysis.

Migration

Overall 254 summer and fall recaptures of tagged Dolly Varden have
been documented. Forty of these were made during fall surveys by
NRDA crews, 117 from summer surveys by NRDA and Restoration crews,
28 by other o0il spill researchers, 42 by anglers, 21 by commercial
fishers, 2 by individuals whe found tags below eagles’s nests and
five that were returned from unknown parties. Dolly Varden were
caught incidentally by the commercial fisheries in the Northern,
Coghill, Copper River Flats and Eshamy commercial fishing
districts, with approximately half of the returns coming from
setnetters in the Eshamy District. The tag returns from sport
anglers were widespread, with the highest number of tags being
returned by anglers whce had fished along the Cordova road system
and on nearby Hinchinbrook Island.

Distances traveled by Dolly Varden in PWS can be extensive. The
two furthest distances between release and recapture locations
calculated for Dolly Varden in PWS were 154 and 130 miles. One of
these fish was originally tagged at the Makarka Creek weir on May
9, 1989 and was caught four miles below C’Brien Creek in the Copper
River dip net fishery on September 2, 1990. The other fish was
tagged at the Rocky Bay Creek weir on May 25, 1990 and was caucht
by a spert angler at Lowell Point, in Resurrection Bay on August 3,
19990. These distances are not uncommon, Ericksen and Marshall
(1991) reported Dolly Varden movements up to 126 miles in
southeast Alaska. The majority of Dolly Varden, however, that
were recaptured during summer and fall migrations were recaptured
closer to the site at which they were tagged. The median distance
covered between tagging and recapture for all summer and fall
recaptures for all four years was 16 miles. Figures 6 - 10 show
the lccation and number of Dolly Varden recaptured during the
marine residence and the original location where fish were tagged.
It appears that there is a degree of mixing during the summer from
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Location, numbers and year of summer and fall recaptures of Dolly Varden
that were originally tagged at Boswell Creek weir.
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Figure 7.

Location, numbers and year of summer and fall recaptures of Dolly Varden
that were originally tagged at Makarka Creek weir.




N
2

R ?
s

[Al Rocky tagging location

¢

1989 recaptures

1990 recaptures

1991 recaptures

*

1992 recaptures

29

ir.

lly tagged at Rocky Bay Creek weil

igina

nunbers and year of summer and fall recaptures of Dolly Varden

4

ion
that were or

Locat

3

Figure



ot

Al Green tagging location
€ 1989 recaptures
* 1990 recaptures

® 1991 recaptures

Figure 9.

Location, numbers and
that were originally t

year of summer and fall recaptures of Dolly Varden
agged at Green Island Creek weir.
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Figure 10. Location, numbers and year of summer and fall recaptures of Dolly Varden
that were originally tagged at Eshamy Creek Weir.



all of the overwintering stocks of Dolly Varden that have been
studied in PWS. However, some patterns can be detected, such as
fish tagged at Eshamy Creek were predominantly recaptured in
western PWS, fish that were tagged at Rocky Bay creek were
predominantly recaptured on Montague Island and fish that were
tagged at Boswell Bay were recaptured primarily in eastern PWS.

During October of 1990 and 1991, sampling was conducted at the lake
systems associated with the five weir sites. Dolly Varden
recaptures at each lake were predominately fish that were
originalliy tagged within that same system. This was the case for
90% of the fish tagged at the Makarka Creek weir, 100% of the fish
tagged at Rocky Bay Creek, 93 % of the fish tagged at Boswell Creek
and 100% of the Green Island Creek fish. None of the fish captured
at Eshamy Lake in either 1990 or 1991 fall sampling event were
recaptures. Spring recaptures of Dolly Varden at the five NRDA
welrs were almost exclusively fish that were originally tagged
within the that same drainage (Figure 11).

Information pertaining to summer and fall migration of cutthroat
trout in PWS has come from the same sources as for Dolly Varden.
Of the 82 summer and fall recaptures of tagged cutthroat trout, 41
were recovered by NRDA and Restoration crews, 39 fish were caught
by anglers and only two were caught in commercial fisheries.

Cutthroat trout recaptures from Rocky Bay Creek, Green Island
Creek, and Eshamy Creek weirs were all caught within a mile of
where they were released after tagging. The median distance
traveled by cutthroat from esach site, for all sites was < 1 mile.
Ag figures 12 and 13 show, there was scme movement of cutthroat
between Makarka and Boswell creeks. The furthest distance traveled
by any tagged cutthroat was 34 miles from the Makarka Creek welr to
Evak Lake. This distance is cleose to the reported maximum of 70
km, (44 miles), traveled by a cutthroat trout in southeast Alaska
(Jones, 1976) .

RESTORATION PRCJECT STATUS AND RECOMMENDATIONS

The ultimate use of information from this project is for the
rational development of a management plan for Dolly Varden and
cutthreoat trout fisheries in PWS. The management plan will provide
guidelines for making management decisions such as; setting desired
harvest and participation levels, setting length limits, or
determining whether time or area closures or gear limitations are
needed. Some of the information needed toc address these types of

igsueg 1ingludes stogk size, length distrikution, geographic
distribution, and migraticn patterns. We will also have to know
effort and harvest levels. (Figure 14).

The amount of data on the stock status, life history and
distribution of Dolly Varden and cutthroat trout populations in PWS
is being greatly increased by this project. Nevertheless, it is
crucial to preform stock assessment of the most important Dolly
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Figure 11. Percentages of recaptured Dolly Varden and cutthroat
trout that were recaptured at the same weir at which
they were originally tagged.
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Figure 12. Location, numbers and year of summer and fall recaptures of cutthroat trout
that were originally tagged at Boswell Creek weir.
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Figure 13. Location, numbers and year of summer and fall recaptures of cutthroat trout
that were originally tagged at Makarka Creek weir.
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Varden and cutthroat treout populations in order to sustain both the
resource of and recreational fishing opportunities for Dolly Varden
and cutthroat trout in PWS. This study was designed to collect
data over several years. This first year of data collection has
allcwed us to make sound choices about where and how to conduct
further research.

It is recommended that stock abundance and length composition be
estimated for the Eyak Lake overwintering population because a
substantial harvest of cutthroat trout and Dolly Varden occurs
annually at Eyak River. BStock assessment should be accomplished by
censusing the entire emigration in the spring and tagging a portion
of the emigration for a mark-recapture study. This years sampling
efforts have demonstrated that fyke nets and hoop nets are not
effective gear for capturing outmigrating fish, therefore, a weir
needs to be built for this site. It is also recommended that Robe
River be weired off so that a count of outmigrating Dolly Varden
can be achieved at that site. Water quality problems exist at this
site and 1t would be useful to kneow what the lake currently
supports in terms of Dolly Varden. The last recommendation is that
research on the overwintering populations at Eshamy Creek be
continued. The populations of Delly Varden and cutthroat trout at
Eshamy had lower survival and growth rates than populations in
non-oiled areas. Continued monitoring cf the populations at this
site will serve as a gauge of whether natural recovery is taking
place for Deolly Varden and cutthroat trout populations in PWS,
without this information, fishing opportunities for both species
will be continued to be curtailed in the oil spill area.
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APPENDIX A

Age Structured Model For The Recovery Of Dolly Varden
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Description of Dolly Varden model

Ray Hilborn
July 1, 1992

The Dolly Varden model keeps track of the number of individuals by age and three classes
of fish, juveniles who are resident in the lake (J), fish that have smolted, but not matured (S),
and mature fish (M). The smolted and mature fish migrate downstream each spring, and return
to freshwater to overwinter. We consider three sources of mortality; natural mortality which we
allow to be different by age and class of fish, mortality from fishing, which does not affect the
lake resident juveniles, and mortality due to perturbation, in this case man induced oil mortality.

The notation for the model is

J,y = number of pre-smolts age a year y

S,, = number of fish that have smolted but not matured, age a, year y

M, , = number of mature fish, age a yeary

s, = survival rate of pre-smolts

sg = survival rates of smolts

sy; = survival rate of mature fish

F = proportion of fish harvested

P = survival from oil perturbation

d, = proeportion of pre-smolts age a that will become smolts
m, = proportion of smolts age a that will become mature

B, = total number of spawners in year y

R* = recruitment at "base conditions"

B* = number of mature fish at "base conditions"

Z = sensitivity of recruitment to spawner abundance

a = a parameter of the Beverton-Holt stock recruitment curve
b = a parameter of the Beverton-Holt stock recruitment curve

All of the life history classes (pre-smolts, smolts, mature) are defined at the time of the

spring downstream migration (i.e. April).

The number of pre-smolts at each age is the number the year previous of the previous age
times the survival rate times | minus the proportion that become smolts. This is true for alt ages
except the first age, which is determined from the recruitment curve based on the number of

spawners (B} the previous year.

d = Ja—l,yfl S4,a-1 (l_davl) if a > 1

a.,y
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J = ¥ if = 1
¥ (a+bB,,) ?

This is a form of the Beverton-Holt stock recruitment relationship that has two parameters,
where a and b are defined as follows:

R* .Bz
b— Z‘_O.z
0.8zR"

This is a parameterization of the Beverton-Holt that has two parameters, the recruitment (R*)
at some basic stock size (B¥), and the sensitivity of recruitment to spawning stock (z). z is the
fraction of R* obtained at .2 B*. Thus if z is very close to 0.2 then recruitment is proportional
to spawning stock. If z is close to 1.0, then recruitment is almost totally independent of
spawning stock.. If we set z=99 then recruitment 1s nearly constant, and the stock will rebound
from perturbation quite quickly. However if we set z low (closer to 0.2) then recruitment
becomes more or less proportional to stock size and a perturbation has a long impact because the

lower spawning stock sizes lead to lower recruitments.

The number of smolts of each age is the number of smoits of the previous age the previous
year times the survival rate of smolts times |1 minus the proportion that become mature, times the
survival from fishing, times survival from perturbation, plus the number of pre-smolts that

survived and became smolts

Sa,y = Sa—l,y—l 35,541 (1_ma—1) (1_F) P + [Ja—ly—l s:].a~1 da

1]

The number mature fish is the number of the previous age the previous year times the
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survival rate of mature fish, times the survival rate from fishing times the survival from
perturbation plus the number of smoits the previous age the previous year who survived and
became mature.

M,, =M, , 3 84,21 (1L-F) P+ [S s, m,_, {(1-F) P]

ay a-1,y-1

These equations are standard age structured models. Table 1 shows the age and class
dependent survivals, and the transfer rates from juveniles to smolts {(d) and the transfer rate from
smolts to mature fish (m).

Age Proportion  Proportion  Juvenile Srolt Mature
smoiting maturing  survival survival survival

1 0.00 0.00 0.70 0.40 0.10

2 0.00 0.00 0.70 0.40 0.10

3 0.25 0.10 0.70 0.40 G.10

4 0.75 0.60 0.70 0.40 0.10

5 1.00 1.00 0.70 0.40 0.10

6 1.00 1.00 0.70 0.40 0.10

7 1.00 1.00 0.70 0.40 0.10

8 1.00 1.00 0.70 0.40 0.10

9 1.00 1.00 0.70 0.40 0.10
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APPENDIX B

Tables Of Ground Survey Data, 1991
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Appendix Table Bl. Mean catch-per-unit-effort and site ranking for
Dolly Varden at Zone 1 sites, 4 - 15 August, 1991.

Mean CPUE

Location Bait Fly Lure All
Clear Creek 0.00 0.00 0.10 0.06
Eyak River / Power Creek iT 4.50 1.87 2.92
Alaganik Slough / Salmon Creeek IT 9.00 3.25 4.33
Mineral Creek 1.00 NU NU 1.00
Lowe River 0.00 NU NU 0.00
Robe River 0.35 NU 0.00 0.28
IT = Insufficent time sampled. (Less than 1 hour)

NU = Gear not used
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Appendix Table B2.

Mean catch-per-unit-effort and site ranking for Dolly

Varden at Zone 1 sites , 3 - 16 September, 1991.

Mean CPUE Rank

Rank Final
Location Bait Fly Lure All Bait Fly Lure Score Rank
Clear Creek 5.96 4.47 IT 4.32 2 1 0.6 4
Power Creek 7.57 7.35 1.00 5.49 3 2 3 1.0 5
Alaganik Slough (no fishing due to high water conditions)
Mineral Creek 0.37 NU 0.05 0.41 1 1 0.33 3
Lowe River 0.00 0.00 0.51 0.34 0 0 2 0.25 2
Robe River G.00 0.00 .00 0.00 0 0 0 0.00 1
IT Insufficent time sampled. (Less than 1 hour)

NU

I

Gear not used
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Appendix Table B3. Mean catch-per-unit-effort and site ranking for Dolly Varden at
Zone 2 sites, 24 July - 13 August, 1991.

Mean CPUE Rank Final Final
Location Fly Lure All Fly Lure Score Rank
Swanson Creek NU 0.00 0.00 0 0.00 0
Halferty Creek NU 1.98 1.65 5 1.00 5
Paulscn Creek NU 0.00 0.00 0 0.00 0
Makarka Creek 0.00 1.60 1.07 0 4 0.80 4
Hawkins Creek 0.00 0.89 0.51 0 2 0.40 2
Vlassloeff Creek NU 0.17 0.17 1 0.20 1
Canoe Pass Lake .00 0.00 0.00 0 0 0.00 0
Twin Lakes 0.00 0.00 0.00 0 0 0.00 0
Rogue River NU 0.00 0.00 0 0.00 0
Raging River NU 0.00 0.00 0 0.00 0
Boswell Creek 0.00 0.00 0.00 0 0 0.00 0
Naomoff Creek NU 0.92 0.92 0 3 0.60 3
Humpback Creek IT 0.00 0.00 0 0.00 0

IT Insufficent time sampled. (Less than 1 hour)
NU = Gear not used
* Bait was used only at 2 sites for .75, and.5 hrs, Bait CPUE was 0.0 for both
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Appendix Table B4. Mean catch-per-unit-effort by gear type for Dolly
Varden at Zone 2 sites, 24 September - 4 October, 1991.

Mean CPUE
Location Bait Fly Lure All
Lake Shrode 0.33 NU 0.20 0.23
Halferty Creek NU NU 0.00 0.00
Naomoff Creek 0.00 NU 0.00 0.00
Makarka Creek 0.00 0.00 NU 0.00
Hawkins Creek 1.00 0.38 NU 0.38

NU = Gear not used
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Appendix Table B5. Mean catch-per-~unit-effort and site ranking for cutthroat trout
Zone 2 sites, 24 July - 13 August, 1991.

Mean CPUE Rank Rank Final
Location Fly Lure All Fly Lure Score Score
Makarka Creek 2.00 1.88 1.92 3.5 5 0.94 5
Boswell Creek 2.00 2.00 1.60 3.5 4 0.83 4
Hawkins Creek 1.33 1.67 1.52 2.0 3 0.56 3
Canoe Pass Lake 1.50 1.00 1.17 1.0 2 0.33 2
Twin Lakes 0.00 0.84 0.56 .0 1 0.11 1
Swanson Creek NU 0.00 0.00 0 0.00 0
Halferty Creek NU 0.00 0.00 0 0.00 0
Paulson Creek NU 0.00 0.00 0 0.00 0
Raging River NU 0.00 0.00 Q 0.00 0
Humpback Creek 0.00 0.00 0.00 0.0 o 0.00 0
Naomocff Creek NU 0.00 0.00 0 .00 0
Vlassloff Creek NU 0.00 0.00 0 0.00 0

NU = Gear not used

* Bait was used only at 2 sites for .75, and.5 hrs, Bait CPUE was 0.0 for both
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Appendix Table B6. Mean catch-per-unit-effort by gear type for cutthroat
trout at Zone 2 sites, 24 September - 4 October, 1991.

Mean CPUE
Location Bait Fly Lure All
Lake Shrode 0.00 NU 0.00 0.00
Halferty Creek NU NU 0.00 0.00
Naomoff Creek 0.00 NU 0.00 0.00
Makarka Creek 1.50 1.00 NU 1.75
Hawkins Creek 0.00 0.00 NU 0.00

NU = Gear not used
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Appendix Table B7. Mean catch-per-unit-effort and site rankings for Dolly Varden at
Zone 3 sites, 19 - 29 August, 1991.

Mean CPUE Rank Rank Final
Location Bait Fly Lure All Bait Fly Lure Score Score
Quadra Creek 10.27 IT 2.14 4.44 3 6 0.90 7
Hanning Creek NU 2.71 0.80 2.33 4 5 0.82 6
Martin River IT 1.00 3.01 2.37 1 7 0.73 5
MacLeod Creek NU 2.33 0.75 1.81 3 4 0.64 4
Swamp Creek 7.56 NU 0.50 4.03 2 3 0.50 3
Nellie Martin River 0.27 1.67 0.30 0.66 1 2 2 0.36 2
Katalla River 0.00 IT 0.06 0.04 0] 1 0.10 1
IT = Insufficent time sampled. (Less than 1 hour)
NU = Gear not used



Appendix Table B8. Relative stock densities (RSD} for Dolly Varden
caught by hook and line by geographic zone,

1991.
Sample
Site RSD Proportion Std. Error
ZONE T
Power Cr. Preferred 4% 2%
{n = 149) Memorable 35% 4%
Trophy 61% 4%
Clear Cr. Memorable 17% 4%
(n = 76) Trophy 83% 4%
Salmon Cr. Preferred 13% 6%
(n = 31) Memorable 48% 9%
Trophy 39% 9%
ZONE I717T
Martin R. Quality 3% 2%
{(n = 61) Preferred 62% 6%
Memorable 33% 6%
Trophy 2% 2%
Quadra Cr. Preferred 18% 7%
(n = 34) Memorable 53% 9%
Trophy 29% 8%
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Appendix Table Bg. Mean length of Dolly Varden and cutthroat trout
caught by hook and line by geographic zone,

1991.
Sample Mean
Site Size Length {(mm) Std. Dev.
ZONE T
Dolly Varden
Power Cr. 149 424 67
Robe R. 13 250 36
Clear Cr. 76 440 38
Salmon Cr. 31 477 51
ZONE I1
Dolly Varden
Hawkins Cr. 14 196 42
Cutthroat trout
Makarka Cr. 17 316 50
Canoe Pass L. 11 247 21
ZONE TIT
Dolly Varden
Martin L. 19 448 36
Martin R. 61 304 38
Nellie Martin R. 12 297 19
Swamp Cr. 14 410 35
Hanning Cr. 27 462 41
Quadra Cr. 34 377 50
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