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ABSTRACT

During the periods 27 August-6 October 1999, 15 July-20 October 2000, and 19 July-19 October 2001, a weir was
operated on Cooper Creek, atributary of the Kenai River in Alaska, to study Dolly Varden Salvelinus malma. Dolly
Varden captured at the weir that were 3200 mm were tagged and measured to the nearest millimeter FL. In 1999,
minimum spawning abundance was 314 Dolly Varden; in 2000 minimum abundance was 192 fish; and in 2001,
minimum abundance was 470. However, many fish were not counted, as evidenced by the truncated migration data.
Dolly Varden were captured in the upstream trap as soon as it was installed in mid-July and downstream movement
was dtill increasing when the weir was removed in late October. In addition, a large proportion of downstream:
moving fish captured at the weir were untagged. In al 3 years, most captured Dolly Varden were 400-549 mm FL.

Key words: Cooper Creek, Kenai River, Kenai Peninsula, Dolly Varden, weir, length composition, Salvelinus
malma.

INTRODUCTION

Cooper Creek is atributary to the Kenai River and is located in the Chugach National Forest between
Cecil Rhode and Cooper mountains (Figure 1). Cooper Creek historically drained Cooper Lake, but
the lake is now dammed on the west side and releases no water into Cooper Creek. Instead, springs
and snow runoff in the area below the dam form the headwaters. Stetson Creek joins Cooper Creek
approximately 1 mile below the dam and provides most of the water for the creek (Figure 2). Water
temperatures of Cooper Creek range from only 510°C because the headwaters are in subapine
terrain.

The Kena River drainage is the mogt heavily utilized system for freshwater sport fishing in Alaska

Although mogt anglers participate in the river's Pacific sdmon fisheries for Chinook Oncorhynchus
tshawytscha, sockeye O. nerka, and coho O. kisutch samon, the drainage aso supports fisheries for
other species, including a mgor fishery for Dolly Varden Salvelinus malma. Sport harvest of Dally
Varden from the Kenai River peaked at dmost 35,000 fish in the late 1970s and early 1980s (Figure
3). Concern about sugtainahility of these harvests prompted reduced bag limitsin 1986, which resulted
in dragticaly reduced harvests. However, catch, which was not estimated until 1990, has exceeded
50,000 Dolly Varden annualy since 1991, peaking at over 100,000 fish in 2000 and 2001 (Howe et d.
1995, 1996, 2001a-d; Jennings et d. 2004; Mills 1992-1994; Walker et al. 2003; Figure 3).

Although fishing for sdmon is not alowed in many Kenal River tributaries such as Cooper Creek, fishing
for resdent speciesis. Because of concerns about possible overfishing, beginning in 1999, a spawning
season closure was implemented in Cooper Creek, believed to be a magor spawning area for Dolly
Varden. This closure prevents fishing from April 15 through June 10 and September 15 through
October 31.

Although concerns for Kenai River Dolly Varden have lessened due to these highly restrictive
regulaions, the population is relatively smal and easily accessible to anglers, particularly when fish are
concentrated in small tributaries during spawning. To ensure sugtainability of Kenal River Dolly Varden,
severd gudies were undertaken in the mid-1990s.  The U.S. Fish and Wildlife Service (USFWS) has
investigated movements of Dolly Varden upstream of Skilak Lake since 1996. The Alaska Department
of Fish and Game (ADF&G), Sport Fish Divison has conducted studies to locate spawning, rearing,
and holding areas since 1997.
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Dally Varden isacomplex species, with many populations exhibiting complicated migratory and homing
patterns involving lake and nonlake watersheds (Armstrong 1965; 1984; Sonnichsen 1990).
Anadromous southern form Dolly Varden Behnke 1980), which could include those of the Kena

Peninaula, typicaly overwinter in lakes, but may spawn in the fdl in dther a lake sysem or a non-lake
system. Cooper Creek is a nonlake system although it was connected to Cooper Lake in the past as
described above.



Beginning in 1998, a three-part study was initiated to sudy Kena River Dolly Varden. ADF&G and
USFWS combined resources to fund radiotelemetry studies to track the movement of severa spawning
populations in tributaries upstream of Skilak Lake. These include Quartz Creek, South Fork of the
Snow River, and Cooper Creek. This report documents results of the Cooper Creek welr project;
results of the radiotelemetry and Snow River projects will be documented in subsequent reports.
Information from these projects will assist fisheries managers in evauaing current regulaions and will
assg the Federd Subsistence Board regarding potentia subsistence fisheriesin the upper Kenal River.

OBJECTIVES
Objectives of this project wereto:

1. Census the abundance of spawning Dolly Varden 3200 mm FL in Cooper Creek during
September 1999, 2000, and 2001; and

2. Deermine the length compaosition of spawning Daolly Varden 3200 mm FL in Cooper Creek
during September 1999, 2000, and 2001.

METHODS

FIELD SAMPLING

A wer, conssting of floating pands, was ingdled in Cooper Creek near the confluence of the Kenai

River (Figure 2) to census dl Dally Varden 2200 mm FL immigrating into Cooper Creek. The weir
design was gmilar to that of Larson (1997). The floating weir pickets were 1.9 cm diameter, schedule
40, PV C tubes spaced 1.6 cm agpart. Each floating pand was 1.25 mwide x 4.5 mlong. These pands
were fagtened to the river bottom by an anchor cable hinge sysem. The angle of the pands with the
river bottom and the water surface varied with water depth. A subsurface resistance board provided lift
to the floating panels. Traps were indaled to capture both up- and downdream migrating fish. The
rigid trap pickets were 1.25 cm diameter solid duminum rods placed in an duminum channel framework
with a1.25 cm gap between pickets. The channel frameswere 3.6 m long x 1.0 m wide x 1.05 m high.
A 0.5 mwide x 1.0 m long metd rebar frame covered with plastic vexar was used as a recovery pen
for fish released upstream. This recovery pen had a 10 cm x 10 cm opening in the upstream end

dlowing fish to leave after recovery.

The weir was manned 24-hours per day and passage of al Dolly Varden was talied each day from 27
Augus-6 October 1999, from 15 July-20 October 2000, and from 19 July-19 October 2001. All
captured Dolly Varden were restrained in a tagging cradle (Larson 1995) and were measured from tip-
of-snout to fork-of-tail (FL); lengths were recorded to the nearest millimeter.

All Dally Varden 3200 mm FL were marked with an individudly numbered Floya T-Anchor tag
inserted on the left Sde of the fish between the basal rays of the dorsa fin. Exceptions were fish with
extreme morphologicd damage such as degp scars or lesons, damaged gill filaments, a lethargic
condition, or otherwise gppearing unlikely to survive. Fish were then placed into a holding pen in the
creek alowing them to leave after recovery.

In 1999, we clipped the adipose fin from dl tagged Dolly Varden as a secondary mark to investigate tag
loss. In 2000 and 2001, we did not clip adipose fins because 1999 data indicated that Floy tags were
not shed.



In al years, a complete census of Dolly Varden migrating upstream was atempted, and problems were
encountered in dl years. In 1999 late inddlation of the weir and a period when weir integrity was
compromised due to high water precluded a complete census. Marking fish dlowed us to attempt a
capture-recapture experiment to estimate abundance, using the weir as the capture event and sampling
above the weir as the recapture event.

To recapture Dolly Varden in 1999, we sampled two sections above the weir: (1) from Stetson Creek
downstream agpproximately 2 miles on 28 and 29 September; and (2) from the weir upsiream
approximately 2 miles on 30 September and 4 October (Figure 2). All Dolly Varden were captured by
rod-and-red and were measured to the nearest millimeter FL, examined for presence of atag or fin clip,
untagged fish 3 200 mm FL were tagged with a Floy tag as described above, and then each fish was
released.

In 2000 and 2001, Dolly Varden were captured at the weir immediately upon ingtalation, the weir was
removed before the downsiream migration was finished, and was not fish tight. A mark-recapture
experiment was attempted using the upstream migration as the first event and the downstream migration
as the second event.  All Dolly Varden migrating downstream through the weir were examined for tags
and finclips and were measured.  All untagged Dolly Varden 3 200 mm FL were tagged with Floy tags
as described above and lengths recorded.

Water depth readings at the weir were recorded daily at 0900 hours, and temperature was recorded
twice daily a 0900 and 2200 hours.

DATA ANALYSIS

Abundance Estimate

A closed population capture-recapture modd was attempted to estimate abundance each year.
Assumptions necessary to estimate abundance with this mode are (Seber 1982):

1. The population is closed with no additions or losses among capture events (through recruitment,
deeth, immigration, or emigration);

2. All fish have an equd capture probability during dl capture events or marked fish mix
completely with unmarked fish after marking;

3. Marking does not affect capture probability in subsequent capture events,

4. Marks (tags) are not lost between events, and

5. All marked fish recaptured during subsequent capture events are correctly identified and
recorded.

A closed population abundance estimator can il be used if no more than one of the following occurs:
recruitment, desth, immigration, or emigration. Recruitment through birth or growth would not be
possible during September and October. However, immigration and emigration occurred during the
sudy. Tagging mortaity was not likely to be a problem because of the short duration of the study.

To determine if assumption 2 was met we planned to test for Sze selectivity by comparing lengths of fish
captured during the firs event to fish captured during the second event. We were to use a
Kolmogorov-Smirnov test (Conover 1980) to compare cumulative length digtributions of fish marked



during the first event to fish recaptured during the second event, and then compare cumulative length
digtributions of fish marked during the firgt event to al fish (marked and unmarked) captured during the
second event. The crew handled and marked fish carefully to minimize the posshility that marking
affected the probability of subsequent capture (assumption 3). To meet assumption 4, in 1999 adipose
fins were clipped as a secondary mark to assess tag loss; based on low tag loss in 1999, we did not clip
adipose finsin 2000 and 2001. In dl years, tag numbers were read and recorded carefully to minimize
problems of marked fish not being detected (assumption 5).

After evauating assumptions, abundance was to have been estimated. However, due to violations of
assumptions in dl years (see Results), a minimum estimate was caculated as the sum of fish marked at
the weir, unmarked fish captured upstream of the weir (in 1999 only), and unmarked fish captured
moving downstream at the weir.

Length Composition
The proportion of Dally Varden in length class| and its variance was estimated as a binomid proportion
(Cochran 1977) by:

. n;

pj:_! (1)
n

var (py) = P, @)

where:

n = the number of Dally Varden of length classj; and
n = the total number of Dolly Varden sampled for length.

RESULTS

1999 Stubpy

In 1999, the weir was ingtalled and operationa on 27 August. Water temperature varied from 13.0°C
on 2 September to 2.0°C on 3 October. Average weekly temperature decreased steadily during the
sudy (Figure 4). The weir structure was not fish tight during its entire operation. Water levels varied
consderably throughout the duration of the weir operation, were relatively high and, on occasion,
crested smd| cavities dong the rail substrate and rigid weir structures. Erosion of the streambed may
have alowed some fish to pass through the weir undetected.

We captured and released dive 291 Dolly Varden 2 200 mm FL moving upstream &t the weir or with
hook-and-line above the weir (Table 1). We captured Dolly Varden in the upstream trap as soon as
the weir was inddled (Figure 4). The highest concentration of upsiream migrating Dolly Varden was
during the week of 16-22 September (Figure 4). Fish were gill moving upstream when the weir was
removed on 6 October. Dolly Varden started migrating downstream the week of 23-29 September
(Figure 4), but only 23 fish were captured moving downstream before the weir was removed (Table 1).
Of those, 30% were not recaptures (Table 2).

The welr was not operationd until 27 August, well after the start of the upstream migration, and when
the weir was removed on 6 October, fish were till moving upsiream and the downstream migration hed
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Figure 4.-Number of Dolly Varden migrating through the Cooper Creek weir, by date and
direction of travel, and average weekly water temperature, 1999-2001.

begun. Thus, because there was both immigration and emigration the population could not be
consdered closed, violating Assumption 1 of the capture-recapture experiment, and the two-sample
abundance edimate was not caculated. Therefore, minimum spawning abundance was 314 Dolly
Varden 2200 mm in 1999 (Table 1), which was the sum of fish marked at the wer, unmarked fish
captured upstream of the weir, and unmarked fish captured moving downstream at the welr.

Most Dolly Varden captured in 1999 were between 400-549 mm (Table 3; Figure 5).



Table 1.-Counts of Dolly Varden moving
past the Cooper Creek weir, by fate and
direction of movement, 1999-2001.

Direction Fate Count
1999

up? Survived 291
Down Mortality 4
Down Survived 19
Minimum Spawning Abundance 314
2000

Up Survived 111
Down Mortality 4
Down Survived 77
Minimum Spawning Abundance 192
2001

Up Survived 355
Down Mortality 25
Down Survived 0
Minimum Spawning Abundance 470

% Includes fish captured by hook-and-line
above the wair.

We documented five sockeye sadmon actively spawning in Cooper Creek approximately 100 feet
downstream of the weir. We did not observe other salmon spawning in Cooper Creek. We passed 20
Dolly Varden <200 mm FL that were sampled but not tagged, 1 pink salmon, 4 coho salmon, and 2
rainbow trout O. mykiss upstream through the wer.

2000 Stuby

In 2000, the weir was ingtaled and operationa on 15 July. Temperature ranged from 3.0°C to 15.0°C.
Average weekly temperature decreased steadily during the study (Figure 4). The welr structure was not
conddered fish tight during its entire operation. Water levels varied and were raively high throughout
the duration of the weir operation and, on occasion, crested small cavities dong the rall substrate and
rigid weir gructures. Erosion of the streambed may have alowed some fish to pass through the weir or
around it undetected.



Table 2.-Number and percent of Doally
Varden moving downstream past the weir that
were or were not recaptures, by year.

Recaptured Number Percent
1999

No 7 30.4
Yes 16 69.6
Total 23 100.0
2000

No 77 95.1
Yes 4 4.9
Total 81 100.0
2001

No 104 90.4
Yes 11 9.6
Total 115 100.0

Table 3.-Length composition of Dolly Varden captured at the weir at Cooper Creek, 1999-2001.

1999 2000 2001
Length (mm)® Number Percent Number Percent Number Percent
200-249 3 1.0 1 0.5 18 3.9
250-299 2 0.6 3 1.6 10 2.1
300-349 7 2.2 15 7.9 10 2.1
350-399 14 4.5 16 8.4 20 4.3
400-449 79 25.2 28 14.7 95 20.3
450-499 108 34.4 74 38.7 166 35.5
500-549 75 23.9 45 23.6 108 23.1
550-599 21 6.7 8 4.2 36 7.7
600-649 5 1.6 1 0.5 4 0.9
Total 314 100 191 100 467 100

& In 2000, 1 fish had no length data. In 2001, 3 fish had no length data.
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We captured and released dive 111 Dolly Varden 3200 mm FL mgrating upstream past the weir
(Table 1). The upstream migration pesked during 12 August-1 September (Figure 4). The highest
count of Dolly Varden migrating downstream occurred during the weeks of 720 October, the last
weeks the weir was in operation (Figure 4). We captured 81 Dolly Varden migrating downstream;
95% of those were not recaptures (Table 2).

Of the 81 Dally Varden captured migrating downstream only four had been tagged during the upstream
migration, indicating that we captured only a smal portion of the population a the weir. Since the
assumptions for the abundance estimator were not met, the escgpement estimate is a minimum, and is
the sum of up migrating fish marked at the weir and unmarked fish captured moving downstream at the
weir. The minimum spawning abundance is 192 Dolly Varden 2 200 mm (Table 1).

In 2000, most Dolly Varden captured at the weir were 400-549 mm (Table 3, Figure 5). There was no
difference in length distribution between upstream and downstream fish (a= 0.05).

We did not observe any sdmon spawning within Cooper Creek downstream of the weir. We passed
31 Dally Varden <200 mm FL that were sampled but not tagged, 6 sockeye sdmon, 2 coho salmon, 8
rainbow trout, and 3 round whitefish Prosopium cylindraceum upstream.

2001 Stuby

In 2001, the Cooper Creek weir was in continuous operation from 19 July through 19 October. The
weir was removed on 19 October after ice submerged severd of the floating pands and threatened to
damage the weir structure.  Creek water levels varied considerably throughout weir operation. Weir
personnel made regular ingpections of the weir to locate gaps soon after their formation. Temperature
ranged from 0.0°C to 9.5°C. Average weekly temperature rose from July through Augus, then
decreased sharply in October (Figure 4).

We captured and released dive 355 Dolly Varden 3200 mm FL migraing upstream padt the weir
(Table 1). Upstream movement peaked during 16-22 September (Figure 4). We captured 115 Dolly
Varden migrating downstream past the weir; 90% were not recaptures (Table 2). The downstream
migration was dill building during the week we removed the welr, and in fact, Dolly Varden were 4ill
moving upstream (Figure 4).

Again in 2001, the population was not closed. Fish were sill entering the system at the same time other
fish were leaving. Since the assumptions for the abundance estimator were not met, the escapement
edimate is a minimum, and is the sum of up migrating fish marked a the weir and unmarked fish
cagptured moving downstream of the weir. The minimum spawning abundance is 470 Dolly Varden
3200 mm (Table 1).

Most Dolly Varden moving upstream in 2001 were in the 400-549 mm length categories (Table 3;
Figure 5). There was no difference in length distribution between upstream and downstream fish (a =
0.05).

We did not observe any spawning sdlmon in Cooper Creek downstream of the weir. We captured 86
Dolly Varden <200 mm that were sampled but not tagged. Two Chinook salmon, 1 coho samon, 3
sockeye sdmon, 3 rainbow trout, 15 round whitefish, 2 grayling Thymallus arcticus, and 1 dimy
sculpin Cottus cognatus were passed upstream through the weir.
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DISCUSSION

In dl 3 years of the study, we were unsuccessful a obtaining a census of the spawning population of
Dolly Varden. In 1999, the first year of the study, we anticipated that Dolly Varden would enter
Cooper Creek to spawn garting at the end of August, shortly after we indaled the weir. However, the
upstream migration had aready started prior to weir ingdlation (Figure 4). In 2000, we indaled the
weir in mid-July in an atempt to begin operations prior to the start of the upstream migration, but we ill
captured Dolly Varden moving upstream as soon as the weir was in place. In 2001, our attempts to
ingal the wer in May were unsuccessful because of high water and flooding conditions. Upon
ingdlaion in mid-July, we immediately began capturing upsiream-migrating Dolly Varden. In dl 3
years, the weir was removed prior to completion of the downsream migration. Therefore, we
attempted to obtain an abundance estimate by conducting capture-recapture experiments, but because
assumptions were violated, our only option was to use the wer counts as a minimum estimate of
gpawning abundance. We recognize that these are minimums, and do not include fish that we did not
capture. Based on the large proportion of unmarked fish cgptured moving downstream, the actud
spawning abundance of Dolly Varden in Cooper Creek is gregter than our minimum estimates, but to
what extent is unknown.

The high proportion of unmarked fish captured in the downsiream migration (Table 2) could be dueto a
combination of severa factors. Firg, it is clear that the weir was not fish tight because in dl years there
were multiple examples of Dolly Varden being caught consecutively in the same trap.  This could have
been due to high water dlowing fish to travel ether over the top of the weir or around it in the wooded
aea Indl study years, water levels varied congderably throughout weir operations, making it difficult
to eiminate gaps between the weir and streambed, and to ensure complete coverage of the channel
width. Therefore, erosion beneath the weir track and aong the riverbank could have compromised the
waeir.

However, especidly in 2001, we bedlieve that erosion could not explain the remarkably large proportion
of unmarked fish in the downstream migration because we made every attempt to ensure that the weir
remained fish tight throughout the project by examining the weir daly for gaps. Therefore, we speculate
that Dally Varden eluded us by jumping over the top or maneuvering around the weir undetected.
Researchers trying to use damilar techniques for future projects should incorporate methods for
evauating this error source.

In addition, the high proportion of unmarked fish in the downsiream migration could aso be the result of
a protracted upstream migration. Indl 3 years of the sudy, Dolly Varden were captured as soon as the
welr was in place, showing conclusively that Dolly Varden were aready in Cooper Creek as eaxly as
mid-July. Although unlikely, another possible explanation for the high proportion of unmarked fish could
be that Dally Varden feed in spring and/or summer, or overwinter, in Cooper Creek. We would
recommend sampling of upper reaches in early oring to rule out this possibility if future research is
planned for this cresk. Sampling should aso be conducted in the upper reaches in October to verify
that spawning of Dolly Varden is occurring there. More about the habits of Dolly Varden in Cooper
Creek will be known when the companion radiotelemetry study is completed.

Dally Varden sampled at the Cooper Creek weir were larger than Dolly Varden captured at aweir on
the Anchor River in 1995 (Larson 1997). At the Anchor River, 63% of Dolly Varden captured moving
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upstream were less than 400 mm, whereas at Cooper Creek, most Dally Varden were 400 mm or
larger.
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