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Cooper Lake Fish Resources Study 
Cooper Lake Project (FERC No. 2170) 
 

INTRODUCTION AND BACKGROUND 

Study Purpose 

The Cooper Lake Hydroelectric Project (Project), Federal Energy Regulatory Commission 
(FERC) Project No. 2170, is owned and operated by Chugach Electric Association, Inc. 
(Chugach).  The Project was originally licensed by FERC in May 1957, and the current license 
term expires at the end of April 2007.  To retain its status as owner and operator of the Project, 
Chugach must file a final license application with FERC no later than April 30, 2005.  As part of 
the process of developing an application to relicense the Project, Chugach has undertaken a 
program of studies designed to determine the ongoing and potential future effects of the Project 
on environmental resources. 
 
This documents reports the results from the Cooper Lake Fish Resources Study.  The primary 
objective of the study was to characterize existing conditions relative to fish resources in Cooper 
Lake, with special emphasis on those aspects of fish life history that are currently vulnerable, or 
might be vulnerable in the future, to effects from reservoir operating conditions.  The Cooper 
Lake Fish Resources Study program consisted of six study elements, each of which is presented 
separately below.  Because of the use of common methods and analyses, the population studies 
of Arctic char and rainbow trout are discussed together.  The other study elements address the 
species separately. 
 
The research and fieldwork for this study were conducted during the 2003 open water season, 
from May through November, and in June 2004.  The study was conducted by fisheries 
biologists and technicians from Northern Ecological Services and HDR Alaska, Inc., with fish-
tagging assistance from a U.S. Fish and Wildlife Service biological technician.  The study was 
conducted according to the approach described in the Cooper Lake Fish Resources Final 2003 
Study Plan (Morsell 2003), which was developed in consultation with resource agencies and 
other relicensing participants. 
 
Minor modifications to the study plan are discussed below in the methods sections for each study 
element.  It should be noted that a more detailed discussion of rationale for the methods 
employed is presented in the Study Plan. 
  
Description of the Project 

Location and Project Lands 

The Project dam and powerhouse are located within the Kenai Peninsula Borough, south-central 
Alaska, approximately 55 miles south of Anchorage.  The closest community to the Project dam 
and powerhouse is Cooper Landing, approximately 4 miles north of Cooper Lake.  Project 
facilities are located on Cooper Creek, Cooper Lake, and Kenai Lake.  In addition, the 90-mile-
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long Project transmission line between the Quartz Creek Substation (near Cooper Landing) and 
Anchorage crosses land located in both the Kenai Peninsula and Anchorage boroughs.  Lands 
occupied by the Project are owned and/or managed by the U.S. Forest Service (USFS), Alaska 
Department of Natural Resources, and private landowners.  The Project area and Project 
components are shown in Figure 1.  
 

Project Components 

Cooper Lake Dam was constructed in 1957–1959 on Cooper Creek, approximately 4.8 river 
miles from the mouth of the creek at the outlet of Cooper Lake.  The dam raised the elevation of 
Cooper Lake to provide increased storage capacity for hydroelectric generation.  Storage below 
the base of the dam (at elevation 1, 168 feet above mean sea level [MSL]) is provided by the 
natural lake; storage above that level to the top of the Cooper Lake Dam spillway (elevation 
1,210 feet MSL) is created by the dam.  At its licensed normal maximum operating level of 
1,210 feet MSL, Cooper Lake covers approximately 3,100 acres and has a mean depth of 187 
feet. 
 
The Project diverts water at the intake on Cooper Lake through the tunnel/penstock to the 
powerhouse on Kenai Lake.  The Project powerhouse is located on the southwest shore of Kenai 
Lake, approximately 7 miles from the outlet of the lake.  Cooper Creek and Kenai Lake both 
flow into the Kenai River. 
 
The primary components of the Project are as follows: 

• Cooper Lake Dam, a rock-and-fill structure across Cooper Creek at the outlet of Cooper 
Lake. 

• Cooper Lake, a natural lake that has been increased in area to a maximum of 
approximately 3,100 acres by the dam (Note:  The surface area of the reservoir at its 
current maximum operating level of 1,194 feet MSL is approximately 2,600 acres). 

• An intake structure, located approximately 5 miles southeast of the dam on Cooper Lake.  
Elevation of the invert (base) of the opening to the tunnel/penstock is at 1,151 feet MSL 
(43 feet below the water surface at the normal maximum operating elevation of 1,194 feet 
MSL). 

• A tunnel, conduit, and penstock extending 10,300 feet east from the intake structure on 
Cooper Lake to the Cooper Lake Powerhouse on Kenai Lake. 

• Cooper Lake Powerhouse, containing two turbine/generator units, each rated at 9.69 MW 
(upgraded from 7.5 MW in 2000). 

• A 6.3-mile-long 69-kV transmission line from the Cooper Lake Powerhouse to the 
Quartz Creek Substation in Cooper Landing. 

• A single-phase 4.16-kV distribution line from the powerhouse to the intake structure. 
• 69/115-kV step-up transformer and appurtenant facilities at the Quartz Creek Substation. 
• A 90.4-mile-long 115-kV transmission line from the Quartz Creek Substation to the 

Anchorage Substation. 
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Overview of Project Operations 
The Project stores all inflow to Cooper Lake and diverts the entire outflow from the reservoir 
through the tunnel/penstock to the powerhouse, which discharges into Kenai Lake.  For the 
period 1985–2002, the diverted natural flow ranged on average from around 20 cubic feet per 
second (cfs) during late winter / early spring to about 260 cfs during early summer snowmelt, 
based on calculated inflows to Cooper Lake.  Average annual inflow to / discharge from the 
reservoir for the same period was approximately 74,000 acre-feet (Chugach 2002). 
 
The licensed maximum normal operating elevation of Cooper Lake is 1,210 feet MSL.  
However, since the mid-1980s, the reservoir has been operated at a normal maximum level of 
1,194 feet MSL; the upper 16 feet of licensed reservoir storage is reserved for flood surcharge to 
ensure that the theoretical probable maximum flood (PMF) can be passed through the spillway 
without overtopping the dam.  The reservoir typically is drawn down during late fall – early 
spring, experiences its most rapid refilling during the period of late spring – summer snowmelt 
runoff, and continues to fill through early fall.  Within any given year, the reservoir typically 
fluctuates (on average) within a zone of about 15 feet (Chugach 2002).   
 
The absolute range of reservoir operations varies from year to year, but generally remains within 
a relatively consistent band.  The extreme high reservoir level (i.e., in a wet year) is 
approximately 7 or 8 feet above the annual high-water level experienced in an average year.  
Similarly, the extreme low reservoir level (i.e., in a dry year) is about 7 or 8 feet below the 
lowest level experienced in an average year (Chugach 2002. 
 
Electricity generated at the powerhouse (which averages approximately 50,500 megawatt-hours 
[MWh] per year) is transmitted to the Quartz Creek Substation, where it is transferred to the 90-
mile-long Project transmission line to the Anchorage Substation and the non-Project 
transmission line to the Kasilof Substation.  Electricity is also distributed to local communities 
located along the transmission line route. 

STUDY AREA 
The study area for all of the study elements discussed below consisted of the entire surface area 
of Cooper Lake to a depth of approximately 210 feet (Figure 1).  The study area for the rainbow 
trout spawning and incubation elements also included tributary streams to Cooper Lake (see 
Figures 11 and 12 in the “Results” section of the rainbow trout spawning study, below).   

ARCTIC CHAR AND RAINBOW TROUT POPULATION AND SURVIVAL STUDIES 

Project-Related Resource Issues Addressed by this Study 
The size of the existing Arctic char and rainbow trout populations in Cooper Lake was 
previously unknown.  Fish abundance is essential information for assessing the value of a fish 
resource, for establishing a management strategy, and for establishing a baseline against which 
future conditions (fish abundance) can be compared.  Annual survival contributes to an 
understanding of population ecology and environmental conditions, and provides an additional 
baseline parameter.  The overall goal was to provide the information necessary to evaluate fish 
abundance under current operating conditions. 
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An original goal of the study was also to evaluate the effects of a potential future operating 
regime.  At the time the 2003 study plans were developed, Chugach was considering proposing 
modifications to the dam spillway that would allow the reservoir to be operated safely at an 
increased maximum normal level of 1,206 feet MSL.  However, Chugach no longer plans to 
propose any changes in reservoir operations in the relicensing proposal.  Therefore, the potential 
effects of an alternative operating regime are not evaluated in this report. 
 
Methods 

Capture and Tagging 

A series of mark and recapture experiments were conducted to gain insight into abundance of 
adult and subadult Arctic char and rainbow trout (fish greater than 180 mm fork length).  A 
prerequisite for all marking studies is an ability to capture, mark, and recapture enough fish so 
that the model calculations are statistically valid.  Additionally, mark/recapture models for both 
closed and open populations assume that all fish within the study population are equally 
susceptible to capture.  Many factors can cause a violation of this assumption, such as 
nonrandom distribution of fish relative to the capture effort, capture avoidance by previously 
marked fish, and mortality of marked fish.  Most mark and recapture studies violate the 
assumptions to some degree.  The challenge was to design a study that caused minimal violation 
of the model assumptions.  A summary of the methods and statistical models used to characterize 
the Cooper Lake rainbow trout and Arctic char populations is presented in Table 1. 
 
Test sampling during October 2002 indicated that Arctic char and rainbow trout were actively 
moving adjacent to the shoreline and were vulnerable to capture in trap nets at that time.  
Observations in spring 2002, shortly after ice out, indicated that both char and trout were also 
present in shoreline areas early in the ice-free period.  Consequently, sampling emphasized the 
spring and fall periods.  Eight trap nets of conventional hoop-type design were fabricated and 
deployed within shallow areas of the reservoir (Figure 2).  The nets consisted of two 4-by-4-foot 
square frames at the mouth with a vertical slot-type throat, followed by three hoops 4 feet in 
diameter with one throat 4 inches in diameter, leading to the cod end of the net.  The traps were 
set perpendicular to shore with 50-foot shoreline leads attached to the center of the net mouth.  
Additionally, 10-foot wings extended out at a 45-degree angle from the net corners to further 
direct fish into the net.  The net mesh was 1/4-inch on the body of the trap as well as on the leads 
and wings.   
 
Sampling to collect and tag Arctic char and rainbow trout was conducted during five sample 
periods in 2003: June 3–9; June 17–20; July 1–2; October 16–20; and October 29–31.  An 
additional recapture period was conducted during June 7–11, 2004.  All fish captured were 
identified to species and most fish were measured.  On some days catch rates were too high to 
reasonably measure and/or tag all the fish without causing some holding mortality.  In those 
situations, previously tagged fish were noted and untagged fish were counted and divided into 
“large” (greater than 180 mm) and “small” (less than 180 mm) size groups.  In 2003, nearly all 
Arctic char and rainbow trout greater than 180 mm (7 inches) in fork length were tagged with 
individually numbered Floy T-bar anchor tags anchored immediately below the anterior half of 
the dorsal fin.  Most fish were tagged with small size (“fine”) anchor tags.  Fish larger than 260 
mm (10 inches) were tagged with standard size tags.  As a secondary mark, all fish tagged with 
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Floy tags also received an adipose fin clip, thus allowing an assessment of tag loss.  Information 
on the tags included an individual number and a telephone number to be used by the fishing 
public to report tags.  Signs were posted at Cooper Lake access points to inform the public about 
the study program and encourage reporting of tagged fish. 
 
 
 
 

 
 
 
Figure 2.  Trap net used for capture of Arctic char and rainbow trout in Cooper Lake.  
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Table 1.  Summary of Methods and Statistical Models Used to Characterize  
Cooper Lake Fish Population 

Model Name Model Type Model Description Model Output Assumptions 
CloseTest a Open or closed 

system indicator 
Analyzes data for birth, death and 
recruitment to determine whether the 
system is more characteristic of an 
open or closed system. 

• Stanley and Burnham b Closure 
Test 

• Otis et al. Closure Test c 

None 

Lincoln-Peterson 
Method d 

Closed system 
model 

Analysis of data from single mark-
recovery events. 

Peterson Estimate 1. Closure. 
2. No tag loss. 
3. Equal Catchability. 

Schnabel 
Census d 

Closed system 
model 

Analysis of data from multiple mark-
recovery events. 

Schnabel Estimate 1. Closure. 
2. No tag loss. 
3. Equal Catchability. 
4. Population size must 

remain stable between 
sampling periods. 

Stratified 
Population 
Analysis System 
(SPAS) e 

Closed system 
model 

Analyzes data from 2-sample mark-
recovery experiments to estimate the 
number of animals in populations 
where the marks and recoveries take 
place over a number of strata, which 
can be defined temporally or spatially. 

• Darroch/Plante Maximum 
Likelihood Estimate 

• Darroch Moment Estimate 
• Least Squares Estimate 
• Schaefer Estimate 
• Pooled Peterson Estimates 
 

1. Closure. 
2. No tag loss. 
3. Equal Catchability. 
4. Marked/unmarked animals 

move with the same 
probability distribution 
between initial and final 
stratum. 

Jolly–Seber 
Method f 

Long-term open 
system 
model 

Computes estimates of survival and 
capture probability for 1-age class 
open population capture-recapture 
models. 

• Model A - Death and immigration 
• Model A’ – Death but no 

immigration 
• Model 2 – Brownie Robbins model 

with inconsistent survival rates 
among sampling events 

• Model D – Constant survival rate 
and capture probability 

• Model B – Constant survival rate; 
time-specific capture probabilities 

1. Equal catchability 
2. Equal survival rates 

between sampling events 
3. No tag loss 
4. Instantaneous sampling 

time where all animals are 
immediately returned to 
the population. 

a http://www.fort.usgs.gov/products/software/clostest/clostest.asp  
b Stanley and Burnham, 1999. Environmental and Ecological Statistics, 6:197-209  
c Otis et al., 1978.  Wildlife Monographs, 62 
d Seber, G.A.F., 1982. The Estimation of Animal Abundance and Related Parameters. The Blackburn Press, Caldwell, NJ. 
e http://www.cs.umanitoba.ca/~popan/ 
f http://www.mbr-pwrc.usgs.gov/software/jolly.html 
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The size and geography of Cooper Lake made it difficult to adequately sample the entire 
reservoir.  Several steps were taken to minimize (or at least identify) sources of error due to 
unequal distribution of fish and/or unequal distribution of capture effort. 

1. Trap net capture sites were as widely distributed throughout the reservoir as possible.  
Net locations were frequently moved when practical to maximize the distribution of 
sampling locations.  Locations were recorded using GPS positioning.   

2. The reservoir was divided into three sectors (Figure 3) for data recording purposes so that 
degree of mixing of marked fish between sectors could be statistically analyzed. 

3. The proposed sampling design emphasized capture of fish within the littoral zone and 
assumed that fish use of deeper waters was minimal during the sample period.  This 
assumption was tested by employing variable mesh gill nets in deeper portions of the 
reservoir at the same time that trap net sampling was occurring.   

4. Additional sampling of the steep shorelines in the central portion of the reservoir was 
conducted using submerged, pot-type fish traps.  The pots were 32 inches by 24 inches by 
11 inches with 1/2-inch mesh.  The pots were baited with preserved salmon eggs in a 
perforated container. 

 
Other information collected for each captured fish included reproductive condition, and sex (if 
known).  Additional information collected for Arctic char included coloration and the presence 
of parr marks.  It has been suggested (Dean, 2002) that Cooper Lake Arctic char may be 
represented by two morphological types (dwarf and normal) and two color types.  Parr marks 
may be an indicator of the “dwarf” condition.  Coding for coloration and/or “type” was 
established early in the first capture period and was determined based on commonly observed 
color patterns and morphological characteristics.  “Type” and coloration codes were recorded for 
most Arctic char captured during the study.  Recaptured tagged fish were measured and tag 
numbers were recorded.   
 

Data Analysis Procedures 

Arctic char and rainbow trout data were initially analyzed using closed population, short-term 
mark/recapture models (Peterson, stratified sample, and multiple census Schnabel types). As 
defined for these population models, a closed population is one in which it is assumed that there 
is no recruitment (birth or immigration) or losses (death or emigration) in the population during 
or between the sampling events.  Additional analysis was performed using longer-term open 
population models (Jolly–Seber).  A variety of software programs were used to conduct these 
tests (see Table 1).   
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Lincoln–Peterson Estimates – Lincoln-Peterson estimates (Peterson estimates) are single mark-
recapture estimates.  Thus, the Cooper Lake data were variously arranged to compare one 
marking event to one recapture event.  For example, data were initially treated as five individual 
mark-recapture periods for this analysis.  June 3–9, 2003, was treated as one single marking 
event and its corresponding recapture event was June 17 to June 20, 2003.  Sequential sampling 
periods were compared in this manner for the entire five periods in 2003.  Several additional 
analyses were conducted using grouped pairings of mark and/or recapture periods.  For example, 
a spring/fall comparison was analyzed by grouping all three spring events (June 3–9, June 17–20 
and July 1–3) as one marking period and grouping both fall sampling events (October 16–20 and 
October 29–31) as one recapture event.  Finally, another sample period was added in 2004 (June 
7–11, 2004).  A Peterson estimate was calculated by combining all 2003 captures into a single 
mark group and using the 2004 sample period as the recapture event. 
 
Peterson estimates were obtained by summarizing the mark and recapture data for the grouping 
scenarios described above and applying the following equation: 
 

N=(M)(n)/R 

where N is the estimated population size, M is the number marked at the first sampling, n is the 
number captured at second sampling, and R is the number recaptured. 
 
Stratified Population Analysis System (SPAS) – The SPAS program has the capability of 
analyzing data both temporally and spatially.  Thus, Arctic char and rainbow trout data were 
analyzed first by specifying mark and recapture periods by time (e.g., mark periods were 
compared with subsequent recapture periods), and then by lake sector (initial mark location was 
compared with location where the fish were recaptured).   
 
Jolly–Seber Model – Data were analyzed with an open population model – the Jolly–Seber 
model – to compute survival rate, population size, and immigration/recruitment rate estimates in 
the Arctic char and rainbow trout populations.  The program Jolly1 was used to compute these 
estimates  
 
Results 

Arctic Char 

Overall Catch – Trap net sites and lake sector designations used during the study are presented 
in Figure 3.  Eight trap nets were used during the early summer sampling, with at least two nets 
in each sector on any given sampling date.  Some nets were moved and others were not.  Since 
some nets caught more fish than others, it was necessary to balance the need to catch adequate 
numbers of fish with the need to sample as many locations on the reservoir as possible.  During 
the October sampling, only six nets were used (two nets in each sector) because the catch rate 
was too high to allow processing of all the fish from eight nets.  The overall trap net catch is 
presented in Table 2.  Over 4,300 Arctic char greater than 180 mm (7 inches) were captured 

                                                 
1  http://www.mbr-pwrc.usgs.gov/software/jolly.html  
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during the spring and fall 2003 samplings, with an additional 1,256 caught in spring 2004.  In 
2003, most fish over 180 mm fork length were tagged (unless they were recaptures of tagged 
fish).  Because of the large numbers, some of the char captured during the final fall 2003 capture 
period were not measured and tagged; rather, the fish were simply counted, and recaptures were 
recorded.  An additional 1,477 char less than 180 mm were measured and released in 2003, with 
an additional 558 captured in spring 2004.  Complete catch records are not included with this 
report, but are available upon request. 

Table 2.  Overall trap net catch of Arctic char. 
Sample Period Arctic Char ≥ 180 mm Arctic Char ≤ 179 mm 

June 3–9, 2003 730 465 
June 17–20, 2003 307 260 
July 1–3, 2003 344 434 

Total Spring 1,381 1,159 
October 16–20, 2003 2001 186 
October 29–31, 2003 974 132 

Total Fall 2,975 318 
June 7–11, 2004 1256 558 

 
Test Sampling of Deep Water Habitats – Four baited pots were set on the lake bottom in the 
central and southern portions of the reservoir at depths of 115–180 feet during the period June 2–
4, 2003.  They were checked and rebaited each day.  No fish were caught.  Three baited pots 
were set in the northeast, northwest, and southwest quadrants of the reservoir at depths ranging 
from 25–40 feet on June 7–9, 2003.  No fish were caught.  Variable mesh gill nets, 100 feet long 
by 15 feet high, were set at varying depths and locations for a total of 12 net days.  Depths 
ranged from 60–210 feet.  Thirteen Arctic char (length range 176–288 mm [6.9–11.3 inches]) 
and two rainbow trout (length range 400–420 mm [15.7–16.5 inches]) were caught in the gill 
nets.  One Arctic char was caught at the maximum depth (210 feet) with most of the char caught 
at depths of 80–100 feet.  Some use of deep-water areas was occurring at the same time that trap 
nets were sampling shoreline habitats. 
 
Peterson Estimates – Peterson estimates were calculated for sequential mark-recapture periods 
as well as for scenarios in which the mark and recapture periods were variously pooled.  Table 3 
presents the Peterson estimates under various groupings.  Pooling the data periods into spring 
and fall groupings produces higher estimations for the Peterson N, whereas individual 
mark/recapture analysis results in lower Peterson estimations.   
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Table 3.  Peterson Estimates for the Arctic Char Population 

Mark/Recap Events 

Number Marked 
in First Sample 

(M) 

Number Captured 
in Second sample 

(n) 

Number 
Recaptured in 

Second Sample 
(R) 

Peterson 
Estimate 

N=(M)(n)/R 
Event 1 vs. 2  720 307 11 20,095 
Event 2 vs. 3 292 344 4 25,112 
Events1,2 vs. 3 1012 344 10 34,813 
Events 1,2,3 vs. 4 1344 2001 25 107,574 
Event 4 vs. 5 1394 974 36 37,715 
Events 1,2,3,4 vs. 5 2738 974 44 60,609 
Events 1,2,3 vs. 4,5  
Spring/Fall Comparison 

1344 2975 34 117,600 

All 2003 vs. 2004 2870 1256 62 58,141 
 
Stratified Population Analysis System – The data were summarized into an input format 
compatible with the computer modeling program, and all analyses within the program were 
conducted on the data.  SPAS outputs included an estimate of complete mixing between strata, 
an estimate of equal proportions of individuals among strata, and several population predictors.  
Table 4 is a summary of the SPAS outputs for the 2003 char data.  The spatial analysis is 
especially important since it looks at the distribution of marked and unmarked fish within the 
lake sectors and provides a statistical analysis of the extent of mixing between sectors.  For the 
purposes of this analysis, if probability of recapture is greater than 0.05, then the complete 
mixing or equal proportions assumptions have been met.  Higher probabilities imply better 
mixing, whereas very low probabilities imply that the strata have separate populations. 

Table 4.  Results of 2003 Temporal and Spatial SPAS Analysis for Arctic Char 

Temporal Analysis Results a Spatial Analysis Results  b 

Complete Mixing: 4.54 (1df); p=0.03 Complete Mixing: 0.64 (2df); p=0.73 

Equal Proportions: 1.42 (1df); p=0.23 Equal Proportions: 1.25 (2df); p=0.54 

Darroch and Least Squares N=105,776 Darroch and Least Squares N=108,081 

Peterson     N=109727 Schaeffer    N= 109290 Peterson     N= 105685 Schaeffer    N= 106778 
a Data pooled so that spring is marking period and fall is recapture period. 
b Data compiled to analyze movement between lake sectors 1,2, and 3. 

 
The assumption of complete mixing was not met in the temporal analysis, indicating that the 
percentage of recaptures differed between marking periods (chi square, df=1, X2=4.54, p=0.03).  
The assumption of equal proportions of marked versus unmarked fish among recovery strata was 
met (chi square, df=1, X2=1.42, p=0.23).  The pooled Petersen Estimate (PPE) can be used when 
one of these two assumptions are met.  Thus, based on the PPE for temporal analysis, the total 
char population was estimated to be 109,726.61 (std err = 9894.90), with 95 percent confidence 
intervals from 90,332.60 to 129,120.61. 
 
The spatial analysis portion results indicate that the assumptions of complete mixing and equal 
proportions were both met (chi square, df=2, X2=0.64, p=0.73 and chi square, df=2, X2=1.25, 
p=0.54, respectively).  Based on the PPE, the total char population was estimated to be 
105,684.92 (std err = 9316.59), with 95 percent confidence intervals from 87,424.40 to 
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123,945.59.  The consistency of these estimates with the estimates provided by the other 
estimators tends to lend credibility to the analysis. 
 
The SPAS analysis also provides estimates of the number of fish per spatial strata or lake sector 
(Table 5).  Sector 2 has a much higher estimate than sectors 1 and 3 (which are similar to each 
other), indicating that a greater number of fish use sector 2.  However, sector 2 had the lowest 
capture/recapture probabilities because of the large stratum size.  Sector 3 (south end of Cooper 
Lake) contained the fewest Arctic char. 

Table 5.  Stratum estimates and capture/recapture probabilities 

Lake Sector Est. Char Per Sector Recapture Probability 

1 27,631.91 0.0473 

2 63,892.76 0.0352 

3 16,556.24 0.0494 
NOTE:  Data derived from the Darroch Moment Estimate table in the SPAS output. 

 
 
Jolly–Seber Model – The Jolly–Seber model assumes that the population is an open system with 
various sources of recruitment to, and loss of, individuals from the population.  Thus, the 2003 
and 2004 data were analyzed using the program Jolly to obtain additional population information 
and to determine estimates of survival rate and capture probabilities.  Much of the output of the 
Jolly program applied to the 2003 data resulted in numbers that were not reasonable for the 
Cooper Lake situation.  Personal communication with the program author (Hines 2004) 
confirmed our suspicions that the Jolly–Seber model may not be the best model to use for the 
2003 Cooper Lake data set, and that closed population modeling procedures were more 
appropriate for these data.  However, the estimated daily survival rate was considered by the 
author to be usable in the Cooper Lake context.  Survival was computed at greater than 0.99, 
indicating that each individual had a 99 percent chance of surviving from one period to the next.  
See Appendix I for additional information on the Jolly model. 
 
Following collection of data in June 2004, the Jolly program analysis was applied to the three 
events: spring 2003, fall 2003, and spring 2004.  The “death but no immigration” model provided 
the best fit among the Jolly model options and resulted in a population estimate of 94,455 fish 
(95% confidence interval – 56,217–132,693). 
 

Rainbow Trout 

Overall Catch – Trap net effort for rainbow trout was the same as for Arctic char.  The overall 
trap net catch is presented in Table 6.  Most fish over 180 mm fork length were tagged (unless 
they were recaptures of tagged fish).  Some of the trout captured during the final fall 2003 
capture period were not measured and tagged; rather, the fish were simply counted and 
recaptures were recorded.  All fish less than 180 mm were measured and released.  The catch of 
rainbow trout was substantially lower than the catch of Arctic char. 
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Table 6.  Overall trap net catch of rainbow trout. 

Sample Period Rainbow Trout  ≥ 180 mm Rainbow Trout  ≤ 179 mm 
June 3–9, 2003 430 226 
June 17–20, 2003 233 142 
July 1–3, 2003 145 68 

Total Spring 808 436 
October 16–20, 2003 240 164 
October 29–31, 2003 111 23 

Total Fall 351 187 
June 7–11, 2004 264 110 

 
Peterson Estimates – Table 7 presents the results of the Peterson estimates for rainbow trout 
populations when data are variously pooled.  Again, pooling the data periods into spring and fall 
groupings produces higher estimations for the Peterson N; however, the spring/fall and 
2003/2004 comparisons produced results that are similar to some of the other model estimates 
used in this study. 

Table 7.  Peterson Estimates for Rainbow Trout Population 

Mark/Recap Events 

Number Marked in 
First Sample  

(M) 

Number Captured 
in Second sample 

(n) 

Number Recaptured 
in Second Sample 

(R) 
Peterson 

N=(M)(n)/R 
Event 1 vs. 2  378 233 31 2,841 
Event 2 vs. 3 181 145 8 3,281 
Events1,2 vs. 3 559 145 21 3,860 
Events 1,2,3 vs. 4 680 240 22 7,418 
Event 4 vs. 5 197 111 7 3,124 
Events 1,2,3,4 vs. 5 877 111 21 4,636 
Events 1,2,3 vs. 4,5  
Spring/Fall Comparison 

680 351 36 6,630 

All 2003 vs. 2004 906 331 43 6,974 

 
Stratified Population Analysis System – Table 8 is a summary of the SPAS overall output 
statistics for both temporally and spatially analyzed rainbow trout data.  In the temporal analysis, 
the assumption of complete mixing was not met, indicating that the percentage of recaptures 
differed between marking periods.  The assumption of equal proportions of marked versus 
unmarked fish among recovery strata was only barely met.  Since at least one of these 
assumptions was met, the PPE can be used as a reliable population estimate.  Based on the PPE 
for temporal analysis, the total rainbow trout population is estimated to be 6,051 (std err = 
384.43), with 95 percent confidence intervals from 5,297.98 to 6,804.96. 
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Table 8.  Results of Temporal and Spatial SPAS Analysis for Rainbow Trout 

Temporal Analysis Results a Spatial Analysis Results  b 
Complete Mixing: 7.24 (1df); p=0.01 Complete Mixing: 4.58 (2df); p=0.1 
Equal Proportions: 3.84 (1df); p=0.05 Equal Proportions: 17.67 (2df); p=0.00 
Darroch and Least Squares N=5762 Darroch and Least Squares N=7623 
Peterson N=6051 Schaeffer N=5978 Peterson N=6143 Schaeffer N=6542 
a Data pooled so that spring is marking period and fall is recapture period. 
b Data compiled to analyze movement between lake sectors 1,2, and 3. 

 
In the spatial analysis, the assumption of complete mixing was met; however, the assumption of 
equal proportions was not met.  Based on the PPE, the total rainbow trout population was 
estimated to be 6,143 (std err = 390.14), with 95 percent confidence intervals from 5,378.38 to 
6,907.73.   
 
The SPAS analysis also provides estimates of the number of fish per spatial strata (lake sector) 
(Table 9).  Sector 3 (south end of Cooper Lake) had the highest estimate of rainbow trout.  This 
result contrasts with that for Arctic char for which sector 3 had the lowest estimates.   

Table 9.  Stratum estimates and capture/recapture probabilities 

Lake Sector Est. Trout Per Sector Recapture Probability 
1 588 0.5803 
2 1,522 0.2595 
3 5,513 0.0642 

NOTE:  Data derived from the Darroch Moment Estimate table in the SPAS output. 
 
Jolly–Seber Model – As with the Arctic char analysis, the Jolly program output provided results 
that appeared mostly unreasonable, and the results were therefore discounted.  However, the 
survival estimate calculated in Jolly is assumed to be usable.  The survival estimate for the 
rainbow trout data was also 0.99, indicating that each individual generally has a 99 percent 
chance of surviving between events.  Following collection of data in June 2004, the Jolly 
program analysis was applied to the three events: spring 2003, fall 2003, and spring 2004.  
Again, the results were mostly unusable, probably due to the small number of captures and 
recaptures. 
 
 
Analysis and Discussion 

Number of Captures and Recaptures 

The accuracy of a population estimate depends partly on the number of fish marked and the 
number of fish examined for marks.  The dilemma is that the number of captures required to 
obtain a certain level of accuracy depends on the size of the population, which is the parameter 
that is being estimated.  Initial guidelines established for the study assumed a population of 
around 15,000 Arctic char, and recommended sample sizes of around 500 fish per sample were 
initially based on this assumption.  It became apparent shortly after the initial capture period that 
the char population was likely much larger than the assumed size because of the scarcity of 
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recaptures.  Consequently, the strategy was modified to catch and tag as many Arctic char as 
possible in a series of spring and fall capture events.  It was hoped that this would provide the 
greatest flexibility in analyzing the results.   
 
During the 2003 sampling season, 2,870 arctic char were tagged.  During the last of the 2003 
sampling periods (October 29–31), only 44 of those were recaptured (less than 2 percent).  While 
886 rainbow trout were tagged, only 21 were recaptured in the final 2003 sampling event (less 
than 3 percent).  Low recapture rates were characteristic of the data throughout the period-by-
period comparisons.   
 

Violation of Assumptions 

Estimation of abundance in closed populations assumes the following (Seber 1982): 
1. The population is closed (the effects of migration, mortality and recruitment are 

negligible) 
2. (a) that every fish has an equal probability of being marked during event 1; or (b) every 

fish has an equal probability of being captured in event 2; or (c) marked fish mix 
completely with unmarked fish between sampling events. 

3. Marking of fish does not affect the probability of capture during the recapture event 
4. Marks are not lost between sampling events 
5. All marked fish are recognized during the recapture event 

 
Cooper Lake is isolated from other bodies of water; therefore, immigration or emigration does 
not occur.  Mortality between sample events undoubtedly occurred, especially between the 
pooled spring and fall comparison, causing some violation of Assumption 1.  However, the 
Jolly/Seber analysis suggested that the survival was high (0.99) between events.  Furthermore, if 
mortality is equal for marked and unmarked fish, then the Peterson estimate will still be accurate 
as of the initial capture period.  The most likely source of Assumption 1 error may have resulted 
from recruitment of fish into the ≥180 mm size range as a result of growth occurring between the 
spring and fall events.  The addition of fish that were not part of the marked population would 
cause the resulting estimates to be high.  A comparison of the lengths of fish that were marked in 
the spring and recaptured in the fall indicated a growth of between 0 and 27 mm with an average 
of about 14 mm.  This means that many Arctic char in the 180–195 mm length range caught in 
the fall would not have been subject to marking in the spring.  Arctic char in this size range 
comprised about 4 percent of the fish caught in the fall.  If recapture numbers are adjusted to 
eliminate fish in the 180–195 mm size group, Peterson-type population estimates are reduced by 
a few percent.  In general, violations of Assumption 1 probably did not have a major effect on 
the numbers. 
 
It was recognized that mixing of tagged and untagged fish would likely be a significant problem 
at Cooper Lake because of the size of the reservoir, its long narrow shape, and the differing 
habitats in different sections.  Consequently, the emphasis was on minimizing Assumption 2 
errors by sampling in the spring and fall, with a 3.5-month separation period between events that 
would allow tagged fish to mix with untagged fish.  It was expected that pooling the spring 
captures into one mark group and the fall captures into one recapture group might provide the 
best overall estimate.  The disadvantage to this approach is the potential for population gain or 
loss between the two events (Violations of Assumption 1).  The Peterson estimates for Arctic 
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char (Table 4) confirm the mixing problem.  Estimates between sequential spring or fall events 
resulted in low numbers.  Because there was inadequate time for mixing, the model was 
essentially estimating the populations of fish in the vicinity of each of the capture nets.  
Estimates between pooled spring numbers and one or both of the fall events resulted in much 
larger numbers, presumably because tagged fish had dispersed more evenly among the lake-wide 
char population.  The completeness of mixing relative to the pooled spring/fall estimate was 
tested by using a chi square test to compare the lake sector where a char was marked with the 
sector in which it was recaptured for all of the fall recaptures.  The 3X3 contingency table 
comparison resulted in a chi square value of 4.9 (DF=4), which falls far short of the critical value 
of 9.5 for P=0.05, indicating that the three sectors likely represent the same population.  It was 
concluded that pooling the data to compare spring vs. fall would result in the best estimate.  The 
SPAS spatial analysis confirmed that adequate mixing occurred between the pooled spring and 
fall events. 
 
Unequal size distribution of fish caught during the mark and recapture events can also lead to 
violations of Assumption 2 since the mark and recapture events would be sampling different  
populations.  A two-sample Kolmogoroff-Smirnoff (K-S) test was utilized to compare the 
lengths of the pooled spring sample with the pooled fall sample.  Although the length frequencies 
(fish ≥180 mm only) and mean lengths appeared to be quite similar for the two groups of fish 
(Figure 6), the K-S test indicated that there was a significant difference (p=≤0.01) between the 
two groups and, thus, the spring and fall fish cannot be considered part of the same size 
population.  The mean length of the fall fish (241.4 mm) was greater than the spring fish (234.5 
mm).  It is possible that sexually mature fish were most vulnerable to net capture in the fall 
which may have biased the catch toward larger size.  On the other hand, the fall sample included 
smaller fish in the 180–195 mm length range that were not included in the spring sample (see 
above discussion).  In any event, it is not clear what the implications are relative to the accuracy 
of population estimates.  If a substantial component of the marked fish was not sampled during 
the recapture period, then marks would be more scarce during recapture and population would be 
overestimated.  While a statistical difference was noted between the mark and recapture groups, 
the mean lengths and overall length distributions were similar.  It is not expected that size 
differences would cause a major violation of Assumption 2. 
 
Assumption 3 would be violated if the mortality rate of marked fish was higher than that of 
unmarked fish during the interlude between mark and recapture.  Mortality of marked fish was 
not specifically tested during the study.  There was no evidence from recaptures that marked fish 
were less robust than unmarked fish and there was no reason to believe that differential mortality 
occurred.  If marked fish died at a higher rate than unmarked fish, then the population estimates 
would overestimate the numbers present. 
 
All tagged fish had secondary marks (adipose fin clip) and all fish were examined for lost tags.  
Only one lost tag was noted during the study and that occurred during the 2004 capture event. 
There was no reason to believe that tag loss (violation of Assumption 4) was a significant source 
of error.  The T-bar anchor tags were very conspicuous and there was no reason to believe that 
marks would go unrecognized (violation of Assumption 5). 
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Optimal Estimates 

Although the Cooper Lake Arctic char and rainbow trout data were analyzed according to 
various population analysis models, the models and statistical tests built into the SPAS program 
seem to have provided the most reliable data for abundance and movement trends, and generally 
confirm the above intuitive reasoning.  The SPAS program calculated complete mixing 
probabilities and equal marked vs. unmarked probabilities in the final strata to prove the validity 
of using the PPE model.  In this model, the data must pass only one out of the two tests to be 
considered usable.  Both the temporal and the spatial Arctic char and rainbow trout analysis 
matrices met at least one of the tests.  Thus, the PPEs can be considered valid estimates of the 
populations.    
 
Since the Arctic char spatial SPAS analysis passed both the complete mixing and the equal 
proportions tests, its PPE will be considered a stronger indicator than the temporal analysis, 
which only passed one of the tests.  Based on the SPAS spatial analysis 95 percent normal 
confidence intervals for the PPE, it is reasonable to conclude that that there may be between 
87,424 and 123,945 Arctic char in the lake (estimated mean = 105,685; std err = 9316.59).   
Further confidence is provided by the Jolly estimate that incorporated the 2004 data.  This 
estimate (94,500) fell within the confidence limits range of the SPAS analysis. 
 
Following the same reasoning, the spatial analysis for rainbow trout would also be expected to be 
more reliable because the significance of its passing test (complete mixing p=0.1) is statistically 
stronger than the passing test for the temporal analysis (equal proportions p=0.05).  Thus, the 
total rainbow trout population is estimated to be between 5,378 and 6,908 (mean 6,143; std err = 
390.14). 
 
The potential assumption violations discussed above for the Arctic char estimates would likely 
cause errors to be in the direction of overestimation rather than underestimation.  The population 
numbers presented may be somewhat high, but the various statistical tests suggest that errors are 
not great. 
 
The data indicate that more Arctic char may be present in the largest sector (sector 2) than other 
areas of the reservoir.  However, on a surface area basis, sector 1 may be the most densely 
populated sector.  This corresponds with field observations, since the trap net set by the dam was 
one of the most consistently productive sites in the reservoir.  Rainbow trout may be using sector 
3 more than other areas in the reservoir.   

ARCTIC CHAR AGE AND GROWTH STUDIES 

Study Need 

Age and growth data provide an indicator of the overall health of a fish population and the 
productivity of the environment, as well as providing important baseline information against 
which future conditions of the fish stock can be compared.  Such information can be obtained 
with very little effort in addition to the capture effort described above. 
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Methods 

Most fish captured for the population and seasonal distribution studies in 2003 and 2004 were 
measured.  Lengths of Arctic char caught in early June, late July, and mid-October 2003 and 
early June 2004 were analyzed using length frequency techniques.  Lengths were grouped in 
5-mm increments, and the number of Arctic char falling into each increment was displayed using 
a bar graph format. 
 
Ninety-five Arctic char ranging in fork length from 69 to 414 mm (2.7–16.3 in.) were selected 
from the trap net catch on June 10–11, 2004, and sacrificed for otolith removal.  The distribution 
of fish lengths used for the otolith sample was based on the length frequency distribution 
observed in the spring of 2003 (see below).  Sample fish size distribution was as follows: 
 
 Length 65–115 mm (2.5–4.5 in.) — 20 fish collected 
 Length 116–210 mm (4.5–8.3 in.) — 30 fish collected 
 Length 211–300 mm (8.3–11.8 in.) — 30 fish collected 
 Length ≥ 301 mm (11.8 in.) — all fish collected 
 
Heads were separated from the bodies and immediately placed on ice.  Fish samples were placed 
in a freezer until otolith removal.  Procedures for removal and preparation of otoliths followed 
those used by the Alaska Department of Fish and Game otolith processing laboratory.  Both 
otoliths were removed from each fish, cleaned of debris, and placed in a cell within a multicell 
tray.  The otoliths were washed in deionized water, and soaked in a 5 percent chlorine solution 
for about 10 minutes.  Several drops of de-Chlor were added to each cell to neutralize the 
chlorine.  The otoliths were washed again with water and then allowed to dry. Otolith samples 
were aged by ADF&G technicians at the Juneau otolith processing laboratory. 
 
Results 

Length frequency analyses for Arctic char caught in trap nets during the June 2–July 3, July 29–
30, and October 15–31, 2003, time periods are presented in Figure 4.  Length frequency for the 
June 6–11, 2004, time period is presented in Figure 5.  The 1/4-inch net mesh allowed trap nets 
to catch fish as small as 65 mm (2.5 inches) in length.  Several length groups are apparent in the 
June and July 2003 samples.  The June 2004 sample shows a significantly different distribution 
than the June 2003 sample.  The otolith age data are presented in detail in Appendix I and the 
results are summarized in regression format in Figure 6. 
 
Arctic char from the Cooper Lake sample ranged in age from 2 years to 14 years.  The scatter of 
ages evident in Figure 5 indicates high variability in the age and growth of Arctic char in Cooper 
Lake.  For example, fish about 110 mm (4.3 in.) in length were aged at 2, 3, and 4 years, and fish 
about 230 mm (9.1 in.) in length ranged in age from 4 to 8 years.  The regression statistics 
provided in Appendix II show that, while there is an obvious relationship between age and fish 
length, interpolation of age using the regression line is not a reliable predictor of age.
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A.  Length frequency analysis for Arctic char in Cooper Lake  - June, 2003.
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B.  Length frequency analysis for Arctic char in Cooper Lake - July 29, 2003.
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C.  Length frequency analysis for Arctic char in Cooper Lake - fall, 2003
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Figure 4.  Length frequency analysis for Arctic char in Cooper Lake, 2003 
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Length Frequency Analysis for Cooper Lake Arctic Char - June, 2004.
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Figure 5.  Length frequency analysis for Arctic char in Cooper Lake, 2004. 
 

Length-to-Age Regression for Arctic Char
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Figure 6.  Length to age regression for Arctic char from Cooper Lake, June, 2004. 
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Analysis and Discussion 

It should be emphasized that the sample of fish collected for aging was not selected randomly, 
and, therefore, the results as depicted in Figure 6 do not represent the age distribution of the 
population as a whole.  Rather, the sample fish were selected to represent major length groupings 
in an attempt to maximize the amount of age information over the full range of ages and sizes 
from a limited sample size.  Consequently, age distribution of the char population should be 
analyzed using both the age information and the length distribution information together. 
 
Some of the length frequency analyses suggest the presence of distinct size groups which might 
be presumed to be fish of the same age.  The high variability observed in the results of the otolith 
analysis was surprising and seems to contradict the results of the length frequency, especially in 
the smaller length groups.  Figure 5 suggests the presence of a very distinct group of fish in the 
85–115 mm (3.3–4.5 in.) length range, but the aging results suggest that these fish could be 
anywhere from 2–4 years old.  Such an abrupt peak would not normally be expected with such a 
broad overlap of ages.  One possible explanation is that most of this peak was composed of Age 
3 fish, with the other ages in the minority.  Another possible explanation is error in the aging of 
otoliths; the otoliths from the smaller char were very small and otolith aging is subject to error. 
 
The majority of sexually mature char in the fall of 2003 (Figure 4C) were in the 200–300 mm 
(7.9–11.8 in.) length group.  Some fish in this length group were as young as Age 3 in June 2004 
(Figure 5), most fish were Age 4–7, and a few fish were as old as Age 8.  Fish greater than 300 
mm (11.8 in.) ranged in age from 7 to 14 years. Two sexually mature char in the 215–230 mm 
(8.5–9.1 inch) range were aged in 1999 and determined to be Age 3 (Dean 2002).   
 
Arctic char tend to be slow growing fish in cold Alaskan lakes and, if the otolith data are correct, 
growth rate is highly variable.  The small number of char larger than 300 mm (11.8 inches) 
confirms that growth is slow.  It has been hypothesized that Cooper Lake char consist of two 
forms, a dwarf and a regular form.  A large proportion of the sexually mature fish caught in the 
fall of 2003 (lengths 200–300 mm) had visible parr marks.  Such marks may be indicators of 
precocious sexual maturity and a dwarf population.  However, the length distributions in Figures 
4 and 5 do not indicate the existence of a discrete larger group of char.  While a few 
exceptionally large fish were caught, overall the sizes of adult char appeared to be nearly 
normally distributed.  The evidence to date does not strongly suggest the presence of a separate 
“normal” population, but it does support the idea that many (if not most) of the Arctic char in 
Cooper Lake are “dwarfs.” 

ARCTIC CHAR FOOD HABIT STUDY 

Project-Related Resource Issues Addressed by this Study 

Investigation of Arctic char food habits was not part of the initial study plan for the Cooper Lake 
Relicensing Project.  Analysis of char stomach contents was included for two reasons: 1) it 
allowed maximum use of Arctic char sacrificed for otolith extraction as described above; and 2) 
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it provided a link between the Cooper Lake Macroinvertebrate Study program and utilization of 
macroinvertebrate food items by Cooper Lake fish. 
 
Methods 

Ninety-seven Arctic char captured in trap nets on June 10 and 11, 2004, were sacrificed for 
otolith sampling and stomach content analysis.  The char were placed on ice immediately after 
capture and frozen as soon thereafter as possible.  The size distribution of the Arctic char sample 
is described in the Age and Growth section above.  Stomach contents were removed and 
examined under a binocular microscope.  Organisms in the stomachs were identified and 
counted.  Most insects were identified to family. 
 
Results 

Detailed food habit data are presented in Appendix II and summarized in Figure 7.  Insects, 
primarily Dipterans (flies), comprised by far the most important food item.  Aquatic pupae and 
larvae of the family Chironomidae (midges, various small flies) were the most important 
subgroup and were found in almost all of the fish stomachs.  Adult winged insects [flies and 
beetles (Coleoptera)] constituted another significant diet component.  The adult insects were 
likely taken by fish feeding at the lake surface.  Caddis fly larvae (Trichoptera) also were 
significant to some fish.  A few of the larger char were feeding on fish, either juvenile sculpins or 
juvenile Arctic char, as well as snails (Gastropoda).  Thirty-five percent of char larger than 300 
mm contained fish and 41 percent contained snails.  Zooplankton (Copepoda and Cladocera) 
were significant for a few of the fish in the middle size range. 
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Frequency of Occurrence of food items in 93 Arctic Char Sampled June, 2004
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Figure 7.  Food items consumed by Arctic char in June, 2004. 

 
Analysis and Discussion 

It should be emphasized that all of the fish sampled for the stomach content analysis were 
captured during a two-day period in June 2004, and, thus, the sample represents a snapshot in the 
life of Arctic char at Cooper Lake.  Food habits could be different at other times of the year or at 
other lake locations.  The variety of aquatic insects consumed is generally representative of the 
taxa that are present in the lake (see Cooper Lake Aquatic Macroinvertebrate Study Report).  
Surface feeding by schools of char for winged insects lighting on the water was observed at 
numerous times during the study and was apparently a significant feeding mode for some fish at 
some times.  Generally, feeding appeared to be opportunistic.  The one consistent pattern was the 
presence of chironomid larvae and pupae in the diet. 
 
The movement of schools of Arctic char both within open water areas (confirmed by visual 
observations) and along the shoreline (confirmed by trap net catches) suggests that these fish 
occupy a number of different habitats and exploit a variety of food sources.  This flexibility may 
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enhance the ability of the fish to thrive in a low productivity environment such as Cooper Lake 
and to gain some advantage from changing water levels.   

ARCTIC CHAR SPAWNING AREA LOCATION STUDIES 

Project-Related Resource Issues Addressed by this Study 

While Arctic char are generally considered to be lake spawners (rather than spawning in tributary 
streams), little is known about the locations of spawning for Arctic char in south-central Alaska 
lakes in general or specifically in Cooper Lake (Dean 2002).  It has previously been suggested 
that there are two morphological types of Arctic char in Cooper Lake (dwarf and normal), and 
these types may spawn in different locations (Dean 2002).  Spawning occurs in the late fall when 
the reservoir is at its highest stage with incubation occurring over the winter as reservoir level 
recedes.  Spawning sites in shallow water within the fluctuation zone would be potentially 
vulnerable to dewatering.  Consequently, the depth and location of Arctic char spawning areas 
are important considerations when analyzing Project impacts and making reservoir management 
decisions. 
 
Methods 

Underwater Video Observations 

Several spawning areas were located with underwater video equipment in fall 2002, suggesting 
that direct observation of the underwater landscape had substantial promise as a means of 
locating fish concentration areas.  The 2002 information also provided important hints regarding 
preferred spawning habitat types.  Therefore, the principal method employed in the location of 
spawning areas was to systematically survey the reservoir during the optimal spawning period in 
early November using a remotely operated vehicle (ROV) equipped with a color video camera.  
The video equipment was a highly portable, lightweight ROV manufactured by Video Ray.  The 
vehicle carried a light-sensitive color video camera, halogen lights, and was readily maneuvered 
from a small boat at the surface.  The ROV was controlled from a surface control panel via a 
tether, which allowed operation in water as deep as 250 feet.  Video images were recorded on 
video monitor equipment.  In addition to the Video Ray ROV, a simple underwater camera 
(AquaVue) was also used to observe some areas at times when the ROV was not available. 
 
The reservoir shoreline area was systematically observed to depths of up to 60 feet and, thus, 
encompassed any potential drawdown area.  Special attention was given to reservoir margins that 
looked promising as potential spawning areas based on surface indications.  In most areas, the 
Cooper Lake bottom is covered by a uniform layer of silt.  The 2002 observations indicated that 
char spawn specifically on areas of loose gravel and rubble that are relatively free of silt.  Areas 
of clean gravel are rare and are limited to dynamic zones where active erosion is continually 
depositing gravel or where other processes are maintaining the gravel substrate.  Areas selected 
for ROV emphasis included steep, eroding gravel bluffs, avalanche run-out zones, and stream 
deltas where preferred habitats were most likely to be present.  Additionally, the locations of 
radio-tracked fish (see below) suggested potential spawning area locations.  Suspected spawning 
areas were marked using GPS coordinates and terrestrial landmarks.  Depths at spawning areas 
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were measured and referenced to reservoir surface elevation at the time of the survey.  During 
the video surveys, fish size, coloration, and behavior were noted, as appropriate. 
 

Radio Tracking 

Because underwater video observations could miss significant spawning areas, an alternative 
method of tracking sexually mature fish was sought to supplement and enhance the success of 
video observations.  Radio tagging was determined to be the best option for short-term tracking 
of Arctic char.  The tag selected for use was the Lotek Model NTC-4-2L nanotag.  These tags 
weigh 1.9 grams (0.07 ounces) and have a signal lifespan of 79 days.  Each tag was recognizable 
by an individual code.  The receiver was a Lotek SRX400A Manual Tracking Receiver.  Prior to 
fish tagging, tag performance was tested in Cooper Lake to determine the depth at which the tags 
could be received on the surface, and the practical distance range at which tags could be detected 
from a boat.  Test tracking consisted of lowering an active radio tag into the water at various 
depths with a buoy at the surface.  Maximum practical reception distance between the boat and 
the buoy was recorded for various tag depths.  Various boat speeds and receiver settings such as 
receiver gain were also tested to facilitate tracking success. 
 
On October 14, 2003, 20 mature Arctic char were captured in conjunction with population 
studies and were anesthetized using spearmint oil (2.5–3 minute immersion time), and radio tags 
were surgically implanted into the body cavity with the tag antenna exiting through an opening 
near the anus.  All surgery was performed by an experienced biological technician with the U.S. 
Fish and Wildlife Service to assure consistency and minimize impact to the fish.  Surgical time 
required was 7–8 minutes per fish.  The gills were irrigated with a stream of water throughout the 
procedure, and fish were allowed to fully recover in a holding tank prior to release.  No 
complications to surgery were observed. 
 
Size range of tagged fish was 233 to 289 mm (9.2–11.4 inches).  The intent was to tag equal 
numbers of males and females.  However, limited availability of suitable fish for tagging resulted 
in tagging 12 males and 8 females.  All of the females appeared to be approaching spawning 
condition and all of the males except one were sexually mature and ripe (milt present).  The fish 
were captured from four trap nets set at the north and south ends of the reservoir and on the east 
and west shores. 
 
The locations of the tagged fish were tracked with a boat-mounted receiver equipped with a 
directional antenna, at approximately weekly intervals through November 25, 2003.  Each boat 
survey consisted of a complete tour of the reservoir perimeter.  The boat was driven at about 
6 knots until a signal was heard, then the directional antenna was used to pinpoint the fish 
location as closely as possible.  In some cases, information on approximate fish depth was 
acquired by reading the signal strength.  The locations of fish found by the tracking effort were 
marked using GPS coordinates and terrestrial landmarks.  The movements and locations of radio-
tagged fish were mapped using GPS mapping software to gain insight into the locations of 
potential spawning areas.  Suspected spawning areas were searched using the underwater video 
camera or the ROV in an attempt to confirm the presence of spawning fish at the location and to 
document spawning behavior. 
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Results 

Radio Tracking 

Test Tracking – The results of test tracking are presented in Table 10.  Maximum depth at 
which a tag could be received was about 25 m (80 feet).  It was concluded that practical tracking 
was feasible if the depth of a tagged fish was less than 18 m (60 feet).  The tests indicated that a 
radio tag at a depth of 12.3 m (40 feet) could be received from a moving boat at a distance of 
148.6 m (487 feet) from a surface buoy.  At shallower depths, the tags could be received at 
distances as great as 650 m (0.4 miles).  The optimal gain setting for initial tag reception was 
determined to be 90 decibels (dB). 

Table 10.  Results of radio tag reception tests in Cooper Lake prior to fish implantation 

Depth of Tag Distance to First Audible Signal  a Distance to Code Identification 

12.3 m (40 feet) 148.6 m (483 feet) 51.1 m (166 feet) 
6.2 m (20 feet) 325 m (1056 feet) 178.5 m (580 feet) 
1.5 m (5 feet) 650 m (2112 feet) 296.3 m (963 feet) 

a Lotek SRX400A Receiver set at a gain of 90 dB. 
 
 
General Success of Radio Tracking – Vital statistics and tracking history for each of the radio 
tagged fish are presented in Table 11.  Active tracking of radio-tagged Arctic char began on 
October 15, 2003 (one day after implantation) and continued at approximately weekly intervals 
for six weeks thereafter.  All of the fish were relocated at least three times, and three of the fish 
were relocated on all seven tracking dates.  The high percentage of recovery on each tracking 
date (60–85 percent) indicated that radio tagging was a viable technique for monitoring the 
movements of individual fish in Cooper Lake.  There was no indication of mortality of tagged 
fish.  It was apparent that most of the tagged fish were concentrating near the shoreline in depths 
of less than 18 m (60 feet); otherwise, they likely would not have been detected by the tracking 
surveys.   
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Table 11.  Tracking history for each radio tagged Arctic char 
DATE RELOCATED (2003) CODE LENGTH 

(MM) 
SEX RELEASE 

POINT a 10/15 10/20 10/27 11/3 11/12 11/18 11/25 
1 245 F MB NE * * * * * * * 
2 240 M MB NE * * * * * *  
3 243 M MB NE * * * * *   
4 261 M UB SE * * * * * *  
5 266 F UB SE * * * * *  * 
6 255 M UB SE * *    * * 
7 270 M MB WC *   * * * * 
8 271 M MB WC * * * * * * * 
9 289 M MB SE  * * * * * * 
10 237 M MB SE *   *   * 
11 287 M MB SE *    * *  
12 236 F MB SE   * * * * * 
13 247 F MB WC *  *  * *  
14 250 F MB WC * * * * * * * 
15 251 F UB SE  * * * * * * 
16 254 F UB SE *  * * *   
17 261 M UB SE * * * * *  * 
18 240 M MB NE * *   * * * 
19 233 F MB NE  * * *    
20 252 M MB NE * *   *   

 a MB NE=Main Basin Northeast; MB WC=Main Basin West Central; MB SE=Main Basin Southeast;  
UB SE=Upper Basin Northeast 

 
 
Movements of Individual Fish – Maps of Cooper Lake showing the movements of each radio 
tagged Arctic char are presented in Appendix III.  The movements were highly variable, but 
some patterns relating to spawning behavior were evident.  For example, Fish 17 initially was 
located in the upper basin, but then moved to the northeast corner of the main basin, where it was 
relocated near the same spot three times between October 27 and November 12.  It was then 
finally relocated on November 25 at the south end of the reservoir.  Based on the tracking results, 
the area at the northeast corner of the reservoir was suspected to be a spawning area.  The 
presence of a spawning area at that location was later confirmed by the ROV observations.  
Similar patterns occurred with other tagged fish, ultimately leading to the identification of 
additional spawning areas (see Appendix II, Fish 2, 4, 5, 6, 7, 8, 12, 14, and 16).  Some of the 
tagged fish appeared to spend time at two or more spawning areas (Fish 3, 8, 13, and 15).  
 

Underwater Video Observations 

Site Locations and Characteristics – During the period November 4–7, 2003, the Video Ray 
ROV was used to survey selected areas of Cooper Lake for potential Arctic char spawning.  
Areas were selected based on the results of the radio tracking, as well as other indications of 
spawning potential.  In some cases, information from work done in 2002 further aided the search.  
Arctic char spawning was observed at eleven sites (Figure 4).  A site was considered to be a 
spawning area if more than one pair of char were observed in obvious spawning behavior.  
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Spawning area locations are indicated on Figure 8, and the characteristics of each of the 
spawning areas are summarized in Table 12 (site numbers are referenced to Figure 4).  Videotape 
recordings were made of the conditions at most of the referenced sites.  A dive survey of Site 1 
(intake channel) conducted on November 5 observed about 40 Arctic char and confirmed that 
most fish were being seen by the ROV equipment.  Reservoir elevation at the time of the ROV 
surveys was 1,188.8 feet MSL. 
 
Spawning sites fell into several categories based on the origin of the substrate material: (1) 
avalanche or slide debris sites; (2) eroding moraine bluff sites; or (3) low-water beach sites.  
Avalanche debris sites tended to be deeper than the other sites, with spawning usually occurring 
in the run out zone of a colluvial delta at depths greater than 12 m (40 feet).  At the two eroding 
bluff sites (Sites 6 and 9), spawning mostly occurred at depths of 5–6 m (16–20 feet).  Low-
water beach sites are on wave-washed gravel from beaches that were exposed to wave action at a 
time when the reservoir level was low.  Spawning depth at these sites ranged from 4.3–5.2 m 
(14–17 feet).  Substrate at spawning sites was variable, ranging from coarse avalanche debris 
with little visible gravel to fine beach gravel.  A common characteristic was the absence of a 
thick silt layer and the presence of some coarse substrate.  At the avalanche debris sites, Arctic 
char were observed constructing redds amongst woody debris with little visible gravel. 
 
Because of the narrow field of view of the underwater video equipment, it was not possible to 
estimate numbers of fish at the spawning sites.  The smaller sites described in Table 12 likely 
supported less than 20 spawners while the largest sites may have supported hundreds. 
 
In addition to the sites described above, widely scattered redd-like depressions were observed at 
depths of less than 1 m (3 feet) on several gravel beaches during the late October trap net 
sampling.  No fish were observed associated with the depressions and one attempt to find buried 
eggs was unsuccessful.  It is possible, but not confirmed, that Arctic char occasionally spawn at 
shallow beach sites.   
 
Timing of Spawning – Arctic char caught in trap nets for the population study showed a 
progression of spawning condition through the month of October.  On October 29, essentially all 
sexually mature males were ripe but no ripe females were observed.  Spawning behavior was 
observed with the video camera at the intake spawning area as early as October 22.  Results of 
the radio tracking suggested that most fish moved to spawning areas during the last week of 
October and remained until mid-November.  Several of the radio tagged fish (Fish 5, 6, 7, 17) 
left known spawning areas in mid-November and were recovered at probable non-spawning sites 
on the last tracking date, November 25.  The accumulated evidence indicates that some spawning 
or pre-spawning activity occurred from mid-October through November, but the peak of 
spawning in 2003 likely occurred from about October 25 through November 18. 
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Table 12.  Arctic char spawning area characteristics 

SITE 
NO. 

RANGE OF 
SPAWNING 

DEPTH (feet)* 

DOMINANT 
SPAWNING 

DEPTH (feet) SUBSTRATE 
SOURCE OF 
SUBSTRATE COMMENTS 

1 12–38 32–36 Gravel, Rubble Man-made 
excavation 

Located at power 
intake channel 

2 15–30 15–18 Fine gravel Low water beach? Small area 
3 48–53 50–53 Mixed boulders, cobble, 

wood, small amt. gravel 
Avalanche and 
alluvium 

Large area, many 
fish 

4 14–20 16–17 Boulders, cobble, gravel Landslides? Large area 
5 12–15 14–15 Gravel Low water beach Scattered 

spawning 
6 13–26 15–17 Boulder, gravel, cobble Eroding bluff Large area, many 

fish 
7 15–17 15–17 Gravel, cobble Low water beach Small area 
8 14–16 14–16 Gravel Low water beach, 

edge of gravel bar 
Scattered 
spawning 

9 14–21 16–19 Boulder, gravel, cobble Eroding bluff Elongated area 
with scattered use 

10 48–54 48–54 Mixed boulder, cobble, 
wood, gravel 

Avalanche and 
alluvium 

Large area, delta 
slope 

11 45–52 45–52 Boulders, gravel pockets Avalanche, slides Small area 
*Lake water surface elevation at the time of the ROV surveys was 1,188.8 ft. MSL 
 
Analysis and Discussion  

Eleven confirmed Arctic char spawning sites were located in 2003.  Site characteristics and 
spawning depth varied substantially.  It is highly likely that more spawning sites are present in 
Cooper Lake than were found during this study.  The number of fish observed at the sites would 
likely not account for the very large population of sexually mature char indicated by the 
population study.  However, the sites that were found are probably representative of the kinds of 
conditions that exist at Cooper Lake Arctic char spawning areas and provide a basis for looking 
at the effects of reservoir operations on spawning habitats and egg survival. 
 
Reservoir elevation at the time of the ROV surveys was 1,188.8 feet MSL, and the lowest level 
observed in 2003 was in late May at 1,180.4 feet MSL.  The average minimum reservoir level 
during the 1962–2002 period was about 1,175 feet MSL.  The shallowest documented spawning 
depth in 2003 was 12 feet, with nearly all spawning occurring at depths greater than 15 feet or at 
the equivalent elevation of 1,174 feet MSL.  There is no documented information regarding the 
duration of Arctic char incubation and emergence in Alaskan lakes.  However, information from 
cold lakes in eastern Canada (Morrow 1980) suggests that emergence may not occur until near 
breakup.  Since Arctic char in Cooper Lake spawn immediately prior to freeze-up, water 
temperatures in the reservoir are cold (mostly less than 4°C.) for the entire incubation period.  
Emergence likely does not occur until April or May.  Consequently, pre-emergent fry may be 
present in the gravel at the time that the reservoir is at its lowest level.  Some of the spawning 
areas observed in 2003 would likely go dry or be subject to freezing in some years when 
reservoir level falls below an elevation of about 1,176 feet MSL.  However, some of the larger 
spawning areas were at depths of 45–55 feet, well below any possible water level fluctuation. 
 
Annual Cooper Lake level fluctuation (based on monthly averages) is illustrated in Figure 9 in 
conjunction with the depth range of Arctic char spawning areas.  Lake levels were recorded over 



COOPER LAKE FISH RESOURCES STUDY – FINAL REPORT 
 

Cooper Lake Project  Chugach Electric Association 
FERC No. 2170 32 February 2005 

a more than 40-year period within a stilling basin inside the Cooper Lake Project intake 
structure.  During ice-covered winter conditions the recorded levels reflect a level below ice 
surface, but probably above ice bottom.  For example, if four feet of ice cover the lake, then the 
recorded level would likely include about two feet of ice.  All of the confirmed spawning areas 
were at elevations below the level of the average lake elevation during the incubation period.  
However, seven of the eleven spawning areas were at elevations that could become dewatered 
sometime during the February to May period during years that are dryer than average.  It can 
probably be assumed that incubation is unsuccessful at some of the spawning areas in some 
years, depending on the minimum lake level, depth of spawning, and ice thickness. 
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Figure 9.  Cooper Lake annual lake level vs. depth of Arctic char spawning. 

Although reservoir fluctuation clearly puts incubating char eggs at risk at a significant number of 
spawning sites, it may also serve to create spawning opportunity.  Four of the known spawning 
areas were located on beach gravels that were probably scoured clean by wave action at times 
when the reservoir was low.  These areas of clean material would probably not exist without the 
current regime of lake level fluctuation.  Additionally, two of the spawning sites were located at 
areas of actively eroding bluffs.  The rate of bluff erosion and the movement of gravels down 
slope into the lake is increased by wave action at varying lake levels.  The fact that known 
spawning areas are all at an elevation below mean lake level may not be coincidence; rather, it 
may be the result of a dynamic equilibrium between the creation of spawning areas and the 
success of spawning.  In essence, Arctic char may be “betting” on a year with average or above 
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lake levels when they spawn at shallow sites.  Sometimes they will be successful and sometimes 
not, but the adverse effects of dewatering may be balanced by the beneficial effect of increased 
spawning habitat.  Results of the population studies reported above indicate that the Arctic char 
population is large, and there is no indication that the population size is currently limited by 
reproductive capability. 
 
Arctic char obviously reproduced successfully prior to the Project when lake levels only 
fluctuated a few feet.  Since there are no population data available from pre-Project conditions, it 
is impossible to compare pre- and post-Project reproductive success.  Under nearly static lake 
levels, char would likely have spawned in the same types of areas seen in the current study, with 
the possible addition of shallow gravel beaches.  However, ice thickness and slightly reduced 
lake level over the winter suggest that beach spawning would need to occur at depths of about 6 
feet to be successful, possibly placing the elevation below the level of wave-washed, clean beach 
gravel.  There is currently no indication that reproductive capability has either increased or 
decreased since the start of Project operation. 
 
Conclusions 

Arctic char spawning occurs at a variety of locations within Cooper Lake, generally associated 
with coarse, relatively clean substrate.  Depth of spawning areas ranged from 12 feet to over 50 
feet, with most spawning occurring at depths greater than 15 feet.  Some of the shallower areas 
likely become dewatered in the late winter in years of lower than average reservoir level, causing 
Arctic char eggs or pre-emergent fry to be adversely affected.  This adverse effect may be 
balanced by creation of new habitat due to wave action and erosion resulting from reservoir 
fluctuation.  Several of the spawning areas were at depths well below the fluctuation zone and 
would not be affected by lake level.  The large existing char population and the availability of a 
variety of spawning habitats suggest that reproductive capability is adequate under the existing 
regime. 

ARCTIC CHAR SEASONAL DISTRIBUTION AND MOVEMENTS 

Study Need 

Seasonal location and habitat use for all life history stages of Arctic char may be a factor in the 
potential impacts to the species from various reservoir operation scenarios.  Specifically, the 
timing of use of the littoral area within the reservoir fluctuation zone is critical to analyzing 
possible Project effects. 
 
Methods 

Juveniles 

The seasonal distribution study program emphasized investigations of near-shore areas within 
depths potentially affected by reservoir level fluctuations.  Minnow trap surveys of the reservoir 
perimeter and tributaries were conducted in late July 2003, in conjunction with rainbow trout 
studies, to determine usage of shallow water habitats (see discussion below for rainbow trout 
distribution studies).  Additionally, trap nets used in the population study program are 
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constructed of netting with small enough mesh to allow the capture of larger juvenile char.  Trap 
netting was conducted in early June, late July, and late October 2003.  A 120-foot beach seine 
with 1/8-inch mesh bag was also employed at various locations in Cooper Lake in early August 
2003 in an attempt to catch young-of-the-year Arctic char. 
 

Adults 

Significant information relative to the distribution of adult and subadult Arctic char was obtained 
during the spring and fall net captures, as described for population studies, and during the 
spawning location studies.  An additional trap net event was conducted in late July to look at 
shoreline use in mid-summer.  Any fish observed were described as to location, approximate 
size, species, behavior, and coloration.  Recaptures of tagged fish and phone-in angler reports 
provided additional information regarding fish distribution and movements.  Radio tagging and 
ROV surveys provided information regarding locations and movements in the fall.  As 
mentioned above for the population study, gill nets and baited pot type traps were employed to 
sample deep water habitats at the same time that shoreline trap nets were being used.  The 
original study plan indicated that a mid-summer ROV survey would be used as an additional 
method of acquiring distribution information.  Poor visibility during the mid-summer period, 
however, prevented the effective use of this device for broad survey purposes. 
 
Results 

Juveniles 

As indicated in the length frequency analyses (Figure 3) significant numbers of juvenile and 
subadult Arctic char 65–180 mm (2.5–7.1 inches) in length were caught in trap nets in June and 
late July.  Juvenile char smaller than about 65 mm were able to escape through the 1/4-inch net 
mesh.  However, one char caught was only 40 mm long.  Trap nets set in the north basin east of 
the dam and in the northeast corner of the main basin caught higher numbers of juvenile char 
than nets in other parts of the reservoir.  The success of the trap nets at intercepting juvenile char 
suggests that the fish were patrolling the shoreline during some portion of each day during most 
of the open water season.  The smaller char may have been traveling in schools along with the 
larger char.  Trap netting in October (Figure 3C), while very successful for mature char, caught a 
much smaller proportion of juvenile char than during the other net sessions.  This information 
suggests that most immature fish were avoiding the shoreline areas in October or, alternatively, 
were not actively moving around the reservoir to the same extent as the older char.   
 
Minnow traps were set around the perimeter of Cooper Lake, as well as in four tributary streams, 
in conjunction with the rainbow trout distribution study.  Trap locations are indicated on 
Figure 10.  No Arctic char were captured in any of the minnow traps in the reservoir.  One 74-
mm (2.9-inch) char was caught in a trap in the east fork of the SW-1 stream (Trap SW5).  Baited 
minnow traps were clearly not effective at capturing juvenile Arctic char in Cooper Lake.  The 
one juvenile char caught in the SW-1 stream represents the only record of an Arctic char entering 
a Cooper lake tributary.  The fine mesh beach seine was employed at three locations in the lake 
at both north and south ends.  No salmonid fish were caught in the seine.  Large numbers of 
sculpins in two size groups (15–20 mm and 30–40 mm; 0.6–0.8 and 1.2–1.6 inches) were caught 
in the seine. 
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Adults 

General Distribution – The high capture success of trap nets in early summer, mid-summer, and 
fall indicates that adult Arctic char in Cooper Lake inhabit shore zones during some part of the 
day throughout the open water season.  The nets were configured to intercept fish swimming 
parallel to the shoreline within 14 m (50 feet) of the water’s edge.  The high catch rate suggests 
that the fish were probably traveling in schools very close to shore.  Nets set in all areas of the 
reservoir caught adult Arctic char; however, catches were much higher in some areas than in 
others.  Nets set at the north end of the north basin, east of the dam, had high catches as did nets 
set at the northeast corner of the south basin, immediately south and east of the narrows.  Nets set 
in the island area in southwest corner of the reservoir had low char catches, whereas nets set in 
west central and southeast portions of the reservoir had moderate catches.  Angler reports and 
visual observations of the investigators tended to support the idea that adult Arctic char were 
concentrated at the north end of Cooper Lake in 2003.  Anecdotal evidence from anglers 
indicated that the most successful fishing areas were in front of the dam and south of the narrows 
that separates the north and south basins. 
 
Gill nets set at depths of 18–61 m (60-200 feet) in October caught small numbers of Arctic char, 
indicating that some char were also inhabiting deep water at the same time that others were 
inhabiting shoreline areas. 
 
Radio tracking of sexually mature Arctic char in October and November clearly indicated that 
the majority of tagged fish were congregating close to the shoreline, usually occupying depths 
less than 18 m (60 feet).   
 
Movements – The tracks of radio tagged fish (Appendix II) indicate that Arctic char are capable 
of long distance movements within Cooper Lake over periods of days.  While net data indicated 
that some portions of the reservoir were favored over others, all areas of the reservoir were used.  
Over the long term, Arctic char in Cooper Lake likely move extensively.  As indicated in the 
population study section, a chi-square analysis that compared “lake sector where marked” in 
early summer versus “lake sector where captured” in the fall indicated that the sectors likely do 
not represent separate populations. 
 
Water surface disturbances caused by schools of Arctic char, possibly mixed with rainbow trout, 
were observed by project investigators in early and mid-summer at both north and south ends of 
the reservoir.  These groups of fish likely move throughout the reservoir, taking advantage of 
local food resources.  One angler reported a “swirling mass of fish” near the dam. 
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Analysis and Discussion 

Information regarding the distribution of juvenile Arctic char is limited to catch data provided by 
the large trap nets.  Other methods were unsuccessful at capturing small char.  No young-of-the-
year Arctic char have been observed in Cooper Lake, and their distribution is unknown.  Larger 
juveniles, probably Age 1+ and older, spend at least some time occupying shoreline habitats 
during the spring and summer, possibly retreating to deeper areas in the fall.  The occupation of 
shoreline areas indicates that juvenile char occupy the zone affected by water level fluctuation 
and, thus, could be affected by some reservoir operating scenarios.  The greater number of 
juveniles caught in the nets at north end was somewhat surprising, given that the shallow south 
end provides a greater expanse of littoral habitat, and it was originally suspected that it would 
receive higher fish use than the steeper shores in the north.  It is possible that the wave washed 
gravels within shoreline habitats at the north end support higher productivity of potential fish 
food items.  Substrate at the south end consists primarily of a uniform silt layer, which may limit 
production of some kinds of aquatic macroinvertebrates.  The fact that juvenile Arctic char seem 
to occupy the north end more than the south may minimize the effects of reservoir fluctuation 
because less surface area is affected by drawdown or flooding at the north end as a result of the 
relatively high shoreline gradient. 
 
One of the more surprising aspects of Arctic char distribution was the presence of adult char in 
shallow water throughout the open-water season.  Arctic char in other lakes tend to use deep-
water habitats in summer at times when surface waters may be too warm.  While some char in 
Cooper Lake occupied deep water during at least some times of the day in 2003, large numbers 
continued to frequent shoreline habitats during the warmest period of the summer.  This 
preference for the shoreline may have implications relative to reservoir management since the 
fish spend substantial time in the fluctuation zone.   
 
The discussion of north end versus south end of the reservoir applies to adult char as well as 
juveniles.  Mature Arctic char were clearly more abundant in the north basin and the north end of 
the south basin than in the south end of the reservoir.  The poorest net catches of adult Arctic 
char occurred in the island areas at the southwest corner of Cooper Lake.  However, in spring 
2002, when only the south end of the reservoir was ice free, schools of Arctic char were 
observed throughout the south end, including the island area.  The shallow south end area may be 
preferred seasonally, while the remainder of the reservoir is preferred at most times of the year. 
 
Conclusions 

Both juvenile and adult Arctic char, while widely distributed throughout Cooper Lake, stay in 
close proximity to shoreline areas throughout the open water season.  This occupation of the 
reservoir fluctuation zone may have both positive and negative impacts, providing new food 
sources at times when the water level is rising and diminishing food sources when the level is 
falling.  The effects of changing reservoir levels on aquatic macroinvertebrate populations are 
addressed in the Aquatic Macroinvertebrate Study Report. 
 
Higher density of both juvenile and adult Arctic char occurs at the north end of Cooper Lake 
during the open water season.  This distribution may be advantageous relative to reservoir level 
fluctuation because surface area effects are less where the shoreline gradient is higher. 
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RAINBOW TROUT SPAWNING AREA LOCATION 

Study Need 

Lake-dwelling rainbow trout most often spawn in lake tributary streams, and evidence to date 
suggests that this is the case at Cooper Lake.  Spawning areas located in the lower reaches of 
tributary streams may be subject to seasonal reservoir level fluctuation.  Consequently, 
information regarding the location, elevation, and timing of rainbow trout spawning is critical to 
an analysis of the effects of fluctuating reservoir levels.  The overall goal of the study was to 
provide the information necessary to evaluate the effect of Project operations on rainbow trout 
reproduction. 
 
Methods 

Preliminary field work conducted in June 2002 indicated that visual observations during foot 
surveys of tributary streams was an effective method of detecting the presence of adult rainbow 
trout.  Visibility in most streams was favorable due to shallow stream depth and good water 
clarity.  Beginning in mid-May, the progress of spring breakup at Cooper Lake was monitored 
and tributary stream water temperatures were measured.  Surveys were initiated when water 
temperature at the Southwest Stream (SW-1; Figure 11) was approaching 4°C.  All tributaries to 
Cooper Lake were visually observed from the mouth upstream to a logical stopping point.  
Stopping points were determined by either an obvious end of suitable habitat or an elevation well 
above potential maximum reservoir level.  At the SW-1 stream, surveys continued beyond the 
point of maximum potential reservoir level to determine the proportions of available habitat 
above and within potential flood zones.  All adult rainbow trout were noted, obvious spawning 
locations were delineated on stream maps, GPS coordinates of spawning areas were recorded, 
and habitats were described at spawning locations.  Habitat descriptors included stream width, 
depth, velocity, and substrate type.  Stream temperature was recorded at various points of each 
stream and at known spawning areas.  The 2002 surveys indicated that most spawning occurs in 
a single stream at the southwest corner of the reservoir (SW-1); therefore, this stream was the 
focus of the greatest effort in 2003.  Stream surveys at SW-1 were repeated at approximately 
weekly intervals until spawning had been completed. 
 
Spawning locations were marked on project maps both visually and through the use of GPS 
coordinates and the project GIS system.  The relationship of spawning locations to reservoir 
level elevations at various times of the year and under various operating scenarios were 
developed using project imagery.  Contour mapping prepared from low-level aerial photography 
in early 2003 provided an accurate base map. 
 
Results 

Results of the 2003 Cooper Lake tributary stream surveys are presented in Table 13.  Stream 
reference numbers and mapped locations are presented in Figure 11, and locations of probable 
spawning are plotted on Figure 12.  Surveys of the SW-1 stream began on May 6 and continued 
until May 30.  Peak abundance of rainbow trout spawners occurred on May 21, with substantial 
spawning activity continuing until May 30.  Spawning activity in SW-1 appeared to be in the 
early stages on May 21, whereas on May 30 spawning was nearly completed.  As was the case in 
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2002, the SW-1 stream accounted for over 90 percent of the Cooper Lake rainbow trout 
spawning population.  The SE-2 stream was investigated more carefully in 2003, and six trout 
were observed in a clear south side tributary where some limited spawning habitat is available.   
 

Table 13. Results of Cooper Lake tributary stream surveys, spring 2003 

Date Stream Ref. No. Water Temp. Number of Trout Spawning Comments 
5/6/03 SW-1 3.8° 6 No Cooper Lake ice covered 
5/6/03 SC-1 3.8° 0 No  
5/12/03 SW-1 3.8° 26 No Cooper Lake ice free 
5/12/03 SC-1 3.8° 0 No  
5/21/03 SW-1 5.6° 177 Yes Installed temperature probes 
5/29/03 NE-1 1.1° 0 No  
5/29/03 NW-1 3.9° 0 No  
5/29/03 NW-2 1.7° 0 No  
5/29/03 SW-2 4.4° 5 Yes  
5/29/03 SC-4 6.7° 2 Yes  
5/29/03 SC-3 3.9° 0 No  
5/29/03 SC-1 9.4° 1 ?  
5/29/03 SE-2 3.9° 7 Yes Incl. 6 trout in tributary 
5/30/03 SW-1 4.4° 125 Yes  

 
 
The SW-1 stream consists of a main fork, which splits into a short east fork and a much longer 
west fork.  Approximate percentage of spawning activity that occurred in each of the forks, 
based on redd counts and May 30 fish counts, is 53 percent, 14 percent, and 32 percent for the 
main, east, and west forks, respectively.  It should be noted that prior to 2003, much of the west 
fork of SW-1 was unavailable to rainbow trout spawning because extensive beaver activity either 
blocked access or inundated potential spawning habitat.  The extreme flooding that occurred in 
the fall of 2002 washed out numerous beaver dams, resulting in a substantial increase in the 
amount of available spawning habitat. 
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Analysis and Discussion 

Figure 9 shows annual lake level fluctuation for average, maximum, and minimum level 
conditions calculated from the total period of record.  Lake level generally rises throughout the 
summer so that the maximum elevation that might occur in a given year during trout incubation 
would be during emergence in late July or early August (see discussion of emergence timing 
below).  In an average year the maximum elevation would be about 1,183 feet MSL, and the 
highest elevation that has occurred under the current operating regime was 1,194 feet MSL.  
Contour lines representing these elevations have been superimposed over the Figure 12 spawning 
area photomosaic.  At the average reservoir level in August, only one of the spawning areas 
observed in 2003 would be subject to flooding.  At the maximum reservoir level, about 16 of the 
areas would be flooded, or about 35 percent of the total spawning areas.  Under a new license the 
current operating regime would be continued and, therefore, the same relationship between 
spawning locations and water levels would continue into the future.  Assuming that spawning 
locations observed in 2003 are representative, it would be expected that between 0 and 35 
percent of redds would be flooded by rising Cooper Lake level at the end of the incubation 
period.  Whether or not the flooding would cause mortality of pre-emergent fry is not known and 
would likely depend on the degree of fry maturity, depth of flooding, and quality of the lake 
water.  It should be noted that rainbow trout are not native to Cooper Lake and did not become 
established until after the Project was in operation.  Consequently, the population as it currently 
exists has developed and persisted in spite of fluctuating lake levels. 
 
Under static lake level conditions, the above described risk factor would not exist.  The physical 
characteristics of the lower portion of the Southwest Stream that is now subject to annual 
flooding would be substantially different.  An increased presence of riparian vegetation, bank 
cover, and streambed gravel substrate would likely improve the habitat value for rainbow trout 
spawning and rearing.   
 
Conclusions 

Most of the known spawning habitat used by rainbow trout in the Cooper Lake drainage is at an 
elevation that is above average reservoir levels during the incubation period.  If reservoir levels 
reached the maximum of 1,194 feet MSL during the incubation period, then about 35 percent of 
known use areas would be inundated.  Chugach has no plans to implement any changes in 
reservoir operations during the new license term, so these findings apply to future as well as 
current conditions. 

INCUBATION TIMING 

Study Need 

Developing rainbow trout eggs remain in the gravel of the spawning area for a period of weeks 
or months after spawning.  Development time depends on water temperature and genetic stock.  
Inundation of spawning areas by rising reservoir levels during incubation may affect the flow of 
stream water over the eggs and affect survival and/or incubation time.  Because Cooper Lake 
water levels rise gradually over the course of the summer, an important impact consideration 
relates to the total time of development from egg to free-swimming fry.  Development time, 
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combined with the elevation of the spawning location, will determine whether reservoir 
fluctuation will affect a specific spawning site. 
 
Methods 

Two known spawning areas at differing elevations within SW-1 were identified and marked 
during the spawner surveys described above.  Immediately after spawning was known or 
suspected to have occurred, temperature probes attached to recording devices (Onset Hobo 
Water Temp Pro) were placed within the spawning gravel at each site.  Data were downloaded 
onto a laptop computer using an infrared interface and processed with the Onset Boxcar Pro 
software.  Degree-day accumulation was calculated at each site from the temperature data and 
compared to known degree-day requirements for development of rainbow trout in the Kenai 
River drainage.  Incubation time was modeled based on these requirements.  
 
In addition to degree-day calculations, an attempt was made to obtain direct evidence of trout fry 
emergence.  Newly emerged fry congregate in schools in slow water habitats immediately 
following emergence.  Backwaters, stream margins, and slow pools were observed in the vicinity 
of known spawning areas to determine whether rainbow trout fry were present.  The temperature 
models were used to predict the approximate timing of emergence, and fry surveys were 
conducted over a period of about two weeks beginning at the earliest predicted emergence time. 
 
Results 

Two temperature recorders programmed to record stream water temperature at 6-hour intervals 
were installed in the SW-1 stream on May 21, 2003.  The recording devices were buried about 
10 cm (4 inches) deep within the gravel of known rainbow trout spawning areas.  At each of the 
sites, trout were observed engaged in pre-spawning behavior and redd locations were clearly 
visible.  One site was placed in the east fork of SW-1 and the other was in the main fork (Figure 
12).  Figures 13 and 14 show daily average stream temperatures at the east fork and main fork 
sites, respectively.  Also shown on Figures 13 and 14 is degree-day accumulation.  Cumulative 
degree-days (cumulative temperature units) were calculated by summing the average daily 
temperatures for each day of the prospective incubation period.   
 
For purposes of degree-day calculation, the beginning of the incubation period (presumed date of 
spawning) was assumed to be the day following the installation of the temperature recorders. 
During a stream survey on July 16, 2003, recently emerged rainbow trout fry were observed in 
the east fork of SW-1, but not in the main fork.  Water temperatures in the east fork were 
substantially warmer than in the west fork or main forks.  Degree-day accumulation, from the 
presumed time of spawning to July 16 (presumed emergence), was 531 degree-days (Figure 13).  
Post-emergence rainbow trout fry were not observed in the main fork until July 30.  Degree-day 
accumulation in the main fork, from presumed spawning until July 30, was 522 degree-days 
(Figure 14).  Because of the lower temperature, the presumed incubation period in the main fork 
required about 14 more days than in the east fork.   
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Incubation Temperature Record - East Fork SW-1 Stream 
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Figure 13.  Incubation temperature record – East Fork SW-1 stream 

IncubationTemperature Record - Main Fork SW-1 Stream
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Figure 14.  Incubation temperature record – Main Fork SW-1 stream 
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Analysis and Discussion 

Based on the above analysis, the number of degree days required for rainbow trout egg 
development and emergence in the SW-1 stream was in the range of 520–535.  The number of 
degree days required for incubation at the Fort Richardson Hatchery in Anchorage is 515–563 at 
an average water temperature of 9°C (Tesch, 2002, personal communication).  The duration of 
incubation and calculated degree-days for the SW-1 stream appear reasonable in light of these 
data. 
 
The timing of spawning and the length of incubation varied in different parts of the stream.  It is 
apparent from Figures 13 and 14 that water temperatures were significantly higher in the east 
fork than in the main fork of SW-1.  Temperature conditions in the main fork were likely more 
representative of the cooler conditions in the stream as a whole.  Most of the spawning in 2003 
likely occurred between the dates of May 20 and June 1, and emergence timing likely ranged 
from mid-July to early August.  By early August, young-of-the-year rainbow trout were highly 
visible in backwater habitats throughout the stream.  The outer limits of the beginning and end of 
incubation in 2003 extended from mid-May to early August.   
 
The timing of spawning will vary from year to year depending on how rapidly tributary streams 
warm in the spring, and the length of incubation will depend on the thermal regime in any given 
year.  However, within this background of variation, the end of the incubation period in most 
years will likely be similar to 2003. 
 
Conclusions 

Rainbow trout eggs or alevins (pre-emergent fry) were present in the gravels of spawning areas 
of the SW-1 stream for an approximate 90-day period in 2003, beginning in mid-May and 
continuing until early August.  Thus, potential effects of water level fluctuations on rainbow 
trout incubation success within the Cooper Lake reservoir would occur during this time period.  

RAINBOW TROUT SEASONAL DISTRIBUTION AND MOVEMENTS 

Study Need 

Seasonal location and habitat use for all life history stages of rainbow trout may be a factor in the 
potential impacts to the species from various reservoir operation scenarios.  Specifically, the 
timing of use of the littoral area within the reservoir fluctuation zone is critical to analyzing 
possible Project effects. 
 
Methods 

Juveniles 

The seasonal distribution study program emphasized investigations of near-shore areas within 
depths potentially affected by reservoir level fluctuations.  Minnow trap surveys of the reservoir 
perimeter and tributaries were conducted in early June and late July 2003 to determine usage of 
shallow water habitats.  Additionally, trap nets used in the population study program were 
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constructed of netting with small enough mesh to allow the capture of larger juvenile trout.  Trap 
netting was conducted in early June, late July, and late October 2003 and early June 2004.  A 
120-foot beach seine with 1/8-inch mesh bag was also employed at various locations in Cooper 
Lake in early August 2003 in an attempt to catch smaller juveniles. 
 

Adults 

Significant information relative to the distribution of adult and subadult rainbow trout was 
obtained during the spring and fall net captures, as described for population studies, and during 
the spawning location studies.  An additional trap net event was conducted in late July 2003 to 
look at shoreline use in mid-summer.  Any fish observed were described as to location, 
approximate size, species, behavior, and coloration.  Recaptures of tagged fish and phone-in 
angler reports provided additional information regarding fish distribution and movements.  As 
mentioned above for the population study, gill nets and baited pot type traps were employed to 
sample deep water habitats at the same time that shoreline trap nets were being used.   
 
Results 

Juveniles 

Minnow traps were set around the perimeter of Cooper Lake, as well as in tributary streams 
during the time periods June 10–12 and July 28–31, 2003.  Trap locations for the July survey are 
indicated in Figure 10.  Only three juvenile rainbow trout (56–127 mm; 2.2–5 in.) were caught in 
minnow traps in Cooper Lake.  Juvenile rainbows (55–136 mm; 2.2–5.4 in.) were caught in 
several clear tributaries including SW-1, SW-2, SC-1, and tributaries to SE-2 (Figure 11).  
Highest density was observed in SC-1 (3.2 fish per trap) with second highest density in SW-1 
(1.7 fish per trap).  
 
As described above, young-of-the-year rainbow trout were commonly observed in the SW-1 
stream following emergence in late July and continued to be seen in the stream through late 
summer.  The fine mesh beach seine was employed in early August at three locations in the lake 
at both north and south ends.  No salmonid fish were caught in the seine.  Large numbers of 
sculpins in two size groups (15–20 mm and 30–40 mm; 0.6–0.8 and 1.2–1.6 inches) were caught 
in the seine.  No young-of-the-year rainbow trout were caught or observed in Cooper Lake. 
 
Length frequency analysis for rainbow trout caught in trap nets in 2003 is presented in Figure 15. 
Significant numbers of juvenile and subadult rainbow trout 65–180 mm (2.5–7.1 inches) in 
length were caught in trap nets in June, late July and October.  Juvenile trout smaller than about 
65 mm were able to escape through the 1/4-inch net mesh.  The presence of small trout in the 
trap nets suggests that minnow traps may not be a successful method for catching juvenile 
rainbow trout within the lake.  The proportion of smaller trout was lower in early summer than in 
the fall when lengths were more evenly distributed between large and small fish.  Juvenile 
rainbow trout were caught in nets in all areas of the lake, but were usually more abundant at the 
south end and in the island area.  The same pattern of distribution was observed during the June 
2004 trap net sample period. 
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Adults 

Like the Arctic char, adult rainbow trout were caught in shoreline trap nets at all times of the 
year and in all areas of the lake.  Most trap net catches were a mixture of the two species with 
trout often comprising a higher percentage at the south end of the lake and char at the north end.  
No rainbow trout were caught in the pot traps, and two trout were caught in gill nets set in deeper 
water.  Rainbow trout were occasionally observed by the ROV at Arctic char spawning areas. 
 
A significant portion of sexually mature adults move into spawning tributaries, primarily the 
SW-1 stream, during the spawning period in late May and early June.  Few adult trout were 
observed in tributaries at any time other than the spawning period. 

Length frequency analysis for rainbow trout caught in Cooper Lake - June, 2003.
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Length frequency analysis for rainbow trout caught in Cooper Lake - October, 2003
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Figure 15. Length frequency analysis for rainbow trout caught in trap nets in Cooper 

Lake,  2003. 

 
Discussion 

Young-of-the-year rainbow trout likely remain in the SW-1 stream during their first summer.  It 
is not known whether these fish overwinter in the stream or in Cooper Lake.  Older juvenile trout 
were found in both lake and clear water stream environments during the open water period.  
Juvenile trout appear to be associated primarily with the lake shoreline, although sampling 
methods may not have adequately sampled deep water areas. 
 
Adult rainbows were seldom observed in the streams except during the spawning period.  The 
evidence from this study suggests that the older trout remain in the lake throughout the open 
water period and probably in the winter as well.  They were caught in traps set adjacent to the 
shoreline and, therefore, spend at least part of the time in near shore areas.   
 

Conclusions 

Both juvenile and adult rainbow trout, while widely distributed throughout Cooper Lake, stay in 
close proximity to shoreline areas throughout the open water season.  This occupation of the 
reservoir fluctuation zone may have both positive and negative impacts, providing new food 
sources at times when the water level is rising and diminishing food sources when the level is 
falling.  The effects of changing reservoir levels on aquatic macroinvertebrate populations are 
addressed in the Aquatic Macroinvertebrate Study Report. 
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Appendix I.  Otolith analysis – length and age statistics. 



COOPER LAKE FISH RESOURCES STUDY – FINAL REPORT 
 

Cooper Lake Project  Chugach Electric Association 
FERC No. 2170  February 2005 

Cell Age Length SUMMARY OUTPUT
G1 2 69
G3 3 85 Regression Statistics
H1 2 85 Multiple R 0.857796679
G12 2 86 R Square 0.735815143
G10 2 88 Adjusted R Square 0.732974445
E5 3 89 Standard Error 1.41346292
G5 3 93 Observations 95
G8 4 94
G2 2 97 ANOVA
G4 3 97 df SS MS F Significance F
G7 3 97 Regression 1 517.5026626 517.5027 259.0262326 1.25962E-28
E8 2 98 Residual 93 185.8026005 1.997877
D9 2 100 Total 94 703.3052632
E1 2 101
G6 3 101 Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
C1 4 105 Intercept -0.589076038 0.401211776 -1.468242 0.145412675 -1.385802313 0.207650236
G11 3 106 X Variable 1 0.028413424 0.001765435 16.09429 1.25962E-28 0.024907624 0.031919224
E7 2 107
G9 4 109
B9 2 121
D8 2 122 RESIDUAL OUTPUT PROBABILITY OUTPUT
D10 3 124
D7 5 124 Observation Predicted Y Residuals Percentile Y
C2 2 129 1 1.371450213 0.628549787 0.526315789 2
B8 4 140 2 1.826064995 1.173935005 1.578947368 2
E6 3 140 3 1.826064995 0.173935005 2.631578947 2
F6 2 147 4 1.854478419 0.145521581 3.684210526 2
B11 6 173 5 1.911305267 0.088694733 4.736842105 2
D11 5 177 6 1.939718691 1.060281309 5.789473684 2
B7 5 183 7 2.053372387 0.946627613 6.842105263 2
F7 4 183 8 2.081785811 1.918214189 7.894736842 2
D2 4 186 9 2.167026082 -0.167026082 8.947368421 2
E10 6 187 10 2.167026082 0.832973918 10 2
A8 4 190 11 2.167026082 0.832973918 11.05263158 2
D4 4 191 12 2.195439506 -0.195439506 12.10526316 2
F5 5 194 13 2.252266354 -0.252266354 13.15789474 2
F8 4 198 14 2.280679778 -0.280679778 14.21052632 3
F9 5 199 15 2.280679778 0.719320222 15.26315789 3
B12 6 200 16 2.394333474 1.605666526 16.31578947 3
A11 3 201 17 2.422746898 0.577253102 17.36842105 3
H10 4 201 18 2.451160322 -0.451160322 18.42105263 3
C3 4 202 19 2.50798717 1.49201283 19.47368421 3
E9 5 202 20 2.848948257 -0.848948257 20.52631579 3
H5 5 202 21 2.877361681 -0.877361681 21.57894737 3
F11 3 206 22 2.934188529 0.065811471 22.63157895 3
F3 7 207 23 2.934188529 2.065811471 23.68421053 3
B4 5 208 24 3.076255648 -1.076255648 24.73684211 3
F4 3 210 25 3.388803311 0.611196689 25.78947368 3
B1 5 213 26 3.388803311 -0.388803311 26.84210526 3
A10 3 218 27 3.587697279 -1.587697279 27.89473684 4
D6 6 225 28 4.326446301 1.673553699 28.94736842 4
F10 4 229 29 4.440099997 0.559900003 30 4
B2 8 230 30 4.61058054 0.38941946 31.05263158 4
B3 7 232 31 4.61058054 -0.61058054 32.10526316 4
A7 4 235 32 4.695820812 -0.695820812 33.15789474 4
F2 8 236 33 4.724234236 1.275765764 34.21052632 4
A6 5 237 34 4.809474508 -0.809474508 35.26315789 4
D1 5 238 35 4.837887932 -0.837887932 36.31578947 4
B6 5 240 36 4.923128203 0.076871797 37.36842105 4
B5 4 241 37 5.036781899 -1.036781899 38.42105263 4
A12 6 242 38 5.065195323 -0.065195323 39.47368421 4
C11 7 242 39 5.093608747 0.906391253 40.52631579 4
A4 6 244 40 5.122022171 -2.122022171 41.57894737 4
D3 5 246 41 5.122022171 -1.122022171 42.63157895 5
C7 5 247 42 5.150435595 -1.150435595 43.68421053 5
C9 6 252 43 5.150435595 -0.150435595 44.73684211 5
A2 5 256 44 5.150435595 -0.150435595 45.78947368 5
C6 5 258 45 5.264089291 -2.264089291 46.84210526 5
E3 7 258 46 5.292502714 1.707497286 47.89473684 5
C8 9 267 47 5.320916138 -0.320916138 48.94736842 5
C12 7 270 48 5.377742986 -2.377742986 50 5
C10 8 282 49 5.462983258 -0.462983258 51.05263158 5
E2 9 286 50 5.605050378 -2.605050378 52.10526316 5
A5 6 287 51 5.803944345 0.196055655 53.15789474 5
D5 6 287 52 5.917598041 -1.917598041 54.21052632 5
A9 5 288 53 5.946011465 2.053988535 55.26315789 5
C4 13 292 54 6.002838313 0.997161687 56.31578947 5
A3 7 294 55 6.088078584 -2.088078584 57.36842105 5
E12 9 302 56 6.116492008 1.883507992 58.42105263 5
E4 10 305 57 6.144905432 -1.144905432 59.47368421 5
A1 7 306 58 6.173318856 -1.173318856 60.52631579 6
E11 7 307 59 6.230145704 -1.230145704 61.57894737 6
H4 9 307 60 6.258559128 -2.258559128 62.63157895 6
F12 8 308 61 6.286972552 -0.286972552 63.68421053 6
H6 10 311 62 6.286972552 0.713027448 64.73684211 6
H9 7 313 63 6.3437994 -0.3437994 65.78947368 6
H12 8 316 64 6.400626248 -1.400626248 66.84210526 6
A1 8 318 65 6.429039672 -1.429039672 67.89473684 6
F1 11 318 66 6.571106791 -0.571106791 68.94736842 6
H2 10 327 67 6.684760487 -1.684760487 70 7
H11 8 344 68 6.741587335 -1.741587335 71.05263158 7
H8 12 346 69 6.741587335 0.258412665 72.10526316 7
C5 11 367 70 6.99730815 2.00269185 73.15789474 7
H3 10 395 71 7.082548422 -0.082548422 74.21052632 7
H7 14 414 72 7.423509509 0.576490491 75.26315789 7
B10 ns 74 73 7.537163205 1.462836795 76.31578947 7
D12 crys 204 74 7.565576629 -1.565576629 77.36842105 7

75 7.565576629 -1.565576629 78.42105263 7
76 7.593990053 -2.593990053 79.47368421 8
77 7.707643748 5.292356252 80.52631579 8
78 7.764470596 -0.764470596 81.57894737 8
79 7.991777988 1.008222012 82.63157895 8
80 8.077018259 1.922981741 83.68421053 8
81 8.105431683 -1.105431683 84.73684211 8
82 8.133845107 -1.133845107 85.78947368 8
83 8.133845107 0.866154893 86.84210526 9
84 8.162258531 -0.162258531 87.89473684 9
85 8.247498803 1.752501197 88.94736842 9
86 8.304325651 -1.304325651 90 9
87 8.389565923 -0.389565923 91.05263158 10
88 8.44639277 -0.44639277 92.10526316 10
89 8.44639277 2.55360723 93.15789474 10
90 8.702113586 1.297886414 94.21052632 10
91 9.185141792 -1.185141792 95.26315789 11
92 9.24196864 2.75803136 96.31578947 11
93 9.838650543 1.161349457 97.36842105 12
94 10.63422641 -0.634226413 98.42105263 13
95 11.17408147 2.825918533 99.47368421 14  
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Length-to-Age Regression for Arctic Char
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Appendix II. Stomach contents of Arctic char. 
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Arctic Char Stomach Contents: Collected 6/10/04

Sample Number Fish Length Snail Dipteran Adult Chironomid Pupae Chironomid Larvae Trichoptera Adult Trichoptera Pupae Trichoptera Larvae Coleoptera Adult Ephemeroptera Larvae Hydracarina Hymenoptera
87 414 6
94 395 3 18 1 3
13 367 36 1 1 2
91 346
98 344 2 1
96 327
90 319 17 17 3
95 318 600 1
88 316 1
93 313 24 many
92 311 1000
85 308 5 260 2 2 7
97 307 100
86 307 400 1
49 306 3 123 1 1 8 2 5 4
41 305 3 1
89 302 300 8
6 294 10 100 #

11 292 6 2 5 2
3 288 200

44 287 1 6 3
20 287 135 1 2
47 286 5 65 4 3 1 11 64
52 282 1 480 2 6
35 270 6 200 2 1 1
37 267 2 130
57 258 24
12 258 4 2

1 256 3 45 2 2
15 252 15 1
16 247 1 1
59 246 185 3
19 244 5 100 2 1
8 242 1 1

22 241 150 10
2 240 50

58 238 8
32 237 20 84
60 236 4 50 9
23 235
26 232 157 2 1
27 230 50 1 14 3
48 229 80 1
43 225 435
4 218 550 2 2

29 213 220 1
55 212 1 140
63 210 415
30 208 115 1
65 207 25 2 1
64 206 20
33 204 240
10 203 10 14 1
53 202 1 31
66 202 18
25 201 20 1 1
54 201 10
18 200 60 1 1
61 199 130 2 1 1
76 198 75 1
79 194 7
39 191 125 1 1
7 190 1 3

42 187 310
62 186 45
77 183 150
21 183 200
14 177 140 1
5 173 5 40

46 140 39
28 140 220 1 1
50 129 175
38 124 40
34 124 2 110 2
36 122 1 2
31 121 3 1 1
82 109 6
81 107 10
9 105 6

72 101 25 1
17 101 24 7 1 4
51 100 21
40 98 8 1
69 97 5 10
70 97 15
71 97 30
83 94 7 1
73 93 61 1
45 89 3 20
84 88 27
74 85 5 13
24 74 18
67 69 12 1

Total 493 105 8944 118 1 36 4 40 1 40 90
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Hemiptera ? Cladocera Copepoda Gammarus Empididae Larvae Simulidae Plecoptera Larvae Sculpin Char juven Unid. Fish PelecypodaHirundinea

2
2

2

3 3
1

1 1
1

1 1
1

3

2 2

1

1 1 1
1

2

# 

10
#

80 100

1

2
150

1
empty

1

1
1000

empty

Grand Total
2 95 1250 5 4 1 6 5 1 2 1 11244
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Appendix III. Track plots for radio tagged Arctic char 
in Cooper Lake, Fall 2003. 
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Appendix IV. Response to Comments on the February 2003 Draft Report 
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Summary of responses to comments on the February 2004 draft report for the Cooper Creek Fish Resources Study. 
Date of 

Letter/Email 
Commenting 

Party 
Comment Response 

Population Studies 

4/30/04 ADFG Page 4, Methods.  We would like a drawing or photo of the traps used 
for fish capture. 

A photo has been added to the revised draft report. 

4/30/04 ADFG Results, Table 2.  There is a typo that makes it unclear what size 
category of fish belongs to each column. 

No typo is evident in our copy. 

4/30/04 ADFG We would appreciate HDR giving our biometricians an opportunity to 
review the results of this study.  Such a review would help ensure that 
this study will be comparable with future studies that may occur for 
monitoring or other reasons.  While it may not be critical to know the 
exact population of char in the lake, it is important to know the 
existing condition for determining future population trends.  We do 
not feel that the study adequately addressed some major points of 
assumption violations, such as size selectivity between capture 
events. The low number of recaptures should have been addressed by 
presenting any evidence of tag loss, recruitment of fish size between 
spring and fall capture events (which happens frequently in such 
circumstances), or handling mortality. 

Bob Marshall of ADF&G Sport Fish Division in 
Juneau reviewed the initial study plan, aided in 
data analysis, and reviewed the final results.  A 
number of his suggestions have been incorporated 
into the analysis. 
A more systematic discussion of assumptions has 
been added to the report.    
There was no evidence of significant tag loss 
during the study. This information has been added 
to the report. 
Additional statistical analysis of size selectivity 
has been conducted and will be included in the 
revised draft report. 

Arctic char spawning location studies  

4/30/04 ADFG Page 21, Table 12.  We would like to see data on elevation as well as 
depth of spawning to easily facilitate viewing this data with respect to 
lake levels. 

Lake elevation at the time of the spawning area 
surveys is stated in the text following Table 12.  
However, the elevation will also be included as a 
footnote to the table to aid in interpretation of the 
depth results. 

Project effects  

4/30/04 ADFG We would like to see a more thorough analysis based on the data, 
specifically a quantification of how much spawning area is 
dewatered, or desiccated.  We assume that historic lake level and 
elevation data exists.  We would like to see that information evaluate 
and provide a summary of the probability of dewatering of spawning 

The discussion in the report has been expanded 
and information will be quantified to the extent 
possible. 
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Date of 
Letter/Email 

Commenting 
Party 

Comment Response 

areas under historic reservoir operation scenarios.  Stating “some 
years,” as stated in Paragraph 2, page 21 and “some of the spawning 
areas may go dry or freeze in some years” is impossible to interpret – 
we would prefer to see this information quantified.  While it is true as 
stated that the population size is large, and probably isn’t limited by 
reproductive capability, we would like to know if spawning habitat is 
affected and, if so, how much changing lake levels due to project 
operation affect reproduction. Based on the historical lake level 
information provided by Chugach, the lowest lake level between 1985 
and 2002 was 1164.9’ in April of 2000.  If the elevation averaged 
1188’ during the spawning study in 2003, then based on a cursory 
analysis, six out of ten (60%) of the spawning areas observed would 
have been dewatered prior to emergence.  Based on this analysis, we 
would like a better assessment from Chugach on how lake levels 
impact char spawning. 

4/30/04 USFS The report concludes, “Under current operations, impacts to rainbow 
trout spawning in the SW-1 stream are minimal.”  The Forest Service 
does not believe sufficient data or modeling has been presented to 
reach this conclusion over the potential range of reservoir fluctuation. 

Chugach no longer proposes to increase the 
maximum normal operating elevation of the 
reservoir (or otherwise change existing reservoir 
operations), and anticipates that the new FERC 
license will formally establish the current 
operating regime as the operating regime for the 
new license term.  The maximum reservoir level 
presented in Figure 7 represents a worst case 
analysis and, thus, the full range of potential 
impact is described.  The discussion has been 
expanded to more fully describe potential effects. 

4/30/04 USFS Spawning surveys for both Arctic char and rainbow trout in the 
summer of 2003 were conducted with unusual reservoir levels (the 
levels were higher than normal in May/June 2003, and increases in 
reservoir levels were less than normal.)  The Forest Service requests 
that the study determine:  
1)  To what extent identified Arctic char spawning redds would be 
affected in years with lower reservoir water levels and larger water 
level drawdowns, based on the historic fluctuation of the reservoir. 
2)  At what water depth above the Arctic char spawning redds would 

See responses to previous two comments. 
In addition, the revised draft report will include 
additional analysis based on existing data to 
address these comments.  For item 5), we note that 
although there is a greater chance for spawning 
areas to be dewatered compared to lakes with a 
“static” lake level, the fluctuation in this case 
actually renews spawning gravels, creating more 
spawning habitat than would otherwise exist. 
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Date of 
Letter/Email 

Commenting 
Party 

Comment Response 

ice begin to have adverse effects on the spawning redd. 
3)  Based on historic fluctuations, what percent of the identified redds 
would be covered with 3 or less feet of water during average 
drawdown years, and extreme drawdown years. 
4)  The locations of rainbow trout spawning redds considered over a 
wide range of reservoir levels at the start of spawning, and a wide 
range of reservoir level increases during the egg incubation period. 
5)  Response of rainbow trout and Arctic char populations in Cooper 
Reservoir to a stable reservoir level at 1168 feet above msl, with 
established shoreline and inlet stream riparian vegetation. 

4/30/04 FCCC/ACE We are also concerned that the study did not compare the existing 
lake system with what would be the potential productivity if Cooper 
Lake were naturally fluctuating with vegetated banks.  The total 
dewatering of Cooper Creek through the continuing operation of the 
hydroelectric generation facility operation results in excessive lake-
level fluctuation.  This fluctuation and the altered shoreline it causes 
continue to have an impact on the fish resources of the lake, but we 
cannot tell what those impacts are from this draft study. 

The necessary data to analyze the potential effects 
of an operating range up to 1,206 feet msl were 
collected as described in the study plans.  
Although no detailed analysis of these data will be 
conducted at this time, the report has been 
modified to include a brief, qualitative description 
of how an increased normal reservoir operating 
level could have been expected to affect 
vegetation, fish, and wildlife resources. 

4/30/04 ADFG The statement that “Chugach no longer plans to propose any changes 
in reservoir operations in the re-licensing proposal” is unclear.  What 
level of operation will the re-license propose?  If the license states the 
current level of 1,210’, then Chugach will always have the option to 
operate at that level, which is different than the maximum level at 
which they currently operate.  So the statement “that the potential 
effects of an alternate operating regime are not evaluated” may not be 
appropriate.  Chugach needs to address the effects of lake level 
changes due to operation as allowed in the license. Whether Chugach 
chooses to do so at this time is irrelevant to what the license 
stipulates, because the level could be changed in the future, as the 
license allows. 

Chugach no longer proposes to increase the 
maximum normal operating elevation of the 
reservoir (or otherwise change existing reservoir 
operations), and anticipates that the new FERC 
license will formally establish the current 
operating regime as the operating regime for the 
new license term. 

4/30/04 FCCC/ACE As noted above [CC fish study], we believe that a core sampling 
analysis for Cooper Lake would explain a great deal about pre-dam 
lake productivity.  The Cooper Lake Fish Resources Study would be 

Chugach declines to conduct this requested study.  
See response to this request under Cooper Creek 
Fish Resources Study 
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improved if there were a definitive answer on the potential historical 
role of marine nutrients into the lake system that might have come 
from anadromous fish. 

 


