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ABSTRACT

During 13-15 September 2004, hydroacoustic surveys were conducted on Skilak and Kenai Lakes using split-beam
sonar. A second hydroacoustic survey was conducted on Skilak Lake (5 October 2004), because the first population
estimate for this lake appeared low and could have been biased. The population estimates from these two surveys of
Skilak Lake were 15,812,800 and 27,070,000 fish respectively. But, these two population estimates were not
significantly different (F = 7.198: p = (.388), so a pooled estimate was calculated. The population estimates for
Skilak and Kenai Lakes were 20.999,000 and 2,513,700 fish. Annual midwater trawl surveys were conducted to
estimate age composition, mean weight, and mean length of juvenile sockeye salmon. For Skilak Lake, age-0
sockeye salmon composed 97 % of the total population estimate. The mean population weight and length of this
cohort was 0.62 g and 40.7 mm with the weight being the smallest on record. In comparison, age-0 sockeye salmon
accounted for 100 % of the total fish population in Kenai Lake. The age-0 fry in Kenai Lake were more than
double the weight of fry in Skilak Lake (mean=1.30g), but they were only slightly longer at 48.9 mm when
compared to Skilak Lake fry.

Key words:  Alaska, Cook Inlet, hydroacoustics, Kenai River, salmon, Oncorhynchus nerka, split-beam, sonar.

INTRODUCTION

In September 2004, the Alaska Department of Fish and Game (ADF&G) conducted
hydroacoustic and tow-net surveys in Skilak and Kenai lakes (Kenai River drainage) to
determine population abundance, age distribution, and size of juvenile sockeye salmon,
Oncorhynchus nerka. These surveys have been performed annually since 1986 (DeCino 2001,
DeCino and Degan 2000, Tarbox and King 1988a, 1988b, Tarbox, et. al. 1993, Tarbox and
Brannian 1995, Tarbox et. al. 1996). The information obtained on fall fry rearing in these major
nursery lakes are used to help biologists forecast the number of sockeye salmon returning to the
Kenai River (Eggers 2005). Moreover, the biological basis for the brood interaction spawner-
recruit model (Carlson et al. 1999; Edmundson et al. 2003) is thought to be heavy grazing on
cyclopoid copepods by large fry populations reducing survival of the subsequent year class.
Thus, a major goal of this project, coupled with limnological studies. is to gain a better
understanding of the factors regulating the production of sockeye salmon in the Kenai River,
which supports the largest runs of sockeye salmon in Upper Cook Inlet (Fox and Shields 2002).

For the 2004 fish surveys, population sizes were estimated using an echo integration
(MacLennan and Simmonds 1992) procedure of data obtained from split-beam sonar. The
condition of the juvenile sockeye was based on the size and age of fish captured in mid-water
trawls. In addition, transects across each lake were geo-referenced during the hydroacoustic
surveys (DeCino and Degan 2000). In this report, we describe the methods used in our lake
surveys, and we provide (1) abundance estimates for Juvenile sockeye salmon rearing in Skilak
and Kenai lakes, (2) distributions of age, weight and length of fall fry, and (3) assessments of the
pre-winter condition of fry.

METHODS
HYDROACOUSTIC SURVEYS

We used a stratified-random sampling design for the hydroacoustic surveys to distribute
sampling effort in proportion to abundance and reduce the variance of the population estimate.
Each lake was divided into areas or sub-basins and survey transects were randomly selected
within each area. The number of transects were chosen to reduce relative error to ~25% for
Skilak Lake and 30% for Kenai Lake. This sample size was based on recommendations in




Tarbox et al (1996). Because of the configuration of Skilak Lake, transects perpendicular to
shore were surveyed within three sub-basins ( Figure 1), whereas in Kenai Lake, transects were
surveyed within five sub-basins (Figure 2). Transects were chosen based on a stratified-random
design (DeCino and Degan 2000, Tarbox et. al. 1996, Jolly and Hampton 1990, Figures 1 & 2).
Transects were traversed at approximately 2 m/s. The acoustic vessel (7.2 m long) was powered
by two 2-stroke outboard engines.

In Skilak Lake, two hydroacoustic surveys were completed. The first using a downlooking
configuration only, whereas the second utilized two transducers in a multiplexing (side and down
looking) configuration. In Kenai Lake only, a single down looking hydroacoustic survey was
conducted.

For all the hydroacoustic surveys, juvenile sockeye salmon were sampled acoustically at night
with a BioSonics DTx-6000" split beam echosounder. For specific data collection parameters on
all surveys see AppendixA 1. The down-looking transducer was mounted to a 1.5-m long
aluminum towbody. The towbody was attached to a cable connected to a boom and towed off
the boat’s starboard side approximately 1-m below the water surface. The side looking
transducer was mounted to a pole on the port side of the acoustic vessel at a depth of 1-m. The
transducers transmitted digital data via a direct connection data cable to the echosounder. The
echosounder was connected to a laptop comPuter via ethernet data connection. For geo-
referenced transect routes, we used a Garmin! GMAP model 175 global positioning system
(GPS).  Acoustic digital data were collected and stored on a laptop computer hard-drive.
Configuration parameters (Appendix A 1) were input into BioSonics' Visual Acquisition data
collection software. Environmental variables (temperature) were measured with a YSI' model
58 digital thermistor and input to the environmental variables of the program. Twelve-volt
batteries powered the acoustic system and the laptop computer.

Acoustic data were stored (hard-drive) and transported to the area office where they were
uploaded into the Area office network for access by analysis programs. The acoustic data were
edited by use of SonarData' Echoview analysis software. Acoustic data were first bottom edited
to remove bottom echoes. After bottom editing was complete, individual target information was
processed and saved for estimation of in-situ target strength and sigma (o) the absolute
backscattering coefficient.

Target strength and ¢ computations were performed using a macro built by Aquacoustics Inc'.
For each lake, this macro appended all transects and calculated in-situ target strengths and c’s
from each detected target. Targets were filtered to include only those echoes near the beam
center (0 to ~3dB off axis). Target number and average ¢ were derived and put into 5 m strata.
Generally, the entire lake average ¢ was input to a spreadsheet to compute densities for each
transect using echo-integration. However, if the stratum differed by more than 20% of the mean
¢ computed for the entire lake and target density was greater than 5% of total targets used to

compute average ¢ then a different ¢ would be used to compute densities of other fish targets
(Appendix A:2 and :3).

'Use ofa company name does not constitute endorsement by ADF&G.




A fish density estimate was computed for each transect and expanded for each area from which
they were collected. The echo integrator compiled data in one report along each transect and
sent outputs to computer files for further reduction and analysis. The total number of fish V)
for area stratum i based on transects j was estimated across depth stratum k. Ny consisted of an
estimate of the number of fish detected by hydroacoustic gear in the mid-water (1-51 m from
transducer face) layer (M;) and an estimate of the number of fish in the surface layer (0-2 m). In
order to estimate the number of fish unavailable to the hydroacoustic gear in a down looking
configuration because of their location near the surface (Sy), the fish density in the upper stratum
was assumed equal to the density in the first stratum echo integrated in the lake. That
assumption is based on lake morphometry and percent volume sampled in post-processing
analysis
N;,=S,+M,
The mid-water component was estimated as

K
M,=a) M,
k=1

where a; represented the surface area (m®) of area stratum i which was estimated using a
planimeter and USGS maps of Skilak and Kenai Lakes, and Mj; (number/m?®) was the estimated
mean fish density in area i depth k across transect J- The depth would be less than the maximum
50 m if the bottom was detected within depth stratum % anytime along the transect. The
estimated numbers of fish near the surface (02 m) in area i was

S, =a;m,

where a;; was the estimated area (m®) of the surface stratum (02 m), and myy is 2/5 the mean fish
density for in the first ensonified depth stratum (1-5 m below transducer face) of transect ;.

Fish abundance in area i (V;) was estimated from the mean abundance for all transects j in the
area, or

- J
N,=J7Y'N,
=1
and its variance was estimated as
v(N) =Y (N, -N)2(J -1~

Total fish abundance (V) for each lake was estimated as the sum of the area estimates and the
variance of N was estimated as the sum of the area variance estimates.

The abundance of juvenile sockeye salmon in each lake (Ny) was estimated as

N, = NP

where P was the estimated proportion of total fish targets that were juvenile sockeye salmon in
the lake. Age-specific numbers of Juvenile sockeye salmon (V) were estimated as




N, =NP,
where 130 was the estimated proportion of age-a sockeye salmon in the fish population.
Variance estimates were calculated as
v(N,) = N*w(P) + P>w(V) - v(P)w(N)
YWV,,) = N2W(B,) + B2v() = v(E, v(H)

Two surveys were completed in Skilak Lake on 13 September and 5 October 2004. These two
surveys were done at night in dark moonless conditions. A randomized block ANOVA with
survey as the treatment and the three areas as the blocks was utilized to test whether the two
population estimates differed.

AGE, WEIGHT, AND LENGTH (AWL) SURVEYS

Mid-water trawl (tow netting) surveys were conducted in both lakes to estimate the species
composition of acoustic targets and the age composition, mean wet weight (g), and mean fork
length (mm) of juvenile sockeye. Sampling in Skilak Lake utilized a stratified cluster and
stratified two-stage sampling technique (Scheaffer et al. 1986, Cochran 1977). Areas were the
same as those used in the hydroacoustic sampling. Depth strata were developed to account for
potential vertical variation in species and age composition. Three depth strata were defined:
surface (0-10 m), mid-depth (15-25 m) and deep (30-40 m). Each tow was defined as a primary
sampling unit and a minimum of three tows were conducted in each stratum. All fish captured in
each tow were identified to species. Approximately 10 % of total fish collected from all tows of
sockeye fry were used to estimate age composition and average length and weight.

We used the same stratified random sampling technique in Kenai Lake; however, three areas and
two depth strata were defined. The three sampling areas consisted of area one (identical to the
hydroacoustic area one), area two (combining hydroacoustic areas two and three) and area three
(combining hydroacoustic areas four and five). Two depth strata were defined: surface (0-10 m)
and mid-depth (15-25 m) because historically very few fish were captured in the 30-40 m
stratum and the cost savings of not sampling this stratum.

Fish captured in Skilak Lake were measured to the nearest 1 mm in the field. Scales were
removed from sockeye salmon juveniles greater than 55 mm and all fry placed into individual
pre-weighed scintillation vials. Vials were returned to the laboratory in Soldotna where they
were weighed and frozen for subsequent lipid and bomb calorimetry analysis. Fresh wet weights
were converted to formalin-fixed weight based on Shields and Carlson (1996) conversion data.
All fish collected from Kenai Lake were enumerated, identified, and preserved in 10% formalin.
In the laboratory juvenile sockeye salmon were measured to the nearest millimeter (fork length),
weighed (wet) to the nearest 0.1 g, and the age determined from scale samples using criteria
outlined by Mosher (1969).

RESULTS
SKILAK LAKE

Two hydroacoustic surveys were conducted on Skilak Lake. One on 13 September and the other
5 October 2004. For target strength estimation, a total of 42,196 and 28,027 echoes were used to




calculate mean target strengths of —55.3 and —56.3 dB with a standard deviation’s (SD) of 3.02
and 3.06 dB for survey 1 and 2, respectively. The mean and standard deviation for the
backscattering coefficient (c) used for echo integration were 4.06 x 10° + 1.76 x 10™ and 3.28 x
10° £+ 1.43 x 108 (Table 1). However, in survey 1 the backscattering coefficient reported was
applied to the upper 45 meters of the water column and a different, larger, (c) was used for
greater depths which for the purposes of this survey are not reported. The population estimates
obtained from the two surveys were 15,812,800 and 27,086,170 fish, but the two estimates were
not significantly different from each other based (F = 1.198; P = 0.388). Therefore, data from
the two surveys were combined, providing a pooled estimate of 20,999,000 fish with a standard
error (SE) of 2,780,051 fish. Of the estimated total population of juvenile sockeye salmon,
approximately 53% were detected in Area 1 (Table 2, Figurel). In addition, the largest
proportion of total fish targets in the 0-5 m depth strata was detected in Area 1 (Table 2), causing
our estimate of the fish population in the surface layer (0-2 m) to also be greatest in this area.
We estimated the total fish population in the upper 2 m of the water column in Skilak Lake was
approximately 813,440 fish.

During our tow-net surveys, approximately 10,432 fish were captured of which 10,421 fish or
99.9 % were juvenile sockeye salmon. Of these, 1,000 were subsampled to estimate mean wet
weight and fork length (AWL). From these 1000 fish, scales were collected from only 47
individuals (>55 mm length) to estimate their age. Age-0 juvenile sockeye salmon accounted for
97.1 % (SE = 0.009 %) of the total fish population estimate. The remaining 2.7 % (SE = 0.009
%) were age-1 sockeye salmon. Therefore, approximately 20,394,647 (SE = 2,699,486) and
582,211 (SE = 203,483) sockeye salmon were aged 0 and 1+ fish, respectively (Table 3). The
mean population weight (converted to a formalin-preserved weight) and length of age-0 sockeye
salmon was 0.62 g (SE = 0.06 g) and 40.1 mm (SE = 1.16 mm). In comparison, age-1 juvenile
sockeye averaged 1.94 g (SE = 0.09 g) and 60.5 mm (SE = 1.68 mm, Table 4, F igure 3).

KENAI LAKE

A total of 9,888 echoes were used to estimate target strengths in Kenai Lake. The mean target
strength was —54.7 dB with a SD of 3.69 dB. The mean o was 4.69 x 10 with a SD of 4.69 x
10, This o produced a population estimate of 2,513,700 (SE = 203,919) fish. Of these
2,513,700 fish, 192,235 fish were estimated to occur in the surface layer (upper 0-2 m) (Table 2).
The greatest density and proportion of the total Juvenile sockeye salmon population was located
in Area 4 (Table 2).

Based on our mid-water trawls conducted in Kenaj Lake, sockeye salmon accounted for 100 %
of the population. Of the apportioned juvenile sockeye, 100 % (SE = 0 %) were age-0 fish
(Table 3). The mean population weight and length of the age-0 cohort was 1.30 g (SE=0.01g)
and 48.9 mm (SE = 0.27 mm), respectively.

DISCUSSION

The 2004 population estimates of juvenile sockeye salmon in both Skilak and Kenai lakes ranked
the 7th largest since surveys were initiated in 1986 (Figure 4). These juvenile sockeye salmon
abundance estimates exhibit considerable year-to-year variation and there appears to be little
overall trend in the time series (Figure 4). However, the combined lake 2004 population

estimate is about 4.7 million more than the 18.6 million 18 year mean.




Skilak Lake consistently supports more sockeye salmon fry than Kenai Lake. The Skilak Lake
population estimate is approximately 5.0 million fish more than its historical mean. The highest
population estimate (1993) was approximately 33 million fry (Tarbox et al 1996), and the lowest
population estimate (1996) was 5.2 million fish. The average population size since 1986 is 16
million fish with a SD of 8.58 million fish.

The 2004 Kenai Lake population estimate of 2.5 million fish is the ninth highest since inception
of acoustic estimates in 1986 (Figure 4). Juvenile sockeye salmon estimates have ranged from
768,000 in 1996 to 6.2 million in 1988 (Tarbox et al 1996). The average population since 1986
is 2.67 million fish with a SD of 1.59 million. The 2004 sockeye salmon population estimate for
Kenai Lake is about 150,000 fish below the historical mean population size.

The target strengths of the juvenile sockeye salmon measured with the split-beam transducer in
2004 were within reported ranges of target strengths measured using a dual-beam hydroacoustic
system (see Tarbox et al 1996). In addition, juvenile sockeye salmon lengths and weights
followed historical trends. Kenai Lake, on average, has produced larger fish in both length and
weight compared with Skilak Lake. Juvenile sockeye salmon in Kenai Lake were both
significantly longer (F = 629.2, p = 0. 00) and heavier (F = 1075.8, p = 0.00) than the Skilak
Lake fish in 2004.

Similar to the historical population estimates, historical length and weight measurements show
considerable year to year variation in Skilak Lake (Figure 6). For age-0 sockeye salmon in
Skilak Lake, the 2004 mean length and weight were 16 and 50 percent less, respectively, than the
historical means. A regression equation relating fall fry weight to their abundance (Edmundson
et al 2003) predicted a 1.1 g mean weight for sockeye fry in Skilak Lake, whereas actual mean
weight was 0.62 g. The small size of the sockeye salmon fry in Skilak Lake this year was likely
due in part to the low total copepod biomass in the lake (mean=282 mg/m’, 2™ lowest biomass
observed since 1986). We are concerned that these small fry may suffer elevated overwinter
mortality, if they lack sufficient energy reserves to survive the winter fast. We are developing an
overwinter mortality model employing measurements of whole body energy content of juvenile
sockeye salmon sampled in the fall. In 2005, we will initiate a project to estimate the population
size of smolts emigrating from the Kenai River watershed as a means to validate model estimates
of overwinter mortality.

We conducted two acoustic surveys on Skilak Lake in 2004, because the population estimate
from the first survey was lower than predicted from a regression relating fall fry abundance to
number of spawners. This observation led us to speculate that the population estimate from the
first survey could have been biased low. In the second hydroacoustic survey on Skilak Lake, we
employed downlooking and sidelooking transducers in a multiplexing configuration. We used
the down looking transducer to estimate the fish population in Skilak Lake as in the first survey.
We used the data from the sidelooking transducer to estimate fish density in the upper 2 m of the
water column for comparison to surface-layer density estimates derived from the 0-5 m layer
(below the downlooking transducer).

Our effort to estimate fish density in the upper 2 m of the water column in 2004 had mixed
results. The transducer was attached to a rigid mount on the gunwale and any slight disturbance
(movement) in the vessel would result in noise/reverberation registered in the digital data stream.
In addition to the movement, a slight breeze would produce noise on the surface. Transducer
aiming was also difficult. For instance, if the transducer attitude was oblique to the




horizontal/perpendicular axis of the boat and looking upward, noise could be produced in the
entire ensonified range. Therefore transducer aiming by this method was accomplished by
lowering the transducer to a depth of 1 m and then rotating the transducer up to detect surface
noise at 20-25 m range. After surface noise was detected then one would have to not “rock” the
boat to get a noise free range. This however turned out to be difficult for several reasons. First
at the end of each transect, the pole-mounted transducer was brought to the surface in order to
travel to the next transect. On the subsequent transect the pole and transducer were lowered and
re-aimed. This was very time consuming and the transducer attitude would change as noted
before. Second, if surface water conditions were very calm (approaching mirror like), the
surface could not be detected, because sound waves were not reflected back to the transducer.
Third, if the wind speed increased too much, the entire ensonified range was too noisy to
estimate fish density.

We feel that it may be important to ensonify the 0-2 m layer of the water column, because of
behavior often exhibited by juvenile sockeye salmon. For instance, fry could be feeding in the
surface layer under full moon conditions, so we could underestimate fish density in that portion
of the water column using our standard method. Even though our data do not indicate high
numbers in the upper layer of the water column in either survey (1% and 2% of total targets in
Skilak Lake surveys one and two, respectively, Appendix A2 & A3), other researchers have
noted that juvenile sockeye salmon can occur in high concentrations near the surface in glacially
turbid lakes. For example, it has been demonstrated, at certain times of the year, a high
proportion of total copepod biomass is located near the surface in Tustumena Lake likely causing
juvenile sockeye salmon to aggregate in a shallow surface layer. This is most likely due to the
high glacial silt load in the water column (Shields 2005, personal communication).

In 2003, DeCino et al (2003) observed more fish targets in the upper three depth strata during the
first survey compared to the second survey. This could be due to greater light penetration and
possible foraging behavior in full moonlight conditions (Gliwicz 1986). During their second
survey, no moonlight conditions existed and greater numbers of targets were observed. Their
distribution was shifted more toward the middle of the water column compared to the first
survey. This change in vertical distribution may have been due to differences in fish behavior or
perhaps sampling error.

In 2004, 91% and 99% of all fish targets occurred in the upper 45 m of the water column during
surveys | and 2, respectively (Appendix A2 & A3). In the first survey there were larger targets
at depth (45 m and deeper) and a different sigma was used to integrate those “other” fish (Figure
5). These “other” deep targets are most likely other adult salmonids such as: rainbow trout (0.
mykiss), Dolly Vardin (Salvelinus malma) lake trout (S. namaycush), and adult salmon.

Even though our two population estimates of juvenile sockeye salmon in Skilak Lake differed by
approximately 11 million fish, they were not significantly different from each other, so the data
were pooled. MacLennon and Simmonds (1992) suggested that data from replicate surveys can
be pooled. Although, conducting multiple acoustic surveys is more costly, this approach allows
us to better understand effects of survey conditions on the estimate and increase the precision of
the estimate.

However the question remains why relatively large, non-significant, differences in population
estimates existed in 2004, Historically, until the last two years, one hydroacoustic survey in fall
was used to estimate juvenile sockeye salmon populations in Kenai and Skilak Lake. In 2004 the




mean fish weight was the smallest since 1986. Fish targets appear to aggregate in certain areas
of the lake, particularly near shore, and these smaller fish could recruit to the pelagic population
later in the fall. In addition to behavioral movements of fish, sampling error is likely to cause no
significant difference between population estimates. If more transects per area were surveyed
then whole lake surveys would take greater than one night to complete, potentially biasing the
results due to fish movement between surveys. This potential bias could be reduced by
conducting the second survey as soon as possible after the first. We believe that at a minimum
we conduct two hydroacoustic surveys on Skilak Lake as a standard procedure to examine the
temporal variability of the population estimates. However, the use of a more intensive adaptive
sampling protocol in detected areas of greater juvenile sockeye salmon abundance (i.e. near
shore environments) may allow us to further reduce the variance of population estimates. Using
an adaptive sampling strategy to sample fish concomitant with limnological studies would also
provide robust data sets to help us better understand abiotic and biotic factors influencing the
distribution, behavior and ecology of juvenile sockeye salmon.
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Table 1.-Target strength (dB) and mean backscattering coefficient (¢) for echo integration used to
estimate the population size of juvenile sockeye salmon (O. nerka) in Skilak and Kenai lakes.

Eake . StreTnagrtlgf(tdB) N

Skilak 17 42,196 -55.31(3.02) 4.06 x 10° (1.76 x 107)
Skilak 2" 28,027 -56.33(3.06) 3.28x10°(1.43 x 10
Kenai 9,888 -54.66(3.69) 4.69x 10°(5.16 x 10)

* survey 1 September 13, 2004
** survey 2 October 05, 2004
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Table 4.-Age, weight and length of Jjuvenile sockeye salmon captured in midwater trawl
surveys, September 2004,

Age-0 Age-1
Lake n mean 1 mean wt i mean 1 mean wt
(mm) (®) (mm) (2
B 40,1 0.52 605 1.77
Sl 975 (1.16) (006 23 (1.68) (O.(‘)18)
LI 40.1 0.62 60.5 1.9
Skilalss 975 (.16)  (0.06 23 (168)  (0.09)
Kenai® 561 o -0 0 0 0

(0.27) (0.01)

Note: Standard Errors (SE) are in parenthesis
! fresh weight
? formalin preserved weight
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Appendix A 1.-Acoustic data collection parameters for Skilak Lake surveys.

Survey 1 Survey 2 Survey 2

Down Down Side
Frequency (kHz) 208 201 201
Beam size (degree) 6.6 Circular 8.4 X 3.8 Elliptical 6.4 Circular
Mode Split Split Split
Pulse duration (ms) 0.4 0.2 0.2
Sample range (m) Jan-65 Jan-75 Jan-35
Water temperature (C) 10 7 7
Transducer depth (m) 1 1 1
Threshold (dB) -65 -65 -65
Ping rate (pps) 2 2 4

24




Appendix A 2.-Mean backscattering coefficient (s) for the
September 13, 2004 hydroacoustic survey in Skilak Lake.

Skilak Mean s

Strata Number S Depth s

0-5m 4 2.25E-06 0.44
5-10m 526 4.25E-06 0.83
10-15m 2164 4.62E-06 0.9
I15-20m 6702 3.96E-06 0.77
20-25m 12663  3.91E-06 0.76
25-30m 11765 3.91E-06 0.76
30-35m 5624 4.24E-06 0.83
35-40m 2019 4.48E-06 0.87
40-45m 729  5.97E-06 1.16
45-50m 576  1.38E-05 2.69
50-55m 740  1.86E-05 3.63
55-60m 1005 1.83E-05 3.58
60 -65m 1031 1.72E-05 3.85
65-70m 732 1.05E-05 2.05

Grand Total 46301 5.13E-06 1




Appendix A 3.-Mean backscattering coefficient
(s) for the October 5, 2004 hydroacoustic survey in

Skilak Lake
Skilak Mean s
Strata Number S Depth s
0-5m 14 4.64E-05 1.41
5-10m 622 3.24E-06 0.99
10-15m 2583  3.05E-06 0.93
15-20m 5041 2.80E-06 0.85
20-25m 8377  2.95E-06 0.9
25-30m 7055  3.10E-06 0.94
30-35m 3208  3.62E-06 1.1
35-40m 844 4.69E-06 1.43
40-45m 149 9.13E-06 2.78
45-50m 39 1.75E-05 5.34
50-55m 2.7 3.05E-05 9.29
55-60m 42 4.22E-05 12.86
60 - 65m 23 4.72E-05 14.36
65—-70m 3 1.96E-05 5.97
Grand Total 23846  3.28E-06 I




Appendix A 4.-Mean backscattering coefficient (s) for the
September 2004 hydroacoustic survey in Kenai Lake.

Mean s
Kenai Strata Number s Depth s
0-5m 5 2.12E-06 0.45
5—-10m 18 4.04E-06 0.86
10-15m 70 5.16E-05 1.1
I15-20m 272 5.07E-06 1.08
20-25m 916 4.94E-06 1.05
25-30m 2165 4.75E-06 1.01
30-35m 3549 4.66E-06 0.99
35—-40m 2287 4.52E-05 0.96
40-45m 383 4.53E-05 0.97
45-50m 80 3.88E-06 0.83
50-55m 9 5.30E-06 1.13
55-60m 10 8.61E-06 1.83
60 —65m 36 1.55E-05 8.3
65—-70m 88 1.60E-06 0.34
Grand Total 9888 4.69E-06 1
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