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ABSTRACT 

The number and distribution of juvenile sockeye salmon Onchorhynchus nerka rearing in two 
glacial lakes of the Kenai River drainage was estimated in 1996, 1997, and 1998 fiom 
hydroacoustic surveys and trawl sampling. Abundance estimates for juvenile sockeye salmon 
ranged fiom 6.0 to 25.6 million fish. Other fish species in the lakes composed less than 1% of the 
total fish population. The majority of juvenile sockeye salmon were located in Skilak Lake. In situ 
mean target strengths raiged fiom -55.6 to -57.8 dB. Juvenile sockeye salmon AWL data for each 
year and by lake are reported. 

KEY WORDS: hydroacoustic survey, juvenile sockeye salmon, Onchorhynchus nerka, target 
strength, glacial lake, trawl sampling 
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INTRODUCTION 

Annual fall hydroacoustic surveys and mid-water trawls have been conducted in Kenai and Skilak 
Lakes, Upper Cook Inlet, Alaska (Figure 1) since 1986 to develop a time series of juvenile sockeye 
salmon population estimates (Tarbox and King 1988% l988b, Tarbox, King, and Brannian 1993, 
Tarbox et. al. 1995, Tarbox et. al.1996). Program objectives for the 1996-1998 field investigations 
were: (1) estimate the number and spatial distribution of sockeye salmon juveniles; (2) determine 
the target strength distributions using dual-beam hydroacoustic techniques; (3) estimate the age 
composition of sockeye salmon in each lake; and (4) document the condition of juvenile sockeye 
salmon using length and weight measurements. 

METHODS 

The equipment used for data acquisition consisted of a Biosonics Inc. Model 105' echo sounder 
with dual-beam receivers, a 420 kHz 6'11 5" dual beam transducer mounted in a V-fin for towing, a 
Model 171 tape recorder interface, a Sony' digital audio tape (DAT) player, a chart recorder, and an 
oscilloscope. The selected pulse width was 0.4 ms and the pulse repetition rate was 5 pulses/s. 
Biosonics, Inc. calibrated the system before and following the surveys. The entire system was 
powered by 12-V batteries and carried in a 7.2-m vessel powered by outboard motors. Vessel 
speed along each transect was estimated at 2.0 to 2.5 mls. The transducer was towed approximately 
1 m below the water surface during the surveys. Equipment procedures are outlined in King and 
Tarbox (1988). 

Dual-beam data recorded on DAT were processed through a Biosonics, Inc. Model 281 Echo 
Signal Processor' (ESP). A returning pulse was accepted as  a valid target if the amplitude was 
below the bottom threshold of 9000 mV and above the counting threshold of 300 mV. Single 
targets were separated from multiple targets if the pulse width was within 20% of the transmitted 
pulse width at -6 dB and -18 dB. The maximum half-angle selected for data processing was 4". 
Data were stratified in 5-m increments for analysis starting 2 m below the transducer, or 3 m below 
the water surface. Only data collected at range less than 97 m were accepted for processing. 
Examination of oscilloscope traces and echograms indicated that few fish were present below this 
depth. 

Data generated by the dual beam processor were transferred to computer data files for analysis 
using the Biosonics, Inc. software Target Strength Post Processing Program ESPTS. 

1 Use of a company name does not constitute endorsement by ADF&G. 



Computations of mean target strength and back scattering cross section were made fiom individual 
echoes, and a hard copy of the results was printed for each 5-m depth interval. 

Estimates of fish density were made for each transect by echo integration using a Biosonics, Inc. 
ESP Model 22 1 ' echo integrator. Correction fiom the 40 log(R) setting used during data collection 
to the 20 log(R) used for data processing was accomplished by adjusting the B constant value for 
each depth stratum. 

The echo integrator compiled data in 1-min sequences along each transect and sent outputs to 
computer files for M e r  reduction and analysis using the Biosonics, Inc. software Echo 
Integration Post Processing Program ESPCRNCH. Raw integrator outputs were edited to remove 
data that resulted fiom false bottom echoes. Where this occurred, fish densities were usually 
estimated using the average densities of adjacent sequences at the same depth. Overall fish density 
was obtained by calculating the average edited integrator output value across the transect for each 
depth stratum. These averages were multiplied by the integrator scaling factor derived fiom the 
mean back scattering cross-section value obtained fiom the ESPTS program. Mean back scattering 
cross section values were calculated for each depth stratum using data from those transects where 
false bottom did not occur or did not influence the target strength data. 

The total number of fish (qj) for area stratum i based on transect j was estimated across depth 
stratum k. It consisted of an estimate of the number of fish detected by hydroacoustic gear in the 
mid-water section (Mj) plus an estimate of fish unavailable to the hydroacoustic gear because of 
their location near the surface (SG) or bottom (BG), or 

The mid-water component was estimated as 

- -  

M~ = C ai w.. ~k muk , 
k=l 

where ai represented the surface area (m2) of area stratum i which was estimated using a planimeter 
and USGS maps of Skilak and Kenai Lakes, and wG, was the average depth (5 m) of depth stratum k 
measured along transect j in area i. This depth would be less than the maximum 5 m if the bottom 
was detected within depth stratum k anytime along the transect. The estimated mean fish density in 
area i depth k across transect j was mu, in number/m3. 

The estimated number of fish near the surface (0-3 m) in area i was 



where ais was the estimated volume (m3) of the surface stratum (0-3 m), and mil was the mean fish 
density for the first ensonified depth stratum (2-7 m below transducer) of transect j. 

The estimated number of fish near the bottom was 

where bi, was the estimated volume (m3) in area i of depth k that could not be ensonified due to the 
proximity of the bottom along transect j, and rnG, was the estimated fish density (number/m3) along 
transect j in area i depth k that was ensonified. In cases where all of depth stratum k was along the 
bottom, the mean density mij,, from the next shallower depth strata (k-1) was used. 

Fish abundance in area i (8) became the mean abundance estimated by each transect j, or 

and its variance was estimated as 

Total fish abundance (N) 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 (NJ was estimated as 

iirs = f iF,  

where k is the estimated proportion of juvenile sockeye salmon in the lake. Age-specific numbers 
of juvenile sockeye salmon (NJ were estimated as 

where Fa is the estimated proportion of age-a sockeye salmon in the fish population. Variance 
estimates were calculated as 



We used a stratified random sampling design for the night hydroacoustic surveys to distribute 
sampling effort and provide an appropriate way of estimating total abundance and variance. 
Each lake was divided into areas or sub-basins and survey transects were randomly selected 
within each area. The number of transects was chosen to reduce the. relative error to 
approximately 25% for Skilak Lake and 30% for Kenai Lake. Our sample size was based on the 
average coeficient of variation observed from 1986 to 1995. Because of the configuration of 
Skilak Lake, transects perpendicular to shore were surveyed within 3 sub-basins (Figures 2,3,4). 
In Kenai Lake, transects were surveyed within 5 sub-basins (Figures 5,6,7). 

Mid-water trawls (tow netting) were undertaken in both lakes to determine species composition of 
the targets and age composition, wet weight (g), and fork length (mm) of juvenile sockeye. In 
Skilak Lake in 1996 we used stratified cluster and stratified Zstage sampling techniques (Scheaffer 
et al. 1986, Cochran 1977). Strata were defined by area and depth. 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 3 tows were conducted in each stratum. All fish captured in each tow were identified 
by species. A sample of sockeye fry was collected fiom each tow to estimate age composition and 
average length and weight. In Kenai Lake in 1996 we used a stratified random sampling technique 
using area and depth strata (Scheaff'er et al. 1986, Cochran 1977). Three areas and two depth 
intervals were defined. Following the hydroacoustic sampling, area 1 was used, areas 2 and 3 were 
combined, and areas 4 and 5 were combined. Two depth strata were defined: surface (0-10 m) and 
mid-depth (1 5-25 m). 

In 1997 and 1998 a cluster sampling technique (Scheaffer et al. 1986, Cochran 1977) was used to 
estimate species composition in both lakes. Age composition and average size (length and weight) 
of sockeye ii-y were estimated using 2-stage sampling (Scheaff'er et al. 1986, Cochran 1977). 
Towing locations were selected randomly within each lake. The primary sampling unit was defined 
as an "oblique" tow, which consisted of combining fish collected at the surface, mid-depth, and 
deep intervals (defined above) after towing for a constant time period at each depth (usually 20 or 
30 minutes). All fish captured in each oblique tow were identified by species and a sample of 
sockeye fry was collected to estimate age composition and average size. 

All captured fish 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 fiom scale samples using criteria outlined by Mosher 
(1 969). 



RESULTS 

September 1996 

A total of 14,170 echoes were used to estimate target strength distributions in Skilak Lake. Mean 
target strength was -55.62 dB with a standard deviation (SD) of 5.0 dB. As in past fall surveys, 
calculated mean target strengths decreased with depth (Appendix Table A.2). The estimated fish 
population was 5,237,700 (Table 1) with a standard error (SE) of 644,000. An estimated 42% of 
the fish were located in area 1. Table 2 summarizes the contribution of juvenile sockeye salmon to 
the total fish population in Skilak and Kenai Lakes. In Skilak Lake 1530 fish were captured in the 
tow nets; 91 0 juvenile sockeye were sampled to determine age, fork length, and wet weight (AWL). 
Juvenile sockeye composed an estimated 99.1% of the fish population (SE = 1.6%). The estimated 
abundance of sockeye salmon in Skilak lake was therefore 5,190,588 (SE = 643,617). Age-0 
sockeye were predominant, composing an estimated 92.2% (SE = 2.2%) of the fish, resulting in an 
abundance estimate of 4,829,624 (SE = 604,506). The estimated proportion of age-1 sockeye was 
6.9% (SE = 0.1 I%), with an abundance of 360,964 (SE = 44,758). Average fork length and wet 
weight of age-0 sockeye (n = 835) was 5 1.4 mrn (SE = 0.14) and 1.60 g (SE = 0.013), respectively. 
Average length and weight of age-1 sockeye (n = 75) was 69.9 mrn (SE = 0.38) and 4.00 g (SE = 
0.068), respectively. 

A total of 5,913 echoes were used to estimate target strength distributions in Kenai Lake (Appendix 
Table A.3). Mean target strength was -55.71 dB (SD = 5.03). A total of 768,710 fish (SE = 
79,010) were estimated in Kenai Lake (Table I), of which 29% were located in Area 3. A total of 
879 fish were captured in the tow nets and identified by species; 862 juvenile sockeye were 
sampled to determine AWL data. Sockeye salmon composed an estimated at 98.9% (SE = 2.6%) 
of the fish population. Thus, the estimated abundance of juvenile sockeye in Kenai lake was 
760,508 (SE = 80,625). Age-0 sockeye predominated, composing an estimated 97.9% (SE = 
3.9%), resulting in an abundance estimate of 752,828 (SE = 82,836). Average fork length and wet 
weight of age-0 sockeye (n = 854) was, respectively, 56.0 rnm (SE = 0.19) and 2.30 g (SE = 0.023). 
Average length and weight of age-1 sockeye (n = 8) was, respectively, 78.1 mm (SE = 1.91) and 
6.05 g (SE = 0.362). 

The estimated total number of fish in both lakes was 6,006,410 (SE = 648,840) (Table 1). The 
estimated number of juvenile sockeye in both lakes was 5,95 1,096 (SE = 648,648), thus composing 
99.1% of the total fish abundance. Skilak Lake accounted for 87.2% and Kenai Lake accounted for 
the remaining 12.8% of the sockeye abundance estimate. The estimated number of age-0 sockeye 
in both lakes was 5,582,452 (SE = 610,155), thus composing 93.8% of the total sockeye 
abundance. 



September 199 7 

A total of 33,879 echoes in Skilak Lake and 10,011 echoes in Kenai Lake were used to estimate 
target strength distributions (Appendix Table A.4 and A.5). In Skilak Lake the mean target strength 
was -56.57 dB (SD = 4.17). Mean target strength in Kenai Lake was -56.64 dB (SD = 4.91). 

The total estimated abundance of fish in both lakes was 25,733,000 (SE = 4,264,739) (Table 3). An 
estimated 23,399,000 (SE = 4,260,164), 90.9% of the total, were enumerated in Skilak Lake and the 
remaining 2,333,300 (SE = 196,033), 9.1% of the total, were counted in Kenai Lake. An estimated 
57% of the fish in Skilak Lake were located in Area 1. In Kenai Lake an estimated 43% of the fish 
were located in Area 2. 

Table 4 summarizes estimates of sockeye salmon contribution to the fish population in Skilak and 
Kenai Lakes. In Skilak Lake 2205 fish were captured in the tow nets and identified by species; of 
this catch 901 juvenile sockeye were sampled to obtain AWL data. Juvenile sockeye 
predominated, composing an estimated 99.3% (SE = 0.25%) of the fish population and 
corresponding to an abundance estimate of 23,239,823 (SE = 4,231,588). Age-0 sockeye salmon 
were also predominant in Skilak Lake, composing an estimated 98.3% (SE = 0.35%) of the fish 
population and corresponding to an abundance estimate of 23,000,241 (SE = 4,188,326). Age-1 
sockeye composed only an estimated 1 .O% (SE = 0.24%) of the fish population, with an abundance 
estimate of 239,582 (SE = 70,238). Average fork length and wet weight of age-0 sockeye (n = 892) 
was 41.7 mrn (SE = 0.14) and 0.85 g (SE = 0.016), respectively. Average length and weight of 
age-1 sockeye (n = 9) was 66.4 rnm (SE = 1.13) and 3.12 g (SE = 0.1 17), respectively. 

In Kenai Lake 407 fish were captured in the tow nets and identified by species; 404 juvenile 
sockeye were captured and used to measure AWL data. All captured juvenile sockeye were age-0 
composing an estimated 99.3% (SE = 1.61%) of the fish population. The estimated abundance of 
(age-0) juvenile sockeye was therefore 2,3 l6,lO 1 (SE = 198,138). Average fork length and wet 
weight of age-0 sockeye (n = 404) was 48.2 rnm (SE = 0.42) and 1.27 g (SE = 0.018), respectively. 

The estimated number of juvenile sockeye salmon in both lakes was 25,555,990 (SE = 4,236,236). 
Of this estimate, 25,316,385 (SE = 4,193,018) were age-0 juveniles produced by the 1996 
spawning population; an estimated 239,582 (SE = 70,238) were age-1 juveniles produced by the 
1995 spawning population. 

September 1998 

A total of 25,252 echoes in Skilak Lake and 9,798 echoes ir_ Kenai Lake were used to estimate 
target strength distributions (Appendix Table A.6 and A.7). In Skilak Lake the mean target strength 
was -57.68dB (SD = 4.53). Mean target strength in Kenai Lake was -57.76dB (SD = 4.40). 



The estimated total abundance of fish in both lakes was 23,721,000 (SE = 1,316,017) (Table 7). An 
estimated 17,854,000 (SE = l,l68,93 I), 75.3% of the total, were enumerated in Skilak Lake and the 
remaining 5,866,600 (SE = 604,599), 24.7% of the total, were counted in Kenai Lake. In Skilak 
Lake most fish (64%) were located in Area 1. In Kenai Lake fish distribution was fairly even with 
29% of the targets located in Area 4. 

Table 6 summarizes estimates of sockeye salmon contribution to the fish population in Skilak and 
Kenai Lakes. In Skilak Lake 862 fish were captured in the tow nets and identified by species; of 
these, 720 juvenile sockeye were sampled to obtain AWL data. Juvenile sockeye predominated, 
composing an estimated 99.7% (SE = 0.063%) of the fish population and corresponding to an 
abundance estimate of 17,791,863 (SE = 1,164,916). kge-0 sockeye salmon composed an 
estimated 85.9% (SE = 1.98%) of the Skilak Lake fish population, with an abundance estimate of 
15,3 32,110 (SE = 1,064,106). Age-1 sockeye composed an estimated 13.8% (SE = 1 .98%) of the 
fish population, with an abundance estimate of 2,459,753 (SE = 387,963). Average fork length and 
wet weight of age-0 sockeye (n = 619) was 38.8 rnm (SE = 0.51) and 0.70 g (SE = 0.032), 
respectively. Average length and weight of age-1 sockeye (n = 101) was 52.4 rnrn (SE = 0.37) and 
1.72 g (SE = 0.038), respectively. 

In Kenai Lake 2283 fish were captured in the tow nets and identified by species; of these, 747 
juvenile sockeye were sampled to obtain AWL data. All captured juvenile sockeye were age-0, 
composing an estimated 99.9% (SE = 0.17%) of the fish population. The estimated abundance of 
(age-0) juvenile sockeye was therefore 5,861,461 (SE = 604,152). Average fork length and wet 
weight of age-0 sockeye (n = 747) was 41.2 mrn (SE = 0.24) and 0.86 g (SE = 0.01 I), respectively. 

The estimated number of juvenile sockeye salmon in both lakes was 23,653,305 (SE = 1,312,261). 
Of this estimate, 21,193,560 (SE = 1,223,65 1) were age-0 juveniles produced by the 1997 
spawning population. An estimated 2,459,746 (SE = 387,962) were age-1 sockeye salmon 
produced by the 1996 spawning population. 

DISCUSSION 

The abundance of juvenile sockeye salmon in Kenai and Skilak Lakes has varied significantly since 
1986 when the project started (Figure 8). The lowest number of fish in the lakes was recorded 
during the 1996 rearing year. This coincided with a flood event in the Kenai in the fall of 1995, 
which was estimated to exceed the 1 in 100 year flood event. Significant scouring of the riverbed 
was observed and this may have contributed to the lower fiy numbers. A returr~ to high levels of 
fiy abundance was recorded in the following years, although fiy size decreased to the lowest 
measured (Figure 9). A relationship between fiy size and numbers is evident in the system 
indicating density dependence mechanisms. The 1998 rearing fry were substantially smaller than 
expected and this may result in decreased over-winter survival and the subsequent adult return 



(Figure 10). A full discussion of the rearing conditions and biological mechanisms observed in 
these lakes is in preparation as part of the Exxon Valdez Oil Spill funded projects dealing with the 
impacts of large sockeye salmon escapements in the Kenai River drainage. 
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Table 1. Estimated number of fish in Skilak and Kenai Lakes, Alaska in September 1996. 

Estimated Number of Fish 
Area 

Lake Area Transect Surface Midwater Bottom Total Mean Variance 

Skilak 1 1 
2 
3 
4 
5 
6 

TOTAL 

Kenai 1 1 
2 
3 
4 
5 
6 

TOTAL 
TOTAL FOR BOTH LAKES 

file name: S26396T.xls 



Table 2. Estimated contribution of juvenile sockeye salmon to the total fish population in Skilak 
and Kenai Lakes, Alaska, September 1996. Total Fish estimates are from night hydro- 
acoustic surveys. Fish composition data are from daytime tow net surveys. 

Estimated Abundance 

Lake Total Fish Sockeye Salmona ~ g e - o b  ~ g e - I  

SkilakC 5,237,700 5,190,600 (99.1 %) 4,829,600 (92.2%) 361,000 (6.9%) 

KenaiC 768,700 760,500 (98.9%) 752,800 (97.9%) 7,700 (1 .O%) 

a Species composition sample size for Skilak Lake = 1530, for Kenai Lake = 879. 

Age composition sample size for Skilak Lake = 91 0, for Kenai Lake = 862. 

Rounded to nearest 100 fish. 



Table 3. Estimated number of fish in Skilak and Kenai Lakes: Alaska in September 1997 

Estimated Number of Fish 
Area 

Lake Area Transect Surface Midwater Bottom Total Mean Variance 

Skilak 1 1 
2 
3 
4 
5 
6 

TOTAL 

Kenai 1 1 
2 
3 
4 
5 
6 

TOTAL 
TOTAL FOR BOTH LAKES 
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Table 4. Estimated contribution of juvenile sockeye salmon to the total fish population in Skilak 
and Kenai Lakes, Alaska, September 1997. Total Fish estimates are from night hydro- 
acoustic surveys. Fish composition data are from daytime tow net surveys. 

Estimated Abundance 

Lake Total Fish Sockeye Salmona ~ ~ e - 0 ~  ~ ~ e - I  

a Species composition sample size for Skilak Lake = 2205, for Kenai Lake = 407 
Age composition sample size for Skilak Lake = 901, for Kenai Lake = 404. 

Rounded to nearest 100 fish. 



Table 5. Estimated number of fish in Skilak and Kenai Lakes, Alaska in September 1998 

Estimated Number of Fish 
Area 

Lake Area Transect Surface Midwater Bottom Total Mean Variance 

Skilak 1 1 4.4459E+05 9.4085E+06 4.6108E+05 1 .03 14E+07 
2 6.6959E+05 9.43 19Ei-06 7.8052E+05 1.0882E+07 
3 1.4213E+06 1.1673E+07 2.0274E+06 1.5122E+07 1.1433E+07 8.7227E111 
4 1.7001E+06 7.0437E+06 4.5457E+05 9.1984E+06 
5 6.8263E+05 8.4376E+06 6.8967E+05 9.8099E+06 
6 1.7621E+06 .1.0213E+07 1.2959E+06 1.3271E+07 

TOTAL 1.7854E+07 1.3664E+12 

Kenai 1 1 
2 
3 
4 
5 
6 

TOTAL 5.8666E+06 3 .6554El l  
TOTAL FOR BOTH LAKES 2.3721E+07 1.7319E+12 
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Table 6. Estimated contribution of juvenile sockeye salmon to the total fish population in Skilak 
and Kenai Lakes, Alaska, September 1998. Total Fish estimates are from night hydro- 
acoustic surveys. Fish composition data are from daytime tow net surveys. 

Estimated Abundance 

Lake Total Fish Sockeye Salmona ~ ~ e - 0 ~  ~ ~ e - I  

- - - -- 

a Species composition sample size for Skilak Lake = 862, for Kenai Lake = 2283. 
Age composition sample size for Skilak Lake = 720, for Kenai Lake = 747. 

Rounded to nearest 100 fish. 
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Figure- 7 .  Hydroacoustic transects conducted in Kenai Lake, Alaska on 14 September 1998. 



86 8 8  ' 9 0  ' 92 ' 94 ' 96 ' ' 98 

Rearing Year 

Figure 8. Number of sockeye salmon age 0 fall fry in Skilak and Kenai Lakes, Alaska 



Rearing Year 

Figure 9. Wet weight of juvenile sockeye salmon measured in the fall in Skilak Lake, Alaska 



Number of sockeye salmon in millions 

Figure 10. Relationship between the number of Skilak Lake age 0 sockeye salmon fall fry and wet weight. 



APPENDIX 



Appendix A.1. Calibration and processing parameters used in collection and analysis of Kenai and Skilak Lake, Alaska hydroacoustic data, 1993-1 998. 

Source Receiving Receiving Gain Threshold Wide Beam Narrow Beam Power Function Y=A*(X**B) Bottom Threshold 
Date Level Sensitivity Sensitivity (dB) (mv) Dropoff (db) Pattern Factor A Coefficient B Coefficient (mv) 

(dB) 1 (db) 2 (db) 
40 Log R 

May 1993 217.66 -165.77 -165.67 0 200 1.346 1.052E-03 1.289 0.61 9000 

S q t  1993- 216.74 -165.75 -165.39 6 200 1.3 1 1.093E-03 1.883 0.467 9000 
Nov. 1993 

April 1994 216.74 -165.75 -165.39 6 200 1.31 1.093E-03 1.883 0.467 7000 
N 
03 

Sept. 1994 217.70 -166.86 -167.12 6 300 1.18 1.01 0E-03 1.919 0.424 9000 

May 1996 217.73 -166.011 -165.916 6 300 1.1032 9.959E-04 1.8018 0.4666 9000 

Sept. 1996 217.73 -166.011 -165.916 6 300 1.1032 9.959E-04 1 .SO18 0.4666 9000 

Sept. 1997 217.73 -166.01 1 -165.916 6 300 1.1032 9.959E-04 1.8018 0.4666 9000 

Sept. 1998 217.502 -164.587 -164.714 6 300 1.153 1.089E-03 1.969 0.429 9000 

File: 1 aptab98.xls 



Appendix A.2. Average backscattering cross section (sigma) and target strenght data 
by depth strata for Skilak Lake, Alaska, 19 Sept. 1996. 

Target 

Targeta Strenght 
Depth Number Sigma Strenght Standard 

Stratum of Sigma Standard Mean Deviation 

(m> Targets Mean Deviation (dB) (dB) 

Total 

"Target strenght determined from dual-beam data collected in situ. 
File: 2-3aptab96.xls 



Appendix A.3. Average backscattering cross section (sigma) and target strenght data 
by depth strata for Kenai Lake, Alaska, 23 Sept. 1996. 

Target 

Targeta Strenght 
Depth Number Sigma Strenght Standard 

Stratum of Sigma Standard Mean Deviation 

(m) Targets Mean Deviation (dB) (dB) 

Total 5913 4.96 10E-06 8.608OE-06 -55.71 5.03 

a Target strenght determined from dual-beam data collected in situ. 
File: 2-3aptab96.xls 



Appendix A.4. Average backscattering cross section (sigma) and target strenght data 
by depth strata for Skilak Lake, Alaska, 10 Sept. 1997. 

Target 

Targeta Strenght 
Depth Number Sigma Strenght Standard 

Stratum of Sigma Standard Mean Deviation 

(m) Targets Mean Deviation (dB) (dB) 

Total 

"Target strenght determined from dual-beam data collected in situ. 
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Appendix AS. Average backscattering cross section (sigma) and target strenght data 
by depth strata for Kenai Lake, Alaska, 15 Sept. 1997. 

Target 

Targeta Strenght 
Depth Number Sigma Strenght Standard 

Stratum of Sigma Standard Mean Deviation 

(m) Targets Mean Deviation (dB) (dB) 

Total 1001 1 3.7820E-06 4.272OE-06 -56.64 4.91 

"Target strenght determined from dual-beam data collected in situ. 
File: 4-5aptab97.xls 



Appendix A.6. Average backscattering cross section (sigma) and target strenght data 
by depth strata for Skilak Lake, Alaska, 8 Sept. 1997. 

Target 

Targeta Strenght 
Depth Number Sigma Strenght Standard 

Stratum of Sigma Standard Mean Deviation 

( 4  Targets Mean Deviation (dB) (dB) 

Total 

"Target strenght determined from dual-beam data collected in situ. 
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Appendix A.7. Average backscattering cross section (sigma) and target strenght data 
by depth strata for Kenai Lake, Alaska, 14 Sept. 1998. 

Target 

Targeta Strenght 
Depth Number Sigma Strenght Standard 

Stratum of Sigma Standard Mean Deviation 

(m) Targets Mean Deviation (dB) (dB) 

Total 

aTarget strenght determined from dual-beam data collected in situ. 
File: 6-7aptab98.xls 






