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ABSTRACT 

The number and distribution of sockeye salmon Oncorhynchus nerka rearing in two glacial lakes of the 
Kenai River drainage was estimated from hydroacoustic s w  eys. Using dual-beam acoustic techniques 
we collected in situ target strength information for scaling of the echo integrator. The average target 
strength of fish was -55.45 dB in Skilak Lake and -55.93 dB in Kenai Lake. A decrease in target strength 
with depth was observed. Approximately 25.4 million sockeye salmon juveniles were estimated to reside 
in the lakes. The majority of fish were located in Skilak Lake. Trawl samples indicated that 97% of the 
sockeye salmon were age-0. The size of both age classes were small; the mean length and weight of age- 
0 sockeye salmon in Skilak Lake were 49.4 mm and 1.3 g. Age-1 fish in Skilak Lake had a mean length 
of 72.8 mm and 4.0 g. 

KEY WORDS: hydroacoustic survey, sockeye salmon, target strength, glacial lake, Alaska, 
Oncorhynchus nerka 



INTRODUCTION 

The Alaska Department of Fish and Game (ADF&G) began investigations in 1972 to assess juvenile 
sockeye salmon Oncorhynchus nerka populations rearing in the major lakes of the Kenai River drainage 
(Figures 1,2; Davis et al. 1973). As part of these investigations, juvenile sockeye salmon were collected 
from Skilak and Kenai Lakes using tow nets to estimate relative abundance, age structure, and growth 
(Davis et al. 1974, Namtvedt and Friese 1976). However, the inefficiency of tow netting restricted the 
usefulness of these data for abundance estimates (Waltemyer 1981). Therefore, in 1986 ADF&G began 
developing new methods using hydroacoustic equipment (Tarbox and King 1988% 1988b). 

Since 1986 annual fall hydroacoustic surveys have been conducted in Kenai and Skilak Lakes to develop 
a time series of juvenile sockeye salmon population estimates. Program objectives for the 1990 field 
investigation were to (1) estimate the number and spatial distribution of sockeye salmon juveniles in Kenai 
and Skilak Lakes, (2) determine the target strength distribution in both lakes using dual-beam 
hydmacoustic techniques, and (3) document the relative condition of juvenile sockeye salmon through 
length and weight measurements. 

METHODS 

Hydroacoustic surveys of Skilak and Kenai Lakes were conducted between late September and early 
October 1990 to assess the number of rearing sockeye salmon that had survived the summer. Because 
previous investigations of glacial lake systems on the Kenai Peninsula have shown that most sockeye 
salmon juveniles occur near the surface during daylight hours parbox and King 1988a; Thorne 1981), 
surveys were conducted at night to maximize the available targets. 

We used a stratified random sampling design for 1990 surveys to distribute sampling effort and provide 
an acceptable means of calculating sampling error (H. Geiger, ADF&G, Juneau, personal communication). 
We divided each lake into sub-basins and established survey transects randomly within each area. In 1990 
the number of transects was increased to reduce the relative error to 0.25 for Skilak Eake and 0.3 for 
Ken& Eake F.K. Brannian, ADF&G, Anchorage, personal communication). Our sample size was based 
on the average coefficient of variation observed from 1986 to 1989. Because of the configuration of 
Skilak Lake, a total of 13 m s e c t s  perpendicular to shore were surveyed within three sub-basins (Figure 
3). In Kenai Lake, a total of 27 transects were surveyed within five sub-basins (Figure 4). The Kenai 
Eake survey was conducted on 4 and 9 October. The Skilak Lake survey was completed on 26 and 27 
September. 

The hydmacoustic equipment used for data acquisition consisted of a Biosonics 1nc.l Model 105 echo 
sounder with dual-beam receivers, a 420 H z  6"/P5" dud-beam transducer mounted in a body for towing, 

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



a Model 171 tape recorder interface, a Sony model SL-HF400 video cassette recorder and PCM-501ES 
digital audio processor, a chart recorder, and an oscilloscope. The selected pulse width was 0.4 ms and 
the pulse repetition rate was 5 pulsesls. Additional acoustic parameters used during data collection and 
processing are presented in Appendix A.1. Biosonics, Inc. calibrated the system prior to and following 
the surveys. The entire system was powered by 12 v batteries and carried in a 6.7 m vessel powered by 
a 150 hp outboard motor. Vessel speed along each transect was estimated to be 2.5 m/s. Both ends of 
each transect were marked with flashing lights prior to darkness. The transducer remained approximately 
1 m below the water surface during surveys. 

Dual-beam data recorded on video cassette tape were processed through a Biosonics, Inc. Model 18 1 dual- 
beam processor (King and Tarbox 1988). A returning pulse was accepted as a valid target if the 
amplitude was either below the bottom threshold of 9999 mV (-31.3 dB) or above the counting threshold 
of 200 mV (-65.3 dB). Single targets were separated from multiple targets if the pulse width was within 
20% of the transmitted pulse width at -6 dB and -1 8 dB. The maximum half angle selected was 4". Data 
were stratified by depth for analysis by 5-m increments starting 2 m below the transducer or 3 m below 
the water surface. Data were accepted for processing to a maximum depth of 102 m below the transducer 
in Kenai and Skilak Lakes because visual examination of oscilloscope traces and chart recordings 
indicated that few fish were present below this depth. 

Data generated by the dual-beam processor were transferred to microcomputer data files for analysis using 
the Biosonics, Inc. software TS112 (version 1.1 16). Computations of mean target strength and 
backscattering cross section were made from individual echoes, and a hard copy was printed for each 5-m 
depth interval. Threshold effects on the target strength distribution were evaluated: Skilak Lake target 
strength data at 14.5 m and 24.5 m from -60 dB to the peak of the distribution were subjected to linear 
regression analysis. The dependent variable was number of targets and the independent variable was 
target strength. An estimate of the proportion of targets eliminated by the threshold criteria was then 
made by comparing this hypothetical distribution to the observed distribution. 

Estimates of fish density were made for each transect by echo integration using a Biosonics, Inc. Model 
120 echo integrator. Correction from the 40 log@) setting used during data collection to the 20 log@) 
used for data processing was accomplished by adjusting the B constant value for each depth stratum 
(Appendix A.l). The time varied gain (TVG) crossover for the system was 13.0 m. 

The echo integrator compiled data in 1-min sequences along each transect and sent outputs to computer 
files for further reduction and analysis using the Biosonics, Inc. software Crunch (version 2.45). Raw 
integrator outputs were edited to remove data which resulted from false bottom echoes. Where this 
occurred, fish densities were 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 strata These averages were multiplied by the integrator scaling factor derived 
from the mean backscattering cross section value obtained from the TS112 program. Mean backscattering 
cross section values were calculated for each depth strata using data from those transects where false 
bottom did not occur or did not influence the target swngth data 



The total number of fish (Nij) for area stratum i based on transect j was estimated across depth stratum 
k and consisted of the number of fish estimated by hydroacoustic gear in the midwater section (Mi,) plus 
an estimate of fish unavailable to the hydroacoustic gear because of their location near the surface (S,) 
or bottom (B,), or 

The midwater component was estimated as 

where ai represented the surface area (m2) of area stratum i, estimated using a planimeter and USGS maps 
of Skilak and Kenai Lakes, and wijk was the average depth (15m) 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 mean fish density in area i depth k across transect j was 
mijk in number per m3. 

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

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

The estimated number of fish near the bottom was 

where b,, was the estimated volume (m3) in area i of depth k which could not be ensonified due to the 
proximity of the bottom along transect j; and mi,, was the estimated fish density (number per m3) along 
transect j in area i depth k which was ensonified. In cases where all of depth strata k was along the 
bottom, the mean density mi,,, from the next shallower depth strata (k-1) was used. 

The abundance in area i (N,) became the mean across total abundance estimated by each transect j, or 



and its variance was estimated as 

Total abundance for each lake became the sum of its area estimates. Its variance became the sum of the 
area variances of equation (6). 

In an effort to quantify species composition of measured fish targets, a midwater trawl sampling program 
was conducted during the day in Skilak Lake on 25 and 28 September 1990. A similar program was 
conducted in Kenai Lake between 2 and 11 October 1990. A total of 322 min were spent towing in 
Skilak Lake and 1,010 min in Kenai Lake. The trawl mouth opening was 6.1 m by 3.1 m, and trawl 
length was 14.9 m. Mesh size decreased from 7.62 cm at the mouth to 0.32 cm at the cod end liner. The 
gear was towed between two boats at approximately 2 m/s, and the majority of the tows were near the 
surface. The sampling methods were designed to collect a minimum of 300 fish from each sample area 
stratum of each lake. All captured fish were enumerated, identified, and preserved in 10% fomalin. In 
the laboratory juvenile sockeye salmon were measured to the nearest mm (fork length), weighed to the 
nearest 0.1 g, and aged from scale samples using criteria outlined by Mosher (1969). Differences in age 
and species composition between areas were tested with chi-square analysis. 

RESULTS 

A total of 8,586 echoes in Kenai Lake and 16,700 in Skilak Lake were used to estimate target strength 
distributions. Mean target strength for Kenai Lake was -55.93 dB (Appendix A.2). As in past years, 
calculated mean target strengths decreased with depth. Near-surface measurements were -50.25 dB in 
contrast to -56.77 dB at a depth of 47 m. In Skilak Lake the mean target strength was -55.45 dB; the 
near-surface mean of -52.18 dB decreased to -56.27 dB at 47 m. At depths greater than 47 m target 
strengths were within 1 dB of the mean (Appendix A.3). 

Individud transect data and estimated numbers of fish for each area surveyed by hydroacoustic techniques 
are presented in Appendices A.4 to A.43. Estimates of fish abundance in surface (Appendix A.44) and 
bottom areas (Appendices A.45, A.46) which were not available to the hydroacoustic gear contributed a 
maximum of 36% to an individual transect estimate (Kenai Lake, Area 1, transect 4); the Kenai Lake 
surface estimates contributed on average 4.1% and bottom estimates 3.5%. In Skilak Lake surface 
estimates contributed on average <5.8% and the bottom estimates ~6 .0%.  

The total estimated number of fish in both lakes was 25,565,000 (Table 1). Approximately 11%, or 
2,912,700 dish were found in Kenai Lake; the remaining 22,652,000 fish inhabited Skilak Lake. 
Approximately 61.2% of the fish in Skilak Lake were located in Area 2 which composed 39.0% of the 



lake volume (Table 2). Within Kenai Lake 42.5% of the fish were located in Area 5 which composed 
18.2% of the lake volume. 

The depth distribution of fish between transects and areas was variable in Kenai Lake (Figures 5-10). The 
maximum density of fish observed in Kenai Lake was 0.0152 fish/m3 between 7 and 12 m along transect 
1 of Area 5 (Figure 10). Maximum density of fish observed varied from the 2-7 m strata to the 42-47 
m strata along the remaining transects. Ten transects had maximum densities at the 22-27 m strata and 
six at 17-22 m. 

Depth distribution of fish in Skilak Lake was more consistent than Kenai Lake (Figures 11-13). The 
maximum fish density observed in Skilak Lake was 0.021 fish/m3 between 22-27 m along transect 3 of 
Area 2 (Figure 12). Maximum densities of fish were recorded in the 12-17 m depth range for 5 of the 
13 transects. Seven transects had maximum densities deeper and one shallower in the water column. 

A total of 5,153 fish were captured during netting operations in Skilak Lake and 3,127 in Kenai Lake. 
Sockeye salmon dominated both catches, representing 99.4% of the total catch for Skilak Lake. Analysis 
of individual area catches indicated no significant difference (chi-square = 5.00, P<0.005, df = 2) in 
sockeye salmon proportion between areas. Within Kenai Lake a significant difference (chi-square = 

100.4, P<0.005, df = 4 )  was noted; individual area catches were used to apportion estimated targets to 
sockeye salmon (Table 3). The percentage of sockeye salmon in the catches ranged from 93.6% in Area 
1 to 99.9% in Area 4. Other fish captured from both lakes included 39 sticklebacks (Gasterosteidae), 4 
sculpins (Cottidae), 5 coho salmon 0. kisutch, 13 Dolly Varden Salvelinus malma, 6 round whitefish 
Prosopium cylindraceum, 2 lake trout S. namaycush, and 1 lamprey (Petromyzontidae). 

In Kenai Lake age-1. sockeye salmon made up 4.2% and age-0. 95.8% of the sample (N = 1546; Table 
3). Within Skilak Lake a difference in age composition among areas was observed (chi-square = 13.7, 
P<0.005, df = 2), although, Area 1 and 2 were not significantly different: age-0 sockeye salmon were 
97.9% of the sample for Area 1 and 2 (N = 645), but 93.4% in Area 3 (N = 317; Table 3). 

Length and weight frequencies for each age class were well defined and quite distinct in both Skilak Lake 
(Figure 14) and Kenai Lake (Figure 15). In general, the size of both age classes was small: the mean 
Pength of age-0 sockeye salmon in Skilak Lake was 49.4 mm; the mean weight was 1.3 g. Age-1 fish 
in Skilak Lake had a mean Pength of 72.8 mm and weight of 4.0 g. Kenai Lake sockeye salmon at age 
were similar in size to those collected in Skilak Lake (Table 4). 

Based on species and age composition data from trawl samples, the number of juvenile sockeye salmon 
in both lakes was estimated to be 25,387,000. Of this total, 24,619,000 were age-0 sockeye salmon 
produced by the 1989 spawning population and 768,000 were ag e-1 sockeye salmon produced by the 198 8 
spawning population (Table 3). 



DISCUSSION 

During the previous 5 years of investigation the authors have noted that target sangths have decreased 
with depth in both Skilak and Kenai Lake (Tarbox and King, 1988a, 1988b). Examination of Skilak Lake 
data (Figure 16) has revealed a relatively consistent pattern of decrease. Linear regression analysis of 
target strength to depth has resulted in R2 values of 0.86 to 0.98. Coefficients of X have ranged from -0.1 1 
to -0.12. In an effort to explain this phenomenon the sounder was recalibrated and the TVG verified to 
assure stability, precision, and accuracy (BioSonics, Inc., Seattle, personal communication). In the absence 
of equipment-related explanations, it appears that a decrease in signal strength could occur in these glacial 
lake systems and that some small targets at depth will not be counted. Evaluation of target strength data 
and counting threshold values at two depths (Figure 17) indicated that below-threshold targets could 
compose up to 10% of the population. However, biological factors such as gas bladder compression and 
fish orientation could also influence the measured values and should be evaluated. 

Comparisons of Kenai River smolt abundance from the 1987 and 1988 brood years with fall juvenile 
estimates suggested that a reasonable relationship exists. In 1987 37 million age-0 sockeye were estimated 
in the two lakes (Figure 18). Smolt data including Hidden and Russian Lakes production indicated that 
approximately 30 million smolt exited the system from this brood year (King et al. 1990). In contrast, 
only 13 million age-0 sockeye salmon were estimated in the lakes from the 1988 brood year. Preliminary 
smolt data suggest only 5.4 million age-1 fish exited the system. Results from 1990 indicate <800,000 
age-1 sockeye in the lakes. This reinforces the hypothesis that the 1988 brood year suffered extremely 
poor production for the level of escapement of 1 million adults. Kyle (ADF&G, Soldotna, personal 
communication) has observed that fall juvenile-to-smolt survival in Tustumena Lake 15 km south of the 
Kenai River averaged 70% from 1980 to 1990. 

The relative distribution of juvenile sockeye salmon between Kenai and Skilak Lakes has been fairly 
consistent from 1986 to the present. Kenai Lake contribution has ranged from 11% to 17% during this 
period; mean contribution has been 14%. Because of ADF&G budget reductions and the United States 
Forest Service's commitments to other tasks, no consistent spawner distribution surveys are available to 
compare with production data However, in 1982 and 1983 counting weir and ground surveys on Quartz 
and Ptarmigan Creek -- the major spawning areas above Kenai Lake -- estimated that 12% and 13% of 
the total drainage escapement spawned in these systems. 

Juvenile sockeye distribution within Kenai Lake has been variable between years. During 1990, 42.5% 
of juvenile sockeye salmon were found in Area 5 in Kenai Lake. In previous years, on the other hand, 
highest densities were noted in Area 2 for 3 years and in Area 4 the remaining year. Hydrological and 
limnological data are presently being analyzed and will be included in the evaluation of rearing limitations 
(Koenings, ADF&G, Soldotna, personal communication). Distribution within Skilak Lake has been more 
even: most fish have historically been located in Areas 1 and 2, and this is consistent with the 1990 data 

Fish size in both lake systems in 1990 showed little variation from the previous 2 years of data Juvenile 
sockeye salmon have averaged <50 mm (Figure 19) and weighed <13 g (Figure 20) despite the significant 



variation in total fry numbers rearing in the system of 13 to 37 million fry. The potential for brood year 
interaction may be present, but analysis of this issue is beyond the scope of this report. 

In summary, the hydroacoustic data appear to be providing useful information on the primary rearing 
environs of the Kenai River drainage. Data analysis fiom studies conducted during the winter of 1990 
which may help clarify the signal loss issue will be published at a later date. Concern for fall juvenile 
sockeye salmon size and ultimate survival remains. The authors caution, however, that limnological data 
must be analyzed prior to reaching any conclusions about the cause and effect relationships and the 
influence of fish size on survival. 
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Table 1 . Est imated nulliber o f  f i s h  available i n  s k i l a k  and Kenai Lakes. ~ l a s k a  i n  the f a l l  o f  1990 

AT ea 

Lake ~ r e a  TranSeCt su r face  Mldwater ~ o t t o m  To ta l  Mean va r iance  

TOTAL 

TOTAL FOR BOTH LAKES 2.5565E+07 1.1372E+13 



Tab le  2.  Areas and volumes used f o r  f i s h  d e n s i t y  e s t i m a t e s  i n  Kenai 
and Sk i1  ak Lakes, A laska  1990. 

S k i l a k  Lake 

Area Sur face  Area Vol ume D e n s i t y  o f  F i s h  
(m3 x lo6)  (m3 x lo6)  (%I 

1 43.03 (43.5%) 1869.7 (34.0%) 21.6 

2 33.46 (33.8%) 2145.0 (39.0%) 61.2  

3 22.50 (22.7%) 1480.8 (27.0%) 17.2  

T o t a l  98.99 (100.0%) 5495.5 (100.0%) 100.0  

Kenai Lake 

Area Sur face Area Vol ume D e n s i t y  o f  F i s h  
(m3 x 10") (m3 x 10") (%I 

1 7.72 (13.9%) 246.5 (7.6%) 16.4  

2 11.91 (21.5%) 727.3 (22.5%) 12.2  

3 10.54 (19.0%) 701.7 (21.7%) 5 .7  

4 14.37 (25.9%) 972.4  (30.0%) 23.2 

5 10.93 (19.7%) 590.4 (18.2%) 42.5  

T o t a l  55.47 (100.0%) 3238.3 (100.0%) 100.0 



Table  3. Es t ima ted  c o n t r i b u t i o n s  o f  age-0 and age-1 sockeye salmon t o  t h e  t o t a l  f i s h  p o p u l a t i o n  i n  Kenai 
and S k i l a k  Lakes, Alaska, i n  t h e  f a l l  o f  1990. 

Es t ima ted  Sockeye 
L o c a t i o n  T o t a l  F i s h  Salmon Percent  Age-0 T o t a l  Age-0 Percent  Age-1 T o t a l  Age-1 

Sk i1  ak Lake 
Areas 1 & 2 18,743,100 

I Area 3 3,909,000 
2 

.-A T o t a l  22,652,100 
I 

Kenai Lake 
Area 1 478,280 
Area 2 354,030 
Area 3 165,210 
Area 4 676,980 
Area 5 1,238,200 
T o t a l  2,912,700 

T o t a l '  25,565,000 25,387,000 24,619,000 768,000 

' Rounded t o  neares t  1000 f i s h .  





Susitna IZiver 

Yentna River 

Kasilof River 

F i g u r e  1 .  The Upper Cook I n l e t  a r e a  showing  t h e  l o c a t i o n s  o f  t h e  N o r t h e r n  and  
C e n t r a l  D i s t r i c t s  a n d  t h e  m a j o r  s o c k e y e  sa lmon spawning  d r a i n a g e s .  
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Age - 0 

Age - 1 
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Weight (g) 

A g e - 0  

Age - 1 

Fork Length (mm) 

Figure 14. Weight (upper)  a n d  f o r k  length (lower) of sockeye s a l m o n  

in Skilak Lake, Alaska, 1990. 
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Figure 15. 
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Weight (upper) and fork length (lower) of sockeye s 

in Kenai Lake, Alaska, 1990. 
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Target Strength in dB 

Figure 17. Target s t rength distr ibut ion measured in Skilak Lake 

with correct ion f o r  threshold inf luence. 
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Rearinq Year 

Figure 19. Length of age -0  sockeye sa lmon  col lected in Kenai  (upper)  

and Skilak (lower) lakes, Alaska (sample  period usual ly ~ e p t e m b e r / ~ c t o b e r ) .  
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Figure 2 0 .  Weight of age-0 sockeye salmon col lected in Kenai (upper) 

and Skilak (lower) lakes, Alaska (sample period usually September/October). 
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Appendix A l .  C a l i b r a t i o n  and processing parameters used i n  c o l l e c t i o n  and ana l ys i s  o f  Kenai and 
S k i l a k  Lakes, Alaska, 1990 hydroacoust ic data.  

Sounder Receiv ing s e n s i t i v i t y  Channel 1 40 l o g  R = -166.00 dB 
(dB/uP@lm) 20 L o g R =  -144.40dB 

Channel 2 40 Log R = -166.70 dB 
20 l o g  R = -144.50 dB 

Source l e v e l  (dB/uP@lm) 21 7.30dB 

TVG Crossover 13.0 m 

Receiver ga in  0 dB 

Transducer Beam wid th  Narrow 
Wide 

Wide beam d ropo f f  "A" c o e f f i c i e n t  
I1B" c o e f f i c i e n t  

6 degree 
15 degree 

Beam p a t t e r n  f a c t o r  Average squared va lue  Narrow .0009146 

Dual beam processor Co r rec t i on  m u l t i p l i e r  Narrow beam 
U i  de beam 

Echo i n t e g r a t o r  

Threshold Narrow beam 
Wide beam 

Bottom 

Maximum h a l f  angle 
Pu lse  w id th  c r i t e r i a  -18  dB 

- 6  dB 
- 6  dB 

1.000 (OdB) 
1.084 (dB) 

200 mV ( -65.3 dB) 
200 mV ( - 64 .6  dB) 

9999 mV ( - 31 .3  dB) 

4O 
Maximum -9478 mS 
Minimum -2668 mS 
Maximum -5336 mS 

Bottom window 2.0 meters 

S t a r t  depth 2.0 meters 

Depth 
B constant va lue 2.0 - 7.0 rn 

7.0 - 12.0 m 
12.0 - 17.0 rn 
17.0 - 22.0 m 
22.0 - 27.0 m 
27.0 - 32.0 m 
32.0 - 37.0 m 
37.0 - 42.0 m 
42.0 - 47.0 m 
47.0 - 52.0 rn 
52.0 - 57.0 rn 
57.0 - 62.0 m 
62.0 - 67.0 rn 
67.0 - 72.0 rn 
72.0 - 77.0 m 
77.0 - 82.0 m 
82.0 - 97.0 rn 



Appendix A.2. Average backsca t t e r i ng  c ross  s e c t i o n  (sigma) 
and t a r g e t  s t r e n g t h  da ta  by depth s t r a t a  f o r  
a1 1  t r a n s e c t s  combined, Kenai Lake, A1 aska, 1990. 

Target  
Targeta S t reng th  

Depth Number Sigma St reng th  Standard 
St ra tum o  f Sigma Standard Mean Devi a t  i on 

(m) Targe ts  Mean Dev ia t i on  (dB) (dB) 

2.0 - 7.0 4 1 .1568E-04 
7.0 - 12.0 173 .1147E-04 

12.0 - 17.0 486 .5827E-05 
17.0 - 22.0 990 .4938E-05 
22.0 - 27.0 1474 .3930E-05 
27.0 - 32.0 1548 .3623E-05 
32.0 - 37.0 1241 .3388E-05 
3 7 . 0 - 4 2 . 0  951 .3141E-05 
42.0 - 47.0 516 .3054E-05 
47.0 -102.0 1166 .3059E-05 

T o t a l  8586 .3970E-05 

" Targe t  s t r e n g t h  determined f rom dual  beam da ta  c o l l e c t e d  i n  
s i t u .  



Appendix A.3. Average backsca t te r ing  c ros s  s e c t i o n  (sigma) and 
t a r g e t  s t r eng th  d a t a  by depth s t r a t a  f o r  a l l  
t r a n s e c t s  combined, Sk i l ak  Lake, A1 aska,  1990. 

Target  
Depth Number Sigma Sigma Targeta S t rength  

Stratum o f Mean Standard S t rength  Standard 
(m> Targe ts  Deviation Mean Devi a t  i  on 

(dB) (dB) 

2.0 - 7.0 125 
7.0 - 12.0 584 

12.0 - 17.0 1491 
17.0 - 22.0 2386 
22.0 - 27.0 3254 
27.0 - 32.0 2873 
32.0 - 37.0 2491 
37.0 - 42.0 1545 
4 2 . 0 - 4 7 . 0  745 
47.0 -102.0 1206 

Total 16700 
-- - 

" Target  s t r e n g t h  determined from dual beam d a t a  c o l l e c t e d  in  s i  t u .  



Appendix A.4. Hydroacoustic estimate of f i s h  inhabi t ing Area 1, Kenai Lake, Alaska i n  1990 based on transect 1 in tegrator  output. 

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
stratum Vo 1 ume Mean o f  Deviat ion A In tegrator  of In tegrator  Density Number o f  L im i ts  

(m) ( mA3 ) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) Fish Variance (95%) 

"TOTALl1 3.6070E+08 5.3034E+05 la+ or -I1 1.4780E+05 



Appendix A.5. Hydroacoustic es t imate  o f  f i s h  i n h a b i t i n g  Area 1, Kenai Lake, Alaska i n  1990 based on t ransect  2 i n t e g r a t o r  output .  

Depth Stratum Number Standard Number Mean F ish  Est imated Confidence 
Stratum Vo 1 ume Mean o f  Dev ia t i on  A In teg ra to r  o f  I n t e g r a t o r  Dens i ty  Number o f  L i m i t s  

(m) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) F i sh  Variance (95%) 

"TOTAL" 3.3010E+08 
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Appendix A.7. Hydroacoustic estimate of  f i s h  inhabi t ing Area 1, Kenai Lake, Alaska i n  1990 based on transect 4 in tegrator  output. 

Depth 
Stratum 

(m) 

" 2.0 - 7.0" 
7.0 - 12.0" 

" 12.0 - 17.0" 
" 17.0 - 22.0" 
" 22.0 - 27.0" , " 27.0 - 32.0" 
" 32.0 - 37.0" 

A 37.0 - 42.0" 

' " 42.0 - 47.0" 
" 47.0 - 52.0" 

52.0 - 57.0" 
57.0 - 62.0" 
62.0 - 67.0" 
67.0 - 72.0" 

l1 72.0 - 77.0" 
" 77.0 - 82.0" 
" 82.0 - 87.0" 
" 87.0 - 92.0" 
It 92.0 - 97.0" 

Number Standard 
Mean of  Deviat ion 
Sigma Echoes Sigma 

1.5680E-05 41 1.9010E-05 
1.1470E-05 173 3.4080E-05 
5.8270E-06 486 5.6710E-06 
4.9380E-06 990 4.7210E-06 
3.9300E-06 1474 3.2740E-06 
3.6230E-06 1548 3.0340E-06 
3.3880E-06 1241 2.5660E-06 
3.1410E-06 951 2.6660E-06 
3.054OE-06 516 3.1340E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 

A 
Constant 

Integrator 
Output 

Number 
of  

Sequences 

Mean 
Integrator 
Variance 

Fish 
Density 

(no. /mA3) 

Estimated 
Number of  

Fish Variance 

Confidence 
L imi ts  

(95%) 

"TOTAL" 1.3870E+08 3.0670E+05 "+ or  -" 2.0400E+05 



Appendix A.8. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 1, Kenai Lake, Alaska i n  1990 based on transect 5 i n teg ra to r  output.  

Depth 
Stratum 

(m) 

It 2.0 - 7.0" 
" 7.0 - 12.0bt 
l1 12.0 - 17.0" 
It 17.0 - 22.0" 
l1 22.0 - 27.0" 

I 
" 27.0 - 32.0" 

IP 32.0 - 37.0" 
N It 37.0 - 42.0" 
1 It 42.0 - 47.0" 

" 47.0 - 52.0" 
" 52.0 - 57.0" 
" 57.0 - 62.0" 
" 62.0 - 67.0" 
It 67.0 - 72.0" 
" 72.0 - 77.0" 
" 77.0 - 82.0" 
" 82.0 - 87.0" 
" 87.0 - 92.0" 
" 92.0 - 97.0" 

Stratum 
Vo 1 ume 
( mA3 

3.8510€+07 
3.8320€+07 
3.7900€+07 
3.4380€+07 
2.8280€+07 
2.0320€+07 
5.9500€+06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
Mean o f  
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 I73 
5.8270E-06 486 
4.9380E - 06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Dev ia t ion 

S i gma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

In tegrator  
Output 

1.0940E-04 
8.4940E-05 
3.9370E-04 
3.7750E-04 
3.2990E-04 
2.4960E-04 
9.6900E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

1.1980E-08 
4.5480E-09 
1.6320E-08 
6.0410E-08 
1.6250E-08 
2.1900E-08 
2.3880E-11 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

2.1480E-04 
2.2790E-04 
2.0800E-03 
2.3530E-03 
2.5830E-03 
2.1210E-03 
8.8020E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number o f  

F ish 

8.2712€+03 
8.7342E+03 
7.8804E+04 
8.0892€+04 
7.3051€+04 
4.3088E+04 
5.2372€+02 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

ltTOTALtl 2.0370€+08 2.9336€+05 It+ or  -I1 1.3890€+05 



Appendix A.9. Hydroacoustic estimate of f ish inhabiting Area 1, Kenai Lake, Alaska i n  1990 based on transect 6 integrator output. 

Depth 
Stratum 

(m) 

Number 
Mean of 
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5.8270E - 06 486 
4.9380E - 06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Deviation 

S i gma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

Integrator 
Output 

5.0200E-04 
2.3720E-04 
2.2830E-04 
3.1200E-04 
4.0300E-04 
1.8440E-04 
5.6700E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
O.OOOOE+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
of 

Sequences 

Mean 
Integrator 
Var i ance 

2.5200E-07 
3.1550E-08 
6.6370E-09 
8.4010E-09 
9.7120E-09 
4.0330E-09 
1.6890E-09 
0.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3 1 

9.8530E-04 
6.3650E-04 
1.2060E-03 
1.9440E-03 
3.1560E-03 
1.5660E-03 
5.1510E-04 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 



Appendix A.lO. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 1, Kenai Lake, Alaska i n  1990 based on transect 7 i n teg ra to r  output.  

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo 1 ume Mean o f  Dev ia t ion A In teg ra to r  o f  I n teg ra to r  Dens i ty  Number o f  L im i t s  

(m) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) F ish Variance (95%) 

#I 2.0 - 7.0" 3.8570E+07 1.5680E-05 41 1.9010E-05 1.9630E+00 0.0000E+00 7 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
7.0 - 12.0" 3.8520E+07 1.1470E-05 173 3.4080E-05 2.6830E+00 4.8010E-04 7 1.9430E-07 1.2880E-03 4.9614E+04 2.2010E+09 9.1950E+04 

12.0 - 17.0" 3.8480E+07 5.8270E-06 486 5.6710E-06 5.2810E+00 6.7780E-05 7 1.7030E-09 3.5800E-04 1.3774E+04 7.0680E+07 1.6480E+04 
" 17.0 - 22.0" 3.8430E+07 4.9380E-06 990 4.7210E-06 6.2320E+00 2.6140E-04 7 8.5280E-09 1.6290E-03 6.2617E+04 4.9280E+08 4.3510E+04 
" 22.0 - 27.0" 3.8390E+07 3.9300E-06 1474 3.2740E-06 7.8310E+00 2.3220E-04 7 2.3720E-09 1.8190E-03 6.9808E+04 2.1660E+08 2.8850E+04 

I " 27.0 - 32.0" 3.5920E+07 3.6230E-06 1548 3.0340E-06 8.4940E+00 7.3150E-05 7 3.7990E-10 6.2130E-04 2.2317E+04 3.5590E+07 1.1690E+04 
" 32.0 - 37.0" 2.4960E+07 3.3880E-06 1241 2.5660E-06 9.0830E+00 7.3330E-06 6 1.3700E-11 6.6610E-05 1.6629E+03 7.0590E+05 1.6470E+03 

37.0 - 42.0" 4.7500E+05 3.1410E-06 951 2.6660E-06 9.7980E+00 5.5360E-06 2 3.0640E-11 5.4240E-05 2.5761E+01 6.6410E+02 5.0510E+01 ' " 42.0 - 47.0" 0.0000E+00 3.0540E-06 516 3.1340E-06 1.0080E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
I' 47.0 - 52.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
" 52.0 - 57.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

57.0 - 62.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
" 62.0 - 67.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
l1 67.0 - 72.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

72.0 - 77.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
77.0 - 82.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

" 82.0 - 87.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
" 87.0 - 92.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.000OE+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
" 92.0 - 97.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

llTOTAL1l 2.5370E+08 2.1982E+05 It+ or  -I1 1.0770E+05 



Appendix A. l l .  Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 2, Kenai Lake, Alaska i n  1990 based on transect 1 i n teg ra to r  output.  

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 

( mA3 ) 

Number 
Mean o f  
Sigma Echoes 

Standard 
Dev ia t ion 

S i gma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

In teg ra to r  
Output 

0.0000E+00 
6.3620E-05 
5.7230E-05 
6.0820E-05 
3.7300E-05 
5.1570E-05 
1.8010E-05 
3.4820E-05 
3.0770E-06 
4.8250E-06 
4.1670E-07 
1.1050E-07 
3.0980E-07 
0.0000E+OO 
0.0000E+00 
0.0000E+00 
0.0000E+OO 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

0.0000E+OO 
3.8480E-09 
1.3300E-09 
6.5480E-10 
1.7770E-10 
3.1380E-10 
8.7450E-11 
1.4580E-10 
2.8860E-12 
1.9440E-11 
1.5150E-13 
5.7580E-15 
9.5990E-14 
0.0000E+00 
0.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

O.OOOOE+00 
1.7070E-04 
3.0220E-04 
3.7900E-04 
2.9210E-04 
4.3800E-04 
1.6350E-04 
3.4110E-04 
3.1000E-05 
4.8540E-05 
4.1920E-06 
1.1110E-06 
3.1170E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number o f  

F ish 

0.0000E+00 
1.0158E+04 
1.7901E+04 
2.21 72E+04 
1.6822€+04 
2.4949€+04 
9.1465€+03 
1.8756€+04 
1.6822€+03 
2.5973€+03 
2.2120E+02 
5.7601E+01 
1.5667€+02 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Variance 

0.0000E+00 
1.0340E+08 
1.3070E+08 
8.7480€+07 
3.6260€+07 
7.3730€+07 
2.2610€+07 
4.2570€+07 
8.6850€+05 
5.6410€+06 
4.271 0E+04 
1.5680€+03 
2.4570€+04 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Confidence 
L im i t s  

(95%) 

0.0000E+00 
1.9930€+04 
2.2410€+04 
1.8330€+04 
1.1800E+04 
1.6830€+04 
9.3190€+03 
1.2790€+04 
1.8270E+03 
4.6550€+03 
4.0510E+02 
7.7620€+01 
3.0720€+02 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

81TOTAL11 7.9090E+08 1.2462€+05 #I+ or  -I1 4.3970€+04 



Appendix A.12. Hydroacoustic estimate o f  f i s h  inhab i t i ng  Area 2, Kenai Lake, Alaska i n  1990 based on transect 2 in teg ra to r  output. 

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo 1 ume Mean o f  Deviat ion A In tegrator  o f  In tegrator  Density Number o f  L im i t s  

(in) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) Fish Variance (95%) 

"TOTAL" 7.7300E+08 



Appendix A.13. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 2, Kenai Lake, ALaska i n  1990 based on transect 3 i n teg ra to r  output. 

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 
( mA3 ) 

Number 
Mean o f  
Sigma Echoes 

Standard 
Dev ia t ion 

Sigma 
A 

Constant 
In teg ra to r  

Output 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

2.2050E-08 
0.0000E+00 
4.2570E-10 
1.7670E-09 
1.0450E-09 
6.1400E-10 
4.6910E-10 
5.7990E-11 
1.9950E-11 
1.7350E- 11 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no./mA3) 

Estimated 
Number o f  

F ish 

1.8666E+04 
0.0000E+00 
8.3920E+03 
3.6112E+04 
3.7670E+04 
2.7529E+04 
2.4754E+04 
7.7115E+03 
4.871 7E+03 
3.5143E+03 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

"TOTAL" 7.7650E+08 



Appendix A.14. Hydroacoustic es t imate o f  f i s h  i nhab i t i ng  Area 2, Kenai Lake, Alaska i n  1990 based on t ransect  4 i n teg ra to r  output.  

Depth Stratum Number Standard Number Mean Fish Est imated Confidence 
Stratum Vo 1 ume Mean o f  Dev ia t i on  A In teg ra to r  o f  I n teg ra to r  Densi ty Number o f  L im i t s  

(m) ( mA3 Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) F i sh  Variance (95%) 



Appendix A.15. Hydroacoustic estimate o f  f i s h  inhab i t i ng  Area 3, Kenai Lake, Alaska i n  1990 based on transect 1 in tegrator  output. 

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 

(mA3) 

Number Standard 
Mean o f  Deviat ion 
Sigma Echoes Sigma 

A 
Constant 

In tegrator  
Output 

Number 
o f  

Sequences 

Mean 
In tegrator  
Variance 

7.1510E-11 
1.1730E-10 
5.8440E-10 
3.1780E-09 
2.3890E-09 
3.9120E-09 
5.6040E-10 
3.0140E-10 
1.3090E-10 
1.6000E-15 
0.0000E+00 
3.9370E-15 
2.0700E-14 
1.0590E-14 
0.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

1.6600E-05 
7.1170E-05 
6.5140E-04 
9.4060E-04 
1.8720E-03 
2.0810E-03 
1.0720E-03 
4.4600E-04 
3.3840E-04 
4.0240E-07 
0.0000E+00 
8.9270E-07 
1.4470E-06 
1.4640E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

ltTOTAL1l 6.8020E+08 3.7091E+05 "+ or  -I1 7.9210E+04 



Appendix A.16. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 3, Kenai Lake, Alaska i n  1990 based on transect 2 i n teg ra to r  output. 

Depth 
Stratum 

(m) 

" 2.0 - 7.0" 
" 7.0 - 12.0" 
" 12.0 - 17.0" 
" 17.0 - 22.0" 
" 22.0 - 27.0" , " 2 7 . 0 - 3 2 . 0 "  
" 32.0 - 37.0" 

0 1 1 3 7 . 0 - 4 2 . 0 "  
I a #  42.0 - 47.0" 

47.0 - 52.0" 
" 52.0 - 57.0" 
" 57.0 - 62.0" 

62.0 - 67.0" 
I' 67.0 - 72.0" 
I' 72.0 - 77.0" 
" 77.0 - 82.0" 
" 82.0 - 87.0" 
" 87.0 - 92.0" 
" 92.0 - 97.0" 

Number 
Mean o f  
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5.8270E-06 486 
4.9380E - 06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Dev ia t ion 

Sigma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

In teg ra to r  
Output 

3.4830E-04 
3.4770E-06 
2.5780E-05 
1.2860E-04 
4.8520E-05 
2.9460E-05 
1.1740E-05 
1.7190E-05 
4.7640E-06 
8.5180E-07 
8.1120E-07 
1.5280E-06 
1.0730E-06 
2.1090E-06 
1.9800E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

Fish 
Density 

(no./mA3) 

Estimated 
Number o f  

F ish Variance 

Confidence 
L im i t s  

(95%) 

llTOTAL1l 7.2150E+08 



Appendix A.17. Hydroacoustic estimate of f ish inhabiting Area 3, Kenai Lake, Alaska i n  1990 based on transect 3 integrator output. 

Depth 
Stratum 

(m) 

" 2.0 - 7.0" 
" 7.0 - 12.0" 
" 12.0 - 17.0" 
" 17.0 - 22.0" 
" 22.0 - 27.0" 
" 27.0 - 32.0" 

32.0 - 37.0" 
" 37.0 - 42.0" 

I " 42.0 - 47.0" 
" 47.0 - 52.0" 
" 52.0 - 57.0" 
" 57.0 - 62.0" 
" 62.0 - 67.0" 
" 67.0 - 72.0" 
" 72.0 - 77.0" 
" 77.0 - 82.0" 
" 82.0 - 87.0" 
" 87.0 - 92.0" 
" 92.0 - 97.0" 

Stratum 
Vo 1 ume 

(mA3) 

5.2670E+07 
5.2590E+07 
5.2490E+07 
5.2320E+07 
5.1960E+07 
5.1650E+07 
5.1280E+07 
5.0860€+07 
5.0530~+07 
5.0200E+07 
4.9870E+07 
4.9440E+07 
4.9070€+07 
4.8810E+07 
1.0910E+07 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
Mean of 
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5.8270E-06 486 
4.938OE-06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Deviation 

Sigma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

Integrator 
output 

4.6090E-05 
9.5110E-06 
0.0000E+00 
6.9850E-05 
2.0550E-05 
3.9120E-05 
7.7440E-06 
6.5180E-06 
6.5120E-06 
9.7760E-07 
1.2660E-06 
1.3310E-06 
1.1680E-06 
2.1570E-06 
3.0510E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
O.OOOOE+00 

Number 
of 

Sequences 

Mean 
Integrator 
Variance 

Fish 
Density 

(no. /mA3) 

Estimated 
Number of 

Fish Variance 

Confidence 
Limits 

(95%) 

"TOTAL" 7.2470E+08 



Appendix A.18. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 3, Kenai Lake, Alaska in  1990 based on transect 4 i n teg ra to r  output.  

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 

(mA3) 

5.2700€+07 
5.2470€+07 
5.2230€+07 
5.1950€+07 
5.1620€+07 
5.1 170E+07 
5.0640€+07 
4.9740€+07 
4.8700€+07 
4.7750€+07 
4.7060€+07 
4.6130E+07 
4.2380€+07 
3.7980€+07 
9.4420~+06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
Mean o f  
Sigma Echoes 

1 .5680E -05 41 
1.1470E-05 173 
5.8270E -06 486 
4.9380E-06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Dev ia t i on  

Sigma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

A 
Constant 

1.9630€+00 
2.6830€+00 
5.2810€+00 
6.2320€+00 
7.8310€+00 
8.4940€+00 
9.0830€+00 
9.7980€+00 
i.ooaoE+oi 
1.0060E+01 
1.0060E+01 
1.0060E+01 
1.0060E+01 
1.0060E+01 
1.0060E+01 
1.0060E+01 
1.0060E+01 
1.0060E+01 
1.0060E+01 

In teg ra to r  
Output 

1.9620E-05 
3.9480E-05 
0.0000E+00 
6.5630E-05 
1.1260E-04 
6.4230E-05 
3.7360E-05 
1.6800E-05 
8.3460E-06 
6.1620E-06 
5.2030E-06 
6.0770E-06 
6.4950E-06 
6.8860E-06 
7.0120E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number Mean 
o f  In teg ra to r  

Sequences Variance 

Fish 
Density 

(no. /mA3) 

3.8510E-05 
1.0590E-04 
0.0000E+00 
4.0900E-04 
8.8200E-04 
5.4560E-04 
3.3930E-04 
1.6460E-04 
8.4100E-05 
6.1990E-05 
5.2340E-05 
6.1130E-05 
6.5340E-05 
6.9270E-05 
7.0540E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

- - 

Estimated 
Number o f  

F ish 

2.0295E+03 
5.5583€+03 
0.0000E+00 
2.1249~+04 
4.5527€+04 
2.7918€+04 
1.7185E+04 
8.1887€+03 
4.0954€+03 
2.9603€+03 
2.4629€+03 
2.8203€+03 
2.7689€+03 
2.6311€+03 
6.6600€+02 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Variance 

Confidence 
L im i t s  

(95%) 

"TOTAL" 6.9200~+08 1.4606€+05 It+ or -I1 4.1770€+04 



Appendix A.19. Hydroacoustic estimate o f  f i s h  inhabi t ing Area 3, Kenai Lake, Alaska i n  1990 based on transect 5 in tegrator  output. 

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo l ume Mean o f  Deviat ion A In tegrator  o f  In tegrator  Density Number of L imi ts  

(m) ( mA3 ) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) Fish Variance (95%) 

"TOTAL" 



Appendix A.20. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 4, Kenai Lake, Alaska i n  1990 based on transect 1 i n teg ra to r  output. 

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 

(mA3) 

7.1850E+07 
7.1850E+07 
7.1780E+07 
7.1740E+07 
7.1630E+07 
7.0940E+07 
7.0360E+07 
6.9730E+07 
6.9270E+07 
6.8850E+07 
6.8340E+07 
6.7880E+07 
6.7390E+07 
6.7000€+07 
1.7340E+07 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number Standard 
Mean o f  Dev ia t ion 
Sigma Echoes Sigma 

1.5680E-05 41 1.9010E-05 
1.1470E-05 173 3.4080E-05 
5.8270E-06 486 5.6710E-06 
4.9380E-06 990 4.7210E-06 
3.9300E-06 1474 3.2740E-06 
3.6230E-06 1548 3.0340E-06 
3.3880E-06 1241 2.5660E-06 
3.1410E-06 951 2.6660E-06 
3.0540E-06 516 .3.1340E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 

In teg ra to r  
output 

0.0000E+00 
3.3780E-04 
3.3060E-04 
4.0710E-04 
1.7780E-04 
1.7270E-04 
7.1390E-05 
2.7120E-05 
3.6900E-06 
6.2470E-06 
4.0520E-07 
2.6150E-07 
8.4230E-08 
5.5060E-07 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

0.0000E+00 
3.2240E-08 
3.5820E-09 
9.1990E-09 
1.6750E-09 
4.0720E-09 
3.8550E-10 
9.8600E-11 
2.1120E-12 
3.0080E-11 
1.3790E-13 
3.3000E-14 
3.1040E-15 
1.0940E-13 
0.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no./mA3) 

0.0000E+00 
9.0640E-04 
1.7460E-03 
2.5370E-03 
1.3920E-03 
1.4670E-03 
6.4850E-04 
2.6580E-04 
3.7180E-05 
6.2850E-05 
4.0760E-06 
2.6310E-06 
8.4740E-07 
5.5390E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number o f  

Fish 

0.0000E+00 
6.5125E+04 
1.2534E+05 
1.8204E+05 
9.9735E+04 
1.0409E+05 
4.5627E+04 
1.8531E+04 
2.5754E+03 
4.3271 E+03 
2.7858E+02 
1.7859E+02 
5.7107E+01 
3.71 16E+02 
0.0000E+OO 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

ltTOTAL1l 9.9600E+08 6.4827E+05 11+ o r  -It 1.5260E+05 



Appendix A.21. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 4, Kenai Lake, Alaska in  1990 based on transect 2 i n teg ra to r  output. 

Depth 
Stratum 

(m) 

" 2.0 - 7.0" 
7.0 - 12.0" 

" 12.0 - 17.0" 
I' 17.0 - 22.0" 
" 22.0 - 27.0" 

I It 27.0 - 32.0" 
1 1 3 2 . 0 - 3 7 . 0 "  

uI " 37.0 - 42.0" 
I 

" 42.0 - 47.0" 
" 47.0 - 52.0" 
l1 52.0 - 57.0" 
" 57.0 - 62.0" 
" 62.0 - 67.0" 

67.0 - 72.0" 
" 72.0 - 77.0" 
" 77.0 - 82.0" 
" 82.0 - 87.0" 
" 87.0 - 92.0" 
" 92.0 - 97.0" 

Number 
Mean o f  
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5 -8270E-06 486 
4.9380E - 06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Dev ia t ion 

S i gma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

In teg ra to r  
Output 

8.9050E-06 
4.4850E-05 
1.8640E-04 
1.4050E-04 
2.0970E-04 
2.0390E-04 
1.1520E-04 
4.3730E-05 
2.7790E-05 
1.9290E-06 
5.9180E-06 
1.3350E-06 
1.0440E-05 
5.4090E-06 
3.5660E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Var i ance 

7.9310E-11 
5.5980E-10 
4.0570E-09 
9.8020E-10 
4.7520E-09 
1.4870E-09 
8.1610E-10 
2.8030E-10 
1.1770E-10 
9.0430E-13 
1.2520E-11 
3.4450E-13 
2.2720E-11 
1.2280E-11 
1.2720E-11 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no./mA3) 

1.7480E-05 
1.2030E-04 
9.8430E-04 
8.7550E-04 
1.6420E-03 
1.7320E-03 
1.0460E-03 
4.2850E-04 
2.8000E-04 
1.9410E-05 
5.9530E-05 
1.3430E-05 
1.0510E-04 
5.4410E-05 
3.5880E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number o f  

Fish 

1.2558E+03 
8.6454E+03 
7.0604E+04 
6.2715E+04 
1 .1758E+05 
1.2388E+05 
7.4788E+04 
3.0610E+04 
1.9981E+04 
1.3840E+03 
4.2340E+03 
9.4993E+02 
7.3804E+03 
3.8073E+03 
1.2793E+02 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

llTOTAL1l 1.0010E+09 5.2795E+05 In+ o r  -I1 1.1500E+05 



Appendix A.22. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 4, Kenai Lake, Alaska i n  1990 based on t ransect  3 i n teg ra to r  output. 

Depth 
Stratum 

(m) 

" 2.0 - 7.0" 
" 7.0 - 12.0" 
" 12.0 - 17.0" 
" 17.0 - 22.0" 
" 22.0 - 27.0" , " 27.0 - 32.0" 
" 32.0 - 37.0" 

m l1 37.0 - 42.0" 
I " 42.0 - 47.0" 

47.0 - 52.0" 
" 52.0 - 57.0" 

57.0 - 62.0" 
" 62.0 - 67.0" 
'I 67.0 - 72.0" 
" 72.0 - 77.0" 
" 77.0 - 82.0" 

82.0 - 87.0" 
" 87.0 - 92.0" 

92.0 - 97.0" 

Number 
Mean o f  
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5.8270E - 06 486 
4.9380E-06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Dev ia t ion 

Sigma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

In teg ra to r  
Output 

0.0000E+00 
1.3370E-03 
3.6190E-04 
2.2340E-04 
3.1840E-04 
1.9510E-04 
1.7350E-04 
7.3800E-05 
1.3470E-05 
4.5340E-06 
1.0310E-06 
3.9210E-07 
7.5110E-07 
1.9120E-06 
5.4850E-07 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

0.0000E+00 
5.3790E-07 
2.5840E-09 
1.2030E-09 
8.3640E-09 
1.3210E-09 
9.4540E-10 
2.8900E-10 
2.1310E-11 
3.6870E-12 
5.2800E-13 
3.5180E-14 
6.8960E-14 
5.7440E-13 
8.5800E-14 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

llTOTALbl 9.6970E+08 9.6224E+05 Is+ o r  -I1 3.2590E+05 



Appendix A.23. Hydroacoustic estimate o f  f i s h  inhab i t i ng  Area 4, Kenai Lake, Alaska i n  1990 based on transect 4 in tegrator  output. 

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo 1 ume Mean o f  Deviat ion A In tegrator  of In tegrator  Density Number of L imi ts  

(m) ( ~ " 3 )  Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) Fish Variance (95%) 

"TOTAL" 9.5110E+08 6.6576€+05 It+ o r  -I1 1.7270€+05 



Appendix A.24. Hydroacoustic estimate of f ish inhabiting Area 4, Kenai Lake, Alaska i n  1990 based on transect 5 integrator output. 

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 

(mA3) 

7.1820E+07 
7.1700E+07 
7.1340E+07 
7.0610E+07 
6.9520E+07 
6.8270E+07 
6.7200E+07 
6.6090€+07 
6.5150E+07 
6.4030E+07 
6.2670E+07 
6.1110E+07 
5.9640€+07 
5.871 0E+07 
1.5310E+07 
1.0160E+06 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
Mean of 
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5.8270E-06 486 
4.9380E-06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Deviation 

Sigma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.942OE-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

Integrator 
Output 

0.0000E+00 
5.5450E-06 
1.0280E-04 
1.9630E-04 
3.9520E-04 
2.1100E-04 
1.1910E-04 
4.3550E-05 
1.7030E-05 
6.1280E-06 
3.0040E-07 
7.3380E-08 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
of 

Sequences 

Mean 
Integrator 
Variance 

0.0000E+00 
4.3930E-12 
1.5020E-09 
9.6350E-09 
5.0820E-09 
2.2450E-09 
5.4710E-10 
2.4780E-10 
9.3160E-11 
2.9180E-11 
3.8660E-14 
5.3850E-15 
O.OOOOE+OO 
0.0000E+00 
0.0000E+00 
0.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3 ) 

0.0000E+00 
1.4880E-05 
5.4290E-04 
1.2230E-03 
3.0940E-03 
1.7920E-03 
1.0820E-03 
4.2670E-04 
1.7160E-04 
6.1650E-05 
3.0220E-06 
7.3820E-07 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number of 

Fish 

0.0000E+00 
1.0667E+03 
3.8732E+04 
8.6376E+04 
2.1513E+05 
1.2235E+05 
7.2714E+04 
2.8199€+04 
1.1182€+04 
3.9471 E+03 
1.8938€+02 
4.5115E+01 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Variance 

0.0000E+00 
2.2060E+05 
2.1620E+08 
1.8730E+09 
1.5280E+09 
7.6180€+08 
2.0630E+08 
1.0450E+08 
4.0400€+07 
1.2120€+07 
1.5400€+04 
2.0370E+03 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

llTOTAL1l 9.4420E+08 5.7992E+05 la+ or -I1 1.3500€+05 



Appendix A.25. Hydroacoustic estimate o f  f i s h  inhabi t ing Area 5, Kenai Lake, Alaska i n  1990 based on transect 1 in tegrator  output. 

Depth 
Stratum 

(m) 

" 2.0 - 7.0" 
" 7.0 - 12.0" 
" 12.0 - 17.0" 
" 17.0 - 22.0" 
" 22.0 - 27.0" 

I 
" 27.0 - 32.0" 

w " 32.0 - 37.0" 
w 37.0 - 42.0" 
I la 42.0 - 47.0" 

" 47.0 - 52.0" 
" 52.0 - 57.0" 
" 57.0 - 62.0" 
" 62.0 - 67.0" 
" 67.0 - 72.0" 
" 72.0 - 77.0" 
" 77.0 - 82.0" 

82.0 - 87.0" 
'I 87.0 - 92.0" 

92.0 - 97.0" 

Stratum 
Vo 1 ume 
( mA3 ) 

5.3630€+07 
4.9460€+07 
3.5190€+07 
1.3860€+07 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+OO 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number Standard 
Mean of Deviat ion 
Sigma Echoes Sigma 

1.5680E-05 41 1.9010E-05 
1.1470E-05 173 3.4080E-05 
5.8270E-06 486 5.6710E-06 
4.9380E-06 990 4.7210E-06 
3.9300E-06 1474 3.2740E-06 
3.6230E-06 1548 3.0340E-06 
3.3880E-06 1241 2.5660E-06 
3.1410E-06 951 2.6660E-06 
3.0540E-06 516 3.1340E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 
3.0590E-06 1166 2.9420E-06 

In tegrator  
Output 

5.6650E-03 
5.6810E-03 
2.2340E-03 
1.0820E-03 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
Integrator  
Variance 

1.2110E-05 
7.3290E-06 
7.5460E-07 
1.0070E-06 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

1.1120E-02 
1.5240E-02 
1.1800E-02 
6.7420E-03 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number of 

Fish 

5.9634€+05 
7.5380E+05 
4.1526€+05 
9.3461E+04 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

I1TOTAL1I 1.5210E+08 1.8589€+06 la+ or -la 1.1410E+06 



Appendix A.26. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 5, Kenai Lake, Alaska i n  1990 based on transect 2 i n teg ra to r  output. 

Depth Stratum Number Standard Number Mean F ish Estimated Confidence 
Stratum Vo 1 ume Mean o f  Dev ia t ion A In teg ra to r  o f  I n teg ra to r  Density Number o f  L im i t s  

(m) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) F ish Variance (95%) 

2.0 - 7.0" 5.4540E+07 1.5680E-05 41 1.9010E-05 1.9630€+00 1.4410E-03 5 6.9670E-07 2.8290E-03 1.5430E+05 8.8360E+09 1.8420E+05 
7.0 - 12.0" 5.3070E+07 1.1470E-05 173 3.4080E-05 2.6830E+00 1.3590E-03 5 1.1410E-06 3.6470E-03 1.9354E+05 2.5050E+10 3.1020E+05 

12.0 - 17.0" 5.1570€+07 5.8270E-06 486 5.6710E-06 5.2810E+00 1.3090E-03 5 2.9240E-07 6.9130E-03 3.5650E+05 2.1940E+10 2.9030€+05 
" 17.0 - 22.0" 5.0200E+07 4.9380E-06 990 4.7210E-06 6.2320E+00 9.2170E-04 5 6.5020E-08 5.7440E-03 2.8835€+05 6.4400E+09 1.5730E+05 

22.0 - 27.0" 4.8760E+07 3.9300E-06 1474 3.2740E-06 7.8310E+00 7.2940E-04 5 2.2880E-08 5.7110E-03 2.7849E+05 3.3720E+09 1.1380E+05 
27.0 - 32.0" 4.7260€+07 3.6230E-06 1548 3.0340E-06 8.4940E+00 3.6850E-04 5 1.3440E-08 3.1300E-03 1.4795€+05 2.1760E+09 9.1430E+04 

I a @  32.0 - 37.0" 4.5700E+07 3.3880E-06 1241 2.5660E-06 9.0830E+00 1.5130E-04 5 2.1270E-09 1.3750E-03 6.2825E+04 3.6840E+08 3.7620E+04 
37.0 - 42.0" 4.3670€+07 3.1410E-06 951 2.6660E-06 9.7980E+00 7.9280E-05 

0 
5 1.1150E-09 7.7670E-04 3.3922€+04 2.0510E+08 2.8070E+04 

1 42.0 - 47.0" 4.2470E+07 3.0540E-06 516 3.1340E-06 1.0080E+01 7.9730E-05 5 3.1140E-10 8.0340E-04 3.4123€+04 5.9420E+07 1.5110E+04 
" 47.0 - 52.0" 4.0860E+07 3.0590E-06 1166 2.9420E-06 1.0060E+01 3.1750E-05 5 2.9030E-10 3.1940E-04 1.3054€+04 4.9200E+07 1.3750€+04 

52.0 - 57.0" 3.9820E+07 3.0590E-06 1166 2.9420E-06 1.0060E+01 1.6980E-05 5 2.9410E-11 1.7080E-04 6.8010€+03 4.7570E+06 4.2750E+03 
" 57.0 - 62.0" 3.8770E+07 3.0590E-06 1166 2.9420E-06 1.0060E+01 3.1940E-05 5 4.0220E-10 3.2130E-04 1.2457€+04 6.1310E+07 1.5350E+04 

62.0 - 67.0" 3.6290E+07 3.0590E-06 1166 2.9420E-06 1.0060E+01 2.5460E-05 5 1.5690E-10 2.5610E-04 9.2941E+03 2.0980E+07 8.9780E+03 
" 67.0 - 72.0" 3.4430€+07 3.0590E-06 1166 2.9420E-06 1.0060E+01 2.3310E-05 5 1.6880E-10 2.3460E-04 8.0752€+03 2.0300E+07 8.8310E+03 

72.0 - 77.0" 1.0600E+07 3.0590E-06 1166 2.9420E-06 1.0060E+01 5.4950E-06 3 1.3210E-11 5.5290E-05 5.8604E+O2 1.5050E+05 7.6030E+02 
" 77.0 - 82.0" 3.3150E+06 3.0590E-06 1166 2.9420E-06 1.0060E+01 7.4670E-06 1 0.0000E+00 7.5120E-05 2.4899E+02 4.9180E+01 1.3750€+01 
" 82.0 - 87.0" 1.4240€+06 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 1 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

87.0 - 92.0" 4.6720E+05 3.0590E-06 1166 2.9420E-06 1.0060E+01 2.1460E-04 1 0.0000E+00 2.1590E-03 1.0086€+03 8.0690E+02 5.5680E+01 
" 92.0 - 97.0" 0.0000E+00 3.0590E-06 1166 2.9420E-06 1.0060E+01 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

ttTOTAL1l 6.4320€+08 1.6015E+06 la+ or  -I1 5.1340E+05 



Appendix A.27. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 5, Kenai Lake, Alaska i n  1990 based on transect 3 i n teg ra to r  output. 

Depth 
Stratum 

(m) 

Number 
Mean o f  
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5.8270E-06 486 
4.9380E-06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Dev ia t ion 

Sigma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

In teg ra to r  
output 

3.1790E-03 
4.1120E-04 
4.0300E-04 
4.5900E-04 
3.8920E-04 
2.9090E-04 
1.8820E-04 
6.8780E-05 
3.8420E-05 
1.1820E-05 
9.1430E-06 
8.4240E-06 
7.9980E-06 
1.1680E-05 
1.9170E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+OO 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

6.0280E-06 
4.4240E-08 
1.3380E-08 
1.3630E-08 
8.0240E-09 
1.6500E-08 
3.6380E-09 
4.8400E-10 
1.1130E-10 
2.3140E-11 
1.9970E-11 
2.1590E-11 
1.2700E-11 
1.3480E-11 
2.1360E-10 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no./mA3) 

6.2400E-03 
1.1030E-03 
2.1280E-03 
2.8610E-03 
3.0480E-03 
2.4710E-03 
1.7100E-03 
6.7390E-04 
3.8720E-04 
1.1890E-04 
9.1980E-05 
8.4740E-05 
8.0460E-05 
1.1750E-04 
1.9280E-04 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number o f  

Fish 

3.2729E+05 
5.6205E+04 
1.0633E+05 
1.3947E+05 
1.4164E+05 
1.0911E+05 
7.2391E+04 
2.7050E+04 
1.4483E+04 
4.0989E+03 
2.8450E+03 
2.3273E+03 
2.0971 E+03 
2.9670E+03 
5.0055E+02 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

ilTOTAL" 5.5940E+08 1.0088E+06 It+ or  - In  5.3670E+05 



Appendix A.28. Hydroacoustic estimate o f  f i s h  inhabi t ing Area 5, Kenai Lake, Alaska i n  1990 based on transect 4 in tegrator  output. 

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo 1 ume Mean o f  Deviat ion A In tegrator  o f  In tegrator  Density Number o f  L imi ts  

(m) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) Fish Variance (95%) 



Appendix A.29. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 5, Kenai Lake, Alaska i n  1990 based on transect 5 i n teg ra to r  output.  

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 

(mA3) 

5.4350E+07 
5.3920E+07 
5.3450E+07 
5.3020E+07 
5.2800E+07 
5.2270E+07 
5.1390E+07 
5.0790E+07 
5.0320E+07 
4.9940E+07 
4.9550E+07 
4.91 70E+07 
4.8810E+07 
4.8310E+07 
8.3010E+06 
1.4160E+06 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
Mean o f  
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5.8270E - 06 486 
4.9380E-06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Dev ia t i on  

Sigma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

In tegrator  
Output 

4.4840E-05 
4.6870E-05 
1.1160E-04 
1.5550E-04 
4.8450E-05 
6.4470E-05 
8.3120E-05 
7.8630E-05 
9.7820E-05 
9.8370E-05 
9.3140E-05 
5.7280E-05 
4.0550E-05 
3.8590E-05 
3.5940E-05 
4.1750E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

8.9810E-10 
7.1180E-10 
6.1780E-09 
6.0260E-09 
3.0100E-10 
8.1570E-10 
8.1790E-10 
3.2000E-10 
7.4680E-10 
1.0030E-09 
5.5150E-10 
1.3670E-10 
1.9700E-10 
8.2980E-11 
1.8560E-10 
1.7430E-09 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

8.8010E-05 
1.2570E-04 
5.8940E-04 
9.6890E-04 
3.7940E-04 
5.4760E-04 
7.5500E-04 
7.7030E-04 
9.8570E-04 
9.8960E-04 
9.3700E-04 
5.7630E-04 
4.0790E-04 
3.8820E-04 
3.6160E-04 
4.2000E-04 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Variance 

Confidence 
L im i t s  

(95%) 

llTOTAL1t 7.2780E+08 4.3707E+05 In+ or  -I1 9.5000E+04 



Appendix A.30. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 5, Kenai Lake, Alaska i n  1990 based on transect 6 i n teg ra to r  output.  

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 

(mA3) 

5.4640€+07 
5.4540E+07 
5.4490€+07 
5.4370E+07 
5.4180€+07 
5.4020€+07 
5.3720€+07 
5.3440€+07 
5.3100E+07 
5.2490€+07 
5.1780E+07 
5.0740E+07 
4.9580€+07 
4.6840€+07 
5.6910€+06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
Mean o f  
Sigma Echoes 

1.5680E-05 41 
1.1470E-05 173 
5.8270E-06 486 
4.9380E - 06 990 
3.9300E-06 1474 
3.6230E-06 1548 
3.3880E-06 1241 
3.1410E-06 951 
3.0540E-06 516 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 
3.0590E-06 1166 

Standard 
Dev ia t ion 

Sigma 

1.9010E-05 
3.4080E-05 
5.6710E-06 
4.7210E-06 
3.2740E-06 
3.0340E-06 
2.5660E-06 
2.6660E-06 
3.1340E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 
2.9420E-06 

In teg ra to r  
Output 

9.6850E-04 
4.6010E-04 
4.2210E-04 
5.2640E-04 
5.7270E-04 
4.4180E-04 
1.3020E-04 
8.4190E-05 
4.9710E-06 
3.6380E-06 
2.0150E-06 
1.5790E-06 
1.1280E-06 
2.5330E-06 
7.1870E-07 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In tegrator  
Variance 

4.4150E-07 
5.2220E-08 
1.3060E-08 
1.4140E-08 
1.2070E-08 
3.5550E-08 
6.9760E-10 
4.3990E-10 
2.9680E-12 
6.5010E-12 
3.6690E-13 
6.4710E-13 
1.0310E-13 
7.6360E-13 
5.1650E-13 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

1.9010E-03 
1.2340E-03 
2.2290E-03 
3.2810E-03 
4.4850E-03 
3.7530E-03 
1.1830E-03 
8.2490E-04 
5.0090E-05 
3.6600E-05 
2.0270E-05 
1.5890E-05 
1.1350E-05 
2.5490E-05 
7.2300E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number o f  

F ish 

1.0387€+05 
6.7325E+04 
1.2145€+05 
1.7836€+05 
2.4299€+05 
2.0271E+05 
6.3535€+04 
4.4082E+04 
2.6599€+03 
1.9213E+03 
1.0496€+03 
8.0600E+02 
5.6247E+02 
1.1938€+03 
4.1151E+01 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Confidence 
L im i t s  

(95%) 

1.4490€+05 
7.2000E+04 
6.5310€+04 
7.9670€+04 
9.1940€+04 
1.6980E+05 
2.5400€+04 
2.1650E+04 
1.8220E+03 
2.6410E+03 
6.2120E+02 
8.0600E+02 
3.1550E+02 
8.0980€+02 
8.0690E+01 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

liTOTAL1i 7.4360E+08 1.0326€+06 It+ o r  -"  2.7420E+05 



Appendix A.31. Hydroacoustic estimate of f ish inhabiting Area 1, Skilak Lake, Alaska i n  1990 based on transect 1 integrator output. 

Depth 
Stratum 

(m) 

Number 
Mean of 
Sigma Echoes 

1.0220E-05 125 
7.2020E-06 584 
5.7950E-06 1491 
5.2240E-06 2386 
4.6370E-06 3254 
4.0040E-06 2873 
4.2470E-06 2491 
3.5500E-06 1545 
3.4280E-06 745 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 

Standard 
Deviation 

Sigma 

1.0300E-05 
8.6900E-06 
6.0270E-06 
5.5700E-06 
6.2970E-06 
3.6680E-06 
1.3780E-05 
3.3040E-06 
3.4940E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 

Integrator 
Output 

1.7640E-03 
1.1460E-03 
9.9830E-04 
1.2450E-03 
7.6970E-04 
3.4920E-04 
3.9540E-04 
1.9240E-04 
4.8320E-05 
2.5400E-05 
3.3510E-05 
2.4480E-05 
1.4450E-05 
2.2330E-05 
1.9360E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
of 

Sequences 

Mean 
Integrator 
Variance 

8.6660E-08 
2.0570E-08 
2.1460E-08 
7.9850E-08 
4.0450E-08 
3.1920E-09 
2.7920E-08 
5.4880E-09 
1.6790E-10 
6.6130E-11 
9.2510E-11 
3.9550E-11 
2.1000E-11 
7.4480E-11 
6.2630E-11 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

5.3110E-03 
4.8970E-03 
5.3020E-03 
7.3330E-03 
5.1080E-03 
2.6840E-03 
2.8650E-03 
1.6680E-03 
4.3380E-04 
1.7020E-04 
2.2440E-04 
1.6400E-04 
9.6780E-05 
1.4960E-04 
1.2970E-04 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number of 

Fish 

1.0660E+06 
9.1870E+05 
8.8329E+05 
1.0930E+06 
7.1532E+05 
3.5041E+05 
3.5757E+05 
1.9208E+05 
4.2055E+04 
1.4658E+04 
1 .7747E+04 
1.1625E+04 
5.7432E+03 
8.4141E+03 
2.7732E+03 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

"TOTAL" 1.6850E+09 5.6795E+06 "+ or -" 8.8370E+05 



Appendix A.32. Hydroacoustic estimate of f i sh  inhabiting Area 1, Skilak Lake, Alaska i n  1990 based on transect 2 integrator output. 

Depth 
Stratum 

(m) 

Number 
Mean of 
Sigma Echoes 

1.0220E-05 125 
7.2020E-06 584 
5.7950E-06 1491 
5.2240E-06 2386 
4.6370E-06 3254 
4.0040E-06 2873 
4.2470E-06 2491 
3.5500E-06 1545 
3.4280E-06 745 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 

Standard 
Deviation 

Sigma 

1.0300E-05 
8.6900E-06 
6.0270E-06 
5.5700E-06 
6.2970E-06 
3.6680E-06 
1.3780E-05 
3.3040E-06 
3.4940E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 

Integrator 
Output 

1.8040E-03 
1.5530E-03 
1.1360E-03 
1.3020E-03 
9.4590E-04 
5.6820E-04 
2.3660E-04 
9.5810E-05 
3.4320E-05 
1.2400E-05 
1.5100E-05 
6.8940E-06 
5.0860E-06 
1.1460E-05 
1.2210E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
of 

Sequences 

Mean 
Integrator 
Var i ance 

2.4300E-07 
9.4200E-08 
3.5820E-08 
6.2250E-08 
4.0470E-08 
2.2310E-08 
1.4180E-09 
4.4700E-10 
2.1720E-10 
1.8610E-11 
1.8030E-11 
5.1730E-12 
2.1450E-12 
7.2200E-12 
3.7920E-11 
0.0000E+00 
1.0OOOE+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3) 

5.4320E-03 
6.6380E-03 
6.0330E-03 
7.6680E-03 
6.2780E-03 
4.3670E-03 
1.7140E-03 
8.3050E-04 
3.0810E-04 
8.3080E-05 
1.0110E-04 
4.6180E-05 
3.4070E-05 
7.6750E-05 
8.1780E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

ItTOTALM 1.5040E+09 5.3660E+06 "+ or -I1 9.6070E+05 



Appendix A.33. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 1, Sk i lak  Lake, Alaska i n  1990 based on transect 3 i n teg ra to r  output.  

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo 1 ume Mean o f  Dev ia t ion A In teg ra to r  o f  I n teg ra to r  Dens i ty  Number o f  L im i t s  

(m) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) Fish Var i ance (95%) 

2.0 - 7.0" 2.1380E+08 1.0220E-05 125 1.0300E-05 3.0110E+00 4.0300E-04 21 1.7670E-08 1.2140E-03 2.5945E+05 7.8680E+09 1.7390E+05 
7.0 - 12.0" 2.0970E+08 7.2020E-06 584 8.6900E-06 4.2730E+00 8.6400E-04 21 5.4020E-08 3.6920E-03 7.7420€+05 4.4880E+10 4.1520€+05 

12.0 - 17.0" 1.9580E+08 5.7950E-06 1491 6.0270E-06 5.3110E+00 8.9920E-04 21 2.5890E-08 4.7750E-03 9.3512E+05 2.8640E+10 3.3170E+05 
17.0 - 22.0" 1.6890E+08 5.2240E-06 2386 5.5700E-06 5.8910E+OO 5.3760E-04 20 9.1770E-09 3.1670E-03 5.3493E+05 9.2230E+09 1.8820E+05 
22.0 - 27.0" 1.5240E+08 4.6370E-06 3254 6.2970E-06 6.6370E+00 4.9210E-04 18 4.4700E-09 3.2660E-03 4.9777E+05 4.7140E+09 1.3460E+05 

1 27.0 - 32.0" 1.3610E+08 4.0040E-06 2873 3.6680E-06 7.6860E+00 3.7700E-04 14 2.8210E-09 2.8970E-03 3.9436E+05 3.1330E+09 1.0970E+05 
o\ I' 32.0 - 37.0" 1.3010E+08 4.2470E-06 2491 1.3780E-05 7.2460E+00 2.4820E-04 14 2.9790E-09 1.7990E-03 2.3408E+05 2.8810€+09 1.0520E+05 

37.0 - 42.0" 1.2830E+08 3.5500E-06 1545 3.3040E-06 8.6690E+00 1.3110E-04 13 8.8300E-10 1.1370E-03 1.4587E+05 1.1050E+09 6.5140E+04 
I 42.0 - 47.0" 1.2680E+08 3.4280E-06 745 3.4940E-06 8.9770E+00 7.5420E-05 13 4.6820E-10 6.7710E-04 8.5822E+04 6.1650E+08 4.8670E+04 

la 47.0 - 52.0" 1.2390E+08 4.5940E-06 1206 4.9700E-06 6.6990E+00 4.8510E-05 13 2.3870E-10 3.2500E-04 4.0265E+04 1.6600E+08 2.5260E+04 
52.0 - 57.0" 1.2020E+08 4.5940E-06 1206 4.9700E-06 6.6990E+00 8.1400E-06 13 8.0270E-12 5.4530E-05 6.5529E+03 5.2440€+06 4.4880E+03 

la 57.0 - 62.0" 1.1790E+08 4.5940E-06 1206 4.9700E-06 6.6990E+00 1.2370E-05 12 1.5710E-11 8.2860E-05 9.7703E+03 9.8950E+06 6.1660E+03 
" 62.0 - 67.0" 1.1600E+08 4.5940E-06 1206 4.9700E-06 6.6990E+00 2.6220E-06 12 1.6000E-12 1.7570E-05 2.0384E+03 9.7080E+05 1.9310E+03 

67.0 - 72.0" 1.0370E+08 4.5940E-06 1206 4.9700E-06 6.6990E+00 1.3970E-06 12 1.0950E-12 9.3570E-06 9.7026E+02 5.2900€+05 1.4260E+03 
72.0 - 77.0" 1.3320€+06 4.5940E-06 1206 4.9700E-06 6.6990E+00 9.9940E-07 4 9.9890E-13 6.6950E-06 8.9171E+00 7.9590E+01 1.7490E+01 

11 77.0 - 82.0" 0.0000E+00 4.5940E-06 1206 4.9700E-06 6.6990E+00 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
82.0 - 87.0" 0.0000E+00 4.5940E-06 1206 4.9700E-06 6.6990€+00 0.0000E+00 0 1.000OE+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

11 87.0 - 92.0" 0.0000E+00 4.5940E-06 1206 4.9700E-06 6.6990€+00 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
92.0 - 97.0" 0.0000E+OO 4.5940E-06 1206 4.9700E-06 6.6990E+00 0.0000E+00 0 1.0000E+00 0.0000E+00 0.0000E+00 O.OOOOE+OO 0.0000E+00 

lUTOTAL1l 2.0450€+09 3.9212€+06 l a t o r  -I1 6.2970€+05 



Appendix A.34. Hydroacoustic es t imate o f  f i s h  i n h a b i t i n g  Area 1, Sk i l ak  Lake, Alaska i n  1990 based on t ransect  4 i n teg ra to r  output.  

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo 1 ume Mean o f  Dev ia t i on  A In teg ra to r  o f  I n teg ra to r  Densi ty Number o f  L im i t s  

(m) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) F ish Variance (95%) 

llTOTALH 2.1680E+09 4.0847E+06 11+ o r  -I1 7.7260E+05 



Appendix A.35. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 1, Ski lak, Alaska i n  1990 based on transect 5 i n teg ra to r  output. 

Depth 
Stratum 

(m) 

Stratum 
Volume 

(mA3) 

Number 
Mean o f  
Sigma Echoes 

1.0220E-05 125 
7.2020E-06 584 
5.7950E-06 1491 
5.2240E-06 2386 
4.6370E-06 3254 
4.0040E-06 2873 
4.2470E-06 2491 
3.5500E-06 1545 
3.4280E-06 745 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 

Standard 
Dev ia t ion 

S i gma 

1.0300E-05 
8.6900E-06 
6.0270E-06 
5.5700E-06 
6.2970E-06 
3.6680E-06 
1.3780E-05 
3.3040E-06 
3.4940E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 

In teg ra to r  
Output 

2.3560E-04 
5.6950E-04 
5.5390E-04 
3.2610E-04 
3.8400E-04 
2.4910E-04 
1.3090E-04 
1.4970E-04 
1.0330E-04 
2.5140E-05 
1.6170E-05 
1.7900E-05 
7.9750E-06 
1.6950E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

1.5250E-08 
1.2350E-08 
8.8950E-09 
2.3420E-09 
8.9930E-09 
2.7930E-09 
1.6830E-09 
1.0740E-09 
5.4090E-10 
4.7750E-11 
2.6690E-11 
4.3590E-11 
2.3130E-12 
5.1960E-11 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Density 

(no. /mA3 ) 

7.0930E-04 
2.4330E-03 
2.9410E-03 
1.9210E-03 
2.5480E-03 
1.9150E-03 
9.4860E-04 
1.2980E-03 
9.2700E-04 
1.6840E-04 
1.0830E-04 
1.1990E-04 
5.3430E-05 
1.1360E-04 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Number o f  

F ish 

1.5132E+05 
4.8595E+05 
5.3584E+05 
3.3518E+05 
4.3389E+05 
2.9075E+05 
1.3195E+05 
1 .7362E+05 
1.2045E+05 
2.1524E+04 
1.3427E+04 
1.4498E+04 
5.7020E+03 
1.6222E+03 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

l1TOTAL8l 1.9880E+09 2.7157E+06 "+ or  -I1 4.2320E+05 





Appendix A.37. Hydroacoustic estimate o f  f i s h  inhabi t ing Area 2 ,  Ski lak Lake, Alaska i n  1990 based on transect 1 in tegrator  output. 

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo 1 ume Mean o f  Deviat ion A In tegrator  of In tegrator  Density Number o f  L imi ts  

(m) ( mA3 Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) Fish Variance (95%)  

2.0 - 7.0" 
7.0 - 12.0" 

12.0 - 17.0" 
" 17.0 - 22.0" 
" 22.0 - 27.0" 
" 27.0 - 32.0" 

I 
" 32.0 - 37.0" 

A " 37.0 - 42.0" 
I " 42.0 - 47.0" 

" 47.0 - 52.0" 
" 52.0 - 57.0" 

57.0 - 62.0" 
" 62.0 - 67.0" 

67.0 - 72.0" 
" 72.0 - 77.0" 
" 77.0 - 82.0" 
" 82.0 - 87.0" 
" 87.0 - 92.0" 
" 92.0 - 97.0" 

"TOTAL" 



Appendix A.38. Hydroacoustic es t imate  o f  f i s h  i n h a b i t i n g  Area 2, S k i l a k  Lake, Ataska i n  1990 based on t ransect  2 i n t e g r a t o r  output.  

Depth Stratum Number Standard Number Mean F ish  Est imated Confidence 
Stratum Volume Mean o f  D e v i a t i o n  A In teg ra to r  o f  I n t e g r a t o r  Dens i ty  Number o f  L i m i t s  

(m) ( mA3 ) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) F ish  Variance (95%) 

"TOTAL" 2.1200E+09 1.4218E+07 In+ o r  -I1 1.9200E+06 



Appendix A.39. Hydroacoustic es t imate  o f  f i s h  i n h a b i t i n g  Area 2, Sk i l ak  Lake, Alaska i n  1990 based on t ransec t  3 i n t e g r a t o r  output.  

Depth 
Stratum 

(m) 

" 2.0 - 7.0" 
" 7.0 - 12.0" 
" 12.0 - 17.0" 
" 17.0 - 22.0" 
" 22.0 - 27.0" 

I " 27.0 - 32.0" 
I' 32.0 - 37.0" 

w 37.0 - 42.0" 
I " 42.0 - 47.0" 

47.0 - 52.0" 
" 52.0 - 57.0" 
" 57.0 - 62.0" 
" 62.0 - 67.0" 
" 67.0 - 72.0" 
" 72.0 - 77.0" 
" 77.0 - 82.0" 
" 82.0 - 87.0" 
" 87.0 - 92.0" 
" 92.0 - 97.0" 

Number 
Mean o f  
Sigma Echoes 

1.0220E-05 125 
7.2020E-06 584 
5.7950E-06 1491 
5.2240E-06 2386 
4.6370E-06 3254 
4.0040E-06 2873 
4.2470E-06 2491 
3.5500E-06 1545 
3.4280E-06 745 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 
4.5940E-06 1206 

Standard 
Dev ia t i on  

Sigma 

1.0300E-05 
8.6900E-06 
6.0270E-06 
5.5700E-06 
6.2970E-06 
3.6680E-06 
1.3780E-05 
3.3040E-06 
3.4940E-06 
4.9700E-06 
4.9700E-06 
4.97OOE-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 

I n t e g r a t o r  
Output 

1.4460E-03 
1.1240E-03 
2.7850E-03 
2.8270E-03 
3.1710E-03 
2.0790E-03 
1.0080E-03 
3.1060E-04 
5.2050E-05 
2.9370E-05 
1.6790E-05 
2.7640E-05 
1.0620E-05 
1.0640E-05 
8.4800E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number Mean 
o f  I n t e g r a t o r  

Sequences Variance 

28 6.8640E-07 
28 6.3060E-08 
28 1.6690E-07 
27 1.1300E-07 
24 1 -7280E - 07 
24 8.7670E - 08 
24 1.4480E-08 
24 1.3670E-09 
24 1.0140E-10 
24 3.5920E-11 
24 1.9820E-11 
22 4.4360E-11 
21 3.1900E-12 
20 7.1950E-12 
19 3.8490E-12 
0 1.0000E+00 
0 1.0000E+00 
0 1.0000E+00 
0 1.0000E+00 

F ish  
Dens i t y  

( no. /rnA3 ) 

4.3550E-03 
4.8020E-03 
1.4790E-02 
1.6650E-02 
2.1040E-02 
1.5980E-02 
7.3060E-03 
2.6930E-03 
4.6730E-04 
1.9680E-04 
1.1250E-04 
1.8510E-04 
7.1160E-05 
7.1300E-05 
5.6800E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Est imated 
Number o f  

F ish  

7.2671 E+05 
7.9127E+05 
2.3669E+06 
2.5414E+06 
2.9777E+06 
2.2468E+06 
1.0225E+06 
3.7486E+05 
6.4732E+04 
2.6947E+04 
1.4994~+04 
2.2963E+04 
8.3043E+03 
7.6979E+03 
1.8969E+03 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 



Appendix A.40. Hydroacoustic es t imate o f  f i s h  i n h a b i t i n g  Area 3 ,  Sk i l ak  Lake, Alaska in  1990 based on t ransect  1 i n teg ra to r  output.  

Depth Stratum Number Standard Number Mean F ish Estimated Confidence 
Stratum Vo l ume Mean o f  Dev ia t i on  A I n teg ra to r  o f  I n teg ra to r  Dens i ty  Number o f  L im i t s  

(m) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) F ish Variance (95%) 

" 2.0 - 7.0" 
7.0 - 12.0" 

12.0 - 17.0" 
" 17.0 - 22.0" 
" 22.0 - 27.0" 

I MI 27.0 - 32.0" 
.I I t  32.0 - 37.0" 
@ I n  37.0 - 42.0" 
I 42.0 - 47.0" 

" 47.0 - 52.0" 
52.0 - 57.0" 
57.0 - 62.0" 
62.0 - 67.0" 

" 67.0 - 72.0" 
72.0 - 77.0" 

" 77.0 - 82.0" 
" 82.0 - 87.0" 
" 87.0 - 92.0" 
" 92.0 - 97.0" 

"TOTAL" 



Appendix A.41. Hydroacoustic es t imate  o f  f i s h  i n h a b i t i n g  Area 3, Sk i l ak  Lake, Alaska i n  1990 based on t ransect  2 i n t e g r a t o r  output.  

Depth 
Stratum 

(m) 

Stratum 
Vo 1  ume 
( mA3 

Number 
Mean o f  
Sigma Echoes 

Standard 
Dev ia t i on  

Sigma 
In teg ra to r  

output  

9.9520E-04 
5.8390E-04 
6.4840E-04 
4.5090E-04 
3.6470E-04 
2.6240E-04 
1.2990E-04 
6.9150E-05 
9.6670E-06 
5.2990E-05 
4.3090E-05 
6.8630E-05 
7.0340E-05 
3.0110E-05 
2.5480E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

1.6980E-07 
2.5870E-08 
1.3950E-08 
2.4170E-09 
6.0150E-09 
6.2650E-09 
2.0570E-09 
6.0090E-10 
1.4940E-11 
9.0370E-10 
1.5200E-10 
4.9320E-10 
3.7260E-10 
1.0840E-10 
4.1370E-10 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

F ish  
Dens i ty  

(no./mA3) 

2.9970E-03 
2.4950E-03 
3.4430E-03 
2.6560E-03 
2.4200E-03 
2.0170E-03 
9.4110E-04 
5.9950E-04 
8.6780E-05 
3.5500E-04 
2.8860E-04 
4.5970E-04 
4.7120E-04 
2.0170E-04 
1.7070E-04 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

- --- 

"TOTAL" 1.5250E+O9 



Appendix A.42. Hydroacoustic estimate o f  f i s h  inhabi t ing Area 3, Sk i lak Lake, Alaska i n  1990 based on transect 3 in tegrator  output. 

Depth Stratum Number Standard Number Mean Fish Estimated Confidence 
Stratum Vo 1 ume Mean of Deviat ion A In tegrator  o f  In tegrator  Density Number o f  L imi ts  

(m) (mA3) Sigma Echoes Sigma Constant Output Sequences Variance (no./mA3) Fish Variance (95%) 

laTOTAL1l 1.5040E+09 2.9433E+06 In+ or -I1 5.7520E+05 



Appendix A.43. Hydroacoustic est imate o f  f i s h  i nhab i t i ng  Area 3, Sk i l ak  Lake, Alaska i n  1990 based on transect 4 i n teg ra to r  output. 

Depth 
Stratum 

(m) 

Stratum 
Vo 1 ume 

(rnA3) 

Number 
Mean o f  
Sigma Echoes 

Standard 
Dev ia t ion 

Sigma 

1.0300E-05 
8.6900E-06 
6.0270E-06 
5.5700E-06 
6.2970E-06 
3.6680E-06 
1.3780E-05 
3.3040E-06 
3.4940E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 
4.9700E-06 

In teg ra to r  
output 

2.4480E-03 
1.5550E-03 
2.2040E-03 
1.8100E-03 
1.5750E-03 
1.0030E-03 
4.7650E-04 
1.0570E-04 
4.0680E-05 
1.3620E-05 
3.6170E-05 
4.9660E-05 
2.5220E-05 
1.6140E-05 
5.1970E-06 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Number 
o f  

Sequences 

Mean 
In teg ra to r  
Variance 

1.1880E-06 
1.7100E-07 
2.3740E-07 
5.7060E-08 
5.8890E-08 
5.9180E-08 
1.2120E-08 
3.1700E-09 
6.3890E-10 
9.5250E-11 
2.2290E-10 
2.8300E-10 
7.5220E-11 
2.4040E-11 
2.5950E-11 
1.0000E+00 
1.0000E+00 
1.0000E+00 
1.0000E+00 

Fish 
Dens i ty  

(no. /mA3 ) 

7.3720E-03 
6.6450E-03 
1.1710E-02 
1.0660E-02 
1.0460E-02 
7.7110E-03 
3.4530E-03 
9.1630E-04 
3.6520E-04 
9.1220E-05 
2.4230E-04 
3.3260E-04 
1.6900E-04 
1.0810E-04 
3.4820E-05 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

"TOTAL" 1.4840E+09 



Appendix A.44. Estimated number of fish not available to the hydroacoustic 
equipment because of surface orientation in Skilak and 
Kenai Lakes. Alaska during the fall of 1990. 

Estimated Estimated Estimated 
Fish Density Volume Number of 

Lake Area Transect (number/m^3) (m-3) " Fish 

Skilak 1 

Kenai 1 



Appendix A.45. Estimated number of fish not available to the hydroacoustic 
equipment because of bottom orientation in Skilak Lake,Alaska 
during the fall o f  1990. 

Estimated 
Bottom Fish Density 

Area Transect Oepth(m) (number/mA3) 

2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

1 2 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

Estimated 
Number of 

Fish 

continued 



Appendix A.45. (p.2 o f  7 ) .  

Estimated Estimated Estimated 
Bottom F i sh  Dens i ty  Volume Number o f  

Area Transect Depth(m) (number/mA3) (m-3) F ish 

97-102 
TOTAL 

4 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

cont inued 



Appendix A.45. (p.3 o f  7 ) .  

Es t imated  Es t imated  Es t imated  
Bottom F i s h  D e n s i t y  Volume Number o f  

Area Transec t  Depth(m) (number/mA3) (m-3 ) F i s h  

1 5 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

6 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

c o n t i n u e d  



Appendix A.45. (p.4 o f  7) 

Estimated Estimated 
Bottom F i sh  Densi ty Volume Number o f  

Area Transect Depth (m) (number/mA3) (mA3 ) F i sh  

2 1 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

97-102 
TOTAL 

cont inued 



Appendix A.45. ( p . 5  o f  7)  

Es t imated  Es t imated  
Bottom F i s h  D e n s i t y  Volume Number o f  

Area Transec t  Oepth(m) (number/rn^3) [ill-3 ) F i s h  

2 3 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

1 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

c o n t i n u e d  



Appendix A.45. (p.6 o f  7) 

Est imated Estimated Est imated 
Bottom F i sh  Dens i ty  Volume Number o f  

Area Transect Depth(m) (number/mA3) (m-3 ) F i sh  

3 2 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

3 3 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

cont inued 



Appendix A.45. (p.7 o f  7) 

Estimated Estimated Estimated 
Bottom F i sh  Dens i ty  Volume Number o f  

Area Transect Oepth(m) (number/mA3) (m-3 F i sh  

3 4 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 



Appendix A.46. Estimated number o f  f i s h  not  a v a i l a b l e  t o  t h e  hydroacoust ic 
equipment because o f  bottom o r i e n t a t i o n  i n  Kenai Lake,Alaska 
du r i ng  t h e  f a l l  o f  1990. 

Estimated 
Bottom F i sh  Dens i ty  

Area Transect Oepth(m) (number/mA3) 

Estimated Estimated 
Volume Number o f  
(m-3 ) F i sh  

1 1 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 

TOTAL 

1 2 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 

TOTAL 

cont inued 



Appendix A.46. (p .2  o f  4 ) .  

Es t imated  Es t imated  Es t imated  
Bottom F i s h  D e n s i t y  Volume Number o f  

Area Transec t  Depth(m) (number/mA3) (mA3 F i s h  

1 3 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

4 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

c o n t i n u e d  



Appendix A.46. (p .  3 o f  4) 

Estimated Estimated Est imated 
Bottom F i sh  Dens i ty  Volume Number o f  

Area Transect Oepth(m) (number/mA3) (m-3 1 F i sh  

1 5 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

6 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 

c o n t i  nued 



Appendix A.46. (p. 4 of 4). 

Estimated Estimated 
Bottom Fish Density Volume Number of 

Area Transect Depth(m) (number/m^3) (m-3) Fish 

1 7 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 
97-102 
TOTAL 



The Alaska Department of Fish and Game receives federal funding. All of its public 
programs and activities are operated free from discrimination on the basis of race, 
religion, sex, color, national origin, age, or handicap. Any person who believes he or 
she has been discriminated against by this agency should write to: OEO, U.S. 
Department of the Interior, Washington, DC 20240. 
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