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ABSTRACT 

Inclined plane traps were placed in the Kenai River in 1994 to capture seaward migrating sockeye 
salmon Oncorhynchus nerka smolt. A total of 11 1,647 sockeye salmon smolt were captured. 
Assumptions required for making an estimate of the total number of seaward migrants were not 
met. Analysis of adult returns revealed that previous smolt population estimates were low. 
Approximately 95.7% of the sockeye smolt captured were age-l., and the remainder were age-2. 
(3.6%). Sockeye salmon smolt length frequency data and marked coho salmon smolt recapture 
data revealed decreased trap efficiency with increased smolt size. 

KEY WORDS: Sockeye salmon smolt, Oncorhynchzts nerka, biological sampling, 
migratory timing, bismark brown dye, mark-recapture, population 
estimation, len,@h frequency distribution 



INTRODUCTION 

The Kenai River (Figure 1) smolt project has provided an estimate of the number and age 
composition of sockeye salmon Oncorhynchus nerka migrating out of the drainage since 1989 
(King et al. 1990, 1991, 1994, 1995). This information has been used to evaluate sockeye salmon 
production in the Kenai River drainage in conjunction with mainstem estimates of spawners (Davis 
and King 1995), juvenile rearing in Kenai and Skilak lakes (Tarbox and Brannian 1995), and adult 
weir counts in Hidden Creek (Fandrei 1993) and Russian River (Marsh 1995a, 1995b) tributaries 
(Figure 2). Comparable production studies are being done in the Kasilof River drainage, the second 
largest producer of sockeye salmon in UCI (Kyle 1992, Kyle and Todd 1995). 

Commercial fishing closures in UCI due to the 1989 Exxon Valdez oil spill resulted in an 
extremely large spawning escapement into the Kenai River. Several projects were designed to 
evaluate the effects of large spawning escapements on resulting progeny and lake rearing habitat. 
The Kenai River smolt project was a component of Natural Resource Damage Assessment Project 
No. 27, "Sockeye Salmon Overescapement", from 1990 to 1992 (Schmidt and Tarbox 1991, 1992) 
and Kenai River Restoration Studies in 1993 and 1994 (Schmidt et al. 1995). 

Objectives of the 1994 Kenai River smolt project were to: 

1. Estimate the number of sockeye salmon smolt during the peak migration period of 
15 May through 30 June; 

2. Determine the age composition, mean weight, and mean length of sockeye salmon 
smolt; 

3. Describe daily and seasonal migration timing of sockeye salmon smolt; and 
4. Deterniine the number of sockeye salmon sn~olt migrating adjacent to the right 

bank. 

METHODS 

Fishing Metlz ods 

Trap design (Todd 1994) and placement at the krn 3 1 site were identical to that of 1993 (Figure 3; 
King et al. 1995). Traps on the left side of the river were placed in the area of highest surface water 
velocities and greatest flow volume, since we thought most smolt would travel downriver through 
this area (Hoar 1954, Foerster 1968, Bue et al. 1988). The two traps on the right side of the river 
were as far toward the middle of the river as was practical and still allow boat travel through the 
area. Of the approximately 100 m river width, 25% of the middle was not monitored. In addition 
to the six traps fished at km 3 1 in 1994, two traps were placed in the river adjacent to the right bank 
at krn 38. The two km 38 traps were anchored and held 6 m and 12 m offshore using cables and 
booms. 



The river was 105 m wide with a maximunl water depth of 2.5 m at the km 31 trap location. The 
thalweg occurred 25-30 nl fiom the left bank and both current velocity and water depth generally 
decreased as one moved toward the right bank. Discharge typically increases during May and June, 
and ranges from 3,000 to 13,000 cubic feet per second. 

All km 3 1 traps were fished continuously throughout the study. Traps were monitored throughout 
the day and emptied at least twice between 0001 h and 0500 h. Traps were checked only 
sporadically through the remainder of the day, and generally emptied once more between 2200 and 
2300 h. All captured juvenile salmonids were counted and recorded by species and stage of 
development. 

Estimating Trap Efficiency 

Sockeye salmon smolt were marked and released each day until a minimum sample size of 2,800 
healthy dyed smolt was reached. No new releases of marked smolt were made during the next 48 
hours to allow those released to pass the counting site. This provided trap efficiency data for 3 to 7 
d time strata. 

The Kenai River km 38 site was established as a marking site only. By dyeing 2,800 sockeye 
salmon smolt at this site, we hoped to eliminate dyeing at the km 3 1 site and allow the km 3 1 crew 
to focus on examining sockeye smolt for dye. We also suspected that we were subjecting sockeye 
srnolt to additional stress at the km 3 1 site by first esamining them for dye and then using the same 
fish for dyeing. 

At the km38 site, sockeye salmon smolt were dyed in a solution of 5 g Bismark Brown in 190 1 of 
water (approxinlately 1:36,000) for twenty minutes. Fish were dyed in the morning, using the 
previous night's catch. As sockeye salmon smolt were removed from the trap, they were counted 
and immediately placed into a live tank mounted on the floats of the trap. Fresh water fionl the 
river was constantly circulated through the tank by a battery operated pump. Once an adequate 
sample size was reached, smolt were dyed, held in the live tank for at least 12 hours, and released at 
approximately 2200-2300 h. Dead and visibly weakened smolt were removed prior to release, and 
the number subsequently used to determine percent mortality fiom handling and dyeing. We 
assumed that since marked smolt were released in mid-stream at the onset of the nightly smolt 
migration, there would be adequate mixing of dyed smolt and other migrating sockeye salmon 
smolt prior to arrival at the km 3 1 traps. All srnolt captured in the krn 3 1 traps in the next 48 hours 
were examined for evidence of dye. 

The number of smolt dyed and released (M) each marking period was set at 2,800 to obtain an 
estimate of abundance (N,) with a relative error of +I- 25% for trap efficiencies equal to or greater 
than 2%. Trap efficiency was defined as the number of recaptures (ri) divided by the number of 
smolt dyed and released. Required A4 for a given trap efficiency varied only slightly with number 



of snlolt caught (Ci), but increased dramatically as trap efficiency decreased. A 2% trap efficiency 
was twice that seen in previous years, but sample sizes necessary for lower efficiencies would 
require handling more smolt than we thought we could capture and process. We also assumed that 
dye marking events could be pooled since trap efficiencies of adjacent time strata were not 
significantly different in 1989 and 1990 (Chi-square test with P=O.Oj critical value). Pooling just 
two adjacent strata would result in a sample size of 5,600 smolt, which would provide estimates 
with the desired relative error for trap efficiencies as low as 1 %. We tested to see if the numbers of 
dyed fish released and recaptured was independent of time stratum using all strata, followed by a 
stepwise comparison of succeeding strata (Chi-square; P=0.05 critical value). 

Our estimator, like other mark-recapture estimates of population size, was biased when low 
numbers of dyed sockeye salmon smolt were recaptured (Seber 1982). To keep the level of bias 
below 1096, enough smolt had to be marked to ensure that at least 10 dyed smolt were recaptured 
within each time stratum. Fewer recaptures would result in a positive bias which would increase 
rapidly as recaptures fell below 10 smolt (King et al. 1994). 

Analyses assumed: (1) all released dyed sockeye salmon smolt moved past the trap site within 48 
hours so dyed smolt from one time period would not be caught in another; (2) the probability of 
capture among traps at krn 31 was the same for marked and unmarked smolt; and, (3) the 
probability of capture for each individual smolt was independent of that of other smolt. We were 
able to test assumption 2 by comparing (Chi-square; P=0.05 critical value) the ratio of unmarked to 
marked fish by trap and time stratum. 

Estimating Sockeye Salmon Smolt Abundance 

Sockeye salmon smolt abundance (N,) can be estimated from trap data using Laplace's ratio 
estimate (Cochran 1978) as adapted by Rawson (1984): 

where: 

Ni = number of undyed sockeye salmon smolt migrating past traps in period i 
Ci = number of sockeye salmon smolt caught in traps in period i 
h4 = number of sockeye salmon smolt dyed and released upstream in period i 
ri = number of dyed sockeye salmon smolt recaptured in traps in period i.. 

The variance of N was estimated as: 



and the (1 -a)  confidence interval as: 

where z, = the (1-a)/2 percentage point of the standard normal distribution. 

Rwt Tinling 

Migration timing was based on the proportion of the total catch made each day. We assumed that 
most smolt migrating from the Kenai River system passed the trap sites during the operational 
period. Therefore, the mean date of the migration was when 50% of the total catch had occurred at 
the krn 3 1 trap site. 

Age, Weight, and Length Snmplitzg 

Sockeye salmon smolt captured in krn 31 traps were sampled for age, weight, and length (AWL) 
information. A scale smear from the preferred area (INPFC 1963) of each smolt was placed on a 
standard laboratory slide for age determination. Each smolt was also weighed to the nearest 0.1 g 
and measured (fork length) to the nearest mm. In order to obtain an abundance estimate by age, 5d 
time strata were defined. Within each day of each stratum, samples were collected from the catch 
of all traps combined. A daily sample size (n) of 60 fish (300 fish per 5 d period) was selected. 
This sample size provides a binomial (two age classes) simultaneous 90% confidence interval of +/- 
0.05 when the proportion of the major age class in the population is at least 0.75. 

AWL data were also collected from sockeye salmon smolt migrating from Moose River, Hidden 
Creek, and Russian River. We compared age composition, mean length, and length frequencies of 
smolt from these tributaries to values from samples collected at the km 3 1 site to determine whether 
these substocks were represented in the km 31 trap catches. Age-specific mean lengths were 
compared among smolt samples from the various locations using one-way analysis of variance 
(ANOVA) to determine whether differences could be detected. All tests results were evaluated at 
the nominal P50.05 level of significance. 

We also examined length data from adipose fin clipped coho salmon (Oncorhynchus kisutch) smolt 
captured in the lun 31 traps to provide another measure of trap efficiency. These marked coho 
salmon smolt were captured in the Moose River and marked by inserting a coded wire tag into the 
snout and removing the adipose fin (J. Carlon, ADF&G Sport Fish Div., Soldotna, pers. comrn.). 
Nearly all coho salmon smolt passing the Moose River weir were tagged except a random sample 
preserved daily for collection of AWL data. We assumed that the len,nth frequency distribution of 
the AWL sample (n= 1,288) accurately represented the distribution for marked migrants. Based on 
this assumption, we apportioned the total Moose River coho salmon smolt migration and the total 
km 3 1 catch of marked coho salmon smolt into 5 and 10 rnrn length intervals. We then calculated a 
trap efficiency for each length stratum and tested for differences in the numbers of marked fish 
recaptured by length. 



Clinmtological and Hydrologicnl Smnplifzg 

Water velocity (dsec)  measurements were taken at the surface in front of each km 31 trap 
whenever river depth rose or fell 0.3 m. Water depth (m), temperature ("C), and clarity (maximum 
secchi disc depth) were measured daily. Kenai River daily discharge was calculated from stage 
height data gathered at river km 34 by the Alaska River Forecast Center (L. Rundquist, National 
Weather Service, NOAA, Anchorage, pers. comm.). 

RESULTS 

A total of 141,222 fish were captured in traps 1-6 from 12 May until 30 July 1994 at the km 3 1 site 
(Table 1 and Appendix A). Seventy-nine percent (1 11,647) of the fish caught were sockeye 
salmon smolt. Captures of sockeye salmon fry exceeded those recorded in previous years (Table 
2). The historical trend of increased numbers of smolt and decreased numbers of fry with distance 
from shore continued for sockeye and coho juveniles. Nearshore distribution of sockeye salmon fiy 
was also observed by Clark and Smith (1972). Total sockeye salmon smolt captures were the third 
highest since the inception of the project in 1989. Highest individual trap catch of sockeye salmon 
was in trap 3. Traps 1 and 2 captured 41% of the left bank sockeye smolt total. 

A total of 28,582 sockeye salmon smolt were dyed of which 27,126 were released. Survival per 
time strata during the holding period between dyeing and release ranged from 0.870 to 0.986 and 
averaged 0.949 (Table 3). Two hundred and ten of the dyed sockeye salmon smolt were 
recaptured, resulting in a total trap efficiency of 0.008. This compares with total trap efficiencies 
for the years 1989 through 1993 of 0.003 to 0.021 (Table 4). 

An examination of trap efficiencies for all dye events (all traps pooled) revealed a chi-square p- 
value for nine strata of 0.098, a non-significant statistic (Tables 5 and 6). When progressive sets 
of strata (1-2, 1-3, 1-4, etc) were tested, we found that thep-value dropped dramatically when dye 
event number 4 (4-5 June) was added and was lowest (p=0.098) after including dye event number 
6 (8 June). We therefore chose the first stratum to be dye events 1-3 (22 May - 3 June). We then 
tested progressive sets of dye events beginning with number 4 (4-5 June). A second stratum of 
dye events 4-9 (4 - 24 June) resulted from a chi-square test with p =0.3 14. 

We also tested the homogeneity of marked to unmarked sockeye smolt ratios of the trap catches. 
We found that there was a significant (p<0.001) difference in the ratio's when all traps were tested 
using the data for all dye events. There was also a significant difference among traps on the left 
bank (traps 1-4; p<0.000) and between traps on the right bank (traps 5 and 6; p=0.034). 

When trap catches were pooled into the two dye event strata defined above, different results 
emerged. Although a significant difference (p =0.004 and 0.000) still existed among the 6 traps 
within each time stratum, right bank traps were not significantly different for either stratum 



@=0.439 and 0.220). In contrast, left bank traps were significantly different @=0.025 and 
p= .005) for both strata. The left inshore traps (1 and 2) were not significantly different for 
either strata @=0.506 and 0.272) and tests of the offshore trap catches (3 and 4) had p-values 
of 0.041 for the first stratum and 0.21 for the second. 

We calculated several population estimates using two dye event strata and various combinations 
of traps. Since tests of homogeneity resulted in nonsignificant statistics when traps 5 and 6 ,  and 
traps 1 and 2 were grouped, the catches from these traps were used for two estimates. A third 
estimate used catches from the remaining pair of traps (3 and 4). Two additional estimates were 
made using catches from traps 1 through 4 and traps 1 through 6. All of the estimates were 
generated for purposes of evaluating the violation of assumptions on precision of this and 
previous years estimates of seaward migrants. Estimates of sockeye smolt generated with 
marked fish recapture data from different combinations of traps and two time strata varied from 
8.5 million (traps 1 and 2) to 36.4 million (traps 5 and 6; Table 7). 

Sockeye salmon smolt catches were relatively evenly distributed for a period of 3 1 days beginning 
21 May. Less than 1% of the catch occurred within the first 8 and last 4 days of counting. In 
addition, only 23 sockeye smolt were caught in trap 3 from 5 through 11 May. Eighty percent of 
the total catch of age-2 sockeye smolt occurred in 18 days (Table 8), with the midpoint on 30 May. 
A similar proportion of the age-1. component passed the counting site in 25 days with a midpoint 
on 10 June. The general trend since 1989 has been for age-2 smolt to leave the system earlier and 
over a shorter time span than the age-1 . smolt. 

An estimated 95.7% of the sockeye salmon smolt sampled at the kn13 1 site were age-1. (Table 9). 
There was a significant (p<0.001, 16 df) change in the proportion of age-2. smolt in all strata. The 
general trend, similar to previous years, was a decrease in the proportion of age-2. smolt through 
time. 

Mean length and weight of sockeye salmon smolt by age were comparable to those measured in 
1989-1 991 (Table 10; Figures 4 and 5). The mean length of age-1 . sockeye salmon smolt from the 
km 3 1 (mainstem) traps and from sanlples collected in Hidden Creek and Russian River (Table 11) 
were, 64 mrn, 129 mrn, and 85 mm respectively. The mean length of the krn 3 1 age-1. smolt was 
significantly less than each of the substocks (P<0.001). Mean length of age-2. sockeye smolt from 
the km 3 1 traps and from samples collected in the Moose and Russian River were 80 mm, 128 mm, 
and 97 mm. The mean length of krn 31 age-2. smolt was also significantly less than each of the 
substocks (p<0.001). In general, age-1 Hidden Creek and Russian River, and age-2. Moose Creek 
sockeye salmon smolt appeared to be missing from the km 31 trap catches (Figures 6 and 7), and 
there was some overlap in the length frequency distribution of km 3 1 and Russian River age-2. 
smolt. 

The average length of Moose River coho salmon smolt captured in km 3 1 traps was 120 mnl in 
contrast to the average of 134 rnm for the total Moose River migration (Figure 8; Jay Carlon, 
ADF&G Sport Fish Div, Soldotna, pers comm). These mean lengths were significantly different 
(ANOVA; p<0.001). Additional analysis of length frequency data for Moose River marked coho 
salmon smolt captured at km 31 indicated that trap efficiency decreased with increased length 



(Figure 9). Significant differences Cp=0.05) in trap efficiency were detected at 10 rnrn intervals in 
length frequency fi-om 96mm to 125 nun. Trap efficiency was half or less of the next smallest 10 
rnm length increment. Coho salmon smolt 126 to 145 rnm long were captured at the same rate of 
0.0007, and only 8 of approximately 32,000 (0.0002) tagged coho smolt larger than 145 mm were 
recaptured. Recombination of data after chi-square analysis resulted in 4 trap efficiency estimates 
which predicted the outmigration of coho salmon smolt size 96 to 145mrn (Figure 10). 

Seasonal trends in hydrological parameters were similar to previous years. Water level increased 
daily, while temperature generally increased at the krn 3 1 site throughout the study (Table 12). 
Daily discharge was low relative to previous years (Figure 11). Water clarity appeared to be a 
function of discharge (? = 0.48). There was no measurable relationship (p<0.001) between 
numbers of fish caught daily and water clarity or temperature (Figure 12), nor was there a 
relationship between daily water clarity measurements and trap efficiency (p< 0.001). 

The 1995 Kenai River adult sockeye salmon return provided an additional opportunity to evaluate 
the accuracy of smolt estimates based on adult returns of all age classes (Table 13). Returns of 6 
year old fish from the 1989 brood year resulted in smolt to adult survival estimates of 85.8% for the 
age-1. component and 335.6% for the age-2. conlponent. The 1990 brood year survival of smolt to 
adult was 287.7% for the age-1. component and 347.2% for the as yet incomplete (age-2.3 adults 
return in 1996) age-2. component. Finally, the 1991 brood year estimate of age-1.0 smolt has 
produced, without the age-1.3 component, a return of 484,000 age-1.2 fish, resulting in a 
preliminary smolt to adult survival of 60.7% 

DISCUSSION 

There are numerous factors which affect the accuracy of smolt population estimates in general, and 
those generated by mark and recapture methods. All methods assume that the population is 
measured during the timing of the seaward migration, and that the entire population is subject to the 
gear of choice. For the mark-recapture method used in this study to be successful, we assumed that 
the probability of capture among traps at km 3 1 had to be the same for marked and unmarked smolt 
and the probability of capture for each individual smolt had to be independent of that of other 
smolt. We reasoned that if these general (all methods) and specific assumptions were met, other 
factors commonly thought to affect population estimates (Seber 1982) would not be significant. 
We have subsequently found evidence that the assumptions may not have been met. Our smolt to 
adult survival data not only revealed impossible (greater than 100%) survival estimates for many 
brood years, it also revealed that age-2. survival rates were consistently higher than those of the 
age-1. component. Similar results can be inferred for the Kasilof River where the 1980 through 
1993 brood years produced an average age-1. smolt proportion of 82% using the same capture 
method, but an average of 69% age-1. adults returning to Cook Inlet from those brood years. We 
discovered that factors affecting trap efficiency, largely unanticipated at project inception, were 
critical to the failure of the project. Among the latter were marked fish sample sizes, effects of the 
marking process, behavioral responses of the fish to the capture gear, and an inability to obtain a 
marked sample which was representative of the population. 



With regard to the timing of the seaward migration, the initiation and duration of this project 
accounted for the majority of sockeye smolts migrating out of the Kenai River. Each year the first 
days of the project resulted in no or very low sockeye smolt catches. There was some evidence of 
low level migration at the end of counting activities, and we presume that some low level migration 
could occur throughout the summer. The majority of the Kenai h v e r  smolt migration does not 
however differ in timing from that of other drainages at similar latitudes (Hartman et al. 1967, Todd 
and Kyle 1995). The general trend of age-3. smolt leaving the drainage earlier and over a shorter 
time span than the age-1. smolt was also reported for a variety of lakes in Alaska by Hartman et al. 
(1967) and Todd and Kyle (1995). 

We are less certain about the availability of the gear to all segments of the population. Sockeye 
salmon smolt are known to seek out the highest velocity areas of the river during migration (Hoar 
1954, King et al. 1994, 1995). Our data showed that Traps 3 and 4 on the left side of the river were 
generally in the path of highest surface water velocities, with highest measurements frequently 
recorded in front of trap 3. The two traps on the right side of the river (5 and 6) were as far toward 
the middle of the river as was practical, however 25% of the middle of the river was unrnonitored. 
During 1993 and 1994, when 6 traps were fished, surface velocities in the unrnonitored portion of 
the river were equal to or greater than that measured at traps 4 and 5 during the period when most 
smolt were captured. Further, the velocity measurements in front of traps 2 through 5 
(approximately half of the cross sectional distance of the river) did not differ by more than 15% on 
any date. As a result, sockeye smolt seeking the highest velocities were not necessarily directed to 
the traps. 

The large proportion of the total 1994 sockeye salmon smolt catch in trap 3 was also observed in 
1990 and 1993. In the other years of the study, traps 3 and 4 had approximately equal seasonal 
catch totals. Both 1990 and 1993 also had greater total discharge rates for May than other study 
years, and highest surface velocities were recorded in front of trap 3. 

In contrast, 1994 discharge was relatively low, and highest velocity measurements were recorded 
in front of the offshore traps (3 and 4) only after 10 June. Catches of sockeye salmon smolt in 1994 
were also more evenly distributed among the inshore traps (1 and 2). The proportion of each days 
catch foulld in traps 1 and 2 were highest prior to 4 June and during the period when surface 
velocities were also higher in front of trap 2 than traps 3 and 4. After early June when total 
discharge had increased to the point where highest velocities were encountered in front of traps 3 
and 4, trap catches were also higher proportionally in the offshore traps. 

While discharge level and resultant velocity profile appeared to have a bearing on trap catch, we 
could not assess their influence on trap catches because the annual data were contradictory in this 
regard. In addition, of the two years that we measured the highest discharges (1 992-93) we also had 
the largest error in estimating smolt. We were also unable to answer the question of whether trap 
catches in any year were affected by water velocity in the middle of the river. 

Although discharge rates and surface velocities influenced the proportion of the total sockeye 
salmon smolt catch by trap, there was no obvious relationship between these or other individual 



hydrological parameter changes and daily migration rates or trap efficiency. Temperature, has been 
related to the onset of smolt migration (Power 1985, Burgner 1962, Hartman et al. 1967), however 
in this study temperature effects were confounded by the addition of significant water between the 
lake of origin of most smolt and the counting site. Water clarity was correlated to discharge 
changes, but could not independently explain the daily smolt migration pattern, nor was it related to 
trap efficiency. 

The failure to capture larger sockeye smolt migrating from the system in 1992 and 1993, coupled 
with the smolt to adult survival data collected in recent years, led us to seriously question the 
validity of our assumption that the entire population was subject to capture by the gear. We first 
began to see evidence that larger smolt had a different probability of capture in our traps than 
smaller smolt in 1992 (King et al. 1994). Prior to that, age-2. sockeye smolt lengths from trap 
samples appeared to be normally distributed (King et al. 1991) suggesting that size selectivity did 
not occur. We assumed that length frequency distributions would be truncated at larger values or 
be skewed toward smaller sizes if larger smolt were better able to evade capture. Length fiequency 
data for Russian River, Moose River, and Hidden Creek sockeye smolt, first collected in 1992, 
suggested that Hidden Creek (age-1 .) and Moose River (age-2.) sockeye smolt were not represented 
in mainstem trap catches. These length frequency distributions had little overlap with that 
measured for mainstem trap smolt samples, and the corresponding mean len,@hs were significantly 
different. In contrast, there was sufficient overlap between the mainstem and Russian River length 
frequency distributions to infer that Russian River smolt were at least partially represented in 
mainstem catches. These results were duplicated in 1994. The efficiency at which the mainstem 
traps were able to capture Russian River smolt is not known, but our data indicated that even if the 
highest of our five 1994 population estimates was used for mainstem age-2. smolt, the number was 
still substantially less than the age-2. component migrating from the Russian River. 

Our data indicated that krn 3 1 sockeye salmon smolt trap efficiency started to decline dramatically 
for smolt with a length range of 90- 1 15 rnm. Burgner (1 962) also found that fyke nets in the Wood 
River failed to catch sockeye smolt larger than 105 mm in currents averaging 3 m/s, and mean 
lengths of the samples captured with the fyke nets was biased low relative to other techniques used 
to sample the smolt migration. The nets were however able to capture fish which averaged 85-90 
mm. An inclined plane trap in the Kasilof River caught age-I. sockeye smolt with an average 
length of 64 rnrn and age-2 smolt which averaged 83 mrn long in 1994 (Todd and Kyle 1995). 

A comparison of length frequency distributions for coho salmon captured in Moose River and the 
mainstem Kenai River also provided evidence of size selectivity in trap catches. Carlon and 
Hasbrouck (1 993) found a significant (p<0.001) difference in mean length between coho tagged in 
the Moose River and those recovered in the traps, and stated that traps could not be used to estimate 
the number of coho salmon migrating from that drainage. We found that trap efficiency could be 
estimated for coho salmon smolt of various size ranges, and that smolt from 100-1 14 mrn were 
caught at a rate of slightly less than 2%. Since we were unable to capture Moose River and Hidden 
Creek sockeye salmon smolt which had similar lengths to the coho salmon smolt captured at krn 
31, it appeared that trap efficiency differed among species as well as within species. Similar 
results were reported by Thedinga et al. (1993) for screw traps used on the Situk River in 
southeastern Alaska. It is not, however, clear why we were successful at capturing larger coho 



smolt than sockeye smolt in the km 3 1 traps. Our 1.2% trap efficiency for 96-105 mm coho salmon 
smolt exceeded that for sockeye with mean length 64 rnrn (age-1.) and 80 rnrn (age-2.). We know 
that trap avoidance was not totally a function of swimming ability since we are able to catch much 
larger sockeye smolt (90-135 rnrn) in comparable currents in the Russian River tributary using a 
trap with the same basic design (King and Westerman, in press). 

While not central to this study, the captures of sockeye fry may also be indicative of differential 
catchability by size. Sockeye fry numbers increased nearly every year of the study, and made up 
over 10% of the total catch in 1993 and 1994. Historic returns to the river of age-0. adults have 
exceeded 1% of the total by brood year in only one year of our 33 year database (1962- 1990 brood 
years, David Waltemeyer, ADF&G, Soldotna, pers comm). We did not see evidence of significant 
numbers of 1992 brood year age-0. adults returning in 1995. Minor age-0. fry migrations with less 
than expected age-0. adult returns were also common in the Wood River Lakes system (Burgner 
1962) and Lower Babine River (Clark and Smith 1972). While our results may be indicative of 
differential trap efficiency based on fish size, we were unable to separate this variable from 
potential differential survival of these cohorts in the marine environment. 

Dye events were conducted more fiequently in 1994 than in previous years, which allowed us to 
measure trap efficiency every 2-7 days during the migration. We thought that this increase would 
alleviate previous concerns about adequacy of sample sizes. With the exception of the last dye 
event, more than 10 dyed smolt were recaptured per dye event, reducing the chance of bias known 
to occur in mark-recapture estimates with small numbers of recaptures (Seber 1982). The 
minimum number of dyed smolt needed each period was based on the assumption that trap 
efficiency would either equal 2%, or be consistent over time if less than 2%. Sample sizes greater 
than 7,500 were needed to ensure a relative error of less than 25% for trap efficiencies equal to the 
1994 total of 0.8%. Since we found that trap efficiency was independent of dye event date, we 
could have combined the results of all dye events. However, after examining changes i n p  values in 
chi-square stepwise comparisons of dye events, we decided that the relatively large change after the 
addition of dye event 4 warranted starting a new stratum at that point. Resulting dye sample sizes 
were still adequate for our prescribed error levels. 

An important assumption underlying the population estimation procedure is that marked and 
unmarked smolt behave similarly. A violation of this assumption would be apparent if we obtained 
significantly different marked to unmarked ratios among traps. In previous years, we had mixed 
results in this regard, and it's impact on the estimate was considered negligible. However, in 1994 
we observed poor mixing of marked and unmarked smolt, resulting in differences in this ratio 
between inshore and offshore traps on the left bank, and between banks. With the detection of 
such differences among traps we would violate assumption 2 (see methods) if we pooled catches 
for a population estimate. In similar mark recapture studies, Thedinga et.al (1994) and Dempson 
and Stansbury (1991) found significant differences in trap efficiency through time and poor 
mixing between marked and unmarked fish. 

In the interest of examining the range of possible 1994 estimates that result from the violation of 
the mixing assumption, we made population estimates using pooled catches from several 



combinations of traps and two dye event strata. We were unable to say which if any of these 
estimates was better, or whether an average of all the estimates was better than the estimate from 
pooling the traps. Since the estimates ranged from 8 to 36 million, we elected not to publish a 
population estimate for forecasting or estimating freshwater or marine survival. We did 
however, use an average of the estimates for illustration purposes in comparing lengths of smolt 
substocks. 

Finally, our examination of the data and literature revealed other factors that could have potentially 
affected the success of our estimates. Visibility (Robinson and Barraclough 1978), rheotactic 
response and schooling behavior (Hoar 195 1, 1954, Hartrnan et al. 1967) all are potential influences 
on trap avoidance. Other researchers have focused on the detection of and responses to various 
environmental stimuli by fish. Carlson (1 994) summarized much of the historical information on 
hydrodynamic flow detection and hearing in fish. While salmonids are not particularly good 
'hearers', they are able to detect extremely small (measured in angstroms) changes in pressure. 
Carlson suggested that the ability to measure extremely low level pressure changes provides the 
avoidance mechanisms through which fish keep from colliding with instream obstacles. This 
implies that efficiency of movement in downstream migration is best achieved by moving along a 
stimulus field gradient that prevents collisions but minimizes radical course changes. Hartman et 
al. (1 967) documented a switch in rheotactic response by sockeye smolt immediately upon entering 
the wings of a fyke net, suggesting a reaction to the pressure wave present in front of the net. 
Fletcher (1994) demonstrated that golden shiner Notemigonzrs crysoleucas motion paths coincided 
with flux lines of water motion. He interpreted this behavior as fish responding to velocity 
gradients as opposed to responding directly to solid surfaces that induced gradients. Urick (1967) 
concluded that the hearing of most fish overlaps the frequencies at which most ambient and man- 
made noises occur. In the case of smolt traps, any or all of these factors may influence trap 
avoidance. 

While the basic physiological mechanism for detection of pressure waves is probably the same for 
all salmonids species (Carlson, 1994), object avoidance behavior can be different. The difference 
in rheotactic response changes the rate at which the physiological reaction takes place (Denton and 
Gray, 1988); ie positive rheotaxis (coho smolt) provides a different response from negative 
rheotaxis (sockeye salmon) to the same change in pressure. Schooling behavior (sockeye smolt) 
could result in a more immediate response than loose aggregates (coho smolt) where fish are apt to 
act more like individuals. Even the way in which each species reacts to stimuli (lateral movement 
in sockeye and diving reaction in coho), or the reaction of hatchery and wild stocks of the same 
species (Knudsen et al. 1992) can influence capture success. While we have no supporting 
evidence, we also suspect that there is a difference in species response time or degree of response 
based on habituation to background noise level in the juvenile rearing environment. That is, 
Kenai coho juveniles live in an acoustically very noisy environment and must sort these noises for 
reaction purposes. This may result in a 'noise threshold' below which no response is elicited. 
Sockeye juveniles rear in a relatively noise free environment, and are suddenly thrust into a very 
noisy environment for a brief time period during their migration to salt water. The lack of time to 
habituate may result in constant reaction to various noise sources which leads to a different 
stimulus gradient. Schwartz (1985) speculated that the relative insensitivity of Atlantic salmon to 
ambient noise might be an adaptation to it's acoustic environment. 



As is often the case, project assumptions take time to evaluate and understand. In the case of this 
project our assumption that hydrological and behavioral variables would not be significant were 
made and viewed in the context of marked to unmarked smolt catchability. We did not initially 
consider the implications of small changes in body size of substocks or year classes resulting in 
significant changes in the ability to capture fish. We showed that the overall timing of the project 
was adequate, and that sample sizes of marked fish could be achieved for recovery levels less than 
1%. However future studies of this type would benefit from: 1) placing more effort in the highest 
velocity areas of the river, or selecting sites where velocity profiles indicate the presence of a 
'narrow', clearly defined velocity chute; 2) determining more revealing ways of examining the 
effects on trap efficiency of water clarity, and velocity, and water deceleration gradients caused by 
the traps; 3) obtaining fish for marking using an independent method that is not size selective and 
4) developing methods to assess potential bias of capture methods with respect to fish size. 
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Table 1. Numbers of fish captured by m o l t  traps d the Kenai River kt13 1 site, hIay 12 through June 30, 1994. 

Sockeye Sockeye Chinook Chinook Coho Coho Pink 
Datea Smolt Fry Smolt Fry Smolt Fry Fry Other Totd 

12-May 
13-May 
14-May 
15-May 
16-May 
17-May 
I 8-May 
19-May 
20-May 
2 1-May 
22-May 
23-May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-hIay 
3 1-May 
0 l-Jun 
02-Jun 
03-Jun 
04-Jun 
05-Jun 
06-Jun 
07-Jun 
08-Jun 
09-Jun 
I 0-Jun 
1 l-Jun 
12-Jun 
13-Jun 
14-Jun 
15-Jun 
16-Jun 
17-Jun 
18-Jun 
19-Jun 
20-Jun 
21-Jun 
22-Jun 
23-Jun 
24-Jun 
25-Jun 
26-Jun 
27-Jun 
28-Jun 
29-Jun 
30-Jun 

Total 

Traps generally fished 12 May through 30 June, exceptions are noted for individual trap results. sptrpall.xia 



Table 2. Numbers ofjuvenile fish caught with inclined plane traps in the Kenai River, 1990-1 994. 

Numbers of Fish 
Trap Sockeye Sockeye Chinook Chinook Coho Coho Pink 
No. Smolt Fry Smolt Fry Smolt Fry Fry Other Total 

1990 
1 
2 
3 
4 

Total 

199 1 
1 
2 
3 
4 

Total 

1992 
1 
2 
3 
4 

Total 

1993 
1 
2 
3 
4 
5 
6 

Total 

I994 
1 
2 
3 
4 
5 
6 

Total 

%o Counts conducted #trphist.xls 



Table 3. Dyed Renai River sockeye salmon m o l t  releases and recaptures by date, 1994 

Date 

Numbers of Capture to Number of 
Number of Dyed Fish Release Dyed Fish Trap 

Fish Dyed Released Survivala Recovered ~ f l i c i e n c ~ ~  

2 1 -May 
22-May 
23-May 

Total 

25-May 
26-May 

Total 

28-May 
29-May 
30-May 
3 1 -May 
0 I-Jun 
02-Jun 
Total 

03-Jun 
04-Jun 
Total 

05-Jun 
06-Jun 

Total 

07-Jun 
08-Jun 
Total 

09-Jun 
10-Jun 
I I-Jun 
12-Jun 
Total 

14-Jun 
15-Jun 
16-Jun 
17-Jun 
Total 

18-Jun 
19-Jun 
20-Jun 
21-Jun 
22-Jun 
23-Jun 
24-Jun 
Total 

2 1-23 May 

25-26 May 

28 May-2 Jun 

3-4 Jun 

5-6 Jun 

7-8 Jun 

9- 12 Jun 

14-17 Jun 

18-24 Jun 

Total 2 1 May-24 Jun 28,582 27, 126 0.949 210 0.008 

"Number of dyed fish released/Number of dyed fish. 
%umber of dyed fish recoveredNumbers of dyed fish released. 



Table 4. Results of sockeye salmon smolt dye tests conducted on the Kenai River, 1989-1991. 

Date 

Number of Fish Number of Dyed Trap 

Dyed and Released Fish Recovered Efficiency 

1989 total 12,599 8 6 0.007 

1990 period 1 

1990 period 2-4 

1991 total 1,923 19 0.0 10 

1992 total 926 19 0.02 1 

1993 total 1.934 6 0.003 

1994 total 27,126 210 0.008 



Table 5. Numbers of sockeye m o l t  by date and trap examined for marks, km 31 Kenai River, 1994. 

Total Dyed Number of dyed Sockeye Sniolt recovered 
Strata Sockeye Sniolt 
Dates Released Trap I Trap 2 Trap 3 Trap 4 Trap 5 Trap 6 All Traps Traps 1 & 2 Traps 3 & 4 Traps 5 & 6 Traps I- 4 

22-23 May 3,085 15 9 3 0 1 0 28 
26-27 May 3,095 5 12 2 3 3 5 3 0 
29 hhy-3 June 3,775 4 12 8 10 0 5 39 

22 May-3 June 9,955 24 3 3 13 13 4 10 97 5 7 

4-5 June 3,126 3 5 6 3 0 4 2 1 
6-7 June 2,213 1 6 2 1 1 2 13 
8 June 2,998 5 5 2 2 1 0 15 
10-1 2 June 3,153 3 3 10 2 3 3 24 
15-17 June 3,414 2 7 12 6 3 0 3 0 
19-24 June 2,267 2 1 4 2 I 0 10 

4-24 June 17,171 16 2 7 3 6 I6 9 9 113 4 3 52 

Total 27,126 40 60 49 29 13 19 210 

Total Sockeye Stnolt examined for dyed fish 

Dates Trap 1 Trap 2 Trap 3 Trap 4 Trap 5 Trap 6 All Traps Traps 1 & 2 Traps 3 & 4 Traps 5 & 6 Traps 1- 4 

22-23 May 
26-27 May 
29 May-3 June 

4-5 June 
6-7 June 
8-Jun 
10-12 June 
15-17 June 
19-24 June 

4-24 June 3,782 9,020 17,808 11,516 17,591 9,935 69,652 12,802 29,324 27,526 42,126 

Total 8,600 14,561 23,533 14,134 20,092 13,904 94,824 60,828 

file name: x2rslts.xls 



Table 6. Results of Chi-square analysis of marked to untnarked ratios by trap and time strata, knl 31 Kenai River, 1994. 

Comparison of Trap Efficiencies through Time 

Calculated 
Chi-square P 

Strata Start Date Strata End Date Dye Event Value Value 

22-23 May 
22-23 May 
22-23 May 
22-23 May 
22-23 May 
22-23 May 
22-23 May 
22-23 May 

4-5 June 
4-5 June 
4-5 June 
4-5 June 
4-5 June 

26-27 May 
29 May-3 June 
4-5 June 
6-7 June 
8 June 
10-12 June 
15-17 June 
19-24 June 

6-7 June 
8 June 
10-12 June 
15-17 June 
19-24 June 

Comparison of Marked to &marked Sockeye Smolt Among Traps 

Calculated 
Chi-square P 

Strata Start Date Strata End Date Dye Event Trap Numbers Bank Value Value 

22-23 May 
22-23 May 
22-23 May 

22-23 May 
22-23 May 
22-23 May 

4-5 June 
4-5 June 
4-5 June 

22-23 May 
22-23 May 

4-5 June 
4-5 June 

19-24 June 
19-24 June 
19-24 June 

29 May-3 June 
29 May-3 June 
29 May-3 June 

19-24 June 
19-24 June 
19-24 June 

29 May-3 June 
29 May-3 June 

19-24 June 
19-24 June 

all 
all 
all 

1-3 
1-3 
1-3 

4-9 
4-9 
4-9 

1-3 
1-3 

4-9 
4-9 

all 
1 -4 
5-6 

all 
1-4 
5-6 

all 
1-4 
5-6 

1-2 
3-4 

1-2 
3 -4 

left 
right 

left 
right 

left 
right 

left-inshore 
left-offshore 

left-inshore 
left-offshore 



Table 7. Estimates of sockeye salmon smolt seaward migration from the Kenai River, 1994. 

Lower Upper 
Total Confidence Confidence 

Trap Number Migrationa Variance Intewal Interval 

1-2 8,480,667 5.776E+lO 8,009,63 1 8,95 1,703 
3 -4 15,120,527 2.152E+11 14,211,237 16,029,818 
5 -6 36,140,012 3.918E+12 32,560,381 40,3 19,703 
1-4 11,661,93 1 5,93E+10 1 1,184,763 12,139,100 
all 15,286,138 8.911E+10 14,701,058 15,871,218 

"Two time strata, 12 May through 3 June and 4 through 30 June. 

dnyestzl.sls 



Table 8. Cumulative proportion by day of sockeye salmon mol t  seaward migration, 1989- 1994. 

Age- 1. Age-2. 

Date 1969 1990 1991 1992 1993 1994 1989 1990 1991 1992 1993 1994 

12-May 
13-May 
14-May 
15-May 
16-May 
17-May 
18-May 
19-Mq 
20-May' 
21-May 
22-May 
23 -May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
3 1-May 
01-Jun 
02-Jun 
03-Jun 
04-Jun 
05-Jun 
06-Jun 
07-Ju~ 
08-Jun 
09-Ju~  
10-Jun 
I I-Jun 
12-Jun 
13-Jun 
14-Jun 
I 5-Jun 
16-Jun 
17-Jun 
18-Jun 
19-Jun 
20-Jun 
21-Jun 
22-JU 
23-Jun 
24-Jun 
25-Ju~ 
26-Jun 
27-Jun 
28-Jun 
29-Jun 
30-Jun 
01-Jul 
02-Jul 
03-Jul 
04-Ju~ 
05-Jul 
06-Jul 
07-Jul 
08-Jul 
09-Jul 

mid date 
# days 15 17 24 14 26 25 
10%-90% of run 

'Shaded area denotes date on which 0.1 increment reached. 
cum%hii.xls 



Table 9. Summary of Kenai River sockeye salmon smolt age conlposition, 1989-1994. Data 
collected at river km 3 1. 

Percent of Seaward Migration 
Sample Period Age- 0 Age- 1 Age-2 Age-3 Sample Size 

Season Sumrnarv 



Table 10. Summnry of sockeye salmon smolt mean lengh and wei_rht by age class and time s b t ,  1989-1994. 
D a b  collected at river h 3 I. 

L e n d  n'eirht 
Time S tnd .  S t n d .  

Yenr Period N Mean hlin. hiax. Vnr. DCV. N Mean hlin. hlas. Var. Dev. 



Table 11. Morphological infomution collected from Hidden Creek, Moose River and Russian fiver 
sockeye salmon smolt, 1994. 

HIDDEN CREEK MOOSE W E R  RUSSIAN RIVER 

Age-1 N =  
Percent 

Length (nm)  N =  
Range = 

Mean = 

v a r  = 

Stdev = 

Weight (gm) N =  
Range = 

Mean = 

v a r  = 

Stdev = 

Age-2 N =  
Percent 

Leng& (mm) N= 
Range = 

Mean = 

var  = 

Stdev = 

Weight (gm) N =  
Range = 

Mean = 

Var = 

Stdev = 

Age-3 N =  
Percent 

Length (mm) N =  
Range = 

Mean = 

Var = 

Stdev = 

Weight (gm) N =  
Range = 

Mean = 

Var = 

Stdev = 



Table 12. Hydrological parameters measured daily at the Kenai River krn 3 1 site, 1994 

Water Water Turbidity Water Velocity (mps) 
Level Temp Reading 

Date (m) (c) (cm) Trap 1 Trap 2 Trap 3 Trap4 Trap 5 trap 6 



Table 13. Relationship between smolt outmigration and adult return for Kenai River age-1.2, -1.3, -2.2 and -2.3 sockeye 

salnion. All smolt and adult numbers are in thousands of fish. 

Smolt Age-2. Smolt 

Brood Age- 1. Adult Return to Adult Age-2. Adult Return to Adult 

Year Srnolta Age- 1.2 Age- 1.3 Survival Smolt Age-2.2 Age-2.3 Survival 

Average 98.3% 2 16.4% 

- -- -- -- 

aIncludes Hidden Lake (1987-1991) and Moose River (1990-1991) smolt not thought to be captured by the krn 3 1 traps. 



Figure 1. Map of upper Cook Inlet, Alaska, showing the location of the Kenai and Kasilof Rivers. 

3 1 





n Approximate trap location and 
fishing depth 

Right 
bank 

Left 
bank 

\ "high" water line 

"low" water line --- 

Distance (m) 

Figure 3. Cross section (top) and aerial view, Kenai River km 3 1 sockeye salmon smolt 
enumeration project site, 1994. 



I Age-1. Sockeye Salmon Smolt 

Range of 95% confidence bounds around mcan length 
- 

Age-2. Sockeye Salmon Smolt I 
Range of 95% confidence bounds around mean length 

5/23 61 1 618 611 6 612 3 

Date 

Figure 4. Mean lengths and 95% confidence bounds for age-l. (top) and age-2. sockeye 
salmon smolt sampled at the Kenai River km 3 1 site, 1989-1 994. 



Age-1. Sockeye Salmon Smolt 

Range of 95% confidence bounds around mean weight 

Date 

Agc2. Sockeye Salmon Smolt 
Range of 95% confidence bounds 
around mean weight 

5/15 5/23 611 618 611 6 6/23 

Date 

Figure 5 .  Mean weights and 95% confidence bounds for age-1. (top) and -2. sockeye salmon 
smolt sampled at the Kenai River Ian 3lsite, 1989-1994. 
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Krn 31 age-2. 

+ Moose R . age-2. 

+ Km 3 1 age-2. 

+ Moose R. age-2. 

+ Russian River age-2. 

Length (mm) 

Figure 7. Length frequency distributions, unweighted (top) and weighted by migration 
estimate, for Kenai River drainage age-2. sockeye salmon smolt stocks, 1994. 





Length (mm) 

Figure 9. Capture efficiency (5 rnm increments) of km 3 1 traps for different length coho 
s:liecr? smolt, 1394. 

106-1 15 116-125 

Length (mm) 

Figure 10. Capture efficiency (1 0 rnm increments) of krn 3 1 traps for different length coho 
salmon smolt, 1994. 

4 w p l m  r. 







Appendix A.1. Numbers of fish captured by trap 1 in the Kenai River, May 12 through June 27, 1994. 

Sockeye Sockeye Chinook Chinook Coho Coho Pink 
Date Slnolt Fry Sruolt Fry Sn~olt FV Fry Other Total 

I2-May 
13-May 
l4-May 
I 5-May 
I6-May 
17-May 
1 8-May 
19-May 
20-May 
2 1 -May 
22-May 
23-May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
3 1 -May 
0 l -Jun 
02-Jun 
03-Jun 
04-Jun 
05-Jun 
06-Jun 
07-Jun 
08-Jun 
09-Jun 
1 O-Jun 
I 1 -Jun 
12-Jun 
13-Jun 
14-Jun 
15-Jun 
16-Jun 
17-Jun 
I 8-Jun 
19-Jun 
20-Jun 
21-Jun 
22-Jun 
23-JUII 
24-Jun 
25-Jun 
26-Jun 
27-Jun 

Total 



Appendix A.2. Numbers of fish captured by trap 2 in the Kenai Fbvzr, May 12 through June 30, 1994. 

Sockeye Sockeye Chinook Chinook Coho Coho Pink 
Date Smolt Fry Smolt Fry Smolt Fry Fry Other Total 

12-May 
13-May 
14-May 
15-May 
16-May 
17-May 
18-May 
19-May 
20-May 
21-May 
22-May 
23-May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
3 1-May 
01-Jun 
02-Jun 
03-Jun 
04-Jun 
05-Jun 
06-JUII 
07-JUII 
0 8 - J u ~  
09-Jun 
10-Jun 
I I-Jun 
1 2 - J u ~  
13-Jun 
14-JU 
15-Jun 
16-Jun 
17- Jun 
18-Jun 
19-JU 
2 0 - J u ~  
2 1 - J u ~  
2 2 - J u ~  
23-Jun 
24-Jun 
25-Jun 
26-JUII 
27-Jun 
2 8 - J u ~  
29-JW 
3 0- Jun 

Total 



Appendix A.3. Numbers of fish captured by trap 3 in the Kenai River, May 12tluough June 30, 1994 

Sockeye Sockeye Chinook Chinook Coho Coho Pink 
Date Smolt Fry Smolt Fry Smolt Fry Fry Other Total 

12-May 
13-May 
14-May 
15-May 
16-May 
17-May 
18-May 
19-May 
20-May 
21-May 
22-May 
23-May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
3 1-May 
01-Jun 
02-Jun 
03-Ju~ 
04-JU 
05-Jun 
06-Ju~ 
07-Jun 
08-Jun 
09-Jun 
I 0- Jun 
I I-Jun 
1 2-Jun 
13-Jun 
14- Jun 
15-JUII 
1 6- Jun 
1 7 - J u ~  
18-Jun 
19-Jun 
20-Jun 
21-Jun 
22-Jun 
23-Ju~ 
24- Jun 
25-Ju~ 
26-Jun 
27-Jun 
28-Jun 
29-Jun 
30-Jun 

Total 



Appendix A.4. Numbers of fish captured by trap 4 in the Kenai River, May 12 through June 30, 1994. 

Sockeye Sockeye Chinook Chinook Coho Coho Pink 
Date Smolt Fry Snlolt Fry Smolt Fry Fry Other Total 

12-May 3 
13-May 8 
14-May 1 
15-May 1 
16-May 0 
17-May 1 
18-May 0 
19-May 4 
20-May 70 
21-May 197 
22-May 196 
23-May 107 
24-May 331 
25-May 37 
26-May 247 
27-May 198 
28-May 68 
29-May 122 
30-May 321 
31-May 358 
01-Jum 427 
02-JU 242 
03-Jun 400 
0 4 - J u ~  1,321 
05-Jun 490 
0 6 - J u ~  157 
07-JW 1,845 
0 8 - J u ~  899 
0 9 - J u ~  433 
10-Jun 3 15 
1 1 - J u ~  679 
12- Jun 1 18 
13-Jun 380 
14-Jun 777 
15-Jun 796 
I 6-Jun 1,433 
17-Jun 3 54 
18-Jun 84 8 
1 9- JLUI 162 
20-Jun 539 
21-Jun 116 
22-Tun 37 
23-Tun 27 1 
24-JU 35 
2 5 - J u  16 
26-JUII 343 
27-Jun 118 
28-Jun 10 
29-JUII 5 1 
30-Jun 121 

Total 16,003 



Appendix A.5. Numbers of fish captured by trap 5 in the Kenai River, May 12 through June 30, 1994. 

Sockeye Sockeye Chinook Chinook Coho Coho Pink 
Date Smolt Fry Smolt Fry Smolt Fry Fry Other Total 

12-May 
13-May 
14-May 
15-May 
16-May 
17-May 
18-May 
19-May 
20-May 
21-May 
22-May 
23-May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
3 1-May 
01-Jun 
02-Ju~ 
03-Ju~ 
04-Ju~ 
05-Jun 
06-Jun 
07-Ju~ 
08-Jun 
09-Ju~ 
10-Jun 
I I-Jun 
1 2-JUII 
1 3 - J u ~  
14-Ju~ 
1 5 - J u ~  
1 6-JUII 
I 7- JU 
18-Jun 
I 9- Jun 
20-Ju~ 
21-JUII 
22-JUII 
23-Jun 
24-JU 
25-Jun 
26 - Ju~  
27-JLU 
28-Jun 
2 9 - J u ~  
30-Jun 

Total 



Appendix A.6. Numbers of  fish captured by trap 6 in the Kenai Rxw, May 13 through June 30,  1994. 

Sockeye Sockeye Chnook Chinook Coho Coho Pink 
Date Smolt Fry Smolt Fry Snlolt Fry Fry Other Total 

13-May 
14-May 
15-May 
16-May 
17-May 
18-May 
19-May 
20-May 
21-May 
22-May 
23-May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
3 1-May 
01-Jun 
02-Ju~ 
03-Jun 
04-Jun 
05-Jun 
06-Jun 
07-Jun 
08-Jun 
09-Jun 
10-Jun 
11-Jun 
12-Jun 
13-Jun 
14- Jun 
I 5-Jun 
I 6-JU 
17- Jun 
18-Jun 
19-Jun 
20-Jun 
21-Jun 
22-Jun 
23-Jun 
24- Jun 
25-Ju~ 
26-Jun 
27-Ju~ 
28-Jun 
29-Jun 
30-Jun 

Total 






