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INTRODUCTION 

In the Kodiak Management Area (KMA; Figure I), sockeye salmon Oncorhynchus nerka spawn in 
approximately 40 systems (Brennan et al. 1993). A number of these systems are within the Kodiak 
National Wildlife Refuge, which was created in 1941 to preserve brown bear habitat. Sockeye salmon 
are an important food source for brown bear and an economic mainstay of the KMA commercial 
salmon fishery. The commercial fishery average harvest (1990-1993) of 4.9 nillion sockeye salmon 
has been worth about $29.3 million, annually (Brennan et al. 1993). The Kodiak salmon fleet consists 
of about 610 permit holders; 61% are Kodiak Island residents inclusive of six Native villages (K. 
Iverson, Alaska Department of Fish and Game, Commercial Fisheries Entry Commission, personal 
communication). The subsistence sockeye salmon fishery is also important, averaging 19,000 fish 
annually (1988-1993; Brennan et al. 1993). 

In 1989, crude oil spilled ii-om the M N  Exxon Valdez in Prince William Sound entered the Gulf of 
Alaska, and subsequently contaminated all of the traditional KMA salmon harvest areas (Barrett and 
Monkiewicz 1989). As a consequence of curtailed fisheries, sockeye salmon escapement goals were 
exceeded (overescapement) at several systems during 1989, including Afognak River, Akalura Creek, 
Dog Salmon River (Frazer Lake), and Ayakulik River (Red Lake). 

The highest 1989 overescapements occurred at Red and Akalura Lakes. Schmidt et al(1993) reported 
that sockeye salmon productivity in these systems was likely damaged as a result. Previous studies 
(Kyle et al 1988) have documented that excessive escapements tax rearing-limited systems by 
overloading the lake with too many juvenile sockeye salmon fry. This in turn results in alteration of the 
overall zooplankton biomass, species composition and sizes, thereby lowering sockeye salmon survival 
(Koenings and Kyle 1991). These changes can reduce over-winter sockeye salmon fry survival, extend 
freshwater rearing for additional years, and affect multiple brood years. 

In 1990, sockeye salmon smolt studies were initiated at Red, Akalura, and Upper Station (control) 
Lakes to measure responses from the 1989 escapement event (Figure 2; Barrett et al. 1993). This 
report documents the sixth (1995) year of the study and includes the 1994 and 1995 sockeye smolt 
work at Frazer Lake, conducted partially with oil spill funding. Frazer Lake was included in 1993 as an 
alternate control, replacing the Upper Station Lakes, for the Akalura and Red Lakes damage 
assessment. The 1989 Frazer Lake escapement, enumerated at 360,373 fish, was 80% above the 
upper escapement goal of 200,000. Lake fertilization has occurred for five years (1988-1992) to 
enhance zooplankton biomass and alleviate pre-1986 overescapement effects. Therefore, as a control 
it is not without problem 



OBJECTIVES 

1. Estimate the number of sockeye salmon smolts by age class for Red, Akalura, and Frazer Lakes. 

2. Estimate sockeye salmon smolt timing and growth characteristics (length, weight, and condition 
factor) by age class for each study lake. 

3. Estimate the seasonal use of near-shore areas in Red Lake by young-of-year sockeye salmon fry 
(age 0.). 

4. Examine the delayed mortality of sockeye salmon smolts associated with dye marking at the Red 
Lake field station. 

5. Examine the detectability of dye marked sockeye salmon smolt over time at the Red Lake field 
station. 

METHODS 

Smolt Traps and Site Locations 

At Red Lake two Canadian fan traps (Ginetz 1977) were operated fiom 07 May through 28 June 
1995, at a site located 1.6 krn downstream of the lake outlet where water depth averaged 0.4 m and 
velocity generally exceeded 0.9 rnlsec. The traps were placed parallel to each other in the stream 
approximately 2 m and 6 m off the west bank. Both traps were equipped with perforated aluminum- 
plate leads (2.2 m each in length, 1 m width, 4.8 mrn dia. holes) angled at 30" upstream. The two traps 
were connected together at the opening by an inverted V-shape structure fashioned from two pieces of 
perforated-plate lead. Both traps were fitted with live boxes (1.2 m long, 1.0 m wide, and 0.8 m high). 
The trap openings including the leads spanned about 30% of the stream width. 

At Akalura Lake a single Canadian fan trap was operated from 04 May through 26 June 1995, 
approximately 5.6 km downstream of the lake outlet. The trap was equipped with a live box 
measuring 1.5 m long, 1 m wide, and 0.8 m high. Perforated-plate leads were attached to the trap 
opening extending 1.3 m to the west stream bank and 1.9 m to the east bank. The lead to the east was 
attached to the stream bank and effectively prohibited smolt passage on this side of the trap. The leads 



spanned approximately 3 1% of the stream width. Stream depth was approximately 0.5 m and velocity 
about 1.0 mlsec. 

At Frazer Lake, an inclined plane trap as described by Todd (1994) was operated from 11 May 
through 27 June 1995, approximately 1.2 krn downstream of the lake outlet, upstream of the falls, and 
76 m upstream of the diversion weir. The trap site was 14 m and 11 m &om the east and west banks, 
respectively. Leads approximately 3.9 m in length were attached to the trap at an angle of about 30" 
towards both the east and west banks. The leads spanned approximately 20% of the stream width. 
This was the second year of operating a single trap above the falls. Before 1994, two traps were 
routinely fished below the falls (Barrett et al. 1993). The site selected above the falls was narrow and 
prohibited the use of two traps. Shields constructed of wood or aluminum were installed on the traps 
to reduce headlamp and lantern light in the trap entrances. All live boxes were covered with plastic 
fencing material to prevent predation. 

Smolt Enumeration 

At all locations traps were checked during the evening approximately every half hour for catch and 
proper operation using artificial light sources. During daylight hours the traps were monitored less 
routinely. For each check the total catch was enumerated by species and released; an exception was 
when a portion of the catch was held for sampling (described in later section). Species identification 
was made by visual examination of external characteristics (McConnell and Snyder 1972; Trautman 
1973). 

Smolt enumeration was completed using direct visual counts; the exception was that a catch-weight 
method was implemented when catch rates exceeded the crew's ability (> 10,000 smolts) to hand tally. 
For this method, the catch was transferred by dip net to a small mesh basket attached to a weight scale 
suspended over the stream by an A-fi-ame support; each dip net load was individually weighed, with 
~h immediately released into the stream downstream of the traps. About every tenth dip net load was 
sampled to determine species count by weight. This entailed counting by species a dipnet load of fish 
into a water filled container, transferring the entire contents to the scale for weighing, and then 
releasing the fish downstream of the trap site. All catch weights were recorded to the nearest 0.1 kg. 

All catch data were recorded by sampling day. A sampling day extended fi-om noon to noon and was 
identified by the calendar day of the noon to midnight period. 

Age, Weight, and Length Sampling 

At each location, up to 70 sockeye salmon smolt were sampled daily for age, weight, and length 
(AWL), five days a week (dependent upon smolt availability). To prevent bias all fish in the live-box 
were stirred immediately before being removed for sampling. Each sampled f~sh was anesthetized with 



MS-222 and a scale smear &om the preferred area (INPFC 1963) was removed and mounted on a 
standard microscope slide for ageing. Smolt weight was recorded to the nearest 0.1 g using a digital 
balance and tip-of-snout to fork-of-tail length (TI,) was recorded to the nearest 1.0 mm. After 
sampling, all smolt were revived and released downstream of each trap site. Ageing of scales was 
conducted using a 42X lens microfiche reader. All ages were recorded in European notation (Koo 
1962). 

Trap Effiiency Tests 

Trap efficiency was determined at least weekly dependent upon smolt availability. At all sites except 
Frazer Lake, up to 500 srnolt were dyed and released about 1 km upstream of the trap location in 
relatively low velocity water ( 4 . 5  dsec). At Frazer Lake, the number released was substantially 
greater (approximately 1,000 fish) due to the large smolt outmigrations that occur at Frazer Lake, 
while the distance to the release site, approximately 1 km upstream, was similar to the other sites. 
Smolts used for trap efficiency tests were collected from the trap(s) within three days and often within 
one day of each test. An instream covered live box with perforated sides was used to hold the smolts 
prior to upstream transport. Transport was performed using backpacks and 19 L plastic buckets 
equipped with battery-powered aerators. At the release sites, smolts were placed into instream live 
boxes and held for about 30 minutes before transfer into a continuously-oxygenated dye solution of 1.9 
g Bisrnark Brown Y dye to 57 L of water for another 30 minutes. After dyeing, the smolt were held 
for about 60 minutes in an instream perforated live box with lid, and then placed in water filled 19 L 
buckets for release across the stream channel. At each step in the process, the smolt were counted, and 
those that behaved abnormally were destroyed. The dye test at each of the sites were scheduled so that 
the release time was approximately 2200 h. Following the release of dyed f ~ h ,  the traps were checked 
for three or more days for recoveries. All recaptures were recorded separately from the unmarked fish 
catch and were not included in the daily trap catch totals. 

Climate Observations 

At the smolt trap locations of all three lakes, air and stream temperatures (C), stream height (cm), 
percent cloud cover, wind velocity, and wind direction were recorded at approximately 1800 hr. daily. 

Littoral Zone Seining 

At Red Lake, four shoal sites originally selected in 1992, were sampled weekly (May through at least 
June) using a beach seine measuring 15 m in length, 2 m deep, and about 6 rnm stretch mesh. The 



catch was counted and recorded by species with TL (mm) recorded for sockeye salmon only. Water 
temperature (C) was taken during each sampling event. 

Townet Surveys 

Townet surveys of oil spill study lakes have been conducted during 21 September-6 October annually 
since 1990 for indexing rearing fry abundance and size characteristics. Fish species composition is used 
in conjunction with fall hydroacoustic surveys to estimate fiy populations. Surveys at Red, Upper 
Station, and Akalura Lakes were conducted using a 4.9 m rubber raft and 30 hp outboard motor 
operated at full rpm; at Frazer Lake a 5 m Boston whaler with 40 hp motor was used. The townet 
used for the 1990-1994 surveys measured 2 m x 2 m at the entrance and 7.5 m in length. The body of 
the net was constructed of variable mesh (3.8 cm, 1.3 cm, and 0.6 cm) knotless nylon and the cod end 
of the net was 0.5 m long with 0.3 cm mesh fitted with a zipper for catch removal. Plastic floats were 
attached to the top of the net entrance and a 3.8 cm diameter steel bar lashed to the bottom Beginning 
is 1995, a new net constructed of monofilament and having identical dimensions to the knotless nylon 
net was used. Tow lines (1.27 cm polypropylene) used for the net were 91.5 m long, allowing for 
consistent fishing at 9.1 m depth. Previous hydroacoustic surveys have revealed that a majority of the 
sockeye fiy were located at this depth. 

Each survey consisted of three 10 to 35 minute tows along pre-selected transects for each lake. Catch 
from each tow was sorted, counted, and recorded by species, except when greater than 200 stickleback 
Gasterosteus aculeatus were captured for a single tow. When large numbers of stickleback were 
captured, a random grab sample of 100-150 stickleback were counted, weighed, and total catch 
numbers estimated using the catch-weight method previously described. 

Townet surveys have been conducted at Frazer Lake since 1985, and at Red, Upper Station (Upper 
Olga Lake), and Akalura Lakes from 1990- 1991. In 1992, only Red and Upper Station Lakes were 
surveyed. Akalura Lake was dropped from the survey program from 1992 - 1994 due to low catches 
of sockeye salmon relative to sticklebacks, and the lack of data utility related to accompanying 
hydroacoustic studies. In 1993 Frazer Lake was designated as the control lake, therefore Upper 
Station Lake townet data are not presented. During 1995 townet surveys were conducted at Frazer 
and Akalura Lakes. Townet surveys were not conducted at Red Lake during 1995 due to weather and 
personnel constraints. For ease of comparison we report the data collected since 1990. 

Delayed Mortaliiy Associated with Marked Fish 

An additional objective during the 1995 season included examining the delayed mortality associated 
with the dye marking of smolt at Red Lake. An instream live box was constructed to conduct 
mortality experiments measuring the differential amount of mortality that occurs over time between 
dyed and undyed smolt. The live box was 0.9 m (34)  wide x 1.5 m (5-ft) long x 0.9 m (34)  deep 



with perforated side and end panels, and divided into ten separate 30 cm (14)  x 46 cm (1.5-fi) 
compartments. Compartments on one side of the live box were labeled "Unmarked" and numbered 1 - 
5. The opposite side was also labeled "Marked" and numbered 1 - 5. The live box was placed in the 
river adjacent and parallel to the bank in moving water > 0.3 d s  to facilitate ease of examination. 

A minimum sample size of 500 sockeye smolts was obtained from the trap live box and placed in the 
instream live box used for dyeing smolt. The sample was then divided into two equal groups. One 
group was subjected to the same dye process that was used for mark-recapture trials (i.e. dye 
concentration, dye immersion period, aeration, recovery time, and transport procedures). Groups of 
47 marked smolts were then placed into each of the five compartments labeled "Marked" for a total of 
235 marked smolts. The second group of smolts were left unmarked but were also subjected to the 
same handling procedures that were used for the mark-recapture trials (i.e. aeration, recovery time, and 
transportation). Groups of 47 unmarked smolts were then placed into each of the five compartments 
labeled "Unmarked" for a total of 235 unmarked smolts. Only robust and healthy smolts were placed 
in the live box, the remaining smolts were released down stream of the trap. 

After 24 hours had elapsed following the dye process, the first group (contained within compartment 
No's. l-marked and unmarked) were inspected for mortality, counted, recorded, and released down 
stream of the trap. This same process was repeated each day at the same time until all smolts 
associated with the experiment had been released (five days later). This experiment was to be 
conducted about once weekly over four weeks. 

Detection of Marked Smolt over Time 

To evaluate delectability of marked f ~ h  at Red lake, an additional instream live box was constructed to 
hold marked and unmarked smolt. The live box was 0.9 m (34)  wide x 1.5 m (54)  long x 0.9 m (3- 
ft) deep with perforated side and end panels. The live box was divided into two equal compartments, 
labeled "Marked" and "Unmarked", and placed adjacent to the other live boxes. A sample size of 300 
sockeye smolts was obtained from the trap live box and 150 unmarked smolts placed directly into the 
'Vnrnarked" live box compartrmnt. The remaining 150 smolts were subjected to the same dye process 
that was used for the mark-recapture trials except that marked smolts were placed directly into the 
"marked" compartment after the dyeing process. 

Envelopes were provided for each crew member containing random numbers of marked and unmarked 
fish that were to be placed into a dipnet and given to the other crew member for inspection each night 
of the experiment. One crew member opened the provided envelope and removed the first set of 
random numbers. Indicated numbers of marked and unmarked fish from the live box were placed into 
a dipnet and handed to the other person for counting. Numbers of marked and unmarked fish 
identified by the second person were recorded and the process was repeated with a second and third 
set of numbers. Then crew roles were reversed and the process repeated. Time of night, artificial light 
sources, dipnets employed, and time spent on inspection and handling of smolts simulated normal 
working conditions. The experiment was to be conducted about once weekly, for five consecutive 
nights, until four weekly replicates were completed. Since the experiment was conducted with two 



participating crew-members, one experienced at detecting marked smolt and one inexperienced at 
detecting marked smolt, the data were stratified to test for differences in detection rate. This test was 
completed using a using a x2 test of homogeneity at the a = 0.05 significance level (Zar, 1994). 

DATA ANALYSLS 

To estimate smolt numbers fiom the catch-weight method (when employed) the following relationship 
was used: 

where a is the grand smolt weight total less basket weights; b is a sub-sample of total weight less 
basket weights; and c is the number of smolt £rom sub-sampled baskets. 

In deriving trap efficiency from the mark-recapture and trap catch data the formulae used was: 

where di is the number of marked fsh recaptured on day i of k successive days after release of marked 
fish, and D is the number of marked fish released. Since mark-recapture trap efficiencies were 
estimated on a weekly basis, we tested for homogeneity between events for all systems by employing a 
x2 test at 1 ~ 4 . 0 5 .  For both Red and Akalura Lakes significant x2 test statistics were generated (d.f. = 
4 and 6 respectively, p4.001). Therefore, we employed linear interpolation between weekly trap 
efficiency values to estimate daily trap efficiency for these systems. For estimates prior to the first and 
after the last mark-recapture events we used the first and last trap efficiency estimates for these days. 
A non-significant x2 test statistic was found for Frazer Lake (d.f. = 6, p4.25); a seasonal pooled trap 
efficiency estimate was employed for this system Rawson (1984) reported statistical models for 
treating sockeye smolt mark-recapture data derived on a daily basis with population estimates 
generated by: 

with variance 



V P ~ [ I ? , ]  = n, (n, + d , )  D(D - d I ) / d 1 2  

The overall annual smolt outmigration for a particular system was estimated by: 

with the overall variance estimated by: 

where: 

i) , = Total population of smolt outmigrating on day i; 

ii) n, = Number of unmarked fish captured in traps during day i; 

iii) = Total smolt population outmigrating over rn days. 

The (1-a) confidence intervals for the smolt population estimates were derived assuming a normal 
distribution (Rawson 1984). 

Condition factor for each smolt sampled was determined using: 

where W = weight in grams and L = length (tip-of-snout to fork-of-tail) in millimeters. 

RESULTS 

The 1995 daily sockeye smolt trap catch numbers and trap efficiency estimates for Red, Akalura, and 
Frazer Lakes are provided in Appendix A. Daily smolt population estimates and associated 95% 
confidence intervals are listed in Appendix B. Population estimates stratified by week and age class 
are provided in Appendix C. Smolt length, weight, and condition factor by age class and statistical 
week for each lake are summarized in Appendix D. Red Lake littoral zone seine catches for 1992- 
1995 are presented in Appendix E. Tow net survey catches and sockeye salmon iiy length, weight, 
and age statistics fi-om Red, Akalura, and Frazer Lakes for 1990-1995 are reported in Appendix F. 
The 1995 climatological data by system and day are reported in Appendix G. A map of the Red Lake 
beach seining sites is provided in Appendix H. Pre-season 1996 sockeye run forecasts for Red and 
Frazer Lakes are reported in Appendix I. 
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Red Lake 

The smolt traps were operational on 07 May and ceased operation on 28 June, during which time a 
total of 31,477 sml t  were caught (Appendix A.l). There were 2,822 smolt marked, 13,998 fish 
examined for marks, and 354 marked smolt recovered for a 12.5% seasonal trap efficiency. Trap 
efficiencies were signrficantly different among weeks and ranged from 6.2% to 17.7% over the course 
of the season. During 1995, 341,490 smolt (95% CI = 315,923 to 367,056) were estimated to have 
emigrated from Red Lake (Appendix B. 1). The 1995 smolt outmigration was 221,200 less than in 
1994 and about 48% less than the 1990-1994 average (Table 1; Figure 3). Age-2. smolt from the 1992 
brood year (BR) were most abundant contributing 93% to the total, followed by age-3. smolt at 3.6% 
(1991 BR) and age-1. smolt at 3.3% (1993 BR) (Table 2). This is the second consecutive year that the 
smolt outmigration from Red Lake has been comprised of over 90% age-2. smolt. 

The peak emigration timing of ages-l., -2., and -3. smolts during 1995 all occurred within the three 
week period beginning 3 1 May and ending 20 June (Figure 4; Appendix C. I.). The age-3. smolts 
peaked first followed by the age-2. smolts and finally the age-1. smolts. 

- -  
The mean length and weight of age-l., -2., and -3. smolts increased in 1995 compared to 1994 (Figure . 

5, and Table 7). Mean length and weight of age-1. and -3. smolts in the 1995 outmigration are 
comparable to the average values measured since project inception. 

A very large catch of age-0. sockeye fry during the week of 23 May was preceded by a good catch 
during the week of 16 May and followed by relatively low catches during the remainder of the season 
(Figure 6, Appendix E.l). Peak catches in 1994 and 1993 occurred later than in 1995 and good 
catches continued further into the season. Littoral zone rearing fry numbers observed during 1995 
were about half of that observed in 1994 and about two-thirds of that observed in 1993. Stickleback 
catches observed during 1995 were substantially higher than those observed during 1994 (Appendix 
E.2.). For the years 1992- 1995 a majority of sockeye fry and stickleback were found at site one near 
the northwest end of Red Lake (Appendix H. 1). It is likely that the number of sockeye fry caught at 
this site were affected by close proximity to Connecticut Creek, the major sockeye spawning tributary. 
In all years, sockeye fry in the littoral zone averaged about 35 mm in length during May and June 

(Appendix E. 3). 

The results of the delayed mortality experiment conducted at Red Lake indicate that there was some 
differential delayed mortality between dyed and undyed fsh. However, it was not possible to generate 
enough replicates due to low smolt catches to estimate this differential mortality in a rigorous manner. 
Of the three replicates that were performed, the differential mortality over the entire 5 day period 
ranged between 5% and 23% with an average of 15%. A similar experiment conducted at Chignik 
Lake during 1995 indicated an average differential mortality of 12% (ADF&G, unpublished data). 

The dye detectability experiment performed at Red Lake during 1995 revealed that approximately 
99.7% of dyed fish were detected by counting personnel. Additionally, when the data were stratified 
by observer (one experienced crew-member and one inexperienced crew-member), there was no 
difference in the ability to detect dyed smolt among observers (d.f. = 1, p=.98). A similar experiment 
conducted at Chi@ Lake indicated a dye detectability rate of 99.8% (ADF&G, unpublished data). 



Akalura Lake 

The trap at Akalura Lake was installed on 04 May and operated through 26 June. A total of 13,167 
sockeye smolts were captured of which 2,808 were marked. A total of 6,365 smolts were examined 
for marks and 285 marked fish recaptured over the season for a seasonal trap efficiency of 10.1%. 
Trap efficiencies were sigdicantly different among weeks and ranged kom 4.9% to 18.9% (Appendix 
A.2). The 1995 smolt outrnigration was an estimated 134,117 smolts (95% CI 125,523 to 142,712) 
which is about 30% less than the 1994 smolt outmigration of 170,172 (Table 3). Age-2. smolts were 
the most abundant age class comprising 53% (1 992 BR) of the total, followed by age- 1. at 47% (1 993 
BR), and age-3. at less than 1% (1991 BR) (Table 4; Figure 7; and Appendix C.2). The 1995 smolt 
outmigration had the smallest age-3. contribution since 1990. 

The peak of age-1. emigration in 1995 occurred during the second week of June and was very distinct 
(Figure 8, Appendix C.2). Age-2. emigration appeared less peaked or even bimodal between 10 May 
and 6 June. 

Both age-1. and age-2. smolt were of smaller mean length and weight during 1995 than in 1994 (Table 
7, Figure 9). The mean length and mean weight of all age classes of smolt from the 1995 outmigration 
were larger than the 1990-1994 average rnean length and weight. Age-1. smolts averaged about 6.5 
mmlarger and weighed 1 g more than age-1. smolts from 1990-1994, and age-2. smolts were 7.9 mrn 
larger and weighed 1.4 g more than age-2. smolts kom 1990- 1994. 

Tow net sampling was reinitiated at Akalura Lake in 1995 after a 3 year hiatus. Sockeye liy CPUE 
during 1995 (2.2 fish/&.) was slightly higher than 1991 (2.1 fish/&.), but lower than observed in 
1990 (3.4 fish/&.) (Appendix F.2). The stickleback CPUE observed during 1995 (14.8 fish/min.) 
was greatly reduced fi-om both 1991 (153.8 fish/&.) and 1990 (60.7 fish/&.). 

Frazer Luke 

At Frazer Lake, a single inclined plane trap was operated from 11 May through 27 June (Appendix 
A.3). A total of 505,219 sockeye smolts were caught in the trap and 6,707 were marked. Over the 
season, a total of 103,13 1 smolts were examined for marks and 405 were recovered for a seasonal trap 
efficiency estimate of 6.0%. Trap efficiencies were not sigdicantly different among weeks and ranged 
from 4.7% to 7.0% over the season. The total sockeye smolt outmigration was an estimated 
8,386,087 smolts (95% CI = 7,595,899 to 9,176,275; Appendix B.3), which was the second largest 
observed smolt outmigration since 1991 (Tables 5 and 6). Age-2. (98%) smolt dominated the 1995 
outmigration as compared to age-1. (0.7%) smolt. In comparison, during 1991 age-1. (40%) and -2. 
(59%) smolts represented most of the estimate, whereas in 1993 the smolt age composition was evenly 
divided between ages-2. and -3. (Figure 10). 

The 1995 smolt outrnigration peaked from 24-30 May, but large numbers of smolt were observed from 
11 May through 6 June (Figure 11). 



In 1995, age-2. smolts averaged about 91.2 mm which was nearly 5 mm less than the 1990-1994 
average of 96.1 mm (Table 7; Figure 12). Age-2. smolt during 1995 weighed an average of 5.6 g as 
compared to the 1990- 1994 average weight of 7.3 g. 

The 1995 townet survey catches show markedly fewer rearing sockeye liy in 1995 than in surveys 
conducted during 1990-1993 (Appendix F.3). A total of two fry were caught during 1995 which may 
in-part have been due to poor survey conditions. Similar catches were observed during 1994 and 1993 
when catches were 2 and 16 respectively. The 1995 stickleback CPUE of 3.9 fish 1 min. was 
approximately two thirds of the 1990-1994 average of 6.1 stickleback 1 min. 

DISCUSSION 

Red Lake 

The 1995 Red Lake smolt outmigration completes the 1991 BR. An estimated 0.8 million sockeye 
smolts were produced from the 0.37 d o n  1991 escapement. Thls level of production is about half of 
what was estimated for the 1989 BR and nearly 4 times larger than for the 1990 BR. Smolt population 
estimates for the 1987 and 1988 brood years should be considered relative indices, as the population 
estimates for these years are marginal. The lack of confidence in these estimates is based upon age-2. 
smolt numbers which were adjusted using a 30% smolt to adult survival rate (Koenings et al. 1993) 
that was 4.5 times lower than the number of age 2. adult returns. We believe error in this estimate is 
centered around using a single smolt trap during 1990 that experienced substantial avoidance by age 2. 
smolts. Although two traps were used during 1991, trap avoidance still appeared to be a problem. 
Age-1. and -2. smolt estimates after adjusting for marine survival were 2.0 and 4.3 times lower, 
respectively than the numbers of freshwater age 1. and 2. returning adults. During 1992, trap 
configuration was modified, a smolt weir operated, and resulting smolt population estimates evaluated 
(Barrett et al. 1993). 

It appears based upon sockeye smolt outrnigrations during 1995, 1994, and 1993, that the adult return 
from the 1991 BR will be significantly better than anticipated from the 1990 BR. Assuming 30% 
ocean survival (mean length 108.6 mrn) the 520,000 age-2. smolts from the 1991 BR will result in 
about 156,000 age 2.2 adults. The smolt sizes from the 1991 BR suggest that experiencing greater 
than 30% smolt-to-adult survival from these BR's is not anticipated. 

The diminished index of littoral zone rearing fry numbers observed in 1995 indicates that the 1996 and 
1997 smolt outrnigrations may decline from the present level. However, the pattern of catches 
observed in 1995 suggests that fiy may have moved offshore and become unavailable to the beach 
seine earlier than in previous years. We observed no apparent differences in the age-0. rearing fry 
length between years or within a year; however, rearing fry generally begin pelagic rearing at 35-40 



mrn in length (Barrett 1989). Therefore, fry lengths are probably a biased index of littoral zone rearing 
conditions. In addition, this premise is supported by there relatively static fiy length observed. 

An adult pre-season run forecast of 325,000 fish was derived for 1995. Most of the run (70%) was 
projected to be age to be 2 and 3 ocean fish. The actual run was an estimated 884,134 sockeye salmon 
comprised of a 3 17,832 fah escapement and 566,302 fah commercial catch. The difference represents 
over 100% forecast error. It has become clear that the present run reconstruction methods for the 
Ayakulik system are problematic in terms of catch assignment from the Inner and Outer Ayakulik 
sections (ADF&G 1993). Preliminary assignment of the catches to stock of origin using scale patterns 
has shown that other stocks are contributing to the June sockeye salmon catches within these sections 
(ADF&G, unpublished data). This could be responsible for confounding both our smolt production 
estimates and also be partially responsible for the high forecast error. 

The 1996 pre-season run forecast is for 722,000 fish, which if accurate, will allow a harvest of 
approximately 422,000 (Appendix 1.1). The 1996 run is projected to be about 36% 2.2 fish, 20% 1.2 
fish, and 19% 1.3 fish. 

Akulura Lake 

Based on 1990-1995 smolt outmigrant estimates, the 1987, 1988 and 1989 BR's produced over twice 
the number of smolt as the 1990 and 1991 BR's. Overall, Akalura Lake has shown a steady decline in 
smolt production. However, the shift in age composition to fewer age-1. molts and more age-3. 
smolts which has been evident in past years is less prevalent in the 1995 outmigration. 

In 1995, Akalura Lake received an escapement of 2,010 fsh for both the early and late runs combined. 
This exceedingly low level of escapement was far below the minimum escapement goal of 40,000. 
Preliminary run reconstruction numbers for 1994-95 indicate that the minimum escapement goal would 
not have been met given the complete absence of a commercial fishery in the Alitak Bay District for 
either year. This fahery is managed from late July throughout August for sockeye salmon returning to 
the Upper Station system and secondarily for coho salmon escapements into district streams. We 
believe that the escapements experienced at Akalura are in part a function of the commercial fishery. 
However, we do not believe that there is a major difference between the Akalura and Upper Station 
harvest rates. The poor escapements for the last two years are likely a function of the depressed 
sockeye smolt production from the associated broods. The 1996 sockeye run is not expected to meet 
minimum escapement requirements based upon smolt numbers produced from the 1990 and 1991 BR's 
and no commercial frshing time is expected within the Inner and Outer Akalura Sections (ADF&G 
1993) in 1996. 



Frazer Lake 

Based on the 1992-1995 outmigrant smolt estimates, the 1990 BR produced an estimated 5,753,179 
smolts from an escapement of 226 thousand adults. This is significantly below the 13 million smolts 
produced &om the 1989 BR but similar to the 1991 BR (4.7 million, incomplete). The 1988 
(incomplete), 1990, and 1991 (incomplete) BR's have produced roughly 50% fewer smolts than the 
1989 BR, when the attendant escapement levels were about 20% less than in 1989. Overall, age-1. 
smolt production has dramatically decreased (1989-1993 BR's), whereas age-2. smolt numbers appear 
to be relatively stable or increasing (1988-1992). Age-3. abundance increased markedly (1987-1989) 
but the 1990 and 1991 BR's indicate a declining trend. 

The 1996 pre-season Frazer Lake sockeye forecast is 1.48 million fish (Appendix 1.2) which is 
approximately 50% larger than the actual 1994 run of 952 thousand. The 1996 run is projected to be 
comprised of 75% two ocean fish and about 25% three ocean fish. 
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Table 1. Red Lake sockeye salmon smolt population estimates by year and age, 1990- 
1995. 

Smolt Number and Relative Percentages 
Outmigration of Smolt by Age Class 93% CI 

Year 1. 2. 3. No. Smolt Low High 



Table 2. Red Lake sockeye salmon escapement and smolt production by 
brood year, 1986- 1995. 

Brood Smolt Numbers by Age (and Percent) 
Year Escapement 1. 2. 3. Total 

a Population estimates not currently available 

Incomplete brood year data. 

Smolt of this age class have not outrnigrated. 



Table 3. Akalura Lake sockeye salmon smolt population estimates by year and age, 1990- 
1995. 

Smolt Number and Relative Percentages 
Outrnigration of Smolt by Age Class 95% CI 

Year 1. 2. 3. 4. No. Smolt Low High 

a An estimated 90 age 0. smolt outrnigrated in 1994. 



Table 4. Akalura Lake sockeye salmon escapement and smolt production 
by brood year, 1986-1995. 

Brood Smolt Numbers by Age (and Percent) 
Year Escapement 1. 2. 3. 4. Total 

" Smolt migration not monitored. 

Incomplete brood year data. 

" Smolt of this age class have not outrnigrated. 



Table 5. Frazer Lake sockeye salmon smolt population estimates by year and age, 
1991-1995. 

Smolt Number and Relative Percentages 
Outmigration of Smolt by Age Class 9.5% CI 

Year 1. 2. 3. 4. No. Smolt Low High 



Table 6. Frazer Lake sockeye salmon escapement and smolt production by 
brood year, 1986-1995. 

Brood Smolt Numbers by Age (and Percent) 
Year Escapement 1. 2. 3. 4. Total 

a Population estimates not currently available 

Incomplete brood year data. 

" Smolt of this age class have not outmigrated. 



Table 7. Mean smolt length and weight by system, age, and year, 1990-1995. 

Age - 0. Age - 1. Age - 2. Age - 3. Age - 4. 
Smolt Length Weight Length Weight Length Weight Length Weight Length Weight 

System Year N (mm) (g) N (mm) (g) N (mm) (g) N (mm) (g) N (mm) (g) 

Red Lake 
1990 0 
1991 0 
1992 0 
1993 0 
1994 0 
1995 0 

Akalura Lake 
1990 0 577 73.9 3.6 749 85.9 5.3 0 0 
1991 0 41 77.2 4.3 1,382 77.5 4.0 22 97.3 8.9 0 
1992 1 59.0 1.5 25 75.7 3.7 2,014 78.8 3.9 61 86.4 4.9 0 
1993 0 74 61.8 1.2 992 85.8 5.7 94 90.8 6.8 2 101.5 2.5 
1994 2 73.0 3.4 721 87.5 6.1 763 93.1 7.3 146 95.8 7.7 0 
1995 0 644 81.7 4.8 1,216 92.1 6.6 6 99.0 7.7 0 

Frazer Lake 
1990 0 
1991 0 
1992 0 
1993 0 
1994 0 
1995 0 



Figure 1. Map depicting Kodikk and adjacent salmon management 
areas - 



Figure 2- Map depicting locations of sockeye salmon smolt study 
sites at Red, Akalura, and Frazer Lakes, Kodiak Island, 
Alaska. 
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Figure 3. Sockeye salmon adult escapement and smolt production by age and brood year, Red Lake, 1986 - 1993. 
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Figure 4. Sockeye salmon smolt outmigration timing by age, Red Lake, 1995 
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Figure 5. Red Lake mean smolt length (A) and weight (B) by year and age, 1990 - 1995. 
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Figure 6. Sockeye salmon fly (A) and stickleback (B) littoral zone seine catch by week, Red Lake, 1992 
1995. 
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Figure 7. Sockeye salmon escapement and smolt production by age and brood year, Akalura Lake, 1986 - 1993. 
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Figure 8.  Sockeye salmon smolt outmigration timing by age, Akalura Lake, 1995. 
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Figure 9. Akalura Lake mean smolt length (A) and weight (B) by year and age, 1990 - 1995. 
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Figure 10. Sockeye salmon escapement and smolt production by age and brood year, Frazer Lake, 1986 - 1993 
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Figure 11. Sockeye salmon smolt outmigration timing by age, Frazer Lake, 1995. 
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Figure 12. Frazer Lake mean smolt length (A) and weight (B) by year and age, 1990 - 1995. 
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Appendix A. 1. Red Lake sockeye salmon smolt trap catch and trap efficiency estimates, 
1995. 

Trap Catch Trap Efficiency Test 
Total 

Marked Examined Marked Recoveries for Recovery 
Date"  ail^^ cum. (dyed) For Marks Recoveries Dye Test Periodc   ate" 



Appendix A. 1. (page 2 of 2) 

Trap Catch Trap Efficiency Test 
Total 

Marked Examined Marked Recoveries.for Recovery 

Date"  ail^^ cum. (dyed) For Marks Recoveries Dye Test PeriodC  ate" 

- 

TOTAL 31,477 2,822 13,998 354 12.5% 

a Each Date listed covers a 24-hour period extending from noon to noon and identifies 
the date of the first noon of the 24-hour period. 

Number of fish caught does not include mark recoveries from trap efficiency tests. 

Represents the sum of marked recoveries for the particular dye test period. 

Determined from the cumulative number of marked and recovered fish by test period. 



Appendix A.2. Akalura Lake sockeye salmon smolt trap catch and trap efficiency estimates, 
1995. 

Trap Catch Trap Efficiency Test 

Total 

Marked Examined Marked Recoveries for Recovery 

Datea  ail^^ cum. (dyed) For Marks Recoveries Dye Test Periodc r ate' 



Appendix A.2. (page 2 of 2) 

Trap Catch Trap Efficiency Test 

Total 

Marked Examined Marked Recoveries for Recovery 

Datea  ail^^ cum. (dyed) For Marks Recoveries Dye Test PeriodC   ate^ 

TOTAL 11,830 2,808 6,365 285 10.1% 

a Each Date listed covers a 24-hour period extending from noon to noon and identifies the 
date of the first noon of the 24-hour period. 

Number of fish caught does not include mark recoveries from trap efficiency tests. 

" Represents the sum of marked recoveries for the particular dye test period. 

Determined from the cumulative number of marked and recovered fish by test period. 



Appendix A.3. Frazer Lake sockeye salmon smolt trap catch and trap efficiency estimates, 
1995. 

Trap Catch Trap Efficiency Test 
Total 

Marked Unmarked Marked Recoveries for Recovery 
Datea  ail^^ cum. (dyed) Fish Caught Recovelies Dye Test Periodc  ate^ 



Appendix A.3. (page 2 of 2) 

Trap Catch Trap Efficiency Test 
Total 

Marked Unmarked Marked Recoveries for Recovery 

Datea  ail^^ cum. (dyed) Fish Caught Recoveries Dye Test Periodc   ate" 

TOTAL 505,219 6,707 505,219 405 6.0% 

a Each Date listed covers a 24-hour period extending from noon to noon and identifies the 
date of the first noon of the 24-hour period. 

Number of fish caught does not include mark recoveries from trap efficiency tests. 

Represents the sum of marked recoveries for the particular dye test period. 

Determined from the cumulative number of marked and recovered fish by test period. 



Appendix B .l. Red Lake daily sockeye 
salmon smolt population 
estimates, 1995. 

Population 95% Conf. Int. 

Date Estimate lower upper 

5/7 17 0 35 

518 17 0 35 

519 6 0 16 

5/10 57 24 90 

511 1 17 0 35 

5/12 103 56 149 

5/13 46 16 75 

5/14 5 1 20 83 

5/15 51 20 83 

5/16 57 24 90 

5/17 120 69 171 

5/18 268 183 353 

5/19 234 156 31 1 

5/20 525 388 66 1 

512 1 462 338 586 

5/22 4,038 3,249 4,826 

5/23 234 156 311 

5/24 228 152 304 

5/25 297 206 387 

5/26 77 36 117 

5/27 53 1 388 674 

5/28 519 375 663 

5/29 8,027 6,374 9,680 

5/30 3,261 2,577 3,946 

513 1 2,190 1,714 2,666 

611 4,182 3,320 5,045 

612 12,944 10,261 15,628 

613 1,707 1.28 1 2,133 

614 5,679 4,319 7,039 

615 15,571 11,684 19,458 

616 24,446 18,533 30,360 

643 13,027 9,842 16,213 

618 32,700 24,815 40,585 

619 10,315 7,778 12,852 

6/10 2 1,263 15,861 26,665 

611 1 24,118 17,609 30,626 

6/12 38,091 27,258 48,924 

6/13 50,605 34,020 67,190 

6/14 13,770 9,194 18,345 

-Continued- 



Appendix B.1. (page 2 of 2) 

Population 95% Conf. Int. 

Date Estimate lower upper 

Total 341,490 315,923 367,056 



Appendix B.2. Akalura Lake sockeye salmon smolt 
population estimates, 1995. 

Population 95% Confidence Int. 

Date Estimate lower upper 



Appendix B.2. (page 2 of 2) 

Population 95% Contidence Int. 

Date Estimate lower upper 

TOTAL 134,117 125,523 142,712 



Appendix B.3. Frazer Lake sockeye salmon smolt 
population estimates, 1995. 

Population 95% Confidence Int. 

Date Estimate lower upper 



Appendix B.3. (page 2 of 2) 

Population 95% Confidence Int. 

Date Estimate lower upper 

TOTAL 8.386.087 7.595.899 9,176,275 



Appendix C. 1, Red Lake sockeye salmon smolt emigration 
by age class, 1995. 

Population Ages 
Dates Estimate 1. 2. 3. 

Total 341,490 11,337 317,903 12,250 



Appendix C.2. Akalura Lake sockeye salmon smolt emigration 
by age class, 1995. 

Population 
Dates Estimate 1. 2. 3. 

5103-5/09/95 4,743 100 4,577 66: 
5110-5/16/95 20,8 14 795 19,820 199 
511 7-5123195 11,358 1,078 10,280 0 
5124-5130195 14,950 2,426 12,524 0 
513 1-6106195 23,717 6,607 17,110 0 
6/07-61 13/95 45,080 38,896 6,184 0 
611 4-6120195 12,499 12,499 0 0 
612 1-6127195 957 957 0 0 

Total 134,117 63,356 70,496 265 



Appendix C.3. Frazer Lake sockeye salmon smolt emigration 
by age class, 1995. 

Dates 
Population Ages 
Estimate 1. 3. '4 

Total 8,386,087 59,560 8,249,93 1 76,596 



Appendix D. 1. Red Lake sockeye salmon smolt length, weight, and condition factor of samples 
collected, by age and week, 1995. 

Length (mm) Weight (g) Condition (K) 
Standard Standard Standard 

Age Week Dates n Mean Error n Mean Error n Mean Error 

Total 151 92.1 0.8 151 6.4 0.2 151 0.8 0.0 

Total 1,592 103.2 0.2 1,592 9.3 0.1 ' 1,592 0.8 0.0 

Total 97 115.7 0.9 97 13.3 0.3 97 0.8 0.0 



Appendix D.2. Akalura Lake sockeye salmon smolt length, weight, and condition factor of samples 
collected, by age and week, 1995. 

Length (rnm) Weight (g) Condition (K) 
Standard Standard Standard 

Age Week Dates n Mean Error n Mean Error n . Mean Error 

Total 644 81.7 0.2 644 4.8 0.0 644 0.9 0.0 

Total 1216 92.1 0.1 1216 6.6 0.0 1216 0.8 0.0 

Total 6 99.0 2.3 6 7.7 0.6 6 0.8 0.0 



Appendix D.3. Frazer Lake sockeye salmon smolt length, weight, and condition factor of samples 
collected, by age and week, 1995. 

Length (rnrn) 
Standard 

Age Week Dates n Mean Error 

Weight (a)  
Standard 

n Mean Error 

1 5.1 
2 4.9 0.1 
4 4.6 0.5 
6 3 0.4 
6 6.1 2 
20 6 0.7 

Condition (K) 
Standard 

n Mean Error 

Total 39 86.7 2 39 5.3 0.5 39 0.75 0.02 

Total 2,154 91.2 0.1 2,154 5.6 0 2,154 0.74 0.01 

Total 20 115.2 5 20 13.6 1.9 20 0.8 0.02 



Appendix E. 1. Number of young-of-year (YOY) sockeye salmon captured by beach seining 
of standard littoral areas, Red Lake, 1992 - 1995. 

1992 1993 1994 1995 
Site No. Site No. Site No. Site No. 

Date 1 2 3 4 Total 1 2 3 4 Total 1 2 3 4 Total 1 2 3 4 ~ o t a l  



Appendix E. 1. (page 2 of 2) 

-- 

Site No. Site No. Site No. Site No. 
Date 1 2 3 4 Total 1 2 3 4 Total 1 2 3 4 Total 1 2 3 4 Total 

" Did not sample due to beach spawning sockeye. 



Appendix E.2. Number of stickleback captured by beach seining of standard littoral areas, 
Red Lake, 1992 - 1995. 

1992 1993 1994 1995 

Site No. Site No. Site No. Site No. 

Date 1 2 3 4 Total 1 2 3 4 Total 1 2 3 4 Total 1 2 3 4 Total 
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Site No. Site No. Site No. Site No. 

Date 1 2 3 4 Total I 2 3 4 Total 1 2 3 4 Tot& 1 2 3 4 Total 

" Estimated due to heavy algae. 

Did not sample due to beach spawning sockeye. 



Appendix E.3. Average lengths of young-of-year (YOY) sockeye salmon captured by beach seining 
of standard littoral areas, Red Lake, 1992 - 1995. 
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1992 1993 1994 1995 
Site No. Site No. Site No. Site No. 

Date 1 2 3 4 Total 1 2 3 4 Total 1 2 3 4 Total 1 2 3 4 Total 



Appendix F. 1. Tow net survey catches from Red Lake, 1990 - 1994. 

Tow Catch by Species 
Sockeye Stickleback 

Year No. Min. No. % CPUE No. 9% CPUE 

1990 

Total 

1991 

Total 

1992 

Total 

1993 

Total 

1994 

Total 60 86 4.3 1.4 1909 95.7 31.8 



Appendix F.2. Tow net survey catches from Akalura Lake, 1990, 1991, and 1995. 

Tow Catch by Species 
Sockeye Stickleback 

Year No. Min. No. % CPUE No. % CPUE 

Total 

Total 

Total 40 86 12.7 2.2 590 87.3 14.8 



Appendix F.3. Tow net survey catches from Frazer Lake, 1990 - 1995. 

Tow Catch by Species 
Sockeye Stickleback 

Year No. Min. No. % CPUE No. % CPUE 

Total 

1991 

Total 

1992 

Total 

1993 

Total 60 16 6.3 0.3 23 8 93.7 4.0 

Total 60 2 0.9 0.0 233 99.1 3.9 

a Townet survey for this transect not conducted due to severe weather. 

Results from this tow are suspect, however owing to severe weather a replicate 
tow was not conducted. 



Appendix G. 1.  Daily climatological observations, water temperature, and water depth monitored at Red Lake field station, 1995. 

Temperature Cloud Wind Stream 
Cover Gauge 

Date Time Air(c) Water(c) Dir. 

ENE 
ENE 
NNE 
NNE 
ENE 

E 
NE 
E 

ENE 
W 
SW 
SW 

WSW 
NE 

ENE 
ENE 

E 
ENE 

E 
SW 
SW 
NE 

NNE 
NE 
NE 
S 

SW 
SSW 
SW 
NE 

Vel. (Mph) Comments 

Intermittant rain 
Occassional lite rain 
Occassional sunshine 
Occassional light rain 
Wind 15-25 this afternoon; lower this evening 
Beautiful day! 
Occassional sunshine; 3-4,000' ceiling; vis. 5-10 
1500 solid; visib. 3 miles 
2-3000 solid; vis. 3-5; occassional It. rain; beach seine 
3000' solid; vis. 5-10; occassional hvy rain 
3000' solid; patchy fog; vis 2-5 miles, occassional rain 
Occassional rain showers; 2-3000 slightly broken; vis 3-5 
5000+ thin overcast; vis. unlimited; nice day 
3-4000 slightly broken; vis. 5-10; occassional It rain 
3-4000 solid; vis 5-10; winds aloft high 
3000 partially broken; vis lo+; occassional rain 
3000 solid; vis 5-10 miles; occ. hvy rain 
3-4000 broken; vis lo+; occ. drizzle 
3000 broken; vis unlimited 
1000' solid; vis 2-3 miles; rain-drizzle-fog 
2000' solid; vis 5-10; occ. It. rain 
2-3000 solid; vis 5-10; occ It. rain 
2000 solid; vis 5 miles; hvy rain 
2-3000 solid; vis 5-10; occ. It rain 
2000 solid; vis 3-5; occ. rain 
2000 solid; vis 3-5; occ rain 
1000 solid; vis 3-5; hvy rain 
2-3000 broken; vis 5- 10; occ hvy rain 
3-4000: vis 5-10: cold! 
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Temperature Cloud Wind Stream 
Cover Gauge 

Date Time Air(c) Water(c) % Dir. Vel. (Mph) (1 cm) Comments 

NE 
E 

variable 
W 
W 
N 
N 

SSW 
SSW 
SSE 
NE 
SW 
SW 
SW 

Variable 
SW 
SW 
SW 

NNE 
W 
SW 

SSW 
SE 

SSE 
SW 

calm 
Variable 

20-25 
0-5 
-5 

10-May 
10-May 
10-May 

5 
15-0ct 

-5 
15 

15-0ct 
10-May 
15-0ct 
15-0ct 

<5 
<5 
<5 

10-May 
15-0ct 

<5 
10-May 
10-May 
15-0ct 
15-0ct 

5 
calm 
<5 

3000 broken; vis 10+ 
3000 broken; vis lo+; occ. rain 
2-3000 solid; occ. It rain; vis 5-10 
2000 solid; It. rain; vis 3-5 
1-2000 solid; vis 3-5; I t  rain 
4-5 scattered; vis unlimited; It night rain 
3-4000 scattered; vis unlimited; It night rain 
Lt haze; vis unlimited; I t  early am rain; beach seine day 
Scattered clouds; It haze; vis unlimited; no rain for -36 hours 
3-4 scattered; fog patches; vis -5 
2000; fog patches; vis 5-10 
1-2000; visib 2-3; fog; It rain 
4-5000 broken; visibility unlim. 
3-4 broken; visib unlimited 
2000 solid; fog patches; vis -5 miles; occ. rain; beach seine 
2-3000 solid; vis. -10 
1000 solid; fog patches; occ. hvy rain; vis. 2-5 miles 
3-4 broken; visib lo+; occ. rain showers 
3-5000 slightly broken; visib lo+; occ rain showers 
3000 solid; vis unlim.; occ. rain 
3-4000 broken; visib. unlimited 
2-3000 solid; visib. 10-15 
3-4000 broken; hazy sunshine; visib. 10-15 
3-4000 broken; visib. 10-15 miles 
3-5000 broken; hazy; visibility 10-15 
500-2000 solid; patchy fog; visibility 2-5 miles 
Occ It rainldrizzle; 0-500 solid; visib 1-3 miles 



Appendix G.2. Daily climatological observations, water temperature, and water depth monitored at Akalura field station, 1995. 

Temperature Cloud Wind Stream 
Cover Gauge 

Date Time Air(c) Water(c) % Dir. Vel. (Mph) (1 cm) Comments 

Periods of rainlsleet; winds SE 25 by morning 
Rain, winds >35 MPH most of afternoon; H20 velocity 1.5 rnlsec. 
Rain. By am rain stopped and winds SE<10; at 2400 H20 vel.=2rn/sec. 
Periods of rain. H20 velocity=1.5 mlsec. by 2200 
Periods of drizzle; stream gauge=53 cm by 0200; calm winds by 0100 
Periods of rain; winds calm by evening; H20 vel.= 1 rn/sec. 
Ceiling 3500' broken; clear by evening 
Ceiling 3500' broken; partly sunny 
Periods of drizzle 
Ceiling 500'; winds calm by 0100 
Periods of rain; winds SE 25 by nightfall 
Winds close to calm 
Periods of rain; ceiling 500' solid 

50 Partly sunny; periods of showers 
50 Partly sunny 
50 Rain by evening 
50 Rain by evening 
50 
50 Heavy rain by 0200 and winds SE 30 
50 Clear by evening and sunny; wind SW 5 by evening 
48 Sunny; CAVU 
48 00 RDF 
47 
47 
52 
52 
50 

-Continued- 
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Temperature Cloud Wind Stream 
Cover Gauge 

Date Time Air(c) Water(c) % Dir. Vel. (Mph) (1 cm) Comments 

5/31 1800 10 10 95 S 10 49 
611 1800 11 11 100 S 10 49 
612 1800 12 11 50 S 15 48 Nice; no precip. 
613 1800 10 10 100 N 25 48 Rain 
614 1800 15 12 100 N 20 46 Int. rain 
615 1800 14 11 90 SW 10 45 
616 1800 14 12 100 S 30 45 Int. rain 
617 1800 10 10 100 SE 15 45 
618 1800 12 11 100 S 15 45 
619 1800 18 14 30 SE 15 44 Sunny 

m 
Cn 

6/10 1800 21 15 30 S 10 43 Nice day 
6/11 1800 21 17 0 SW 10 43 Sunny and warm 
6/12 1800 23 17 0 SW 15 42 Sunny and warm day 
6/13 1800 17 14 100 SW 20 41 
6/14 1800 12 41 Light rain 
6/15 1800 11 41 Rain 
6/16 1800 17 
6/17 1800 17 41 Warm, sunny 
6/18 1800 9 40 Fog 010 
6/19 1800 14 40 Cool 
6/20 1800 15 40 Cool, overcast 
6/21 1800 17 40 Mild 
6/22 1800 19 40 Warm 
6/23 1800 17 40 RDF 
6/24 1800 19 40 Warm, windy 



Appendix G.3. Daily climatological observations, water temperature, and water depth monitored at Frazer Lake field station, 1995 

Temperature Cloud Wind Stream 
Cover Gauge 

Date Time Air(c) Water(c) % Dir. Vel. (Mph) (1 cm) Comments 

5/11 1800 12 5 50 E 5 42 Partly cloudy; water appeared approximately three cm higher 
at the start of this year than in 1994. 

5/12 1800 10 5 100 SE 25 42 Clbudy 
5/13 1800 7 5 100 NW 5 42 Cloudy 
5/14 1800 6 5 100 E 20 42 Showers 
5/15 1800 5 5 100 W 5 43 Cloudy 
5/16 1800 7 5 100 E 5 43 Cloudy 
5/17 1800 8 7 70 E 5 43 Partly cloudy 
5/18 1800 8 6 100 E 20 42 Cloudy and windy 
5/19 1800 8 6 100 E 35 41 Cloudy and very windy 

OI 
m 5/20 1800 7 6 100 SE 20 41 Cloudy and very windy 

5/21 1800 8 6 100 E 10 41 Cloudy 
5/22 1800 8 6 100 E 10 43 Cloudy 
5/23 1800 9 6 50 SE 25 42 Partly cloudy and windy 
5/24 1800 11 7 10 NW 10 43 Mostly sunny 
5/25 1800 6 6 100 N 10 43 Rain, drizzle, fog 
5/26 1800 6 6 100 E 10 42 Cloudy 
5/27 1800 10 6 95 NW 5 42 Cloudy 
5/28 1800 9 6 100 NW 5 41 Rain showers, cloudy 
5/29 1800 6 6 100 SE 5 41 Cloudy 
5/30 1800 5 6 100 SE 5 41 Rain, drizzle, fog 
5/31 1800 7 6 90 E 10 41 Mostly cloudy 
611 1800 7 40 Mostly cloudy 
612 1800 8 39 Partly cloudy 
613 1800 8 39 High solid clouds 

-Continued- 
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Temperature Cloud Wind Stream 
Cover Gauge 

Date Time Air(c) Water(c) % Dir. Vel. (Mph) (1 cm) Comments 

616 1800 12 7 100 SE 15 36 Solid cloud cover 
617 1800 10 7 100 SE 15 36 High solid clouds 
618 1800 9 7 100 SE 15 36 High solid clouds 
619 1800 15 8 15 NW 10 36 Mostly sunny 
6/10 1800 16 9 65 SE 10 35 Sunny 
6/11 1800 22 11 0 W 20 35 Clear and hot 
6/12 1800 22 12 0 W 20 35 Clear, warm 
6/13 1800 11 9 45 SE 15 34 Partly cloudy 
6/14 1800 10 8 100 SE 25 34 Solid clouds at 3000' 
6/15 1800 10 7 100 SE 5 34 Light rain 
6/16 1800 14 9 40 W 20 33 Partly cloudy 
6/17 1800 10 10 15 W 15 33 Mostly clear 
6/18 1800 10 9 100 SE 10 33 Cloudy, light rain 
6/19 1800 12 8 99 NE 20 33 Cloudy 
6/20 1800 10 8 100 S 5 31 Cloudy 
6/21 1800 14 9 95 NW 10 31 Cloudy 
6/22 1800 12 9 100 NW 20 30 Cloudy 
6/23 1800 11 10 100 SE 5 29 Light rain 
6/24 1800 12 10 100 calm 0 28 Cloudy 
6/25 1800 11 11 100 NW 15 27 Cloudy 
6/26 1800 14 10 75 SE 15 26 High overcast--broken 
6/27 1800 14 9 65 NE 20 25 Mostly cloudy 
6/28 1800 15 9 100 SE 10 25 Cloudy 



Appendix 8.1. Map of Red Lake with littoral zone seine sites identified. 



Appendix I. 1. Preliminary forecast of the Ayakulik River (Red River), sockeye salmon run, 
1996. 

FORECAST AREA:Kodiak, Ayakulik River (Red River) 

SPECIES: Sockeye Salmon 

PRELIMINARY FORECAST OF THE 1996 RUN: 
Forecast 
Estimate 
(thousands) 

Forecast 
Range 
(thousands) 

Total Production: 

Total Run Estimate 722 
Escapement Goal 
Harvest Estimate 422 

FORECAST METHODS: 
The Ayakulik (Red River) 1996 forecast was derived using simple linear regression models employing recent 
year (1980-1991) sibling relationships and smolt to adult survival indices from data collected since 1991. 
Selection of prediction models using sibling data encompassed analysis of outlier data points, residuals, and 
using dependent variable transformations (log and square root). Model selection for an age class estimate was 
based upon identifying that model having a reasonable biological interpretation coupled possessing low 
error and a high r2 value. Subsequently, each sibling model estimate was compared to an estimate based 
upon smolt data. The forecast range was derived by combining the 80% prediction intervals for each 
individual age class estimate. The age 1.2 estimate was derived from the age 1.1 sibling relationship, age 1.3 
and age 2.2 from age 2.1 returns, and age 2.3 from age 2.2 siblings. Other minor age classes (ages -1.1 and 
- 2.1 fish) were not estimated. 

FORECAST DISCUSSION: 

The 1996 run forecast is about 400,000 fish greater than that forecast for 1995 and about 100,000 fish less 
than the estimated 1995 actual run of approximately 820,000 sockeye salmon. The forecast range of 210,000 
to 1,358,000 for 1996 indicates the level of confidence we place in this forecast which is poor. There is 
substantial disparity between numerical estimates provided from the sibling and smolt data relationships. The 
smolt data suggest that the lower end of the forecast range 200-350,000 is correct. The 1996 run regardless of 
size should be composed of 55% 5 year old fish ,20% 4 year old fish, with the balance being 6 year old fish. 

The projected harvest of 422,000 fish is based upon achievement of the 300,000 fish escapement goal. Age 
2.2 fish are projected to make up 36% of the run followed by age 2.3 fish at 25%, age-1.2 fish at 20%, and 
age 1.3 fish at 19%. 

Use of only recent years data (1980-1991) is based upon the observed increased production trends (return per 
spawner indices) from this and other systems compared data from 1960-1979. Run reconstruction for this 
stock is suspected in recent years of having substantial catch assignment error thereby confounding 
forecasting future runs. Error in the 1995 forecast for this stock was approximately 38% and can be largely 
attributed to stronger than predicted age -2.2 and -2.3 returns. 

Charles 0. Swanton Lewis Coggins Patricia A. Nelson Ivan W. Vining 
Regional Research Fishery Biologist Fishery Biologist Regional Biometrician 



Appendix 1.2. Preliminary forecast of the Frazer Lake sockeye salmon run, 1996. 

FORECAST AREA:Kodiak, Frazer Lake DRAFT 12/21/95 

SPECIES: Sockeye Salmon 

PRELIMINARY FORECAST OF THE 1996 RUN: 
Forecast Forecast 
Estimate Range 
(thousands) (thousands) 

Total Production: 

Total Run Estimate 
Escapement Goal 
Harvest Estimate 

FORECAST METHODS: 

The Frazer Lake 1996 run forecast was derived using simple linear regression models employing recent year 
(1980-1991) sibling relationships and smolt to adult survival data (1990-1995). Selection of prediction models 
encompassed analysis of outlier data points, residuals, and using dependent variable transformations (log and 
square root). Model selection for an age class estimate was based upon identifying that model having a 
reasonable biological interpretation coupled with possessing low error and a high rZ value.The forecast range was 
derived by combining the 80% prediction intervals for each individual age class estimate. The age 1.2 estimate 
was derived from the age 1.1 sibling relationship, age 1.3 and age 2.2 from age 2.1 returns, and the age 2.3 
estimate from age 2.2 returns. Both age 3.2 and 3.3 estimates were derived from smolt to adult survival 
relationships that are tenuous. Estimates for the dominant age classes (ages-1.2,-1.3,-2.2,-2.3) were compared to 
estimates derived solely from existing smolt to adult survival indices and found to be similar in magnitude. 

FORECAST DISCUSSION: 

The 1996 run should be about 250,000-600,000 fish larger than the 1995 Frazer Lake run of 952,000 and should 
be composed of 75% two-ocean age fish with the balance being three-ocean age. 

The 1996 run forecast is for the Alitak Bay District only ; we assume that fishing time and effort within Kodiak's 
westside commercial fisheries will be about the same as what occurred during 1995. If this assumption holds than 
a commercial harvest of greater than one million sockeye salmon will occur. Run timing of this stock is usually 
from mid-June to midJuly with the peak of the run typically occurring in late June. 

Use of only recent years data (1980-1991) is based upon the observed increased production trends (return per 
spawner indices) from this and other systems data compared with 1960-1979. For the period selected, run 
reconstruction programs have been instituted and catch apportionment to system of origin has improved markedly. 
Confidence in this forecast is fair, owing to the overall forecast being comprised of 68% (I-million) age 2.2 fish 
and the lack of data for forecasting age 3.2 and 3.3 sockeye salmon for this system. 

Charles 0. Swanton Lewis Coggins Patricia A. Nelson Ivan W. Vining 
Regional Research Fishery Biologist Fishery Biologist Regional Biometrician 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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