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I NTRODUCT ION

This appendix presents an analysis of the relationships between the

outmigration timing of juvenile salmon and environmental va:",iables for

the Susitna River between the Chulitna River confluence and Devil

Canyon. The purpose is to evaluate how environmental factors influence

the outmigration of juvenile salmon. The proposed hydroelectric project

w;11 change the timing and magnitude of several environmental

parameters. If the effect of these changes on the outmigration of

juvenile salmon can be predicted, subsequent effects on the production

of juvenile salmon by thi J reach of river can be better analyzed.

METHODS

t'a rameters exam; ned inc luded rna i os tern di 5cha rge. wa ter temperature.

turbidity and photoperiod. Time of season. which integrates and sums

other parameters such es photoperiod, water temperature and fish size.

was also examined. The variation in size (mean length) of the juvenile

salmon species was also examined as a factor influencing outmigration.

The catch data for this appendix ca~ from an outmigrant trap located at

Susitna river mile 103.0. 4.5 miles above the Chulitna River confluence.

The trap was operated from June 18 to October 12. 1982. Details of the

methods used to operate the trap and the results are outlined in the

Basic Data R~port (ADF&G 1983a). Capture rates of juveniles of four

speci es of sa1mon (chi nook, coho, sockeye, and chum) were ana lyzed.

H-l



Juvenile pink salmon were not captured in large enough numbers to draw

any conclusions about thIS species.

Discharge levels are the provisional data taken by the U.S. Geolcgical

Survey at the Gold Creek station. To obtain water temperatures rep

re~~ntative of the area from which the juvenile salmon were migrating,

most of the mainsteffi water temperature data were obtained from a contin

uous temperature recorder located at Curry {river mile 120.7}, 17.7

miles above the outmigrant trap location (AOF&G 1983b). Since this

recorder was not operated for the entire season. data were taken from

recorders located at river miles 130.0 and 113.0 for the periods from

June 24 to July 6 and from October 1 to 12. respectively. Data for June

18 to 24 were extracted from temperatures recorded by fish distribution

crews at sites upstream of the trap. Turbidity readings were taken at

the trap location (AOF&G. 1983a) only from AU9ust 14 to the end of the

season. Day length information was obtained from the National Weather

Service. Time of season was computed as the number of days from the

first day (June 18) the outmigrant trap began fishing.

Mean length for each species (age 0+ only) was calculated by summing the

daily catches of fish until a sample size of at least 25 fish was

obtained. and then taking the mean length of these fish. In some cases.

it took only cne day to get a sample size of at least 25, and in other

cases. it took several days. The number of fish caught in this period

was divided by the number of hours that the trap was fished to obtain an

overall catch/hour. The median date during the period was used as the

time marker.

H-2
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Outmigration timing was examined using catch/hour data taken on a daily

basis for each of the four species of juvenile salmon. Age classes were

not separated. The relationship of these data to the habitat variables

was examined through the use of linear regression using one or multiple

independent (habitat) variables and correlation analysis (Snedecor and

Cochran 1967). Because the catch/hour data were quite variable from day

to day, various data manipulations. including moving averages.

exponential smoothing. time lags, and logarithmic transfonnations. were

performed. We a1so used fi rst-dl fference regress i cns I ; n whi ch change

(on a daily basis in our case) in a dependent variable is regressed

sgainst the daily change in an independent variable ,Surrmers et al.

19B!). This has the advantage that any existing cause/effect

relationships can be detected without problems caused by diffp~ences in

relative magnitude.

RESULTS

Habitat Variables

The mean and range for the physicochemical variables are sunmarized in

Appendix Table H-l. The pattern of water te~perature was exactly

opposite that of the discharge pattet·n during the middle part of the

season. but during the early and late part of the season, water tempera

ture more closely paralleled discharge (Appendix Figure H-l). Turbidity

fluctuations lagged discharge by two or three days. Day 1 'gth

(Appendix Table H-2) remained at 24 hours/day from the beginning of the

H-3



Appendix Table H-l. Range and mean for habitat vari3bles and juvenile
saloon catch/hour, outmigrant trap. June 18
October 12, 1982.

min max mean n

IOischarge (ft3/sec) 7,950 37,000 19,225 104

Water temperature (OC) 0.5 14.1 9.2 104 I
Turbidity (NTU)a 8 284 103 51

Oaylen9th (hrs) 11.8 24.0 18.4 104 I
Catch/hour

Ichinook 0.0 1.2 0.2 104
coho 0.0 19.5 0.7 104
sockeye 0.0 16.2 1.2 104 Ichum 0.0 10.0 0.6 55

a Au9
I

14 - Oct 12 only

b Jun 18 - Aug 15 only

H-4
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Appendix Table H-2. Civil twilight at Talkeetna, Alaska
(Source: National Weather Service)

Oaylength Oaylength Oaylength
Date (hours) Date (hours) Date (hours)

June 18 24.0 August 01 19.8 September 14 14.6
June 19 24.0 August 02 19.7 September 15 14.5
June 20 24.0 August 03 19.5 Septel'tler 16 14.4
June 21 24.0 August 04 19.4 September 17 14.3 IJune 22 24.0 August 05 19.3 September 18 14.2
June 23 24.0 August 06 19.1 September 19 14. I
June 24 24.0 August 07 19.0 Septerrtler 20 14.0

IJune 25 24.0 August 08 18.9 September 21 13.9
June 26 24.0 August 09 18.7 September 22 13.8
June 27 24.0 August 10 18.6 September 23 13.7

IJune 28 24.0 August 11 18.5 September 24 13.6
June 29 24.0 August 12 18.4 September 25 13.5
June 30 24.0 August 13 18.2 September 26 13.4
July 01 24.0 August 14 18.1 September 27 13.3 IJuly 02 24.0 August 15 18.0 September 28 13.2
July 03 24.0 August 16 17.9 September 29 13.1
July 04 24.0 August 17 17.7 September 30 13.0 IJuly 05 24.0 August 18 17.6 October 01 12.9
July 06 24.0 August 19 17.5 October 02 12.8
July 07 24.0 August 20 17.4 October 03 12.7
July 08 24.0 August 21 17.3 October 04 12.6
July 09 24.0 August 22 17.2 October 05 12.5
July 10 24.0 August 23 17.0 October 06 12.4
July 11 24.0 August 24 16.9 October 07 12.3
July 12 24.0 August 25 16.8 October 08 12.2
JIJ ~y 13 24.0 August 26 16.7 October Og 12.1
July 14 23.7 August 27 16.6 October 10 12.0
July 15 23.0 August 28 16.5 October 11 11.9
July 16 22.7 August 29 16.3 October 12 11.8
July 17 22.' August 30 16.2
July 18 22.2 August 31 16.1
July 19 22.0 September 01 16.0
July 20 21.:$ SepterTber 02 15.9
July 21 21.6 September 03 15.8
July 22 21.4 Septentler 04 15.7
July 23 21.2 Septembe. 05 15.6
July 24 21.0 September 06 15.5
July 25 20.9 September 07 15.4
July 26 20.7 September 08 15.3
July 27 20.6 September 09 15.2
July 28 20.4 September 10 15.0
July 29 20.3 September 11 14.9
July 30 20.1 September 12 14.8
July 31 20.0 September 13 14.7
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sampli n9 season until mi d-Ju ly. after whi ch it steadily dec 1i ned.

usually by no more than 0.2 hours/day. to 11.8 hours/day on October 12.

Except for a peak in mid-September. discharge generally declined over

the course of the season. The correlation coefficient (r) between

discharge a"d time of season was -0.65, p £. 0.01. Temperature also

generally decreased with time of season (r = -0.83, P < 0.01). The

correlation between discharge and water temperature was highly

significant (p < 0.01) but relatively low (r = 0.42). This correlation

was not improved by lagging water temperature one day behind discharge.

Juvenile Salmon Catch - All Species

The catch/hour for the four species of juvenile salmon was initially

relatively high and then declined over the course of the season

(Appendix Figures H-2, H-3, and H-4). Appendix Table H-I gives the

range and mean catch/hour observed for each species.

Generally, a highly significant (p< 0.01) relationship was found between

catch/hour for each individual species and the physical variables, but

correlation coefficients were usually not very high.

Correlations with turbidity were not calculated because turbidity data

were available only after August 14. During this period, turbidity

generally appeared to be closely related to discharge, so any corre

lation that existed between catch/hour and discharge would IOOst likely

also exist between catch/hour and turbidity.

H-7
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The catch per hour for all species of salmon was summed to determine if

there was a dominant factor inflllencing all species. This total wa~.

related to time of season (r := -.69, p<O.Ol) and to daylength (r =

0.67. p <.0.01) t but the correlations of total catch per hour with

discharge and water temperature wefe low.

Juvenile Chinook Salmon

The majority of age 1+ chinook sal~n outmigrated in June and early July

(Appendix Figure H-2). The peak outmigration for age 0+ chinook

occurred in July after the peak for the age 1+ fish.

There was a moderate correlation of juvenile .lln")ok salmon catchjh< ur

with discharge (r = 0.56, p<.O.Ol). The correl _" was not improved by

1a99;"9 catch/hour one day behi nd di scharge or '- i ; n9 a 1ogarithnli c

transfonnation of both variables. A first-dif" .-egression betWEen

catch/hour and discharge gave a poor correlat, he correlation of

catch/hour with time of season was sl ightly higher than the one with

discharge. The best coefficient of determination (/ = 0.64, P <,0.01)

was obtained by regressing the three day rr.oving average of catch/hoJr

versus time of season and temperature. This equation took the fOn1:

moving average of catch/hour = 0.93 - 0.01 (time of season) - 0.(13

(temperature). Most of the variation in moving average which was

accounted fJr was explained by time of season.

Outmigrating age 0+ chinooks showed twc pulses in catch/hour - one at G

mean length of 50 mm and one at a mean length of 60 mm (Appendix Figure

H-ll
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H-S}. The 60 ifill pulse occurred prior to the 50 nm pulse. Relatively

large numbers of 50 mm fish outmigrating near the end of July depressed

the plot of mean length at that time.

Juvenile Coho Salmon

Coho salmon outmigrated in a more consistent manner throughout the

season than the other species (Appendix Figure H-3). This was

especially true with the age 1+ and age 2+ coho, which showed a marked

contrast with the pattern of age 1+ chinook salmon.

The relationships of juvenile coho salmon catch/hour with discharge and

time of season were highly significant (p<O.Ol). but the correlations

were modest. These correlations were not much improved by data lags or

transformations. The first-difference regression between catch/hour and

discharge yielded a poor relationship. The relationship of catch/hour

with temperature was not significant.

The highest catch/hour for age 0+ coho usually occurred at the smaller

size classes (Appendix Figure H-6). Decreases in mean length generally

were related to increases in catch/hour.

Juvenile Sockeye Salmon

The correlation of juvenile sockeye salmon catch per hour with discharge

was poor and was not improved by time lags~ by using a moving average,

or by performi ng a fi rst-df fference regress i on. There was a modes t
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counted for by time of season.

Juvenile Chum Salmon

the mean 1ength.

The highest-0.53, p<.O.01.

discharge was modest and the relationship with temperature was poor.

first-difference regression of catch/hour with discharge gave inconclu

sive results. Using the three day moving average of catch/hour in a

logarithmic transformation of catch/hour provided no further insight. A

The last juvenile chum salmon was captured on August 15, so only those

multiple regression against time of season and daily difference in

discharge "explained" the most variation in catch/hour (r2 = 0.72,

P <.0.01). The equation for this regression is: moving average of chum

catch/hour: 3.34 - 0.07 (time of season) + 1.30 (daily change in

discharge/104 ). Most of the variation in the moving average was ac-

a correlation coefficient of r

sampling days from June 18 to August 15 (55 cases) were included in the

analysis. The strongest factor relating to catch/hour was time of

season (r := -0.71. p<O.Ol). The relationship of catch/hour with

The mean length/catch per hour relationship for age 0+ sockeye salmon

was similar to that of age 0+ coho salmon (Appendix Figure H~7) and had

correlation with time of season. A logarithmic transformation of the

catch/hour gave fairly good correlations with time of season (r = -0.82,

p <'0.01) and temperature (r: 0.71, p <.0.01).

catch/hour, occurring in early July. was related to a sharp decrease in
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The pattern of catch/hour and mean length was not as clear for chum

salmon as it was for the other species (Appendix Figure H-8). but

generally, the highest cat_~/hour occurred early in the season when the

mean length was low. When the largest fish were outmigrating. the

catch/hour was low.

DISCUSSION

Catch/hour for a1' species generally decl ;ned wi th time (Appendix

Figures H-2, H-3, H-4). levels of the environmental variables

(discharge. water temperature, and daylength) also generally decreased

over the course of the season (Appendix Figure H-l, Appendix Table H-Z).

These two facts alone would probably lead to reasonable correlation

ceeff; dents between habita t var; ab1es and ca tch/hour. However. the

real question is whether there is a cause-effect relationship between

them or whether the correlation is simply coincidental. It may be that

the fish are merely outmigrating in response to time of sease.

Evolution has coded juvenile salmon to outmigrate when conditions

(discharge, water temperature. timing of plankton blooms in the estuary,

and so on) are most likely to be favorable. Given this. the objective

of this study has been to determine if the fish re5pond to short-tenn

fluctuations (on the order of days) in environmental variables and if

changes in those variables, such as might b! caused by the proposed

hydroelectric project, would affect the timing of outmigration.
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Strength of Correlations

Although the relationships examined were usually highly significant. the

correlation coefficients calculated were generally moderate to low. At

best. 72 percent of the variation in catch/hour was "explained" by

variation in habitat variables. rile relationships would probabiy be

rooch stronger had catch/hour data been available for the entire period

of outmigration. Outmigration probably begins some time in late April

or early May. so at least one and one-half months of data were not

available. By the time the outmigrant trap began operation. the

catch/hour for all species was already near the 'ieasonal peak. Good

data for outmigration occurring under the ice or during breakup (usually

up until mid-May) will probably never be obtained because of sampling

problems during that time of year.

Another factor leading to low correlations ;s that certain variables may

have a strong influence on outmigration for a short period of time, but

would not show a high correlation when calculated for the entire season.

For example, the correlation of catch/hour and discharge was not very

high for the whole season, but it can be seen from Appendix Figures H-l,

H-2, and H-3 that the mid-September surge in discharge correlated very

well with an ~ncrease in outmigration of chinook and coho salmon.

Correlations could probably be improved if more habitat data were

available. Mainstem water temperatures were used in the calcl:lations;

slough and tributary water temperatures might be a better measure of the

effect of temperature on outmigration. Also, other factors which may

H-19



influence outmigration timing, such as rates of eg~ development, were

not measured. Correlations for chinook and coho salmon might be

improved by calculating the correlations for separate age classes,

rather than for· all age classes together.

Importance of the Habitat Variables

Before examining the relative importance of the different habitat

variables, one should have a clear understanding of how these parameters

interact with juvenile salroon. Discharge is important because an

adequate flow is necessary for the fish to outmigrate. Also, an ade

quate stage of river at the heads and mouths of sloughs and other areas

may be necessary for the juveniles to gain access to the mainstem. A

faster current probably requires less energy to outmigrate than a slower

current. Turbidity is an important factor in providing cover to

outmigrating salmon in a large river such as the Susitna. In relatively

short non-turbid rivers, juvenile chum salmon outmigrate mainly at night

(Neave 1955). In the Susitna area, there is no true darkness during the

time most of the juvenile salmon are outmigrating (Appendix Table H-2).

Water temperature is a regulator of metabolism; juvenile salmon show a

preference for certain ranges (Reiser and Bjornn 1979). Temperature can

also serve as an impetus for outmigration (Sano 1966). Day length

regulates the biological clocKs of juvenile salmon. For example, an

i ncreasi ng day 1ength (photoperi ad) affects the pituita ry sys tern of

juvenile chum salmon, causing an increasing tolerance fOI~ salt water

(B'9gennan 1960; Shelbourn 1966).
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The hig:lest correlations were generally obtained between catch/hour and

time of season. This was particularly true with chum salmon. As

mentioned previously. time of season is an integrator of several vari

ables. The correlation with discharge was modest with all species

except sockeye, whose catch/hour was poorly correlated with discharge.

The correlation with temperature was never strong for any species. but

tt:-mperature contributed to explaining catch/hour variation in some of

the multiple regressions. Oaylength and tu"bidity correlations were not

ca1cu1ated for each speci es. but dayl ength corre1ated well with the

total catch of all salmon species.

Good correlations with some habitat variables were obtained for chum

salmon catch/hoUf. ~hich began high and then declined to zero in

mid-August. Coho salmon correlations were the lowest. This species

continued to outmigrate the entire time the trap was fishing whereas the

others did not outmigrate in lar~e numbers after the end of August.

Comments on Methods

None of the first-difference regressions which wer~ computed gave very

good results. There are probably unpredictable time lags of one to

three days which occur between the occurrence of an environmental event

and the response of catchihour at the outmigrant trap. If the time lags

could be predicted. then a lag could be built into the calculation.

The daily catch/hour for ail species is quite variable from day to day

(Appendix Figures H-2. H-3 and H-4). The reasons for this variability

H-2l



are not evident at this timp.. The variability may be a result of

juvenile salmon re-distributing themselves throughout the mainstem after

migrating out of tributaries and sloughs. Small groups or individuals

may hold for various lengths of time in the numerous small eddies,

backwaters. and sla(.k-water border areas. On any given day with this

scenario. a more or less random number of individuals or groups of

individuals migrates past the outmigrant trap. Regardless of the cause,

the sharp fluctuations in numbers create problems in data analysis and

probab ly requ i re some sort of smoothi ng funct i on. Stab1e resu lts were

obtained using a three day moving average. Some preliminary work using

exponenti a1 smoothi ng a1so appeared to be promi sing. Further i nves t i

gation with both of these techniques would probably be profitable. as

would further calculations using different time lags. Mixed results

were obtained using logarithmic transformations of one or two variables

in a bivariate analysis.

Future Work

The ultimate goal of this analysis, given the appropriate habitat data.

is a prediction of the relative magnitude and timing of juvenile salmon

outmigration. This go~l was not met during the 1982 studies as the

amount and types of data available did not allow for definitive

relationships to be developed. In particular. more than one season of

data is necessary. For example, a season in which discharge is low

early in the season and then increases would be useful in determining

H-22
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whether this kind of discharge regime would override the effect of time

of season on Qutmigration.

This report has provided some insight into the problem of habitat/

Qutmigration relationships and some direction for future work. During

the 1983 studies, be Qutmigrant traps will be operated, beginning in

mid-May. Also. more complete habitat data will be obtained. Further

more, coded wire tagging. in conjunction with habitat measurements, will

be conducted in severa1 sloughs above the outm; grant traps. These

studies will contribute a great deal to a more powerful analysis of

juvenile salmon Qutmigration.
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