






it was late presumed to have died due to tagging injuries. The remain­
ing ten radio tagged fish moved away from the electrofishing boat during
the experiment. The 1ocat ion of each fi sh was pi npoi nted before and
after each experiment to observe their behavior.

Six fish moved away from the sampling area when electrofishing occurred
in their vicinities. Three of these fish (rainbow trout 718-1.5,
738-1.4 and 748-1.6) were located at the mouth of Fourth of July Creek
(RM 131.1) on August 14. After 20.0 minutes of electrofishing at the
mouth of the creek the tagged fish all moved out of the area. Rainbow
trout (718-1.5) was relocated 0.6 miles downriver on the opposite bank
of the Susitna River. Rainbow trout (738-1.4) moved 200 yards into a
side channel. Rainbow trout (748-1.6) moved 150 feet downriver and into
the main channel of the Susitna. All three returned to the mouth later
that day. Rainbow trout (639-1.4) was located at Moose Slough (RM
123.5) on August 14. After electrofishing the area for 19.0 minutes,
the fish was relocated 20 feet from its original location in a deeper
section (10 feet) of the slough. Another rainbow trout (670-1.4) was
located at the mouth of Whiskers Creek Slough (RM 101.2) on October 7.
This area was shocked for 12 minutes and the tagged fish was not
captured. After shocking, the fish was found to have moved 20 feet into
the main channel. The remaining rainbow trout (660-3) was located at
the mouth of Portage Creek (RM 148.8) on September 19. Thi s area was
shocked for 26.5 minutes. This fish was seen moving in 3.5 feet of
water away from the electric probe. After electrofishing, this fish was
found approximately 20 feet from its previous location in deeper water.

At all sites where these six radio tagged fish were located, other non­
radio tagged fish were captured during electrofishing.

On September 17 three fish were tested for responses to the sound of the
boat's electrofishing generator. These fish (rainbow trout 597-1.3,
709-1.5 and 768-1.5) were located next to the bank of the mainstem river
within 100 yards of each other at RM 114.3.

After locating the fish, the boat was positioned approximately 10 feet
away from each fish and the generator was started. All three fish moved
100-200 feet downriver after the generator was started. This was done
twice for each fish and the response was the same each time.

Ten fi sh were tested to observe thei r responses to the boat I s motor.
The ten fish included the six which fled during electrofishing (rainbow
trout 718-1.5, 738-1.4, 748-1.6, 639-1.4,670-1.4, and 660-3), the three
that fled during the operation of the generator (rainbow trout 597-1.3,
709-1.5 and 768-1.5), and one other fish (rainbow 649-1.2). All but one
fish (649-1.2) remained in the same area when the boat was near them.
The estimated distance between the boat and each fish was from 10-30
feet.

Rainbow trout (649-1.2) was located at the mouth of Indian River (RM
138.6) on September 19. While moving towards the fish and monitoring at
the same time, the fish moved across the river (200 yards). After
locating and moving towards the fish on the opposite side, the fish
returned to the mouth. The closest distance the boat came to the fish
was estimated at 100 feet.
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Gear Selectivity

Rainbow trout

Rainbow trout were captured by nine of the 11 sampling techniques used
during the 1983 resident fish studies. The length frequencies of the
rainbow trout captured by the four methods accounting for 95% of the
total catch are shown in Appendix Figure A-I. Hook and 1ine and boat
electrofishing techniques sampled a wide range of lengths (89 - 612 mm),
while minnow and migrant traps captured only juvenile fish (30 -191 mm).

Burbot

Burbot were captured by seven of the 11 sampling techniques used during
the 1983 resident fish studies. Ninety-three percent of all the burbot
caught were captured by the four techniques shown in Appendix Figure
A-2. Boat electrofishing sampled the widest range of lengths (107 - 751
mm), whi le the migrant trap coll ected only juveni le fish (26 - 134 ITIm).

Arctic grayling

Arctic were captured by five of the 11 sampling techniques used during
the 1983 resident fish studies. Boat electrofishing accounted for 90%
of the total Arctic grayling catch. The five techniques which captured
Arctic grayling are shown in Appendix Figure A-3. Boat electrofishing
sampled the widest range of lengths (97 - 444 mm) and the smolt trap,
with the exception of a few incidental adult catches, only sampled the
juveniles (36 - 175 ITIm). The other methods only samp1 ed the fi sh
between 200 and 400 mm.

Round whitefish

Round whitefish were captured by five of the 11 sampling techniques used
during the 1983 resident fish studies. The length frequencies of the
round whi tefi sh captured by the four major methods (hook and 1i ne
captured only one fish) are shown in Appendix Figure A-4. Boat
electrofishing and the migrant traps accounted for 98% of the total
catch. Boat electrofishing sampled a wide range of lengths (94 -403mm)
while the migrant trap captured mainly juveniles (23 - 208mm).

Humpback whitefish

Humpback whitefish were captured by four of the 11 sampling techniques
used during the 1983 resident fish studies. The length frequencies of
the humpback whitefi sh captured by these four methods are shown in
Appendix Figure A-5. The migrant traps accounted for 77% of the total
catch, most being juvenile (30 - 145mm). The other methods were selec­
tive for fish between 140 and 480mm.

Longnose sucker

Longnose sucker were captured by five of the 11 sampling techniques used
during the 1983 resident fish studies. The length frequencies of the
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longnose suckers captured by these four major methods are shown in
Appendix Figure A-6 (hook and line captured only 2 fish). Boat
electrofishing accounted for 66% of the total catch and captured the
widest range of lengths (133-407mm). The migrant trap once again
captured mainly juvenile longnose suckers (21-175mm) while the net
methods were selective for the median lengths (200-380mm).

Tag retention efficiency

The Floy anchor tag effi ci ency determi ned for round whitefi sh in the
Susitna River during 1983 was 77.5 percent with 20 of 89 recaptured
round whitefish showing a tag scar. The tag efficiency~ meanwhile, for
Arctic grayling during 1983 was 69.4 percent with 15 of 49 recaptured
Arctic grayling showing a tag scar.
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DISCUSSION

Gear efficiency
electrofishing

Observed responses of 13 radio tagged fish to boat electrofishing
equipment suggest that fish learn to avoid recapture. A similar hypoth­
esis has been reported elsewhere (Jacobs and Swink 1982).

Only three of the 13 radio tagged fish were recaptured and the others
avoided the electrofishing boat. Twelve of these fish were originally
captured by electrofishing and one by hook and line (670-1.4).

Since only one of ten fish moved away from the sound of the boat motor,
it appeared that they disassociate the effects of the electric field and
capture to the sound of boat motors. This was probably due to the
constant "traffic" on the river between the time of capture and when the
experiment occurred. This enabled the fish to become acclimated to the
sound of boat motors.

While most of the fish did not respond to the sound of boat motors, they
did respond to generator noise. All of the fish tested for a response
to generator noise moved away from the source of the noise. Prior to
these observations we believed that the radio tagged fish would not
associate the generator sound with the electric field because of the
extended periods of time between successive samplings.

It appears that while boat electrofishing provides a good method to
capture fish for collection of biological data, it is a poor method by
itself for a tag-and-recapture program since fish learn to avoid the
field.

Gear selectivity

For each of the six species that the gear selectivity study was conduct- .
ed on, there was always at least one sampling technique which sampled a
wide range of lengths, one .that sampled only the juveniles and others
that sampled a small segment of the population between the smallest and
largest. Boat electrofishing was generally the best technique in
sampling a wide range of lengths, while the downstream migrant traps was
often the most effective means of capturing juveniles.

Tag retention efficiency

Studies in 1983 show that the Floy anchor tag, model FD-67 , is lost from
25 percent of recaptured round whitefish and Arctic grayling. Other
studies have also reported tag losses using the model FD-67 anchor tag.
Wilbur and Duchow (1973) reported tag losses on largemouth bass up to 78
percent using the model FD-67 tag. Arctic grayling tagging studies in
the Chena River and the upper Susitna River basin reported 10 percent
tag losses (R. Holmes and M. Stratton, pers. comm., respectively).

Rawstroms (1973) reported that the primary reason for tag shedding is
improper securement. He found that tag retention rates increase
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if the tag is inserted behind the interneurals rather than into the
dorsal musculature. Rawstroms also stated that secondary causes of tag
loss occur due to breakage of the T-section of the tag or to separation
of the vinyl tube from the monofilament anchor.

Our studies also suggest that the primary cause of tag loss is improper
placement of the tag. Very few (under five) tagged fish in our study
have been found without the vinyl tube. Observations of recaptured
round whitefish and Arctic grayling show that an ulcer forms around the
area where the tag has been inserted. Since both these species have
large scales, regeneration may be impeded due to the constant movement
of the external part of the Floy tag." The constant movement impedes
regeneration, and the wound ultimately enlarges. With the greater hole
from the wound, the tag falls out enabling the scales to regenerate or
to form a scar. Other resident fish species such as rainbow trout and
longnose suckers probably have higher tag retention rates than Arctic
grayling and round whitefish. This may be due to their smaller scales
which adhere to the tag better.

Although some Floy anchor tags are lost due to shedding it is still the
best tag to use for our studies because it can be deployed rapidly and
because it is more economical to use than other types of tags.

Tag losses during our 1983 studies appeared to decrease due to better
placement of tags. In 1982 most of the tags were injected into the
dorsal musculature. In 1983, tags were anchored at the base of the
dorsal fin.
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APPENDIX B

Radio Tagged Fish Movement Data
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Appendix Table B-1. Summary of tagging data for radio tagged rainbow
...., trout on the Susitna River Between Cook Inlet and

Devil Canyon, May to December 1983.

Radio Fre-
quency/Fork Age/ Method Location River Date Date
Length (mm) Sex captured Captured Mile Capttd Rels'd

597-1.3/424 6, F EF Lane Creek 113.6 7/18 7/19
600-1.0/508 -, F HL Indian River 138.6 9/2 9/2

.~ 607-1.5/385 7, M HL Indian River 132.6 9/18 9/19
608-1.2/444 8, - EF Indian River 138.6 10/4 10/5
610-1.0/548 -, M ON 4th of July Cr 131.1 5/11 5/12

,.,.. 619-1.0/440 -, M HL 4th of July Cr 138.6 9/1 9/2
619-1.4/387 5, - EF Indian River 138.6 9/2 9/3
628-1.2/423 6, - EF Indian River 113.6 10/4 10/5
630-1.0/558 -, M ON 4th of July Cr 131.1 5/11 5/12

~ 639-1.0/382 6, - EF Indian River 138.6 9/2 9/3I

639-1.4/460 , EF Slough 8A 125.3 7/16 7/17
648-1.6/405 6, F HL Whiskers Cr TRM 0.2 6/5 6/6
649-1.2/427 7, - EF Indian River 138.6 9/2 9/3
660-3.0/508 8, F EF Protage Cr 148.8 9/2 9/3
670-1.4/391 7, - HL Whiskers Cr TRM 0.2 6/6 6/7
709-1.5/418 , EF Lane Creek 113.6 7/18 7/19
718-1.5/376 5, - EF Indian River 138.6 6/8 6/9
719-1.0/455 5, - HL Indian River TRM 5.0 8/11 8/11
729-1.0/455 -, F HL 4th of July Cr 131.1 9/1 9/2
729-1.3/446 6, M HL Indian River 138.6 9/2 9/3
738-1.4/455 EF Indian River 138.6 6/8 6/9
748-1.6/442 -, F EF Skull Creek 124.5 7/18 7/19

~.
749-1.0/438 7, - HL Indian River 138.6 9/2 9/3
758-20/416 7, EF Lane Creek 113.6 7/18 7/19
767-1.5/435 6, - EF Lane Creek 113.6 7/18 7/19
768-1.0/432 6, F EF Indian River 138.6 10/4 10/5

.-

- = Not sexed or not aged, EF = Electrofishing, HL = Hook &Line,
ON =Drift Net
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Appendix Table B-2. Summary of tagging and tracking data for radio tagged burbot on the Susitna River between Cook Inlet and Devil
Canyon t July to December i983.

0'1
.p.

Radio Method Date River Date
Frequency/ Captured Capt'd Mile Reb'd J2lY Aurst September October Nov Dec
Total length

BB
8 1 29 5 15 19 3 6 21 10 1

(mm) pa B p B P B P B P P l

610-3.0/550 Electroshock 7/18 113.6 7/19 112.3 110.0 112.5 112.0 112.0 111.3 112.0 112.0 112.0 112.0 NSc NS

639-3.0/728 Electroshock 9/18 142.0 9/19 140.0 140.0 134.3 134.3 131.8

670-3.0/677 Electroshock 9/1 123.5 9n 123.5 120.5 118.6 110.2 110.2 88.0 87.3 87.7

720-3.0/750 Electroshock 9/3 147.5 9/3 146.9 146.7 147.3 147.0 144.0 NS NS 134.8

~ Tracked by plane

c ~~a~~:~a~y boat

J I ,I J I I I I I I I
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APPENDIX C

Population and Biological Characteristics
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Rainbow Trout

The sexual maturity of 28 rainbow trout from the Susitna River were
. examined between May 11 and July 18, 1983. Sexually ripe pre-spawners

were captured from May 11 to June 7. Spawned out rainbow trout were
captured from June 5 to July 18.

Fork lengths of 16 male rainbow trout examined for sexual maturity
ranged from 260-558 rnm with a mean of 403 mm. The fork lengths of
twelve sexually mature female rainbow trout ranged from 325-454 mm with
a mean of 399 mm.

Ages of twenty-one rainbow trout ranged five to eight (Appendix Figure
C-1) •

A total of 424 rainbow trout were captured between the Chulitna River
confluence and Devil Canyon during 1983. The length frequency composi­
tion for rainbow trout is presented in Appendix Figure C-2. Fork
lengths ranged from 30-612 mm with a mean of 284 mm.

Scale analysis was used to determine the ages of 265 rainbow trout
captured on the Susitna River between the Chulitna River confluence and
Dev"il Canyon. A~es ranged from one to nine. Ages 3 (18.1%), 4 (18.1%),
5 (25.3%) and 6 (17.7%) rainbow trout were the most abundant age classes
(Appendix Table C-1). A graphical presentation of age-length data in
Appendix Figure C-3 shows a steady growth rate for rainbow trout.

Two hundred forty-four of the 265 rainbow trout aged were captured by
boat electrofishing or hook and line. Data from fish captured by these
two methods, were used to calculate an instantaneous survival rate of
33.3 percent by using age versus catch (Appendix Figure C-4).

Burbot

One hundred sixty one burbot were captured in the Susitna River between
the Chulitna River confluence and Devil Canyon during 1983. Total
lengths measured on 135 burbot ranged from 26-815 mm with a mean of 366
mm (Appendix Figure C-5). Most of the burbot measured ranged from 330
mm to 510 mm in total length.

Few juvenile burbot "(total length < 200 mm) were captured in 1983. The
majority (22 of 24) of the juvenile burbot measured were caught by the
downstream migrant traps at RM 103.0.

The instantaneous survival rate for burbot was calculated using pooled
data from fish aged from otoliths from January 1981 to March 1983. The
instantaneous survival rate for burbot aged in this time period was
calculated to be 70.5 % (Appendix Figure C-6).

Arctic Grayl ing

The sexual maturities of 51 Arctic grayling from the Susitna River were
examined between May 20 and June 22, 1983. Sexually ripe pre-spawners

- 66 -



~

520

j • (I)
510

500
,r.; ....

460 - .(I)
...

450 -

440 - .(l)

- 430 -E t()

E 420 -
II ~

"-"' c
.,

I 410 -
I- ~

I

(!) 400 - [C)
Z
W \I

..J 390 - c r.
<0
II

~ 380 - c:
cr: ....
0 370 -IJ...

• (I)

360 - ~

350 - .r..

340 -
• (I) n = 10 n= II330 - .,

• (I)

....:-
260 - .(1 )

5 6 7 8 5 a 7 8
i

'AGE'
, j

I AGE I

Spawning Males Spawning Fe males """1

Appendix Figure C-l. Age and length relationship for spawning rainbow
trout captured in the Susitna River between the
Chulitna River confluence and Devil Canyon, May 11
through July 18, 1983.

- 67-



RAINBOW TR
-All gear In
n= 353
mean=284

n=56

2

0

'" '" ell '" '~
ell '" ell ell 2! '" ell

~
a> '" 0) '" '" '"or "'" 2 iii '" N .., CD or .... iii <D m (\j 10 CD

I I .. N (\j N iii ,.., ,.., or or ~ ~ 10 10 In
I .. • I I I I . I I I I

, , I
0 0 0 2 0 0 I

0 0 0 0 0 0 0 0 0 0 0 0
N 10 <II :t .... 0

iii <D CII '" on CD ~ ~
0 "" <D

0
N N N "" '" '" or ~

on 10 In
N

FORK LENGTH (mm)

14

16

>­u
Z 12
lJJ
:::>
~ 10
a:
u..
I- 8
Z

~ 6
a:
W
a. 4

Appendix Figure C-2. Length frequency composition of rainbow trout
captured in the Susitna River between the Chulitn2
River confluence and Devil Canyon by all gear
types, May to October 1983.

- 68-



Appendix Table C-1. Rainbow trout age-length relationships on the Susitna River between the Chulitna River
confluence and Devil Canyon, May to October 1983.

Length (mm)
Total No. Standard 95%

Age of Fish Mean Deviation Confidence Range
(years ) Sampled Intervals-- -
Fish Captured by Boat Electrofishing and Hook and Line

1 5 97 9.43 85 - 109 93 - 106
2 12 155 15.51 145 - 165 124 - 180
3 46 210 31.54 201 - 219 159 - 260
4 45 274 33.55 264 - 284 205 - 329
5 65 331 36.62 322 - 340 260 - 455
6 45 377 38.84 365 - 389 301 - 446

C1\ 7 21 423 31.45 409 - 437 366 - 471
~ 8 5 452 43.67 398 - 506 390 - 508

9 1 612

Total 244 306 193 - 612

Fish Captured by All Methods

1 9 92 7.95 86 - 98 84 - 106
2 18 150 14.96 143 - 157 124 - 180
3 48 210 31.15 201 - 219 159 - 260
4 48 275 33.50 265 - 285 205 - 329
5 67 330 36.00 321 - 339 260 - 455
6 47 378 38.41 367 - 389 301 - 446
7 21 423 31.45 409 - 437 366 - 471
8 6 462 46.86 413 - 511 390 - 515
9 1 612

Total 265 298 84 - 612
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were captured from May 20 to May 24. Post spawners were captured from
May 21 to June 22.

Fork lengths for 30 male Arctic grayling which spawned in 1983 ranged
from 308-444 mm with a mean length of 367 mm. Twenty-one female Arctic
grayling spawners had fork lengths ranging from 320-386 mm with a mean
of 349 mm.

Ages of 29 of the 30 male Arctic grayling examined for spawning condi­
tion ranged from Age 5 to Age 10. Ages of 19 female Arctic grayling
spawners ranged from Age 5 to Age 8 (Appendix Figure C-7).

A total of 1,168 Arctic grayling were captured on the Susitna River
between the Chulitna River confluence and Devil Canyon during 1983.
Fork lengths of 1,071 of those fish were measured to the nearest milli­
meter. Arctic grayling fork lengths ranged from 30 mm to 444 mm with a
mean of 246 mm (Appendi x Fi gure C-8). Juveni 1e Arcti c grayl i ng (fork
length under 200 mm) made up 26.4% of the catch.

Age analysis from scales of 523 Arctic grayling captured on the Susitna
River between the Chulitna River confluence and Devil Canyon yielded
ages which ranged from age 0+ to Age 10 (Appendix Figure C-9). Ages 3
(27.0%) and 4 (31.4%) were sampled most often (Appendix Table C-2).

Five hundred sixteen of the 523 Arctic grayling aged were captured by
boat electrofishing, hook and line, and hoop net. The instantaneous
survival rate for Arctic grayl ing captured by these three methods was
calculated at 56.0 % (Appendix Figure C-IO).

Round Whitefish

Sexual maturity was determined for a subsample of round whitefish
captured on the Susitna River between the Chulitna River confluence and
Devil Canyon from October 3 to October 7, 1983. Forty males and 12
female round whitefish were sampled, all were pre-spawners. Fork
lengths of the males ranged from 266 mm to 380 mm with a mean of 319 mm.
Fork lengths for the females ranged from 319 mm to 403 mm with a mean of
355 mm. Ages of seventeen of the spawning males ranged from Age 5 to
Age 8 (Appendix Figure C-11). One female was Age 7.

In October 1983 three spawning sites for round whitefi sh were found.
Two sites were at the mouth of tributaries, Lane Creek (RM 113.6) and
Portage Creek (RM 148.8), and the other site was in the mainstem Susitna
at RM 147.0 off an island. At each site several extremely ripe females
and males were captured. Female round whitefi sh expe 11 ed eggs when
their abdomens were palpated. No spent fish were captured at these
sites •

Fork lengths of 2,497 round whitefish ranged from 23-403 mm with a mean
of 167 mm. Appendix Figure C-12 illustrates the length frequency
composition of all fish measured.

Four hundred fifty-six round whitefish were aged using scale analysis.
Ages ranged from Age 1 to Age 12 and Ages 4 (12.3%), 5 (16.2%), 6
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Appendix Table C-2. Arctic grayling age-length relationships on the Susitna River between the Chulitna
River confluence and Devil Canyon, May to October 1983. Fish aged were captured by
boat electrofishing, hook and line and hoop net.

Length (mm)
Total No.

Age of Fish Standard 95% Confidence
(years) Sampled Mean Deviation Intervals Range

0 1 108
1 5 113 9.63 101 - 125 97 - 122

*1 12 105 12.83 97 - 113 80 - 122
2 29 160 19.92 152 - 168 126 - 212
3 141 207 25.38 203 - 211 142 - 265
4 164 254 24.76 250 - 258 198 - 315

...... 5 64 301 28.72 294 - 308 245 - 365
OJ 6 46 341 19.45 335 - 347 290 - 380

7 37 364 23.52 356 - 372 315 - 409
8 22 390 19.87 381 - 399 362 - 444
9 5 396 6.2.8 388 - 404 390 - 405

10 2 411 7.78 341 - 481 405 - 416

*Total 523 261 80 - 444

* Aged fish caught by all sampling methods.
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Four hundred nineteen round whitefish were captured
electrofishing and aged. The instantaneous survival rate
whitefish captured by boat electrofishing was determined to
(Appendix Figure C-14).

Humpback Whitefish

E"ight hundred twenty humpback whitefish were captured in the Susitna
River between Cook Inlet and Devil Canyon during 1983. Fork lengths of
604 humpback whitefish were measured to the nearest millimeter. Fork
1engths ranged from 30-480 mm wi th a mean of 125 mm. The 1ength fre­
quency compos iti on of the humpback whitefi sh catch is presented in
Appendix Figure C-15.

Ages of 78 humpback whitefish captured in the Yentna River (TRM 4.0) and
41 humpback whitefish captured in the Susitna between the Chulitna River
confluence and Devil Canyon were determined by scale analysis. Ages
from fish captured on the Yentna River ranged from Age 5 to Age 12 with
Ages 6 (25.6%), 7 (18.0%) and 8 (20.5%) predominating (Appendix Table
C-4). Humpback whitefish were captured between the Chulitna River
confl uence and Devi 1 Canyon ranged from Age 1 to Age 8 wi th Ages 4
(26.8%) and 5 (22.0%) predominating. The age-length relationship of
humpback whitefish presented in Appendix Figure C-16 shows that humpback
whitefish are slow growing with a wide range of fork lengths occurring
at several age classes.

Longnose Suckers

Sexual maturity was determined for 55 longnose suckers captured on the
Susitna River from May 22 to September 20, 1983. Sexually ripe male
longnose suckers were captured throughout the summer. Sexually ri pe
female longnose suckers were captured during June and September.
Spawned out males and females were captured from June 6 to July 18.

Fork lengths for the spawning male longnose suckers ranged from 282-392
mm with a mean of 332 mm. Spawning female longnose suckers ranged from
300-408 mm with a mean of 348 mm.

Thirteen of the male longnose suckers were aged by scale analysis with
ages ranging from six to nine (Appendix Figure C-l7). Eight female
longnose suckers aged ranging from seven to ten years old.

Fork 1engths of 571 longnose suckers were measured. Fork 1engths of
longnose suckers ranged from 21-411 11111 with a mean of 258 mm. The
length frequency composition of longnose suckers captured in 1983 is
presented in Appendix Figure C-18.

One hundred thirty-six longnose suckers were aged by scale analysis.
Ages ranged from Age 1 to Age 11 and Ages 7 (23.5%) and 8 (25.0%) were
the most abundant age classes encountered (Appendix Table C-5).
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Appendix Table C-3. Round whitefish age-length relationships on the Susitna River between the Chulitna
River confluence and Devil Canyon, May to October 1983. Fish aged were captured by
boat electrofishing.

Length (mm)
Total No.

Age of Fish Standard 95% Confidence
(years ) Sampled Mean Deviation Intervals Range

1 4 102 4.57 95 - 109 95 - 105
*1 41 89 11.90 85 - 93 67 - 110
2 11 152 15.94 141 - 163 135 - 187
3 33 187 22.34 179 - 195 154 - 265
4 . 56 222 20.13 217 - 227 174 - 271
5 74 262 20.74 257 - 267 184 - 302

00 6 52 290 42.67 278 - 302 248 - 332w
7 61 311 21.65 305 - 317 260 - 366
8 53 332 19.15 327 - 337 276 - 386
9 42 342 19.44 336 - 348 282 - 390

10 16 362 19.70 352 - 372 327 - 384
11 13 376 19.45 364 - 388 388 - 403
12 4 382 23.96 344 - 422 346 - 397

*Total 456 267 67 - 403

* Aged fish caught by all sampling methods.
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Appendix Table C-4. lIumpback whitefish age-length ~elationships on the Susitna Rive~ between Cook inlet and Devil Canyon, Hay to Octobe~ 1983. Fish aged we~e captu~ed by all
sampling methods.

----
Yentna Rive~ (TRH 4.0) Chulitna Confluence to Devil Canyon Yentna Rive~ to Devll Canyon

Total No. Length (mm) Total No. Length (10M) Total No. Length (11IIII)
Age of fish Standnd 95% Confidence of fish Standa~d 95% Confidence of fish Standa~d 95% Confidence

(yea~s) Sampled Mean Deviation Inte~vals Range Sampled ~ Deviation Inte~vals Range Sampled Hean Deviation Intenals Range

I 3 121 60.72 o • 272 77 - 190 3 121 60.72 o • 272 77 - 190

159 10.07 69 - 249 153 - 165 2 159 10.07 69 - 249 153 - 165

3 4 251 18.96 221 - 281 228 - 268 4 251 18.96 221 - 281 228 - 268

I 4 11 270 22.04 255 - 285 236 - 311 11 270 22.04 255 - 285 236 • 311

CO 5 11 334 25.08 317 - 351 286 - 363 9 303 13.82 292 - 314 281 - 322 20 320 25.54 308 • 332 281 - 363
"-J
I 6 20 . 348 22.74 337 - 359 316 - 390 6 330 18.23 311 - 349 303 - 358 26 343 22.80 334 - 352 303 - 390

14 367 25.51 352 - 382 318 - 404 4 322 29.18 276 - 368 288 - 356 18 350 31.82 334 - 366 288 - 404

8 16 367 22.25 355 - 379 329 - 400 2 402 49.50 o - 847 367 - 437 18 371 26.63 358 - 384 329 - 437

9 7 397 22.22 376 - 418 369 - 410 7 397 22.22 376 - 418 369 - 410

10 6 416 31.06 383 - 449 377 - 458 6 416 31.06 383 - 449 377 - 458

11 3 430 20.03 380 - 480 409 - 449 3 430 20.03 380 - 480 409 - 449

12 1 419 1 419

J

Total

1

78

J

367

.1 I

286 - 458

I I

41 279

J

77 - 437

I

119

J

337

I J

77 - 458

I
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Appendix Table C-5. Longnose sucker age-length relationships on the Susitna River between the Chulitna
River confluence and Devil Canyon, May to October 1983. Fish aged were captured by all
methods.

Length (mm)
Total No.

Age of Fish Standard 95% Confidence
(years) Sampled Mean Deviation Intervals Range

1 3 81 11.37 53 - 109 68 - 90
2 2 127 10.28 35 - 219 120 - 133
3 7 196 18.51 179 - 213 168 - 219
4 2 244 3.54 212 - 276 241 - 246
5 10 245 23.97 228 - 262 208 - 282
6 .... , 16 291 21. 74 279 - 303 256 - 321

I.D
32 320 25.90 311 - 329 276 - 370...... 7

8 34 347 27.60 337- 357 307 - 408
9 17 364 24.36 351 - 377 330 - 407

10 10 363 20.72 348 - 378 336 - 403
11 3 372 16.26 332 - 412 360 - 383

Total 136 312 68 - 408

J J j I J I J .J .-1 .J l
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Appendix Figure C-19 shows that the growth rate of longnose suckers in
the Susitna River between the Chulitna River confluence and Devil Canyon
is relatively slow.

Dolly Varden

Seventeen Dolly Varden were captured on the Susitna River in 1983.
Eight fish were captured by boat electrofishing and seven by the down­
stream migrant traps at RM 103.0. The downstream migrant traps Dolly
Varden catches were all juveniles (< 200 mm). Fork lengths of boat
electrofishing Dolly Varden catches ranged from 146-320 mm.

Threespine Stickleback

Five hundred and seventy-four threespi ne sti ckl eback were captured by
the downstream migrant traps at RM 103.0 in 1983. Total lengths of
these threespine sti ckl eback ranged from 11-93 mm with a mean of 31 mm.·
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Our'ing the course of the 1983 Resident Fish Studies, biases and as­
sumptions relating to the population estimates of resident fish were
identified. These biases fall into two general categories, those caused
by behavior or other attributes of the biology of the fish and those
caused by the sampling technique (Appendix 0-1). The biases for each of
the population estimates made were shown to be different depending on
the species, area, and gear type used for sampling, or by a combination
of these three factors.

The major bias associated with the rainbow trout population estimate in
Fourth of July Creek (RM 131.1) was behavioral, the avoidance of recap­
ture. After a fish was captured and marked, the capture probability of
that fish decreased substantially since it learned to avoid the lure.
This was observed during the second and third occasion of sampl ing.
Although the lure was put before the marked fish, it did not strike. To
correct for this bias, a behavioral model (a type of removal model)
which allowed for decreases in capture probabilities was used in cal­
culating the population estimate.

A secondary bias of the population estimate for rainbow trout at Fourth
of July Creek was the size selectivity of sampling gear, resulting in
variations in individual capture probabilities. Smaller fish have been
reported to have a smaller capture probability than larger ones in other
population estimates (AOF&G 1983d). This was also true for rainbows in
Fourth of July Creek; angling was ineffective in capturing fish under
151 mm in fork length.

The population estimate of 107 rainbows in Fourth of July Creek there­
fore pertains only to rainbow trout over 150 mm.

Similar biases were shown at a mainstem site between RM 138.9-140.1
where a burbot population estimate was made. Since no burbot were
recaptured at this site during the four day sampling period, a removal
model was used to generate a population estimate. Other tag and recap­
ture data from 1981-83 have also .shown that burbot evidently learn to
avoid recapture since less than ten have been recaptured during three
years of sampling.

A secondary bias of size selectivity as found for rainbow trout in
Fourth of July Creek, for the population estimate of burbot was evident
since no burbot under 300 ~n total length were captured. The population
estimate of burbot in this reach of the mainstem river should therefore
be applicable only to burbot over 300 mm in length.

To minimize the effects of in- or outmigration, sampling for rainbow
trout was done in July. Electrofishing dur'ing July and August 1982
captured few rainbow trout in the mainstem indicating that rainbow trout
are residing in the tributaries during this time period.

To minimize the possibility of in- or outmigration for burbot, sampling
was done in July because catch results from 1981-82 and radio tagged
burbot data from 1982 show that burbot move only from September to
March .
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Appendix Table 0-1 B"iases, corrections, and assumptions which affect
the resident fish population estimates below Devil
Canyon, 1983.

Bias:
"COrrection:
Assumption:

Bias:

Correction:

Assumption:

Bias:
"'CO"rrect ion:

Assumption:

Bias:

Correction:

Assumption:

Lack of randomness of mark or recapture effort.
Stratification of habitat location by habitat type.
Random mark and recapture effort.

Unequal recapture probability due to time between census­
ing.
Use of multiple census estimator during a short time
period.
Time does not affect recapture probability.

Population is open geographically.
Use of July and August data only; period of minimal
movement.
Population is closed geographically.

Heterogeneity; variance in the probability of capture and
recapture between age classes.
Stratification of age class for entire population,
develop correction factor for populations.
Population estimates limited to Age IV and older fish due
only to insufficient sample sizes of smaller fish.

- 96 -

-



-

-

-

Although population estimates were generated for burbot in the mainstem
Susitna, problems were incountered with calculating population estimates
for other resident species in the mainstem during 1983. For instance,
catch information shows the major biases associated with the population
estimates made at Slough 8A (RM 125.3) were probably that the fish
migrated in and out of the site during the sampling (not a closed
population) and that there was an avoidance of fish to electrofishing
which was the method of capture used in Slough 8A. Sampling was done at
this site during only a 72 hour period (twice a day for three days) to
correct for the geographical bias, however, failed. The resultant
population estimate, for example, of round whitefish at this site was
believed inaccurate since the estimate was 896 but had a standard error
of 294.43 using the population model selected by the computer as best
fitting the data. The low catch of round whitefish at Slough 8A on two
occasions compared to the other four occasions (25, 3, 38, 28, 28, and
8) showed that fish were moving in and out of the slough during at least
these two time periods.

The "movements of round whitefish as well as other species during these
two time periods, meanwhile, were probably due to the changing turbidity
in Slough 8A during the sampling period. The mainstem river was approx­
imately 0.5 feet lower on those two occasions compared to the other four
occasions. As the mainstem water decreased, the slough became clearer.
The decreased round whitefi sh catches on these two occasions suggests
that the fish moved into the mainstem when the water in the slough was
no longer turbid enough to provide adequate cover.

Resident fish also appeared to avoid electrofishing and this avoidance
was not anticipated prior to conducting the estimates. Of 130 round
whitefish captured in Slough 8A during six occasions only nine (6.9%)
were recaptured. Similar recapture percentages and speculation on fish
avoidance to boat electrofishing were reported by Jacobs and Swink
(1982). They found, however, that differences in turbidities did not
affect capture efficiencies, although this.may have been due to their
study area not having as large changes in turbidities as our study did.
They further point out that use of electrofishing alone for mark and
recapture estimates in large rivers are generally unsuccessful because
not enough fish are recaptured.

In order to make accurate population estimates for resident fish other
than burbot in the mainstem Susitna River, methods have to be changed
from those used in 1983. Jacobs and Swink (1982) suggested using boat
electrofishing coupled with rotenone but this is not applicable to the
Susitna River. Electrofishing coupled with baited trapnets may prove
more successful, or large seining nets could be used to block the ends
of channels and sloughs. Another more difficult method would be the
use of population estimate models that allow for in- and outmigration
(open population models).

Population estimates for resident fish in tributaries to the Susitna
River can be made if enough fish of a given species are captured.
Population estimates of rainbow trout in Fourth of July Creek succeeded
because relatively large numbers of rainbow trout were captured and
recaptured and because there was little or no in- or outmigration during
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the sampling period. The time period of sampling was very important at
Fourth of July Creek. Sampling was conducted during mid-July because
the flows were extremely low and no adult salmon were in the tributary
(Estes and Vincent-Lang 1984). Biologists, therefore, had easy access
along the stream and the fish were easily caught because less food in
the form of salmon eggs was present in the system.
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ABSTRACT

The macrohabitat distribution and microhabitat suitability for rainbow
trout, Arctic grayling, round whitefish, and 10ngnose suckers in the
Susitna River drainage between the Chulitna River confluence and Devil
Canyon were evaluated using e1ectrofishing, beach seine, and hook and
line catch data and habitat data collected at radio telemetry relocation
sites (rainbow trout and burbot) and spawning sites (round whitefish).

Turbidity had important effects on distribution of both adult and
juvenile resident fish. Longnose suckers and juvenile round whitefish
wer.e found in highest numbers in turbid water. Adult rainbow trout,
Arctic grayling, and round whitefish found clear water more suitable,
but used turbidity for cover. Suitability criteria for velocity, depth,
and object cover were fit to the distribution of resident fish. The lo­
cation of radio tagged rainbow trout among macrohabitat types varied
greatly by season.
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1.0 INTRODUCTION

The Resident Fish Study was initiated in the fall of 1980 to gather
preliminary data concerning the following general objectives described
in 1979 by the Alaska Department of Fish and Game for the Susitna
Hydroelectric project:

A. Define seasonal distribution and relative abundance of resi­
dent fish in the Susitna River between Cook Inlet and Devil
Canyon.

B. Characterize the seasonal habitat requirements of selected
resident fish species within the study area.

During 1981, the primary emphasis was placed upon gathering seasonal
distribution and relative abundance data. In 1982, more effort was
placed upon characterizing the seasonal habitat requirements. During
the 1983 field season, the resident fish studies were refined. We
attempted to quantify the important habitat parameters associated with
spawning and rearing (growth) of selected resident fish species and
measure fish density in spawning and rearing habitats to provide an
estimate of habitat quality.

There can be positive or negative effects upon fisheries after the
construction of a hydroelectric dam (MDFW&P 1983). Postproject effects
may include changes in water temperature, flow, and turbidity.
Preproject basel ine fisheries data and their correlation to habitat
conditions, therefore, are necessary to evaluate the overall potential
impact to these fisheries. One of these impacts can be the effect on
reari ng fi she

Successful rearing of resident fish in the Susitna River is dependent
upon a variety of habitat conditions that may be substantially altered
under postproject flow regimes (ADF&G 1983c; 1983d). Four major macro­
habitats influenced by the mainstem were identified as possible rearing
areas in the Susitna River for resident fish (ADF&G 1983e). These four
major habitat types are tributary mouths, side sloughs, upland sloughs,
and mainstem channels or side channels. Macrohabitat information
reported in this report supplements ADF&G (l983e) as much less boat
electrofishing was done in 1983.

Microhabitat suitability criteria are one means of quantifying the
relationship of a 1ife stage of a fish species to its habitat. The
present work develops preliminary suitability criteria by species and
river reach for application in incremental simulations of rearing
habitat as a function of mainstem flows (see Part 7 of this report).
Prel iminary data presented for rainbow trout, Arctic grayl ing, round
whitefish, and longnose suckers are univariate functions for cover type,
percent cover, depth, and velocity. Frequency distributions by habitat
attribute were not generated for other resident fish species such as
burbot due to small catches. Differences between distributions in low
and high turbidity water were detailed as data permitted.

- 1 -
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2.0 METHODS

A two man crew conducted samp1 ing on the Susitna River between the
Chulitna River confluence and Devil Canyon from May to October 1983 to
capture resident fish for micro- and macrohabitat studies (Figure 1).
Sampling was performed largely from a river boat, with occasional use of
helicopters. The primary sampling methods were boat e1ectrofishing and
hook and line. Habitat data collected included water depth and veloc­
ity; cover, substrate, and water chemistry parameters.

2.1 Study Locations

2.1.1 Macrohabitat studies

Relative abundances of selected resident fish species were determined by
boat e1ectrofishing at various macrohabitats in the Susitna River from
May to October. These macrohabitats included mainstem channels and side
channels, upland sloughs, side sloughs, and tributary mouths in the
reach of river between the Chulitna River confluence and Devil Canyon.

Also, 26 radio tagged rainbow trout were located in four major macrohab­
itats in 1983. These macrohabitats inc1 uded tributaries, up1 and and
side sloughs, tributary mouths, and the mainstem. Radio tagged fish
were located at these sites in the Susitna River between RM 100.7 and
RM 148.8 from May 19 to October 21, 1983.

2.1.2 Microhabitat studies

Thirteen adult resident microhabitat study sites were sampled from July
to October to develop habitat suitabil ity curves. These sites were
located between the Chulitna River confluence and Devil Canyon and
inc1 uded six tributary mouths, three tributaries, three side sloughs,
and one upland slough (Table 1).

Nine sites at sloughs and tributary mouths were selected for sampl ing by
boat e1ectrofishing because relatively high numbers of adult resident
fish exist in these areas (ADF&G 1983b). The nine sites were sampled
with boat electrofishing gear twice a month from mid-July to October.
The upper reaches of four tributaries were irregularly sampled by hook
and line in conjunction with rainbow trout population estimates or
studies of radio tagged rainbow trout. (Presented in Part 5 of this
report).

Juvenile and a few adult resident fish were captured incidentally at 35
sites sampled during the juvenile anadromous studies reported in parts 2
and 3 of this report.

Microhabitat was also measured at relocation sites of 24 radio tagged
rainbow trout and burbot. These data were recorded at tributary mouths,
sloughs and sites in the mainstem Susitna River between RM 100.8 and RM
148.7 and at three tributaries.

- 2 -
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Figure 1. Map of the Susitna River from the Chulitna River confluence
to Devil Canyon showing major tributaries and sloughs, 1983.
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Table 1. Adult resident fish microhabitat study sites on the Susitna
River between the Chulitna River confluence and Devil Canyon,
1983.

Sampling Method
River Hook Boat ~

Mile & Electro-
Location (RM) line fishing

Whi skers Creek Slough 101.2 X

Whiskers Creek - Mouth 101.4 X
IlI'!IJ

Slough 6A 112.3 X

Lane Creek - Mouth 113.6 X

Lane Creek - TRM a/0•6 113.6 X

Slough 8A - Mouth 125.3 X -
Fourth of July Creek - Mouth 131.1 X

Fourth of July Creek - TRM 0.8 131.1 X

Slough 11 - Mouth 135.3 X

Indian River - Mouth 138.6 X

Indian River - TRM 1.5 138.6 X -
Jack Long Creek - Mouth 144.5 X

Portage Creek - Mouth 148.8 X
.....

~

a/TRM = tributary river mile

~

.....

-
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2.2 Field Data Collection

2.2.1 Biological

Adult and a few juvenile (under 200mm) resident fish were captured at
accessible locations in the Susitna River with a boat mounted electro­
fishing unit. Electrofishing equipment consisted of a Coffelt, model
VVP-3E, boat electrofishing unit powered by a 2500 watt Onan portable
generator. Boat electrofishing procedures are described in AOF&G
(l983a). Adult resident fish were also captured by hook and line in
tributaries. Juvenile resident fish at upland slough, side slough,
mainstem and tributary sites were collected with beach seines and
backpack electroshockers.

All resident fish were identified to species. Biological data collected
included length, sex, and sexual maturity. Ages were determined by
readi-ng scale samples. All healthy adult resident fish were tagged with
a Floy anchor tag and released in continuance of a resident fish
migrational study described in part 5 of this report. Spawning sites of
resident fish species were determined when captured female fish expelled
eggs upon slight palpation of the abdomen.

Juvenile resident fish were captured incidentally during juvenile
anadromous sampling of cells and grids located at a greater diversity of
sites. Techniques differed somewhat as beach seining and backpack
electrofishing were used (see Part 2 of this report for detail s on
collection methods).

Microhabitat data were collected from relocations of four burbot and 20
rainbow trout radio tagged in 1983. Tagging techniques are presented in
ADF&G (1981, 1983a) and part 5 of this report. Radio tagged fish were
tracked from airplanes and boats. A summary of capture and tracking
locations of the tagged fish are presented in Part 5 of this report •
Habitat measurements were taken after a radio tagged fish was relocated
by boat to an area of no greater than 30 feet by 30 feet. In some
cases, radio tagged fish were observed.

2.2.2 Habitat

Each microhabitat study location was divided into one to three grids.
Grids were located so that the water quality within them was as uniform
as possible and so that the grids would encompass a variety of habitat
types. At tributary mouths, one grid was located in the mainstem
Susitna River above the confluence of the tributary, another grid was
set up within or below the confluence where the tributary was the
primary water source, and a third grid was situated where the mainstem
and tributary waters mixed (Figure 2). Sites located in sloughs and
tributaries had one to three grids depending on the water quality within
the slough. Since grid location was dependent upon specific hydraulic
characteristics, grid locations were redetermined during each sampling
trip based on differences in turbidity and water chemistry readings.

Grids were subdivided into cells. Cells were rectangular and the length
and wi dth of each cell va ri ed. The 1ength boundari es of cells with; n
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Figure 2. Arrangement of grids and cells at a hypothetical
resident fish macrohabitat study site.
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each grid were marked with orange flagging prior to sampling. The width
of cells in tributaries, which were sampled by hook and line, was the
width of the stream. Cell widths at sloughs and tributary mouths, which
were sampled by boat electrofishing, were determined to be five feet or
a multiple of five feet. Five feet was chosen as a standard cell width
because it is the average effective capture width of the boat
electrofishing equipment used.

This method of sampling was designed to approximate the method that the
II instream flow incremental methodo1ogyll uses to generate estimates of
usable habitat (Bovee 1982, also see Part 7 of this report). The
correlation of fish occurrence in cells with a particular set of phys­
ical parameters can be compared with the calculated usability of the
habitat.

Habitat parameters measured within cells and at radio tagged fish
relocations included dissolved oxygen, specific conductance, pH,
turbidity, water temperature, water velocity, and water depth.
Substrate type, cover type, and percent cover were estimated (Table 2).
Intragravel temperatures were also recorded at all spawning sites.

Table 2: Substrate, cover, and percent cover classifications used for
resident fish microhabitat studies.

Substrate

Silt
Sand
Small Gravel (1/8" - 1")
Large Gravel (1" - 3")
Rubble (3" - 5")
Cobble (5" - 10")
Boul der (> 10")

Cover Type

No Cover
Emergent Vegetation
Aquatic Vegetation
Debris/Deadfall
Overhanging Riparian
Undercut Banks
Large Gravel III - 3"
Rubble 3" - 5"
Cobble or Boulder> 5"

% Cover

o - 5%
6 - 25%
26 - 50%
51 - 75%
76 - 95%
96 - 100%

.....

.-

The mean depth of cells and radio tagged fish relocation sites was
measured to the nearest tenth of a foot with a topsetting wading rod.
The mean velocity was measured with a Price Model AA velocity meter.
Turbidity measurements were made with an HF Instrument Model ORT-15
turbidometer in Nephelometric Turbidity Units (NTU's). Water quality
measurements were taken with a Hydrolab model 4001 multi parameter
meter.

Habitat parameters were recorded for each cell at resident. fish micro­
habitat study sites. However if the water quality within a grid were
relatively constant, only one measurement was taken to represent all
cells within that grid. Specific data collection methodology is sum­
marized in ADF&G (1984) •
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2.3 Data Analysis

2.3.1 Macrohabitat studies

Biological and catch per unit effort (CPUE) data were compiled by
macrohabitat type from boat electrofishing sampl ing data recorded in
conjuncti on with di stributi on and re1ati ve abundance studi es presented
in Part 5 of this report. Macrohabitat CPUE data were also compiled by
pooling the catch from all the cells at microhabitat study sites sampled
by boat electrofishing. The macrohabitat type of radio tagged fish
relocation sites was also recorded.

Catch data recorded by Juvenile Anadromous Habitat Study (JAHS) crews
were also compiled by macrohabitat type for incidentally captured
juvenile resident fish. Mean CPUE's were calculated by macrohabitat
type, summed, and then each CPUE by type was expressed as a percentage
of the total to equalize sampling effort. These percentages were then
used to analyze distribution by macrohabitat type. Macrohabitat types
were defined with the discharge based classification scheme discussed in
Part 2 of this report.

An analysis of variance (ANOVA) was run to determine whether macrohabi­
tat type had a significant effect on the relative abundance of juvenile
round whitefish (see Part 2 of this report for further details).

2.3.2 Microhabitat studies

2.3.2.1 Adult resident fish

Biological, habitat and catch data were recorded at microhabitat study
sites according to ADF&G (1984). Adult fish microhabitat studies used
two gear types, boat electrofishing and hook and line. Hook and line
was used in tributaries, while boat electrofishing was used elsewhere.
Hook and line data were analyzed separately from boat electrofishing
data since the area each gear type sampled was very different in water
quality and habitat characteristics.

Values of habitat attributes measured had to be pooled for analysis
because of small sample sizes. Groupings for the boat electrofishing
and hook and line data are detailed in Table 3. Groupings for the
rainbow trout hook and line catch data were somewhat different than the
boat electrofishing data because of small sample sizes and different
cover types sampled.

Turbidity values were also grouped into three categories to determine
the effects of low, moderate and high turbidities on resident fish
distribution. The three turbidity groupings used were: 1 to 9 NTU, 10
to 30 NTU and greater than 30 NTU. Turbidity inflection points at 9 NTU
and at 30 NTU were used because light penetration changes considerably
at these points in other glacial systems in Alaska (Jeffery Koenings,
pers. comm.) and because chinook salmon fry used turbidities of greater
than 30 NTU for cover (see Part 3 of this report).
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Table 3. Habitat attribute groupings for analysis of boat electro­
fishing and hook and line data •
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After habitat attribute values were grouped, Kendall rank-order corre­
lation coefficients were calculated between the habitat attributes and
catch for the resident species for both the boat electrofishing and hook
and line data. Since cells varied s~nificantly in size, catch was put
on an area basis as catch per 1000 ft of surface are2. Density of fish
was assumed to be a function of catch per 1000 ft. Suitabi 1ity of
habitat was reflected by this number as fish density can be assumed to
reflect fish habitat suitability.

The distributions of mean catches by species were examined for the
habitat attributes of velocity, depth, cover type, and percent cover.
Velocity was thought to be an important determinant of distribution and
therefore suitability criteria were fit by hand using professional
judgement to the distributions of catch by grouped velocity interval for
all four species. Since we had no data for velocities greater than 4.3
ft/sec, we assumed that suitability for all species was 0 for velocities
greater than 4.5 ft/sec.

Depth was not thought to be as important a determinant of distribution
and therefore we di d not fit su itabi 1ity cri teri a to any of the depth
distributions. Depth, however, may be important in limiting dis­
tribution on the shallow end. Wesche (1976), for example, reported that
adults of three trout species preferred depths greater than 0.5 ft.
Raleigh et al. (1984) reported that rainbow trout found depths of less
than 1.5 ft less suitabl.e than greater depths. We conservatively set
depth suitability to 1.0 for all depths greater than 0.6 ft and
sUitability to 0 for depths less than 0.5 ft.

Percent cover and cover type both were believed to have potential
importance in determining adult fish distribution, however, sample sizes
limited us to consider only cover type. We believed the cover type data
were most reliable and also these data showed clear differences in
usability of the different cover types. Since the turbidity data
indicated that as turbidity increased, suitability of no cover cells
increased, we integrated these data into suitability indices for cover
type by turbidity level. Cover type suitability indices for both clear
( ~ 10 NTU) and turbid (> 30 NTU) conditions were developed. The
suitability of II no cover ll cells (cells without object cover) at these
two levels was different. The suitability of the uno coveru cells was
set as a minimum, therefore if other cover types had mean catches less
than those of the no cover cells then suitability for these types were
changed to the suitability value for the no cover cells. Since there
were no boat electrofishing data for the cover type, undercut banks, we
assumed that undercut banks had a suitability equal to that for over­
hanging riparian vegetation and debris which provide a somewhat similar
type of cover.

2.3.2.2 Juvenile resident fish

Only round whitefish juveniles were captured in sufficient numbers at
the juvenile salmon study sites to warrant development of microhabitat
suitability indices. The habitat attributes of velocity, depth, percent
cover and cover type were examined for criteria development. Beach
seining data from water over 30 NTU in turbidity were used in the

- 10 -
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analysis as catches were highest for this gear type at this turbidity
level •

Due to small sample sizes, groupings of velocity values were by 0.3
ftjsec increments and depths by 0.5 ft increments. Cover type analysis
was only qualitative due to small sample sizes and the inefficiency of
beach seines in different cover types. Round whitefish suitability was
measured as mean catch per cell, as this numbe~was assumed to reflect
density because cell size was constant at 300 ft. In general, analysis
was the same as that used to develop criteria for juvenile chinook
salmon in turbid water (see Part 3 of this report).

An analysis of variance (ANOVA) was run to determine the effect of the
site parameters: mean depth, mean velocity, mean percent cover, water
temperature, and turbidity on the relative abundance of juvenile round
whitefish (see Part 2 of this report for further details on the methods
used).

- 11 -



3.0 RESULTS

3.1 Macrohabitat Distribution

3.1.1 Adult resident fish

Boat electrofishing catch and catch per unit effort (CPUE) for five
resident fish species in three types of macrohabitats was detennined in
1983 (Table 4). Since sampling was not as intensive in 1983 as in 1982,
the category "sloughs" includes both upland sloughs and side sloughs.
Sampling effort in 1983 (45.9 boat electrofishing hours) was small in
comparison to 1982 efforts (177.6 total boat electrofishing hours, with
63.9 hours above the Chulitna River confluence).

Radio telemetry was used to study movements of rainbow trout among
macrohabitat types. Movements of adult rainbow trout in the Susitna
River can be placed into three major categories based on their annual
life history, those associated with spawning (April-June), those associ­
ated with summer rearing (July-September) and those associated with
overwintering (October-March). Distribution of radio tagged rainbow
trout in or at the mouths of tributary streams and at mainstem areas
changed with season (Figure 3). Radio tagged rainbow trout were located
in tributaries and at tributary mouths more often during spawning and
summer rearing periods than during the winter. Between April and June,
67% of the radio tagged rainbow trout locations were associated with
tributaries, the majority being in tributaries (52%). During July
through September, 61% of the radio tagged rainbow trout were associated
with tributaries, the minority being located in tributaries. By October
1, all radio tagged rainbow trout had outmigrated from tributaries and
sloughs into mainstem influenced areas. About 33% of the radio tagged
rainbow trout remained at tributary mouths from October to December.
Besides the high incidence of rainbows using tributaries from April to
September, about 10% used Slough 9 (RM 128.3), Slough 8A (RM 125.3),
Slough A (RM 124.7), and Moose Slough (RM 123.5) during July through
September.

Often radio tagged rainbow trout moved from one tributary or slough to
another tributary or slough (refer to Part 5 of thi s report for indi­
vidual trout movements). For example, five radio tagged rainbow trout
migrated 7.5 miles downriver from the mouth of Indian River (RM 138.6),
to the mouth of Fourth of July Creek (RM 131.1). In addition, a rainbow
trout moved 6.5 miles upriver from the mouth of Skull Creek (RM 124.7)
to the mouth of Fourth of July Creek, and then 2.6 miles downriver to
Slough 9. Another rainbow trout spent over one week in two different
sloughs (8A and A) before holding in Moose Slough for over three weeks.
Finally, a rainbow trout outmigrated from Fourth of July Creek (TRM 1.5)
and moved 7.5 miles upriver to Indian River where it was last located at
TRM 4.5.

3.1.2 Juvenile resident fish

Incidental catches of juvenile and a few adult resident fish were made
during juvenile anadromous habitat study (JAHS) sampling (Table 5).
Large differences in the distribution of juvenile fish by macrohabitat

- 12 -

-
-

­I
I
J

-



1 ) 1 e] J ] .1 1 1 I I ] 1 1 1 I

Tabla 4. Boat electrofishing catch and catch per unit effort (CPUE) of five resident fish species by three
types of macrohabits. Resident fish species sampled are rainbow trout. burbot. Arctic grayling. round
whitefish. and longnose suckers. CPUE is in parentheses. and the units are catch per minute.

-------- ------------------- ._----------------
HACROIlABITAT TYPE MAY

lIi-31
JUN
1-15

JUN
16-30

JUL
I-iS

JUL
16-31

AUG
1-15

AUG
16-31

SEP
I-IS

SEP
16-30

OCT
1-15 TOTAL

RAINBOW TROUT

17( .0) 14( .0) II( .1)

4( .1> ll( .2)

5( .0) 15( .1>

4( .3) 19( .2) 16( .2) 14( .2) 94( .l>

5( .2) 26( .1) 30( .l> 24( .1> 15« .l>

O( 0.0) ---(---) B( .0) 41< .0)

2( .1> 16( .0)I< .1>O( 0.0)

1( .0) 13( .0)

I< .1)I< .0)

3( .0)

4( .0)

(( .0)

)( .0)

O( 0.0)

(( .0)

I< .0)

I< .0)

9( .1)

5( .0)

2( .0)

7( .1>

6( .0)

4( .1>

7( .0)

BUR BOT

TOTAL

HAl KSTEH

TRIBUTARY MOUTH

SLOUCII

I......
W
I

I( .0) -(--)

4( .0) l3( .0) 10( .0) O( 0.0) 10( .0)

tlAINSTEM

SLOUGII

TRIBUTARY MOUTII

TOTAL

6( .0)

I< .0)

O( 0.0)

1( .0)

3( .0)

O( 0.0)

2( .0)

5( .0)

o( 0.0)

O( 0.0)

)( .0)

3( .0)

O( 0.0)

4( .1 )

O( 0.0)

4( .0)

6( .0)

3( .1>

I< .0)

8( .1)

O( 0.0)

O( 0.0)

9( .0)

I< .0)

O( 0.0)

7{ .0)

I< .1>

O( 0.0)

8( .0)

I( .0) 31( .0)

O( 0.0) 14( .0)

H .0) 17( .0)

2( .0) 62< .0)

ARCTIC GRAYLING

t1AINSTEH 63( .2) 7B( .4) 40( 1.1) O( 0.0) 28( .3) 32( .6) ---(----) 99( .4) 195( .1) 19( .1) 554( .4)

SLOUGH 23( .3) 22( .4) I< .0) H .0) 5( .0) I< .0) 5( .3) 4( .1) l1( 1.3) 2( .l> 81< .2)

TRIBUTARY MOUTH 50( .3) 26( .2) 31( .3) 18( .3) 56( .9) 24( .2) 7{ .5) 66( .6) 81( 1.1> 14( .2) 319( .4)

TOTAL 136( .3) 12o( .4) 72( .4) 19( .1) 89( .3) 57( .2) 12( .4) l69( .4) 299( .8) 35( .1) 1014( .4)

- = No effort .
. 0 = Trace.



Table 4 continued.

----- .. ------ - ----
KACROHABITAT TYPE HAY JUN JUN JUL JUL AUG AUG SEP SEP OCT

16-31 1-15 16-30 1-15 . 16-31 1-15 16-31 1-15 16-30 1-15 TOTAL
------ --------------------.--------------------------------------------------------------------------------

·~: ..~h

ROUND WHITEFISH

MAINSTEM 2S( .0 82( .4) 2H .6 ) O( 0.0) 3H .3 ) 20( .4) --(--) 147( .6 ) 10H .•4) 78( .4) SOS( .4)
\

SLOUGH 7( .0 H( .2) 3( .1) 4S( .6 ) 142( 1.0) 8( .2 ) 3( .2 ) 1S( .4) 7( .S) B( .4) 249( .S)

TRIBUTARY MOUTII 26( .2) 4S( .4) 36( .4) 6H 1.2) 7H 1.2) 72( .S) S( .3 ) 108( 1.0) 66( .8) 7S( 1.0) S6S( .6 )
I
~ TOTAL SS( .1) U8( .4) 60( .4) 106( .7> 244( .8) 100( .4) 8( .3) 270( .7) i74( .S) 16H .6) D19( .S).J::o
I

LotlGNOSE SUCKER

MAINSTEM H .0 ) 3( .0) S( .1) O( 0.0) 29( .3 ) 13( .2) -(--) 6S( .3 ) 16( .1) 3( .0 ) 13S( .1>

SLOUGH 2( .0 ) l3( .2) 9( .3 ) 33( .4) SiC .4) 16( .4) O( 0.0) 7( .2) 4( .3 ) O( 0.0) l3S( .3 )

TRIBUTARY HOUTII O( 0.0) 4( .0) H( .1 ) 4( .0 10( .2) SCI( .4) O( 0.0) IB( .2) 23( .3 ) 2( .0 ) l32( .1)

TOTAL 3( .0) 20( .il 29( .2 ) 37( .3 ) 9Q( .3 ) 8S( .4) O( 0.0) 90( .2) 43( ,1) S( ,0 ) 402( .1)

J ,,] j I cJ I ) I I I I I I I I J
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Figure 3. Frequency distribution of radio tagged rainbow trout
locations in tributaries, at tributary mouths, and in the
mainstem Susitna River during 1983.
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Table 6. Percent catch per unit effort (CPUE) by macrohabitat type on a
mainstem discharge basis for juvenile resident fish species
for which at least 20 specimens were captured.

~

Mainstem
Upland Side Side-

Tributaries Sloughs Sloughs channels
'""'"

Arctic grayling (n=21) 8.9% 0.0% 0.0% 91.1%

Round whitefish (n=629) 0.3% 10.4% 1.0% 88.3% -.
Longnose sucker (n=119 ) 0.0% 41.5% 19.7% 38.8%

Dolly Varden (n=21) 100.0% 0.0% 0.0% 0.0%

-
- 16 -
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type are evi dent in thi stab1e. The ana lys is of vari ance of round
whitefish distribution showed that macrohabitat type does have a signif­
icant (p < 0.01) effect on distribution. In order to adjust for differ­
ences in sampl ing effort among the macrohabitat types, CPUE on a per­
centage basis was calculated for the four species for which more than 20
individuals were captured (Table 6). Arctic grayling and round
whitefish juveniles were most numerous at mainstem side channels while
Dolly Varden were captured only in tributaries. LOl1gnose suckers were
distributed primarily in upland sloughs and mainstem side channels
although they were also caught in side sloughs.

3.2 Microhabitat Suitability

3.2.1 Adult resident fish

Boat electrofishing catches of rainbow trout, Arctic grayling, round
whitefish, and longnose suckers were sufficient to be analyzed for
microhabitat suitability criteria development. Hook and line catches of
rainbow trout were also sufficient. Total catches by species and number
of cells fished are listed in Table 7. Additional measurements of
microhabitat were taken at telemetry locations of 20 rainbow trout and
four burbot and these are available at the ADF&G Susitna Hydro Aquatic
Studies office. These telemetry data cannot be used for criteria
development but they supplement our knowledge of microhabitat use.

Kendall rank-order correlation coefficients between grouped habitat
attributes and fish ~atches are listed in Table 8. Since substrate is
partially a subset of cover type and also was highly correlated
(tau=0.61) with velocity, it was dropped from consideration for further
analysis.

Turbidity was the habitat attribute most highly correlated with longnose
sucker mean catch. Graphs of turbidity level versus mean catch indicat­
ed turbidity has an influence on distribution of rainbow trout, round
whitefish, Arctic grayling, and longnose suckers (Figure 4). Plots of
catch in the "no cover" cells by turbidity value also suggest that these
four species use turbidity for cover. Mean tzainbow trout, Arctic
grayling, and round whitefish catches per 1000 ft were lower in turbid
waters, however.

3.2.1.1 Rainbow trout

Rainbow trout were typically captured by boat electrofishing in cells
with water velocities less than 1.5 ft/sec (Figure 5). Favored cover
types included rocks with diameters over 3", and secondarily, debris and
overhanging riparian vegetation. Rainbow trout used cells with 6 to 25%
and greater than 50% object cover in the highest densities.

Hook and line sampling data suggested that rainbow trout preferred pools
with velocities less than 0.5 ft/sec and depths greater than 2.0 ft
(Figure 6). Rainbow trout captured by hook and line sampling used
debris, undercut banks, and riparian vegetation more than they did
cobble or boulders. An abundance of cover also appeared to be tied to
rainbow distribution.

- 17 -



Table 7. Catches and effort for boat electrofishing and hook and line
sampling of adult resident fish. ..,.

"'""

Boat electrofishing sampling

No. of cells sampled = 176

Hook and line sampling

No. of cells sampled = 79

Species

Rainbow trout
Arctic grayl ing
Round whitefish
Longnose sucker
Burbot
Humpback whitefish
Dolly Varden

Catch

44
138
384
157
18
15

2

- 18 -

Species

Rainbow trout
Arctic grayling

Catch

99
2 -
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Table 8. Kendall correlation coefficients (tau) between grouped habitat variables and resident fish
catches.

Boat Electrofishing Data~n =_176)
Percent Cover Rainbow Arctic Longnose

Turbidity Cover ~ -,,-elocity Depth Substrate Trout GrayJil}9 Sucker
--

Percent cover -0.07 l.00
Cover type -0.22** 0.45** 1.00
Velocity -0.08 0.10* 0.45** 1.00
Depth -0.27** 0.16** 0.43** 0.34** 1.00
Substrate -0.16** 0.33** 0.61** 0.54** 0.32** 1.00
Rainbow Trout -0.14* 0.21** 0.22** 0.11 0.11 0.20** 1.00

........
1..0 Arctic grayling -0.13 0.18** 0.36** 0.33** 0.27** 0.29** 0.20** 1.00

Longnose sucker 0.34** 0.19** -0.15* -0.25** -0.22** -0.25** -0.04 -0.07* 1.00
Round whitefish 0.05 0.19** 0.20** 0.10 0.11 0.10 0.15* 0.34** 0.18**

Hook and Line Data (n = 79)
Percent Cover
Cover ~ Velocity Depth Substrate

Cover type -0.10
Velocity -0.30** 0.38**
Depth 0.59** -0.09 -0.42**
Substrate -0.04 0.53** 0.28** -0.02
Rainbow Trout 0.42** 0.04* -0.29** 0.35** 0.08

*~ignificantly different from 0 at p ~ 0.05
** ~innifirnntlv rliffprpnt from °at n < 0,01
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Figure 6. Rainbow trout hook and line mean catch per 1000 ft 2 by
habitat attribute values of depth, velocity, percent cover,
and cover type.
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Since electrofishing data were collected at more cells in a wider
variety of habitat types, velocity and cover type suitability indices
were fit to the boat electrofishing data (Figure 4). Since the hook and
line data suggested that cover types of debris, overhanging riparian
vegetation, and undercut banks were more suitable than cobble or boul­
ders (Figure 5), suitabilities for these cover types were changed to the
suitability of cobble and boulders which was 1.0. A listing of
suitability criteria point values for rainbow trout (along with all

, other suitability criteria developed in this report) is contained in
Appendix Table A-I.

3.2.1.2 Arctic grayling

Adult Arctic grayl ing often used rocks for cover and water with high
velocities and deep depths (Figure 7). Arctic grayling may avoid high
turbidity waters and make little use of turbidity for cover (Figure 4).
Suitability criteria were fit to the velocity and cover type dis­
tributions of catch (Figure 7 and Appendix Table A-I).

3.2.1.3 Round whitefish

Distribution of round whitefish was influenced by turbidity as they used
it for cover (Figure 4). Round whitefish also used object cover in the
form of cobble or boulders, debris, and overhanging riparian vegetation
most highly (Figure 8). The hydraulic attribute of velocity was not
strongly tied to di stribution, although optimum velocities ranged from
two to three ft/sec. Suitability criteria were fit to the velocity and
cover type distributions of catch (Figure 8 and Appendix Table A-I).

Seven spawning sites for round whitefish were found in October 1983.
Three of the sites were at tributary mouths while the other four sites
were in the mainstem. Microhabitat data collected at these sites are
presented in Appendix B, along with a brief discussion of round
whitefish spawning in the Susitna River.

3.2.1.4 Longnose suckers

Longnose suckers often used turbid water for cover (Figure 4), but they
also used emergent or aquatic vegetation, debris and overhanging
riparian vegetation cover (Figure 9). Shallow depths and waters of low
velocity were most suitable for longnose suckers. Suitability criteria
were fit to the velocity and cover type distributions of catch (Figure 9
and Appendix Table A-I).

3.2.1.5 Burbot

Burbot prefer areas of moderate to high turbidities since catch data
show they are always in the mainstem during the summer (ADF&G 1983e).
Telemetry data also showed they were always found in the mainstem.
While in these mainstem areas, radio tagged burbot appeared to prefer
low velocities (under 1.5 fps) and shallow depths (approximately 2.5
feet). They also appeared to prefer areas with rubble or cobble
substrate, however, nearly all of the mainstem river between the
Chulitna River confluence and Devil Canyon, where the radio tagged fish
were found, has a predominately rubble or cobble substrate.
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3.2.2 Juvenile resident fish

The analysis of variance showed that turbidity had a significant
(p< 0.01) effect on the relative abundance of juvenile round whitefish.
Catch rates in water with a turbidity less than 30 NTU were extremely
low.

The total catch of round whitefish by beach seines in turbid (greater
than 30 NTU) water was 569, and most of these were 0+ juveniles. Mean
catches by velocity, depth and percent cover interval suggest that
velocity had the largest effect on distribution in the 320 cells fished
(Figure 10). Juvenile round whitefish greatly preferred water without a
significant velocity. Catches in cells with little object cover were
higher than in cells with large amounts of cover. This suggests that
object cover is not very significant in influencing round whitefish
habitat use. Beach seining efficiency is greatly reduced, however, by
the amount and type of cover present, and therefore catch distribution
by cover type has not been presented. The data suggest that round
whitefish fry also find shallow depths most suitable.

A suitability index was fit to both the depth and velocity catch dis­
tributions by hand using professional judgement. Pearson correlation
coefficients between the fitted suitability criteria for depth, veloci­
ty, and (depth x velocity) and juvenile round whitefish catch by cell
were calculated. The correlations between juvenile round whitefish
catch and depth, velocity, and (depth x velocity) were 0.23, 0.42, and
0.50 (n=320, p< 0.001 for all three), respectively. Since depth was
correlated with catch, we decided to use depth as fitted in subsequent
habitat modelling. Suitability for turbid water for all cover types was
set to 1.0 and suitability for all cover types in clear water was set to
o (Appendix Figure A-I).

Catches were insufficient for any other species of juvenile resident
fish to be analyzed for criteria development.
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4.0 DISCUSSION

4.1 Adult Resident Fish

Boat electrofishing and hook and line sampling have provided a limited
'set of data by habitat attribute which were used to generate suitability
criteria for adult resident fish. These suitability criteria are
preliminary as sampling effort was limited. Since most sampling was
done by boat electrofishing a bias toward the capture of large fish was
probable. There may have also been some bias in the capture rates of
fish in clear versus turbid water because of differences in boat
electrofishing efficiency between these two habitat types but it did not
appear to be large. The boat electrofishing microhabitat suitability
data were collected near tributary and slough mouths during July to
October and therefore are applicable only during the open water season.
Additional information about rainbow trout and burbot microhabitat
distribution was also collected during radio' telemetry locations of
tagged fi sh and these data were used to suppl ement the other data
because they were free of sample efficiency bias.

Use of macrohabitats at tributaries and slough mouths could be due to
food input in the form of salmon eggs, fry or invertebrates drifting out
of the sloughs or tributaries. Species interactions could also playa
role in distribution as each species competes best within a niche. All
the species showed different responses to the habitat variables and this
may be due to these interactions rather than an actual preference.
Intercorrelations among habitat variables might also cause apparent
preferences as fish might actually be selecting for something else.

Turbidity was an important habitat attribute which had large effects on
adult resident fish distribution. Rainbow trout, Arctic grayling, and
round whitefish apparently avoided turbid water. Longnose suckers
avoided clear water. Turbidity also provided cover for all species and
therefore was desirable from this aspect.

Analysis of radio tagged rainbow trout distribution among the macrohabi­
tats of the Susitna River provided insights not obtainable by other
sampling methods. These data are not subject to the collection gear
bias inherent "in other collection methods. Rainbow trout apparently
ascend tributary streams from mid-May through early June to spawn. Some
rainbow trout remain in the tributaries but others outmigrate to
mai nstem i nfl uenced macrohabitats. Tributary mouths are used heavi ly
for summer rearing especially during periods of salmon spawning.
Rainbow trout may also ascend tributaries and move into sloughs while
following spawning salmon. Rainbow trout were observed being chased
from spawning redds by male chum salmon whilE presumtbly feeding on
salmon eggs. One radio tagged rainbow trout in Slough A and another in
Lane Creek were observed milling around spawning pink and chum salmon.
The mainstem, per se, is probably used mainly as a migration path
between tributaries and sloughs at this time. By mid-September, howev­
er, all radio tagged trout which had been in tributaries had descended
to the mouths. The occurrence of this outmigration during a short time
period makes rainbow trout in the upper Susitna River extremely vulnera~

ble to sport fishing. Local anglers take advantage of the outmigration

- 29 -



at the mouth of Indian River (RM 138.6) each fall. As the Susitna River
basin continues to develop! the rainbow trout population may suffer from
the increased fishing pressure. Most adult rainbow trout apparently
overwinter in the mainstem.

Rainbow trout distribution within microhabitat was correlated with
velocity and cover (Figures 5 and 6). Lewis (1969) found that rainbow
trout populations in pools were most highly correlated with higher
velocities! rather than the amount of cover. Shirvell and Dungey (1983)
found velocity to be the most important factor determining brown trout
position choice but that positions were chosen with optimum combinations
of depth and velocity. Observations of radio tagged fish! however!
revealed that rainbow trout distribution within microhabitat may be
dependent upon food source. In areas where rainbow trout were feeding
on salmon eggs! rainbow trout were closely associated with the spawning
salmon and therefore used shallow water riffles with cobble substrate
for cover. In other areas where there were no adult salmon! rainbow
trout were presumably feeding primarily on aquatic insects. In these
areas they were found in plunge" pools or deep pools using turbulent
water and depth! along with rubble/cobble substrate and debris as cover.
Turbulent water in plunge pools was observed to be excellent cover.

4.1.2 Juvenile Resident Fish

Juvenile resident fish use of macrohabitat present on the Susitna River
during the ice free months was found to vary greatly by species (Tables
5 and 6). Juvenile Dolly Varden, for example! were found only in
tributaries while round whitefish juveniles were found most abundantly
in mainstem side channels. The tributary sites are not influenced by
mainstem discharge so Dolly Varden rearing would be little affected by
changes in discharge. Round whitefish! on the other hand, might be
affected by changes in discharge. Juveniles of this species apparently
find turbid! mainstem conditions most suitable as they infrequently
occur in sloughs when the heads are not overtopped. Large numbers of
rearing juvenile Arctic grayl ing and round whitefish have been found
during previous Susitna studies to prefer mainstem mixing zones of
either sloughs or tributaries and secondarily mainstem waters (ADF&G
1983d). Longnose suckers were found in mainstem waters primarily but
data collected during 1983 indicate that juvenile longnose suckers also
find upland and side sloughs suitable for rearing.

Turbidity is the one factor which most distinguishes side slough habi­
tats from mainstem side channel habitats and turbid water increases the
suitability of mainstem side channels for such species as juvenile
Arctic grayling and round whitefish. Turbidity provides suitable cover
in environments which lack large amounts of object or overhead cover.
If lack of suitable cover limits rearing of juvenile fish, major de­
creases in the amount of turbid rearing areas may adversely affect
habitat used by juvenile Arctic grayling, round whitefish! and possibly
longnose suckers.

Round whitefish fry find 'turbid, mainstem side channels as the preferred
macrohabitat. Within these side channels! they use shallow! slow moving
microhabitats. Apparently the turbid water provides all the cover
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necessary. Little, if any, literature is available concerning juvenile
round whitefish rearing microhabitat needs.

Very little data are available concerning the microhabitat preferences
of other resident species which make use of mainstem influenced environ­
ments for rearing. Juvenile Arctic grayl ing under 200mm perhaps have
microhabitat preferences similar to that of chinook salmon fry or other
salmonids. Juvenile longnose suckers probably use microhabitat very
similar to that used by juvenile round whitefish as adult longnose
suckers also prefer shallow, slow mOVing, turbid habitats.
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APPENDIX A

Suitability Indices for Resident Fish Species

for Cover, Velocity, and Depth
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APPENDIX B

Round Whitefish Spawning Microhabitat Data
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Since 1981, nine locations have been determined to be spawning sites for
round whitefish. In 1981 and 1982 one site was found each year at RM
100.8 and RM 102.6, respectively. In 1983 seven sites were found
including four mainstem sites: RM 102.0, RM 114.0, RM 142.0 and Rt~

147.0; and three tributary mouth sites: Lane Creek (RM 113.6), Indian
River (RM 138.6) and Portage Creek (RM 148.8) (Appendix Table B-1).

While catch data and the incidence of sexually ripe fish suggest that
spawning of round whitefish might occur nearly anywhere in the mainstem,
selection of spawning sites may not be random. Anchor ice, water
fluctuations and ice cover can all limit egg survival. Due to these
reasons, round whitefish in the Susitna River may seek out areas which
have adequate ground water. Habitat data taken at one mainstem site (RM
147.0 in 1983) where eight sexually ripe males and females were captured
support this hypothesis. Specific conductance was relatively high, 160
umhos/cm, in this area, indicating an area of upwelling. Chum salmon,
another mainstem spawning species in the Susitna River, also seek areas
of upwelling for spawning (ADF&G 1983c).
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Appendix Table a-,. Physical and chemical habitat characteristics of spawning round whitefish in the Susitna River during October 1983.

Water quality
Water intra w sur- specific

Velocity Substrate Turbid- gravel face conduct-
Area, River Mile Date .§.!.!! depth 0.2 0.8 xlO.6 Prfmary Secondary ....iEL temp temp e!:! .QQ !!!£!
Lane Creek (RM 113.6) Oct 7 1 3.2 1.8 1.6 cobble(5"-10"), rubble(3"-5") 12.0 - 0.4

2 2.2 1.5 rubble(3"-5"), gravel (1"-3") 12.0 - 0.4

Portage Creek (RM 148.8) Oct 5 1 4.2 1.4 1.2 rubble(3"-5"), cobble(511-101l ) 4.2 - 1.2 7.5 15.1 133
2 2.2 0.4 rubble (3"-511 ), silt 2.0 - 1.7 7.4 13~7 104

Mainstem (RM 147.0) Oct 5 1 2.1 0.7 s11 t, cobb1e (511-10") 14.0 0.6 0.0 7.5 15.1 159.0
2 1.9 0.7 sflt. cobble (5"-10") 14.0

I
3 2.3 0.7 s f1 t, cobble (5"-1011 ) 14.0 0.6 0.0 7.5 15.0 160.0

~ 4 2.2 0.7 silt, cobble (5"-10") 14.0
0 5 1.8 1.2 cobble(5"-10"), boulder(over 1011) 14.0 0.6 0.0 7.5 15.-0 161.()I 6 1.7 1.2 cobble(5"-10"), boulder(over 10") 14.0
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Susitna Hydro Aquatic Studies

2207 Spenard Road
Anchorage, Alaska 99503

ABSTRACT

Output from the Instream Flow Group hydraulic models of rearing habitat
for juvenile salmon and resident species at seven sites in the Chulitna
River confl uence to Devil Canyon reach of the Sus itna Ri ver 1eads to
similar conclusions as those drawn from a habitat model developed by the
Susitna Hydro Aquatic Studies group for six additional sites. Overtop­
ping of side slough heads by mainstem discharge causes abrupt changes in
rearing habitat which are of positive benefit for some species/l ife
stages and negative for others. Rearing habitat for chinook salmon at
the study sites is greatest when the head of the site is sl ight1y
overtopped, thus providing turbid water for cover and moderate water
velocities. The portions of this reach which are directly influenced by
the mainstem provide only 1imited rearing habitat for coho and sockeye
salmon during the open water season, but are likely to be of major
importance for all overwintering species. Resident species are associ­
ated with levels of turbidity, velocity, and food supply and in general
are not abundant in side sloughs when the head is closed unless a
tributary is present.
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1.0 INTRODUCTION

The effects of flow regulation on downstream fisheries have long been
the subject of investigations whose goal was to predict the status of
fisheries after development of hydro power or other types of instream
flow regulation. The Instream Flow Incremental Methodology developed by
the U.S. Fish and Wildlife Service (Bovee 1982) has gained wide accep­
tance and is the method most often applied to these types of studies.
This method comprises the IFG (Instream Flow Group) PHABSIM (Physical
Habitat Simulation System) and has been used in Alaska by Estes et ale
(1980), Wilson et ale (1981), and ADF&G (1983a). The Susitna Hydro
Aquatic Studies group has used this method for 'two seasons to simulate
changes in available spawning habitat of chum and sockeye salmon as a
function of mainstem discharge.

Beginning in the open water season of 1983, we used these IFG hydraulic
models and another habitat model developed by ourselves (RJHAB) to
investigate the effects of mainstem discharge variations on rearing
habitat for juveniles of four species of salmon and juveniles and adults
of several resident fish species in the Susitna River.

This paper presents the results of the IFG model habitat simulations for
juvenile salmon and resident fishes, compares the IFG models with the
RJHAB model (presented in Part 4 of this report), and discusses in
general the usefulness and implications of these habitat models in
understanding and predicting the effects of discharge changes on rearing
habitat •

.....
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2.0 METHODS

2.1 Study Locations

Seven IFG model sites and six RJHAB sites located on the Susitna River
reach extending from the Chulitna River confluence to Devil Canyon were
modelled (Figure 1). Criteria used in IFG model site selection are
detailed in Estes and Vincent-Lang (1984). Sloughs 8A, 9, and 21 were
selected in 1982 to quantify the response of adult chum and sockeye
salmon spawning habitat in sloughs to variations in mainstem discharge.
These sloughs are representative of side sloughs in general and also
contain critical spawning habitat. In 1983, four IFG side channel study
sites were selected as representative sites for the study of responses
of mainstem salmon spawning and rearing habitat to variations in
mainstem discharge. The RJHAB sites were selected as representative or
important juvenile salmon rearing sites (see Part 4 of this report).

Figure 2 shows the sites ordered by the mainstem discharge required to
overtop the head of the sites. The two upland slough sites (Slough 5
and Slough 6A) are not included on this figure. It can be seen that,
generally, sites which have heads overtopped more than 60% of the time
have been named side channels; sites with less frequent overtopping have
been called sloughs. All sites to the left of the vertical line were
overtopped on more than half the days between June 1 and September 30.
The mainstem discharge required to overtop the head of each site is as
follows:

Site Model Overtopping Discharge ~

Lower Side Channel 11 IFG-2 5,000
Side Channel lOA RJHAB 9,000
Side Channel 21 IFG-4 9,000
Upper Side Channel 11 IFG-4 13,000
Slough 9 IFG-4 16,000 bl
Slough 21 IFG-4 18,000 -
Side Channel 10 IFG-4 19,000
Slough 22 RJHAB 20,000
Whiskers Slough RJHAB 22,000
Slough 8 RJHAB 25,000
Slough 8A IFG-4 33,000
Slough 5 RJHAB upland slough
Slough 6A RJHAB upland slough

~ Cubic feet per second (cfs). Source: Estes and Vincent-Lang
(l984) •

This is the discharge level at which a side channel entering the
Slough 21 study site begins to convey mainstem water. The head of
Slough 21 proper is not overtopped until a discharge level of
23,000 cfs.
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IFG HABITAT SITES
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141.8
140.6
136.0
134.6
133.8
128.3
125.3

Tallreetna R•

SITES

I Slough 21
2 Side Channel 21
3 Upper Side Channel II
4 Lower Side Channel II
5 Side Channel 10
6 Slough 9
7 Slough 8A

-
.-

"... RJ HABITAT SITES

SITES RM
i~

A Slough 22 144.3
B Side Channel lOA 132.1

..... C Slough 8 113.6
0 Slough 6A 112.3 .
E Slough 5 107.6
F Whi skers Stough 101.2

Figure 1. Locati on of I FG and RJHAB mode 11 i ng sites.
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2.2 Physical Habitat Modelling

The models used have been described in other reports (see below) and
will only be summarized here. Basically, transects are established at a
site and then measurements of depth, mean water column velocity, and
cover are made across the transects. Also, the top width of the wetted
surface at each transect is measured so that wetted area may be cal­
culated. This is done on three or four different occasions over a range
of flows and the information is then input to the models. Output from
the model s provi des either simu1 ated physi cal parameters and habitat
values (IFG) or interpolated habitat values (RJHAB) for any level of
discharge over a wide range of discharge.

2.2.1 Instream Flow Group (IFG) PHABSIM Models

Two hydraulic simulation models were used by the Aquatic Habitat section
and E. Woody Trihey and Associ ates during the 1983 open water season
(Estes and Vincent-Lang 1984). The IFG-4 model simulates depth and mean
water column velocity across horizontal transects at a site over a
discharge range from 40% of the lowest calibration flow to 250% of the
highest calibration flow (Bovee and Mi1hous 1978). The IFG-2 model is a
water surface profile model that provides the same information as the
IFG-4 model but which requires less field data. The IFG-4 model was
used for all of the sites except for Lower Side Channel 11, where the
IFG-2 model was used.

The models also allow the input of substrate data. However, cover data
rather than substrate information were input because it was determined
that cover was more important than substrate in infl uencing the di s­
tribution of juvenile salmon (see Part 3 of this report). Substrate was
frequently the primary cover type in the cover coding. Consistently
good cover data were not obtained at the IFG model sites because most of
the sites were primarily intended to be used for simulating habitat for
adult spawners. Consequently, cover for some of the transects had to be
estimated and may therefore lead to some error in the weighted usable
area (WUA) predictions. The cover values on these transects wi 11 be
obtained during the open water season of 1984 and the output modified
accordingly.

2.2.2 RJ Habitat Model (RJHAB)

The RJ Habitat Model, which modelled juvenile salmon habitat at six
sites, was described in Part 4 of this report. Transects were estab­
lished at these sites but, rather than using detailed depth and mean
column water velocity measurements across each transect, as do the IFG
models, these models use the average depth and average mean water column
velocity of 300 sq ft (6 ft wide by 50 ft long) cells which were estab­
lished along each transect. Usually, there were three cells per
transect, but sometimes only two when the channel became too narrow
(less than 18 ft in width). This model does not simulate hydraulic
characteristics of the site as do the IFG models; instead, it estimates
weighted usable area for shoreline and mid-channel portions of the site
for those discharge level s at which physical habitat attributes were
measured. Estimates of WUA for other discharges are then interpolated.

- 5 -
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= the composite weighting factor (sometimes
called the joint preference factor) for cover,
velocity, and depth of the cell (i) for the
species and life stage (s)

C., ,s

2.3 Suitability Criteria

The suitability criteria for juvenile salmon input into the models were
developed in Part 3 of this report. Suitability indices for cover,
velocity, and depth input into the PHABSIM models are presented in
Appendix Table A-I of Part 3. The PHABSIM models linearly interpolate
between the point values for depth and velocity input. The cover
suitability indices were put into the model in place of substrate; these
indices reflect both amount and type of cover. Depth was not thought to
be as important as cover and velocity in affecting distribution; there­
fore, suitability for depth for all species was fixed at 1.00 (i.e., it
had no effect on the results) except when depth was less than 0.14 ft
and then suitability was fixed at 0.00.

Velocity suitability criteria input into the RJHAB models differed
slightly from those input to the IFG models. Suitability indices were
constant over an interval of 0.3 ft/sec for velocity. This grouping was
made because the limited number of velocity measurements was only an
index to hydraulic conditions present and finer resolution was deemed
unnecessary. Depth suitability for the RJHAB model was set to 1.0
because depths less than 0.2 ft did not occur.

Suitability criteria for resident fish input into the IFG model s were
developed and presented in Part 6 of this report. Habitat of juvenile
round whitefish and adult rainbow trout, Arctic grayling, round
whitefish, and longnose suckers was modelled. The RJHAB models were not
run for any resident species. Because of limited data collection, the
suitability functions for resident fish are only preliminary.

2.4 Weighted Usable Area Projections

The PHABSIM system can be used to describe the mosaic of physical
features of a stream which includes substrate or cover and hydraulic
parameters such as depth and velocity. The HABTAT program of PHABSIM
incorporates the physi cal model and the suitabil ity criteria to produce
weighted usable area, the habitat potential for a given life stage of a
species. Weighted usable area (WUA) is calculated (Bovee 1982) by:

WUA = Ci,s X Ai

where:

A. = the surface area of the cell,
The WUA for the study site at a given discharge was calculated by
totalling all the individual cell WUA's. The composite weighting factor
was calculated by multiplying the suitability indices for cover,
velocity, and depth of the cell together. WUAls at each study site were
calculated at 10 to 40 incremental flows over the recolTDTIended extrapo­
lationrange of the hydraulic model..

-
- 6 -
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At RJHAB sites y WUA's were calculated for shoreline and mid-channel
portions of the site each time the site was measured. Data were pooled
to yield a discharge-specific site WUA instead of calculating individual
cell WUAls as in the IFG PHABSIM models. WUAls calculated for the RJHAB
sites are generated from habitat measurements which provide an index to
conditions at the site. The IFG WUA is standardized to a 1000 ft reach
while the RJHAB WUA is dependent on the size of the site.

The output from the IFG models consists of weighted usable area and
total surface area predictions for incremental levels of site flow which
was in turn related to mainstem discharge by rating curves provided by
Estes and Vincent-Lang (1984). RJHAB provides the same information at
measured discharges and then plots WUA as a function of discharge. All
of the output from RJHAB was presented in Part 4 of this report.

We entered the output of the IFG models into a microcomputer worksheet
program to perform additional manipulations of the data. First y plots
were constructed of WUA as a function of mainstem discharge. Then we
matched WUA predictions with each of the mean daily discharge levels
observed from June 1 to September 30 y 1983 to obtain a time series of
WUA at each of the sites during the open water season. This time series
was compared with the catch data at these sites and the outmigration
timi ng data from the downstream mi grant traps to better understand the
relation between WUA and fish behavior.

All of the possible site/species combinations were run through the IFG
models y but only certain ones are presented in this paper because of
space limitations; all raw model output is available on request. With a
few exceptions y the basic criterion used to select species/site combina­
tions for presentation was that mean catch per cell for the species for
the entire season at the site had to be greater than the mean catch per
cell at all sites (Table 1). Hence y we are not including weighted
usable area predictions for a species at those sites where very few
individuals of the species were captured. There are some exceptions to
this practice for resident species because the sampling methods used at
the modelling sites were not intended for capture of adult resident
fish. The species/life stages for which weighted usable area predic­
tions are presented include juveniles of four salmon species (chinook y
coho y chum y and sockeye)y juvenile and adult round whitefish, and adult
rainbow trout y Arctic grayling y and longnose suckers.

To make comparisons among sites which would be independent of the size
of the site, we divided the site weighted usable areas at each level of
discharge by the total surface area of the site when the mainstem
discharge was 23,000 cfs (the area was interpolated from the PHABSH1
output of total area as a function of flow). The 23 yOOO cfs figure was
chosen because it is a typical mid-summer discharge (Bredthauer and
Drage 1982; Klinger and Trihey 1984) and because it may be integrated
with macrohabitat abundance information which was digitized from aerial
photographs by E. Woody Trihey and Associates. The resulting habitat
index is comparable to the habitat index calculated for the RJHAB sites
in Part 4 of this report.
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Table 1. Total catch and catch per unit effort of juvenile salmon at
the IFG sites, open water season, 1983.

--
Catch (catch/cell)

No. of Chinook Coho Chum Sockeye
IFG Site Cells 0+ 0+ 0+

Slough 21 86 91(1.1)* 1(0.0) 417(4.8)* 23(0.3)*
~

Side Channel 21 23 38{1.6)* 0(0.0) 0(0.0) 0(0.0)

Upper Side "'"'l

Channel 11 21 101(4.8)* 0(0.0) 0(0.0) 0(0.0)

Lower Side -Channel 11 21 39(1.9)* 0(0.0) 0(0.0) 0(0.0)

Side Channel 10 62 279(4.5)* 0(0.0) 2(0.0) 0(0.0)

. Slough 9 123 227(1.8)* 0(0.0) 74(0.6)* 30(0.2)*

Slough 8A 66 6(0.1) 26(0.4) 129(2.0) 24(0.4) ~

Sum of IFG sites 402 781 27 205 77 ~

Mean of IFG sites 112(1.9) 4(0.1) 29(0.5) 11(0.2)

Mean of all sites sampled

Backpack electrofishing (3.4) (2.3) (1.3) (0.9) -
Beach seining (3.4) (0.3) (0.0) (0.5)

* = Site/species combination selected for presentation.
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2.5 Model Verification

Data on fisheries abundance and distribution were collected at the
sites; however, program constraints prevented "intensive sampling ef­
forts. Composite weighting factors were calculated for each 6 ft X 50
ft cell sampled for fish and this index was then correlated with fish
catch in the cell. If cells with large composite weighting factors are
associated with higher densities of fish, then it can be assumed that
WUA does reflect habitat potential. Correlations or associations
between catch and composite weighting factors at the RJHAB sites have
been presented in Part 4 of this report. Data were available at the IFG
sites for verification of composite weighting factors for juvenile
salmon and round whitefish, but not for adult resident species.

The specific hypothesis tested was whether the correlation between a
composite weighting factor and catch of chinook and coho salmon/cell
[transformed by natural log (x+l)] was greater than zero (in other
words, whether there was a significant positive relationship). For
sockeye and chum salmon, the nu 11 hypothes i s was that there was no
association between the composite weighting factor and fish presence.
Sampling occasions when less than three fish were captured in all cells
within a site sampled during a day were deleted from the analysis. This
was done because seasonal variations in outmigration from natal areas
can 1ead to low fi sh dens i ty, even in areas that provi de good reari n9
habitat, and inclusion of data from these times could lead to spurious
correlations •

- 9 -
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3.0 RESULTS

3.1 IFG Model Weighted Usable Area

Juvenile salmon catches and catch per unit effort (CPUE) varied greatly
at the seven IFG modelling sites (Table 1). Since discharge levels of
more than 33 tOOO cfs (the 1eve1 requi red to overtop the head of the
Slough 8A study site) occurred infrequently during the 1983 open water
season, this site was not modelled for any species. Juvenile salmon at
this slough were primarily caught below the modelling site. The Slough
8A IFG modell ing site harbored few juvenile fish because access was
restricted from below by several beaver dams and access was restricted
from above because the head was only infrequently overtopped.

Juvenile coho catches and CPUE were very low at all the modelling sites
and, therefore, no results for coho WUA's are presented. In general,
WUAI S calculated for coho salmon at the sites were less than 2% of the
total surface area of the site. The primary reason for low coho density
was the preference of cohos for non-turbid water and cover types infre­
quently found in the sites modelled (see Parts 2 and 3 of this report).
All of the IFG modelling sites, with the exception of Slough 8A, har­
bored significant numbers of chinook salmon and results from these six
sites are presented. Sockeye and chum WUAls are presented for sloughs
21 and 9 as these were the only two sites where these species were
relatively numerous. Unfortunately, the four mainstem side channel
sites were not sampled for fish density until July; most chum and large

/numbers of sockeye had moved down river by this time (see Part 1 of this
report) .

In the time series plots that follow, if a mean daily discharge exceeded
the extrapol ated range of the model, no WUA val ue was plotted. No
weighted usable areas of zero occurred. If the discharge was less than
the extrapolated range, then the WUA was set equal to the WUA value for
the lowest di scharge in the extrapolated range. WUA at four of the
sites was extrapolated to some point below the overtopping flow. WUA
did not change very much at flows less than the overtopping flow because
the surface areas of the sites remained relatively constant, being
affected mainly by site morphology and local hydrology. The lower end
of the extrapolated range at Slough 9, Slough 21, and Lower Side Channel
11 was above the overtopping flow.

3.1.1 Chinook salmon

Weighted usable areas for six IFG model 1ing sites as a function of
mainstem discharge and as projected over the June 1 to September 30 time
period are presented in Figures 3 through 8. There were two different
sets of suitability criteria for chinook salmon; one for a low turbidity
level and one for a high turbidity level (Part 3 of this report). We
used the low turbidity criteria when the head of a site was closed and
the high turbidity criteria when the head was overtopped by mainstem
flow. The point of overtopping was taken as the point when mainstem
water just began to flow through the head, raising the turbidity level
of the site. Chinook juveniles preferred the high turbidity condition
when other cover types were not abundant. Therefore, the wei ghted
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Figure 3. Weighted usable area for chinook salmon at the Slough 9 study
site by level of mainstem discharge at Gold Creek and by
date, 1983. In the lower graph, daily WUA's are plotted as
bars. No WUA value is plotted if the mean daily discharge
exceeded the extrapolated range of the model.
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usable area for chinooks drops sharply when discharge levels become low
enough so that the head of the site is no longer overtopped by turbid
mainstem water. At mainstem discharges less than those required to
overtop the head of the site, there is no strong relationship between
slough flow and mainstem discharge unless groundwater flow is signifi­
cantly related to discharge. Calibration ranges of the model at many of
the sites limited the calculated responses of WUA to a small range of
mainstem discharges. The three peak discharges which occurred in early
June and in early and late August exceeded the calibration range of all
the sites except for Slough 21.

Typically, peaks in weighted usable area were found at mainstem dis­
charges slightly (within a few thousand cfs) greater than the
overtopping discharges. The Slough 21 study site appears (Figure 8) to
be an exception to this trend but in fact is not. A small side channel
which entered the Slough 21 study site conveyed mainstem water at
discharge levels greater than 18,000 cfs·, but the amount of mainstem
water entering the site did not become substantial until the head of
Slough 21 proper became overtopped at 23,000 cfs. .

The time when the WUA peaks occurred and, hence, the period when the
site was theoretically able to support the maximum number of fish, can
be seen from the time series plots. With a few exceptions, sites at
which the overtopping flow occurred at a middle level of discharge
provided more habitat during the open water season of 1983 than sites
which had either a relatively low overtopping flow or a relatively high
overtopping flow. With the exception of the two side channels which had
low overtopping discharges (Lower Side Channel 11 and Side Channel 21),
weighted usable area was low to all sites in September because low
mainstem discharge (down to 9,000 cfs) led to reduced velocity, depth,
and surface area at these study sites.

3.1.2 Chum and sockeye salmon

Plots of weighted usable area for chum and sockeye salmon as a function
of mainstem discharge showed very similar trends (Figures 9 through 12).
Chum and sockeye WUA plots were almost identical at both Slough 9 and
Slough 21. At both sites, WUA I S for chum and sockeye peaked rapidly
with small increases in discharge, held constant over a range of approx­
imately 5,000 cfs in mainstem discharge, and then decreased rapidly with
further increases in mainstem discharge. At a given site, sockeye WUA's
peaked slightly before chum WUA's because slightly lower velocities were
more suitable to the sockeye salmon juveniles. Chum and sockeye salmon
WUA at these two sites remained relatively high in September as compared
to chinook WUA, because chum and sockeye salmon have a preference for
lower velocities. However, the chum WUA in September is never used
because this species has basically outmigrated from this reach by the
end of July.

3.1.3 Resident Fish Weighted Usable Area

Only limited sampling for resident fish was conducted at the IFG model­
ling sites and, therefore~ no site-specific data on adult resident use
of the sites are available. Many of the sites are inaccessible to
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Figure 9. Weighted usable area for chum salmon at the Slough 9 study
site by level of mainstem discharge at Gold Creek and by
date, 1983. In the lower graph, daily WUA's are plotted as
bars. No WUA value is plotted if the mean daily discharge
exceeded the extrapolated range of the model.
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electrofishing boats except"during high mainstem discharges. Slough 21
was selected as a representative site to present responses of adult
resident fish habitat to changes in mainstem discharge. The relation­
ships between WUA and mainstem discharge for adult rainbow trout, Arctic
grayling, round whitefish, and longnose suckers are shown in Figures 14
and 15. Since Arctic grayling are frequently found in side channels
during the ice-free months, responses of WUA to mainstem discharge for
Arctic grayl ing at Slough 9 and Side Channel 21 are al so presented
(Figure 13). Within the extrapolated flow ranges of the site or sites,
WUAl s for adult rainbow trout, Arctic grayling, and round whitefish
increased with flow. WUA for longnose suckers, which prefer low veloc­
ities ahd turbid water, peaked with the overtopping of the site by
mainstem discharge and then rapidly decreased with further increases in
discharge.

At least 16 juvenile round whitefish were captured at every site with
the exception of Slough 8A where none were captured. Results from WUA
calculations for juvenile round whitefish are presented for six sites in
Figures 16 to 18.

3.2 Model Verification

Slough 9 and Side Channel 10 were the only two IFG sites where both a
relatively large amount of sampling and catch of juvenile chinook
occurred. Correlations between chinook catch and composite weighting
factor at Slough 9 and for all seven sites pooled for both clear and
turbid conditions were significantly greater than 0.0 (Table 2). At
Side Channel 10, however, there was no significant correlation between
chinook catch in turbid water and the composite weighting factor.

Data from Sloughs 8A, 9 and 21 were pooled for chi-square contingency
tests of chum and sockeye proportional presence by composite weighting
factor interval (Table 3). Chum salmon presence was associated with
larger composite weighting factors; however, sockeye salmon presence was
not.

Correlations between round whitefish catch in turbid (> 30 NTU) water
and composite weighting factors were all significantly greater than 0.0
at the 0.01 level. The correlations were 0.35 (n = 54) at Side Channel
10, 0.46 (n = 63) at Slough 9, and 0.52 (n = 188) for all seven IFG
sites pooled.

3.3 Habitat Indices

In order to compare modelling sites with one another and to compare IFG
model results with RJHAB model results independently of site surface
area, habitat indices were calculated by dividing WUA by the total
surface area of th~ site at a mainstem discharge of 23,000 cfs. This
discharge level was chosen because it represents typical mid-summer
discharge conditions in this reach (Klinger and Trihey 1984).
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Table 2. Correlations between composite weighting factors and catch
transformed by natural log (X+1) for juvenile chinook salmon
by selected sites and by all sites pooled.

rtlelll

Chinook
Low turbidity High turbidity
(-,30 NTU)

Sig a/
( '/ 30 NTU)

Site n r n r Sig

Slough 9 48 0.35 0.008 63 0.48 .<0.001

Side Channel 10 (Insufficient data) 54 -0.08 0.28

All 7 sites
pooled 99 0.40 <0.001 192 0.25 <0.001

2.1 Significance level for rejection of hypothesis that there is no
positive correlation between composite weighting factors and catch.
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Table 3. Chi-square contingency tests of chum and sockeye salmon
proportional presence by composite weighting factor intervals.
Data from Sloughs 9, 21, and 8A pooled.

Chum

Composite
weighting No. of Cells Proportion
factor i nterva1 Present Absent Total Present

0.00-0.28 13 28 41 0.32
0.29-0.44 15 21 36 0.42
0.45-0.55 14 21 35 0.40
0.56-1.00 33 10 43 0.77

X2 = 20.05 df =3
P < 0.001

Sockeye

Composite
weighting No. of Ce 11 s Proportion
factor interval Present Absent Total Present

0.00-0.07 9 25 34 0.26
0.08-0.14 7 28 35 0.20
0.15-0.38 11 26 37 0.30

X2 = 0.92 df = 2
P < 0.37
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3.3.1 Juvenile salmon

The response of chinook salmon habitat indices to mainstem discharge
varied by site (Figure 19). Habitat indices for juvenile chinook salmon
in Sloughs 9 and 21 showed prominent peaks. Side Channel 10 and Upper
Side Channel 11 chinook salmon habitat indices increased sharply after
the heads were overtopped and then remained fairly constant because
velocities did not become limiting at high discharge levels. Chum
salmon habitat indices at Slough 9 and Slough 21 were very similar and
showed distinct peaks. Sockeye salmon habitat indices at these two
sloughs were very low and decreased slowly with discharge.

3.3.2 Resident species

The response of resident fish habitat indices to changes in discharge
varied greatly by species. Juvenile round whitefish habitat indices
changed in a similar way to chinook salmon habitat indices while Arctic
grayling habitat indices steadily increased with discharge (Figure 20).
Rainbow trout habitat indices at Slough 21 increased with mainstem
discharge while adult longnose sucker habitat indices began to decrease
at the higher mainstem discharge levels (Figure 21).
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4.0 DISCUSSION

4.1 Limitations of the Data

The assumptions of the incremental method of habitat analysis by cal­
culating weighted usable areas have been outlined by Orth and Maughan
(1982). As applied here t these assumptions are (1) covert velocity, and
depth are the most important variables affecting fish abundance when
flow regime changes are considered; (2) the stream channel is not
altered by changes in flow; (3) cover, velocity, and depth are indepen­
dent in their influence on habitat selection by juvenile salmon; (4) the
reach can be modelled by reference to a few study areas; and (5) there
is a positive relationship between weighted usable area and habitat use.

The initial assumption is a difficult one to evaluate as changes in flow
regime may have important effects on such factors as the food supply by
affecting water qual ity. Turbidity is a factor which may have major
direct and indirect effects on fish distribution but which was addressed
only for chinook salmon indirectly by its use as cover. Analysis is
also specific to, the ice-free months and no analysis for effects of
winter processes has been made. The importance of shoreline area cover
to the sUitability of offshore areas for rearing juvenile coho is
similarly unknown.

Channel morphometry of the sites studies appeared to be stable during
the period of study. At Slough 9, however, an IFG-4 modelling site t
large amounts of silt were deposited during a'flood event in September
1982 (Estes and Vincent-Lang 1984). Long term changes in channel
morphometry are therefore possible.

Covert velocity, and depth are probably not independent in the"ir "influ­
ence on habitat selection by young salmonids. Analysis of variance
indicated that there is a significant interaction between depth and
velocity for juvenile chinook and coho salmon catch (Part 3 of this
report). Since depth was set to 1.0 over most of the range t thi s
interaction became of little importance. Interactions between cover and
velocity are also likely but should not have large effects on WUA
projecti ons.

The fourth assumption of the representativeness of the sites studied was
probably not met because of several reasons. The study sites showed
large variations in response to discharge which makes the concept of a
representative site difficult to formulate. The two upland sloughs, in
particular, showed large differences in response to changes in mainstem
discharge (Part 4 of this report). The Susitna River reach under
consideration is a vast mosaic of side channels t side sloughs, and
upland sloughs which overtop at many different discharges. The thirteen
sites modelled are representative of a large part of the habitat in this
reach but do not include the mainstem or the mid-river side channels.

The correlations and proportional presence by composite weighting factor
interval for the four species suggest that there is a positive relation­
ship between the weighted usable area and habitat use at the cell level
and t by inference t at the site level. Such factors as season and site
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are also important s however (see Part 2)s and much of the variation in
catches of fish is not explained by the composite weighting factors.

In summarys some of the assumptions of incremental analysis of habitat
may be violated but the effects of these violations on the analysis are
difficult to evaluate. The correlation and contingency table analysis,
however s suggest that the simulations are related to actual fish use of
the sites.

When interpreting the results of the habitat models presented in this
papers it is helpful to consider how close the discharge regime of the
open water season of 1983 was to a typical year. Figure 22 shows that
June, July, and September discharges were a little lower than the 30
year mean and that the August discharge was higher.

4.2 Comparison of IFG Models with RJHAB

4.2.1 Model characteristics

A comparison of the characteristics of the IFG models and RJHAB as used
in this study is summarized in Table 4. The IFG models are based on an
underlying theory of hydraulics which enables a simulation of physical
conditions that were not actually measured. RJHAB can not simulate
physical conditions because cell measurements were not ta~en in exactly
the same physical location each time, and therefore can not be used to
project velocities or depths at a study site. It does s however, model
habitat which is based on physical measurements and this habitat can be
interpolated between actual measurements.

The enormous capacity of the IFG models to predict detailed information
on depths and velocities is perhaps overkill when the question to be
answered is the availability of rearing habitat. Juvenile salmon and
resident fish do not necessarily respond to increments of velocity and
depth on the order of 0.1 ft/sec or 0.1 ft. Fish will select an area
that has a general range of velocities· or depths. Further, factors
other than the variables simulated by the IFG models s such as· food
availability, probably override small differences in depth or velocity
in influencing fish density. Restricted access into Slough 8A s for
examp1e, cau sed by beaver dams and 1ack of overtoppi ng flows 1imited
juvenile chinook use of the site•. The IFG model s are probably more
useful in modelling salmon spawning habitat, where the variables which
the IFG model is good at simulating (depths velocitys substrate) are
also of primary importance to the fish. The IFG models in 1983 were
mainly used to model salmon spawning habitat; hence, the quality of
cover data obtained was lower than would have been desirable from the
standpoint of rearing habitat. RJHAB was specifically designed to
consider the effect of discharge on cover.

Another benefit of RJHAB is that the field data collection effort
required is considerably less than of the IFG models. This enabled us
to sample a larger range of habitat types in the reach. Also, RJHAB can
be used in more complex sites or sites such as upland sloughs which are
primarily backwater areas.
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Table 4. Comparison of model characteristics of IFG models and RJHAB.

-

Parameter IFG Model RJHAB

Transects 4 to 11 8 to 9

Measurements point specific 300 sq ft cells

Data collection intensive less intensive

No. of calibration
measurements 1 to 4 4 to 6 ~

Extrapol ate.d 40-250% of 5,000 to 45,000 cfs
range calibration range

Tota1 surface area yes yes

Physical simulation yes no

Resolution fine coarse

Computer mainframe micro

Cost more 1ess

Upland sloughs no yes

WUA standardized to depends on size of ~

1,000 ft reach site but could be
standardized to a
1,000 ft. reach

,...
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4.2.2 Model output .

The output from the IFG models and RJHAB can be directly compared in at
least two different ways: 1) compare percent change in weighted usable
area over similar increments of mainstem discharge, and 2) compare the
habitat index plots. The actual values of WUA are not comparable
without modification because the IFG WUA's are standardized to a linear
reach of 1,000 ft while RJHAB was calculated based on the size of the
site.

Generally, the shape of the habitat index curves for chinook salmon
juveniles are similar for side sloughs and side channels modelled by the
IFG models and RJHAB (Figure 23). The RJHAB curves have been smoothed
and extrapolated to the discharge range 5,000 to 45,000 cfs. The
habitat index for chinook juveniles is the highest at a discharge level
which is slightly (within a few thousand cfs) higher than that required
to overtop the head of the site. This is because chinooks prefer
moderate flows and moderately turbid water. As the discharge levels
increase further, the velocity at the sites becomes too great and the
habitat index decreases.

The habitat indices calculated for coho salmon from RJHAB are generally
low. The same would be true from the IFG models, had we calculated
them. The highest habitat indices are from the two upland slough sites,
Slough 5 and Slough 6A. This is in agreement with the observed dis­
tribution of coho salmon; the density of this species in turbid waters
is low (see Part 2 of this report).

Chum habitat indices were similar to those for chinook in that a dis­
charge slightly over the overtopping point produced the maximum habitat
index.

Sockeye habitat indices were generally low. The highest indices were
for upland sloughs, which are the most lake-like of all the macrohabitat
types. Generally, this reach of river is not prime sockeye rearing
habitat (see also discussion in Part 1 and Part 2 of this report).
There are not very many upland sloughs available. Neither the IFG model
or RJHAB successfully predicted the heavy use of side sloughs by sockeye
juveniles. This use is more a result of side sloughs being the dominant
sockeye spawning grounds in this reach of river than it is a result of
the quality of the rearing habitat available in side sloughs.

Sockeye habitat indices increased in side sloughs with increasing
discharge as surface area increased. After the heads of the sites were
overtopped by mainstem water, the habitat index started to decl ine
sooner than did the habitat indices for chinooks and chums. This
reflects the preference of sockeye juveniles for lower velocity water
than the other two species.

Habitat indices for all species in upland sloughs increase steadily as
mainstem discharge increases. This is mainly a function of increased
surface area attributable to the backwater effect of mainstem stage at
the mouth of these sites. Similar results were obtained by the 1982
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study that specifically examined the effect of the backwater phenomenon
on rearing habitat (ADF&G 1983c). At very low mainstem discharges,
cover may also be lost around the shoreline of sites such as Slough 6A
where undercut banks and overhanging riparian vegetation are present.

4.3 Summary of Seasonal Habitat Projections for Rearing Salmon and
Resident Fish

An examination of the figures in which chinook weighted usable area is
plotted versus mainstem discharge and versus time of season shows that
some sites provide the most weighted usable area when discharge is low
{e.g., Lower Side Channel 11), some when discharge is at an intermediate
level (e.g., Slough 9), and some when discharge is high. The control­
ling factor is the discharge at which the head of the site is
overtopped. The maximum weighted usable area for chinook at most sites
occurred at a discharge slightly greater than the overtopping discharge.
Therefore, chinook weighted usable area in this reach of "river would
theoretically be the highest at the discharge level which just overtops
the maximum number of sites (the size of each site must also be c"on­
sidered) .

There is undoubtedly a correlation between a decline in weighted usable
area at the rearing sites and re-distribution of juvenile salmon. If a
rearing area is essentially saturated by fish and then weighted usable
area decreases, some fish are forced to leave. We have observed this at
sites such as Slough 22 where chinook juveniles were abundant when the
head was overtopped and 1ess abundant when the water cleared after
ma"instem water no longer entered the slough. Also, we have demonstrated
a positive correlation between composite weighting factors and juvenile
salmon density.

The fish that are forced out of a certain site must either seek a new
rearing site or, under more extreme conditions, migrate out of that
reach of river. In the latter situation, there should be an increase in
the capture rate at the downstream migrant traps. It is difficult to
discern such a relationship with the 1983 data. The outmigration rate
of chinook juveniles was relatively low when the weighted usable area at
Slough 9 was high and the outmigration rate was high when WUA at Slough
9 was lowest (disregarding the month of September, when discharge was
low). However, this relationship was reversed at other sites. Ideally,
only the best rearing sites should be considered in this approach. This
relationship may also be obscured by major outmigrations from the
tributaries which have little to do with changes in mainstem conditions.

There is also the larger question of whether in fact rearing habitat is
limiting to salmon. If the number of fry emerging from the gravel is
not enough to saturate the available rearing habitat, then there would
be more flexibility with regard to varying discharges. In our
experience on the Susitna River, both saturation and under-utilization
of rearing habitat occurs. A partial explanation is that there is no
substantial amount of spawning above the upper end of this reach.
Therefore, when waves of juvenile chinook and coho migrate out of
Portage Creek, they probably saturate a certain portion of the available
rearing habitat in the Susitna River downstream of the Portage
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Creek confluence until they have had sufficient time to re-distribute
further downstream. During other periods of time, when few fish are
migrating out of Portage Creek, these same rearing areas may not be
saturated, especially if an intervening per"iod of poor habitat (dis­
charge too low or too high) has caused the previous occupants to leave
the area. We have observed this at such sites as Slough 22 and Slough
21 on occasions when habitat conditions appeared to be relatively good
(and weighted usable area was high); yet, fish density was low relative
to other times of apparently equal habitat quality.

It seems almost certain that rearing habitat is 1imiting for sockeye
juveniles in this reach of river. The deeper, low velocity, relatively
clear water that they prefer does not occur in the reach in large
quantities (Klinger and Trihey 1984). A high proportion of the
young-of-the-year fi sh 1eave thi s reach (based on downstream mi grant
trap catch rates, see Part 2). The Age 0+ fish must either rear in the
lower river or die, because only a miniscule number of adult sockeyes
migrating upstream past the Talkeetna Station outmigrated to the ocean
as Age 0+ fish. The majority of adults are 42

1 s (Barrett et al. 1984).

It has been conclusively shown (Part 1) that chum salmon rear in this
reach of ri ver because they show substanti a1 growth between emergence
and outmigration. The correlation of fhum catch per hour at the outmi­
grant traps and discharge was high (r = 0.79, see Part 2), suggesting
that high water events displace or trigger outmigration by chums rather
than contribute to suitable habitat. If rearing habitat became re­
stricted because of low discharge, the fish would probably leave this
reach later rather than sooner because of the lack of a high water pulse
that might trigger outmigration.

Although few data on winter distribution are available, there are strong
indications of substantial changes in macrohabitat use during the
winter. Discharge levels are much reduced and the mainstem water
becomes clear. Many chinook and coho juveniles move out of tributaries
to overwinter in the mainstem. There appears to be a trend in the fall
that has been noticed for three consecutive years in which chinook and
coho move into the deeper slough areas. There may be a thermal at­
traction produced by upwelling water in the sloughs.

Resident fish use of both microhabitat and macrohabitat is closely
linked to turbidity and apparently to food supply. Juvenile round
whitefish are found in the small side channels which have a low flow, so
distribution is tied to discharges at which the heads of these side
channels are slightly overtopped.

The use of side sloughs by most species of adult resident fish is
probably limited by the very small amount of flow through these sites.
As heads are overtopped and flows increase, the sites rapidly become
more favorable for adult resident fish. These fish also use portions of
the mainstem for rearing. The rearing habitat may be limiting but this
is not likely due to lack of suitable open water season cover, depths,
or velocities. It is more likely to be attributable to other factors
such as overwintering mortality or food supply, as densities of resi­
dents are low almost everywhere in mainstem-influenced sites with the
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exception of selected tributary or slough mouths where fish may gather
to feed on salmon eggs, outmigrating juvenile salmon, or invertebrates.

In conclusion, the results presented in this part and the data and
analysis from parts one through six of this report suggest the following
trends:

(1) Of the salmon juveniles rearing in the Susitna River, chinook and
chum appear to make the best use of habitats associated with the
mainstem and also have the most abundant adult returns (even year
pink salmon excluded) in this reach of the river. Juvenile coho
salmon apparently rear primari 1y in tributaries, but wi 11 take
advantage of the upland slough habitat that is available.

(2) Sockeye salmon appear to be most heavily limited by rearing habitat
with highly successful incubation, but limited rearing, occurring
in this reach of river. Either rearing survival is low or rearing
takes place in the lower river. Successful rearing does occur
within limited portions of some of the upland and clear water
sloughs but is probably minor when compared to the total population
of emergent fry. Apparently, sockeye rearing does not occur in
tributaries to any great extent.

(3) Of the habitats affected by mainstem discharge, microhabitat within
side channels/side sloughs is most affected, primarily by dewater­
ing, lowered turbidity, and lower water velocity after the head is
no longer overtopped by mainstem flows. This habitat is heavily
used by chinook juveniles, who appear to be limited by cover when
the sites are not turbid (generally associated with the heads not
being overtopped). Maximum habitat value for chinook salmon is
obtained at a discharge level slightly greater than the overtopping
discharge level.

(4) Wintering habitat for all rearing species is heavily dependent on
mainstem habitats as indicated by spring and fall migratory move­
ments. The models presented have not been designed to evaluate
habitat conditions during the winter.

(5) Resident species using mainstem habitat areas are most predictively
associated with levels of turbidity and appear limited by food
supply. They often associate with the mouths of clear water
tributaries or with spawning salmon•. The response of primary
productivity of the system may be more indicative of the response
of resident species than the values generated by habitat simulation
based on hydraulic models.

The results and discussion presented in this report do not conclude the
analytical effort required to use this information in a decision making
process. It remains to integrate these results with the studies con­
ducted on adult anadromous spawning and to further extrapolate our study
sites to the enti re reach of ri ver whi ch they were chosen to represent
using the surface area information prOVided by Klinger and Trihey
(1984). Further, these results must be weighted with respect to the
importance of the harvestable adults of each species. Finally, these
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results must be portrayed in such a manner as to depict the effects of
alternative flow regimes on different species so that the flow require­
ments of different management goals can be ascertained. Future reports
prepared by other investigators wi 11 use thi s report to ultimately
provide the above information.
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