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ABSTRACT

Distribution and habitat of adult sockeye (Oncorhynchus
nerka), chinook (0. tshawytscha), and pink (0. gorbuscha)
salmon in the Situk River, Alaska, were studied to determne
the effects of predicted flooding from Russell Fiord. Over
4,500 sockeye and 122 chinook salnon were tagged at a weir in
the lower Situk River between 14 June and 21 August 1988.
Surveys were done peri odical Idy to estimate the nunber of adult.
salmon in the survey area and to determne their habitat use
and mgration timng fromlate June to late Septenber.% All
three species used simlar habitat while mgrating upstream
Most tagged sockeye salnmon (>90% emgrated rapidly (nedian =
11.2 days in transit) and steadily fromthe flood corridor,,/"
wher eas nost tagged chinook salnmon (>90% emgrated nore
slowy (median = 51.7 days) from the corridor, often hol ding
for days in pools or deep glides. Visual estinmates of the
number of pink salnon indicated that only about 60% em grated
fromthe flood corridor. Salmon used a W de range of habitat
conditions for spawning, --and spawning areas were nearly always
segregated by species.  Spawning habitat characteristics of
sockeye salnon differed significantly from those of chinook
sal mon. Fl ooding from Russell Fiord would inundate salnmon
mgration and spawning areas in the Situk River and probably
cause a short-term decline in salnmon production. Long-term
I npacts on salnon production are |likely to depend on the
quality and availability of habitat after the river channel
has stabilized.
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| NTRODUCTI ON

Pacific salnon (Oncorhynchus spp.) from the Situk River
near Yakutat, Alaska (Fig. 1), support valuable comercial,
recreational, and subsistence fisheries that may be in
Leopardy because of an inmnent and radical change in river

drology: the Hubbard G acier, about 30 km north of
akutat, is predicted to dam Russell Fiord (Fig. 1) within a
decade, causing water fromthe fiord to flood into the Situk
River (Mayo 1988; Trabant et al. 1991). Cark and Paustian
1989) predict that overflow from Russell Fiord into the

ituk River watershed will result in a colder, more turbid
river wth discharge 20 tines that of the present Situk River
(Mayo 1988).

To determne how the predicted flooding may affect adult
salmon and their habitat in the Stuk Rver, a baseline
eval uation of their present distribution and habitat use was
needed. This study describes mgratory timng, Spawning
di stribution, and habitat characteristics of adult sockeye
(0. nerka), chinook (0. tshawtscha), and pink sal non
(0. gorbuscha) in the Situk River in 1988; it also specul ates
on how predicted flooding may affect adult salnon distribu-
tion and abundance in the Sifuk River.

Backgr ound

Over the last 7,000 years, Russell Fiord has repeatedly
been dammed by glaciers and has overflowed into the_Situk
Ri ver watershed gl\/ayo 1988; Trabant et al. 1991). The nost
recent overflow tromthe fiord was a result of danmng by the
Nunat ak @ aci er (F|gg. 1) that ended 100-120 years ago
(de Laguna et al. 1964, Cark and Paustian 1989). n 1986,
water was inpounded for 132 days(29 May-8 Cctober) in
Russel | Fior b\//wan ice dam from Hubbard G acier (Seitz
et al. 1986); ter in the newly fornmed |ake rose over 25 m
above sea level (Seitz et al. 1986) and came within 14
vertical meters of overflowng into the Situk R ver watershed
Paul 1988). The ice dam eventually collapsed, but Hubbard
acier continues to advance and is expected to form a
larger, nore stable dam that may persist for several hundred
years (Trabant et al. 1991). Such a dam would cause gl aci al
water to flow into the Situk R ver watershed (Mayo 1988;
Trabant et al. 19.91).

Overflow from Russell Fiord into the Situk River water-
shed would create a river very different from the present
one; now the Situk River channel is less than 30 m w de and
has a discharge rate that averages 10-15 m/s, and has not
exceeded 92 ni/s since gaging began in 1988 (Lanke et al.
1991). The new river channel is expected to stay within the
current Situk River watershed except near the nmouth where it
probably will spill over into watersheds now occupied by the
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Lost River and Kunayosh Creek (Fig. 2; Paul 1988). The new
channel -probably w 'l range from about 100 m wi de near the
Russell Fiord outflow to over 2,500 m w de near the river
mouth (Paul 1988). Discharge fyomthe newy formed |ake is
expected to average about 220 ni/s, wth peak discharge near
1,000 m/s (Mayo 1988). The river would also be colder and
more turbid because of the predomnately glacial origin of

t he discharge.

METHODS
Fi sh Taggi ng

Sockeye and chinook salmon were tagged at a weir in the
| ower Situk River between 14 June and 21 August 1988.  Sock-
eye salnon were tagged with spaghetti tags and chinook sal non
with Peterson disc tags (Table 1). Tags were deployed in
three lots, each a different color deS|gnat|n? a different
period of the run gearly, 7 June-7 July; mddle, 8-25 July;
and late, 26 July-22 August). Begause few chinook sal non
were available for tagging, Lotek™ 30 Miz radio transmtters
were orally inserted Into the stomachs of 32 disc-tagged
chinook (Table 2) to inprove tracking and observation oft hat
speci es.

Mgration Studies

Twi ce every other week between 14 June and 8 August,
channels in the predicted flood corridor between the Situk
River bridge and the boat |anding at the end of Lost River
Road (Fig. 2) were surve¥ed by boat to observe fish and
determne habitat use. Tagged fish were counted and pink
sal mon nunbers were visually estimated during each survey
(Tables 2-4).

~ Signals from radi o-tagged chinook salnon were |ocated
during surveys by scanning the transmtter frequencies wth
Advanced Telemetry Systens receivers; naxinum range with a
directional |oop anténna was about 0.5 km By using the
directional antenna while attenuating the receiver's gain,
the receiver also functioned as a directional indicator until
it was wthin a few neters of a transmtter. The |ocations
of nost radio-tagged fish were established visually by
approaching the signal until the fish were observed. = Sone
radi o-tagged fish In cover or deep water, however, could not
be seen, and their positions were estimated by triangulation

'Reference to trade nanesdoes NOt i NPly endorsement by the National Marine
Fi sheri es Service, NOAA.
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Table 1. --Nunbers of sockeye and chinook sal non tagged, and
escapement through the Situk Rver weir in three
periods between 14 June and 21 August 1988.

Species Period Number tagged Escapenent % Tagged
Sockeye 1 1,053 20,981 \ 5.0
Sockeye 2 1,642 17,907 , 9.2
Sockeye 3 3 1,850 ’ 8,118 22.8
Total 4,545 . 47,006 9.7
Chinook 1 43 280 15.4
Chinook 2 41 618 6.6
Chinook 3 38 180 21.1
Total 122 1,078 11.3

Table 2.--Date, cunulative nunber of radio-ta?ged chi nook
and nunber of radio-tagged chinook Tocated in
adult salmon migration surveys of the main-stem
Situk River, 1988. Nunmbers of radio-tagged fish
that were subtracted (pre-spawn nortality or tag
| oss) from the cunulative counts are in
par ent heses.

Fi sh tagged Tags | ocated

Dat e Early Mddle Late "Early Mddle Late
Jun 17 1 1

Jun 29 3 3

Jun 30 6 6

Jul 12 6 3 6 3

Jul 14 6 5 5 5

Jul 25 6 6 (1) - 5 5

Jul 26 6 6 (1) 2 5 5 2
~Jul 29 6 6 (1) 8 (1) - .5 .5 8
Aug 9 6 6 (1) 10 (1) 5 5 10
Aug 10 6 6 (1) 9 (3) 5 5 9
Aug 17 6 6 (1) 11 (3) 5 5 11
Aug 18 6 6 (1) 12 (3) 5 4 12
Aug 22 6 6 (1) 16 (3) 5 4 10
Aug 25 6 6 (1) 16 (3) 3 0 0
Sep 2 6 6 (1) 16 (3) 1 0 0
Sep 14 6 6 (1) 16 (3) 0 0 0
Sep 30 6 6 (1) 16 (3) 0. 0 0
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Table 3. --Survey dates, cumulative nunbers of tagged sockeye

salmon (Xi), nunbers of tagged sockeye observed
énd’ and sockeye observation efficiencies (a)
urln%_adult_salnnn mgration surveys of the main-
stem Situk River, 1988. Data used to determne

observation efficiencies are in italics. Nunmbers

of radio-tagged chinook salnon in each category are
I n parentheses.

Fi sh tagged (x) Tags observed (n;)

- Aug

Dat e, Early Mddle Late Early Mddle Late a
Sockeye
Jun 17 15 6 0.40
Jun 29 1053 381 0.40
Jun 30 1053 322 0.40
Jul 12 1053 560 186" 221 0.39
Jul 14 1053 992 118 287 0.39
Jul 25 1053 1642 481 - 52 141 286 0.59
Jul 26 1053 1642 690 .33 106 301 0.59
Jul 29 1053 1642 1850 27 136 347 0.59
Aug 9 1053 1642 1850 11 17 290 0.59
Aug 10 1053 1642 1850 15 32 187 0.59
Aug 17 1053 1642 1850 5 16 14 0.59
Aug 18 1053 1642 1850 3 17 6 0.59
Aug 22 1053 1642 1850 1 3’ 2 0.59
Sep 2 1053 1642 1850 0 0 0 0.59
Sep 14 1053 1642 1850 0 0 0 0.59
-~ Chinook

- Jun 17 2 (1) 2 (1) 0.29
Jun 29 17 (3) 7 (3) . 0.29
Jun 30 30 (6) 14 (6) - 0.29
Jul 12 43 (6) 3 (3) 17 (6) 3 (3) - 0.22
Jul 14 43 (6) 28 (5) 18 (6) 10 (5) 0.22 .0.22
Jul 25 43 (6) 41 (6) 6 (0) 19 (5) 22 (5) 3 (0) 0.50
Jul 26 43 (6) 41 (6) 8 (2) 17 (5) 21 (5) 6 (2) 0.50
Jul 29 43 (6) 41 (6) 13 (8) 16 (5) 15 (5) 10 (8) 0.50
Aug 9 43 (6) 41 (6) 16 (10) 20 (5) 17 (5) 12 (10) 0.50
10 43 (6) 41 (6) 15 (9) 17 (5) 16 (5) 10 (9) 0.50
Aug 17 43 (6) 41 (6) 31 (11) 16 (5) 17 (5) 15 (11) 0.50
Aug 18 43 (6) 41 (6) 32 (12) 9 (5) 9 (5) 20 (12) 0.50
Aug 22 43 (6) 41 (6) 36 (16) 6 (5) 5 (4) 18 (10) 0.50
Sep 2 43 (6) 41 (6) 36 (16) 3 (3) 0 (0) 1 (0) 0.50
Sep 14 43 (6) 41 (6) 36 (16) 1(1) o0 (0) 1 (0) 0.50
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Table 4. --Date and estimated nunmber of pink
sal mon observed during surveys of
the main-stem Situk Rver, 1988.

Dat e Fi sh
observed
Jun 17 0
Jun 29 ‘ o]
Jun 30 0
Jul 12 -2
Jul 14 17
Jul 25 - 45
Jul 26 65
.Jul 29 35
Aug 9 25
Aug 10 140
Aug 17 270
Aug 18 625
Aug 22 1750
Aug 25 3050
Sep 2 1975
Sep 14 1460

Wiere chinook salmon were observed or l|ocated by tele-
metry, or where groups of sockeye (> O -fish) or pink sal nmon
(>Zg fish) were observed, these environnental data were
recorded: = habitat type (pool,. riffle, or glide), average'
depth (mean of three or nore measurenents), and amount
(absent, common, or abundant) of cover (i’.e., overhanging or
submerged riparian vegetation and |arge woody debris [LW)]).

- Not all tagged fish in the survey area were observed
durlng each survey (Tables 2-3); therefore, the nunber of
tagged fish in the survey area was estimated as the number of
tagged fish observed tines observation efficiency (a; Tables
2-3): Observation efficiency was cal cul ated from one survey
In each tagging period by the equation

' n

as=- (1)

where ais observation efficiency, nis the number. of tagged
fish observed during the survey that had been tagged since
the tagging period %egan, and X Is the cumul ativé nunber of
fish ta?ged since the tagging period began. | assumed that
1) all Trsh tagged since the start of a tag?lng period
remained in the survey area until the data for observation
efficiencies in that period were conpiled, 2) observation
efficiency was constant during a tagging period, and
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3) (observation efficiency of radio-tagged. fish was 1. T
nunber of fish, in the survey area was estimted for each tag
group by the equation

. _ on;
ny== (2)

where -n, is the estimated nunber of tagged fish in the survey
area at survey I, and n; is the nunber of tagged fish,
observed during survey i.

_ The proportion of tagged fish from each group remaining
in the 'survey area was calculated with the equation

A ﬁi
P1=?r (3)

where B, is the proportion of tagged fish remaining in the
survey area at survey I, and x; is the cunulative nunber of
fish tagged up to survey i.

Re?ression of P on survey date provided an enpirica
model of emgration fromthe boat survey area for each group
of tagged fish. Logarithmc transformation, (Sokal and Rohlf
'1969) of sockeye enigration data provided the best regression
fit, Probably ue to both the proportional data and the fact
that fish bound for 'spawning areas in Od Situk River
(F|gt_3% sta%ed in gﬁe Buzye¥ ake?,for | ong periods, thus
ositive SKeEW n € | Strioution. Anoul ar . transform
gtlon (S&ﬁal and Rohlf 1969) of chinook en?grat|on dat a
provided the best regression fit, probably because the data
I's proportional. The nonnormal distributions of 7 also
indicate that nedians are the best neasures of centra
tendency for this data: An F test was used to conpare the
slopes of the regression lines, therepy determi ning whether
emgration rates varied S|gn|f|cant?y bgémeen tagged groups.
Wien significant differences were found, Scheffe"s test
(Snedecor and Cochran 1967L was applied to determ ne which,
emgration rates were unlike the others. ﬁe ressions of data
for d|sc;tag?ed and radlo-tagged chi nook sa gon did not
differ significantly (P > 0.5 t test) within any tag iqg
eriod, and the data for the two tag groups were pool ed by
aggi ng period.

Equations were derived from the regressions to 1) esé&
mte P wthin a tag group for any date (d, where d was 1 on
1 January and 366 on 31 Decenber) after tagging of that group
began; and 2) estimate the nunber of days of residency ([%|n
the main-stem flood corridor for any proportion (p) of a tag
group. The equations for chinook are
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1) P = sin(sd + ©)° - (4)
and o a

2) D= arcsinsp - C . ‘ | ' - (5)

The equations for sockeye are
1) B = olsde) ) o -~ (6)
and | . : ‘
2y p=np-C P Cm
3 ‘ . ;

where S is the slope of the regression line, Cis a constant,
and e is the base of the natural logarithm Factors used in
equations 4-7 and indices of variability are summarized in
Table 5. Relationships between emgratiion rate and date were
iIllustrated by plotting P values (expressed as percentages)
versus survey dates,

Table 5. --Data to estimate »and 5 ( (equations 4-7) for groups of
ta%?ed fish in the maip-stemflood corridor of the
Ituk R ver, 1988. values and standard errors of
the regression slopes and estimates also are provided.

First Standard error
. day of .
Period Slope Constant tagging. R, ' Sl ope Estimate
Sockeye |
Early . -0.100‘. 18.09 181 ~ 0.96 o.ooé 0.474
Middle -0.122 23.45 194 0.95 0.010 0.438
Late -0.203  42.20 208 0.87 . 0.032 0.940
| Chinook ‘ |
Early  =-0.021 - 5.32 181 - 0.76 0.003 " 0.244
Middle -0.032 7.92 194 . 0.90 0.003 0.186
0.005  0.333

Late . =0.030" 8.05 208 . 0.79

Spawni ng St udi es.

_ Several areas of the watershed (Situk River, Wst Fork
Situk, dd Situk Rver, and Muntain Stream Fig. 2) were
surveyed by boat, foot, and fixed-wing aircraft to locate
spawni ng salmon.  Surveys took place 27 July-30 Septenber
ground surveys were discontinued on 15 Septenber, but an
aircraft survey was done on 30 Septenber.
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During surveys, ta?ged fish were counted and approximate
nunbers and |ocations of untagged sal mon were recorded on
1: 42,240 scale maps.  (bserved sal mon spawning range also was
recorded on maps during all surveys. Spawning-habitat char-
acteristics of sockeye and chinook sal mon were neasured
during ground surveyS. Spawning by sockeye and chinook
sal non was observed in 19 reaches (i.e. isolated groups of
spawni ng sites), and spawning-habitat characteristics were
measured at 63 spawning sites (31 and 32 sites, respectively;
Figs. 3 and 4) in those reaches.' Water depth was neasured to
the nearest centimeter at the surface of the undisturbed
substrate adjacent to each spawning site. At the site of
each depth neasurement,. water velocity (cm's) was averaged
from neasurements with an electronic current neter at 0.2 and
0.8 of the depth, and surface and intragravel (15 cminto the
substrate) tenperatures were neasured with an electronic
t her nonet er. ere individual redds could be discerned

(26 sockeye and 19 chinook salnon redds), maxi num |ength and
width were measured and substrate conposition in the area
di sturbed by redd construction was visually estimated. Redd
length and width were measured to the nearest centinmeter and
substrate conposition was recorded in _percentages of three
?Ifg ch$sses: fine (<2 mm), gravel (2-100 nm), and coarse

>0 cn.

RESULTS

About 10% of all sockeye and chinook sal non-were tagged
but the nunber of tagsdeployed and the percentage of the
escapenment tagged varied by period (Table, 1).

Upstream mgrant salnon of all three species usually
shared habitat. "Mgrating fish in the flood corridor were
most frequently observed in pools or -in deep %>I m glides
al ong banks with cover from overhanging or submerged riparian
vegetation.

"Estimated nunbers of tagged fish between the weir and

the bridge on the Situk River declined significantly
(P <0.001; F test) over tinme for all tag groups, as fish
emgrated fromthe flood corridor. Magration rates, however
differed significantly (P < 0.05; F test) annn%bgrou s of
tagged fish both within and between species, st (95% of
sockeye and 97% of chinook) tagged fish left the flood corri-
dor, Dut ta%%gd sockeye salnon emgrated from the surveY area

(median = 11.2 days) significantly faster (P < 0.01; F test)

than tagged chinook salnon (nmedian = 51.7 days).

About 43,000 sal non were seen in spawning areas (11,500
sockeye, 438 chinook, and 31,000 pink). Each species usually
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spawned in a separate area, although pink salmon occasionally
spawned where chinook or sockeye salnon were spawning. Few
(<5% of the escapenent; Table 1) sockeye and chinook™ sal nmon
were observed spawning in the flood corridor (Figs. 3 and 4),.
whereas about 40% of observed pink sal mon spawning was in the
flood corridor (Fig. 5). Spawning sal mon were observed. in
all habitat types (pools, riffles, and glides) and used

di verse hydradlic and substrate conditions (Table 6)

Sockeye Sal non

. Most sockeye salmon em grated steadily from the mgra-
tion survey area in the flood corridor (Table 3). Mdels of
em gration by groups of tagged sockeye salnmon (Fig. 6) fit
the observed data (R = 0.96, 0.95, and 0.87 for early,
mddle, and -late taggi n% peri ods, resaectllvel y). SoCkeye
saIrmn_tangQd late 1n the run left the mgrationsurvey area
at a significantly (P < 0.05; Scheffe's test) faster rate
than sockeye salnon tagged in the early or mddle periods.
Most (95% sockeye sal non tagged early in the run had

mg5rat ed out of the survey area by 10 August, whereas nost
(95% sockeye salnon tagged in the mddle and late parhs of
the run left the survey area by 17 August (Table 3). grat -
I ng sockeye salmon frequently concentrated where deep (>l
glides intersected quiet pools (often formed behind |arge
woody debris) or in glides along channel margins with over-
hanging or submerged riparian vegetation.

. Socke,:sye sal mon were observed to spawn over a 2-nonth
period. awni ng sockeye salmon were first seen about 5 km
upstream of the Situk R ver bridge on 27 July, during the
first ground survey in that area; they were nhost abundant the
second or third weeks of August, and rare on 30 Septenber.
About 90% of the sockeye salnmon in the survey area spawned
near |akes (Fig. 3); spawning density was greatest wthin

3 km downstream of " Situk Lake. Large groups of sockeye

sal mon al so spawned in other areas: directly upstream of
Situk Lake in Muntain Stream 1in the area imediately
upstream of the road crossing of the dd Situk R.ver, and
downstream of Muntain Lake %I\/bunt ain Strearr% Spawni ng of
sockeye salmon also was observed el sewhere (Fig. 3) in the
Situk"River, dd Situk River, and near Redfield Lakes (West
Fork of the Situk River).

Most (65% sockeye salnon that were observed during |
spawni ng surveys sg)awn.ed in glides, but some (30% spawned in
pools and a few (5 inriffles. Sockeye salnon used an
average of 3.7 m of stream bed to construct a redd.

Spawning sites averaged 49.6-cm water depth and 26.5-cnis
water velocity. SubStrate conposition at redd sites averaged
23% fine sediment, 72% gravel, and 5% coarse sedinent.
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Table 6. --Characteristics of sockeye and chinook sal nmon
spawning habitat in the Situk River, 1988. Mean
values are presented with standard errors in

brackets.
Sockeye Chi nook

Redd dimensions

Lgngth (m) 2.4 [0.1] 5.6 [0.2]

Width (m) - 1.6 [0.1] 3.3 [0.2)

Area (m?) 3.7 [0.4) 19.0 [1.5]
Water |

Depth (cm) 49.6 [3.4) 79.6 [5.4]

Velocity (cm/s) 26.6 [6.5] 73.0 [5.1)
Substrate composition

Fine (%) o 23.4 [2.8] 5.3 [1.4]

Gravel (%) ‘ 72.0 [3.5] 76.1 [4.2)

Coarse (%) 5.0 [2.5] 18.7 [4.2]
Temperature

Water column (°C) . = 9.1 [0.4] 12.2 [0.2]

Intra-gravel (°C) 6.2 [0.4] 11.9 [0.2]
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Differences between surface water and intragravel tenperature
(averaging 9.1°C and 6.2°C, respectively) indicate that
upwel I ing groundwater often was present in sockeye sal non
spawning areas. Al neasured characteristics of habitat
(Table 5) used by stream spawning sockeye salnmon differed
significantly (P < 0.05; t test) from those used by chinook
sal non; sockeye sal mon spawning areas had shal | ower and
slower water,” smaller substrate, and nore evidence of
groundwat er influence than chinook sal mon spawning areas.

Chi nook Sal non

Tag?ed chinook salmon emgrated nore slowy (P < 0.01
F test) fromthe mgration survey area in the flood corridor
than did sockeye salnon, but nost $99° left the flood corri-
dor by 1 Septenber (Table 3). Mdels of emgration by groups
of tag%ed chi nook sal non ( |q. 6) fit the observed data (R =
0.76, 0.90, and 0.79 for early, mddle, and |ate tagging

peri ods, re38e0t|vely). Emgration rates differed signifi-
cantly (P < 0.001; F test) anong groups, of tagged-chinook

sal mon; chi nook saInDn.tag?ed in the late period em grated
from the survey area significantly nmore quickly (P < 0.05;
Scheffe's test) than those tagPed in the early or mddle
periods. Magrating chinook salmon were found primarily in

deep (>2 m, open pools or deep (> m glides along banks

with overhanging or subnerged riparian vegetation. Radio-
tagged chinook salnmon often held in the same pool for nearly
the entire time thei were nonitored in the flood corridor

and then noved quickly (within 1 or 2 days) to spawning

areas. Radio-tagged chinook salnmon u5|ng deep glides usually
anFd upstream nore steadily than chinook sal mon using deep

pool s.

Chi nook sal non spawni ng was observed between 30 July and
14 Septenber.  Spawning chinook salmon were first observed
about 1.5 km upstream of the Situk River bridge on 30 July;
they were nost abundant about the first, week of Septenber,
and spawni ng ceased before 30 Septenber; no spawning chinook
sal mon were observed during the aerial surviy on 30 Septenber,
and radio telemetry indicated that most (>90% radio-tagged
fish were well downstream of, their spawning sites and
presumably were dead.

Al chinook salnmon spawned in either riffles or glides.
Chi nook sal non used an average of 19.0 of stream bed to
construct a redd. Spawning sites had a mean water depth of
79.6 cm and nean water velocity of 73.0 cm's. Substrate
conposition at redd sites averaged 5.3% fine sedinment, 76.0%
gravel, and 18.7% coarse sedinent. Mean water tenperature in
chinook sal non spawning areas was 12.2°C and mean intragrave
tenperature was 11.9°C (Table 6).
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Radi o-tagged chinook salnmon were closely tracked _
throughout the survey and provided detailed data on mgration
patterns and habitat use. O 30 radi o-ta?ged chi nook sal non,
26 were tracked to spawning areas. Only four radio-tagged
fish were not tracked to spawning areas’ one nigrated well
upstream but died of unknown causes before spawni nﬁ, one was
caught at an undiscl osed |ocation by a sport fisherman, and
two regurgitated their radio tags 'near the Situk River weir
soon after tagﬁ_l ng. Twenty-four (92% of the remnaini n%
radi o-tagged chinook sal non spawned between the Situk River
bridge and Situk Lake (Fig. 4), the area with the highest
density of chinook salnmon spawning. (ne radi o;ta%ge_ chi nook
sal non spawned within 1 km downstream of the Situk™ R ver
bridge,, and one also spawned in the lower 1 km of the Vst
Fork. A few chinook salnon (about 10-15) without tags also
were observed spawning in other areas (Fig. 4): within 3 km
downstream of the Situk River- bridge and in Muntain Stream
upstream of Situk Lake.

Pi nk Sal non

_ Mgrating pink salmonwere observed prinarily in glides
with overhanging vegetation or in transitional afeas between
pools and riffles. ~Spawning pink salmon were first observed
on 10 August about 10 'km upStream of the Situk River [anding,
and 'were |ast observed on 8 September near the boat |anding.
Many pink salnmon spawned in one of three-areas: from7 km .
uEstream of the landing to 4 km downstream of Sltu?( Lake, in
the Ad Situk Rver fromits nouth to 1 km downstream of
Forest H ghway 10, and sporadically in the Wst Fork fromits
mouth to Redfield Lakes <J|_:Ig. 5). " Pink salmon spawned in

shal low (<40 cm), open glides or in transitional areas

bet ween pools and riffles.

DI SCUSSI ON
Habitat Utilization

Mgrat ory behavior and habitat use by sockeye, chinook,
and pink salnon in the Situk River in 1988 were simlar to
those reported for the species in other rivers. Adult
sockeye salnmon in the Situk and other river systens mgrate
rapidly from salt water to lacustrine areas (Bevan 1962
Ri cker 1966) and remain there until they spawn either in
| akes or in streans connected to |akes (Foerster 1968).
Sockeye sal non that spawned in the Situk River used habitat
simlar to that used by sockeye salnon in other streans
(Foerster 1968; Leman 1989): relatively shallow,
~lowvelocity water and variable substrate that was often
i nfused with upwelling groundwater.
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Adult chinook salnmon in the Situk Rver often held in
| arge pools or deep runs until mature, as they do 'in other
river systems (Hamlton and Buel|l 1976; Burger et al. 1985).
Chinook salmon in the Situk River spawned in relatively deep
fast water and used large substrate, as they do in other
parts of their range (Smth 1973; Reiser and Bjornn 1979).

. Pink salnon in the Situk River apparently mgrated
directly to spawning areas, consistent with their mgratory
behavior in other coastal streans (Ishida 1966; Heard 1978).
Sﬁamnlng pink salmon in the Situk Rver used habitat wth
characteristics simlar to spamnlng habi tat used by ot her
pi nk sal non popul ati ons (Neave 1966; Reiser and Bjornn 1979).

Effects of Flooding on Fish and Habitat

. Fl ooding from Russell Fiord would inpact habitat in the
Situk River used by n1grat|n? and spawning salnon. Discharge
fromthe fiord is predicted to be more than 20 tines the
volume of the present Situk R ver (Paul 1988?, whi ch woul d
I nundate or erode all existing channels downstream of the
Situk River bridge (Seitz et al. 1986; Paul 1988). Overflow
from Russel|l Fiord could persist for decades, possibly
centuries (Mayo 1988; Trabant et al. 1991), PrOVIdIn% both a
| arger body of water to serve as fish habitat than the

resent Situk River and access to new fish habitat in the
ussel | Fiord watershed.

Duration and timng of the potential flooding wll
determne the nmagnitude of effects on fish habitat; in any
case, several years wll probably pass before inundated areas
become stable. =~ A persistent ice dam that would cause a
relatively constant flow from Russell Fiord is predicted
however, "a number of ice dams may initially formand fail,
causing intermttent rood!nﬂ, of, the Situk River watershed
(Trabant et al. 1991). Fish habitat within the new
f1oodpl ain, however, would begin to stabilize only when a
relatively constant flow reginme is established. A’'stable
channel and, thus, stable fish habitat should be established
after 3-5 years of relatively constant flow (O ark and
Paustian 1989).

Mgration corridors of all anadromous fish would be
affected by flooding from Russell Fiord, although fish nmay
still use_the same corridors and maintain the same run
timng. The new river would be large and turbid, and would
of fer good cover for holdlqa]and mgrating fish; however
fish in the flood corridor when. flooding begins may be
i njured and dlsFIaced or cut off from spawning areas, as coho
sal mon and steel head were in the Toutle and Cowitz Rivers

Washington) after the 1980 eruption of Munt St. Helen's
Stober et al. 1981). Some fish also may attenpt to avoid
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the turbid water. Pink salnmon in the Bella Coola River
British Colunbia, for exanple, delay spawning mgrations and
select alternate SEamnlng.areas to "avoid glacial turbidity
(Wckett 1958). The glacial runoff from Russell Fiord would
certalinly decrease water tenperature in the flood corridor
and may cause fish to mgrate nore sluggishly. Changes in
river tenperature should not affect maturation rates” because
sal ron gonad maturation is not greatly affected by changing
water tenperature (Billard 1985) within the range likely in
the Situk River

Location of the main spawning areas is a factor in
determning the initial inpacts of flooding on Situk R ver
sal mon popul ations; nost sockeye and chinook sal mon now spawn
outside the predicted flood corridor, whereas many pink
sal mon spawn inside the flood corridor.  Spawning . areas
outside the flood corridor would not be directly”inpacted bY
flooding; however, spawning areas in the flood corridor would
be affected by channel norphology changes, increased fine
sedinment, and |owered tenperature. Spawning areas in the
flood corridor may be eroded or buried as a new channel
devel ops under the influence of the new flow regine. Fine
sedi ment nobilized by erosion and sedinent from glacia
turbidity also could clog or cement spawning gravel (Cooper
1965), and thus inpede the intragravel water flow necessary
for ‘egg incubation (Wckett 1958;" Reiser and Bjornn 1979).
Cool er water tenperature would slow egg and alevin develop-
nment (Leitritz and Lew s 1980), thereby del aying hatching,
energrence, and seaward m gration.

Timng and duration of the flood event, or events, also
could: contribute to the initial inpacts of flooding on Situk
River salnon populations; closure of Russell Fiord js nost
likely to occur during spring, with overflow occurring
7-14 nonths later (Trabant et al. 1991). Thus, a flood woul d
probably begin between Decenber and August, thereby affecting
either 'eggs and alevins in the gravel or mgrating salnon. A
flood beglnn;nghln mnpterlmould probﬁbly destroy a large

roportion of the pink salnon year class. observati ons
Pnd?plate.that 40% of the adulgg spawned MAt¥¥n the flood
corridor in 1988. In 1990 an estimated 84% of downstream
mggant pink salnmon fry cane fromwthin the flood corri-
dor“. A flood beginning in spring or sumer could affect
mgrations of juvenile or adult salnon; juvenile salnmn nay
be washed out to sea before they are ready and adult fish nay
avoid flooded areas, thereby escalating conpetition in other
spawning areas. In any case, flooding could decrease salnon
production initially.

2 : . . .
J. Thedinga, Fishery Biologist,, Auke Bay ,Laboratory, 11305 G acier Hwy.,
Juneau, AK 99801-8626. Pers. commin., Mrch 1990.
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A series of epheneral dans that cause intermttent
flooding could also cause cumul ative effects, including those
outlined above and additional effects caused by dematerlng of
river channels; river flow would decrease by nore than 90%
followng the collapse of a Russell Fiord ice dam and nany,
channel s would dry up, stranding and killing fish and possi-
bl'y dematerln% redds. Thus, a single overflow event o Iong
durationy- al though potentially destructive--would probably be
}Fssddetrlnental to salnon popul ations than intermttent

oodi ng

A persistent ice dam could eventually formin Russell
Fiord, and river channels and salmon habitat could stabilize.
Side channels and some parts of main channels probably would
provide rearing and spamnln% areas, as they do in othér |arge'
glacial rivers ﬁLake 1984; Lorenz and Eiler 1989; Mirphy
et al. 1989). npoundnment of Russell Fiord would increase
the hydraulic gradient between the Situk R ver watershed and
Russel'l Fiord, potentially creating new groundwater outflows
that coul d provide sal non spawning and rearing habitat (Qark
and Paustian 1989). G oundwater outflow channels are inport-
ant to spawning popul ations of sockeye, chum (0. keta), and,
coho salnmon (0. kisutch) in other watersheds, such as the
Kanchatka River basin, US.S.R (Leman 1989). Fish al so.
coul d have access to new habitat in Russell Lake and its
wat ershed. Al streans f|OMAng into Russell Fiord are steep,
hi gh-energy streans that proba Iy have little potential as
spawni ng habitat; however,. the lake is a potential rearing
area for juvenile sockeye and coho sal non.

After the river channels stabilize, species conposition
and size of salnmon populations in the Situk River naY
continue to change as fish populations adapt to available
habitat.  Some species, or population cohorts within a
species (stocks), may adaRg more readily to the new
condi tions than others. ny chum and ‘sockeye sal mon, for
exanple, spawn in sone glacial rivers (Bishop 1981; Lorenz
and Eiler 1989), whereas nost other salnon do not. Sockeye
and chinook salnon also rear at noderate densities in sone
ngsal river habitats (Wod et al. 1987, Mirphy et al.

~Some Situk Rver salnon seemto exhibit spawning and
rearing strategies that could enable them to adapt to_the
predi cted habitat conditions after flooding begins,. The |ast
overflow fromthe fiord was relatively recent (<120 years),
and these fish nay be remants of popul ations adapted to
previous episodes of- overflow from Russel| Fiord.  Some
aspects of the habitat-utilization patterns and life history
of sockeye salnon that spawn in Od Situk Rver; for exanple
indicate that they may be a remnant population. Miny sockeye
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salmon in Ad Situk Rver (and also the main channel of the'
Situk River) use riverine spawning areas perneated by ground-
water, a habitat conponent that should become nore available
in the Situk River watershed should Russell Fiord pecome
|nFounded (Clark and Paustian 1989). Mbst (>90%) sockeye
salmon that spawn in Ad Situk River use areas with little
access to lake rearing habitat for their offspring and,
therefore, EO to sea before overw ntering;, nost sockeye sal-
mon in Alaska spawn in areas with access to |akes (Foerster
1968L because their offspring rear in lakes for at |east a
year before going to sea; however, SDCkeYe salnon that go to
sea before overwntering are common in glacial rivers and
groundwater-fed streans in Al aska (MPherson 1987). Chinook
salmon in the Situk Rver also may be a remant popul ation
from previous overflow events because popul ations of chinook
salmon in A aska usually are found in l[arge river systens
rather than small coastal streanms |ike the Situk R ver,
(Kissner 1986).

The short duration of this study prohibited collection
of data on some species, such as coho salnon and steel head
(0. nykiss); that contribute significantly to Situk R ver
fisheries. This study, therefore, probably did not reveal
all the potential inpacts of flooding. The study naK al so.,
underestimate the area and range of conditions uSed by
sockeye, chinook, and pink salnon, because their escapenents
to the Situk -River in 1988 were bel ow average (Table 7).

In conclusion, this study confirms that habitat used by
adult salnon exists in the corridor where flooding from
Russell Fiord into the Situk Rver is predicted. |f f|oodj g
of the predicted magnitude occurs, some sal non habytat_mnu!g
be altered or destroyed and salnmon mgration and distribution
patterns nmay chan?e. Flooding would directly affect mgra-
tion habitat of all salnon species and largé areas of pink
sal mon spawning habitat. =~ Flooding al so, may affect other.
spawni ng areas by displacing, |arge nunbers qf.spamnln? fish
(prlnarllY pink "salmon) into those areas. Timng of the
initial flood event or events could determne the inmediate
effects of flooding on Situk River fish populations. Regard-
less of initial population changes, however, [ong-term
production of salnon fromthe Situk River could be [imted by
%hgllnpate abilities of endemc fish stocks to use post-flood

abi t at .

Al aska Departnent of Fish and Game, Commercial Fisheries Division Scale

Laboratory, 802 Third Street, Douglas, AK 99824, unpublished data, 1990.
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Table 7. --Escapenment of sockeye, chinook, and pink salmon to
the Situk River in 1988 conpared to the nean and
range of escapenents between 1979 and 1988.
Escapenent in 1988 as a percentage of the 10-year
average is in parenthesis.

Escapenent . . X o
years Sockeye Chi nook Pi nk
1988 | 47,006 ‘ 1,078 78,753

| (60.3%) (75.8%) (93.5%)
1979-1987 Mean 77,930 1,422 84,242°

Range 46,701-128,879 611-2,572 40,211-126,346

%Unpubl i shed data provided by Gordon F. Wods, Al aska Dep. Fish and Gane,
Commercial Fisheries Div.; P.O Box 68, Yakutat, AK 99689, August 1990.

"Conpi l ed from Hubartt and Kissner (1987) and Bethers and |ngledue (1989).
‘Mean and range for even year pink sal non escapenments between 1980 and 1988
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