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Abstract

Densities and habitat use of juvenile coho salman (Onearfivnehus kisuteh), sockeve salmon (€. nedka). steelhead (€. mykiss). and
Dolly Vavden (Saleelinus malmea) were determined in the main-stem Situk River. Alaska. Three hahitat types (ehannel edges, willow
vdges. and debris pools) were sampled at two downstream sites lower rive r) and at two upstream sites (upper river) hiwee kly from
May to September and once in November 1989, For most specics, ry fage 0] most ofien used channel edges with litde cover,
whereas parr (age 2 13 almost exclusivels occupied willow edges and debris pools. Within the same habilat 1ypes, densilics were
signilicantly greater for most species and life-history stages in the upper than in the lower river; sieelhead parr, with densitics similar
in like habitats in the upper and lower river, were a nolable exeeption. Peak frv densitics (Gsh/ 100 m?) were 2,381 coho, 155
steclhead, and 14 sockeye, whereas peak parr densities wore 281 coho, 82 sieelhead. and 44 Delly Varden. Meun length of fry
and parr of all species was gwreater in the Tower river than in the upper river. With bascline informiation from this study, fisheries
managers can identify strategies lo restore fish and habitat that could be impacted by looding in the Siwk River. Hubburd Glacier
is expected to advance and dam Russell Fiord by the vear 2000, and overflow fron the fiord will Mood 1he Situk River. drastically
ahtering fish rearing habitat,

Introduction juvenile sockeye in the Situk River estuary were
examined by Heifetz et al. (1989). Extensive life
history information on juvenile chinook salmen (2.
tshawvtscha) in the Situk River has been described

by Johnsor et al. (1992),

Fisheries of the Situk River in Southeast Alaska
will be altered when the Hubbard Glacier advances
and dams Russell Fiord, hecause averflow from
the resulling “Russell Take” will flaod the river (Fig-
ure 1) (Clark and Paustian 1989). Closure of Rus-
sell Fiord by Hubbard Glacier is probable by the
vear 2000 (Trabant et al. 1991). Damming of Rus-
sell Fiord and flooding of the Situk River occurred
mosl recently in the mid-1800s (de Laguna er ol
1964). The Situk River currentty supports coni-
mercial, sport. and subsistence fisheries for Pacifie
sulmonids valued at $2-3 million annually. Knowl-
edge of the life history and habital use of juvenile
salmonids in the main-stem Situk River is cssen-
tial 1o predict effeets of flooding on rearing
salmonids.

Our objectives were 1o examine densities and
habitat use of juvenile eoho and sockeye salmon,
steelhcad. and Dolly Varden in the Situk River and
to prediel some of the potential effects of flooding
on fish populations and rearing habitat. This hase-
line informalion will enable fisheries managers to
identify strategies to restore lish and habilal that
could later be impacied by flooding,

Study Area

The Situk River, 18 km southeast of Yakutat,
Alaska (Figure 1), is a clear, fourth-order, coastal
stream that contains stocks of five Pacilic salmon
(Oncorhynehus spp.). steelhead, eutthroat trout (),
elarki), and Dolly Varden. The main stem is 35
km long from the outlet of Situk Take (315 ha) to
the oeean. Average summer flow is approximately

Limited life-history informalion is available on
Juvenile coho salmon (Oncorfynchus kisuteh). sock-
eye salmon ((). nerka), steelhead (0. mykiss), and
Dolty Varden (Salvelinus malma) in the Situk
River, Downstream migrants have been enumer-

ated from Old Situk River, a major tributary of the
Situk River (Figure 1) (Thedinga et af. 1991).

Migration timing, size. and salinity tolerance of

Reference to trade names does not imply endorsement by the
National Marine Fisheries Service. NOAA,
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6 m*s (Clark and Pauvstian 1989}, Tides 1wice
daily influence the lower 3.3 km of the Situk River
before it enlers the estuary. At high tide the lower
portion of the river, referred o as lower river,
deepens, water velocily subsides. and salinity in-
creases but remains low (mean bottom salinity
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Figure . Sites sampled lor juvenile salmonids in the main-stem Sitek River. Alaska, 1989, Stippled area on main stem represents
predicted Mood zone. Dashed line across main stem represents upper houndary of tidal influence and also separates
upper river from lower river. In lower inset. arrow from Hubbard Clacier points to location of potential ice dam.
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< 5.0 (Hetfetz ef al. 1989). The remainder of
the main stem is not affected by tides and is con-
sidered the upper river. The river has lwo major
third-order tributaries: Old Situk River is 20 km
long. originates at a small pond, and has an aver-
age summer {low of 1.5 m*/s (Thedinga et al.
1991); and West Fork Situk River is 10 km long,
flows out of Redficld Lake (200 ha), and has an

average summer {low of about 1 m¥/s.

Methods

We sampled two sites in the lower river and two
sites in the upper river (Figure 1) biweekly from
10 May to 22 September 1989 10 estimale fish
density and habitat use. These sites were sampled
again on 30 November 1989 for relative abun-
dance and late fall distribution, but we did not es-
timate fish density, Sites were selecled based on
similarity of habitats (.e.. like hahilats existed
among all sites} and ease of accessibility. Except
in November, we sampled three principal habital
types al each site: three channel edges (main-
channel edge with little or no overhanging vegeta-
tion); one willow cdge {main-channel edge with
dense overhanging willow (Safix sp.) or other vege-
tation and submerged roots); and one debris peol
{(pool conlaining  large woodv  dcbris—pieces
=10 cm diameter and | m long). Other habitat
in the main stem was mostly main-channel thal-
weg, probably little wtilized by rearing salmonids
{(Murphy er al. 1989). In Novemher we sampled
only willow edges and debris pools.

Fish were caught in the different habitals with
cither seines or minnow traps. Fish in channel
edges were caught with a pole seine (5.4 m long,
1.5 m deep. and 6-mm mesh) pulled against the
current parallel to shore for 20 m {area seined =
74 m?). Seines could nol he used in willow cdges
or debris pools because they snagged on sub-
merged roots and large woody debris (LWD). In
willow edges and debris poals, lish were caught
with minnow raps (spaced 3 m apart} baited with
salmon roe: 7 traps were sel in a 21-m scetion of
willow cdge and up to 15 traps were set in debris
poois (area of pools was larger than willow cdges
and requircd more traps to saturate available hah-
itat). All traps were set during the day.

We used the remoeval method (Zippin 1958}
to estimate fish populations within habilat types.
Three passes with a scine were usually made per
channel edge: il no fish were caught in the first
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pass, no lurther seining was done. In willow edges
and debris pools, traps were set for 40 min.
retrieved, empticd of fish. rebaited. and set again
in the same lecation for 40 min. Traps were sel
at least three times. Il the catch on the third set
was nol subsiantially reduced from the second set,
additional sets were made until calch was reduced
[rom the previous set. Fish caught in each seine
or trap set were kepl in separale containers, Im-
migration and emigration were assumed 1o be
negligible during sampling. We placed the firsi
minnow trap 3 m upstream (rom the lower bound-
ary of willow edges and debris pools to limit al-
tructing fish from downstream areas. Total catch
was used in the anulysis instead of the estimated
N if the estimated probability of calch § was
=(.20. Fish density in cach habitat type was com-
puted by dividing the population estimate by the
area seined or trapped. In November, minnow
raps were sel once in willow cdges and debris
pools and retrieved after 24 h.

Amount of available habitat was mcasured at
each habitat type at each site during low flow and
in the lower river at low tide. Lincar transcets per-
pendicular to strcamflow were established at 3-m
intervals in each habitat type. Total area of willow
edges and of debris pools was estimated by mul-
tiplying mean width {measured at transects) by to-
tal length of habitat. For willow edges, arca was
based on the distance willow vegetation protruded
over the river; for debris pools. arca was based
on the length and widih of the part of the pool con-
taining LWD. Water depth was measured at one-
quarter, one-half, and threc-quarters of the dis-
lance across cach transect of each habitat 1ype.
Water velocity was measured al one-quarter, one-
half. and three-quarters of the distance across the
lewer, middle, and upper transcet of each habitat
type. Total pieces of LWD were counted in each
habitat tvpe. In the lower river, water temperature
was measured every 2 h with a continuous record-
ing Fndeco® thermograph from June through
November 1989. In the upper river. water tem-
perature was measured with a Datapod® al a ULS.
CGeological Survey gauging station about 1 km
downstream from the confluence with West Fork
Situk River. A more detailed description of habi-
tat characteristics has been provided by Johnson
et al. (1992},

Each sampling period. all sockeye, steelhead.
and Dolly Varden, and a subsample of coho (mini-
mum 100 fish) caught al each sile were measured




for fork length (FL), and scale samples were taken
from up to 25 fish of each species to determine
age, except Dolly Varden, which have scales 100
small and difficult 10 remove, In this report. frv
are fish that had reared less thun a vear in fresh
water {age 0), whereas parr had reared one or more
vears in lresh water (age = 1), Because asscssment
of rearing fish and habitat was the primary objec-
live. smolts were omitted {rom analvses.

Vulnherability to capture in seines or minnow
tlraps was assumed equal for mosl species and life-
history stages, Exceptions were Dolly Varden fiy
and sockeye. Because few Dolly Varden fry were
caught, they were omitted from analyscs. Small sive
of ry and use of substrate interstices probably
made Dolly Varden less vulnerable to capture than
other fry. Few sockeye fry and no sockeye parr
were caught in willow edges or debris pools, prob-
ably because they are primarily zooplankion
feeders and thus not atiracted to the bail (salmon
roe) inside the minnow traps. For all other specics
and life stages, however, il was assumed thal we
were cffectively removing most fish in all three hab-
itat lypes. regardless of method of capture.

Within the upper and lower river sites, differ-
ences in mean fish densities by habitat type were
examined by Friedman's tests (Zar 1974): sam-
pling periods served as blocks and habitat types
as treatments. Differences in mean fish densities
between the same habital types in the upper and
lower river siles were examined by Mann-Whitney
lests (Zar 1974); in like habitals, mean densities
were compared belween the upper and lower river
for fry and parr of each species. Differences in
mean fork length of each species and life stage he-
tween the upper and lower river sites (all sampling
periods and habitat tvpes combined) were exam-
ined by L-tests (Zar 1974).

Results
Habitat Characteristics

Water depth. velocity, and cover differed among
habitat types. Average depth wus greatest in de-
bris pools (1.2 m) and least in channel edges (0.3
m). Average water velocity was greatest in willow
cdges (15 em/fs) and ieast in debris pools {10 cm/s).
Cover was searce in channel edges bul was abun-
dant in debris pools as LW D (range = 8-25 pieces)
and in willow edges as overhanging vegetation and
submerged rools.

Mean daily water temperalure at the upper and
lower river sites ranged between 9 and 15°C from

early June to September and peaked in mid-July.
Summer water temperalures were consistently
1-2°C warmer in the upper river than in the lower
river, probably because of the warming influence
of Situk Lake. Water lemperature dropped to
1.0-2.0°C by late November,

Life-History Stage

Fey dominated the catch during most sampling
periods at both the upper river and lower river sites
{Figure 2). All sockeve were fry. bul nearly all
Dolly Varden were parr. Coho parr dominated the
catch (60%) only in debris pools in the lower river
in May. All steelhead were parr in May and June
and 534-99% fry thereafier, as fry emerged from
the gravel beginning in July. Coho fry were caughl
from May through November, most sockeve fry
from May through July, and steelhead lry from late
July through November. Coho, steelhead, and
Dolly Varden parr were caught from Mayv to
November.,

Fry Densities and Habitat Use

Mean density (fish/10{ m?) of coho fry diffcred sig-
nificantly (P < 0.05) among habitat types at the
lower river sites bul was similar (P > 0.03) among
habitais at the upper river sites (Figure 3). Lower
river mean densilies were greater in willow edges
{range = 0-471) and debris pools (0-382) than
in channel edges (0-82). In the upper river, mean
densities ranged from 2 to over 1,400 coho in all
hahitat types. Fry density peaked earlicr (May and
Junc) in channel edges than in willow edges or de-
bris pools {(July). Afler July, coho fry density
declined steadily at both the upper and lower river
sites.

Mean density of steelhead fry did not differ sig-
nificantly (P > .03) amoeng habital types at ei-
ther the upper or the lower river siles; however,
most sockeye fry were caught in channel edges.
Sockeye (data not shown} and steelhead (Figure
3) fry densities peaked in late May and laie July,
respectively, in channel edges al both the upper
and the lower river siles.

Within the same: habitat types, mean densilies
ifish/T00 m®) of ceho and steelhead fry were sig-
nificantly (P < 0.10) greater at the upper than
at the lower river sites (Figure 3)., whereas sock-
eve fry densities (data not shown) were similar (P
> 0.10). Peak lry densities were 2,331 coho,
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Figure 2. Percentage of frv (age 0) by habitat tpe in the upper and lower Situk River, Alaska, 1989, Dolly Varden frv are omitted
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155 steclhead. and 13 sockeye in the upper river
and 471 coho, 17 steelhead. and 14 sockeye in
the lower river. In November, coho and steelhead
frv also were more abundant at the upper than at
the lower river sites (Table 1).

Parr Densities and Habitat Use

Coho. steelhead, and Dolly Varden parr densities
ifish/100 m?) differed significantly (# < 0.05)
among habitat types at both the upper and the
lower river sites. Parr densities were consistently
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willow edges. = debris pools.)

greater in willow edges and debris pools than in
channel edges (Figure 4). In the upper river, peak
densities of coho (281, June), steelhead (82, Au-
gust). and Dolly Varden (44, June} were in willow
cdges. In the lower river. peak densilies of coho
(36. July) and Dolly Varden (33, July) were in de-
bris pools, whereas peak steclhead density {44,
July) was in willow edges.

Within the same habital types. mean density
of coho and Dolly Varden parr was usually signifi-
cantly (P << 0.10) greater at the upper than at the
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Figure 3. Mean density of coho salmon and steelhead fry {age (1 by habitat ts pe in the upper and lower Situk River. Alaska. Sam-
pling occurred biweekly from May through September 1989, 1A = channel edges. B = willow edges. (. = debris pools.)

lower river siles, whereas steelhead pare density similar (£ > (.10} between the upper and lower
was similar (P > 0.10} (Figure 1). Exceptions for river sites. In November, 97% of all parr caught
coho and Delly Varden were in channel edges and were in the upper river, and 93% were Dolly
debris pools. respectively, where densities were Varden {Table 1).
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River. Alaska. Sumpling occurred biweekly from May through September 1989, (4 = channel edges. B = willow edges,
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TABLE 1. Catch of juvenile salmonids in baited minnow traps set for 24 h at apper and lower Situh Biver siles on 30 November
1989, Twe willow cdges and 1wo debris pools were sampled in each arca of the river.

Number of fry {age O

Number of parr fage =13

Coho salmon Steelhead Coho salmon Sieeihead Dolly Varden

Lower river

Willow cdges 8 123 0 1 1

Debris pools 03 54 ] 0 0

Tuoal 111 i 0 | |
Upper river

Willow edges 122 93 1 2 36

Debris pools 247 173 0 1 27

Tuotal 364 268 | 3 O3

Fish Length

Length of fry of all species generally increased from
May to September, but was similar in lale Scptem-

her and November. Monthly mean fork length of

fry (all habitat types in lower and upper river com-
hined) increased from 36 10 64 mm for coho (May-
November), 32 to 43 mm for sockeve (May-July),
and 32 10 61 mm for steelhead (July-Movember),
Fry of all specics (all habitat types and sampling
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perieds combined) were significantly (P < 0.001)
larger al the lower than at the upper river sites {Ta-

ble 2},

Length of parr of all species generally inereased
in most habitat types from May to August and
declined thereafier. From May to August, monthly
mean fork length (all habital types in lower and
upper river combined) increased from 60 to 86
mm tor coho, 63 to 105 mm for steelhead. and




69 10 100 mm (May-July) for Dolly Varden, Tn Sep-
tember, monthly mean fork length was 83 mm lor
coho, 79 mm for steelhead. and 81 mm for Dolly
Varden. Parr of all species (all habital types and
sampling periods combined) were significantly (P
< 0.001) larger at the lower than at the upper
river sites {Tahle 2).

TABLE 2. Fork length of juvenile eoho and sockeve salmon.
steelhead. and Dolly Varden (all sampling periods
and habital types combined) in the upper and lower
Situk River, Alasha. Mav-November 1989, Data are
means £ | standard error: sample sizes in paren-

theses.
Fork length {mmj*
Species Stage L pper river l.ower river
Coho salmon rv 481 = 0.2 ol + 0.2
(5195} (3178)
Cobo salmon parr V3.2 = 0.1 TIT £ 04
1106351 (5941
Sackeve salmon {ry 330 £ 0.3 377 £ 0.7
(123} 1132)
Steelhead fry 13.9 + 0.3 543 £ 0.9
{1262) (304)
Steelhead parr an.3 £ 0.7 98.3 £ 0.9
911 1677)
Dolly Varden parr 736 £ 0.8 101.3 £ 1.6
386) {260}

*All fork lengths were significantly (P < 0,001 t-testz) larger
in lower river than in upper river.

Discussion

Different habilat types in the main-stem Situk River
provide important rearing habitat for different life-
history slages of juvenile salmonids. Channel edges
arc important nursery areas for newly emerged fry,
particularly coho in May, June. and July; sockeve
in May and June: and steelhead in July and Ay-
gust. Coho, steelhead, and Dolly Varden parr
primarily used willew cdges and debris pools—
arcas with abundant cover. Results of trapping in
fate November suggest that coho and steelhead fry
and Dolly Varden parr rear in willow edges and
debris pools in late fall and probably in winter.

Few sockeye fry were caught in the Situk River
after early July, and presumably most migrated to
the estuary. Many sockeve frv in the main stem
probably migrale to sea their first summer with-

out spencing a witter in {resh water (ocean tvpe).
Two separate emigrations of sockeve fry exist in
the Situk River: an early emigration of newly
emerged frv into the estuary in March and April
and a later emigration of larger sockeve 1o the es-
tuary in Mayv and June (Thedinga et al. 1993).
Meost ocean-type sockeyve probably originate from
Old Situk River; seale analysis shows that 94% of
the sockeve escapement to Old Situk River (about
3.000 sockeye) have no freshwater annulus (Alaska
Department of Fish and Game 1990} Numbers
of vecun-type sockeve peak in the Siiuk estuarv in
May and June, and most fish lcave the estuary and
g0 o sea by late July (Heifetz et al. 1989).

The greater densities of most species and life-
history stages in the upper than in the lower river
could be due to differences in habitat or food
resources. Warmer water and abundant seston in
autflow from Sitzk Lake could contribute to more
suitable habitat and a more productive forage base
in the upper main stemn, thereby promoting greater
densities of some species such as coho and Dolly
Varden. Steelhead parr density, however, was simi-
lar in the upper and lower portions of the river,
indicating that habilal and food resources that pos-
sibly promete greater densities of coho and Dolly
Varden parr were not as important for steclhead.
Availability of seston in the lake outlet drift could
also benefit some species more than others. For
example, in the lower Taku River, Alaska, at a sile
influenced by lake oullel flow, stomach contents
of juvenile sockeye contained an abundance of
crustacean zooplankton from the lake, whercas chi-
nook and coho stomachs conlained relatively few
(Brownlee 1991). In addition. most coho and steel-
head spawning is in the upper watershed (Thedinga
et al. 1993); as they emerge and disperse. more
[rv might occupy habilat close 1o the spawning
areas in the upper river than farther downsiream,
This could explain, (or example, why peak coho
frv density was al least three times greater at the
upper than at the lewer river siles.

Seasonal differences in parr densily between
the upper and lower sites of the Situk River proh-
ably reflect immigrations from winlering areas and
subsequent emigrations to the ocean. Coho and
Dolly Varden parr were mosl abundant in the up-
per river from late May to late June as they lefl
wintering areas (e.g., Situk l.ake) and moved into
the main stem. Substantial numbers of coho, steel-
head. and Dolly Varden parr reared in the lower
river from late May to late July, bul numbers had
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declined bv early August, as some parr probably
transformed Lo smolls and emigraled 1o sea. By late
November any remaining parr had probably moved
upstream o wintering areas. Some juvenile coho
in Porcupine Creek, Alaska, emigrate upstream
from the estuary to freshwater areas in fall (Mur-
phy et al. 1984).

The larger size of juvenile salmonids in the
lower than in the upper Siuk River could be
related to lower fish density. For most species,
higher densilies at the upper than at the lower river
sites probably prevented faster growth. In labora-
tory studies with low- and high-density groups of

coho and steelhead [fry. the low-densitv group
demonsiraled greater growth (Fraser 1969). Tn ad-
dition, recruitment of emergent vy 1o upriver siles
through summer probhably resulted in lower mean

s17es,

Potential Impacts of Flooding

Flooding from Russell Lake could severely impact
the Situk River from its confluence with Old Situk
River downstream to the estuary (Figure 1), Aver-
age discharge could inercase from 6 m¥/s Lo about
220 m*/s during flooding. and exceed 1,100 m¥/s
during peak flows {Mavo 1988}, The main stcm
could widen from 25 m {average} up 1o 2,500 m,
and the “new” river will be cooler and turbid from
glacial mfluence and increased sediment loads. The
old-growth forest on the {loodplain will probably
be flooded. causing debris lorrents.

Rearing habitat and feod production will prob-
ably be altered by Mooding. Willow edges and de-
bris pools could be scoured. filled in, or washed
away. Initially. food production will probably be
depressed. [nvertebrate populations in a Wiscon-
sin stream remained low for 1 yvear after severe
(looding (Elwood and Waters 1969), Habilats will
probahly be unstable for several vears as the river
channcl adjusts Lo increased flow and 1o changes
in sediment and debris loads,

Fyentually the Situk River will stabilize as it
forms a new channel. New willow-edge and debris-
pool habitats will form in time. Loss of some main-
stem rearing habitat could be partially offset by ex-
panded rearing habital in secondary [oodplain
channels and sloughs (Clark and Paustian 1989),
The future Situk River could resemble the glacial
Tuaku River near Juneau, Alaska. Peak flow of the
Taku River in summer {700 m*/s; Murphy ef
al. 1989) is aboul the same as the predicted peak
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Now of the future Situk River. Although the main
channel of the Taku River is too swift {1 m/s) lor
juvenile salmon, its channel edges. sloughs, back-
waters, and wetlands provide important rearing
hahitat for juvenile chinook, sockeve, and coho
(Murphy er al. 1989). More rearing habitat could
become available with the creation of Russell Lake.
Flooding could also redistribute fish into necarby
rivers (Figure 1).

The cooler, turbid {loodwaters of Russell Lake
could affect the distribution and growth of some
fish species in the Sitnk River. Studies of the gla-
cial Taku River show that sockeye rear success-
fully in wrbid waters (<350 NTU). whereas coho
and steelhead avoid the turbid river and rear in
clearwater tributaries or off-channel beaver ponds
{Thedinga et al. 1988, Murphy et al. 1989). Coho,
however, rear successlully in the less turbid (< 100
NTU) Kenai River, Alaska (Bendock and Bingham
1988}. Fish growth will probably be slower afier
flooding because of lower temperatures, reduced
forage, and increased turbidity. Tn the Jower Taku
River, coho vy average 50 mm FL in September
(Murphy et al. 1989) comparcd 1o nearly 65 mm
FL in the lower Situk River.

The ocean-tvpe life-historv stratcgy of sockeye
in the Siluk River could disappear after flooding.
Because of caoler water and slower growth, ocean-
type sockeye that now rear in the flood zone (main
stem and Old Situk River) for 3-4 months could
remain in fresh waler for a year or more helore
smolting. Longer freshwater residence could result
in increased mortality. Conversely. ocean-type
sockeve could survive and even flourish after the
river stabilizes. In the glacial Taku River, ocean-
type sockeve rear success{ully in side sloughs and

beaver ponds (Thedinga et al. 1938).

Flooding of the Situk River will be a natural
catastrophe that will affect habitat and the distri-
hution and growth of some fish species for many
vears. However, with information from this study,
fisheries managers can identify strategies 1o restore
juvenile fish and habitat that may be lost from the
flooding. Thedinga et al. (1993) predicts that 2.8
million juvenile coho, 586,000 Dolly Varden,
85.000 sockeye, and 62,000 sieelhead could be
lost due to flooding. Some potential restoration
stralegies in the Yakulat area may include off-
channel development of groundwater spawning
channels, rearing ponds, and egg-incubation fa-
cilities.
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