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ABSTRACT

Juveni |l e sal mon (Oncor hvnchus spp.) abundance, species
conposition, and habitat use were studied in the [ower
(United States), mddle (Canada), and upper (Canada) sections
of the Taku River. In August 1987, 12 reaches in each of 2
habitat types (channel edges and sInghs) were sanpled. in
each river section (total N = 72). an sal nonid density
(all species conbined) differed | ess than | 0% bet ween any
two river sections and was not significantly different
between river sections in either habitat type. Chinook
(O tshawpﬁscha) and sockeye salmon (0. nerka) were the nost
abundant fish species in all river sections and nade up 87%
of the catch. arly allc£?98° chi nook and sockeye sal non
were young-of -t he-year. I nook sal mon density was simlar
in all river sections, but sockeye, salnon density decreased
fromthe |ower to the upper study section Water velocity
increased while turbidity decreaséd between the | ower and
upper study sections.
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INTRODUCTION

The Taku River flows through both British Col unbia,
Canada, and Alaska,. United States, and provides spawni ng and
freshwater rearing habitat for Pacific salnon (Oncorhynchus
spE.) that sustain valuable fisheries. Managenent goals for
Taku River fisheries pursued by both countries include
opt i mum nat ur al Productlon and an equitable fishery yield for
each country (Natural Resources Consultants 1986). _
Managenent of commercial fishing for Taku River 'salnon is
conplex because many sal non stocks occur in the river and the
opul ati on dynam cs of nost stocks are unknown. Sone Taku
ver sal mon stocks are depleted fromhistorical |evels (Van
Alen and O sen 1986); optimm escapenent levels for other
sal mon stocks are generally unknown. Information on juvenile
sal nmon distribution and habitat use is needed to inprove
escapenment goals for Taku R ver- salnon stocks and also to
provide insights. into their restoration and enhancenent.

~Lower reaches of the Taku River (U S.) provide summer

rearing areas for many juvenile sockeKe (0. nerksﬂ, chi nook
(0. tshawytscha), and coho (0. Kkisutch) salmn (Mirphy et al
1989).  Juvenile sal mon al sq occupy upriver (Canada? areas
&Klssner_1984; Pat MIligan), where their abundance and
istribution is relatively unknown. This study was initiated
to determne whether methods of habitat classification and.
fish sampling used in the |lower Taku River (Mirphy et al.
1989) are appropriate for studying upriver areas. The study
conpares sunmer density, species conposition, and habitat uSe
of Huvenlle salmon in simlar habitats in three norphol ogi-
cally different sections- of the Taku River.

STUDY AREA

The Taku River drains about 16,000 knf of the Cassiar
and Coast Muntain Ranges of northern British Col unbia and
Sout heast Al aska. The study area was the main stemof the
Taku River, fromits origin at the confluence of the Nakina
and Inklin Rivers in British Columbia, to its mouth in Taku
Inlet near Juneau, Alaska (Fig. 1). Over 90% of the water-
shed and nearly 70% of the 60-km long main, stemis in Canada.

The Taku River is typical of many |arge, salnon- _
producing rivers in Alaska and western Canada. It is glacier-
fed and, consequently, is turbid, has rapid fluctuations in
flow, and transports a large sediment load. Fromlate spring

'Pat MI1igan, FisherY Bi ol ogi st, Canada Dep. Fisheries and Cceans,
122 Industrial Rd., Witehorse, Yukon YLA 2T9. ~ Pers. conmun., May 1989



| Figure»]";Q?Sections of the Taku River, British Colunbia and
Al aska, sanpled in three river regions and two,

habitat types for %uveniLe sal mon abundance and
habi tat characteristics, August- 1987.



3

through summer, turbidity in the |ower Taku River averages
about 200 nephelonetric units (NTU) and di scharge usual l'y
exceeds 500 m/s. Sunmer flooding in the |ower river, caused
by the breaking of ice dans that 1npound parts of the

Tul sequah River (Fig. 1), can increase turbidity to over 300
NTU and discharge to over 2,000 m/s (Cark et al. 1986).
Turbidity and discharge decrease fromfall through early
sgrlng. The wide floodplain (3 kmin sone areas), braided
channels, and extensive tidal flats at the. river mouth result
fromthe large sediment |oad transported by the river.

METHODS

In August 1987, juvenile salnon abundance, species.
conposition, and habitat were conpared in three distinctly
difrerent sections (Fig. 1) of the Taku River's main stem
|ower, mddle, and upper river. Lower river (km O 16)
gradient averaged less than O1% the nain channel generally
was greater than 100 mwde,. braids were few conpared to
other river sections,. and islands were predom nately stable
with dense vegetation.. Mddle river (kn117-31? gradi ent
usually was 0.1 to 0.2% the main channel usually was |ess
than 100 m wi de, braids were numerous, and islands were
predom nately stable with dense. vegetation.. Upger river
(km 37-55) gradient was usually greaper than 0.2% the main
channel was usual |y less, than 100 mw de,. channels were
profusely braided, and nost islands were unstable with sparse
vegetation.  (Section km 32-36 was not sanpled.)

Juvenile fish density and habitat characteristics were
measured in 36 reaches of the main channel in each of two
habitat types: channel edges--the margins. of main channels
where velocity is less than 30 cnm's; and sloughs (secondary
channel s adjacent to the main channel) where water velocity
I s nmoderated by sedinents bl ocking the head of the channel.
V¢ sel ected these habitat types for sanpling for two reasons:
1) fish densities are generally less variable in channel
edges and sloughs than in other. habitat types- in the main
stemof the [ower river (Heifetz et al. 1987); and 2) both of
these habitat types were present, easily recognizable, and
accessible in all river sections,

Fish were captured with seines (6-mnmstretch mesh).
Channel edges were sanpled with a 3.7-mw de pole seine,
pul | ed against the current, parallel to shore- for 20 m
upstrean1(74-nf area). Sloughs were sanpled with either a
23- or a 9.4-mlong beach seine set perpendicular to shore
and retrieved upstreamin a 90° arc (areas of 415 and 70 nf,
respectively).
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Captured fish were anesthetized with MS222, identified
to. species, and neasured for fork length (FL). Several
scal es between the dorsal fin and lateral line also were
renoved from each sal non and placed between acetate sheets
for ageing. Ages were, determned for fish throughout the size
range captured in each reach by counting winter growth checks
on magnitied (20-60 X) projections of the scales. Fish
wi thout winter growth checks on their scales were designated
age 0, and fish with a winter check on the scales were
designated age 1.

~ The nunber, of each species of fish in- each reach was-
estimated by the renmoval method (Zippin 1958):

. C
N = , (1)
1-(1-q)"

where N = estimted-number of fish, C = total catch, _

n = nunber of hauls and g = probability of capture estinated
by successive approximation (Mran 1951). A mnimm of three
seine haul s were made. in each reach, and. fish from each hau
were. held in separate containers. |f the catch on the third
haul was not significantly reduced fromthat of the second
haul , additional hauls were made until catch was' reduced from
the previous. haul. Immigration and emi gration during
sampling were assumed to be negligible. = The density of each
fish. species was. determned for each reach by dividing the
estimated nunmber of fish. by the area sanpled.

Habitat characteristics were neasured- or estimated in
each reach. \Water depth Scn), average water- colum velocity
(cm's), and tenperature (°C) were neasured along three.
transects that were aligned perpendicular to the current at
the beginning,- mddle, and end of the seining area. At three
points (one-quarter, one-half, and three-quarters of seine
w dth) along each. transect, water depth. and velocity were
measured with a stadia rod and an electronic flowreter.
Tenperature in both the water columm and approximately 15 cm
into the substrate at the mddle of each transect was
measured wWith an electronic thernoneter with a |-mtherm stor
probe. \Vater turbidity was measured in each reach with a
nephel ometer.  Measurenents of water velocity and turbidity
~also were taken, in at least 20 random y- selected |ocations
in main channels- (1.5 mfromthe water’s edge) in each study
section. Locations- weresSelected by motoring downstream for
‘a random nunmber of seconds (between 1 and 200) and alternat-
ing between banks of the river. Substrate conposition was
visual ly estimated and expressed by percentage of three
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particle-size classes: fine (<2 nmin diameter); grave
(2. m10 cm; and coarse, (>10 cm.

Densi ties of chinook, sockeye, and total salnonids in
each habitat type were conpared between study sections with a
Kruskal | -Wal I'i s one-way anal ysis of variance by ranks.
Central tendencies of tTish densities within sections are
reported as medians (values in the frequency distribution
arrays with equal nunbers of values on either side of them
rat her than means because nmany reaches had fish densities
aEproachlng zero and. frequency distributions were negatively
skewed. Differences in habitat characteristics between study
sections were determned for each habitat type_bK multiple
classification analysis of variance (ANOVA), w th habitat
type and river section as factors. Scheffe's test was used
to determne differences between individual. study sections
when. significant F values were indicated by ANOVA.  The
Chi -square method was used to test associations between fish
species, habitat type, and study section

RESULTS

Speci es: Conposition and Abundance

Sal moni d species. caught were chinook, sockeye, coho,

chum (O keta), and pink salnmon (0. gorbuscha), whitefish
(Prosg ium sp.), Dolly Varden (Sglvellnus nal%a), and

st eel head trqut(}o.. 1ss).. Mean salnonid density (al
speci es conbined) differed | ess than 10% bet ween an{ t wo

river sections and was not significantly different (P > 0.3;
Kruskal I -Vl lis, test) between river sections in either

habitat type. However; salnonid density varied among reaches
wthin a river section (Fig. 2), and fish were not randonly
distributed (P < 0.01; Chi-square test? among reaches in any
river section. Salnmonids were absent fromonly 1 of the

72 reaches sanpled, but flsh_den3|tyngmtlu n sections ranged
widely fromO| to 117-212 fish/ 100 nf.

Chi nook and sockeye sal mon nmade up 87% of the catch, and
no ot her species made up nore than 6% of the catch. The
nmedi an density of chinook salnon was greater,-than that of
sockeye in all sanpling areas except the mddle section of
the. side sloughs (Fig. 2). Chinook sal non were caught in. 83%
of the reaches, but nost (64% were associated wth channel
edges (P < 0.03; Chi-square test). Socke¥e. sal mon were
caught in 60% of the reaches but nost (70% wereassoci ated
with sloughs (P < 0.05).
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_ Sockeye sal non density in sloughs was significantly
different (P < 0.003; Kruskall-Wallis test) between river
sections, wth nmedians ranging from5 and 12 fish/100 in
the, lower and middle sections, respectively, to 0 fish/100 nf
in the upper section. Median chinook sal non density in
channel edges ranged from 27 fish/ 100 in the |ower section
to 7 and 8 fish/100 in the mddle and upper sections.

_ There was no significant difference (P > 0.64; F test)
in length or age composition of chinook or sockeye sal non
between river sections or habitat types. Chinook sal non
averaged 56 mm FL and sockeye sal nmon averaged 49 nm FL.
Nearly all (98% chinook and sockeye sal non were age 0; the
remai nder were age 1.

Fi sh Habi t at

Al'l . habitat characteristics, exceBt percent of gravel in
the substrate differed significantly (P < 0.05; t test)
between habitat types. Wthin a habitat type, sone
characteristics were significantly different between river
sections (Table 1), but nost showed significant. interactions
bet ween habitat type and river section. Abundance of coarse
sedinent, water depth, and intragravel tenperature were al
significantly greater (P < 0.05; Scheffe's test) in the upper
section than'in the mddle or lower, sections.. Fine sedinent
was significantly (P < 0.05) nore abundant in the |ower
section than in the mddle or upger sections. Average water
velocity was significantly (P c 0.05) greater in the upper
section than in the lower. section, and turbidity increased
significantly (P < 0.05) in each progressive downstream

section.

Random sanpl es of water, velocity from main channels of
each river section showed that velocity was significantly
different (P < 0.005; F test) between sections. Mean vel o-
cities were 45.5 cm's in the upper section, 30.9 cms in the
mddle section, and 21.1 cm's in the |ower section (Table 2).
Water, velocities at randomly selected |ocations in the mddle
and | ower sections of the river were significantly slower
(P < 0.005 and P < 0.01, respectively; Scheffe's test) than
water velocities in the upper section. Many |ocations had
water velocities above the threshold |evel usually inhabited
by rearing salmn (30 cm's; Reiser and Bjornn 1979). (n|
20% of the randomy selected |ocations in the upper sectlgn
had velocities less than 30 cm's, but availability of
habi tabl e water velocity increased downstream fer
velocity at randomy selected locations in the madle, and
| ower sections was |ess than 30 cm's in 32 and 56% of the

cases, respectively.



Tabl e | ; -Meanval ues (and 95% Cl) for physical characteristics of two habitat

types (channel edge, slough) in three sections (lower, mddle, and
upper regions) of the Taku River, A aska and British Col unbia,.

August 1987. Wthin-habitat values that were significantly di fferent
at P < 0.05 between river sections are underlined.

(°C)

Physical Channel edge S| ough
Characteristic Lower M ddl e Upper Lower M ddle Upper
Turbidity 218 144 104 110 99 44
(NTU) (211-226) (127-161) (101-108) (68-152) (69-129)  (24-88)
Water 16.6 23.7  41.7 0.9 2.2 6.4
velocity (10-23) (19-29) (31-52) (0-2) (1-4) (1-12)
(cm/s)

Gravel 70.8 80.8 96.7 3.3 6.3 16.7
(%) (45-96) (60-100) (92-100) (0~10) (2-10) (0-34)
Fine 29.2 10.8 3.3 96.7 93.7 83.3
sediment (0-55)  (0-17) (0-8) (90~100) (90-98)  (66-100)
(%) , , .

Water 34.3 23.3 32.3 37.9 38.8 62.8
depth (27-41) (21-26) (27-38) ~ (29-47)  (25-52)  (47-78)
(cm)

‘Water 10.3 8.9 10.0 11.2 10.7 11.2
temp. (10-11) (8-10)  (9-11) (10-12) (8-13) (10-13)
(°C) '

Substrate 8.8 7.8 10.2 8.3 7.1 8.5
temp. (8-10) (6-9) (9-11) (7-9) (6-8) (7-10)




Table 2. --Water velocity at randomy selected locations in three
mai n stem sections of the Taku River with the percentages
of those locations within preferred and threshold ranges
of juvenile salnonids, British Colunmbia and Al aska,

August 1987.

Per cent of Locations

Preferred Range":

_ . Mean Vel ocity Chi nook Sockeye Thr eshol d”
Ri ver section (cm's) (2-28 cm's) (020 cm's) (<30 cn's)
Upper 45.5 _ 20 10 20
(N=23)
Middle 30.9 32 23 32
(N=20)

Lower 21.1 48 36 56
(N=25)

Overall ﬁean 34 21 37
(N=68)

%Bovee (1978).
"Rei ser and Bjornn (1979).
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DISCUSSION

Sal noni d Abundance and Speci es Conposition

~Sal moni d abundance in the two habitats we sanpl ed
remai ned the same throughout the Taku River main stem
Speci es conposition, however, changed with habitat and river
section. The abundance and species conposition of juvenile
sal mon sanpled in the Taku R ver were Eenerally simlar to
those from main channels of other Al askan glacial rivers
(Lake 1984); chinook and sockeye sal non were nost abundant
and other species were scarce.  Qher sal nonids known to be
abundant in the drainage (Meehan and Siniff 1962; Mirphy et
al. 1988b) were scarce in our sanples. for at least two
reasons: lP.nDst pink and chum sal non had mgrated to sea
before sanpling began in August (NUrth et al. 1988b?; and
2% sone species avoid the habitat in the main channels of
the Taku River. Coho salnon, for exanple, are abundant in
si de-channel habitats in the |ower section of the Taku River
(Mirphy et al. 1989; Thedinga et al. 1988), but probably
avoid the turbid (>70 hﬂUﬁ) mai n-stem areas of the Taku
Tbggg, as they do in sone [daho streams (Bisson and Bil by

Mean densities of chinook and sockeye salnmon in the
| ower section of the Taku River (about 13 and 17 fish/100 nf,
respectively) were simlar to ﬁreV|ous estimtes of rearing
density for these species in the sane area (about 16 and
19 fish/100 nf, respectively; Mirphy et al. 1988a). A sim-
| ar density of chinook (about 12 fish/100 nf), but a | ower
density of sockeye sal mon (about 1 fish/100 nf), have been
reported in the lower Stikine River, Al aska (Edgington and
Lynch 1986%: Mean densities of chinook salnon in ther%lddle
and upper Taku River sections (23.2 and 32.3 fish/100 nf,
respectively) were greater than in other glacial rivers, but
| ess _than in |tsnflearmater tributary, the Nahlin River (50
to 370 fish/100 nf; Kissner 1976), or streams in |daho
(HIlman et al. 1987). Taku River sockeye sal mon densities
in all sampling categories were | ow when conpared to the
range of densities. reported for ceptral British Col unbia
| akes (between 2 and 113 fish/100 nf; Johnson 1956).

Fi sh Habi t at

Channel edges and sl oughs make up about 4% of the total
area and about 15% of the habitable area in the |ower main
stem of the Taku River (Mrphy et al. 1988a). These
percent ages probably decrease in the mddle and upper
sections of the river. For exanple, the anount of channe
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edge habitat per unit of streamlength declines in successive
uEstrean1sect|ons because the habitable nargin along the
channel s becones narrower as average water velocity

increases. W also encountered fewer sloughs as we noved
upstream and concl uded that sloughs are probably |ess comon
in successive upstream sections.

Mean val ues for fish habitat characteristics in reaches
we sampled were usually within ranges suitable for sal nonid
rearing. Mst streamdwelling salnonids prefer areas with
water velocities less than 30 cm's (Reiser and Bjornn 1979),
wat er depths less than 1.2 m tenperatures between 6 and
24°C, and substrates ranging fromsilt to cobbles (Bovee
1978). Mre than any other habitat variable. sanpled, water
vel ocity affects habitat use bK bot h chinook and sockeye
salmon 1n glacial rivers (Mirphy et al. 1989; Lake 1984).

Chi nook and sockeye juveniles do not use habitat in the |ower
Taku River where water velocity exceeds 30 cm's (Mirphy

et al. 1989), and are nost abundant where water- velocity is
less:  between 2 and 28 cnmi's. for chinook (Mirphy et al.
1?8%a) ?&%)betmeen 0 and 20 cm's for sockeye salnon (Heifetz
et al. .

Water velocity in the reaches we sanpled was generally
| ess than 30 cm's; however, fewer than 30% of randonly

sanmpled, sites in the upper and mddle sections. and just over
50% of the sites in the |ower section had habitable water.
velocities (<30 cm's;. Table 2). Even fewer sites had water
velocities within the ranges preferred by either chinook or
sockeye salmon.  |If our random neasurenments of water velocity
accurately represent the amount of salnon rearing habitat
available in sumrer. in the Taku River main stem optinal
rearing habitat is [east available in the upper river and
nost available in the [ower river

Fish D stribution

_ This study indicates that, in sumer, large nunbers of
uveni |l e chinook salmon reside in main channels of the Taku
ver and their density is related to habitat type. \Wen

data: from both habitat” types (channel edges and sl oughs)
were. conbined, the highest nean densities of chinook sal mon
(28 fish/100 nf) were in the- upper study section, where
overal | mean water velocity and depth (16.4 cm's and 46.2 cm
respectively) agproached optinum | evels for Huvenlle chi nook
sal non (about 18 cms and >43 cm respectively; Bovee 1978).
As in other studies of glacial rivers (Lake 1984; Mirphy et.
al .. 1988a), chinook juveniles in the Taku River used ceéertain
habitats nore than others; chinook density was higher in
channel edges than in sloughs.
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~ Qur observations al so suggest that adequate w nter
habitat for {uvenlle chinook salnon is available in nmain
channels of the Taku River. In wnter, juvenile chinook
salmon in some Alaskan rivers can be found in |owvelocity
deep water, and often use Iar%e woody debris for protective
cover (Siedelnman and Kissner 1988). "In all of the _
study sections, we observed nunerous debris jams in main,
channel s that may provide w nter habitat. cales from
returning adults show that nearly all chinook juveniles in
the Taku River spend one winter in fresh water before going
to sea (Kissner and Hubartt 1986). Thus, the main channels
of the Taku River are probably inportant rearing areas for
these fish during their freshwater life history.

Thi s stud¥ al so indicates that many juvenile sockeye
salmon in the Taku River mgrate fromnatal areas in the
upPer mai n stem and nove downstreamto the |ower river by
| ate sumrer. Qther studies show a simlar April through
Cct ober domnstrean1n1%rat|on by juvenile sockeye, coho, and
chi nook salnon into the | ower sections of the river gwbehan
and Siniff 1962; Murphy et al. 1988b). The origin of _
downstream m grants that we caught in the |ower Taku River is
general [y unknown, but we assune that nost juvenile sal mon
cane from upstream spawning areas. There are two reasons for
this assunption: 1) relatively little spawning by chinook
(Kissner 1976) or sockeye salnon (Eiler, et al. 1988) occurs
in the Taku River bel ow our upper study section; and
2) declining river flows in |ate summer probably force the
redom nant si de-channel species (sockeye. and coho sal non;
rth et al. 1989) into nain channels and thus, into
downstream mgration. This mgration probab!r accounts for
the decrease In the density of sockeye juveniles between the
| ower and upper study sections.

_ Murphy et al.. (1989) found that juvenile sockeye sal mon
in side channels in the lower Taku River use different

habitat than fish in main channels, and specul ate that nost
sockeye salnmon in main channel s were mgrating downstream

Qur study results, conbined with those of previous downstream
m gration studies (Meehan and Siniff 1962; Mirphy et al.
1988b) and what is known about life history patterns of Taku
Ri ver sockeye sal non, support Mirphy's, speculation

_ Nearly 50% of the socke¥e sal non that spawn in the Taku
River main stemgo to sea before their first winter, and
nearly all sockeye salnon in the Taku River that spawn near

| akes overwinter "as juveniles (Eiler et al. 1988). If, as
this study su?gests, most downstream m grant sockeye sal non
are ﬁrogeny of mal n-stem spawners, they could follow either
of the two life history patterns common for the offsprln% of
adults, that return to spawn in the main stem (MPherson 1987
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Lorenz and Eiler 1989%: 1). overwintering in the river and
n]g{atlng to sea in the spring; or 2) nmigrating to sea before
W nt er

CONCLUBIONS

~In late sumrer, the density of rearing salnmon in the

habitats that we sanpled was simlar in all sections of the
Taku River main stem but species conposition and habit at
characteristics differed between sections. Min channels of
the Taku River were accessible to all salnon species that
occur in the river; however, habitat characteristics probab
regul ate species conposition and total numbers of salnon tha
rear in the main stem Juvenile chinook and sockeye sal non
were the nost abundant fish in nmain channels and had
densities conparable to those in simlar, habitat in other
%IaC|aI rivers, but lower than those, in nonglacial systens.
hi's study indicates that main channel's provide good summer
rearing habitat for chinook sal non, but are |less suitable for
sockeye salmon, and are virtually unused by coho salnon. In
summer, nost chinook salnon in the Taku River nain stemare
probabl y resident, whereas many sockeye and nost coho sal non
are transient. Thus, main channel rearing areas are

i nportant for chinook, but only represent a small fraction of
the sunmer rearing habitat of sockeye and coho sal non..
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