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nerka), coho (O. kisutch), and chinook (0. tshawytscha) salmon were captured in
fyke nets in the lower river, marked by fin clip, and released 5 km upriver. In
spring, trap efficiency (percent fish recaptured) for coho, sockeye, and chinook
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for coho and sockeye fingerlings (age 0, mean fork length 54 mm) was 8 and 5%,
respectively. Less than 1% of marked chinook fingerlings were recaptured in summer,
indicating negligible summer migration. Estimated smolt populations were about one-
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ABSTRACT

To assess the nagnitude of downstream m grations of
juvenile Pacific sal non (Oncorhynchus spp.) in the Taku
River, Alaska, W used mark-recapture nmethods to estimte
m grant popul ations from April to Septenber 1989. Sockeye
(O nerka), coho (O kisutch), and chinook (O tshawytscha)
sal non were captured in fyke nets in the |ower river, marked
b¥ finclip, and released 5 kmupriver. In spring, trap
efficiency (percent fish reca5ptured) for coho, sockeye, and
chinook snmolts (age 2 1) was 5, 1, and 1% respectively; in
summer, trap efficiency-for coho and sockeye fingerlings
(age 0, nean fork Iength 54 mm) was 8 and 5% respectively.
LeSs than 1% of marked chinook fingerlings were recaptured in
sumer, indicating negligible sunmer mgration? Numerous
small fry (<40 mm) also were captured in spring, but
popul ation estimates were unreliable. An estimted 340, 000
sockeye, 277,000 chinook, and 165,000 coho snmoblts migrated to
sea in spring, and 455,000 sockeye and 124,000 coho
fingerlings mgrated to the lower river in sumer. Estimated
snolt popul ati ons were about one-third of expected nunbers
based on adult returns, whereas age-0 mgrants were
conmparatively abundant, indicating that age-0 sal non that
mgrate to and rear in the lower river may account for a
large part of the river's snmolt production the follow ng year.
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| NTRCDUCTI ON

The Taku R ver, which flows. fromBritish Col unbi a
t hrough Sout heast Al aska (Fig. 1), is inportant habitat to
both U S. and Canadi an stocks of Pacific sal non (
S '6 | Annual harvests of Taku River stocks include about
7%{ 00 sockeye (0. nerka), and large nunbers of coho
(0. kisutch), chinook (O tshawytscha), chum (O keta), and
pi nk (O gorbuscha) salnon (Transboundary Technical Commttee
1988). Popul ati on dynam cs of the stocks and carrying
capacity of the river, however, are too poorly understood to
manage for optinum production (Transboundary Techni cal
Comm ttee 1988).

The | ower Taku River (downstream of Canyon |sland;
Fig. 1) provides rearing habitat for juvenile sal nron spawned
upriver (Mirphy et al. 1989), and consequently, may be an
I nportant conponent in the stocks' popul ation dynam cs and
the river's carrying capacity. Juvenile salnmon mgrate
downstreamin the Taku River fromApril to Novenber (Meehan
and Siniff 1962; Murphy et al. 1988), and many age-0 mgrants
remain and rear in the lower river and associ ated of f-channel
habi t at . Because the nunbers of mgrants are unknown, the
i nportance of the lower river is difficult to evaluate in the
context of the river's total salmon production. To better
evaluate the role of lower-river habitat, we used
mar k-recapture nethods to estinmate the nunber of snolts
produced upstream of Canyon |sland and the nunber of age-0
sal non that mgrate downstream from Canyon |sland, possibly
to rear in the lower river

STUDY AREA

The Taku River originates in British Colunbia and
enpties into Taku Inlet near Juneay, Al aska (Fig. 1). The
river's drainage area is 16,000 knf, of which 95%is iIn
Canada. The nain-stem Taku R ver is about 5 mdeep and 500 m
w de and is_extensively braided in nost areas. Di scharge is
| ow (<100 n?/s) in winter when the river freezes over. It
increases rapidly in [ate April as ice breaks up, peaks
(>1,000 ni/s) in June during snownel t, and declines through
sumrer (Fig. 2). The lower river usually floods tw ce each
sunmer when glacially formed | akes on the Tul sequah River
(Fig. 1) suddenly drain. FromApril to Novenber, the river
is swft and turbid with glacial silt and often heavily | aden
w th woody debris.

Five species of salnmon occur in the drainage. Sockeye
salnmon is commercially the nost inportant, with recent adult
returns averaging 173,000 fish (Transboundary Technical
Committee 1988). Coho sal nonescapenent to the upper river
above Canyon Island has been conservatively estinmated at
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37,000 fish. Chinook salnon returns recently (1985-89)
averaged about 12,000 adults excluding jacks ( £2 years in
ocean; Mecum 1990). Pink salnon returns vary w dely and have
reached 1 mllion in odd-nunbered years (Clark et al. 1986).
Information on returns of chum salnon is unavail abl e.

METHODS

To capture downstream nmigrants, three fyke nets were set
al ong the east bank of a narrow (200 m w de) reach of the
| ower river, 6 kmdownstream fromthe U S.-Canada border
(Fi % 1). Two nets were 12 mIong and had openings 3 mw de
by 1.5 mdeep; the third net was 8 mlong and had an opening
2 mwide by 1.4 mdeep. Each net was nade of 13-nm square
mesh and funnelled into a cod end of 6-nmnesh that led to a
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floating live box. The nets were set together, 1 to 8 mfrom
shore perpendicular to river flow Current speed at the

nets' entrance averaged 75 cm's in the outer net in the main
river current, 45 cnfs in the mddle net, and 32 cnis in the
net nearest shore. The nets were periodically renmoved from
the river and cleaned to prevent clogging. Fish probably
could not avoid the nets because of the turbid water and fast
current, though small fish could pass through the 13-nm nesh
The nets were fished during four sanpling periods: 29 April-
26 June, 10-23 July, 5-14 August, and 22 August-13 Septenber
1989.  Sanpling was continuous during each period, except for
4 days of the first sanpling period (29 May-| June) when nets
were renoved because of fl ooding.

Each day, captured fish were renoved fromthe live
boxes, tranquilized with Ms-222, and enunerat ed. uB to
100 fish of each species were randomy selected to be wei ghed
and neasured for fork length (FL) each week. Condition
factor was cal cul ated by dividing weight in grams by the cube
of FL in mllinmeters (Tesch 1968). Scal e sanples were taken
froma size range of each species to determ ne age: age O
were young-of-the-year; and age 1 and 2 had been in fresh
water 1 and 2 winters, respectively.

Most fish caught each day were marked by clipping a tip

froma fin (upper caudal, |ower caudal, left pelvic, or right
pelvic) and were released in quiet water 5-6 km upstream
(Fig. 1). Coho sal non were also coded-wire tagged and

adi pose-fin clipped. Fish showi ng stress or descaling were
not marked and were rel eased downstream To assess possible
nortality from handling, tw ce each sanpling period we narked
25 fish of each species and age group in the usual way and
held themin aquaria for 24 hours; nortality was <1% Each
sanpling period was divided into two or nore marking periods
when distinctively marked fish were released. Marking was
stopped usually 1 week before the end of each sanpling period
to allow tine to recover marked fish. The sane mark was used
on all fish for each marking period, and the mark was changed
about every week so that a given mark was not repeated for

4 weeks. Each time the mark was changed, the rel ease

| ocation was switched to the opposite side of the river to
}esﬁ t he assunption of random m xi ng of marked and unnmarked

i sh.

Nunmbers of mgrants were estimted by dividing the
nunber of fish caught by estimted trap efficiency:

N = C/E, (1)
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where N is the estimated nunber of fish mgrating past the
nets, Cis the total number of unnmarked fish in the catch,
and E is estimated trap efficiency. Trap efficiency was

calculated from the equation
E = rR/M, (2)

where Mis the number of marked fish rel eased upstream and R
is the nunber of marked fish recaptured. For each sanpling
period, trap efficiency was tested to determne if it
differed between marking periods. [If significant fP < 0.05;
Chi-square test), mgrants were estimated separately for the
different marking periods; if not significant, data were

pool ed. Confidence intervals for N were determ ned by the
bootstrap nethod (Efron and Ti bshirani 1986) by resangling R
fromthe binomial distribution (M E) and C from the binom a
distribution (N, E). Confidence intervals for individual
popul ation estimates were obtained by the percentile nethod
(Efron and Tibshirani 1986) based on 200 bootstrap
replications. Variance of summed popul ati on estinmtes was
cal cul ated as the sum of the bootstrap variances of the

i ndi vidual estimtes.

To account for mgrants during unsanpled periods, we
extrapol at ed between narkin? periods by nultiplying the nean
daily popul ation estimates for adjoining marking periods by
the nunmber of days not sanpled:

I:Iu = ((ﬁ1/d1 + I:Iz/dz)/z) d,, (3)

where N, is the estimted nunber of mgrants during the
unsanpl ed period; N, N, d;, and d, are the popul ation
estimates and nunber of days in the previous and foll ow ng
mar ki ng periods, respectively, and d, is the nunmber of days
not sanpled. W assumed all mgration began on 15 Apri
(i.e., N=0on 14 April), when river discharge first began
to increase (Fig. 2), to calculate nunber of migrants before
sanpl i ng began.

Coho sal non with m ssing adi pose fins but with no other
fin clips were also captured in the fyke nets. These fish
had been coded-w re tagged previously in the Canadi an part of
t he wat ershed by the Canadi an Departnent of Fisheries and
Cceans (CDFO. Al such fish were checked for presence of
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coded-wire tags with a Northwest Marine Technol ogy, Inc.®
quality control device. One-third of the coho salnon with
tags were frozen and |later decoded in the |aboratory.

RESULTS
Mgration Characteristics

Nunerous juvenile salnmon m grated downstream throughout
the spring and summer. Age-l and -2 sockeye, coho, and
chi nook snolts nmoved downstreamfromlate April to |ate June,
and numerous age-0 fry and fingerlings noved downstream from
late April to md-Septenber (Fig. 3). Catch of coho and
chinook snolts was high the first sanpling day in |ate Apri
but declined the first week of Muy; apparentlg, nuner ous coho
and chi nook snolts noved as river flow first began to
increase (Fig. 2). The main mgration of snolts of all three
speci es, however, began in md-May and lasted to m d-June.

Snmolts of all three species were nostly age 1. In My
and June, of the total nunber of sockeye snolts captured, 96%
were age 1 and 4% were age 2; nmean FL was 67 and 93 nm for
age 1 and 2, respectively (Fig. 4). Coho snolts were
predomnantly (80% age 1 with a |esser fraction (20% age 2
(Fig. 5. Mean FL of age-l coho increased from67 mmin My
to 89 mmin June; nmean FL of age-2 snolts was 100 mm
Chi nook snolts were predom nantly &97% age 1 wth a |esser
fraction (3% age 2, and nost age-2 snolts migrated in My
(Fig. 6). Mean FL of age-l chinook snolts increased from
72 nmin May to 84 mmin June; mean FL of age-2 chinook
smolts was 101 mm

Between 29 April and 17 June, 38 coho snolts that had
been coded-wire tagged the previous year by the CDFO (m ssing
adi pose fins but not show ng any other fin clips) were
captured in the fyke nets in the lower river. These 38 coho
snolts represented 0.6% (95% confidence interval, 0.4-0.8%
of the total catch of 6,208 coho snolts. O the 38 coho
smolts, 33 (87% had retained tags, and 13 were decoded
(Table 1): six (46% had been tagged in the Taku R ver main
stem one (8% in Flannigan Slough near the U. S. -Canada
border, one (8% in the Nahlin River (a major tributary of
the Taku River) 150 kmfromthe U S. -Canada border, and five
(3899 in Tatsanenie Lake 170 kmupstreamfromthe U. S. - Canada
border. Timng of mgration was simlar for tagged coho
snolts fromall |ocations.

'Reference to trade nane does not indicate endorsenent by the National
Marine Fisheries Service, NOAA
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Table 1. --Data for coho snolts that had been tagged in the
Canadi an part of the Taku R ver drainage and
recovered in fyke nets in the |ower Taku River in

1989.
Tagging site ' Recovery Fork
and date Tag code date length (mm)
Taku River 024843 11 May 103
main stem near 025625 6 June 82
U.S.-Canada 025627 2 June 76
border 025627 6 June 78
(Sept-Oct 1988) 025627 3 June 119
025627 15 June 104
Flannigan Slough 025623 9 May 81
(Aug 1988)
Nahlin River 042824 2 June 127
(Aug-Sept 1988).
Tatsamenie Lake 042920 9 May 75
(July-Aug 1988) 042920 6 June 110
042921 2 June 109
042921 4 June 107
042921 7 June 105

Age- O sockeye juveniles consisted of two size groups
t hat noved downstreamat different tines: fry (mean FL of
35 mm in May and fingerlings (mean FL of 54 mm) from
m d-June to Septenber (Figs. 3 and 4). Catch and mean FL
i ncreased suddenly in md-June as distinctively different
sockeye juveniles with small eyes and robust bodies began to
m grate. Catch renmai ned hi gh throughout the sumrer and
declined in early September. Mean FL of age-0 sockeye
juveniles was constant (54 mm throughout the summer” after
I ncreasing sharply in md-June.
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Condition of age-0 sockeYe fingerlings in June differed
fromage-1 snmolts of conparable size mgrating at the sane
time. In June, Iength-meight regressions differed
significantly (P < 0.001; F test) between a?e-o fingerlings
and age-l smolts (Fig. 7). The regression for age-0 sockeye
fingerlings had a higher elevation than for age-l sockeye
smolts. Differences were greatest for fish 55 to 70 mm FL,
and re?ression lines converged for larger fish. For sockeye
juveni les of conmparable FL (55-70 nm) In June, mean condition
of age-0 sockeye fingerlings was significantly (P < O.OOl;6

t test) greater than %hat of age-l sockeye snolts (9.25 10
conpared with 8.17 107).

10
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Figure 7.--Conparison of |ength-weight regressions of age-0
and age-1 sockeye mgrants in the Taku River,
Al aska, June 1989. Both axes are in logarithmc
scale. For age-0 sockeye: Log;, weight = -4.82 +
2.88 logy, FL; R = 0.92; N=167. For age-1
sgckeye: Log;q Weight = -5.57 + 3.26 |0g;q FL;
R“= 0.93; N = 45,
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Nuner ous age-0 coho fry and fingerlings noved
downstream particularly frommd-July to m d-Septenber
(Fig. 3). Few age-0 coho fry were caught in My, probably
because they were too small (mean FL, 38 mm) to be caught
effectively by our nets. Mean FL increased from38 mmin My
to 55 mmin Septenber (Fig. 5).

Age- O chinook fry and fingerlings noved downstream
primarily in May and frommd-July to early Septenber
(Fig. 3). Many of the chinook fry in May still had yol ksacs,
and evidently had only recently emerged fromredds. ~Mean FL
of age-0 chinook juveniles increased steadily from39 mmin
May to 54 mmin Septenber (Fig. 6).

Downst ream novenent of juvenile sal non was usual ly
rapid, as indicated by recapture of marked fish, follow ng
their release in many cases by only 1 day (Fig. 8). Mrked
age-0 sockeye, coho, ~and chi nook juveniles in Septenber
exhi bited nore delay than earlier recaptured juveniles,
indicating a slowng of mgration toward the-end of sunmer.

Trap efficiency differed widely between species, life
stages, and sanpling periods (F|%. 9). Efficiency was
hi ghest (7-11% for coho and sockeye fingerlings in late
August, internediate (4-109% for coho smolts in spring, and
low (1-3% for sockeye and chinook snolts in spring and for
chinook fingerlings in summer. Trap efficiency was inversely
related to river discharge (Figs. 2 and 9); efficiency was
moderate in early May, dipped in June during high water, and
then trended higher as water receded, except for the
Tul sequah R ver flood in md-August.

Trap efficiency was particularly |ow for age-0 chinook
fingerlings in sumer (Fig 9). Al though 1,500 chinook
fingerlings were marked and rel eased upstreamin sumer, only
11 (0.7% were subsequently recaptured. To determne
possi bl e reasons for the |ow recapture of age-0 chinook
fingerlings, several groups of marked fish were rel eased 200
900, and 5,000 m upstream on the sanme side of the river as
the nets. Significantly (P < 0.05; Chi-square test) nore
chinook fingerlings were recaptured fromthe two cl osest
rel ease sites than fromthe farthest release site (Table 2),
i ndi cating that age-0 chinook fingerlings noved | ess than
5 km downstream in a sanpling period. n addition, baited
m nnow traps (Bl oom 1976) set at the rel ease sites caught
several marked chinook fingerlings, indicating that nany of
the marked age-0 fish remained at the rel ease sites.
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Tabl e 2.--Conparison of recapture rate of marked age-0
chinook fingerlings released at different
di stances upstream from the capture site,
22 August-5 Septenber 1989. Recapture rate
differed significantly (P < 0.05; Chi-square
test) between release sites.

Distance released Number Number (%)
upstream (m) released recaptured
200 401 13 (3.2%)

900 389 6 (1.5%)
5,000 826 2 (0.2%)
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Popul ation Estinates

Sufficient nunbers of fish were caught to estimte
popul ations of age-1 and -2 snolts of all species in spring
and age-0 sockeye and coho fingerlings in sumer. Fr
popul ations in spring were not estimted because our hets
were ineffective on small fry. Chinook fingerlings were not
estimated in sumer because narked fish apparently did not
move back downstream

Popul ation estimates for sockeye, coho, and chi nook
snmolts covered nost of the snolt mgration. Approximtely
274,000 sockeye, 136,000 coho, and 214,000 chi nook snolts
were estimated to mgrate downstream between 29 April and
26 June (Table 3; Fig. 10). Accuracy of total population
estimates was greater for coho snolts than for sockeye or
chinook smolts. The 95% confidence interval was +14% of the
estimate for coho snolts, whereas it was £72% for sockeye
smelts and +56% for chinook smolts (Table 3). The nost
important mssing data were for 14 days (15-28 April) at the
start of the mgration, and 4 days (29 May to 1 June) during
the main mgration when the nets were renoved because of
f 1 oodi ng. Popul ation estimates extrapol ated for these
periods were 66,000 sockeye, 29,000 coho, and 63, 000 chi nook
smolts; estimated total nunbers for the entire migration
period were 340,000 sockeye, 165,000 coho, and 277,000
chinook smolts (Table 4).

During the four sanpling periods between 16 June and
13 Septenber, age-0 mgrants were estimated to total 266, 000
sockeye and 76,000 coho fingerlings (Table 3; Fig. 10).
Accuracy of the estimated totals was *23% for age-0 sockeye
fingerlings and +14% for age-0 coho fingerlings. A total of
32 days were not sanpled between 16 June and 13 Septenber.
Ext rapol at ed popul ations for these periods with mssing data
were 189,000 sockeye and 48,000 coho fingerlings; estinmated
total popul ati ons were 455,000 sockeye and 124, 000 coho
fingerlings (Table 4). In addition, unknown nunbers of fry
of all species noved downstreamin May and early June.

Conparison of the size of marked fish and recaptured
fish (Fig. 11) showed that the popul ation estimates generally
were not biased by size selectivity of the fyke nets, except
that the snmallest nmarked age-0 coho fingerlings (<40 mm were
recaptured in | ow nunbers (P < 0.001; Kol nogorov-Sm rnov

test). Length frequencies of marked and recaptured coho
smolts and sockeye juveniles (all ages), however, were
simlar (P > 0.10). Because of ineffectiveness in catching

fish less than 40 mm spring fry popul ati ons were not
esti mat ed.
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Table 3. --Nunber of juvenile salnon caught (C, nmarked (M,
and recaptured (R) to estimate nunber (N) of down-
streammgrants in the Taku River by sanpl i ng
period in 1989. Confidence Intervals (C) are in
par ent heses.

Sampling N _(95% CI)
Period C M R (Thousands)

Age-1 and -2 Sockeye Smolt

29 April-19 May 1,095 774 18 47 (31-85)
19 May-26 June?® 1,535 1,330 9 227 (132-506)
Total 274 (76-472)
Age-1 and -2 Coho Smolt
29 April-28 May 4,301 3,169 154 89 (77-101)
2=15 June 1,474 1,206 42 42 (33-58)
16-26 June 433 326 26 5 (4-9)
Total 136 (117-155)
Age~1 and -2 Chinook Smolt
29 April-26 June® 2,391 1,254 14 214 (141-379)
Age-0 Sockeye Fingerlings
16-26 June 1,972 947 20 93 (66-161)
10-23 July 1,635 747 21 58 (40-101)
5-14 Aug 1,27% 1,113 41 35 (27-45)
22 Aug-13 Sept 5,000 3,358 211 80 (70-91)
Total 266 (204-328)

Age-0 Coho Fingerlings

16-26 June 327 212 10 7 (4-17)
10-23 July 744 521 38 10 (7-14)
5-14 Aug 1,066 943 49 21 (15-27)
22 Aug-13 Sept 4,204 1,743 193 38 (33-44)
Total ' 76 (65-87)

*Except for 4 days (29 May-1 June) when sanpling was ineffective because
of fl ooding.
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spring and chi nook fingerlings in sunmmrer
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Tabl e 4. --Extrapol ati on of downstream m grant nunbers during
unsanpl ed periods fromthe nmean nunbers in
adj oi ni ng marki ng periods (as described in the

Met hods)
estimated total
study period.

sum of mark-recapture in Table 3, and
popul ati ons of mgrants for the

Mean N/d Estimated
Number in migrants
of days adjoining in period
Period in period periods (thousands)
Age-1 and -2 Sockeye Smolts
Unsampled periods:
15~28 April 14 806 11
29 May-1 June 4 13,778 55
Mark-recapture estimates 55 274
Total (15 April-26 June) 73 340
Age-1 and -2 Coho Smolts
Unsampled periods:
15-28 April 14 964 14
29 May-1 June 4 3,663 15
Mark-recapture estimates 55 136
Total (15 April-26 June) 73 165
Age-1 and -2 Chinook Smolts
Unsampled periods:
15-28 April 14 864 12
29 May-1 June 4 12,721 51
Mark-recapture estimates 55 214
Total (15 April-26 June) 73 277
Age-0 Sockeye Fingerlings
Unsampled periods:
27 June-9 July 13 7,486 97
24 July-4 Aug 12 4,348 52
15-21 Aug 7 5,654 40
Mark-recapture estimates 58 266
Total (16 June-13 Sept) 90 455
Age-0 Coho Fingerlings
Unsampled periods:
27 June=-9 July 13 1,122 15
24 July-4 Aug 12 1,064 13
15-21 Aug 7 2,865 20
Mark-recapture estimates 58 76
Total (16 June-13 Sept) 90 124
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Figure 11.-- Conparison of |ength frequencies
of age-0 coho fingerlings, age-|
and -2 coho snolts, and juvenile
sockeye sal non (all agesg mar ked
and rel eased upstream (solid |ines
w th those subsequently recapture
(broken lines) in the Taku R ver,

Al aska, May to Septenber 1989.

_ The assunption of random m xi ng of marked and unmarked
fish was verified. Co_rrParijson of trap efficiency for marked
fish rel eased on opposite sides of the river showed no
ISI gnltflcar];lt (P> P_- 5?}: Chi -s(q+1ag|e t5e)st) effect of release
ocation for any fish grou able 5). i Xi
mar ked and unm¥ked figh p?obably occurre ngéehesw )r;!aggegf
t hrough the gorge at Canyon Island (Fig. 1).
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Tabl e 5. --Cbnﬁarlson of trap efficiency for groups of marked
ish rel eased on east and west sides of the Taku
River 5-6 km upstream from the capture site. There
was no significant (P > 0.05; Chi-square test)
difference in recapture rate between rel ease sites
for any fish group.

East side West side
) No. Marked % Recap. No. Marked % Recap.
Coho smolt 3,002 5.4 1,545 5.0
Coho, age 0 1,912 8.4 1,597 8.0
Sockeye? 4,849 3.9 3,947 3.6
Chinook smolt 976 1.2 962 0.6
Chinook, age-0 1,154 0.5 352 1.4

®Ages 1 and 2 before nid-June and age 0 after nid-June.

DI SCUSSI ON

This study provides the first quantitative estimtes of
salmon snolts and age-0 mgrants in the Taku River. Although
the estimates have wi de confidence intervals and were
partially extrapolated for unsanpled periods, the results do
provi de approximate estinates of the yield of snolts fromthe
upper river and nunber of age-0 salnmon that mgrate to the
lower river in sumer. The data provide a clearer picture of
t he magni tude of juvenile salnmon mgrations and the role of
| ower-river habitat in the Taku River's salmon production

The estimated nunbers of age-l1 and age-2 snolts were
| ess than expected, given the estimated adult returns to the
area above Canyon Island. For sockeye sal non, about 140, 000
adults with at” | east one freshwater annulus on their scales
return each year to the area above Canyon Island (Eiler et
al . 1988; MPherson et al. 1988). po ul ations are roughly
stable and nmarine survival is about 15A)Fan average for
sockeye sal nmon from nearby Auke Lake, Al aska'), the 140, 000
adults would have been derived fron1933 000 snolts. Thus,
our estimate of 340,000 sockeye snolts is only 36%of the
expect ed nunber. For coho sal non, the estinmated escapenent

’S. Taylor. 1990.  Auke Bay Laboratory, Al aska Fisheries Science Center,
National Marine Fisheries Service, NOAA 11305 d acier H ghway, Juneau,
AK 99801.  Unpubl . data.
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of 37,000 adults to the area above Canyon Island (Transbound-
ary Technical Conmttee 1988) suggests a total return to this
area of 65,000 adults, based on 57%fisheries exploitation
for wild coho sal non. stocks ﬁShauI et al. 1984; Elliott et

al. 1989). [f marine survival is 8% (Elliott et al. 1989),

t he expected nunber of coho snmolts should be 812, 000; our
estimate of 165,000 is 20% of the expected number. For
chinook salmon, the estimated total return of adults excl ud-
ing jacks ( £2 years in ocean) has averaged about 12,000 fish
between 1985 and 1989 (Mecum 1990). If jacks are 48% of the
return (Kissner and Hubartt 1986), and marine survival is 3%
(Kissner 1984), the expected nunber of chinook snolts shoul d
be about 833,000; our estimate of 277,000 smolts is 33% of
the expected nunber.

Nurmbers of snolts coul d have been underestimated if nore
fish mgrated during unsanpled periods than indicated by the
mean nunbers in adjoining marking periods. |In particular,
nore fish could have mgrated during the 4-day 1l ood between
29 May and 2 June. Because of the large size and multi-basin
characteristics of the Taku River watershed, however,
mgrations are irregular and extended (Hartman et al. 1967);
therefore, we were unlikely to have mi ssed nuch of the
mgration in just 4 days.

To explain the |ower than expected snolt yields fromthe
upper river, we speculate that a |arge proportion of age-0
sal nmon that are spawned upriver mgrate to the |ower river
and go to sea fromthere the following spring. Qur estimates
for age-0 sal non denonstrate a major summer mgration to the
| ower river. An estimated 455,000 age-0 sockeye fingerlings
and 124, 000 age-0 coho fingerlings noved downstreamin
sumer. If wnter nortality is about 50% (Mirphy et al
1984), the summer mgrants alone could yield 227,000 sockeye
snmolts and 62,000 coho snolts the follow ng year. In
addi tion, unknown nunbers of age-0 sockeye, coho, and chi nook
fry and fingerlings noved downstreamin spring, when they
were too small to be caught effectively, and in fall after
sanpling ceased. Based on our |ow estinmates of snmolts from
the upper river, the combined nunbers of age-0 sal non
mgrating to the lower river in spring, summer, and fal
m ght account for as nuch as two-thirds of the snolt yield
fromthe river the follow ng year

Recent studies corroborate this possibility. Radio-
t aggi ng showed t hat nearlﬁ two-thirds of returning adult
sockeye sal non spawn in the upper main-stem Taku River and
other riverine areas not associated with |akes (Eiler et al.
1988).  In summer, however, age-0 sockeye juveniles were
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virtually absent from the upper nain stenf, whereas up to

1.1 mllion age-0 sockeye juveniles were estimated to rear in
the lower river and associ ated of f-channel habitat (Mirphy et
al. 1989). Another contributing cause of the |ow sockeye,
smolt yield in 1989 nmay have been the | ow 1987 escapenent
(2,794 conpared with an average of 12,192 fish) to Tatsanenie
Lake, one of two major |lakes in the Taku River drainage that
support sockeye sal nmon (Transboundary Technical Commttee
1988); this would decrease the exPected yield of sockeye
snmolts in 1989. Mass migration of age-0 sockeye juveniles to
the lower river and the reduced contribution of snolts from
Tat saneni e Lake coul d explain why our estimate of sockeye
snolts was only one-third of the expected nunber.

The summer mgration of age-0 salnon to the | ower Taku
River differs fromthe typical pattern in other studies.
Spring and fall are the usual periods of downstream novenent,

ereas sumer is a tinme of stasis (Mirphy et al. 1984). The
sumer mgration in the Taku R ver may be caused by nomadic
behavi or and shrinking habitat as river discharge drops
between June and Novenber. Because carrying capacity for
coho and sockeye juveniles is a function of |ake or pool
volune (Murphy et al. 1986; Koenings and Burkett 1987), a
decrease in water level could cause themto mgrate.  Thus,
downstream areas of the river probably ﬁrovide critica
habitat for mgrants |eaving dewatered habitat upriver

"Sea-type" sockeye salmon, which go to sea at age O,
make up about 13% of the adult sockeye salnon returning to
the Taku River (MPherson et al. 1988). Juvenile sea-type
socke%e sal non appeared to mgrate nostly in early sumer,
and the estimated nunber of mgrants in only 2 weeks in early
sumer coul d account for the river's total return of sea-type
sockeye salnmon. The sudden onset of mgration and increase
in size of age-0 sockeye juveniles in md-June indicated the'
mgration of a distinct group of fish that had reared upriver
for several nonths. This mgration pattern appears to recur
each year. In both 1987 and 1989, the nunber and size of
age-0 sockeye mgrants increased sharply in June, and mean FL
was nearly the sanme both years (Murphy et al. 1988). Based
on an adult return of 22,000 sea-type sockeye sal non
EhmPherson et al. 1988) and an assumed narine survival of 15%

see footnote 2), the expected nunber of age-0 sea-type

mgrants is about 150,000. By our estimate, age-0 sockeye
mgrants in only 16 days in |ate June should account for the
river's adult return of sea-type sockeye sal non.

3J. M Lorenz. 1990. Auke Bay Laboratory, Al aska Fisheries Science Center,
National Marine Fisheries Service, NOAA 11305 d acier H ghway, Juneau,

AK 99801. Unpubl. data.
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_ In_conclusion, downstream mgrations of juvenile sal non
in the Taku River have an inportant role in the river's

sal non production. Lower than expected smolt yields fromthe
upper river and a conparative abundance of age-0 mgrants
indicate that a |arge proportion of the age-0 sal non spawned
in the upper river mgrate to the |lower river where they rear
until going to sea the follow ng year. More data are needed
however, to verify results of this study. Future research
shoul d partition snolt yield between the upper and | ower
river to better evaluate these areas as summer nurseries and

Wi ntering habitats for juvenile sal non.
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