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Abstract

BLecrgouRN, D. J. 1987 Sca surl 'ace tcnrpcraturc and the pre-scason prcdict ion of return t ir l in-u in Fraser
River sockeyc salmon (Orrcorhyncltus ttcrku), p.296--106. l i  H.D. Smith. L. Margol is. and C. C.
Wood led.l  Sockeye salmon (Onrrl 'hynt 'hnr rra*c) populat ion biology and future nranagcment. Can.
Spec.  Pub l .  F ish .  Aquat .  Sc i .  96 .

A simple temperature-displacement model is proposed to account fbr the annual variation in run timing
in Fraser River sockeye salmon (Oncorhynchus nerka) stocks. Results of the application of the model show
that sea surface temperature (SST) in the central Gulf of Alaska is positively related to annual return tim-
ing for seven stocks of Fraser River sockeye and alone accounts for between 30 and 94% of the variation
in timing from 8 to 3 I years of data. That part of the Gulf and time of year showing the strongest statistical
relationship vary in an apparently logical manncr from stock to stock. Predictions of the general utility
of the model are supported by timing data from four stocks of sockeye returning to the northern Gulf of
Alaska. The consequences of using specific areas of the Gulf in this nrethod are discussed, with the 1985
Fraser sockeye run as an example.

R6sumd

BLncxsounN, D. J. 1987. Sea surface ten'lperature and the pre-season prediction of rcturn timing in Fraser
River sockeyc salmon (Orrcorlrvtchus tterket\,  p. 296-306. /r i  H. D. Srnith, L. Margol is, and C, C.
Wood led. I Sockeye salmon (Onutrhyu'hus nerkct) population biology and future management. Can.
Spec. Publ. Fish. Aquat. Sci.  96.

Un modile sinrple tenrp6rature-d6placenrent est prdsenti pour expliquer la variation annuelle du nroment
de la remontde des stocks de saumon nerka (Oncorhttrchus nerka) du fleuve Fraser. L'application du modble
a permis de noter que la tempdrature de la surface de la mer dans la partic centrale du golfe de l'Alaska
prdscntait une corrdlation positive avec le nroment de la rernontde annuelle dc sept stocks de saumon nerka
du flcuve Fraser et permettait i elle seule d'expliquer dc 30 ir 94 Vo dc la variabilitd du moment dc la
renront6e ceci pour de 8 i  3 l  anndes de donndes. La part ie du golf 'c et lc moment de I 'annde prisentant
la plus inrportante relation statistique scmblent varicr de faqon logique entre les stocks. Les prdvisions
relatives i l'utilitd gindrale du modble sont appuydes par les donndes sur le monrent dc remontie de quatre
stocks de saumon nerka revcnant dans la part ie nord du golfe de I 'Alnska. On traite des eft 'ets de I 'ut i l isa-
tion dc zones prdcises du golfc en prenant conlme exemplc la renrontdc du saunron nerka de 1985 dans
le f leuve Fraser.

I
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In t roduct ion

Kno* ' ledge of  thc long- tc-nu ntcan dutc-  of  rc turn t in t ing
fc l r  each Fraser  sockeve stock has been an integra l  par t  of
sockeye nrana_scment bv thc Inte.rnational Pacil ' ic Salrnon
Fisher ics Conrnr iss ion fbr  manv years (Henry '  196 I  I  K i l l ick
1955;  Velhoeven and DavidofT 1962).  In terannual  var iat ion
in run t imin-s of  major  s tocks can be an inrpor tant  e lc lnent
in the success of thc annual f ishcr-v l lanagentent plan. Study
ol the ef f 'ects  of  envi ronmental  tactors on retL l rn t iming has
inc luded analyses of  corre lat ions betrveen these var iables.
Preseason predict ion of  the peak t inr ing of  the major  Fraser
sockeye stocks has bcen a t 'eature of Conrmission rnanagc-
ntent  s incc 1977 ( IPSFC Annual  Reports ,  1978 through
1 98.1) .

A sirlplc trodc-l w,as proposed earl,v- in ntV inlcstigations
and tbrrned the basis of furthcr analyses. ln this paper | 1g-por1
on the results of conrparisons betwecn sea surf'ace tempera-
turcs and return t inr ing r>f  several  Fraser  River  sockeyc
stocks.  Resul ts  wi l l  a lso be g iven of  thc cxtension of  the
rnodel  to  othcr  sockcye stocks in  the Gul i  o f  Alaska.  Somc
implications to tlsherics managcnrent of the use of thc method
wi l l  be d iscussed.

A Temperature-Displacement Nlodel of Amual Variation
in Run Timing of Sockeye Salmon

DEvEI-opIIr,NT oF THE MonEI

Gi lhousen (  1960) and Ki l l ick and Clemens (  1963)
postulated that variation in the run timing of Fraser River
sockeye could be aff 'ected by sea surface temperature dur-
ing thc ' i r  last  year .  Gi lhousen (1960) postu lated that  the e l - -
f 'ect of tenrpcrature on the fish was physiological, and either
(a)  d i rect ,  presurnably on the speed of  migrat ion,  or  (b)  in-
direct, by causin-e annual variation in the latitudinal distribu-
tion of the sockeye. The latter would in turn cause variation
in their maturation rate due to exposure to latitudinally vary-
ing photoper iod.  Ki l l ick and Clenrens (1963) a lso impl ied
a physiological ef'fect of latitudinal displacement on run tim-
ing due to temperature variation. However, the latter authors
thought that cold temperatures in thc centre of the Gulf of
Alaska might lead to the southward movenrent of Fraser
sockeye into an area of invariably greater f ixtd supply which,
ln turn. might lead to the early onset of mi_eration via in-
creased growth and subsequent early maturation. The op-
posite tendencies were thought l ikely to be the result of warm
temperatures in the central Gulf.

I considered that both of the fbregoing physiological
theories had the weakness that they were too specific to
Fraser sockeye. Such thcories implied that the effect of
temperature on the travel speed or maturation of returning
sockeye would be l ikely to have the opposite eff 'ect on
socke,vc returning to the southeastern edge of the Gulf com-
pared to those returning to the northern edge of the Gulf.
Of course, this dift 'erence is only a theoretical weakness when
both sets of stocks are consiclered together. A sirnpler, n.rore
gencral, temperature theory was produced based upon the
eff 'ects of displacement itself, raiher than on its possible
physiological ef'fect on the onset of migration or on swlmnt-
tng speed. The theory was based on considerations of varia-

tton in ocean tcnrperaturc alonc-. Sonre of'the gcnc-ral thcorics
ol 'sa lnron nr iqrat ion havc been concerned wi th the ef fect  o1 '
such envi ronnrenta l  factors as ocean currcnts (Royce ct  a l .
1968) or  nragnet ic  f ic lds (Quinn 1982).  Howcvef  .  a t  pre-
scnt, predictive nrocle ls of thc interannual l 'ariation in salnton
run t inr ing cannot  bc bascd on ocean currents 0r  nragnc- t ic
l ' ielcls due to thc scarcity of annual datu tbl thesc ancl rnost
othcr  cnvi ro l inrcnta l  tactors in  thc open occun.

I t  is  arb i t rar i l .v  assunrcd in  th is  nrodcl  that  the hor izonta l
n lovenrents of  sockclc  pr ior  to  the last  nrar ine winter  have
ncgl ig ib le in tcrannual  var iat ion.  This s inrp l i fy ' in-u assi rnrp-
tion l l 'as bornc out by the results of sonre prelinrinary'
analyses.  Pcrhaps thc tenrperature-scnsi t ive c l isp lacement  is
t inre-depenclcnt  or  bc-g ins only at  a ccr ta in s tatc o l -natur i ty .
It is t irrther assunred that thc nr()venrcnts ofthc sockeye dur-
ing ancl  af ier  thc Iast  nrur incr  winter  fa l l  in to two types:
(a) relativcly skrrv "non-clirccted" migrtt ion occupying thc
first several nlonths in responsc to seasonal changcs in sur-
lace tcntperaturc ur in thc bounclaries of ocean " dorrtains",
such as those d iscussed by Favor i te  et .  a l .  (1976) and
(b)  la tcr .  re lat ive ly  rapid,  "d i rected"  r r r igrat ion toward the
honre streanr. largely independent of thc boundaries of ocean
paranetcrs, and lasting no rnore than about 2 rnonths. The
latter indepcndence is supported by a study of, Bristol Bay
sockeye nr igrat ion (French and Bakkala 1974).  The model
assunres that  in tcrannual  var iat ion in  salmon return t i rn ing
is deterrnined sometime between Novenrber ancl July for
various stocks dLrring pcriod (a) above.

The various species of' salnron have diff 'erent ccntres of
d is t r ibut ion in  the North Paci f ic  (French et .  a l .  1976;Takagi
et .  a l .  l98 l ) .  Thcre are a lso d i f ferences between the centres
of distribution of various stocks of one species of salmon
from dift 'erent broad geographical arcas, e.9., Western
Alaskan sockeyc and Br i t ish Colunrbia sockeye (French et .
al . 1976). These large-scale distributional differences may
be, in part, due to optirnum ranges of temperature. With no
direct supporting evidence, I have assumed that each stoc,(
of sockeye wil l have an optinral though not exclusive area
of  d is t r ibut ion and that  i t  wi l l  a t ternpt  to  s tay wi th in some
fairly narrow, stock-specific optimum range of sea surf'ace
temperature within that area. The location clf this optirnum
temperature range within the optimum areas wil l change with
the seasons: northward (or northwestward in the eastern Gulf
clf Alaska) in spring and summer; and in the rcverse direc-
tion in tall and winter. The centres of sockeye abundance
will change in concert with temperature changes. The posi-
tion of the optimum temperatures within the optinrum arcas
in any one season wil l also vary tiom year to year. Therefbre
the seasonal  posi t ion of  the sahnon wi l l  a lso show interan-
nual  var iat ion.

This simple theory assunres that each year within a gencral
area of stock-specific distribution, the position of the rnatur-
ing salnron prior to stage (b) - the directed homeward migra-
t ion -  wi l l  be deterrn ineci  by the posi t ion of  the opt imum
temperatures at that t ime. For most stocks of sockeye. stage
(b) wil l begin in the spring '"vhcn ocean temperatures are
largely determined by condi t ions dur ing the pr ior  winter .
At ier  an unusual ly  warm winter ,  the opt imum tenlperatL l res
for a particular stock wil l be turther north than usual. As
a result, the salnron of that stock may also be turther north
than usual  in  the spr ing (see Fig.  l ) .
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WINTER SST Vs.  RETURN TIMING
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Ftc. l. A simple temperature-displacement model of the return timing of Fraser River sockeye salmon.

TEMPERATURE /
RANGE tN , /
wINTER <-_.-

Fraser River sockeye stocks return to ihe homestream in
an eastward or southeastward direction (French et. al. 1976).
According to the model, +very warm winter and spring sea
surface temperatures should result in the maturing adults be-
ing appreciably further from the Fraser than usual, before
they begin their directed homeward migration. It is also
assumed that the onset of phase (b) and their speed of migra-
tion in either phase (a) or (b) is little affected by temperature,
and so the warm temperatures during phase (a) should result
in late return timing for Fraser sockeye. Conversely, unusual-
ly cold temperatures during phase (a) should result in the
displacement ofFraser sockeye to the south and their subse-
quent early return to the river.

This "displacement" model predicts that salmon return-
ing northward to their home stream will show the opposite
relationship between the date of peak return timing and sea
surface temperature during the non-directed phase of migra-
tion in the last year. Warm temperatures experienced by
salmon stocks returning to the north of their winter distribu-
tion should cause them to show early return timing.

The model was tested by comparing sea surface
temperatures in the Gulf of Alaska with the return timing
of various stocks of Fraser sockeye with from 8 to 3l years
of data. Testing of the general model was broadened by ex-
amination of t iming in four sockeye stocks with origins in
the northern boundary of the Gulf of Alaska and one
originating south of the Fraser. Although the model was
developed for sockeye it has also been applied to other species
of Pacific salmon (Blackbourn 1984).
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Application of the Model \

METHoDS

Sockeye Timing Data

Return timing is here defined as the peak day of numerical
abundance ofa stock ofFraser sockeye in outer Juan de Fuca
Strait. Gaps in the data (Table l) result when some sockeye
stocks are not numerous enough every year for their t iming
to be clearly distinguished from that of other concurrent
stocks (Henry 1961). Also, in some recent years it has not
been possible to specify a peak timing date in Juan de Fuca
Strait for several stocks because major portions of the runs
returned to the Fraser via another route (Johnstone Strait).

The peak dates (Julian day) (Table l) were calculated by
a variety of methods. These methods changed over the years
frorn simple estimates based on frequent, terqinal commer-
cial f isheries in the Fraser River in the 1950's and 1960's
to those made by comparisons of graphs of catches by time
period from a mixture of test and commercial f ishing in Juan
de Fuca and Georgia Strait in the 1970's; and by complex
run reconstruction methods in the most recent years. Dates
of peak timing in the Fraser River and southern Georgia Strait
have been adjusted to Juan de Fuca Strait t iming with a
knowledge of the behaviour of individual stocks by the sub-
traction of4 or 5 days from the river dates and 3 days from
Georgia Strait dates. For the few years when multiple peaks
were apparent, a calculated day of passage of 50% of the



Tnsl-E l. Adjusted date of peak timing (Julian Day) of Fraser sockeye to outer Juan de Fuca Strait.

Piu
River
(s lz)

Return
Year

Early
Stuart

Horsefly
River

Chilko
River

Stel lako
River

Adams
River

Weaver
Creek

1950
195 I
t952
l  953
1954
1955
1956
t95"1
I 958
1959
1960
l96l
1962
I 963 {'u

19&
1965
t966
1967
r 968
t969
t970
t97 r
1972
t973
t974
t975
t976
1977
1978
t979*
1980
l98 l
1982
1983
1984
1985

;
184
1 8 3

188
195
r8'l

185
r83
t82

183
183
t 9 l

t84
180
t85

185
183
t82

183
180
r82
186
185
185

205
205
198
204
203
202
208
2 1 7
204
205
206
203
207
206
2 t 2
2M
203
202
207
208
2U
2t0
209
206
2W
206
199

207

206

218

222

209
207
205
208
2 t 2
2t3
2t6
223
217
2t7
2t0
2l l
204
2t4
209
2t l
2 l l
2 t l
205
2t6
2tl
217
2t4
2t5
207
214

216
2t6
221

219

i,

io
220
2 t ' 7
209
2t9
239

i,
2t7
2t5
z t 3

2t6
2t4
223
a r  I
L l  I

225
225
2t l
2t4
214
211
216

2n Db
225

240 D
229

244 D
235

24t D
222

234 D
z 5 z

236 D
230

234 D
228

234 D
2t7

23t D

225

223
231'
232

223
229
236
227

203

212

207

204

210

: ,i,,r$g,u surface temperature (SST) data from B.C. Lighthouse
.r$(qtions were obtained from the Institute of Ocean Sciences,

.,:$i$npy, B.C. in published and unpublished form (e.g.
.,rrSlgvando 1983). Open ocean sea surface temperature data
, Il.gr'n ships were obtained from Dr. D. Mclain, N.M.F.S.,
ili$Ig{'tqryy (unpublished) and from ships, buoys, and satellites
iri'trgm the publication Oceanographic Monthly Summary (J.5.

u* - Data not included in all analyses (see text).
,,. 

oD - Adams "dominant" cycle.

"stock was used as the peak date. There is no objective
l€stimate of the error involved in calculating the peak dates.
' . t . ' ;  

:  "

.Enuironmental Data
i i r ,  '  .

{itude and longitude ('Marsden' squares in Fig. 2).
.113s assumed from the results of I.N.P.F.C. tagging dur-Was assumed trom the results of I.N.P.F.C. tagging dur-
thd 1960's that the position of Fraser sockey?in their
,T4llne spring before return would be slightly west of
Fqntre of the Gulf of Alaska at about 53'N and 150"W

#i*un""rr'*.uirt., 3-"r"i.e, N. o. A. A., washington, D. C. ).
fl:x'ft.ri.ldtter SST data were averaged by month ou"r 5o squares

with perhaps the earlier returning stocks distributed farther
to the south (French et. al. 1976).

Analysis

SST data from the above area of the Gulf and from the
B.C. coast were compared to the annual peak return timing
of Fraser sockeye stocks to Juan de Fuca Strait by simple
and multiple least squares regression analysis.

From my (unpublished) analysis of the relatively few
I.N.P.F.C. tagged Fraser sockeye which are identif ied as
to stock of origin, certain 5osquares of SST data were in-
itially chosen for comparison with timing data for particular
stocks of sockeye. First, mean monthly temperatures by
Marsden square were correlated to timing. Then temperature
data for adjacent months and areas were pooled and their
averages compared with run timing. The largest of the
resulting correlation coefficients served to identify the time-
area combination yielding maximum explained variability in
run timins.
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Ftc. 2. Author's designation of 5'  (Marsden) squares of lat i tu' le and

Results and Discussion

A. Sse SURFACE Te[4psRRrunE (SST) AND
FRASER SoCKEYE TIMING

The hypothesis was based on very general distributional
data, but insufficient tagging data exist on Fraser sockeye
salmon in general, or in any particular year, to be sure of
their position in the Gulf of Alaska. We know least of all
about their distribution during fall and winter (French et. al.
1976).  In  addi t ion,  most  of  the LN.P.F.C.  tagging occur-
red during the 1960's, a period of moderate surface
temperatures when compare$ to the cool 1970's and warm
early 1980's (Table 3). For tliese reasons, when it was found
that much higher coefficients between SST and timing oc-
curred at a time and place different from that originally
chosen in the initial tests, it was felt to be justified on prac-
tical grounds that the time and area of highest coefficient was
subsequently used in analysis and prediction.

Time and area(s) of highest correlation coefficient between
sea surface temperature in the last marine year and the peak
return timing to outer Juan de Fuca Strait differed for the
adults of seven stocks of Fraser River sockeye (Tables 2 to
4 ) .

The results shown in Tables 2 to 4 and Fig. 3 are consis-
tent with the predictions of the model in that:

a) The sign of the relationship between SST and return
timing is positive and statistically significant for these
stocks which return to the southeast. From 3O to 94%
of the variation in timins is accounted for bv SST.
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longitude.

b) For each stock the SST period most highly correlated
with run timing occurred well before it returned to the
coast.

c) The SST area ofhighest correlation for each stock was
fairly restricted to up to two or three adjacent 5'
squares. (Detailed results not shown - D. Blackbourn
- in progress).

The distribution of the areas of highest correlation coeffi-
cients for four of the stocks (Fig. 3) indicates that they form
a fairly consistent pattern, which reflects the pattern of return
timing for those stocks. For example, the earliest returning
stock (the Early Stuart Lake group) has its SST area to the
southwest of the late stock from Adams River (dominant cy-
cle only), with the SST areas of the midsummer stocks from
Horsefly and Chilko rivers lying more or less in between
them. The difference between the SST areas for Horsefly
and Chilko sockeye wil l be further discussed later. Similar-
ly, the SST period for the Early Stuart stock is earlier than
those for the midsummer stocks (Tables 2 to 4 and Fig. 3),
which in turn are earlier than those for the Adams River
sockeye.

In other studies, sea level pressure and its derivatives such
as indices ofsurface transport have been compared to Fraser
sockeye run timing. Likewise, several environmental fac-
tors from B.C. coastal areas have been compared with run
timing in simple and multiple regression analyses (D.
Blackbourn, in progress). None of these factors account for
a significant amount of variation in run timing (results not
shown) and in most cases such factors do not account for
much variation in addition to that accounted for bv SST alone-



T,rsl-E 2. Time and area of highest correlat ion coeff icient between sea surface temperature (SST) in the last marine year (Fig. 2) and
peak Jul ian Day of return t iming of various stocks of adult Fraser sockeye salmon (Table l)  to Juan de Fuca Strait .

Years

o f
data

Mean
peak

timing

Jul ian
Day Time

Strongest relat ionship with SST

Area(s)
Correlat ion

Coetlicient(r)

Early Stuart

Pit t  River
15/: 's)

Horsefly River

Chilko Riverb

Stel lako Riverb

Adams River 1950
Cycle "Dominant"

Adams River l95l
Cycle
"Sub-dominant"b

Weaver Creek

z+

2'l

9

3 l

22

9

7

8

185

205

2t0

2t3

236

227

228

Dec.  (Yr - l )

Dec .  (Yr - l )

Dec. to Jan.

Jan. to March

Dec. to March

Jan. to July

Jan. to July

April to May

0.67*xa

0 .55  x *

0 .97* *

0 .67* *

0 .70* *

0.94*x

0.56.

0.94x*

a

J & K

K

I

J

D

E

G
o + - Signif icant to P 0.05 level;
+x - Signif icant to P 0.01 level.

b 1963 datr excluded (see text).
" 1979 data included - if 1979 data excluded r = 0.85x (see text).

Tnsle 3. Average sea surface temperature (degrees celsius) for various periods and areas of the Gulf of Alaska (see Tables t and
2 and Fig2).

Area
Period

a
December (Yr-l)

K
Dec. to Jan.

I
Jan. to March

D
Jan. to July

1950
l95 l
1952
1953
t954
r955
r956
t957
1958

.1959'1960

196 l
,t962
i 1963

"19(/.
i1965

ile66
11967
!reoaj t96e

{'i.lzo

8.62
7.85
8 . 1 0
7.97
7 .29
7 .57
8 .03
8 .41
9 .91
7.72
8 . t 7
7 . 1 4
8 .72
7.61
7 .71
7 .70
7 .88
8 . 1 6
7.30
6.98
7 .37
8.04
8.05
8.40
7.46'7.82

7.40
7 . 5 1
't.M

8 .37
8.23
7 .91

5.43
4.59
4.97
4.73
4.84
4.99
4 . 9 1
5.23
5 .83
5.23
4.89
4.95
5.32
5 .28
5 .30
4 .78
5 . l 3
4 . 8 1
4.87
4.43
5.25
5.32
4 .85
5.07
5.09
4.99
4 .61
4.90
4.42
5.46
5 . 1 3
5.55

5.58
4.86
4.87
5.23
5.24
5 .7  |
4 .8  r
5 . 5  1
6.54
5.92
5 .61
5.49
5.',75
6.00
5.62
5.03
5.25
5.05
5 . 1 3
4 . t 9
5.84
5.20
4.73
5.24
5.06
4.97
5.07
) .  / u
5.70
5.85
5.74
6.30

6.27

tss
7.24
7 . 5 1
7 .54
8.94
8 .30
7.27
8.07
7.46
8.20
7 .52
6.07
6.74
5 .39
7 .39
6 . 1 7
6.98
) . 6 )

5 .53
6 . 1 6
6 .36
6.08
6 .57
7.46
6 . 5 1
6 .88
6.75
7.M



TesLe 3. (Continucd.)

Area
Period

a
December (Yr- l)

K
Dec. to Jan.

I
Jan. to March

D
Jan. to July

r982
1983
I 984
l 985

'7 .41
7 .84
8.04
7  . 7 1

5.09
5 . 2 6
5 .74
5 .  85

5 .69
6 .01
6 .56
6 .  l 3

6.45'7.47

7 .73
6.58

Taale 4. Regression equations for sea surface temperature and return timing for four stocks of Fraser sockeye salmon (see Tables
I  to  3 ) .

Stock Time Area

Regression equation

r a

Early Stuart

Horsefly River

Chilko River

Adams River
(1950 Cycle)

Dec. (Yr- l)

Dec. to Jan.

Jan. to March

Jan. to July

a
K

I

E

1 A

9

J I

9

0.67 * 'ra

0 .97*  *

0 .67*x

0.94*x

t > t . 3 t

t37 .70
180.91
202.93

3.47

t4.28

5 .97

4 .77

+
b<>

a
t

?

Rr. . - -  -  o 6 2 4 6 t  
o a

3 0 N

HORSEFLY
( PEAK .JULY 28 )

a CHILKO
( PEAK \ 'ULY 3I )

EARLY STUART
( PEAK JULY 3 )

FRASER
RIVER

o*x Signif icant to P<0.01 level.

Flc. 3. Areas and times of highest correlation coefficient between sea surface temperature and return timing of various stocks of Fraser
River sockeye.

Therefore, it seems likely that useful predictions of run tim-
ing in Fraser sockeye wil l, in future, centre largely on the
use of SST from the central Gulf of Alaska, as has been the
case over the past several years (IPSFC Annual Reports 1978
through 1984). In some years such as 1963 and 1979 (see
Table l) this method would have given highly anomalous
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predictions for all (1963) or some (1979) stocks of Fraser
sockeye (and see below). These past anomalies are only part-
ly explicable (D. Blackbourn, in progress) and such events
can certainly happen again.

Since the prediction of Fraser sockeye run timing began
in 1978 the results have been generally good. However, the



T,q 'sLe5.  T imeandareaofh ighes tcor re la t ioncoef f i c ien tbe tweenseasur face tempera ture(SST) in las tmar ineyear (F ig2)andpeak
return timing of various (non-Fraser) stocks of adult sockeye in the Guif of Alaska.

Years

of
data Tinie

_ Strongest relationship with SST

Stock Area(s)
Correlation
coefficient
(r)

Source of
t iming data

Chignik River
Black Lake
Chignik Lake

Upper Cook Inlet

Copper River

Skeend River
(Pinkttt-Fulton)

Quinault River

5

l 8

l 3

l 0

March
Feb. -March

Apri l
Apri l-June
Apri l-June

April
Apftl

Mriy

Dec.-Feb.

L
H & I

S
I
I

J

H
I

-0.95**a
-0.ggxx

-0.49*
-0.42
-0.42

-0 .95xx
-0 .95* *

-0 .79x*

+0.93xx

Conrad (1984)

A. Kingsbury &
C. Meacham
(pers. comm.)b

Merritt &
Roberson
( I 983)

R, Kadowaki &
P. Starr
(pers, comm.)c

T. Cooney &
M. McBride
(pers. comm.)d

" * - Significant to P <0,05 level;
** Signif icant to P <0.01 level.

D Alaska Dep. of Fish & Game, Commercial Fieheries Division,
333 Raspberry Rd., Anchorage, Ak 99502, USA.

" Dep. Fisheries and Oceans, Fisheries Research Branch, Pacific Biological Station, Hammond Bay Rd. Nanaimo, BC. V9R 5K6
d Quinault Indian Nation, P.O. Box 189, Tahoiah, We 9858?, USA.

'-4. Areas and times of highest correlation coefficient between sea surface temperature and return timing of various (non-Fraser)
ldye stocks in the Gulf of Alaska.
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accuracv of prediction tbr Early Stuart stockeye timing has
been poor ior the last f 'ew years and nrore variable than the
observed timing data. In other Fraser sockeye stocks the
predicted peak date has nearly always been on the same side
ofthe long-term average as the observe'd peak date. and for
most stocks and years within about 2 days of the latter. The
largest anonraly of recent years occurred in 1979 rvhen both
the Chilko and Adams stocks were predicted to return later
than average. Chilko sockeye did return late. but Adams
sockeye rvere extremely early (Table l). The use of SST data
from any part of the northern Gulf of Alaska would not have
given a more accurate prediction for Adams sockeye in 1979.

B.  Sen SURFACE TEMPERATURE (SST) AND
RETURN TIMING IN OTHER SOCKEYE

Table 5 and Fig. 4 show that run timing in sockeye retur-
n ing to the Quinaul t  River ,  Washington is  s imi lar  to  ear ly
and midsummer Fraser stocks in that it is significantly and
positively related to SST in the northwest Gulf of Alaska in
winter. However, this stock returns to the coast earlier (late
May) than any Fraser sockeye. Two other early stocks which
return in  June and July ,  Great  Centra l  Lake,  and Lake
Washington sockeye, also show a positive relationship bet-
ween run timing and SST in the northwest Gulf although the
coefficients are not statistically significant in these latter two
cases (results not shown).

Table 5 and Fig. 4 show results consistent with the predic-
tion of the displacement model in that run timing of sockeye
returning northward in the Gulf of Alaska to Chignik River,
Upper Cook Inlet, Copper River, and the Skeena River is
negatively correlated with SST. Several authors have shown
negative relationships between SST and run timing in salmon
from Western Alaska (Fuji i 1975; Nishiyama 1977; Burgner
1980; Mundy lg8}. These results also imply that
"physiological" models of the eft 'ect of temperature on run
timing would have to incorporate very different responses
for northern sockeye stocks cornpared to those from the
Fraser River.

The SST areas for Chignik sockeye timing data are in
general not too far from the areas in which Chignik fish were
tagged in the 1960's (tagging data from C. Harris, Fisheries
Research Institute, Univgsity, Washington, Seattle, Wash.
USA 98195, personal communication). The SST areas for
Chignik run timing data from the 1960's (Dahlberg 1968)
are A, B, J, and R in Fig. 2 (detailed results not given).
Figure 4 shows that the SST areas for Black Lake and
Chignik Lake sockeye of the Chignik group are fairly wide-
ly separated. The latter data are from the years 1978-82
(Conrad 1984). Presumably only the accumulation of more
data wil l enable us to be sure if this spatial separation ac-
curately reflects the apparent influence of SST on run tim-
ing in these two substocks. However, the mean peak timing
of Black Lake sockeye is about a month earlier than that of
Chignik Lake sockeye, so perhaps the separation may bear
some relationship to the relative distribution of the two
stocks. Some returning Black Lake sockeye are taken in
coastal f isheries to the north of the Chignik River (S. Mar-
shall, Alaska Dept. of Fish and Game, Commercial Fisheries
Division, 333 Raspberry Rd, Anchorage, Alaska 99502,
USA. personal communication). This does not rule out the
possibility that these sockeye are distributed to the south and
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in or  near  Area L in  March (Table 5) .  s ince i t  is  known that
adul t  sa lnron may "overshoot"  thei r  nata l  s t ream dur ing
migrat ion (Blackbourn 1984;  French eta l .  1916).  Owing to
the absence of reports on the oceanic distribution ofthe other
two Alaskan sockeye stock groupings (Upper Cook Inlet and
to Copper River), SST areas could not be compared to their
actual  d is t r ibut ion in  the Gul l ' (Tabte 5 and Fig.  4) .

It is certain, however, that the area of highest coefficient
fbr Skeena River sockeye (Pinkut and Fulton stocks) seen
in  Tab le  5  and  F ig .4  i s  more  a t  va r i ance  w i th  I .N .P .F .C .
tagging data than is the case fbr rnost stocks and is different
fiom the known dire ction of entry of many of these sockeye
to the first f isheries. i.e. f iom the west and northwest. On
the other hand there is l i tt le data with which to directly con-
firm or refute the possibil i ty that SST in the Queen Charlotte
Sound area to the south of the Skeena River determines the
eventual migration behaviour of Skeena sockeye. This result
might leave the Fishery Manager who wishes to predict run
tinring in this stock in a dilemma, fbr SST data from an area
in the central Gulf (say area I in Fig. 2) would have accounted
for only about half of the variation in Skeena sockeye run
timing fiom 1970 to the present compared to predictions fiom
SST data from the coastal area or from coastal stations. Of
more importance to the manager is the fact that the latter
diff 'erence would have been even greater in years of extreme
run timing in Skeena sockeye. The Skeena sockeye tinring
data were taken from the test fishery and from run reconstruc-
tion. The latter is partly calculated from the former, and gives
simi lar  resul ts  (Table 5) .

C. Tue PReoIcTIoN oF RUN TIMING FROM GENERAL
AND SPECIFIC SST AREAS

Table I shows that since 1953 and prior to 1985 there were
8 years of peak run timing data for Horsefly river (Fraser)
sockeye. This contrasts with 3l years of data over a similar
period from another midsummer Fraser stock, that from
Chilko River. The SST area for Horsefly sockeye is area
K in December and January, and that for Chilko sockeye
is area I, from January to March (Fig. 2). It was known in
advance that the dominant Fraser sockeye stock in 1985
would return to the Horsefly River whereas Chilko sockeye
would be relatively few in number.

In many years, predictions of t iming made from area K
or I would have been very similar (Tables I and 3). However,
area K contained a very warm SST anomaly in December
1984 and January 1985, whereas by March and April 1985
the SST in area I was only slightly warmer than average.
Since a prediction of Horsefly t iming in 1985 from area K
would have been for a run much later than any on record,
a compromise was made prior to the season. The predictions
from three SST areas, (K, I, and S), were combined, as all
had a strong statistical relationship with Horsefly timing data.
The results of these predictions can be seen in Table 6. The
previous long-term average Horsefly peak timing was July
26. The tlnal combined prediction was for August I and the
prediction from the "Horsefly" area (K) alone was for a peak
on August 7. The actual 1985 peak occurred on August 9,
more than a week later than the official prediction and was
the latest t iming on record. The 1985 Horsefly sockeye run
was also the largest since 1913 and larger than predicted.
Although the difference between correlation coefficients of



TnsLe 6. Predict ions of 1985 Horsefly River sockeye t int ing made from sea surface temperature (SST) in two areas of the Gulf of

Alaska.

Corr. coeff.  1r) Horseflv Peak t imins to Juan de Fuca St

Areas
of

Culf of Alaska
(see Fig. 2)

vs .  Ch i lko
T iming

(1V =  3 l )

vs. Horsefly
r  r u u r i B

( N : 8 )
1985 Prel im.
Prediction

1985 F ina l
Predict ion

I  985
Observed
Timing

Average
T iming

SST in Area K
(Western)

9 . 5 3 * * a 0 . 9 4 * E Aug.  7

Aug .  I Aug.  9 July 26
SST in Area I

(Central)
0 .65*+ 0 .g7xx July 29

a'l '* Significant to P<0.01 level.

' , 0.87 and 0.94 is small, the practical outconle of using one
,' or the other was very large in 1985 (Table 6). The need for

r. , accurate prediction of run timing is particularly great when
':' 

:. : there is considerable doubt about stock abundance. From this
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lll ,i]:':,1,i-,,'-t) ,Sea surface tQmperature in the Gulf of Alaska.l.,jl:':,1i,.,,'l),Sea surface tQmperature in the Gulf of Alaska
,;r.;:.'7;.01;-rignificantly statistically related to adult run timing
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Fraser and six non-Fraser Gulf of Alaska sockeve
or stock-groupings.

relationships are largely consistent with the postula-
of a simple temperature-displacement model.

sea surface temperature data are available in time
preseason predictions of approximate adult run tim-
to be made for many stocks of all species of Pacific
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