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ABSTRACT

Sutterl in , A. H. , R. L. Saund er s , E. B. Henderson, and P. R. Harmon. 1982 . The homing of Atlanti c salmon
( Salm o sa l ar ) t o a ma r i ne si t e. Can. Tec h . Rep. Fi sh . Aqua t . Sci . 1058, ii i + 6 p.

Atlantic salon (Sal mo sa lar ) smol t s reared in a distant hatchery and released at a arine site 12 km
f rom t heir parent st ream return ed to the marine site after having spent fro 13-25 mo at sea . A g roup o f
s mol t s c hemi ca l l y imprinted in sal t water wit h morpholine and re t a i ned 2-3 wk whil e being fed a high fat , high
pr o t e in diet , had the highest retu rn rate . It i s suggested t ha t salmon smolts can be imprinted in t he marine
environment t o natural and / or syn thetic cues , but da ta are insufficient to sepa rate effects due to i mp r in ting ,
n ut r i t io n , smolt size , and delayed r e l ease on ocean surv iva l and homing .

Returning salmon remained wi t hi n 2 km of the re lease site for a peri od of 2 mo until many of them wer e
c ap t ur ed . Returning grilse had cea sed feeding by August 1 and were periodically ca ptured near th e relea se
site t hroug hout t he s\mmer and fall , du ring whi c h time a progressive decrease in wei ght (0 . 26%/da y) , co nd i t io n
factor and flesh pala tability occur red .

~ words: Atlantic salmon , homing beha vior, marine envi ronmen t , sur v i va l , fi sh culture , marine aquac ulture

~S E

Sut ter lin , A. H. , R. L. Saunders , E. B. Hen der son , and P. R. Ha rmon . 1982 . The homing of Atlantic salmon
( Sal mo salar) to a marine site . r~n . Tech . Rep. Fi sh . Aquat . Sci . 1058 , i i i + 6 p.

De s smolts de sa ons de l' Atl an tique (Salmo salar) eleves dans un etablis sement de pisciculature elo i gne
et libere a un site en mer a 12 km de leur cou r s d ' eau natal retournent au sit e de libe ra tion ap r es vo i r passe
de 13 a 25 mois en mer . Le taux de retour Ie plus eleve est celui d 'un groupe de smolts chimiquement
i pr egne s dans de l' eau de mer additionn ee de morpholine et main t enus pendan t 2-3 se a un regi e alimentai re
riche en gr a i s se s e t en pro t e i ne s . I I est suggere que des signaux na turel s et (au) s ynthet i ques peuvent
imp r egn e r l es smolts de saumon dans un environn e ent mar in , ma i s nos donn ees ne nous permettent pas de sepa re r
les effets de l 'impreg nation , de l a nut r ition , de la ta i l le des olts e t du retard a la ise en liber te sur
la su rvie en mer e t Ie homing .

Les sa umon s qui retournent au site de liberation de eurent en dedan s de 2 km de ce t end ro i t penda nt une
pe r io de de 2 moi s , Ju squ ' i pl us i e ur s d'entre eux soient captures . Les gril se qui r ev i e nne nt on t ces s e de se
nou r r i r des Ie te r aout e t sont captur es per iod ique ent pr es du site de mise en liberte pendant tout l ' e t e
e t l ' a utomne . II y a a l or s diminution progress ive du poids (0,26% par Jo ur) , du facte ur de cond i t ion et de l a
saveur de la chair .



INTRODUCTION

For the purpose of salon enhancement, restora
~ion or for commercial appli~ations, the practice
'o f sea ranching involves the release of hatchery
reared juveniles or olts fro a site, their
igr tion ·to sea where they feed and grow, and their

return to that site where they are spawned or
harvested for food (Thorpe 1980). Co ercial enter
prises ploying a coastal or terminal harvest are
being conducted with Pacific salon in J pan and the
United States ( eil 1980).

Several techniques have been ployed in sea
r nching effort to reduce ortality rates due to
n tural factors and over fishing (see review by
Saunders 1977). These include stock election for
desired age and size at maturity or for particular
oceanic igratory patterns ( ovotny 1980; Saunders

nd Bailey 1980); odifications in smolt quality,
ize, ti e, and ethod of release (Mahnken and

Joyner 1973; Bilton 1980; Isaksson 1980; ovotny
1980; Sakura oto and Yamada 1980; Wedemeyer et ale
1980; M rtin et ale 1981); and artificial che ical
i printing to direct returning salon to specific
sites for harvesting (Cooper and Hasler 1973;
Madison et ale 1973).

It is well doc ented that ost salmonids
beco e printed to naturally occurring che icals in
their nursery strea s, per itting subsequent
recognition and he ng (Hasler 1966; Carlin 1968).
More recent studies with sal onids grating in
lakes have shown that olts can be imprinted to an
artificial che ical and induced to return to a
freshwater source treated with that che ical (Cooper
and Hasler 1973; Madison et ale 1973). The site and
ti e of imprinting appear more variable than was
originally suspected as Pacific salon can print
to natural factors at rine release sites and
return to such sites as adults (Mahnken and Joyner
1973; Novotny 1975, 1980).

With the exception of so e prel inary infor-
ation fro marine releases of postsmolt Atlantic

sal on ~n orway (Magnus Berg, personal co unica
tion), there re ains a degree of uncertainty
regarding several aspects of the imprinting process
in Atlantic salmon. This study will attempt to
examine the homing ability of Atlantic salon as
influenced by chemical imprinting and delayed
release at a marine site.

MATERIALS AND METHODS

STOCK ORIGI AND SMOLT RELEASE

Atlantic salon spawners were collected from
the a eig River, .B., using seines and divers in
the fall of 1973. !tie -Wa eig, a small strea ,
~nter the St. Croix River estuary about 12 km
upriver fro the St. Andrews Biological Station
(Fig. 1). The fish, a co bination of grilse and
larger salon, were permitted to ripen at the
Biological Station in indoor tanks containing fresh
water. After stripping, the eggs were fertilized,
pooled, and transported to Cobequid Fish Culture
Station, Oxford, .S., for hatching and rearing
(Fig. 1). This resulted in the production of 22,400
2-yr olts available for release in the spring of
1976.
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Fig. 1. Location of donor river (Waweig), smolt
rearing hatchery (Cobequid), and release-recapture
site (Biological Station, Brandy Cove).

S 01ts produced in 1976 were divided into three
groups, coded by fin clips and tagging, and- received
the folIo ing treat ent (Table 1) after being
trucked to the Biological Station: Group A - fresh-
water imprinting (5 d) ' to orpholine and ediate
release; Group B - .sa l t wa t e r imprinting (3 d) to
orpholine and ediate release; and Group C -

saltwater impri ting to orpholine and retained for
21 d with supplementary feeding in sea water before
release.

Solutions of morpholine were added to the tanks
twice a day to provide fluctuating concentrations of
between 10-6 and 10-12 olar. Group A smolts were
held outdoors in fiberglass tanks supplied with
dechlorinated fresh water. These smolts were tagged
before being transported from the hatchery by using
serially numbered Carlin tags with polyethylene
attachments (Saunders 1968). Group A smolts were
released directly into the sea (salinity ca.
30 0/00) after 5 d printing. Group B smolts were
d ped fro the tank truck directly into a concrete
tide pool (10 x 20 x 5 ) equipped with a one-way
tidal gate pe itting approxi ately 75% water
exchange during each tidal cycle. These olts were
similarly i printed with orpholine for 3 d then
released. Group C smolts were held for 5 d in fresh
water, then placed in the tide pool after the B
smolts were released. They were retained for 21 d,
during which time they were imprinted with morpho
line and fed a homemade oist pellet of dry weight
co position: 56% protein, 19.4% fat, plus vita in
package.

ADULT RECAPTURES

Return of grilse and larger salmon was antici
pated for two successive years, 1977 and 1978. The
tide pool was equipped with a trap-type entrance
through which the salon could enter during high
tide. Morpholine was added to the water in the tide
pool twice a day at the concentrations used for
imprinting. Some water continually leaked from the
tide pool through cracks in the concrete, but most



Table 1. Treat ent of
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olt group pr i or to release in 1976.

Identification
o , s olts

F.W. i printing
F.W: imprinting si te
S.W. imprinting
Date of re lease
Mean si ze at release (g)

A

LV/T
3612

May 5-10
St. And r ews

May 14
68.5

Groups
B

RV
3094

May 6-9
May 10

68.5

C

A
15694

May 10-31
June 1

76.2

ate: A - adipose clip; RV - right ventral; LV - left ventral;
T - Carlin tag - polyethylene attachment.

of it left through t he trap e~trance as the tide
receded .

Sev er al addit i onal methods were used to capture
the fish . During t he s er of 1977. the run s
composed pr edo inantly of ale grilse. Four
floating gillnets , 30 x 4 (10 -11 c stretched
esh), were arranged in Br andy Cove ( Fig . 2) . The

nets were checked twice dai l y and os t of t he f i sh
were remov ed dead . They were ediately weig hed
and measur ed . In th e s er of 1978 . atte pt were
made to cap tur e l a r ger sa l on alive, using a 40
beach seine permanently oor ed in the intertidal
zone in fron t of t he t ide pool (Fig . 2) . Apparentl y
the salmon en tered this area dur i ng .high tide and
became trapped beh ind the se i ne as the tide receded.
The salmon were r e oved f ro a all pool along t he
edge of the seine and moved without weighing and

easuring to the tide pool for eventual us e as brood
fish.

RESULTS

SAUiO BEHAVIOR

Gr i l s e and larger salmon fro the 1976 releases
were first observed sw ing in schools and jumping
in id July of 1977 and 1978 near the arf (Fig .
2). The fish tended t o stay in one to three schools
which remained within 2 km of the release site
during the summer. As the summer progre ssed they
appeared to converge and spend more ti e nea r t~e

entrance to the tide pool. Only t hree gr ilse
entered the tide pool which was accessible only
during high tide , and had only a Ii ited flow of
salt water leaving t he entrance . Attempt s wer e made
in the summer of 1978 to provide are "a t trac tion
water:" to induce the large salmon to enter the tide
pool. Several fire hoses directed fresh water
through the entrance of the trap. Only two salon
from a school of 25 fish entered the tide pool
during the three evenings in which the "attraction
water" was used. Had all the salmon not been caught
by beach seine, they ight have entered th e t i de
pool of their own accord as spawning ti e approached,
or the return site may have been abandoned in favor
of rivers 6-10 km farther up the estuary .

Brandy
Cove

Gill

Ie;. II :ud et
2 0 IS Oftll i

Fig. 2. Saltwater release site and recapture
facilities at Brandy Cove, St . Andrews, N.B.
Locations and type of recapture gear are shown .

t{ETURNS FRO 1976 RELEASES

Grilse captures during August through id
October 1977 consisted of 97 males, six of Which
could not be identified as belonging to any of the
three groups and were presumed wild (Table 2). In
1978, 169 two-sea-winter salon were captured, 10 of
which re presu ed wild. The percentage returns of
both grilse and larger salmon were higher in group C
than B and higher in B than A (Table 2).

Grilse captured during early August wer e
heavie r and had higher condition fac to rs than fish
captured later in the summer (Fig . 3). Sto ach
sa pIing during early August revealed no food had
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Table 2. Adult returns to St. Andrews Biological Station as grUse and
two- sea-winter salon.

1976 re lease
Groups

A B C

GrUse

No . released 3612 3094 15694
Sex H F H F H F
No . recapt ured 2 0 10 0 79 0
Hean weight ( kg) 1.58 1. 54 1.65
Percent return 0.06 0. 32 0. 50

Two-sea-winter sa lmon

~ex H F H F H F
o . recapt ured 4 3 4 12 53 83

Hean weight (kg) 4.29 4.69 4.82 4.72 4.80 4.48
Percent return 0.1 9 0.52 0. 87

Total grilse and
two- sea -winte r sa l on

No. recapt ured 9 26 215
Percent re t urn 0 . 25 0.84 1.37

1.40

1.30

1.20

0
1.10u

CI....
t: 1.00
0

"" 0.90t:
0

(.)

0.80

0.10

y=1.093 • 0.0037 X
r =0.65

. .
-~....

.. ·--i
.~.. . .. .-... .,.. ,. ..:- ....~..-.. .~.

0.60

o 14 21 28 3~ 42 49 ~6 63 10 11

Ti e ( Days)

Fig. 3. Condition fact or of salon at time of
capture - CF = wt(g) x 100/L3 (em) .



been recently ingested . Ther e was no evidence that
a ny of th e recaptur ed grilse had been feed ing during
t he period of capture ( Augus t - mi d Oc t ober) . Fish
capt ured l a t e r in t he season were noticeably thinner
( lower co ndi t ion fac to r) and the instantaneous
weight lo ss dur ing t he recapture period was esti
mated to be 0 .26%/d . Although flesh color, texture,
and taste of salon were accept able dur ing ear l y
August , fish captured in salt water short l y a fter
were not as "bright"; the fle sh was softer and there
was a subjective impression that th ey were not as
palatable .

Approximately 150 , 4 .6-kg salmon th at returned
during the summer and fall of 1978 were held in t he
saltwater tide pool until October , when t he y were
distributed to va rious hatche ries fo r brood st oc k.
During this ti e only one fish died as a resul t of
injuries received in the seine . 0 problems we re
encountered with fungus infections . All fi sh wer e
stripped between October 26 and ovember 6 ,
producing viable eggs that hatched normally .

DISCUSSIO

Because of expected lo~ survival of Carlin
tagged smolts in compa rison with fin-cl ipped or
unmarked smolts (Saunders and All en 1967) , it i s no t
appropriate to compare the returns of group A with B
or C. The low r a t e of return of group A fis h is ,
therefore, probably owing as much or mor e to e ff ects
of tagging as to the experimental t rea t ent, i . e .
direct release in sea water . Group A was includ ed to
gain some fnformation on the cont rlhutlon of t hi
stock t o distant ff hcries . One tag was returned
fr om a l ocal weir and one tag from ewfoundland . Of
the nine previously tagged fish recap tu r ed (as
indicated by LV fin clips) , only one had reta i ned
the tag .

An interesting result of this study was that
the group C (delayed release) smolts gav e much
better returns as grilse and larger salon than
group B smolts which were also morpholine-imprin ted
but re leased without delay . Unfortunately, th e se
two groups did not have comparable fin clips; group
B had right pelvic fins removed while group C smol t s
were adipose-clipped . Saunders and Allen (1967)
compared effects on survival and growth a ong
fin-clipped, Carlin-tagged, and unmarked Atlantic
salmon smolts and report that tagging and fin
clipping often have adverse effects on sur vival and
growth . We know of no studies comparing effec t s of
differential fin clipping on survival of Atlantic
salmon between smolt and adult stages . However,
Isaksson and Bergman (1978) no ted th a t pe lv i c fin
clips resulted in a lower return r a t e in Atlantic
salmon smolts compared to fish marked wi th ic ro tags
(Jefferts et al . 1963) . It is, therefor e, possible
that loss of a pelvic fin iR ore da aging than loss
of the adipose, and that this treat ent allowed
greater survival of our group C than of group B
s ol t s , In 1977, identical groups of s olts with
alternate fin clips were released in an attempt to
resolve this problem . Un for t una t e l y , adult re t ur ns
in all groups during 1978 and 1979 were insufficient
to warrant analysis.

Groups Band C, although possessing different
fin clips, should be are co parable with each other
than with group A. Group C had a 60% gr eater return
rate than group B and t his applies to grilse as well
as t o two-sea-winter fish. The differen t return
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rates a ong various groups ight be attrib uted to
differences in ho ing perfor ance, ocean survival,
or ocean distribution. Group C s olts were
imprinted in salt water for a longer ti e than group
B smolts, and it is possible that, despite co 
parable survival, they could ve beco e ore
effectively i printed to the ite (Hasler et a l.
1978 ; Mad i son et a1. 1973) . I t is not pos s ib le to
deter i ne whet her t he i printing was owing to the
morphol in e or to 80 e othe r odor as sociated ith the
mar i ne s i te, such as f r esh wate r runoff f ro m land or
effluent f r om fi sh ta nks at the Bio log ic al Station .
It is i nteres t i ng to note t ha t Chamcook Lake
supplies wat er to the Biol og ical Station and to the
orth Amer i can Salmo n Rese arc h Cent er whic h is loca

ted approx i ately 10 km away ( Fi g . 1) . Only one fish
fro t he 1976 releases at both s ites (22 , 00 at
Bio l ogic a l St ation and 19 ,000 a t ASRC) was known to
hav e been recov ered in the opposite collection
fac ilit y. In fac t , one sa l on cap tu r ed at Br andy
Cove and re l eased fro ASRC a fter str i ppi ng re
t urned the nex t su er as a re pea t spawner to Brandy
Cove , t he orig in al olt release site ( Fig . 1) .

Our results are difficult to explain in l ight
o f the pr oposed phero one hypot hesi s (White 1936;
ordeng 1971 , 1977) . There were no sa lon of Waweig

parenta ge be i ng held at t he Biological Sta tion past
i d June , yet sa l on ho ed to this site du r ing mid

July and re ained in the vic i nity for 3 o , Based on
t he pr oposed attractive inf luence o f phero ones , one
ight have expected the Brand y Cove sa l mon to have

homed to the Wawei g Ri ver, a site 12 km dist an t from
t his cov e. Wawe ig River con t a in s a popu l a tion of
S l mo sa l dc , pr es umabl y emitting ra ce-specif i c
odors. If such phe ro ones a r e ope r a t i ve , it woul d
appear that th e i r in fl uence ca n be overr i dden by
other di r ective fac to rs .

The diffe r ence in s ize (Table 1) and nut ri 
tiona l state a ong the di f f e rent groups of s a l t s at
r el ea se , as well as the ti e diffe rence at r e l ea se ,
could have influenced subsequent na tural su rvival
and/or fishing mortality as a re sult of an alte red
distr i but i on in th e sea . The in fluenc e of smolt
s ize on the survi va l of hatche ry- r ea r ed Atl antic
sa lon is well documented (Carlin 1968; Pete rson
1971; R1 tte r 1972). This can be explained to some
de gree by ocean mortality being si ze dependent
(Mathews and Buckley 1976) . There i s ev idence that
the ti e of s olt re l ease i s also i portant in
Pacific sa l on as mortality rate s a re initially very
high (Parker 196 ; Martin et al. 1981) . Larsson and
Eri ks son (197 9) have shown tha t r i ver temperatu re at
ti e of smol t r e lease was cor r elated wi t h adult
return r a t e s dur ing many years in hatch ry-reared
Atlantic sa l mon in Sweden. The importance of
nu t r i tion and condition of hatc he ry- rea r ed Atlantic
salon had also been recognized ( Berg s t ro 1973;
Peter son 1973; Wendt and Saunders 1973 ; Wed emeyer et
a l , 1980) .

A further suggestion to ex pl a i n the different
re t ur n ra t es a ong the variou groups is that
de layed relea e may influence migr a to ry behavior .
Mahnken and Joyne r (1 973) observed that coho that
escaped or were r elea se d in mid to l a te su er from
Puget Sound cages did not leave the general area . A
likely explana tion is t hat ig ra to ry behavio r is

odifi ed if smol ts are detained af te r entering sea
water ( ovotny 1980) . Although our delayed release
ex per i ment s were done in recog ni t i on of the obser
va tions on Pacific sa l on , we do not know if the

ig rato ry behavio r of our fish was altered as a
con sequence of delayed re l ea e .



Although t he echan is s res pons i ble f o r t he
homi ng behavio r ob se rved i n t his s t udy a re no t
clearly under s tood , it would a ppear tha t Atlantic
sa l mon can be re leased an d harvested at ar i ne sites
distant f rom a j or r ivers . It has been suggested
that t he imp r inting proc ess oc cur s dur ing or shor t l y
a fte r s olt i f ic a t ion and ay be associated with
down st ream igra tion (Ca rlin 1968 ; J en sen and Duncan
19 7 1 ) . The fi sh t r anspor ted f r om Cobeq u i d Fi sh
Cul ture Station to t he Bio log i c a l St at ion a ppeared
fully smolt if ied and wcre capa bl e o f to l era t inR the
d ire c t trans fe r to full s a water in th e tide pool ;
less than 1% mortality WA S ob e rved in g roup C
smo l S held 3 wk . ThI s ugge a t s that the imprinting
stage might no t be r e s tr i c t e d to smoltifyi ng
Atlantic salmon r e s i d i ng in f resh water . In an y
e vent , so e effecti ve imprin t ing took pl ac e du ri ng
the smolt s ' delay in sea wat e r be fo r e eventual
release . Homing t o mar ine si t e s by Pa c ific sa l mon
has been desc ribe d fo r coho , O. k isutc h ( Ma hnke n an d
Joyner 1973 ; l ovo t ny 1975 , 1980 ) and fo r pink salmon ,
o. gorbuscha (R . Bake r , pe rsona l co uni c a tio n) .

Ta~ed and fln - clfpp d smolts an d ad u l t salmon
f rom thts study nnd f rom the nea rby o rth Amer i can
Salmon Re searc h Cen te r a rc occ as iona l ly r e por t e d as
incidental byc a tch in t he e xten s i ve he r r i ng wei r
fishe ry in Passamaquoddy Bay . It is vi r t ua lly
impossible t o se parate and re lease smolts f rom l a rge
he r ring ca tche s r emoved f rom weir s , and i t is
p robable t hat many of t he smol ts released dur ing
thi s study were captu red by weir fishe r en and no t
r e po r t e d . This sou rce of smol t and ad ult morta lit y
wo ul d appea r to be a se r ious i mpe d imen t t o se a
r anc hi ng in Pas sa ma quoddy Bay .

The principal finding in ou r s tudy was t ha t
Atlantic salmon r eared in a d i s tan t hat chery and
released at a a rine s i t e 12 km f rom t heir pa r en t
stream retu rned to the marine site aft er 1 or 2 y r
at sea . The cond i tioning and di rect r e lease of
smolts from mar ine impoundments such as he rring
weirs or floating fish pens may be desirable in
producing and managing a selective commercial
fishery separate f rom a f reshwate r r ecreat i o na l
fishery . Homing to such site s would appea r spec i fic
enough to enable simple harves ting techniques to be
employed . Also , brood fish co ul d be held in
excell ent co nd i t ion in ocean pens until shortly
before egg take , thus eliminating ce rtain
difficultips encounte red in brood stock transport ,
holding, and co nd i t i o n i ng .

However, to offset the high costs of sal on
smolts, any co ercial ranching venture undertaken
in Passamaquoddy Bay would have to reali ze uch
higher adult escapement togethe r wi th a r ed uc t i o n in
the grilse :larger salmon ra t i o in compa r i son with
the r e s ul t s of this study . Al so, the re rema i n s some
question conce rning the flesh quality of pre spawning
salmon harvested from a terminal fishery in la te
summer . Preliminary rearing trials conducted in the
Passamquoddy area suggest that some of the problems
of survival, g rilse production , and flesh quality
encountered in ranched salon can be overcome by
r ear i ng smolts in ocean pens fo r a pe riod of 18-20
mo to obtain a ha rvest weight of 3.3-3 .5 kg
(Sutte rlin et al . 1981) .

It hough the pr ospects for private secto r
involvement in sea ranc hin~ with Atlantic salmon in
eastern Canada are const rained by economic and legal
considerations , advances in such r a nc hi ng techniques
could be useful in enhancing various public
fisheries .
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