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Though it appears homogeneous, 
the ocean is a changing, 
and limiting, environment 
for the Pacific salmon. 

Part II: Effect of the Ocean Environment 
on the High Seas Distribution of Salmon 

TIMOTHY JOYNER 

INTRODUCTION 

To most human travellers on the 
high seas, ocean water appears pretty 
much the same from place to place. 
It is salty, which distinguishes it from 
Jrinking water. In the tropics, it tends 
to be warm and to appear deep indigo 
in color. As one approaches the poles, 
it tends to become cold and to appear 
gray-green if it has not solidified to 
ice. Outside of these features, there is 
little to distinguish one part from an­
other. 

To an oceanographer, the same fea­
tures absorb his interest. He takes the 
additional steps of measuring its salin­
ity, its temperature, and the way it 
absorbs and reflects light. He may go 
further and measure such things as the 
specific gases and solid substances 
dissolved or suspended in it and identi­
fy the living creatures that can be 
screened out of it. His outlook is 
objective, as he is secure in his thick­
skinned, warm-blooded, ship-buoyed, 
galley-fed independence of the prop­
erties he is measuring. They interest 
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him, but in no way are they ifnmediate­
ly significant to his vital processes. 

A salmon, thin-skinned, cold-blood­
ed, and hungry, experiences the ocean 
directly, intimately, subjectively. Un­
insulated, unsupported, and self-fed, 
its vital processes are quickly affected 
by changes in the properties of the 
ocean waters in which it is immersed. 

The vital processes of living things 
are driven by energy derived from 
chemical reactions taking place within 
their cells. Unlike those taking place 
in the heated retorts of chemical lab­
oratories, these reactions proceed at 
low temperatures and pressures. This 
happens because of enzymes, chemicals 
that bring the components together so' 
aligned that reaction can proceed 
without a boost from a great deal of 
heat and pressure. Enzymes produced 
by living creatures are uniquely suited 
to functioning under the special condi­
tions imposed by the environment on 
the creatures which have adapted to 
them. 

TEMPERATURE AND OXYGEN 

Salmon, like other cold-blooded 
marine vertebrates, are restricted to 
a narrow range of temperatures within 
which their vital processes can func­
tion. Dissolved oxygen is also essential. 
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Unless a salmon is within its allowable 
temperature range and has sufficient 
oxygen, it will quickly die. Given these 
gross limits, parts of the ocean can be 
readily identified in which salmon can 
live. Table I gives the tolerable and 
preferred ranges of ocean temperature 
for various species of Pacific salmon, 
Oncorhynchus spp. Within the range 
for each species, there is a spectrum 
of narrower temperature bands to 
which specific races of the species are 
adapted. It is important, therefore, in 
selecting stocks for transplanting, to 
choose races whose habitats match as 
closely as possible the seasonal tem­
perature regimes of the intended re­
ceiving waters. Figures 1-3 show the 
distribution of surface temperatures, 
in both the North Atlantic and North 
Pacific Oceans, favorable for temper­
ate-zone races of salmon. It might 
appear that surface temperature dis­
tributions present only a small part 
of the picture in the oceans' three 
dimensions. However, there are clues 
which lead us to suspect that the world 
of the salmon in the ocean is a rather 
thin layer close to the surface. The first 
of these comes from physiology: the 
air bladder of the salmon is open; air 
can be gulped in and burped out. This 
is the usual case with fish that do not 
venture too far from the surface. Fish 
that live at great depths and do not 
normally come to the surface usually 
have closed bladders into which gas 
is secreted from the blood for buoyancy 
control. A second clue comes from the 
vertical structure of ocean waters 

Table 1.-Tolereble and preferred sea-surface 
temperatures for Pacific salmon. 

Tolerable Preferred 
Range Range 

Species 0C 0C 

Sockeye' 1·15 2,3-9 
Chum' 1-15 2, 3-11 

Pink' 3·15 4-11 
Coho' 5·15 7-12 

Chinook' 2-13 7-10 

Cherry2 
(masu) 5-15 7-12 

'Source: Manzer, et aI., 1965. 
2Source: Tanaka, 1965. 

Reference 

months 


for preferred 

range 


May, September 
May. 
September 
May, June 
May, June, 
July 
July, August, 
September 

March. April, 
May 



characteristic of arctic and subarctic 
regions. In the North Pacific, there is 
a layer of water, within several hun­
dred meters of the surface, which 
is colder (at 3-4°C, or 37-39°F) in the 
summer than the water above and 
below. Its significance to the distribu­
tion of salmon was first considered by 
Favorite (1969b) who reported that its 
southern limit coincided with the 
southern limit of salmon distribution 
in the central part of the ocean in the 
summer. I would like to suggest, since 
the temperature of this layer is at 
the lower end of the range preferred by 
Pacific salmon and occurs at depths 
where the level of dissolved oxygen is 
characteristically low, that the layer 
could serve as a summertime floor for 
the salmon environment in the central 
North Pacific Ocean. A third clue stems 
from the observation that practically 
all of the salmon caught in floating 
drift nets fishing at varying depths 
from the surface are caught within IO 
meters of the surface (Fukuhara, 1953). 
However, this observation may be de­
ceiving because, as Favorite pointed 
out, salmon sensing a net dead ahead 
would try to avoid it. Those sounding 
would be able to swim under it, those 
veering to the right or left would even­
tually swim around it, while those 
veering upward would tend to become 
enmeshed near the surface. 

What about the other properties 
that oceanographers (and astute fisher­
men and submariners) use to distinguish 
ocean waters-of what significance 
may they be to salmon? 

SALINITY 

As far as its vital processes are con­
cerned, the salt content of its environ­
ment is crucially important only during 
the juvenile stages of a salmon's life. 
Its eggs require fresh water for incuba­
tion, and the young salmon can tolerate 
salt water only after the kidney has 
developed enough that it can hold a 
proper balance of salts between the 
blood and body fluids inside and the 
salt water outside of the fish. With 
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Figure 1.-North Allantlc environment lor temperate zone .almon-summer aea-surtace tempera-~"". 
tures (0 C). Adapted Irom Naumlenko e\ al., 1968. • } 
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Figure 2.-Norlh Allantic environment lor temperate zone salmon-winter sea-surlace temperatures 
(OC). Adapted Irom Naumienko et at, 1968. 'J 
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I"igure 3.-North Pacific environment for temperate zone salmon-seasonal sea-surface temperature 
'fliee. 1969. 

pink, O. gorbuscha. and chum salmon, 
O. keta, this occurs early and the young 
fry can go directly into the sea. With 
coho, O. kisutch, Atlantic, Salmo so­
lar, and cherry salmon, O. mom, the 
kidney is not ready to assume this 
function until the fry have grown to be 
large fingerlings. This usually takes 
more than a year. In any case, by the 
time a salmon has migrated to the sea, 
salinity does not seriously affect its 
vital processes. This is not to say that 
it does not affect where the salmon 
goes-only that the life of the fish is 
not jeopardized by changes in salinity 
between ocean water masses. That 
salinity can play a powerful role as a 
signpost in the migration of salmon 
from the Ocean back to their home 
streams has been discussed by Favorite 
(1969a). Also, as the primary factor 
controlling the density of sea water, 
it profoundly affects the structure and 
movement of ocean waters and thus, 
indirectly, the distribution of tempera­
tures and the location, direction, and 
speed of currents. 

FOOD AND OCEAN 

CURRENTS 

Within the boundaries defined by 
the ranges of temperature and oxygen 
saturation essential to the vital pro­
cesses of salmon, the abundance of 
food and the location and direction of 
ocean currents must be the chief re­
maining determinants of salmon dis­
tribution on the high seas. From the 
point of view of a salmon, once a 
suitable environment has been estab­
lished, enough food must be found, 
and it must be able to get back to its 
home stream for spawning. 

The location of plankton and small 
fish that serve as food for salmon on 
the high seas is largely related to ocean 
circulation. Their abundance is deter­
mined by the amount of sunlight and 
of chemical nutrients available for the 
growth of the single-celled plants at 
the bottom of the food chain. Where 
wind-driven surface currents move 
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(OF). Adapted from U.S. Naval Oceanographic 

offshore, upwelling replaces the sur­
face waters with nutrient-rich deep 
water. Plankton growing in this en­
riched medium move with the surface 
currents and tend to be concentrated 
along the edges and in the marginal 
vortices that split off from the cur­
rents. What oceanographers describe 
as "patchiness," therefore, character­
izes the distribution of plankton in the 
ocean. Fish such as salmon, which feed 
on plankton and smaller fish, will seek 
areas where the plankton are concen­
trated, much as hunters on the land 
will seek water holes and grazing 
meadows where their ~rey are likely 
to congregate. Thus, as the game trails 
of the forests and the plains serve the 
hunting cats, so are ocean currents 
likely to lead the predatory salmon to 
their sources of food. They are likely, 
also, to help guide the salmon back to 
the rivers and streams where they were 
spawned so that they may, in turn, 
spawn the next generation. Favorite 
(1969c, 1970) has detailed what is 
known about ocean circulation and 



the abundance of food in the North 
Pacific Ocean as it relates to the distri­
bution of sockeye salmon, O. nerka. 

TRANSPLANTING PACIFIC 
SALMON TO THE ATLANTIC 

In Part I of this series, I noted the 
attempts in the USSR to establish pink 
salmon (from Sakhalin Island in the 
northeastern Pacific Ocean) in the 
rivers of the Murman Coast of Europe 
and the recent U.S. efforts in New 
England to develop runs of coho salm­
on. Rass (1965) proposed that the 
failure of the USSR transplants of 
1956-6 I to establish substantial self­
sustaining runs, despite the spectacular 
returns of 1960, stemmed from a mis­
match of the river temperatures on the 
Murman Coast with those of Sakhalin 
Island, home of the parent stock, dur­
ing the period of egg incubation. 

Ricker (1954) discussed the failure 
of Canadian efforts to transplant chi­
nook salmon, O. tshawytscha, to Lake 
Ontario streams and to New Brunswick. 
Stating that " ... the chinook is the 
least common salmon in the Pacific 
and, apart from the sockeye, the most 
choosy one in respect to the stream 
that it ascends ... ," he felt that it was 
not surprising that these efforts failed. 
Addressing himself generally to the 
matter of transplanting Pacific salmon 
stocks, he suggested two desirable 
characteristics for any program of 
transplantation: 

1. 	 "Relatively large plantings should 
be made to one or a few sites, at 
first, so that there will be an ade­
quate expendable surplus while 
the selection process is weeding 
out genes whose effects are in 
poor adjustment to the new 
situation ..." 

2. 	 "Donor stocks should be carefully 
selected in order to match up 
the freshwater and marine condi­
tions of existence of the old and 
the new sites as closely as pos­
sible." 

Ricker was concerned primarily 
with the establishment of self-sustain­
ing runs of naturally-spawning Pacific 

Figure 4.-Sea·surface temperatures in the Gulf of Maine suitable for Pacific Salmon (OC). Adapted 
from Colton and Stoddard, 1972. 

Figure 5.-Boundary betyween cold Labrador·type water (lighter color) and the warmer Gulf Stream 
influenced water (darker cotor, below) in November. Salmon would be confined to the lighter ., 
colored cool waters at this time. This photograph, taken from the NOAA-2 satellite, corresponds 
generally to the Novembl!1' temperature structure indicated in Figure 4. 	 j" 
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the 1956-61 USSR
salmon. as were C t 

the Murman oas.
experiments on . 
To do this, the matching of enwon­
mental requirements of don?r stocks 
with appropriate conditions 10 the re­
ceiving waters is critical. H~wever, the 
urgency for precise matchmg of en­
vironmental conditions can be ~o.me­
what relaxed if some of these cond~tlOnS 
can be controlled artificia\\y. Thls can 

. propriate-
Systems for introdUCIng ap . migra­

relude to their fall spawmng Iy selected stocks of Pacific salmon 
~ion. The seasonal, surface-t~mperature thereby generating new sport and 
structure of the Gulf of Mame, and of commercial fisheries on the co~st of 

k 	t Vi' neyard B\ock Island,Nantuc e, , New Eng\and wi\\ be prop?sed m the 
and Long Island Sounds is such that 

concluding paper in this senes. 

the thermal barrier moves to the s?uth 


and offshore in the late fan and w1Ot~r 
and does not start to build up agam L1TERA'TURE C1TED 

be done readily for the freshwa:er or 46-51 0 f) moves from the o~en sea 
phase b)' usi.ng hatc~eri.es for egg \0­

cubation and the reanng ot fry. . 
Recent success in New Ham~s'me 

in establishi.ng coho salmon runs into 
Great Bay pardy stems from that 
state's willingness to accept the neces­
sity of hatchery rearing to accommo­
date to the freshwater requirements 
of the imported Washington stocks. 
The conditions for ocean survival, 
however, still had to be met. In this, 
New Hampshire has been fortunate, 
in contrast to Rhode Island and Con­
necticut. These states failed in attempts 
. ') establish runs of coho salmon from 
,regon and Washington into Block 

Island and Long Island Sounds although 
they used much the same hatchery 
techniques for incubation and rearing 
as employed in New Hampshire. The 
seasonal sea-surface temperature struc­
ture of the Gulf of Maine (Figures 4 
and 5) suggests an explanation for these 
contrasting results. In the summer and 
early fall, a temperature front extends 
eastward from Cape Cod to the Gulf 
Stream. Temperatures in excess of 16°C 
(61 ° F) occur south of the front which 
would block the return of fall-spawn­
ing coho salmon to rivers and streams 
south and west of the Cape. North of 
the Cape, however, there would be 
little to prevent their moving into 
estuaries from the cool offshore waters 
in the late summer and early fall as a 

off Cape Cod until early summer. An 

isothermal band favorable for tem­
perate-z.one races of salmon l%-\4°C, 

south ot Long Is\and i.n the late v./\{\.­

ter, -progressing gradually northward 
with the advancing seasons, until it 
becomes compressed along the Maine 
coast and into the Bay of Fundy by 
late summer. By the fall, it begins to 
spread to the south, eventually return­
ing to its wintertime position offshore, 
south of Long Island. This suggests 
that Pacific salmon, planted in New 
England, would be found in ocean 
waters off the coast of Maine and in 
the Bay of Fundy in the summer, where 
they should be accessible to both sport 
and commercial fishermen. They would 
tend to move with the southward 
spread of 8-14°C water and, if chosen 
from stocks appropriately selected for 
the timing of their migrations back to 
fresh water, would appear off their 
home streams when the 8-14°C band 
was in a favorable position offshore. 

From the foregoing, it seems likely 
that the early fall-running coho salmon 
was a poor choice for establishing 
runs of Pacific salmon in Rhode Island 
and Connecticut. A late fall-running 
stock might have had better success. 
It also appears that spring-running 
stocks of chinook salmon, cherry salm­
on and steel head trout, SedillO gaird­

Ilerii, should be able to migrate from 
the ocean into streams flowing into 
Block Island and Long Island Sounds. 
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