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PREFACE

This species profile is one of a series on coastal aguatic organisms,
principally fish, of sport, commercial, or ecological importance. The profiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprehensive sketch of the biological characteristics and environmental require-
ments of the species and to describe how populations of the species may be
expected to react to environmental changes caused by coastal development. Each
profile has sections on taxonomy, life history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring binder is
used for this series so that new profiles can be added as they are prepared. This
project is jointly planned and financed by the U.S. Army Corps of Engineers and
the U.S. Fish and Wildlife Service.

Suggestions or questions regarding this report should be directed to:

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
NASA-STidell Computer Complex
1010 Gause Boulevard

Slidell, LA 704538

or

U.S. Army Engineer Waterways Experiment Station
Attention: WESER

Post Office Box 631

Vicksburg, MS 39180
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Figure 1. Adult Atlantic salmon.

ATLANTIC SALMON

NOMENCLATURE /TAXONOMY /RANGE

Scientific name . . . . . .Salmo salar

Common name . . . . . Atlantic salmon

Other common names . . . . Ouananiche,
Kennebec salmon, landlocked salmon,
Sebago salmon. French common names:
Saumon atlantic, saumon d'eau douce,
bratan

Life stage names . . « . . . . « Parr
(freshwater juvenile), smolt (juve-
nile migrating to sea), grilse (Fig-
ure 1) (adult returning to fresh-
water to spawn after 1 year at sea),
bright salmon (adult returning after
2 or more years), kelt or black sal-
mon ( a postspawning or spent adult)
(Allen and Ritter 1977).

£1ass « « « « « « « +» » » Osteichthyes

Order « « « « « « s« s« « » Clupeiformes

Family « « « « « « « « « « Salmonidae

Geographic range: The Atlantic salmon
is indigenous to the North Atlan-
tic Ocean basin (Figure 2).
Their range in the eastern
Atlantic extends from the Arctic
Ocean to Portugal, including the
Baltic Sea. In the western At-

lantic, they range from Iceland,
southern Greenland and Ungava
Bay, Quebec, to the Connecticut
River (Scott and Crossman 1973).

Anadromous Atlantic salmon once
inhabited North American streams
along the Atlantic coast, perhaps
as far south as the Hudson River,
New York, and the St. Lawrence
River tributaries including Lake
Champlain and Lake Ontario,
Anadromous populations are now
restricted to rivers from Connec-
ticut northward to Ungava Bay,
Quebec, and in Labrador as far
north as the Fraser River, Nain
Bay. In Greenland they inhabit
the Kapisigdlit River at the head
of Godthab Fjord northward from
Kap Farvel to Umanak on the west
coast and to Angmagssalik on the
east coast (McCrimmon and Gots
1979). Attempts to restore
anadromous populations to the
Connecticut, Merrimack, Penob-
scot Union and Pawcatuck Rivers
in New England, primarily by
stocking hatchery-raised parr



and smolts, have been partially
successful. The range of land-
lTocked populations in Maine, New
Brunswick, and Nova Scotia has
been extended. In Maine, for
example, landlocked Atlantic
salmon endemic to only four
watersheds, have been trans-
planted to hundreds of lakes.

Newfoundiand

'Gulf of Maine

Figure 2. MWorldwide range of Atlantic
salmon and migratory routes (Netboy
1974).

MORPHOLOGY /IDENTIFICATION AIDS

Body elongate, Ssomewhat compres-
sed laterally, greatest body depth at
dorsal fin origin or slightly poster-
ior to dorsal fin, 18% to 22% of the
total length. Head length about equal
to or slightly greater than body
depth, 20% to 23% of the total length,
but most variable during modifications
of head structure during spawning.
Eye moderate, 14% to 19% of head
length (variable depending on growth
rate); snout rounded, its length
greater than eye diameter for fish
over 305 mm 1long; mouth terminal,
large, maxillary extending posteriorly

to posterior margin of pupil when 1b¢
mm long, and seldom to posterior mar-
gin of eye except on mature males,
which develop a pronounced hook or
kype on Tlower jaw. Well-developed
teeth on upper and lower jaws (pre-
maxillary, maxillary, dentary); few
teeth in a single row on shaft of vo-
mer and palatines, on tongue in two
rows; no hyoid teeth, Total gill
raker count, 15-20. Branchiostegal
rays usually 11-12 (rarely 10 or 13).
Fins: adipose present posterior to
dorsal, dorsal, 10-12; anal, 8-11;
ventral, 9-10, with a distinct pelvic
axillary process; pectoral, 14-1b,
Caudal with shallow fork. Scales cyc-
loid, 109-121 in lateral 1line, 1lU-13
from posterior edge of adipose base to
lateral 1line; Tlateral 1line decurved
anteriorly, straight posteriorly. Py-
loric caeca, 40-74., Vertebrae, 58-61
(Scott and Crossman 1973).

Pigmentation: Color varies with
age, environment, and life stage.
Small parr have 8 to 11 pigmented bars
alternating with a single row of red
spots along the lateral line on each
side. Migrating smolts and adults at
sea are silvery on the sides and bel-
ly, but the adults have brown, green,
or blue coloration on the back and
numerous black spots, wusually x-
shaped, scattered along the body, more
numerous above the lateral line. A
few of these spots are also located on
the head. Landlocked adults have more
numerous and larger spots than anad-
romous salmon (called bright salmon
when first entering fresh water). At
spawning, pectoral and caudal fins be-
come blackish and both sexes take on a
bronze to purple coloration and may
acquire reddish spots on the head and
body. After spawning, the surviving
adults (kelts) are dark colored.

Distinctions: Dark spots on a
1ight background distinguish Atlantic
salmon from light spotted chars (brook
trout and Arctic char), which have
light spots on a dark background (Leim
and Scott 1966). Atlantic salmon also



have larger scales, and have teeth on
the shaft of the vomer. They may be
distinguished from rainbow trout by
the absence of serial rows of black
spots on caudal fin and from brown
trout by the shorter maxillary, nar-
rower peduncle, lack of red on the
adipose, and larger scales. Species
of introduced Pacific salmon are dis-
tinguished by the Tlarger number of
anal fin rays, 12-19, whereas the At-
lantic salmon has 8-11.

REASON FOR INCLUSION IN SERIES

The anadromous Atlantic salmon
has high social and economic value be-
cause of its mystique as a sport fish
and the high quality of its flesh.
Once relatively widespread, this
species is now restricted to several
rivers of New England (Figure 3),
where dams, pollution, and fishing
have excessively reduced reproductive
potential. During the egg, larval,
and parr stages, this salmon is
especially vulnerable to the conse-
quences of coastal development pro-
jects; therefore knowledge of the life
history and environmental requirements
of this species is essential for deci-
sions that will assure its continued
existence and enhancement.

LIFE HISTORY

Spawning

Atlantic salmon spawn during the
period of mid-October to mid-November
in gravel areas of freshwater streams
(Bigelow and Schroeder 1953). Spawn-
ing sites are located at the down-
stream end of the riffles with water
percolation through the gravel or at
upwellings of groundwater. Redds are
constructed by the female using her
caudal fin in a fanning motion. A
redd consists of several depressions
or pits excavated from the stream
bottom (Leim and Scott 1966). Water
temperatures during spawning usually

range between 4.4° and 5.6°C (DeCola
1970). The male aligns himself with
the female and fertilizes the eggs as
they are deposited into each pit (Jor-
dan and Beland 198l). Some male parr
become sexually mature and take an
active part in fertilizing eggs. The
female then covers the eggs with about
10-25 cm of the gravel excavated while
building another pit just upstream.
This process is repeated until spawn-
ing is completed.

Fecundity and Eggs

Fecundity depends largely on body
size. For example, anadromous Atlan-
tic salmon produce more eggs than the
landlocked form because its females
are larger. A rule of thumb is that
anadromous females produce 1,500 to
1,800 eggs/kg. Rounsefell (1957) re-
ported that females weighing about b
kg produced about 1,800 eggs/kg. Pope
et al. (1961) used the following for-
mula (modified by Baum and Meister
1971) to estimate the number of egys
produced by fish with different body
lengths:

LogigN = 2.69 logy L - 0.15

Eggs are spherical, b5-7 mm in
diameter, and pale orange or amber.
The eggs are slightly adhesive initi-
ally and stick to the substrate in the
pit until they are covered with grav-
el. The incubation period varies with
stream temperature. In Maine the eggs
hatch in April or early May after 175
to 195 days under normal winter condi-
tions (Jordan and Beland 1981). An
incubation of 110 days at 3.9°C cited
by Leim and Scott (1966) probably is
for hatchery eggs.

Egg size is influenced by the
age, size, and physiological condition
of the female. Egg size is also de-
termined by the length of time the
female lives in the ocean, the time of
spawning, and the position of the egy
in the ovaries. Average egg weight is
164 mg. The rate of embryo develop-
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ment is not affected by egg size, but
embryo size is larger in larger eggs
and the resulting larvae have higher
survival (Kazakov 1981). Egg size
increases with fecundity and size of
females (Pope et al. 1961).

Larvae and Juveniles

After hatching, the eleuthero-
embryos (alevin or yolk-sac larvae),
about 15 mm long, remain buried in the
gravel absorbing their yolk sacs for
nourishment for about 6 weeks (Bigelow
and Schroeder 1953). When the yolk
sacs are fully absorbed, the 25-mm fry
begin to forage for food in the sub-
strate, and then emerge from the sub-
strate. In a Maine stream, between May
12 and 28 emergence was always at
night (Gustafson-Marjanen 1982). In
New Brunswick streams, peak emergence
and dispersal were between June 12 and
23 (Randall 1982). After emergence,
fry disperse and immediately establish
territories. The competition for ter-
ritory may limit the number of fish in
the population. The young salmor are
also displaced downstream by water
flow. By late summer population den-
sity of parr is usually less than
50/100 m2, but may be as much as
370/100 m2 in New Brunswick (Francis
1980).

0f the eggs deposited, only about
5% result in production of fry. Mor-
tality rates also are high during
emergence and dispersion (Ottaway and
Clarke 1981). Egg-to-fry survival in
Newfoundland streams was influenced by
winter temperatures and change in
water levels described by Chadwick
(1982) in the equation:

Nfry/Neggs 68.07 + 1.89X - 0.005Y
where X = the lowest mean monthly tem-
perature (°C) and Y = the difference
between the November mean discharge
and the lowest winter mean monthly
discharge (1/sec). Egg-to-parr sur-
vival in Cove Brook, Maine, was 10%
(Meister 1962).

Chadwick (1982) also related year
class strength of smolts to eyg
deposition in three New Brunswick
streams with the equation:

In Y = 1.29 1In X - 8.014

where X 1is the number of eggs (thou-
sands) and Y is the number of smolts
of that year class.

On reaching a length of about 4U
mm during the first summer, young
salmon are called parr or fingerlings.
These juvenile salmon are found pre-
dominately in riffle sections of the
stream. Young parr are more numerous
in rapidly flowing water during the
day and early evening. At night they
rest on the bottom in the quieter wa-
ters (Gibson 1966). Ulder parr are
residents of the deeper pools in
streams. They defend territories and
attack other parr entering the defend-
ed zone. This practice allocates
space and food to ensure adequate
growth and reduce predation by other
species (Gustafson-Marjanen  1982).
Parr frequently move upstream or
downstream, perhaps as the result of
aggressive interactions, and some parr
may migrate to tributaries previously
unpopulated with salmon. In New
Brunswick streams abundance is usually
less than 15/100 m2 but in a ftew
streams may be as high as 62/10V
m2 {Francis 1980).

In the fall, many male parr be-
come sexually mature (precocious
parr), ensuring a mixture of breeding
stock {(Refstie et al. 1977). Parr
remain in the stream until they are
125-150 mm length, which may take up
to 2-3 years; they remain in streams
until they are 180 mm long and 4-8
years old in the Ungava Bay region of
Canada (Schaffer and Elson 197b).
Parr that fail to reach the critical
length by spring or early summer in
any one year do not transform into
smolts until the following spring,
regardless of subsequent growth
(Refstie et al. 1977). 1If smolts are



prevented from seaward migration they
again become parr and lose their abil-
ity to survive in salt water (Lund-
gvist and Fridberg 1982).

Smolts and Sea Migrants

The smolt is the next stage in
the life history of the Atlantic sal-
mon. In Maine, about 80% of the juve-
niles spend 2 years in freshwater and
20% spend 3 years. According to Elson
(1975) 38% of the parr in the Polett
River, New Brunswick survived to
smoltification {(survival from egg to
smolt was 1.1%). Chadwick (1982) re-
ported 3.6% and 3.2% survival from egg
to smolt in two Newfoundland streams.
Meister (1962) observed survival of 5%

from fry to the smolt in Cove Brook,

Maine. Symons (1979) analyzed egg-to-
smolt survival in the Miramichi River,
New Brunswick, and concluded that per-
centage survival was inversely related
to the initial number of eggs depos-
jted. Absolute numbers of smolts pro-
duced, of course, was -higher in
streams receiving heavy egg deposi-
tion, up to about 300 eggs/100 m?,
above which density-dependent mortal-
ity compensated for increased numbers.

After the parr reach 125 to 150
mm, the parr marks disappear and
deposition of guanine in the skin
creates a silvery pigmentation. The
tail lengthens and becomes more deeply
forked. Schooling behavior replaces
territorial behavior.

During the spring, rises in water
levels due to freshets and water tem-
perature increases +4.5 to +5.5°C
induce downstream smolt migration in
the Thurso River, Scotland (Allen
1944). Fried et al. (1978) reported
that a rise in temperature to 5°C
triggered downstream migration in the
Penobscot River, Maine. Smolts ex-
pressed full migratory behavior at
9°-10°C. Peak movements were at dawn
and dusk. In riffles and Tow-velocity
stream sections, smolts orient down

stream; but 1in swift currents, they
orient upstream. Migrating smoilts
passively drift in the main current of
the stream away from the shoreline.

- 0On reaching the estuary, smolts swim

seaward during the flood tide. Im-
poundments delay or restrict migra-
tion. Fried et al. (1978) tound that
the entire journey from freshwater to
seawater took less than 48 hr over a
distance of 57 km. Smolt movement in
estuaries is dependent on the charac-
teristics of the estuary (Clarke
1981). Stock-specific sun compass
orientation and tidal transport are
responsible for smolt movement out of
an estuary. Movement in deep water is
parallel to current direction, while
in shallow water sun compass orienta-
tion is dominant (Clarke 1981).

Mortality due to freefall over
dams and natural ftalls is likely if
the velocity of the fish exceeds 1b
m/sec on impact with the water. This
velocity is reached by smolts falling
a vertical distance of 27 m where
disctarge is 0.4 m®/sec (griise, 18 m,
and kelts, 16 m) according to Sweeney
and Rutherford (1981). Ruggles (1980)
cited that smolts may withstand free
fall of up to 90 m.

Sea Life and Homeward Migration

Once in the sea, Atlantic salmon
travel to distant feeding grounds
(Netboy 1974). Most American and
southern GEuropean salmon migrate to
the Davis Straits between Labrador and
Greenland (Figure 2). Salmon from the
Baltic Sea and British Isles migrate
to the coast of the Faroe Islands.
The postsmolts swim within 3 m of the
ocean surface at a rate of up to bU
km/day. One possible explanation for
their navigating such long distances
on target is their ability to detect
changes 1in earth's electromagnetic
geoelectric fields caused by the
passage of ocean currents through the
fields (Stasko et al. 1973).



After feeding at sea, most Atlan-
tic salmon return to their natal
stream to spawn. Return to the home
stream may be aided by detection of
olfactory stimuli from the stream that
initiate behavioral response mediated
by memory of the home stream odor
(Stasko et al., 1973). One hypothesis
for homeward navigation is that during
the downstream migration, smolts re-
lease a pheromone, creating an odor
trail specific for each population
from the home stream to the feeding
ground (Fisknes and Doving 1982).
Adults may follow this trail to return
to their home stream.

Some adults (grilse) return to
their home stream after 1 year at sea,
weighing 1-3 kg. Other adults (bright
salmon) return after 2 or 3 years at
sea and weigh 3-9 kg, although much
larger salmon have been recorded
(Scott and Crossman 1973). Fish re-
turning to Maine rivers usually have
spent 2 years at sea (Beland et al.
1982). At sea the returning adults
swim at rates of 0.08-0.68 m/sec
(Smith et al. 1980).

Salmon congregate in estuaries,
bays, and river mouths before migrat-
ing upstream. Migration often coin-
cides with freshets or other sustained
increases in water flow. Freshets are
less important in spring when water is
colder and the flow higher than in
summer or in autumn (Brawn 1979).
Salmon are rheotactic and require a
minimum stream velocity of 0.3-0.6
m/sec to continue movement wupstream
(Weaver 1963). Stasko et al. (1973)
reported that the rate of progress
upstream against an average flow
velocity of 0.5 m/sec (35 km/day) was
4.3 km/day .

Adult salmon do not feed 1in
freshwater. As males mature, their
heads become elongate and the lower
jaws become.enlarged and hooked, form-
ing kypes. The females choose the
spawning site. In contrast to Pacific
salmon, Atlantic salmon do not die

after spawning. Many spent fish
(kelts) survive the winter in fresh-
water and resume feeding. Apparently
mortality is high when the kelts enter
saltwater. Fish that survive and mi-
grate to oceanic teeding ground may
become repeat spawners. Landlocked or
permanently freshwater salmon move
from the lake where they feed to a
tributary stream where they spawn
(Havey and Warner 1970).

GROWTH CHARACTERISTICS

Growth of the Atlantic salmon is
influenced by both genetic and envir-
onmental factors. Embryo size and
weight are determined by egg size,
which 1is influenced by the age, size
and physiological condition of the fe-
male. Egg diameter increases with the
age of the fish and the length of time
the fish spend in ocean feeding. Ltgg
size also varies in individual fe-
males, depending on the position of
the eggs in the ovary (Kazakov 1981).

Growth of fry and parr in fresh-
water is relatively slow (Figure 4).
Salmon fry obtain maximum growth in
July with 1little or no growth after
September (Randall and Paim 1982). It
may take 2-3 years to reach a 1Zb-15%0
mm fork length in streams in New tng-
land, and 4-8 years to reach 180 mm in
Ungava Bay (Schaffer and Elson 197b).
In productive streams in Maine 1+ parr
may reach 150-175 mm, and 2+ parr of
210 mm are occasionally seen.

Normal growth of parr occurs at
water temperatures of 15°-19°C (Knight
and Greenwood 19Y8l). Population
density also affects growth and
survival. Growth rates are usually
greater where densities are least
(Randall 1982). From a study on the
Pollett River, New Brunswick, Elson
(1975) concluded that average smolt
production in an ideal salmon stream
should not exceed six smolts/lU0m2,
This calculation was based on a
spawning intensity of 170 eggs/100 m2


















































