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Abstract—Attraction and preference behavior patterns shown by Atlantic
salmon (Salmo salar L.) parr towards intraspecific odors were measured.
Salmon parr were attracted to tank water in which relatives of their own strain
were held but were also attracted to tank water containing another strain of
their species. When given a choice between the two types of tank water,
water containing their own strain odor was significantly favored over water
containing conspecific but nonfamiliar odor, revealing that pheromones are
present at intraspecific levels in salmonid juveniles. Competitive experiments
with various extracts suggest that the active compounds are most likely pro-
duced in the liver and are voided via the intestinal tract, as determined by
presence of attractants in intestinal contents and bile. Intraspecific discrimi-
nation was not detected with extracts from either skin surface mucus or blood
plasma. Extracts from gravel that had been kept below the fish in their rearing
tanks, however, induced a strain-related preference behavior. This suggests
an ability for substrate marking by salmonid fishes, presumably mediated by
deposition of fecal material. Strain discrimination and substrate marking are
discussed in relation to stationary behavior and homing of fishes within dis-
crete populations in natural systems.

Key Words—Salmo salar, olfaction, pheromones, substrate marking, feces,
bile, skin mucus.

INTRODUCTION

Salmonid fishes living in streams demonstrate a substantial degree of regional
stability throughout their life, (Miller, 1954; Saunders and Gee, 1964; Ed-
mundson et al., 1968; Hesthagen, 1978; Cargill, 1980; Harcup et al., 1984).
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When moved from their ‘‘home area,”” most of the fishes will return to that
area whether displaced upstream or downstream. Downstream displacement,
however, was found by Miller (1954) to result in a more precise homing in
cutthroat trout (Salmo clarki L.). Accordingly, it was suggested that the sense
of smell was the most important factor in homing since fish displaced down-
stream could smell their home area continuously.

Regional stability and homing after displacement in streams have also been
demonstrated in several nonsalmonid species of fishes (Gerking, 1953, 1959;
Stott, 1967). In sensory deprivation experiments, using longear sunfish (Le-
pomis megalotis megalotis Raf.), Gunning (1959) demonstrated that fishes with
an impaired olfactory sense moved at random in the stream, whereas blinded
individuals homed as quickly and accurately as controls. The precision of intact
fish homing in the upstream direction was also found to be greater than that of
those moving downstream. Homing was therefore concluded to be maintained
by olfactory mechanisms.

The above summary indicates that fishes within streams search for their
home range through rheotactic behavior mediated by olfaction, and they appar-
ently recognize their ‘‘home area’’ by some characteristic odor. The question
then arises: what is the origin of the characteristic odors used by fishes when
homing and when maintaining regional stability? '

Hasler and Wisby (1951) suggested that because of local differences in soil
and vegetation of the drainage basin, each stream has a unique chemical com-
position. During smolt transformation and seaward migration, the young salmon
were presumed to become ‘‘imprinted’’ to the distinctive odor of their home
stream (see also: Hasler et al., 1978; Hasler and Scholz, 1983). When returning
as mature adult salmon, they would proposedly remember this ‘‘imprinted’’
odor and use it as a cue for homing when migrating through the homestream
network. The ‘‘imprinting”’ hypothesis, however, has been closely associated
with the process of smolt transformation (Hasler and Scholz, 1983) and does
not, therefore, explain the phenomena of regional stability and homing after
displacement in juvenile fishes (Stabell, 1984). '

The pheromone hypothesis for anadromous salmonids (Nordeng, 1971,
1977) proposes that homing migrants return to their home area by detecting
population-specific pheromones secreted by downstream migrating smolt and
young relatives resident in the stream. The hypothesis has been supported
through behavior studies with mature anadromous char (Salvelinus alpinus L.)
by Selset and Dgving (1980), demonstrating that char have the ability to detect
the odor of young relatives and that they prefer the odor of relatives to that of
nonrelated conspecifics.

By positive rheotaxis olfactometry, it has recently been demonstrated that
Atlantic salmon (Salmo salar L.) parr are also able to discriminate between
substances secreted by strains of conspecifics (Stabell, 1982). Accordingly, it
was suggested that intraspecific odors could be responsible for the regional sta-
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bility of juveniles in streams and that these odorants could well be identical to
those attracting mature migrants to the spawning grounds. Studies of positive
rheotactic behavior in parr towards conspecific odors could therefore provide
insight into adult homing behavior.

The intention with the present study was to further investigate the prefer-
ence and attraction phenomena of Atlantic salmon parr towards conspecific
odors. In particular, it was of interest fo evaluate possible pathways for the
secretion of the intraspecific signal substances and to test for substrate marking
by fishes related to regional stability and homing.

METHODS AND MATERIALS

Study Animals. Atlantic salmon (Salmo salar L.) parr were used in the
study. The parr originated from the river Sandvikselv, Akershus County, south-
eastern Norway; the river Imsa, Rogaland County, southwestern Norway; and
from the river Altaelv, Finnmark County, northern Norway. After artificial fer-
tilization, the eggs were hatched and the fish raised at the Research Station for
Freshwater Fish, belonging to the Directorate for Wildlife and Freshwater Fish,
at the Imsa River. The fishes were subsequently transported to aquarium facil-
ities at the University of Oslo, where the experiments were conducted. The
Altaelv parr were all siblings of the brood year 1981 and were transported to
Oslo in May 1982. The parr from Sandvikselv and from Imsa were of the brood
year 1982 and arrived at the University in September 1982. Of these fish, the
Imsa parr belonged to one sibling group, while the Sandvikselv parr came from
a group where ova and milt from several spawners had been mixed. The three
strains of fish were reared in separate tanks supplied with tap water and fed with
commercially available dry pellets from automatic feeders.

Test System. A fully automated test system was used in the experimental
series to measure preference behavior and upstream movement aroused by
chemical stimuli. The aquarium part of the system was of the two-choice, par-
allel-entrance type, as described by Selset and Dgving (1980). In the current
study the aquarium part was slightly modified with regard to water-flow char-
acteristics and test sample injections, according to the description by Stabell
(1982).

The system involves a main chamber with three freshwater inlets, of which
the fish were allowed to choose between the two outermost (Figure 1A). The
middle inlet was used to ensure good separation of water flow within the main
chamber, and fish were prevented from entering that inlet by a plastic net cover.
Tap water was introduced from an overflow reservoir into three separate cham-
bers in the upstream end of the system, ensuring equal flow from each of the
inlets (3 X 3 liters/min). A water level of 8 cm was used in the system, giving
a main chamber volume of 28.3 liters.
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The test substances were introduced to the system at the upper end of the
inlet tubes, as shown in Figure 1B, and added by hydrostatic pressure to the
background flow through solenoid valves at an approximate ratio of 1:60 in
volume. When a test sample (X) was introduced to one of the inlets, a reference
sample (Y) was introduced to the other and vice versa. Movements of fish into
the inlets were registered by photocells (IR light) located at the lower and upper
end of each inlet (Figure 1B). Test performances were controlled and monitored
by a microcomputer connected to an interface with in—out ports and a printer.

Odor Sampling. Fish odors were sampled by siphoning water from fish
rearing tanks (volume: 500 liters, flow: 10 liters/min) containing approximately
100 fish that had been undisturbed for more than 12 hr. Skin mucus was sampled
from the surfaces of the fish using an aspirator flask, according to the descrip-
tion by Stabell and Selset (1980). Skin mucus, intestinal contents, blood plasma,
and bile were all sampled from the same fish. Each type of material was pooled
from five fish and subsequently divided for use in two 4-hr test series. Material
not used for immediate testing was frozen and stored at —20°C.

Test solutions from skin mucus as well as intestinal contents were prepared
by adding 20 ml of tap water to each of the sampled materials. After careful
mixing, the solutions were centrifuged and the supematant pipetted off. Another
20 ml of tap water was added to the residue and the procedure repeated. The
supernatants from both water extracts were then pooled for use in the tests.
Ethanol extracts from each type of material were prepared in a similar manner
to that described for water extracts. Before using in the tests, however, ethanol
was removed in a rotary evaporator and the residues redissolved in tap water.

Gravel retained by a 2-cm sieve and washed in water was introduced under
the fish in the rearing tanks upon arrival of the 1982 brood years. Approximately
20 liters of gravel were used in each tank. After two months, the gravel was
removed from the tanks and washed carefully with running water to remove
food residues and feces. It was then spread out on water-absorbing paper on the
laboratory bench to dry. After a week, methanol extracts were made from the
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FiG. 1. (A) Overview of the aquarium part of the test system; flow directions are shown
by solid arrows. City tap water is introduced to the upper overflow tank, ensuring equal
flow from each of the three inlets. Entrance by the fish into the middle inlet is prevented
by a grid. A perforated wall in the downstream end of the main chamber prevents fish
from moving downstream, and an overflow wall (hatched) secures a constant level of
water in the system. (B) Close-up of a freshwater inlet showing positions of photocells
in the downstream and upsiream ends. Positions of tubes for test sample injections,
denoted X and Y, are shown by open arrows in the upstream end of the inlet. Test
samples are introduced through solenoid valves, and test performance is controlled and
monitored by a microcomputer.
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material covering the gravel surface. Five liters of methanol was used to wash
the gravel from each tank. Methanol extracts were subsequently treated in the
same manner as that previously described for the ethanol samples.

Experimental Procedures. Test samples were introduced to the inlet tubes
for periods of 20 min followed by pauses of 10 min. Every half hour the samples
were switched between the inlets in order to balance possible preferences of the
fish for a particular side of the aquarium. Because of possible side preferences,
two subsequent half-hour test periods were treated pairwise in the evaluation of
data.

Four hours of testing, consisting of four pairs of half-hour test periods,
were run as a series. This time limitation for each test series was because of
the storage capacity of the test-sample reservoirs. Several 4-hr test series were
usually necessary to obtain a satisfactory number of choices within each type
of test. Ten fish were used simultaneously in the test system, and no fish were
ever used in more than two successive 4-hr test series.

"Data Evaluation. The two photocells used for each inlet allowed two dif-
ferent events to be evaluated: (1) search: only the beam of the downstream
photocell is broken, i.e., the fish enters the lowermost part of the inlet and then
backs out; (2) ascent: the beam of the downstream photocell is broken followed
by that of the upstream cell, i.e., the fish moves all the way up through the inlet
tube.

In random choices, the fish will choose equally between the two inlets
(Selset and Déving, 1980; Stabell, 1982), and the binomial model can therefore
be used for probability calculations (Siegel, 1956). The activity score (AS) ob-
tained for each event (ascents or search) is given by the expression:

N, =N,

AS =
N, + N,

x 100
where N, and N, are the number of choices in favor of the test substance and
the reference substance, respectively (Olsén, 1985). The data are presented as
column graphs for the two events, each representing the activity score for the
total number of trials performed.

Probabilities for random choice are given in the figures. The probabilities
are given as the lowest score obtained for each experiment at the 5, 1, or 0.1%
levels. All probabilities given are one-tailed. The results were regarded to be
within significant levels of attraction or repulsion when the probability of being
generated by random choice was found equal to, or less than, 5%.

RESULTS

Fish Odors in Tank Waters. The results obtained from tests with fish odors
in tank waters are presented in Figure 2. Fish from the Sandvikselv strain were
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used as test fish in all three experiments of this type, which took place from
October 10 to November 3, 1982. When water from the tank containing fish of
the Sandvikselv strain was tested against tap water without any salmon odor,
the fish significantly preferred the tank water (Figure 1A). The results refer to
both parameters tested. Of 93 ascents performed, 55 were in favor of the tank
water, giving an activity score (AS) of +18.3. This result represents a signifi-
cant level of attraction (P = 0.0495). For search behavior, 468 of 820 trials
performed were in favor of the tank water containing the related fish, giving an
AS of +14.2, which is highly significant (P < 0.00003).

The test fish also demonstrated a preference for tank water over tap water
when water from a tank containing an unfamiliar strain of salmon parr was used
(Figure 1B). Of 122 ascents recorded, 77 were in favor of the tank water, giving
an AS of +26.2 (P = 0.0025); from a total of 1333 searches, 725 were also
in favor of the tank water (AS = +8.8; P = 0.007).

When tank water containing the related Sandvikselv strain of fish was tested
against tank water containing the unfamiliar Imsa strain that had previously
been found attractive, the Sandvikselv fish highly favored water from the related
strain to that from the unfamiliar one (Figure 2C). Of 92 ascents recorded al-
together, 61 were in favor of the familiar odor (AS = +32.6; P = 0.0013).
For search, 806 of 1290 trials were in favor of the familiar odor (AS = +25.0),
demonstrating that this result was also at a highly significant level (P <<
0.00003).

Odorants in Excretion Products from Fish. Competition experiments with
extracts from skin mucus of the Sandvikselv strain versus similar extracts of the
Imsa strain are presented in Figure 3A. Fish from the Sandvikselv strain were
used as test fish. In the middle of November 1982, fish from the Sandvikselv
strain were found to discriminate between water extracts for the search param-
eter only. Of 70 ascents recorded, only 32 were in favor of the related strain
(AS = —8.6; P = 0.274), whereas 470 of 880 searches were directed towards
the familiar strain (AS = +6.8; P = 0.023).

In the middle of June 1983, however, no significant preferences for either
strain was found in competition experiments with water extracts from skin mu-
cus (Figure 3A). Fish from the Imsa strain were used as test fish this time.
Sixty-one ascents from a total of 128 were in favor of the related strain (AS =
+4.7, P = 0.33), and 258 of 514 searches were similarly directed (AS =
+0.4; P = 0.484).

Ethanol extracts from skin mucus of the two strains mentioned above, tested
in July 1983 with the Sandvikselv strain as test fish, elicited neither of the
preference behaviors (Figure 3A). Only 33 ascents were registered in total, of
which 15 were in favor of the material from the related strain (AS = —9.1; P
= 0.36). Of 199 searches, 96 were in favor of the related strain (AS = —3.5;
P = 0.334).

Experiments with extracts from intestinal contents are presented in Figure
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3B. When water extracts from intestinal material were run in the middle of
November 1982 with fish from the Sandvikselv strain as test fish, no preference
behavior was detected (Figure 3B). Seventy-seven ascents were recorded; 35
of them were in favor of the related strain (AS = —9.1; P = 0.248). Of 963
searches, 464 were in favor of the related strain (AS = —3.6; P = 0.138).

When tested in June 1983, however, an ability among the Sandvikselv parr
for intraspecific discrimination of water extracts from intestinal material was
revealed (Figure 3B). Although a significant level was not found among as-
cents, 28 of 45 trials were in favor of the familiar odor (AS = 4244, P =
0.068). For the search parameter, 124 of 205 trials were in favor of the related
strain, revealing a highly significant level of preference (AS = +21.0; P =
0.0017). ,

Ethanol extracts from intestinal contents also elicited preference behavior
of the Imsa fish towards material from the familiar strain (Figure 3B). Twenty-
eight ascents of 42 were found in favor of the familiar strain, giving a significant
level of preference (AS = +33.3; P = 0.022). For the search parameter, how-
ever, a repellent effect from the familiar strain was found. Of 1460 trials, only
633 were directed towards the native material, revealing a highly significant
repellent effect (AS = —13.3; P << 0.00003).

Origin of Odorants. Results from competition experiments using bile from
two genetic strains of parr are presented in Figure 4A. Fish from the Sand-
vikselv strain were used as test fish. Very few ascents were recorded during the
experimental period which took place in June 1983. Only 28 trials were regis-
tered in total, and 16 were in favor of the extracted material from the familiar
strain (AS = +14.3; P = 0.284). For search, however, 254 trials were re-
corded, of which 142 were directed towards the familiar material (AS = +11.8;
P = 0.034). This result suggests that the strain-specific substances demon-
strated in tank water and intestinal contents of fish may originate from the liver.

&
N\

FiG. 2. Activity scores for ascents (cross-hatched bars) and search (horizontal lined
bars) in test series with water from fish-rearing tanks, presented at the total number of
trials recorded for each event. (A) Test with tank water from the Sandvikselv strain
against tap water as reference. (B) Test with tank water from the Imsa strain against tap
water as reference. (C) Test with tank water from the Sandvikselv strain against tank
water from the Imsa strain as reference. Fish from the Sandvikselv strain were used as
test fish in all three test series. Ascents are the movements of fish up through the inlet
tubes. Search is the entrance into the downstream part of inlets only. Activity scores for
each event are given as the difference between trials in favor of the test sample and trials
in favor of the reference sample, expressed as percent of the total number of trials.
Probabilities for random choice are given in the figures. The lowest probability obtained
among the 5, 1, and 0.1% levels are in each case given by one, two, or three asterisks,
respectively. Black vertical bars in the upper part of each figure indicate experimental
periods in 1982.
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Fig. 3. Activity scores for ascents (cross-hatched bars) and search (horizontal lined
bars) in test series with extracts from skin mucus and intestinal contents. The tests were
performed with extracts from a familiar versus an unfamiliar strain and are presented at
the total number of trials recorded for each event. (A) Tests with extracts from skin
mucus. (B) Tests with extracts from intestinal contents. Encircled number one represents
experiments performed in 1982 with water extracts from crude material. Encircled num-
ber two represents experiments performed in 1983 with water extracts from crude ma-
terial. Encircled number three represents experiments performed in 1983 with ethanol
extracts from crude material. The strain of test fish used in each case and experimental
design for each type of test performed are given in Table 1. General figure explanations
are given in the legend to Figure 2.

>
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FIG. 4. Activity scores for ascents (cross-hatched bars) and search (horizontal lined
bars) in test series with ethanol or methanol extracts from various sources. The tests
were performed with extracts from familiar versus an unfamiliar river strain. (A) Com-
petitive test with extracts from bile. (B) Competitive test with extracts from blood plasma.
(C) Competitive test with extracts from gravel which had been retained for two months
in rearing tanks below fish from two separate river strains. Strains of test fish used in
each case and experimental design for each type of test performed are given in Table 1.
General figure explanations are given in the legend to Figure 2.
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Experiments with extracts from blood plasma elicited no preference be-
havior of the fish from the Imsa strain (Figure 4B). Only 14 ascents were re-
corded in total in June 1983, with four in favor of the familiar strain (AS =
—42.9; P = 0.092); 355 searches of 680 were directed in a similar manner (AS
= +4.4; P = 0.134). This suggests that the attractant material found in the
bile is secreted through the intestinal tract and not transported in the blood to
be secreted elsewhere.

The Imsa parr demonstrated preference behavior when extracts from gravel
were tested in June 1983 (Figure 4C). Of 892 searches recorded, 487 were in
favor of the extract from gravel kept below their strain (AS = +3.2; P =
0.0034). For ascents, 49 of 95 trials were in favor of the gravel extract from
the tank containing familiar fish (AS = +9.2; P = 0.417). Since the gravel
used in the tanks originated from the same source, the results suggest that each
strain of fish is able to mark the substrate of its living environment.

Activity of Fish. All experiments presented in this paper were performed
within the relatively narrow temperature range of 7.3-9.3°C (Table 1). Activity
of the fish, however, as shown by the data, appears to be independent of tem-
perature. This suggests that variations obtained in activity of the fish must be
related to parameters other than temperature.

When tank waters were used, the activity per hour of ascents ranged from
7.7 to 15.3, and for search from 107.5 to 166.6 (Table 1). Activity was found
to be at the highest level when water containing an unfamiliar strain of fish was
used. When waters from tanks containing fish were introduced to both entrances
in competition tests, the activity was found to be at the lowest level. Regardless
of the test type performed with tank waters, the ascents-to-search ratio remained
relatively stable.

In tests with water extracts from skin mucus and intestinal contents (Table
1) a higher activity in search seems to have been present in November than in
June. In general, test samples made from extracts also resulted in a lower ac-
tivity than tank waters in the tests. For skin mucus, tests with ethanol extracts
appear to have reduced the overall activity compared to tests with water ex-
tracts, whereas similar extraction from intestinal contents apparently had the
opposite effect. Ethanol extracts from bile and blood plasma (Table 1) induced
a very low activity in ascents, while search did not deviate apparently from that
found for other organic solvent extracts. For gravel extracts, the fish demon-
strated a behavior that did not deviate from normal activity.

DISCUSSION

The data presented in this paper reveal that Atlantic salmon parr demon-
strate preference behavior towards, and are attracted to, water conditioned by
conspecifics. In competition experiments they favor water conditioned by their
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related strain to that conditioned by another genetic strain of their species. The
findings reveal that salmon partr secrete substances specific for their strain and
that they are able to discriminate between these chemical cues.

The secretion of signal substances seems restricted to the gastrointestinal
tract and appears to originate from the liver, the largest ‘‘chemical factory’’ in
the vertebrate body. Evidence has also been provided for substrate marking by
salmonid fishes, presumably mediated by deposition of fecal material. In the
following sections, the behavior towards chemical signals will be considered,
together with aspects of physiology and ecology related to the ability of strain
discrimination and substrate marking in salmonid fishes.

Determination of Chemically Mediated Rheotaxis. Fish denied olfaction
demonstrate a preference for directing the body towards water currents (Hog-
lund and Astrand, 1973), i.e., positive rheotaxis is maintained in the absence
of olfactory cues. In blind tests related to preference experiments, fish will also
move upstream in the absence of any known chemical stimulus (Selset and
Ddving, 1980; Stabell, 1982). It is therefore difficult to give a direct measure
for attractive responses due to chemical stimuli in the determination of fish
behavior. The problem has been solved indirectly in behavior experiments by
comparing the rate of activity of the fish to stimulants added simultaneously.
In the current study, it has been possible to separate the behavior towards chem-
ical stimuli into two events by using a double set of photocells in each tube
(Figure 1B).

When held under abnormal and crowded conditions, it has previously been
demonstrated that salmon parr secrete substances to which their relatives dem-
onstrate an avoidance response when given an alternative and unscented choice
of water (Stabell, 1982). Furthermore, confronted with a choice of odors from
two stressed groups of fish, the parr demonstrated a preference for chemical
cues secreted by their related strain. Both search and ascents were found within
significant statistical levels of preference in the report mentioned, even when
“‘repellent’” substances were present in the samples tested. Tests with sample
extracts in the current study, however, apparently produced a shift in preference
behavior towards the search parameter. When organic solvents were used for
sample extractions, ascents were found to work only once as a functional pa-
rameter in the tests. The shift in preference behavior was also found to coincide
with a general decrease in activity when sample extracts were used, the decrease
being greatest after treatment with organic solvents, while the ratio of ascents
to search was not found to be systematically affected. A decrease in attractive
responses in mature char, probably similar to the one obtained here, was also
reported by Selset and Dgvig (1980) when test samples had been treated by
chemical means. Therefore, the extraction procedure rather than the presence
of repellents seems responsible for the decrease in activity and the shift in pref-
erence behavior found in this study.
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All pretreated samples in the present study were dissolved in small quan-
tities of water before testing. In order to function as substrate markers, as will
be discussed in a subsequent section, water solubility of the topical signal sub-
stances must be expected to be very low. The small volumes of water used for
extraction of the active material may, therefore, have been a determining factor
for the observed shift in behavior because of the low concentrations of the ap-
plied stimulus. Additional ‘‘trapping’’ of active compounds within precipitated
material when organic solvents were used for extraction may possibly explain
the special behavioral effects found following such treatment. Accordingly, both
ascents and search must be viewed as parameters suitable for detecting prefer-
ence behavior. While the ascent parameter is probably that which most strongly
expresses attractive properties, it is suggested that search may work alone as a
functional parameter in determination of chemically mediated rheotaxis when
dealing with low stimulus concentrations.

Production and Secretion of Odorants. Preference tests with tank waters,
each containing a separate genetic group of salmon parr, demonstrate that the
fish secrete odorants specific for their strain. The observation that salmonid
Juveniles secrete intraspecific pheromones supports the results from several ear-
lier reports in the field (Nordeng, 1971, 1977; Selset and Déving, 1980; Quinn
and Busack, 1985; Quinn and Tolson, 1986; Olsén, 1985, 1986). Skin mucus
was initially suggested to be the source of salmonid pheromones (reviewed by
Stabell, 1984), but the origin of the attractive chemical components was ques-
tioned by Stabell and Selset (1980) because of a demonstrated contamination
by intestinal juices of mucus collected in the customary way. Selset and Dédving
(1980), who found no behavioral response in mature Arctic char to ‘‘pure’’ skin
mucus, also questioned skin mucus as a source for salmonid pheromones.

In the current study, ascents were never found below the 5% probability
level in tests with water extracts from skin mucus. As for the search parameter,
on one occasion only, in late autumn, an intraspecific preference for skin mucus
was obtained. Since intestinal contents gave no behavioral responses at that time
of the year, the result is difficult to interpret. Comparative physiologic indica-
tors for presence of attractive substances in vertebrate skin mucus are, however,
given in the literature. In female garter snakes (Thamnophis sirtalis parietalis),
blood plasma has been shown to contain pheromones arousing sexual behavior
in males (Garstka and Crews, 1981). As in this study, the pheromones from the
mentioned reptiles are produced in the liver but are transported in the blood and
secreted by mucus glands present between the surface scales. Extracts from
blood plasma in the current study, however, revealed no preference or attractant
properties. If mucus cells in salmonid fishes secrete attractant substances, the
production must consequently be suggested to take place within the same cells.
Possible attractant properties of skin mucus in salmonid fishes obviously await
further investigation. Altogether, however, the data reported here appear to sup-
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port the preliminary conclusion that the topical signal substances do not origi-
nate from skin mucus.

Tests with water extracts from intestinal contents of different salmon strains
presented here demonstrate that the fish are able to discriminate among various
compounds found in the gastrointestinal tract. The observed variation in odor-
ants secreted cannot be attributed to food ingested, since the different strains of
fish were fed by food pellets of common origin. Secretion of intraspecific pher-
omones through the intestinal tract by juvenile Atlantic salmon is in accordance
with earlier observations with Arctic char (Selset and Déving, 1980). The ex-
periments performed with ethanol extracts from intestinal contents in the present
study were found to result in a significant preference level for ascents, while
repellent effects were obtained for the search parameter. This was the only time
during the study that contrary results were found for the parameters used, and
an interpretation would therefore appear futile. Ethanol extracts from the bile,
however, gave significant preference levels in search towards the familiar strain,
supporting the conclusion by Selset (1980) that salmonid pheromones may orig-
inate from the liver and could be of a steroid nature.

Substrate Marking and Regional Stability. Atlantic salmon parr apparently
mark their living environment with scents of an intraspecific nature, as dem-
onstrated in this study. The odorants in question are most probably secreted
within fecal material and may be deposited passively on the substrate by the
bottom-dwelling parr. The chemical compounds representing the specific odors
have been demonstrated to withstand dried-up conditions for at least a period
of time, but they must also hold properties of low solubility due to the contin-
uous flow of water in natural environments. Since the holding tanks in the cur-
rent study were continuously exposed to flowing water, and the gravel washed
by water before drying, a low solubility of the compounds in question seems to
have been confirmed.

It has been suggested by some authors that salmonid fishes may leave re-
sidual scent on the spawning site long enough to secure homing by returning
migrants (Larkin, 1975; Kristiansen, 1980; Selset, 1980; reviewed by Stabell,
1984). Foster (1985) also demonstrated in tank experiments that lake trout (Sal-
velinus namaycush) would preferently spawn on artificial reefs scented with
material taken from eggs and excretion products of young fish. It would seem
unlikely, from the point of view of energy costs, that juvenile fish have devel-
oped several parallel systems of pheromone production. The above reports,
therefore, together with the data presented here, strongly indicate a common
chemical basis for regional stability in juveniles and the mechanisms underlying
homing of adult migrants to specific spawning grounds.

Ecological Aspects of Olfactory Recognition. Intraspecific recognition
among juvenile siblings of Atlantic salmon, originating from different river
strains, was demonstrated by Stabell (1982). It was suggested that the events
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observed among the parr were based on the same mechanisms of recognition as
the one attracting mature migrants to the spawning grounds. Quinn and Busack
(1985) also demonstrated an ability among juvenile coho salmon (O. kisutch)
to recognize and prefer chemical cues secreted by siblings. They suggested that
the most obvious adaptive values of kin recognition were to encourage school-
ing and thereby improve predator avoidance. Facilitated inbreeding avoidance
among adults was also suggested as a possible resulting effect. The conclusions
reached by Quinn and Busack (1985), however, appear to contradict the events
generally observed in nature, since bottom-dwelling, territorial behavior in ju-
venile stream-living salmonids, together with specific return to native spawning
grounds by adult maturing fish, are well documented phenomena. In the current
study, fish other than pure sibling groups were used, indicating that strain rec-
ognition may work on additional levels to that of siblings and suggesting that a
hierarchic order of chemical recognition may be at work within discrete popu-
lations of salmonids.

The fish in this study were able to discriminate between intestinal water
extracts in June but not in the middle of November. This finding may result
from a late autumn decline of the behavioral response, the olfactory sensitivity,
or the secretory activity of the fishes. Since, however, high behavioral activities
were still recorded in November, and olfactory sensitivity in electrophysiolog-
ical recordings have been found present also during the winter (G. Thommesen,
Department of General Physiology, University of Oslo, personal communica-
tion), it is suggested that the results are due to a decline or absence of phero-
mone secretion outside the migrating season.

Selset and Déving (1980) reported an ability of mature Arctic char to dis-
criminate between conspecific odorants secreted within the intestinal contents
of juvenile fish. The present study reveals that juvenile salmonids also have the
ability to discriminate between conspecific odorants of intestinal origin from
juveniles. An olfactory-dependent intraspecific recognition in young fish, to-
gether with substrate marking in the ‘‘home’’ area by juveniles, thus extends
the view of the functional role of pheromones in the ecology of salmonid mi-
gration.
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