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Abstract A video camera inside an underwater hous-
ing was used to record the spawning activities of lake
trout, Salvelinus namaycush, in Kushog Lake, Ontario
(Canada). Contrary to the commonly accepted belief
describing lake trout as the only salmonine to spawn
exclusively at night, the recordings were taken during
the day. Lake trout spawning behaviour is described in
detail and compared with other salmonine species. The
loss of female “nest-building” and assumption of a
novel itinerant strategy during which females travel
across the breeding grounds accompanied by a group
of males, is considered to be an important change in
the evolution of the lake trout’s unique mode of
spawning.
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Introduction

Salmonine fishes have been studied extensively for
decades, so it is perhaps surprising to discover that the
description of the spawning behaviour of the lake
trout, Salvelinus namaycush, is still relatively absent
from the literature. For example, Esteve and
McLennan (2007) used Salvelinus as an outgroup in
their behaviour-based analysis of phylogenetic rela-
tionships within Oncorhynchus (Pacific salmon and
trout). At the time their manuscript was written, most
of the characters for lake trout had to be coded as
“unknown”. This dearth of information is generally
attributed to the lake trout’s propensity to spawn only
at night and to shun areas lit by artificial light (Gunn
1995), making it difficult to observe in either the field
or the laboratory. It has thus been more practicable to
collect data about the physical factors influencing
timing and duration of spawning or the choice of a
spawning site (e.g., Martin and Olver 1980;
Liimatainen et al. 1987; Gunn 1995) than to docu-
ment the actual behaviours performed from arrival on
the breeding grounds to gamete release.

Our knowledge about lake trout spawning, which
is based largely on observations appended to larger
ecological studies (Royce 1951; Martin 1957;
DeRoche 1969; Watson 1999), can be summarized
as follows: fish show a tendency to return to the same
spawning areas every year in the fall, suggesting
homing behaviour, as is the norm in other salmonines.
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Males are the first to arrive on the breeding grounds,
where they can be seen swimming at nearly any hour
of the day or night, waiting for females to appear.
They tend to spend daylight hours offshore in deeper
water, moving shoreward as light levels drop. Once
the females arrive, which often coincides with
periods of heavy winds, fish begin to congregate
in groups, swimming slowly (traveling) over the
coarse gravel substrate found along the wind swept
lake margin. Breeding activity peaks between dusk
and midnight, during which time one or more of
the males surrounding a female will brush along
her flanks, nibbling at her fins. Eventually gametes
are released, accompanied by both partners gaping
and raising their dorsal fins. Spawning activity can
be concentrated in as few as two to three nights or
spread over 2-3 weeks, depending upon environ-
mental conditions.

Even this sketchy description highlights several
major differences between the spawning behavior
of lake trout and other salmonines. For example,
lake trout appear to be the only salmonine that (1)
spawn without building a nest (Martin and Olver
1980). Instead of establishing and defending a
territory, females wander across large areas, inter-
mittently laying batches of eggs over selected
substrate crevices. Not surprisingly, females show
none of the territorial behaviours common in other
species (Esteve 2005b); (2) lack overt male—male
competition (Gunn 1995; Watson 1999); (3) lack
distinct sexual dimorphism such as differences in
body colour or snout restructuring; and (4) limit its
breeding activities almost entirely to periods of
darkness (Gunn 1995). Although these differences
are well documented in the literature, no one has
tried to delineate the factors that may have been
involved in the evolution of the lake trout’s unique
spawning repertoire. Our goals in this paper are
thus two fold. First, we report detailed descriptions
of the behaviours leading to gamete release based
on underwater video recordings of lake trout
spawning in the wild. Second, we use these new
data to investigate the evolution of the lake trout
spawning repertoire. These data will be useful to
both systematists interested in reconstructing phy-
logenetic relationships within the Salmoninae in
general and Salvelinus in particular, and to biolo-
gists interested in managing this economically
important resource.
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Materials and methods
Study area

Spawning events were recorded on 6 November 2005
at Kushog Lake, Southern Ontario (45°05'40" N; 78°
47'34" W). Kushog Lake is a 640 ha oligothrophic
lake (max. depth 38.1 m, mean depth 9.9 m) with a
healthy lake trout population. The spawning section
consisted of approximately an area of 10 m in length
and 2 m in width paralleling the shore (Fig. 1).
Substrate was composed of coarse gravel mixed with
rubble and rock. Spawning depth fluctuated between
0.1-0.5 m, with the majority of spawning events
observed in shallow waters of less than 0.3 m. High
winds and intermittent rain throughout the day
reduced underwater visibility by stirring up a sub-
stantial amount of suspended material, which may
explain why spawning started during the day rather
than at night. This explanation is supported by seven

Fig. 1 Diagram showing the spawning area and camera
settings. Not drawn to scale, distances are visual approxima-
tions as no direct measurements were taken
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Fig. 2 A camera inside a housing records lake trout activities.
Notice the gravel substrate common to spawning grounds

futile attempts to record spawning at the same
location when the water was clear (2005: October
23, 30; November 5, 12. 2006: October 21, 27;
November 3).

Underwater video recordings

A colour mini DV camera (Sony TRV 900), bearing
an angular lens (x0.5) was mounted inside an acrylic
housing and placed in 0.3 m of water approximately
2 m from the shore (Figs. 1 and 2). The video signal
was transmitted via cable to a mini DV digital video
cassette recorder (Sony GV-D900E). Images were
recorded using a remote commander (Sony RM 95)
that allowed manual zooming and focusing from
shore. The camera remained in a stationary position for

the entire recording period. Poor visibility restricted the
capture of clear images of lake trout to approximately
1 m from the camera; lateral view range was estimated
to be approximately 1.5 m (Fig. 1). Since lake trout
have no overt morphologically based sexual dimor-
phism, we used behaviour to identify males and
females. Specifically, a female was identified as the
fish at the front of a small group, constantly followed
by one or more fish scored as males because they
performed quivering bouts along the lead fish (a
typical male salmonine courtship behaviour consisting
in low amplitude and high frequency body vibrations
from head to tail; Esteve 2005b). It was impossible to
identify individual males or females. Visible sperm
clouds and, in some cases, eggs were used as an
unequivocal signal of gamete release.

Results

A total of 10 spawning acts were recorded within
range of the camera (Table 1). Males were seen
wandering throughout the spawning area when the
observations started at 11:00. Actual spawning
activities began around 12:45 when several females
approached the area and crossed over it. At this point,
one or more males rapidly pursued each female at a
close distance. The female invariably responded to
these sudden approaches by fleeing into deeper parts
of the lake. At approximately 14:00 females began to
stay in the spawning area, allowing any male to
approach them. From this time recordings started and

Table 1 Notes from the 10 recorded spawning acts for lake trout in Kushog Lake

Spawning Number of males with Notes Time

number female

1 4 Only two males were seen gaping 15:45:07

2 5 Spawning only involved the two males adjacent to the female’s sides; three other 15:55:41
males were circling above

3 5 Only the male in front of the camera was seen to quiver and gape 16:01:52

4 5 Female was seen quivering; one male did not participate 16:02:42

5 4 Only the two adjacent males seem to participate, males move forward during sperm 16:10:09
release

6 4 3 males were seen gaping 16:17:09

7 5 3 males appear to participate in the spawning 16:30:27

8 5 Only 1 male appears to participate, the other 4 males were circling above 16:34:45

9 6 Not possible to determine how many males participate 16:38:14

10 6 Not possible to determine how many males participate 16:40:57
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continued until 17:00, when light levels were too low
to be detected by the video camera. All the recorded
spawning events were concentrated in a 1 h period. It
was not possible to determine how many individual
females were filmed during that time because the fish
were not tagged.

Courtship generally progressed as follows: a
female slowly swam in large circles over the spawn-
ing grounds with a variable number of males (1-7)
following her from between three to one half fish
lengths away. Eventually two males started to brush
and nibble the female’s vent region (Fig. 3), then
began rubbing along opposite sides of her body.
These males often swam beside her, nipping and
nudging her sides with their heads and snouts. Over
time males began to quiver the female. She responded
by either continuing to travel with no apparent
alteration of swimming speed or vertical position, or
by stopping and sinking to the bottom (Fig. 4). In the
latter case, the males who were quivering her always
stopped and sank with her, continuing to quiver. Of
the remaining males, the ones closest to the quivering
trio also sank, retaining their distance, while males
furthest away tended not to sink. At this point, the
entire group of fish appeared to drift slightly forward
due to inertia; no movement of their tails was
recorded. Once on the bottom, the female either
resumed travelling or spawned. In the latter case,
males that did not sink began swimming slowly above
and around the spawning group. Prior to a spawning
act, the female raised her caudal fin and started to

Fig. 3 A lake trout female followed by three males (one of the
males is on the female’s opposite side). Observe one of the
males brushing the female’s lateral side with his snout
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Fig. 4 A group of lake trout sinking to the bottom just seconds
before gamete release. First fish is a male, second one is a
female and the last four are males

quiver her body. The two males who had been
quivering her responded by assuming the typical
salmonine spawning position, arching their quivering
bodies, tails pointing upwards and jaws agape
(Fig. 5). Non-quivering males near the spawning
female often (but not always) displayed the spawning
arch-gape as well. At the point of gamete release,
males inclined towards the female with extended pelvic
and dorsal fins. Although the act itself was very brief
(1-2 s), it was easily detectable because a male
accelerated forward and slightly upwards while releas-
ing sperm. Using this as a criterion for spawning, it
appears that any male who had sunk with, and
quivered, the female, was involved in releasing sperm

Fig. 5 Lake trout spawning group during gamete release. First
fish in the bottom is a male, the female is the fish to his right
side. The fish above is a male that failed to synchronize with
the spawning position
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during the spawning act. Immediately after a spawning
event, the fish resumed their traveling and courtship
activities.

Overall, lake trout spawning was composed of a
sequence of three distinct behaviours (Fig. 6): (1)
traveling: the female slowly swims with one or more
quivering males in parallel and slightly behind her. (2)
sinking: the female and the males accompanying her
stop swimming and sink to the bottom while the
males continuing quivering. (3) spawning: release of
gametes while female and males quiver and gape their
jaws. A total of 27 quivering acts were recorded, 20
of which involved the participants sinking to the
substrate. Of those, ten resulted in spawning, and the
other ten were followed by the resumption of
traveling. The other seven quivering bouts were
observed from the shore, but it was not possible to
assess whether any of them ended in a spawning
event. During the entire period we did not observe
substrate digging or any agonistic interaction among
the group of males following the female. After
spawning, females did not perform any behaviours
indicative of egg covering or caring, but rather
resumed traveling.

Discussion

The use of a remote underwater video camera,
coupled with the fortuitous discovery that lake trout
will spawn during the day if the water is sufficiently
cloudy, has allowed us to fill in much of the missing
data concerning lake trout breeding behaviour. Obser-
vations based on 10 separate spawning events indicate
that: (1) female sinking to the bottom followed by tail
raising is an unambiguous signal that gamete release
is imminent; all 10 sink+tail raise episodes were
followed by the spawning act; (2) lake trout move

Fig. 6 Diagram showing
the lake trout spawning I

behavioural sequence. ”
. . . o e n
Arrows indicate the direc- e _
tion of movement ——
i

forward during gamete release, something that has
only been previously recorded for brook trout,
Salvelinus fontinalis (M. Esteve, unpublished obser-
vations), arctic charr, Salvelinus alpinus (Fabricius
and Gustafson 1954) and huchen, Hucho hucho
(Holcik et al. 1988); (3) the spawning act is brief,
lasting 1-2 s. This is similar to other members of
Salvelinus and differs from Pacific salmon and trout
(Oncorhynchus) species, in which gamete release lasts
anywhere from 4-16 s (Esteve 2005a); (4) there is no
intentional cleaning of egg deposition areas prior to
spawning (with the exception of one male picking an
undetermined particle from the substrate. Particle
picking was also previously reported by DeRoche
(1969) and Gunn [unpublished observations]). The
presence of numerous fish in the shallow area,
accidentally brushing the bottom with their bodies or
sweeping over it during swimming did, however,
cause an inadvertent cleaning of debris from the
substrate. (5) Although neither males nor females
displayed any of the recognized suite of salmonid
agonistic behaviours, we did notice from the shore
that normal traveling occasionally ended in abrupt
splashes, indicating possible disputes between either
the males and the female or among males. (6)
Contrary to the other members of the Salvelinus
genus, lake trout females do not perform any egg
caring behaviours after spawning.

During this study we observed seven quiverings
from the shore when the fish were in shallower areas.
This behaviour generated high frequency vibrations at
the water surface, producing a distinguishable sound,
as well as bubbles and traveling waves. In a study with
Salvelinus fontinalis < S. namaycush hybrids, Berst et al
(1981) reported that different sound frequencies were
associated with distinct behaviours such as female
diggings and pair spawning quiverings. Salmonids are
thought to have very poor hearing—they are only
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capable of detecting low frequency sounds at relatively
high intensities (e.g. Hawkins and Johnstone 1978,
Schellart and Popper 1992)—so it is unlikely that
conspecific males will be attracted to quivering
vibrations based on the acoustical aspect of those cues.
If the vibrations are within the range of detection
by the lateral line, however, then quivering could
alert conspecific males in the vicinity to the
presence of a sexually receptive female. This has
special relevance for lake trout males because
females do not advertise their receptivity by visual,
and possibly vibrational cues associated with
digging, so any attraction that occurred would
result solely from the males’ own quivering
behaviour. Further studies are needed to determine
whether such attraction does indeed occur because,
if it does, it will represent a cost to quivering; a
cost that would be predicted to fluctuate in intensity
depending upon the sex ratio and the density of
surrounding males in the spawning area.

The spawning behaviour of lake trout differs
dramatically from other salmonines but it is extraor-
dinarily similar to that exhibited by coregonines.
Whitefish spawn at night, do not defend territories
or build nests, spawn promiscuously without any
signs of male-male competition (Fabricius and
Lindroth 1953) and do not display any overt
morphologically or colour-based sexual dimorphism.
How did the lake trout come to possess so many
homoplasious behavioural traits? An intriguing study
by Hamada et al. (1997) identified some genetic
introgression between Coregonus species and the
common ancestor of chum and pink salmon, so it
might be possible that the convergent traits identified
in our study were transferred by a historical interac-
tion between lake trout and Coregonus. In general
though, introgression is relatively rare within salmo-
nines (McLennan 2007 and references therein), so we
will focus our attention on other possible explanations
for the occurrence of widespread homoplasy in the
lake trout. These explanations are offered in an
attempt to stimulate future studies on the historical
biogeography and behavioural ecology of lake trout,
and thus may be viewed as hypotheses subject to
further testing.

The common ancestor of Salvelinus was probably
a typical salmonine. Females migrated to streams and
excavated and defended a series of nests in the gravel
substrate in which to successively lay their eggs,
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while males fought with one another to monopolize
access to females and subsequent fertilizations. A
population from that ancestral species (assuming
S. namaycush is the basal member of the clade, but
the scenario does not change if it is nested more
deeply within Salvelinus) then either colonized
(peripheral isolates speciation), or became isolated in
(microvicariant speciation), a lake environment and
some members of that peripheral population eventu-
ally began depositing eggs along lakeshores cleaned
of debris by wind and wave action. Many factors may
have influenced this transition from a nest-building to
itinerant strategy. For example, selection on females
for placing eggs in a self-cleaned depression (nest)
may have been relaxed because silt was already being
removed by waves and, as we note in this study, by
the actions of fish swarming in shallow waters to
spawn. These non-nesting females thus retained the
plesiomorphic behaviour “progressively lay batches
of eggs” but rather than depositing those batches in
one or a series of defended nest sites, they now
travelled extensively, distributing eggs across differ-
ent areas favoured by wind and waves and free of silt
(derived behaviour). Assuming that travelling is
energetically cheaper than building a nest and
defending a territory, which does not seem unrea-
sonable given the intense nature of female—female
aggressive interactions and digging behaviours
(Crisp and Carling 1989; Barlaup et al. 1994), these
non nesting females should show a net savings in
their energy budget. The new itinerant spawning
strategy may have been further favoured by selection
if these fish were spawning in habitats that were
unusually ephemeral; distributing clutches across
many different locations decreased the probability
that a random accident would destroy most or all of a
female’s reproductive output. To test these, and other
factors that may have been involved in the switch
from nest-building to an itinerant strategy, we need
to compare sex ratios, density of spawning fish,
habitat ephemerality, potential nest site locations,
type and density of egg predators etc. between lake
trout and their closest, nest-building relatives to
highlight any unusual changes in lake trout that
correlate with the shift in female behaviour (Brooks
and McLennan 2002).

The new itinerant spawning strategy would have
reduced intra-sexual selection favouring male-male
competition (ancestrally around a territorial, nest-
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building female) because such competition prevents
males from staying close to the female at the moment
of spawning if she is continuously moving. Studies on
other salmonines have shown that fertilization effi-
ciency is a function of the distance sperm must travel
to the egg (e.g. Maekawa and Onozato 1986;
Hutchings and Myers 1988; Mjolnerad et al. 1998).
Since fertilization is extremely rapid following
gamete release, the position of the male relative to
the female becomes a paramount factor in paternity
(Hoysak and Liley 2001; Liley et al. 2002). The focus
of intra-sexual selection would thus be expected to
shift from characteristics important in threat displays
and fighting to characteristics that enhance a male’s
ability to maintain his position close to the traveling
female (e.g., swimming efficiency, strength and
endurance).

It is difficult to determine how the shift in the focus
of intra-sexual selection has affected the strength of
inter-sexual selection in lake trout. In many salmonine
species, a female can exercise some choice by
delaying nest preparation and spawning until a
“preferred” male takes up the position closest to her
(Schroder 1982; Foote 1989; Berejikian et al. 2000;
de Gaudemar et al. 2000). Based on our observa-
tions, female lake trout do not appear to reject
males, which might imply that inter-sexual selection
has been relaxed in this species; an additional factor
contributing to the loss of obvious sexual dimor-
phism. This observation, however, is limited to the
range of our video equipment. We do not know how
often the male closest to the female changes during
the traveling phase, so it is possible that a female
may use prolonged traveling as a more subtle way to
assess the swimming abilities and endurance of her
suitors. Swimming ability is a function of body size
in swordtails, larger fish better able to hold their
place in a current than smaller ones (Ryan 1988).
This trait may thus convey information about male
size, a focus of inter-sexual selection in many
salmonines, to the traveling female. Endurance is
intuitively linked to overall health, another fitness
marker that may be important in a female’s mate
choice. If this dynamic is indeed occurring in lake
trout, we predict that a female will go through
numerous “drop-quiver-resume traveling” cycles
before finally spawning because each drop to the
ground allows her to familiarize herself with the
males closest to her. She may then delay spawning

until one male accompanies her through more
than one drop, thus demonstrating his swimming
prowess, strength and stamina.

It is also difficult to untangle the factors that may
have been responsible for the derived shift from day
and night to strictly nocturnal spawning. Gunn (1995)
suggested that the absence of both marked sexual
dimorphism and male-male competition in lake trout
was a consequence of this timing change. It is also
possible, however, that the new itinerant female
strategy, with its redirected focus on male strength
and stamina rather than competition, favoured the loss
of sexual dimorphism while the fish were still day
spawners. Once again, we are faced with delineating a
list of factors, such as the presence of visually biased
egg predators, female attempts to escape male harass-
ment etc. that might be responsible for the derived
shift, but cannot favour any one over another or any
combination, without additional comparative studies.

Summary

This study has presented some of the first detailed
qualitative observations of complete lake trout
spawning sequences. Clearly there is ample room for
additional research concerning the evolution of the
lake trout’s breeding behaviour. For example, in order
to begin collecting quantitative data, we need to study
additional populations in which numerous cameras
are set up, and individuals are marked for identifica-
tion. Experimental and comparative studies are
required to delineate the factors involved in the
evolution of the novel female itinerant behaviour, as
well as the shift from day and night to exclusively
night spawning. Comparisons should be made be-
tween the lake trout and close relatives, as well as
other salmonids in which nest-building behaviour has
been lost [e.g., some populations of sockeye salmon
(Wilson 1997) and arctic charr (Savvaitova 1969)] or
does not occur (coregonines). Experimental studies
are also required to examine the importance of inter-
sexual selection in this system. Overall we hope that
our study will help stimulate interest in the lake trout,
to continue building the behavioral and life history
database for this most enigmatic salmonine.
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