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Abstract This study presents the first ethological description
of the reproductive behaviour of the cyprinid Squalius
pyrenaicus, endemic to the Iberian Peninsula. The behavioural
pattern of this endangered species during the breeding season
is non-communal and includes the preparation of a spawning
pit (depressions in the substratum) by males, a behaviour not
described for Iberian cyprinids so far but already reported for
North American cyprinids. The courting behaviour of males
displaying in spawning pits has a strong signalling component
towards females. Males from this species also showed ago-
nistic behaviours against other males, related with the defence
of their spawning pits. A positive association between male
dominance and courtship activity is discussed, as well as the
occurrence of sneaking by smaller and non-courting males.
The implications of the described reproductive behaviours for
the conservation and management of this endangered species
are addressed.

Keywords Mating behaviour - Cyprinidae - Courtship
display - Sneaking - Species conservation

Introduction

Fish reproductive modes are very diverse, including sexual
reproduction with external fertilisation, protandrous/
protogynous hermaphroditism, or the more unusual unisexual
reproduction by gynogenesis and hybridogenesis, involving
the need to parasitise sexual species as sperm donors
(Vrijenhoek 1994). Fish are also known to display a wide
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diversity of alternative mating tactics, acting as sneakers,
satellites and helpers (e.g. Taborsky 1994; Henson and
Warner 1997). Despite the considerable amount of informa-
tion on these issues, specific ecological and ethological requi-
sites regarding reproduction are still poorly known for a vast
number of species, and so far, studies in behavioural ecology
have only a negligible contribution to conservation issues
(reviewed by Sutherland 1998). Those are particularly impor-
tant when considering freshwater fish, which are considered to
be one of the most endangered groups of organisms at a global
scale (Leidy and Moyle 1998; Duncan and Lockwood 2001).
Indeed, a myriad of negative effects of the major anthropo-
genically mediated threats to freshwater fish survival is al-
ready known (Clavero et al. 2010), except for what concerns
the disruption of ethological idiosyncrasies of a species, such
as their genetically determined spawning behaviours. This
disruption may pose serious constraints to species survival
by minimising or preventing its reproductive success.

The reproductive behaviour of endemic European cyprinid
species is still relatively poorly known. Indeed, from the total
number of 205 cyprinid species (according to Freyhof and
Brooks 2011), ethological aspects of reproduction were stud-
ied for only nine species (around 4 %) (Baras 1994; Poncin
et al. 1994, 1996, 1997, 2005, 2010; Wedekind 1996;
Candolin and Reynolds 2001; Smith et al. 2002, 2004; Mills
and Reynolds 2003; Kortet et al. 2004a, b; Reichard et al.
2004a, b, 2005; Jacob et al. 2009). Regarding cyprinids en-
demic to the Iberian Peninsula, ethological descriptions of
courting and spawning behaviours were only characterised
for Achondrostoma oligolepis and Achondrostoma
occidentale (Pereira 2007), Iberochondrostoma lusitanicum
(Carvalho et al. 2003) and Squalius alburnoides (Sousa-
Santos et al. 2006). This is particularly concerning since
conservation projects require multidisciplinary approaches
and a solid knowledge about the ecology, behaviour, life
history, population dynamics and habitat use—such data are
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often lacking for endangered species, in part due to their rarity
(e.g. Johnston 1999).

In this study, we describe the reproductive behaviour of
Squalius pyrenaicus, an endemic species from the Iberian
Peninsula, which is considered to be “endangered” in
Portugal (Cabral et al. 2005). According to the Portuguese
Red List (Cabral et al. 2005), it presently occupies an extreme-
ly reduced area of less than 300 km?, and a continued decline
is reported for the extension and quality of the habitat. The
number of mature individuals is also a matter of concern, as
the effective population size has declined to about 30 % in the
last two decades. The major threats to S. pyrenaicus popula-
tions are the introduction of alien species and the habitat
degradation by dam construction, changes imposed to natural
flow regimes, water quality degradation, water scarcity and
unregulated extraction of sediments (Cabral et al. 2005).

S. pyrenaicus is a multiple spawner, releasing at least two
batches of eggs per female per year (Fernandez-Delgado and
Herrera 1999), typically performing medium-scale upstream
migrations to spawn (Pires et al. 2000). Eggs are adhesive and
are preferably laid upon coarse substratum like gravel or
pebbles (Rodrigues 1999). Since S. pyrenaicus has become a
target species for ex situ conservation during the past 6 years
(Sousa-Santos et al. 2013a), this study aims at showing that
data on its reproductive behaviour are useful for its
conservation.

Methods

Mature S. pyrenaicus individuals were captured in the wild,
using a SAMUS electrofishing device, during field campaigns
conducted between March and August in the Tagus, Lizandro
and Guadiana rivers. Fish were captured in the wild and then
were introduced into an aquarium containing other individuals
from the same river basin. At the end of the field work, three
experimental groups were established in 80-1 permanently
aerated outdoor aquariums: Lizandro (N=41), Tagus (N=23)
and Guadiana (N=10).

Since this species is a litophilic spawner (Rodrigues 1999),
aquariums were supplemented with coarse substratum (gravel
and pebbles; Fig. 1). The outdoor placement of the aquariums
allowed fish to be under natural conditions of light and tem-
perature, which are crucial for gonadal maturation. Water
temperatures and climate conditions were recorded through-
out the study period.

To allow acclimation to captivity, our observations started
in September. These preliminary ad libitum observations
(sensu Martin and Bateson 1993) of S. pyrenaicus behaviour
in aquariums lasted for 8 months (from September to April)
and were made on a daily basis to establish a baseline of
S. pyrenaicus behaviour in captivity, outside of its breeding
season.
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Fig. 1 Squalius pyrenaicus specimen (fop), its typical habitat at a
Mediterranean-type river (Guadiana River basin) (bottom left) and a
spawning pit made by a courting male during reproduction in captivity
(bottom right)

Fish were allowed to breed without any artificial stimula-
tion or hormonal induction. After the onset of reproduction,
observations were made independently for each aquarium,
also on a daily basis. Behavioural descriptions during captive
breeding were made using focal behaviour sampling observa-
tions (sensu Martin and Bateson 1993); the observer watched
the whole group of subjects and recorded each occurrence of a
particular type of behaviour, together with details of which
individuals were involved (including the sex of the individ-
uals, whenever possible). Although this species is not sexually
dimorphic, during the breeding season, sexually mature fe-
males were distinguishable by their swollen abdomens.

The camera for recording videos was placed far enough
(approximately 200-300 c¢m) for not interfering with the
ongoing interactions in the aquarium. Each record started
when a reproductive behaviour sequence was initiated and
was extended until its completion. The duration of each record
was registered. A total of 1,440 min (582 for Tagus, 717 for
Guadiana and 142 for Lizandro) was video recorded and
subsequently analysed to characterise the reproductive behav-
iour of S. pyrenaicus.

The main goal of this study was to provide first descrip-
tions of reproductive behaviours that may help the conserva-
tion of the species in the wild and its ex situ propagation. We
present first basic measures of behavioural patterns in the
Tagus group, for which a total of 1,482 events were recorded.
A total of 50 video records were made, with 11.64 min each
(min 5, max 48), of which 582 min were focussed on the
resident male.

Ethical note

Electrofishing was performed in low duration pulses to avoid
killing juveniles (400-500 V and 2—4 A; Oliveira et al. 2007).
All fish survived the transport to captivity, using aerated
containers and respecting low densities to minimise stress.
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No casualties or behavioural abnormalities were detected
during captivity, and fish were released into their original
habitats after the study.

Results

The first courting behaviours were observed for Tagus and
Guadiana groups on April 13. Thus, the onset of the breeding
season in captivity occurred at least 9 months after fish were
captured in the wild (or after 13 months if they belonged to the
first batch of captured fish).

The breeding season of the Tagus group lasted for 10 days,
whilst for the Guadiana group, the breeding season lasted until
May 28 (46 days). Reproductive behaviours were only record-
ed for the Lizandro group during the first 7 days of June. The
end of each group’s breeding season was identifiable by the
switch (return) to the behavioural patterns we typically had
observed prior to the breeding season.

As fish were observed daily for the previous 8 months,
behavioural changes were noticed as indicating the start of the
breeding season. Individuals previously non-interacting and
swimming randomly at slow pace, started to (i) interact with
other fish, (ii) swim considerably faster and (iii) adopt gregar-
ious behaviours and conspicuous displays (detailed below).

Behavioural changes recorded at the beginning of the
breeding season followed the emergence of phenotypic
changes, namely, swollen abdomens in females, breeding
tubercles on the heads of males and swollen genital papillae
in both sexes. Handling of the fish was not necessary since
tubercles and swollen genital papillae are easily recorded by
visual inspection from outside of the tank. Behavioural chang-
es coincided with the appearance of a half circle-shaped
depression in the substratum (hereafter called “spawning
pit”) with a maximum of 20 cm long and 13 cm wide
(Fig. 1). We observed active transportation of stones in the
mouth, stone dislocations with the snout and displays with the
male quivering near the bottom, which may have contributed
to the formation of the pits. Regardless of how it was built, an
established spawning pit became a spot for reproductive ac-
tivity. Females positioned themselves above the depression,
which was guarded by a large male (resident male) and
observed the male’s displays. Only dominant males from each
studied group were involved in spawning activities. Small
males (peripheral males) made attempts to enter the spawning
pit, but they were never seen spawning with the mature
female. The reported reproductive pattern did not involve all
the fish. Rather, interactions were observed amongst an active
group comprising one resident male displaying, one mature
female (females were not synchronous in maturation) and two
to six peripheral males at the edge of the spawning pit.

Mature females often stayed next to the spawning pit area
or in the water column above it. Sporadically, they swam

down to the spawning pit where the resident male was
displaying, which was followed by the immediate gathering
of peripheral males in the area. It is worth mentioning that
peripheral males were resting at the bottom as an “audience”,
watching passively (i.e. without courting themselves) the
courtship displays of the resident male and the approaches
and withdraws of the females. Occasionally, peripheral males
were seen moving forward towards the spawning pit and
withdrawing in response to agonistic displays performed by
the resident male (“charges”, “chases” and “butts”, see be-
low). All of the male behaviours described below were actions
performed by resident males and none by peripheral males.

Behaviours recorded during the breeding season were
grouped in four categories: courtship, spawning, agonistic
and others. Behaviours recorded for each of these categories
are described below:

1. Courtship

(a) “Bending”: the male bends its body towards a fe-
male, showing its whitish abdomen.

(b) “Quivering”: whilst laying down on the spawning
pit, the male performs lateral movements of flexion
of the posterior part of the body and of the caudal fin
(trembling movements), with low amplitude but
high frequency, which may or not may be followed
by a “signal jump”.

(c) “Signal jumps”: the male jumps quickly in vertical
loops, immediately returning to the initial position at
the centre of the spawning pit (this movement may
be repeated successively 2 to 16 times) (Fig. 2). A
clear increase in the intensity and frequency of this
behaviour was recorded in the presence of nearby
females.

(d) “Vertical standing”: the resident male holds a vertical
standing position at the spawning pit, with the snout
touching the gravel and the abdomen directed to-
wards a nearby female (Fig. 2). With small move-
ments in this position, the male displaces pebbles
with the snout, enlarging the diameter and/or the
depth of the spawning pit. Males were also frequent-
ly observed picking stones with the mouth, manipu-
lating them inside and expelling them afterwards.

(e) “Male-female interaction”: the resident male swims
towards an approaching female and touches her
flanks with the snout, leans on her side as she lays
on the spawning pit or performs quivering and signal
jumps by her side.

(f) “Female withdrawal”: when they were not ready to
spawn, females were escaping from male approaches
and swimming through the spawning pit or staying in
the water column above it. These behaviours may be
regarded as “exploratory behaviours”.
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(g) “Chase”: the resident male chases a withdrawing
female, which has been approaching the resident
male (occasionally rubbing her belly in the spawning
pit). During chases, the male may occasionally touch
the urogenital part of the female with its snout
(Fig. 2). Chasing is often a short-term behaviour
since the resident male returns to the spawning pit
almost immediately. Less frequently, approaching 4.
females are not chased by the resident male, and in
those cases, they slowly swim away from the
displaying area.

2. Spawning

Female readiness to spawn was evident when a female
entered the spawning pit and by the higher number of
interactions with the displaying male. When a female is in
the water column above the spawning pit without with-
drawing, the resident male performs vigorous and succes-
sive quivering and signal jumps and gently touches the
female with the snout, pushing her down to the bottom. At
the same time, the male dislocates any peripheral male
intruder, switching behaviours directed at females with
agonistic displays towards other males. The female even-
tually positions her body into the centre of the spawning
pit and the male places its body to the side of the female.

The female bends its abdomen towards the male.

Together, side by side, they hit the bottom with their

abdomens and perform a synchronous vertical jump

"Signal jump" y

Spawning W

towards other males, which is often sufficient to
dislodge them), chases and butts (with the snout, usually
at the operculum region or at the flanks, whilst the target
of attack escapes). These behaviours were performed by
the resident male towards peripheral males that moved
forward towards the spawning pit and were more frequent
and intense when a female was nearby.
Others

In this category, we included behaviours that were
frequently recorded but to which no evident function
was assigned:

(a) Sudden turns of the head: lateral flexion of the head
from one side to the other, performed at high fre-
quency and repeated two to four times;

(b) Opening and closing the mouth at high frequency,
with simultaneous opening and closing of the
operculum;

(c) Fin clasping: several and fast repetitions of raising
and lowering movements of the dorsal, anal and
pectoral fins;

(d) Rapid rises to the surface, often followed by vertical
jumps out of the water and releasing of air bubbles
during the downward movement after re-entering the
water.

The quantitative analysis of the reproductive behaviour

(Fig. 2). Alternatively, spawning pairs were also seen  recorded for the Tagus group was based on 1,482 events
swimming side by side across the spawning pit whilst  recorded. Most of these behaviours belong to the category
pressing their bodies to the bottom. In both situations, the ~ “courtship” (1,460 events; 98.50 %), whilst the remaining
eggs were deposited on the gravel. Egg laying was always ~ behaviours belong to categories “spawning” (19 events;
followed by an immediate convergence of all the fish in ~ 1.30 %) and “others” (3 events; 0.20 %). Considering the total

the aquarium to the area, and egg cannibalism was  time analysed (582 min), the displayed behaviours occurred at
recorded. a frequency of 2.5 events per min. The category “others”

3. Agonistic included “sudden turns of the head” (three events), displayed
Agonistic behaviours were only recorded between by the dominant male. Signal jumps were the most frequently
males and included charges (high-speed approach  observed courtship behaviour (63.0 %), followed by vertical
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standing (25.0 %), male-female interaction (7.5 %), chase
(2.1 %) and quivering (1.0 %) (Fig. 3). Sex differences in
courtship behaviours were very obvious; 89.1 % of the ob-
served behaviours were shown by males (signal jump, vertical
standing, quivering and sudden turns of the head), whilst the
remaining 10.9 % were interactions between the resident male
and the female (spawning, chase and “male-female
interactions”).

Discussion

The natural breeding season of wild S. pyrenaicus has been
reported between April/May and July (Fernandez-Delgado
and Herrera 1995; Pires et al. 2000). Our observations of
breeding activities in captivity matched well with the period
described for wild populations. The behavioural pattern of this
endangered species during captive breeding is non-
communal, and it involves (a) the preparation of a spawning
pit by a courting resident male, (b) females are attracted by
vigorous signalling displays performed by the resident male,
and (c) the resident male agonistically displaces non-courting
peripheral males.

The reproduction of S. pyrenaicus seems to depend on the
capacity of dominant males to attract females to the spawning
pit, whilst other Iberian cyprinid species like S. alburnoides
(Sousa-Santos et al. 2006), I. lusitanicum (Carvalho et al.
2003), A. oligolepis and A. occidentale (Pereira 2007) are
group spawners. The preparation of pits by isolated
(resident) males has the dual function of being a spot for
courtship displays and a spawning pit. The intentional signal-
ling of spawning pits by males, with highly conspicuous

Fig. 3 Relative frequencies of
the behaviours comprised in the
category courtship, for the Tagus
group (N=23). SJ signal jump, VS
vertical standing, M-F male-
female interactions, CH chase, Q
quivering
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displays, seems to be an uncommon feature within European
cyprinids since no case was reported so far. S. pyrenaicus
should be included in the functional category of fish that
“reproduce in spawning pits”, as defined by Johnston
(1999). This includes other cyprinid genera (e.g. Luxilus and
Campostoma) in which males excavate the substrate with the
snout and mouth, removing particles to form small pits vigor-
ously defended from intruders and where egg laying occurs.

In the wild, it is expected that during the preparation of the
spawning pit, besides the active transportation of gravel with
the mouth, the vigorous flexing of the body and caudal fin
actively contributes to the displacement of the finer sand and
gravel downstream. This may create non-silted and more
oxygenated areas for egg development; non-floating eggs, as
in S. pyrenaicus, may benefit from sinking in the interstices
between pebbles where they are also less prone to be predated
by fish. The observed egg cannibalism by conspecifics was
already reported for Iberian A. oligolepis, A. occidentale and
S. alburnoides (Pereira 2007; Sousa-Santos et al. 2006) and
for several other fish genera (e.g. Lindstrom 1998;
Schabetsberger et al. 1999; Neff 2003; Gray et al. 2008).
Speculative explanations for egg cannibalism have been
discussed by some authors (e.g. Smith and Reay 1991;
Manica 2002; Gray et al. 2007); however, the phenomenon
is not yet fully understood.

Male courtship displays (quivering, signal jumps, bending
and vertical standing) are visually highly conspicuous and
also expected to be perceived by conspecifics; in particular
courtship, displays are perceived by the lateral line sensory
systems of females, which may facilitate the emission of
pheromones and gametes (Fay and Popper 2000). Some of
the observed male-female interactions observed prior to

25%

64%

300 400 500 600 700 800 900 1000

Number of events
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spawning (snout butts, chases and pushing females to the
bottom) were already reported for captive groups of other
European and North American cyprinid species (Carvalho
et al. 2003; Pereira 2007; Phillips et al. 2009).

Regarding male-male interactions, the agonistic behaviours
displayed by the resident male towards intruders in its
defended area were not yet reported for Iberian cyprinids in
a context of reproduction but are known to occur in other
cyprinids such as Campostoma anomalum pullum (Miller
1962, 1964), Rutilus rutilus (Wedekind 1996) and Abramis
brama (Poncin et al. 1996). These agonistic displays do not
seem to result in the defence of stable territories since we
frequently observed peripheral males invading the spawning
pit whilst the resident male was, for example, chasing a
female. The observed audience of resting peripheral males
ready to rush towards the spawning pit when the resident male
leaves the area was also reported for the silver bream Blicca
bjoerkna (Poncin et al. 2010). Thus, at least at the given fish
density and space available in the tanks during this study, the
presence of peripheral males indicated the establishment of a
“diffuse territoriality” (Gibson 1968; Faria and Almada 1999,
2001): males did not control the exclusive use of the territory,
and there was a hierarchy of priority of access to the defended
territory (spawning pit). A diffuse territoriality in a high-
density context seems to have three important consequences:
(i) an increase in agonistic male-male interactions, especially
in the presence of nearby females; (ii) an expected lower
frequency of chasing females and an investment in the court-
ship displays at the spawning pit; and (iii) the development of
a sneaker tactic by peripheral non-courting males.

As peripheral males were not observed courting females,
there seems to be a positive association between male domi-
nance status and courtship activity in S. pyrenaicus, which was
also described for other cyprinids (Kortet et al. 2004a; Jacob
et al. 2009; Kekéldinen et al. 2010). On the other hand, the
behaviour of peripheral males may be considered as an op-
portunistic strategy that implies low cost of energy but may
result in egg fertilisation by sneaking (Poncin et al. 1994,
2010). Sneaking is apparently a rarely described phenomenon
amongst cyprinids. In an extensive revision, Taborsky (1994)
reported the occurrence of sneaking in 123 fish species, from
which only four species (3.3 %) were cyprinids. The occur-
rence of sneakers in captivity was only reported for the
European silver bream (Poncin et al. 2010) and for the barbel
Barbus barbus (Baras 1994).

Future studies should address the prevalence of the de-
scribed reproductive behaviours under different male and
female densities. If a higher density of males prevents domi-
nance and the establishment of breeding pairs, the reproduc-
tive system of S. pyrenaicus may switch to a polyandrous
system, in which the eggs laid by a female are fertilised by
several males. This situation will have impacts on the genetic
load of the juveniles produced, as polyandry minimises
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inbreeding and represents a benefit for the population by
increasing genetic diversity (Barbosa and Magurran 2006).
Likewise, a monogamous reproductive system also has genet-
ic implications and may be one of the explanatory factors for
the low genetic diversity of most Portuguese S. pyrenaicus
populations (Sousa-Santos et al. 2013b).

On the other hand, the cumulative effects of reduced effec-
tive population sizes and intense fragmentation (e.g. streams
reduced to disconnected pools or successive insurmountable
physical barriers) may result in low density of males. In
populations suffering from these effects, the number of locally
available mature conspecifics may be too low to allow effec-
tive sex ratios and reproduction rates (“Allee effect”, Allee
1931).

Knowledge about spawning modes has, therefore, impor-
tant implications to the outline of conservation strategies,
managing programmes and recovery plans aiming to preserve
imperilled freshwater fish species. For the conservation man-
agement of S. pyrenaicus (assuming that wild S. pyrenaicus
are also non-communal spawners with a strong component of
female attraction and male-male competition), the available
space to establish spawning pits may be a key issue. This is
especially relevant in the southernmost Mediterranean-type
streams which are typically reduced to small and disconnected
pools at the end of the breeding season. As visual cues are vital
for male-female interactions during courtship displays, the
usually highly turbid waters of the summer pools may consti-
tute a problem as well as the presence of a high density of
individuals in a confined space. Moreover, we have docu-
mented that a coarse substrate is important for the successful
reproduction of S. pyrenaicus. Therefore, the removal of sed-
iments and/or mobilization of river beds may impose severe
constraints to successful reproduction in this species.

According to Johnston (1999), some cyprinid species have
some degree of flexibility in spawning modes; however, for
most of them, both spawning mode and substrate may be
obligatory. Thus, acknowledging that a particular habitat has
become unsuitable in the face of the spawning requirements of
a species may be essential towards its conservation.
Additionally, observations of seasonal patterns in the wild
are needed to clarify whether S. pyrenaicus has traditional
spawning pits in a given river basin. To protect the spawning
sites of S. pyrenaicus from physical damage and from activi-
ties likely to cause water scarcity in spring and summer,
environmental enhancement of their preferred spawning sites
may be an option to improve the management of the species.
This could be done by deepening summer pools, rehabilitation
of riparian galleries, removal of alien fish species and the
addition of coarse substratum. To summarise, in situ and ex
situ conservation of many native Iberian freshwater fish spe-
cies which are currently on the brink of extinction (Cabral
et al. 2005) due to numerous anthropogenically mediated
threats (Clavero et al. 2010) would certainly benefit from a
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wider knowledge about their life history traits, such as their
typical courtship and spawning behaviours.
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