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Abstract

The present study aimed to describe the reproductive behaviour of gilthead seabream (Sparus aurata) in captivity. Twenty-four
mature gilthead seabream, divided in two tanks, were utilized for the present study. Reproductive behaviour was recorded using
submersibles cameras. A total of 67 spawning events were analysed. The mean duration time that gilthead seabream spent spawning
was 54 + 4 min/day, during which mean number of individual spawning events was 5.6 + 0.2. The mean volume of eggs produced
by both broodstocks was 405 + 13.4 mL with a fertilization rate of 91.6 = 0.4%. The reproductive behaviour began with a schooling
behaviour and then forming light aggregations. From an aggregation or an encounter while swimming freely a female initiated a
spawning rush followed by one or more males to gametes liberation. The spawning rush was brief, 1.6 + 0.5 sec, over an approxi-
mately 1.7 £ 0.2 m distance from the tank bottom to the water surface. Pair spawning, between a single female and male, was the
most common (71.6%). Group spawning was less common and involved a single female spawning with two males (22.5%) or three
males (4.9%). Spawning rushes involving more than one female were not observed. Gilthead seabream in the present study pre-
sented a tendency to pair spawn and eggs collected as a “spawn” were actually the sum of many separate spawning events over a
short time period. This is the first description of gilthead seabream spawning and the findings help to understand microsatellite
based observations of spawning kinetics.
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Introduction for 3-5 months with daily spawning, leading to an an-

nual fecundity of 2,000,000 eggs/kg (diameter<l mm)

Gilthead seabream (Sparus aurata), from the Spari-
dae family, is one of the most extensively farmed fish
species in the Mediterranean region. During the last
two decades, many studies have described aspects of
the biology of the species, including reproduction and
genetics (Holland et al., 1998; Almansa et al., 1999;
Meiri et al., 2004; Rossi et al., 2006; Arabaci et al.,
2010; Mylonas et al., 2011). Gilthead seabream is a
protandrous hermaphrodite species with an asynchro-
nous ovarian development (Zohar et al., 1995). Brood-
stock held in captivity under natural conditions typi-
cally start vitellogenesis in September-November,
spawning begins during December-January and lasts

with a fertilization rate of 80-85% (Barbaro et al.,
1997; Arabaci et al., 2010; Mylonas et al., 2011). How-
ever, the reproductive behaviour of gilthead seabream
has not been reported, despite an increasing need to
understand the factors that influence a breeders par-
ticipation in spawning in order to control the families
produced from a broodstock (Gorshkov et al., 1997,
Brown et al., 2005; Porta et al., 2009; Chavanne et al.,
2012).

Reproductive behaviour has been described in some
species of the family Sparidae, kept in captivity, includ-
ing silver seabream (Chrysophrys auratus) (Smith,
1986; Mylonas et al., 2011), santer seabream (Cheime-
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rius nufar) (Buxton & Garratt, 1990; Garratt, 1991),
roman seabream (Chrysoblephus laticeps) (Buxton,
1990), silver bream (Rhabdosargus sarba) (Leu, 1994)
and southern black bream (Acanthopagrus butcheri)
(Mylonas et al., 2011). Although there was variation
among species a general similarity was observed (see
review in Mylonas et al., 2011). Spawning was usu-
ally early morning (dawn) or early evening (dusk)
(06:00 and 19:00, respectively). Courtship consisted
of males pursuing and nudging females, a tight circling
swimming behaviour to form aggregations before
spawning, which consisted of a spawning rush usually
either to perform pair spawning involving a single pair
(a male and a female) or group spawning a single fe-
male followed by multiple males (Smith, 1986; Buxton
& Garratt, 1990; Garratt, 1991; Leu, 1994; Mylonas et
al., 2011).

A number of studies have examined gilthead sea-
bream parental contribution to spawning events as there
is a need to genetically improve cultured gilthead sea-
bream to obtain desirable traits such as faster growth
that will reduce production costs (Gorshkov et al.,
1997; Brown et al., 2005; Porta et al., 2009; Chavanne
et al.,2012; Duncan et al., 2013). Gilthead seabream
spawning success was low when held in pairs (22%
success) or groups of 15 females with a single male
(44% success) and gilthead seabream were difficult to
strip spawn for artificial fertilisation (Gorshkov et al.,
1997). Different authors have concluded that large
groups of breeders are required for successful spawning
of gilthead seabream (Gorshkov ef al., 1997; Duncan
et al.,2013) and Sparidae in general (Pankhurst, 1998;
Mylonas et al., 2011). Parental assignment of progeny
using microsatellites identified that although large
broodstocks produce large volume spawns to which
many breeders contributed the participation of breeders
was variable and a proportion of breeders did not par-
ticipate in spawning (Brown et al., 2005; Porta et al.,
2009; Chavanne et al., 2012). Consequently, the effec-
tive spawning population size was reduced compared
to the actual number of breeders in the broodstock,
inbreeding was higher than expected and the families
obtained were not predictable. Brown et al. (2005) and
Chavanne et al. (2012) referred to gilthead seabream
spawning behaviour as mass-spawning, which has been
defined as “spawning that consists of the great major-
ity to all of an aggregation spawning simultaneously,
as a single unit” (Domeier & Colin, 1997).

Therefore, there is a need to study the spawning
behaviour of gilthead seabream to increase the under-
standing of spawning in Sparidae and to enable ge-
neticists and broodstock managers to understand the
parental contributions obtained for genetic improve-
ment programmes. The aim of the present study was
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to investigate and describe the particularities of repro-
ductive behaviour of the gilthead seabream in rearing
conditions.

Material and methods

Ethic statement

All the experimentation on fish that formed part of
this study were in agreement with the Spanish and
European regulations on animal welfare (Federation of
Laboratory Animal Science Associations, FELASA)
and approved by the Animal Ethics Committee of
IRTA.

Fish maintenance

Twenty four mature gilthead seabream (Sparus au-
rata) with a mean weight of 2.59 £+ 0.15 kg and a length
of 49 + 4 cm were used for this study. Fish were pit-
tagged for identification and divided among two
16.2 m® rectangular (6 x 3 x 0.9 m) fibreglass tanks
(identified ahead as C1 and C2). Sex ratio per tank was
7 females and 5 males; a ratio biased to females is
commonly used in the industry. Females were larger
and older (mean weight: 2.91 + 0.12 kg) than males
(mean weight: 2.27 + 0.17 kg), and this morphological
difference was established as the main criteria to dis-
tinguish males from females in the video recordings.

Tanks were located outside in a greenhouse structure
covered with shade netting. Photoperiod was adjusted
to follow the natural seasonal cycle by using two halo-
gen white lights installed inside of each tank. Lights
turned on-off in tanks with a photocell sensor. Water
temperature and oxygen were maintained between
18-19°C and 5-6 mg/L, respectively. Fish were fed,
ad-libitum, daily in the mornings (between 09:00-10:00
hours) with a commercial extruded balanced diet (Vi-
talis CAL-9, Skretting, Burgos, Spain).

Video and observations of the reproductive
behaviour

Fish behaviour was recorded with four submersible
black and white cameras (F60B/NIR580-50G model,
Korea Technology Co. Ltd, supplied by Praentesis S.L.,
Barcelona) connected to a recorder (DVR- 0404HB
model, Dahua Technology Co. Ltd, supplied by Praen-
tesis S.L., Barcelona). Cameras were installed in each
tank 5 cm under the water surface and adjusted to
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achieve a field of vision that covered more than 95%
of the area and water column of the tanks.

The video recording was completed on different
dates for both tanks as only one video recording system
was available. Tank C1 behaviour was recorded from
10th to 24th January and from the 1st to the 4th Febru-
ary 2012; subsequently, tank C2 was recorded from the
Sth to 14th February and from 30th of May to 7th of
June 2012. The video recording program was daily
starting at 08:00 until 13:00 hours in both tanks. This
schedule was determined in relation to egg collection,
generally collectors were observed to be empty at 08:00
hours and after collection at 13:00 hours no more eggs
were collected until the following day after 08:00
hours.

Focal animal observations of spawning behaviour
and behaviour in general were made from the recorded
videos following recommendations published by Alt-
man (1974). A total of 67 spawning events were ana-
lysed. In tank C1, spawning observations correspond-
ed to days 12th, 13th, 16th and 18th January and
Ist-2nd February, whilst in tank C2, observations
corresponded to days 05th, 09th-12th February and 30th
May. The following types of behaviours and observa-
tions were described from the videos: i) pre-spawning
interactions between individuals or in a group, ii) the
behaviour directly associated with gamete liberation,
ii1) fish aggregation patterns and duration, iv) number
of fish participating in each spawn (pair or group
spawning) and the sex proportion per spawn, v) the
frequency, duration and position of fish in tank when
spawning and vi) estimation of the average distance
(estimated from known distances between reference
points in the tank) of the spawning rush. These param-
eters were selected in accordance to previous work
realized on Sparidae species (Smith, 1986; Buxton &
Garratt, 1990; Garratt, 1991; Leu, 1994; Mylonas et
al., 2011) and in particular terminology defined by
Domeier & Colin (1997) was used to describe behav-
iours and actions. These included the following defini-
tions of types of spawning from Domeier & Colin
(1997) “Pair spawning: spawning by a single male and
single female. Group spawning: rush consisting of more
than two fish, often many individuals. The group usu-
ally consists of a single female and multiple males.
Mass spawning: a form of group spawning that consists
of the great majority to all of an aggregation spawning
simultaneously, as a single unit”.

Eggs collection and evaluation

Egg collection was daily between 11:30 and 12:00
hours from both tanks. A 2-L measuring cylinder was
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used to measure the total volume of spawned eggs and
the fertilization rate was determined by counting ferti-
lized and unfertilized eggs from a sample of 50 eggs.
Fertilized eggs were identified by observing cellular
divisions, while unfertilized eggs did not present any
cellular divisions. Likewise, the developmental stage of
the embryonic phase of eggs was analyzed and estab-
lished with accordance to Kamaci ef al. (2005), in order
to corroborate the estimates of spawning time obtained
from videos with the developmental stage of eggs.

Statistics

All data were expressed in mean = S.E.M. Student’s
t- test was performed to compare different behav-
ioural patterns between the two broodstocks (tank C1
and C2), such as the total number of aggregations prior
a spawning, spawning duration, frequency of spawns
per day, the distance displaced to spawn and the sex
proportion per spawn. Pearson correlation test was
performed between the number of daily events of gam-
ete release and the volume of eggs collected. All the
statistical analyses were conducted using SPSS soft-
ware (Chicago, IL, USA) and a significant difference
was considered when p < 0.05.

Results

Observations and description of the sea
bream reproductive behaviour

Based on the video-observations, the gilthead sea-
bream reproductive behaviour was divided into two
phases: the pre-spawning and the spawning behaviour.
It was noted that seabream in the present study had a
tendency to spawn daily in both tanks with close to all
eggs being spawned between 08:00 and 11:00 hours.
However, a small number of spawns were outside of
these hours.

Pre-spawning behaviour

— Resting behaviour. Resting behaviour was ob-
served when lights in both tanks were turned on (on
average activated by photocell sensor at 08:30 hours).
This behaviour was characterized with fish totally
dispersed, without interactions and disaggregated
around the tanks, and fish swam alone or in small
groups around the tank without any specific direction
or preference (Fig. 1, Table 1).
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— Schooling behaviour. On average 42 + § min after
the lights were turned on, fish behaviour changed and
fish started to form groups and swim together follow-
ing one behind another from one side of the tank to the
other. However, fish did not present any specific direc-
tion or preference, but always were swimming near the
bottom of the tank. It was also observed that some fish
maintained a reduced distance in relation to other fish
and this included some fish touching or sneaking after
each other (Fig. 1, Table 1). This behaviour pattern was
observed daily in both tanks for approximately 10 min
and prior to the aggregation behaviour. However, no
particular leading fish or inter-individual dominance
between fish could be observed amongst the individu-
als of both tanks.

Spawning behaviour

— Aggregations and courtship behaviour. Aggrega-
tions and courtship behaviour commenced when the
whole group of breeders started to form aggregations
near the bottom of the tanks (Fig. 1, Table 1, Suppl.
Video S1), being comparable to a “loose ball” and oc-
casionally aggregations became tighter as the fish swam
closer together; nonetheless, in the majority of the
observations a “tight ball” of fish was not formed. Also,
during this stage, males were observed to become
slightly darker and occasionally males were rubbing
and nudging (Fig. 1, Table 1) some females close to
the genital pore. The change in colour of males in ad-
dition to differences in size between males and females
was also used to identify males. Territorial dominance

or aggression amongst fish of the same or different sex
was not observed.

In parallel to the aggregation behaviour, fish (males
and females) initiated the courtship behaviour, which
was mostly brief, and started when one of the females
increased swimming speed at the bottom of the tank
and slightly separate from the rest of the group, al-
though on repeated occasions this was punctuated by
immobile periods of the female in mid-water column
and periods of circling aggregation behaviour as de-
scribed above. After 10-15 sec of this behaviour, the
female with one or more males was observed to dra-
matically increase swimming speed to initiate the
spawning rush (Fig. 1, Table 1). Aggregation and court-
ship behaviour ranged from 5 to 70 min to average
21 £ 4 min in both tanks.

— Spawning rush. The spawning rush was observed
to follow when either 1) the female started a circling
behaviour followed by the male(s), which again pro-
duced the “loose ball” aggregation behaviour described
previously, but the female would then exit from the
group at speed or ii) after an apparently coincidental
brief encounter with a male, the female dramatically
increased swimming speed. This dramatic increase in
swimming speed by the female was in all cases from
low in the water column close to the bottom in a diago-
nal line towards the water surface. The female swam
rapidly away from other fish followed by one or more
males (Figs. 1 and 2; Table 1, Suppl. Video S1). Gamete
release, egg and sperm, were synchronous at speed dur-
ing the rush and in the top half of the water column.

The rush lasted in average 1.6 + 0.5 sec in both tanks
(Fig. 1). During this phase, the female was mostly
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Figure 1. Average time periods of the different behavioural patterns observed in the gilthead
seabream during the pre-spawning and the spawning events.

Spanish Journal of Agricultural Research

March 2015 « Volume 13 ¢ Issue 1 ¢ €04-001
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Table 1. Description of courtship and spawning behaviour for marine fish adapted for gilthead seabream (Sparus aurata) (modi-

fied from Erisman & Allen, 2000).

Behaviour Description
Resting Fish are disaggregated around the tank
Schooling Breeders form groups, start to swim together with uniform movements
Rub-Nudge Male approach gravid female and makes physical contact, with mouth, in the lower abdomen near

the genital pore

Aggregation- courtship Males swim near the females forming like a tight ball and made several contacts, this pattern
commonly preceded the spawning rush of fish

Spawning rush

Female and a male separates from group and swim rapidly in a straight line while close together,

male directly behind (at times touching) the female and oriented in the same manner. Rushes vary in
direction from diagonally vertical (most common) to horizontal (rare); rush ends with synchronized
gamete liberation, after which the fish separated

swimming in a head-down position exposing her abdo-
men to males, which were always positioned beneath
her and with the lead male snout close to or touching
the abdomen and oviduct area of the female (Fig. 2).
In addition, males were observed to swim with open
mouths at the moment of gametes liberation. Once
gametes were released, the spawners separated and
returned to swim around the tank to subsequently re-
integrate into the group (Fig. 1, Table 1) until the ini-
tiation of another spawning event.

Spawning rushes involving more than one female
were not observed in the present study. The presence
of a second and a third male was observed on repeated
occasions, although these second and third males were
always behind the lead male during the spawning rush.

— Disaggregation. The spawning behaviour (from
the formation of the aggregation to the end of the
spawning rush) ended when the group of fish disag-
gregated and returned to a resting behaviour, with fish
dispersed, swimming in all directions and biting the
floor as if they were looking for food (Fig. 1). In addi-
tion all the fish in the group presented a similar colour
and no dark males were observed, which also appeared
to indicate the end of the spawning behaviour.

Spawning pattern in both broodstocks

— Aggregations and courtship behaviour. From the
67 spawning events observed, 35 corresponded to the

Figure 2. Video captures of the gilthead seabream spawning rush. P shows two examples of a
pair spawning with the female followed by the male; G shows two examples of group spawning,
the upper photo shows a female followed by two males and the lower photo a female followed
by three males.
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Table 2. Means values of different spawning patterns observed in the gilthead seabream.

Spawning parameter Tank C1 Tank C2
Number of spawn with aggregations 25 13
Number of spawn without aggregations 10 19
Number of spawn with courtships 20 14
Number of spawn without courtships 14 19
Mean spawning activity per day (min) 50+4 57+5
Number of spawns per day 5.83+0.21 5.33+0.32
Mean distance displaced (m) per rush 1.8+£0.2 1.6+£0.3
Mean eggs volume (mL) spawned 343+ 12 467 £ 15
Mean fertilisation rate (%) 95+0.2 88+ 0.5

breeders in tank C1 and 32 to the breeders in tank C2.
The spawning rush initiated from a fish aggregation
behaviour in 38 of the spawns (25 in tank C1 and 13
in tank C2,) and 29 events occurred without an ag-
gregation immediately prior to spawning (10 corre-
sponded to tank C1 and 19 in tank C2) (Table 2).
Thirty four spawns occurred after the aggregation and
courtship behaviour (described above, female increased
swimming speed and momentarily froze) between a
male and a female (20 in tank C1 and 14 in tank C2)
and 33 occurred without this courtship behaviour im-
mediately prior to the spawning rush (14 in tank C1
and 19 in tank C2). No significant differences were
observed between the two broodstocks groups in the
number of spawns recorded with aggregations and
without aggregations or courtships (Table 2).

— Spawning duration and frequency of spawns per
day. The duration and frequency of the spawning activ-
ity in the two broodstocks, kept in tank C1 and C2,
were not significantly different. Fish spawning activ-
ity lasted in average 50 + 4 and 57 = 5 min in tank C1
and tank C2 (Table 2), respectively. The average num-
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Figure 3. Sex proportion per spawning in the gilthead seabream
(Sparus aurata) held in captivity.
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bers or frequency of spawns per day recorded were
5.83 £ 0.21 in tank C1 and 5.33 £ 0.32 in tank C2
(Table 2); and after completing the spawning rush
breeders, from both tanks, returned back to the group.

— Distance of spawning rush and preferred area to
spawn. The approximate distance displaced by brood-
stock in tank C1 (1.8 £ 0.2 m) to liberate the gametes
during the spawning rush was no different from brood-
stock held in tank C2 (1.6 + 0.3 m) (Table 2). Also, on
the 67 recorded spawning events it was observed that
seabream spawned 39.8% in the water inlet area of the
tanks, 37.4% in the middle part and, finally, 22.7%
spawns occurred in the water outlet area of the tanks.
It was also observed that seabream spawned in the
majority of occasions near the water surface.

— Sex proportion per spawn. All spawns were with
the attendance of only one female with one or more
males. A total of 50 pair spawns were recorded with
one female and one male (27 corresponded to tank C1
and 23 in the tank C2). Group spawning was also ob-
served, 13 spawning events were observed with one
female and two males (8 in tank C1 and 5 in tank C2)
and 4 spawns were with the presence of one female
with three males (all 4 corresponded to broodstock held
in tank C2) (Fig. 3). No significant differences were
observed between the proportion of pair and group
spawning in the two broodstocks. The spawning by two
females at the same time was not observed, no spawns
were observed that involved more than one female and
two or more females were not observed to spawn at
same time in different spawning rushes in different
areas of the tank. Mass spawning, including all indi-
viduals spawning as a single unit, was not observed
during the present study.

— FEggs volume, fertilization rate and developmen-
tal stage. Regular daily spawning began in both tanks
in early January and spawning finished in June. The
peak period of spawning in both tanks extended late
January to mid-April and during the period 24 Jan to
15 April the mean volume of daily floating eggs were
434 + 193 mL from tank C1 and 273 + 155 mL from
tank C2. On the days selected to analyse the spawning
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behaviour the breeders in tank C1 spawned a daily
mean of 343 £ 12 mL and in tank C2 spawned
467 = 15 mL (Table 2). No correlation was found be-
tween the number of spawning events per day and the
volume of eggs collected (R* = 0.2323, p > 0.221). Eggs
collected from tank C1 presented a fertilization rate of
95 £ 0.2%, while in tank C2 the mean fertilization rate
was 88 £ 0.5% (Table 2). The embryonic phase of de-
velopment of the collected eggs were mainly between
2 and 32 cell division (phases 1A to 1E as defined by
Kamaci et al., 2005); nonetheless, on occasions it was
observed some eggs to be in morula or gastrula phase
(1F and 1G) and these developmental phases corre-
sponded to the timing of the observed spawning events.

Discussion

The present study described, for the first time, the
reproductive behaviour of gilthead seabream (Sparus
aurata) held in captivity. The reproductive behaviour
was similar to that described for other Sparidae species
(Smith, 1986; Buxton, 1990; Buxton & Garratt, 1990;
Garratt, 1991; Leu, 1994; Mylonas et al., 2011). Gilt-
head seabream were observed to form defined aggrega-
tions prior to the spawning event and females were
observed to make a spawning rush with one or more
males that finished with gamete liberation.

In accordance with Domeier & Colin (1997) the ag-
gregation behaviour performed by fish was defined as
a group of conspecific fish that gathered for the purpose
of spawning, with fish densities or numbers signifi-
cantly higher than those found in the area during the
non reproductive period. In the present study, gilthead
seabream aggregations were well defined, included the
participation of all the stock and were clearly associ-
ated with spawning. The courtship behaviour of gilt-
head seabream was mostly brief and characterized by
rapid forward swimming by females followed by one
or more males. In addition, males displayed two char-
acteristics: a colour change to become slightly darker
and nudging and rubbing the female’s bellies close to
the oviduct. The formation of aggregations and the
courtship (changes in swimming speed, colour chang-
es and nudging) appeared to offer the opportunity for
mate selection and brought all the available individuals
together for mate selection. Dichromatism (ability to
take on one of two different colours patterns sepa-
rately) was suggested to be a motivational factor for
females to select males with better physical condition
and social status (Kodric-Brown, 1998; Okumura et
al., 2002; Kline et al., 2011). The action of rubbing and
nudging was hypothesized to help males to perceive
female pheromones, trigger the ovulation and induce
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the oocytes liberation (Bond, 1996; Domeier & Colin,
1997; Heyman et al., 2005; Stacey & Sorensen, 2008).
In the present study, obvious behaviours associated
with gaining dominance were not observed between
males or males and females. However, a passive pro-
cess of selection between males and females can be
suggested as both observations of behavioural and
morphological aspects appeared to offer opportunities
for females to accept or reject advances from males.
These indications that presented opportunities con-
sisted of: a) spawning was often in a pair indicating the
pair could select each other, b) aggregations brought
all the fish together for close contact to aid selection
and spawning was often soon after an aggregation, c)
males followed females perhaps seeking selection, d)
males nudged females to possibly stimulate selection,
e) females were observed to swim away from advanc-
es from males and f) males changed colour changing
appearance to perhaps aid selection by the female.
Aggregations and/or courtship behaviours similar to
the present study have been described in other species
of Sparidae including silver seabream (Chrysophrys
auratus) (Smith, 1986; Mylonas et al., 2011), santer
seabream (Cheimerius nufar) (Buxton & Garratt, 1990;
Garratt, 1991), roman seabream (Chrysoblephus lati-
ceps) (Buxton, 1990), silver bream (Rhabdosargus
sarba) (Leu, 1994) and southern black bream (Acan-
thopagrus butcheri) (Mylonas et al., 2011) and non-
Sparidae such as the spotted sand bass (Paralabrax
maculatofasciatus) (Miller & Allen, 2006), yellowtail
amberjack (Seriola lalandi) (Moran et al., 2007), dusky
grouper (Epinephelus marginatus) (Zabala et al., 1997),
cubera snapper (Lutjanus cyanopterus) (Heyman et al.,
2005) and white seabass (Atractoscion nobilis) (Aalbers
& Drawbridge, 2008).

However, in the present study, aggregations were
not always observed immediately prior to gilthead
seabream spawning and no inter-individual domi-
nances were observed. Liberation of gametes was ob-
served both in gilthead seabream coming from an ag-
gregation (with or without courtship) and fish that had
not participated in aggregation (or courtship) behaviour
immediately prior to spawning. However, the impor-
tance of these social interactions (aggregations and
courtship) during the spawning period should not be
lessened by these observations. Gilthead seabream
spawning success was low when held in pairs (Gor-
shkov et al., 1997; N. Duncan, pers. obs.) or groups of
15 females with a single male (Gorshkov et al., 1997).
Holding gilthead seabream in pairs or 15 females with
a single male would be too few fish or the wrong sex
ratios to enable the social interactions (aggregations
and courtship) observed in the present study and this
may explain the poor spawning success observed in
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gilthead seabream held in pairs or small groups (Gor-
shkov et al., 1997; Duncan et al., 2013). Various au-
thors have suggested large groups of breeders were
required for successful spawning of gilthead seabream
(Gorshkov et al., 1997; Duncan et al., 2013) and Spari-
dae in general (Pankhurst, 1998; Mylonas et al., 2011).

In the present study, gilthead seabream made a
spawning rush with a preference to rush and spawn as
a pair and 71.6% of total spawns were observed to be
between a single female and male. However, gilthead
seabream were also observed to group spawn when one
female spawned with several males: two (22.5%) or
three males (4.9%). Species from the Sparidae family
all presented a spawning rush and different species
presented pair or group or both types of spawning. The
silver seabream (Smith, 1986; Mylonas et al., 2011)
and santer seabream (Buxton & Garratt, 1990; Garratt,
1991), like the gilthead seabream presented both pair
and group spawning. However, silver seabream were
predominantly group spawners with one female being
followed by many males (Smith, 1986; Mylonas et al.,
2011), but pair spawning was observed on one occasion
(Smith, 1986). Santer seabream pair spawned (Buxton
& Garratt, 1990; Garratt, 1991) and the dominant male
was aggressive towards other males, however, on oc-
casions a “streaker” or “sneaker” male was observed
to successfully participate in spawns by keeping to the
opposite side of the female to the dominate male (Gar-
ratt, 1991). In the present study, no evidence of sneak-
er males was observed in gilthead seabream, although,
when group spawning was observed there was always
a lead male closest to the female followed by a second
and less frequently a third male. The roman seabream
(Buxton, 1990) and silver bream (Leu, 1994) were only
observed to pair spawn and the southern black bream
was only observed to group spawn (Mylonas et al.,
2011). To date no Sparidae species has been observed
to mass spawn and the observed pair and/or group
spawning preceded by social interactions related to
mate selection were characteristic of gilthead seabream
and other Sparidae species.

Domeier & Colin (1997) defined a mass spawning
as “a _form of group spawning that consists of the great
majority to all of an aggregation spawning simultane-
ously, as a single unit”. Studies on parental assignment
of progeny (Brown et al., 2005; Chavanne et al., 2012)
have referred to gilthead seabream spawning behaviour
as mass spawning. However, the present study found
that gilthead seabream only participated in pair and
group spawning in agreement with other studies on
Sparidae species. Nevertheless, all these observations
were made on fish held in captivity and no reports have
been published on the reproductive behaviour of wild
populations of Sparidae. Although to date no study on
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a Sparidae species has observed mass spawning this
spawning type cannot be discounted as a possible
spawning behaviour in Sparidae and gilthead seabream.
Mass spawning reproductive behaviour has been
documented in several marine fish species such as the
Lutjanus cyanopterus (Heyman et al., 2005) and the
Dermatolepis dermatolepis (Erisman et al., 2009). Both
species were observed in natural conditions and fish
were described to release a massive cloud of gametes
into the water column that made observation difficult.
Females were, however, observed to exit from the mass
spawning aggregations with accompanying males in
examples of simultaneous group spawning. Therefore,
the group spawning observed in Sparidae and the gilt-
head seabream could form part of mass spawning in
different conditions. Domeier & Colin (1997) in an
extensive review of aggregations and spawning type
observed that species change spawning type in relation
to the situation, with pair spawning more common in
the absence of an aggregation and group spawning
more common in aggregations and mass spawning was
observed in some species to involve many incidents of
simultaneous group spawning (as mentioned above).
However, caution should be used in referring to a spe-
cies such as gilthead seabream as mass spawning when
only pair and group spawning has been observed.
Parental assignment of progeny also identified that
the participation of gilthead seabream breeders was
variable with a proportion of breeders that did not
participate in spawning (Brown et al., 2005; Porta et
al., 2009; Chavanne ef al., 2012) and this variation or
dominance by certain fish was particularly clear
amongst male breeders (Brown et al., 2005). A similar
situation was observed in the parental assignment of
male cod breeders to progeny (Bekkevold et al., 2002)
and this coupled with observations of cod reproductive
behaviour (Brawn, 1961; Hutchings et al., 1999) sug-
gested that cod males had reproductive hierarchies that
explained the dominance of progeny by certain males
(Bekkevold et al., 2002). A similar coupling of the
present study on gilthead seabream spawning behaviour
with studies on parental assignment of gilthead sea-
bream progeny (Brown et al., 2005; Porta et al., 2009;
Chavanne et al., 2012) also suggested the hypothesis
that gilthead seabream had reproductive hierarchies that
resulted in the dominance of progeny by certain breed-
ers particularly amongst males. Chavanne et al. (2012)
concluded that further research was required to under-
stand the spawning kinetics of gilthead seabream. The
present study, highlights that such studies need to also
focus on spawning behaviour to understand why certain
fish dominate spawning in relation to the spawning
environment considering both physical (tank design,
size) and social (characteristics of individuals, sex
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ratios, density) aspects. This, the first description of
gilthead seabream spawning behaviour provides an
important bases for these studies and for the first time
researchers and broodstock managers can have a clear
idea of the spawning behaviour when considering
physical and social manipulations to increase parental
contribution for breeding programs.

In the present study, the spawning activity took place
midmorning, which was actually initiated 42 + 8 min
after the lights switched on and can be considered
similar to previous studies that established that gilthead
seabream and others sparid fish such as silver seabream
(Sparus sarba), Pacific seabream (Acanthopagrus pa-
cificus), yellowfin bream (Acanthopagrus australis), red
seabream (Pagrus major) and black bream (Acanthop-
agrus butcheri) tend to spawn at sunset or early in the
morning (Pollock, 1982; Matsuyama et al., 1988; Mi-
helakakis & Kitajima, 1995; Haddy & Pankhurst, 1998;
Meseguer et al., 2008; Sheaves & Molony, 2013). In
the present study, spawning was successfully and regu-
larly obtained and presented a prolonged spawning
season (up to 5 months). Spawning was close to every
day in both tanks. These observations were character-
istic of this species, and in accordance with Zohar et al.
(1995), Barbaro et al. (1997) and Arabaci et al. (2010).

The present study demonstrated that gilthead sea-
bream spawning behaviour was similar to other sparids.
In most occasions, spawns were observed to initiate in
the morning hours and presented the characteristic to
be associated with aggregation behaviour, followed by
the spawning rush performed by a single female pur-
sued by a male or, less common, by two or three males.
Aggregation and courtship behaviour appeared to be
an essential part of the spawning behaviour probably
related to mate selection, highlighting the need to have
a group of breeders and not single pairs. These findings
described for the first time the characteristics of gilt-
head seabream reproductive behaviour and that many
spawning events during a short space of time were
involved in the production of a “spawn”. Altogether
the study provided valuable information that may ex-
plain the uneven participation of breeders in studies
that determined paternity of progeny with microsatel-
lites and provides a solid basis for future work to in-
crease parental contributions to breeding programs.

Acknowledgements

We are grateful for the assistance given by Feliu
Ferre, Josep Lluis Celades and Esteban Hernandez and
other technical staff from IRTA, Sant Carles de la
Rapita, for maintaining the fish and assistance with the
installation of equipment.

Spanish Journal of Agricultural Research

References

Aalbers SA, Drawbridge MA, 2008. White seabass spawning
behavior and sound production. Trans Am Fish Soc 137:
542-550. http://dx.doi.org/10.1577/T04-058.1.

Almansa E, Pérez MJ, Cejas JR, Badia P, Villamandos JE,
Lorenzo A, 1999. Influence of broodstock gilthead sea-
bream (Sparus aurata L.) dietary fatty acids on egg qual-
ity and egg fatty acid composition throughout the spawn-
ing season. Aquaculture 170: 323-336. http://dx.doi.
org/10.1016/S0044-8486(98)00415-3.

Altman J, 1974. Observational study of behaviour: Sampling
methods. Behaviour 49: 227-267. http://dx.doi.
org/10.1163/156853974X00534.

Arabaci M, Yilmaz Y, Ceyhun SB, Erdogan O, Dorley HG,
Diler I, Akhan S, Kocabas M, Ozdemir K, Koyun H, et
al., 2010. A review on population characteristics of gilt-
head seabream (Sparus aurata). J] Anim Vet Adv 9: 976-
981. http://dx.doi.org/10.3923/javaa.2010.976.981.

Barbaro A, Francescon A, Bozzato G, Merlin A, Belvedere
P, Colombo L, 1997. Induction of spawning in gilthead
seabream, Sparus aurata L., by a long-acting GnRH ago-
nist and its effects on egg quality and daily timing of
spawning. Aquaculture 154: 121-126. http://dx.doi.
org/10.1016/S0044-8486(97)00067-7.

Bekkevold D, Hansen MM, Loeschcke V, 2002. Male repro-
ductive competition in spawning aggregations of cod
(Gadus morhua, L.). Mol Ecol 11: 91-102. http://dx.doi.
org/10.1046/1.0962-1083.2001.01424 x.

Bond EE (ed), 1996. The biology of fishes, 2nd edition,
Saunders College Publ., New York.

Brawn VM, 1961. Reproductive behaviour of the cod (Gadus
callarias L.). Behaviour 18: 177-197. http://dx.doi.
org/10.1163/156853961X00114.

Brown RC, Woolliams JA, McAndrew BJ, 2005. Factors
influencing effective population size in commercial
populations of gilthead seabream, Sparus aurata. Aqua-
culture 247: 219-225. http://dx.doi.org/10.1016/j.aquacul-
ture.2005.02.002.

Buxton CD, 1990. The reproductive biology of Chrysoblephus
laticeps and C. cristiceps (Teleostei: Sparidae). J Zool 220:
497-511. http://dx.doi.org/10.1111/j.1469-7998.1990.
tb04321 .x.

Buxton CD, Garratt PA, 1990. Alternative reproductive styles
in seabreams (Pisces: Sparidae). Environ Biol Fish 28:
113-124. http://dx.doi.org/10.1007/BF00751031.

Chavanne H, Parati K, Cambuli C, Capoferri R, Aguilera
Jimenez C, Galli A, 2012. Microsatellites markers to
depict the reproductive and genetic patterns of farmed
gilthead seabream (Sparus aurata): illustration by a case
study on mass spawning. Aquac Res 45: 577-590. http://
dx.doi.org/10.1111/are.12013.

Domeier ML, Colin PL, 1997. Tropical reef fish spawning
aggregations: defined and reviewed. B Mar Sci 60: 698-
726.

Duncan NJ, Sonesson AK, Chavanne H, 2013. Principles of
finfish broodstock management in aquaculture: control of
reproduction and genetic improvement. In: Advances in
Aquaculture Hatchery Technology (Allan G & Burnell G,

March 2015 ¢ Volume 13 ¢ Issue 1 ¢ ¢04-001


http://dx.doi.org/10.1577/T04-058.1
http://dx.doi.org/10.1016/S0044-8486%2898%2900415-3
http://dx.doi.org/10.1016/S0044-8486%2898%2900415-3
http://dx.doi.org/10.1163/156853974X00534
http://dx.doi.org/10.1163/156853974X00534
http://dx.doi.org/10.3923/javaa.2010.976.981
http://dx.doi.org/10.1016/S0044-8486%2897%2900067-7
http://dx.doi.org/10.1016/S0044-8486%2897%2900067-7
http://dx.doi.org/10.1046/j.0962-1083.2001.01424.x
http://dx.doi.org/10.1046/j.0962-1083.2001.01424.x
http://dx.doi.org/10.1163/156853961X00114
http://dx.doi.org/10.1163/156853961X00114
http://dx.doi.org/10.1016/j.aquaculture.2005.02.002
http://dx.doi.org/10.1016/j.aquaculture.2005.02.002
http://dx.doi.org/10.1111/j.1469-7998.1990.tb04321.x
http://dx.doi.org/10.1111/j.1469-7998.1990.tb04321.x
http://dx.doi.org/10.1007/BF00751031
http://dx.doi.org/10.1111/are.12013
http://dx.doi.org/10.1111/are.12013

10 Zohar Ibarra-Zatarain and Neil Duncan

eds). Woodhead Publ. Ltd, Cambridge, UK, pp: 23-66.
http://dx.doi.org/10.1533/9780857097460.1.23.

Erisman BE, Allen LG, 2006. Reproductive behaviour of a
temperate serranid fish, Paralabrax clathratus (Girard), from
Santa Catalina Island, California, USA. J Fish Biol 68: 157-
184. http://dx.doi.org/10.1111/.0022-1112.2006.00886.x.

Erisman BE, Konotchick TH, Blum S, 2009. Observations
of spawning in the leather bass, Dermatolepis derma-
tolepis (Teleostei: Epinephelidae), at Cocos Island, Costa
Rica. Environ Biol Fish 85: 15-20. http://dx.doi.
org/10.1007/s10641-009-9463-x.

Garratt PA, 1991. Spawning behaviour of Cheimerius nufar
in captivity. Environ Biol Fish 31: 345-353. http://dx.doi.
org/10.1007/BF00002358.

Gorshkov S, Gordin H, Gorshkova G, Knibb W, 1997. Repro-
ductive constraints for family selection of the gilthead sea-
bream (Sparus aurata). Isr J Aquacult-Bamid 49: 124-134.

Haddy JA, Pankhurst NW, 1998. Annual change in reproduc-
tive condition and plasma concentrations of sex steroids
in black bream, Acanthopagrus butcheri (Munro) (Spari-
dae). Mar Freshwater Res 49: 389-397. http://dx.doi.
org/10.1071/MF97239.

Heyman WD, Kjerfve B, Graham RT, Rhodes KL, Garbutt
L, 2005. Spawning aggregations of Lutjanus cyanopterus
(Cuvier) on the Belize barrier reef over a 6 year period. J
Fish Biol 67: 83-101. http://dx.doi.org/10.1111/1.0022-
1112.2005.00714.x.

Holland MCH, Gothilf'Y, Meiri I, King JA, Okuzawa K,
Elizur A, Zohar Y, 1998. Levels of the native forms of
GnRH in the pituitary of the gilthead seabream, Sparus
aurata, at several characteristic stages of the gonadal
cycle. Gen Comp Endocr 112: 394-405. http://dx.doi.
org/10.1006/gcen.1998.7138.

Hutchings JA, Bishop TD, McGregor-Shaw CR, 1999.
Spawning behaviour of Atlantic cod, Gadus morhua:
evidence of mate competition and mate choice in a broad-
cast spawner. Can J Fish Aquat Sci 56: 97-104. http://
dx.doi.org/10.1139/198-216.

Kamaci HO, Saka S, Firat K, 2005. The cleavage and em-
bryonic phase of gilthead seabream (Sparus aurata Lin-
naeus, 1758) eggs. EU J Fish Aqua Sci 22: 205-209.

Kline RJ, Khan IA, Holt GJ, 2011. Behavior, color change
and time for sexual inversion in the Protogynous grouper
(Epinephelus adscensionis). PLoS One 6(5): €19576.
http://dx.doi.org/10.1371/journal.pone.0019576.

Kodric-Brown A, 1998. Sexual dichromatism and temporary
color changes in the reproduction of fishes. Am Zool 38:
70-81.

Leu MY, 1994. Natural spawning and larval rearing of silver
bream, Rhabdosargus sarba (Forsskél), in captivity. Aq-
uaculture 120: 115-122. http://dx.doi.org/10.1016/0044-
8486(94)90227-5.

Matsuyama M, Torres Lara R, Matsuura S, 1988. Juvenile
bisexuality in the red seabream, Pagrus major. Environ
Biol Fish 21: 27-36. http://dx.doi.org/10.1007/BF02984440.

Meiri I, Knibb WR, Zohar Y, Elizur A, 2004. Temporal pro-
file of B follicle-stimulating hormone, f luteinizing hor-
mone, and growth hormone gene expression in the pro-
tandrous hermaphrodite, gilthead seabream, Sparus

Spanish Journal of Agricultural Research

aurata. Gen Comp Endocr 137: 288-299. http://dx.doi.
org/10.1016/j.ygcen.2004.04.002.

Meseguer C, Ramos J, Bayarri MJ, Oliveira D, Sanchez-
Vazquez FJ, 2008. Light synchronization of the daily
spawning rhythms of gilthead seabream (Sparus aurata
L) kept under different photoperiod and after shifting the
LD cycle. Chronobiol Int 25: 666-679. http://dx.doi.
org/10.1080/07420520802380018.

Mihelakakis A, Kitajima C, 1995. Spawning of the silver
seabream, Sparus sarba, in captivity. Jpn J Ichthyol 42:
53-59.

Miller EF, Allen LG, 2006. Observations on the mating be-
havior of captive spotted sand bass (Paralabrax macu-
latofasciatus). Bull South Calif Acad Sci 105: 17-29.
http://dx.doi.org/10.3160/0038-3872(2006)105[17:00T
MBO0]2.0.CO;2.

Moran D, Smith CK, Gara B, Poortenaar CW, 2007. Repro-
ductive behaviour and early development in yellowtail
kingfish (Seriola lalandi Valenciennes 1833). Aquaculture
262: 95-104. http://dx.doi.org/10.1016/j.aquacul-
ture.2006.10.005.

Mylonas C, Zohar Y, Pankhurst N, Kagawa H, 2011. Repro-
duction and broodstock management, In: Sparidae: biol-
ogy and aquaculture of gilthead seabream and others
species (Pavlidis MA & Mylonas CC, eds). Wiley-Black-
well Publ. Ltd. Oxford, UK, pp: 95-121. http://dx.doi.
org/10.1002/9781444392210.ch4.

Okumura S, Okamoto K, Oomori R, Nakazono A, 2002.
Spawning behavior and artificial fertilization in captive
reared red spotted grouper, Epinephelus akaara. Aqua-
culture 206: 165-173. http://dx.doi.org/10.1016/S0044-
8486(01)00722-0.

Pankhurst NW, 1998. Reproduction. In: Biology of farmed
fish (Black K & Pickering AD, eds). Sheffield Acad. Press,
Sheffield, UK, pp: 1-26.

Pollock BR, 1982. Spawning period and growth of yellowfin
bream Acanthopagrus australis (Gunther), in Moreton
Bay. Aust J Fish Biol 21: 349-355. http://dx.doi.org/
10.1111/5.1095-8649.1982.tb02840.x.

Porta J, Porta JM, Bejar J, Alvarez MC, 2009. Development
of a microsatellite multiplex genotyping tool for the fish
gilthead seabream (Sparus aurata): applicability in popu-
lation genetics and pedigree analysis. Aquacult Res 41:
1514-1522.

Rossi AR, Perrone E, Sola L, 2006. Genetic structure of
gilthead seabream, Sparus aurata, in the Central Mediter-
ranean Sea. Cent Eur J Biol 1: 636-647. http://dx.doi.
org/10.2478/s11535-006-0041-3.

Sheaves M, Molony B, 2013. Reproductive periodicity of
the sparid, Acanthopagrus pacificus, on a hierarchy of
temporal scales. J Fish Biol 82: 538-554. http://dx.doi.
org/10.1111/jfb.12010.

Smith PJ, 1986. Spawning behaviour of snapper Chrysophrys
auratus, in captivity (note). New Zeal J Mar Fresh Res 20:
513-515. http://dx.doi.org/10.1080/00288330.1986.9516170.

Stacey N, Sorensen PW, 2008. Hormonally derived sex
pheromones in fish. In: Fish reproduction (Rocha MJ,
Arukwe A, Kapoor BG, eds). Science Publ., Enfield, NH,
USA, pp: 201-243.

March 2015 « Volume 13 ¢ Issue 1 ¢ €04-001


http://dx.doi.org/10.1016/j.ygcen.2004.04.002
http://dx.doi.org/10.1016/j.ygcen.2004.04.002
http://dx.doi.org/10.3160/0038-3872%282006%29105%5B17:OOTMBO%5D2.0.CO%3B2
http://dx.doi.org/10.3160/0038-3872%282006%29105%5B17:OOTMBO%5D2.0.CO%3B2
http://dx.doi.org/10.1016/j.aquaculture.2006.10.005
http://dx.doi.org/10.1016/j.aquaculture.2006.10.005
http://dx.doi.org/10.1002/9781444392210.ch4
http://dx.doi.org/10.1002/9781444392210.ch4
http://dx.doi.org/10.1016/S0044-8486%2801%2900722-0
http://dx.doi.org/10.1016/S0044-8486%2801%2900722-0
http://dx.doi.org/10.1111/j.1095-8649.1982.tb02840.x
http://dx.doi.org/10.1111/j.1095-8649.1982.tb02840.x
http://dx.doi.org/10.2478/s11535-006-0041-3
http://dx.doi.org/10.2478/s11535-006-0041-3
http://dx.doi.org/10.1111/jfb.12010
http://dx.doi.org/10.1111/jfb.12010
http://dx.doi.org/10.1080/00288330.1986.9516170
http://dx.doi.org/10.1533/9780857097460.1.23
http://dx.doi.org/10.1111/j.0022-1112.2006.00886.x
http://dx.doi.org/10.1007/s10641-009-9463-x
http://dx.doi.org/10.1007/s10641-009-9463-x
http://dx.doi.org/10.1007/BF00002358
http://dx.doi.org/10.1007/BF00002358
http://dx.doi.org/10.1071/MF97239
http://dx.doi.org/10.1071/MF97239
http://dx.doi.org/10.1111/j.0022-1112.2005.00714.x
http://dx.doi.org/10.1111/j.0022-1112.2005.00714.x
http://dx.doi.org/10.1006/gcen.1998.7138
http://dx.doi.org/10.1006/gcen.1998.7138
http://dx.doi.org/10.1139/f98-216
http://dx.doi.org/10.1139/f98-216
http://dx.doi.org/10.1371/journal.pone.0019576
http://dx.doi.org/10.1016/0044-8486%2894%2990227-5
http://dx.doi.org/10.1016/0044-8486%2894%2990227-5
http://dx.doi.org/10.1007/BF02984440

Mating behaviour in gilthead seabream 11

Zabala M, Garcia-Rubies A, Louisy P, Sala E, 1997. Spawn- Zohar Y, Harel M, Hassin S, Tandler A, 1995. Gilthead sea-

ing behaviour of the Mediterranean dusky grouper bream (Sparus aurata). In: Broodstock management and
Epinephelus marginatus (Lowe, 1834) (Pisces, Serranidac) egg and larval quality (Bromage NR, Roberts RJ, eds).
in the Medes Islands marine reserve (NW Mediterranean, Blackwell Sci., Oxford, UK, pp: 94-117.

Spain). Sci Mar 61: 65-77.

Spanish Journal of Agricultural Research March 2015 » Volume 13 ¢ Issue 1 * ¢04-001



