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Abstract: This study describes the reproductive behaviour of the Labeo parvus in aquarium. The breeding
stock of L. parvus used mn the present study, originated from the wild population of the Oueme river (Bemun).
Sexually mature fish were caught during their migration to their spawning pond, using gill nets from artisan
fishermen. The experiments were conducted in a 540 and a 240 T, aquaria. Reproductive behaviour was induced
in 4 groups of two to six fish by means of a single injection of Ovaprim (0.6 mIL kg™ for females and 0.2 mL kg™
for males). Behavioural data were recorded with a camera system 15 min h™' during the day time between 8 and
19 h. Sexual behaviour was observed in 2 groups. Seven spawmng sequences were analysed mvolving one
male and one female, undulating rapidly towards the water surface and descending slightly before freeing eggs
and sperm in a rolling display. Some sneaking males were sometimes observed participating in spawning acts.
The complete spawming sequence observed included nonsexual behaviours such as swimming and surfacing
as well as sexual behaviours meluding synchronous swimming (very rapid swimming of two individuals side

by side), the rolling display and mating.
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INTRODUCTION

Labeines are economically important food fish
throughout the African continent (Skelton et al, 1991)
where several species are candidates for aquaculture
(Omoreigie, 2001; Rutaisire, 2003). The species Labeo
parvus 18 widely distributed throughout West Africa
(Leveque, 2003). It is a rheophilous fish which prefers
running water in rocky habitats. Tn Benin, L. parvus is an
important cyprinid fish in fisheries and is used as a
popular food fish. Therefore, it is currently undergoing
high fishing pressure.

There is limited quantitative information available on
the life history of L. parvus. Data on Labeo species life
histories suggest that they could be vulnerable to
overfishing and they are obligatory total spawners with
relatively small eggs and high fecundity (Tomasson et al.,
1984; Skelton ef al., 1991). Their eggs, embryos and larvae
are particularly vulnerable to flash floods and associated
siltation which can significantly reduce survival and
fishery recruitment (Skelton et al., 1991). The reproductive
biology and early life history of I.. parvis were studied by
Montchowui ef al. (2009) but the reproductive behaviour

of this species has never been described. According to
Sadovy (1993), knowledge of the behavioural patterns and
characteristics of spawning aggregations is important to
fully understand the function of group spawning in a fish
species.

This  knowledge 1s also important for the
implementation of proper management strategies with the
aims of conserving economically important fish such as
L. parvus and developing aquaculture.

In addition, the choice of mates and specific
spawning as well as the timing and spatial co-ordination
of gamete release may be of critical importance in the
survival of progeny (Smith, 1991). The study focuses on
the various sexual behaviours of L. parvus and their
temporal succession during mating in aquarium.

The fish size, the water quality (often very turbid), the
intensity and the speed of the water rising during the
reproduction period and the spawning habitats in the
Oueme river make any observation i the natural
environment very difficult. Observation in an aquarium
remains, the only simple means to study the reproductive
behaviour of Labeo parvus.
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MATERIALS AND METHODS

The study was carried out over two seasons between
July and October 2007 and July and October 2008 in the
Laboratory of Hydrobiology and Aquaculture, University
of Abomey-Calavi, Benin. The breeding stock of L. parvus
used 1n the study oniginated from the population of the
Ouveme river (Benm). Sampling took place in July to
September 2007, using gill nets from artisan fishermen.
Sexually mature fish were caught during their migration to
their spawming habitats. After capture, the fish were
transferred to an oxygenated plastic container and
transported to the Unit of Training and Research in Fish
Farming in Cotonou.

On arrival at the fish farm facility, the fish were placed
in rectangular concrete tanks supplied with gravity-fed
spring water. The tanks were covered with nets to prevent
the fish from jumping out. The fish were held in captivity
and fed with artificial tilapia feed twice daily.

The experiments were carried out in a 540 L aquarium
(1.5%0.6x0.6 m) and ma 240 L aquarium (1x0.4x0.6 m). In
the 540 L aquarium, the bottom was covered with sand. A
shelter (900 cm®) was suspended 25 cm above the bottom
which was covered with a layer of gravel and green plastic
plants (imitating Ceratophyllum), fixed in the sand. The
bottom of the 100 L. aquarium was only covered with sand
(depth: 1 cm). Each aquarium was equipped with a bullor
for oxygenation. Tn the both aquaria, fish were maintained
at a temperature of 27.940.5°C, a dissolved oxygen
content of 7.840.7 mg L™ and a pH of 8.5+0.3. The
lighting was mamtamed constant: 12 L/12 D.

Four groups of fish were formed, composed of one to
two females and 1-4 males. Mature individuals were
selected on the basis of morphological criteria: protruding
genital papilla, dilated and bulging abdomen m females
and presence of sperm n males determined by gentle
abdominal pressure. The groups were formed in
agreement with the sex-ratio observed in the natural
environment: 1:1. The total length and weight (Table 1)
of each fish were recorded before their transfer mnto the
experimental acquaria.

As we were unable to obtain spontaneous mating,
the selected fish received an wyection of Ovaprim
according to Mentchowui et al. (2008) (0.6 mL kg~ for
females and 0.2 mI. kg™ for males) so as to induce and
synchronise spawning. Ovaprim was injected during the
night at 00 h (local time).

Fish were placed m the experimental aquaria the day
before the behaviour was recorded. To recognise the fish,
the females were marked with a slight ablation at the
caudal fin. Each group was followed for 2 days. The
behaviours were video-recorded using a video camera

Table 1:  Average total length and weight (=8T) of fish in the four groups

of Labeo parvus
Length Weight No. of
Groups (cm) (2) No. of fish spawning acts
1 19.541.0  79.0+6.10 2:(1 $and 1 o) 6
2 224+1.3 116.8+21.7 3:(1 2and2 o) 1
3 14.6+2.2  29.9+10.7 4:(1 ? and 3 o) 0
4 15.241.8  34.649.20 6:(2 § and 4 o) 0

(Sony digital video camera recorder, handycam DCR-
HC47E). Behavioural data were recorded for 15 min h™*
during day time from 8:00-19:00. The tapes were screened
and the behavioural acts were encoded on a computer.
Videotapes were analysed image by image during
spawning acts. Sequencing and timing were obtained by
typing keys on the computer keyboard using Noldus
observer software (4.1). We focwed on the main
behavioural patterns of the encounters taking into
account, the duration of swimming and feeding activities
and the frequency of spawning as well as following or
stimulating behaviours.

RESULTS

Description of sexual behaviour: The ethogram of Labeo
parvus (Fig. 1) gathers nonsexual behaviours such as
swimming, rest, foraging, surfacing and sexual behaviours
such as synchronous swimming (which consists of a very
rapid swimming of two individuals side by side), the
rolling display and mating. Among the induced females,
two (i group 1 made up of one male and one female and
in group 2 made up of one female and two males) exlubited
complete behavioural sequences leading to spawning acts
in the majority associated with a quite visible release of
oocytes. Five spawning events were recorded in day time
between 8:00 and 19:00 in the group, comprising one male
and one female. Tncomplete sequences were raised in the
same and other females without leading to spawning.

All spawning acts were recorded during day time.
Courtship and spawmng behaviour were never observed
at night. The mating sequence type occurred in pairs. Tt
always started with activation of cowrting by the male
which tumed several times around the female and
stimulated the latter by nudging of the head to the
female’s sides or head (Fig. 1a, b). Sometimes the male
gave a sharp blow of the nose, triggering the female’s
rapid swimming towards the surface followed by the male
(Fig. lc, d).

During this following behaviour, the male caught up
with the female and the pair swam rapidly head against
head in synchronous swimming towards the surface
without breaking the surface (Fig. le-g). High levels of
following and stimulating behaviours preceded each
mating act (Fig. 2). When the female was ready to spawn,
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Fig. 1: Illustrations of spawming behaviours in Labeo parvus. a, b) stimulating behaviours; ¢, d) pursuit movements,
e-g) synchronous swimming towards the water surface; h) trembling movement; i, j) rolling over the female by
the male; k, 1) spawning and m, n) post-spawning movements. The arrows indicate the direction of movement

the pair produced a few vibration movements then the
male, located next to the partner during calm swimming,
pressed his head against hers (Fig. 1h). The male, his
body trembling, rolled over the female at her abdomen
with his body with the female in a convex position
(Fig. 11, j). This rolling exerted a pressure on the female’s
abdomen, releasing the eggs (Fig. 1k, 1).

Then the male slipped under the female probably to
release its sperm. This behaviour was observed without
mdividuals swimming towards the water surface but near
the bottom of the aquarium. The spawmning pair then
separated each taking its place on the bottom of the
aquarium (Fig. 1m, n). The eggs were swept along by the
water-flow and deposited on the sand, covermng the
bottom of the aquarium. In the seven spawning
sequences analysed, the female mated five times with a

single male. In the other cases although, the behavioural
sequence was imitiated by a single male, it continued with
one or two additional opportunistic males who stayed
alongside the female when she released her ova. It was
not possible to estimate the number of eggs released
during each spawning act but once spawning ended,
numerous fertilised eggs could be seen in the water. The
fertilised eggs were non-adhesive. The membrane of the
fertilised eggs soaked up water and formed a layer
around the embryo. Hatching was observed after 11-14 h
at 28-29°C water temperature, producing larvae that were
reared in a nursery.

Behaviour over time: Figure 2 shows the changes over
time of the main behaviours recorded in group 1,
comprising one male and one female from light imtiation
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Fig. 2: Typical mam behaviours recorded in the Labeo
parvis (resting, swimming activity, foraging,
stimulating,  pursuit  behaviour, surfacing
behaviour and spawming acts) during a spawming
day after hormonal treatment m group 1
comprising one female and one male

(8:00) until completion of egg laying (19:00). The
swimming activity increased gradually until the mating
period and declined thereafter. The resting and foraging
activities declined with the approach of the mating period
and then increased at the end of mating. The search for
food by foraging fish was greater after the mating period
than before.

Courting behaviours, pursuits by males and rising to
the water surface of the pair of L. parvus sharply
increased with the approach of and during the mating
period and then faded.

The first mating was observed about 14 h after the
hormoene iyjection and spread over approximately 3 h.
Before mating, we noted the synchronous swimming
between males vibration
movements and rolling over the female by the male. The
frequencies and durations of these behaviours were
relatively low and are not shown in Fig. 2.

and females as well as

DISCUSSION

This study describes for the first time, the
reproductive behaviour and spawning tactics of L. parvus
as a representative of the African labeines. Tt provides
useful data for fisheries management and potential
techniques for breeding this fish species in captivity.

The spawning period of L. parvus under captivity
conditions in an experimental fish farm occwrred from July
to October and comncided with the reproductive season in
the wild populations.

Pair-spawning appears to be the predominant
L. parvus mating pattern as supported by behavioural
observations. This mating system involves one male and
one female undulating rapidly towards the water surface
and descending slightly before freeing eggs and sperm in
open water. A spawning group of three individuals (one
female and two males) was observed when a sneaking
male was sometimes seen participating in spawning acts
by the mam male.

The observations have been confirmed by further
research. The mating system of L. parvus may be
considered polygamous (Tuner, 1986), i.e., each male can
mate successively with several females and each female
can mate simultaneously or successively with several
males. Given the difficulty of observing sperm emitted by
the spawning males, only an analysis of eggs or larva
patermity after fertilisation could provide information on
the effective participation of each partner in the off-
spring. This type of research could be undertaken in the
future as was done in Barbus barbus and Barbus
meridionalis.

The size of testes in ripe males has often been used
as an index of sperm competition and a method for
predicting the fish mating system (Erisman and Allen,
2006). In general, a high Gonadosomatic Index (GSI)
(ie.,>4) in males is common in group-spawning fish
species under mtense sperm competition while low male
GSI (0.5-3) is typical of pair-spawning fish where sperm
competition 1s less important (Stockley et al., 1997,
Petersen and Warner, 1998; Taborsky, 1998). The mean
G3SI of wild and captive male L. parvus (1.3 and 1.5,
respectively, Montchowui) were similar to published
values of GIS of fish characterised by external fertilisation,
low sperm competition and pair spawning (Petersen and
Wamer, 1998).

Tt is evident that pair spawning appears to be the
predominant mating pattern of L. parvus which does not
appear to present aggressive behaviours (between males
or between males and females) associated with
reproduction. However, attacks between males and
between males and females without biting, hunts between
males or between females and males and blows of the
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head between males can sometimes be observed. The
fertihised eggs are shed in open water in the aquarium and
may then be pulled by the current and settle on any
substrate. This observation confirms what was reported
by Skelton et al. (1991) in the natural environment for
African labeines. According to these researchers, Labeo
spawning occurs in  flowing water onto adjacent
floodplains or flooded river banks where the eggs are
shed over temporarily inundated vegetation. In the study,
the nature of the substrates did not seem to nfluence
sexual behaviour expression.

Although, spawning substrates were arranged n the
aquaria, it appeared that the fish developed behaviours in
which the spawners accelerated their swimming toward
the water surface, independently of the spawning
substrates. This behaviour results mn the eggs bemng
released in the water column. This type of behaviour is
somewhat different from what occurs in European
rheophilous cyprinids such as Chondrosoma nasus and
Leuciscus cephalus which actively deposit their sticky
eggs on a gravel bed.

It approaches the behaviour of gudgeon (Gobio
gobio) or certain calm water cyprinids (4bramis brama)
(Poncin et al., 1996) whose eggs are shed in the water
column and then settle on the substrate (sand, gravel or
aquatic vegetation). It 15 difficult to compare the
reproductive behaviowr of 1. parvus and other African
Labeo because data on the latter are unavailable.

Several schemes have been devised to group fish
according to their choice of spawning site and degree of
post-spawning care (Mills, 1991). Four categories of
cyprinid behaviours have been identified: lithophils,
psammophils, phytophils and pelagophils. According to
the observations in aquarium, L. parvis could be
classified among the psammophils which scatter their
eggs on sand or near the roots of plants where the bottom
is sandy again principally in flowing water and do not
guard theiwr eggs (Mills, 1991). Labeo parvus may be
considered a non-guarder species since, no parental care
was ever observed in aquarium.

The psammophils character of the reproduction
observed in the study 1s different from that reported in
Labeo umbratus (Potts et al., 2005). According to these
researchers L. umbratus fits into the intermediate, phyto-
lithophil reproductive guild. High mortality of fertilised
eggs and embryos were observed m aquarium probably
resulting from confinement conditions in aquarium. As
fertilised eggs are not sticky and therefore do not adhere
to any substrate, moving under the effect of the
spawners’ movement they are likely to be smothered by
the grains of sand in aquarium or the spawners
themselves. This may partly explain the high natural
mortality rate (0.96 year™") reported by Montchowui et al.
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(2009) in the Cueme river for L. parvus. Indeed,
deforestation 1s damaging Oueme river catchments and
streams which formerly flowed for extended periods and
are now characterised by brief flash-flood flows i which
the water is heavily laden with silt. Tn these conditions,
the fertilised eggs are either stranded by rapidly receding
floodwaters or smothered by silt or both. Labeo parvus
exhibited total spawning in aquaria under constant
environmental conditions.

Each female spawned the totality of her eggs m
the 1 day observation. The females examined at the end of
the observation had empty ovaries. This confirms the
observation regarding the gonadal maturation stages and
the gonadosomatic indexes i wild populations
(Montchowui et al., 2008) which underge an abrupt
decrease during the breeding season, suggesting a single
spawning (Rinchard and Kestemont, 1996). These results
suggest that L. parvus females might release one batch of
eggs a year. The single and total spawning mode of
reproduction 1s also supported by the diameter-frequency
distribution pattern of oocytes showing that L. parvus
ovaries belong to the synchronous ovary type. Total
spawning is not an uncommon phenomenon among
cyprimmd fish m the wild, e.g., n Labeo cylindricus
(Weyl and Booth, 1999) and Chondrostoma nasus.

According to Abou-Seedo and Dadzie (2004), the
phenomenon of synchronous oocyte development with
a single spawmng may be related to the unstable nature
of the habitat of the species hence, the need to spend as
little time as possible on the spawning grounds. Labeo
parvus presents a periodic reproductive behaviour,
probably as an adaptation to the instability of its natural
habitat, mostly due to intense environmental variability
related to the seasonality of rainfall and river discharge.
Hormonal inducton of spawmng has been used
previously to observe the reproductive behaviour of
several species when spontaneous mating is hard to
obtain in captivity (Poncin et al., 1996, 2002). Given that
sexual behaviour was not observed in individuals not
stimulated m this study, it 1s 1mpossible to estimate the
influence of hormonal induction on the expression of
behaviour. We did not observe spawning in some groups
although, the fish were induced by an injection of
Ovaprim. It 15 difficult to explain the low reproductive rate
of spawners. Insufficient maturity or stress related to
short acclimation time in aquaria could be the cause. An
influence of the low number of courting males may also
explain the low reproductive rate of spawners. Indeed in
the groups composed of >1 male, the female is
abandoned. The males spend their time quarreling by
blows of the head and pursuits. Any attempt to initiate
sexual behaviour of a male with the female i1s immediately
disrupted by other males. Further, research on the
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influence of the number of courting males could be
undertaken in the future as was done in Barbus barbus.

CONCLUSION

The mating
polygamous, with females spawming >1. It was not
possible to estimate the number of eggs released during
each spawning act. One spawning ended in numerous
fertilised eggs being shed in the water. The fertilised eggs
were non-adhesive. The membrane of fertilised eggs

system of Labeo parvus was

soaks up water and forms a layer around the embryo.
Hatching was observed after 11-14 h at 27-29°C water
temperature, producing larvae that were reared in a
nursery.
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