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ABSTRACT

Background: The biological information of fish, which include reproduction, is the
prerequisite and the basis for the assessment of fisheries.

Methods: The aim of this work was to know the reproductive biology with the first
sexual maturity (TLs,) and the spawning period for 58 mainly fish species in the waters
around La Réunion Island (Western Indian Ocean). Twenty families belonging to the
Actinopterygii were represented (acanthuridae, berycidae, bramidae, carangidae,
cirrhitidae, gempylidae, holocentridae, kyphosidae, labridae, lethrinidae, lutjanidae,
malacanthidae, monacanthidae, mullidae, polymixiidae, pomacentridae, scaridae,
scorpaenidae, serranidae, sparidae; 56 species; n = 9,751) and two families belonging
to the Elasmobranchii (squalidae, centrophoridae; 2 species; n = 781) were sampled.
Between 2014 and 2022, 10,532 individuals were sampled covering the maximum
months number to follow the reproduction periods of these species.

Results: TL;, for the males and the females, respectively, ranged from 103.9 cm
(Acanthurus triostegus) to 1,119.3 cm (Thyrsitoides marleyi) and from 111.7 cm (A.
triostegus) to 613.1 cm (Centrophorus moluccensis). The reproduction period could be
very different between the species from the very tight peak to a large peak covered all
months.

Conclusions: Most species breed between October and March but it was not the trend
for all species around La Réunion Island.

Keywords: gonad observation, reproduction period, reproductive maturity stages, size
at the first sexual maturity
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INTRODUCTION necessary step to evaluate the reference points as spawn-
ing stock biomass and the maturity ogive, which are in-
The biological parameters (i.e. growth and reproduc- tegrated in the stock assessment models (Jakobsen et al.,
tion) are essentially to management the fish population 2009). The lack or scarcity of these biological informa-

(Jakobsen et al., 2009). Fish reproductive biology is the tion, can lead to over-exploitation of fisheries resources.
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The main commercial demersal tropical fishes, along
with snappers (Lutjanidae), groupers (Serranidae), em-
perors (Lethrinidae), carangids (Carangidae), soldierfishes
(Holocentridae) and goatfishes (Mullidae) support locally
important artisanal fisheries throughout the Indo-Pacific
region, but quantitative assessments of these species have
been limited by a lack of adequate biological and fisher-
ies data (Newman et al., 2016; Halim et al., 2020), includ-
ing around La Réunion Island (Le Manach et al., 2015).
Among 123 fish species followed around La Réunion Is-
land (Roos et al., 2022), The main objective of this study
was to provide the reproductive biology information with
the first sexual maturity and the spawning period for 58
mainly fish species required for the management of fish-

eries resources.

MATERIALS AND METHODS

Sampling

All fish sampled during scientific surveys, and some
specimen were added from commercial landings to com-
plete the length range or the months without surveys.
During eight years (i.e. between 2014 and 2022), 10,532
individuals of 58 species were sampled. Twenty families
belonging to the Actinopterygii were represented (acan-
thuridae, berycidae, bramidae, carangidae, cirrhitidae,
gempylidae, holocentridae, kyphosidae, labridae, le-
thrinidae, lutjanidae, malacanthidae, monacanthidae,
mullidae, polymixiidae, pomacentridae, scaridae, scor-
paenidae, serranidae, sparidae; 56 species; n = 9,751) and
two families belonging to the Elasmobranchii (squalidae,
centrophoridae; 2 species; n = 781) were sampled (Table
1). All individuals were taken to the laboratory for ac-
curate measurements. Each individual was measured to
the nearest mm for total length (TL) and weighted to the
grams for Total Weight (W). The gonads were observed
macroscopically to determine the sex and this associated
sexual maturity stage.

First sexual maturity

Sex ratios as the percentage of females (F) in the
samples, were calculated. The first sexual maturity, to
separate juveniles and sexually mature individuals thus
defining the spawning biomass (i.e. reference point for
exploited marine fishes) (Thorson et al., 2012), was mea-
sured from TLs,. This biological parameter was the total

32

length at which 50% of individuals are mature for the first
time.
Where m(l) is the proportion of mature individuals in

m(l) = expe ) (1)

—In(-1n(0.5))—a
e )

TLgy =
each length class (%), a is intercept, b is slope, I is the
fish total length (cm) and TLs, is the mean total length at
sexual maturity (50%, cm), were used. Among the Acti-
nopterygii, two families (serranidae and lethrinidae, 13
species; Table 1) showed the protogynous hermaphrodites
(i.e. change sex from female to male). For these species,
first sexual maturity was only estimated for females.

Reproduction period

Fish were assigned to the following maturity develop-
ment stages as recommended at the international level
(ICES, 2018): from (I) immature; (I) resting; (II) ripe and
running; (IV) spent; to (V) post-spent. From the percent-
age of individuals per month and per maturity stages
throughout the year, the reproduction period and inten-
sity were identified. The adults are the sum of all fish of
maturity stages III, IV and V.

Statistical analysis

Statistical analyses to identify the significant sex effect
on the first sexual maturity (with significant effect at p
< 0.05) were carried out from the CAR package (Fox and
Weisberg, 2011). This sexual dimorphism was tested on
all fish species without two protogynous hermaphrodites
families. The figures were carried out from the ggplot2
(Wickham, 2016) and plyr (Wickham, 2011) packages in
the R statistical environment (R Core Team, 2023).

Ethical statement

All species were sampled from scientific surveys or
caught for the commercial landings. They are not in the
TUCN red list as critically endangered, endangered or vul-
nerable species.

RESULTS

Among 10,532 individuals, there were 4,271 males,
5,346 females and 915 immatures. Summarised informa-
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tion for each species, by each sex or both males and fe-
males, is presented in Table 1 and Supplementary Table 1.
Among 23 families, two were represented by a relatively
high number of species, such as the Serranidae (11 spe-
cies) and Lutjanidae (10 species). In the sameway, these
two families showed the large number of individuals with
4,512 belonging to the Lutjanidae and 1,518 belonging to
the Serranidae. According to the selected species, the dis-
tribution between the two sexes and the immatures can
be very different. While the reproduction of protogynous

Il High spawning [ Medium spawning

1 Low spawning

hermaphrodites (i.e. for two families: serranidae and le-
thrinidae represented by 13 species) explained why males
could be larger than females, for other species, there was
no generalizable observable trend between males and fe-
males and it depends on the analysed species.

Among 58 analysed species, the mean total length of
the first sexual maturity (TLsy) could be modelled from in-
dividual in situ data for 40 species (Table 1). TLs, for the
males and the females, respectively, ranged from 103.9 cm
(Acanthurus triostegus) to 1,119.3 cm (Thyrsitoides marleyi)

P
o
1%
ke
o
=
=
>
Q

Acanthurus dussumien o * # * ¥ *
Acanthurus guttatus o * " &
Acanthurus triostegus 5 =
Naso elegans = :
Naso unicomis
Beryx decadactylus 3 3
Eumegistus ilustris
Caranx melampygus 3 o o o &
Decapterus tabl 2
Centrophorus moluccensis ]
Cirrhitus pinnulatus |3 o G B * © . 00 |
Pronethichthys prometheus
Rexea prometheoides
Thyrsitoides marleyi |+ :
Myripristis berndti @
Myripristis chryseres & B
Myripristis murdjan g g * ~
Ostichthys kaianus .
Sargocentron spiniferum B N
Kyphosus bigibbus - K * *
o o w o

Kyphosus cinerascens
Kyphosus vaigiensis
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Lethrinus rubrnoperculatus
Aphareus rutilans
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Etelis carbunculus
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Lutjanus bengalensis © 5 *
Lutjanus kasmira
Lutjanus notatus
Pristipomoides argyrogrammicus
Pristipomoides filamentosus
Pristipomoides multidens
Branchiostegus dolatus il =
Cantherhines dumerili @
Mulloidichthys flavolineatus *
Mulloidichthys pfluegeri B
Parupeneus trifasciatus
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Scarus psittacus & G

Pontinus nigerimum 3
Cephalopholis aurantia
Cephalopholis nigripinnis = = *
Cephalopholls spiloparaea *
Epinephelus fasciatus
Epinephelus hexagonatus & *
Epinephelus merra
Epinephelus radiatus

4

* B
=
i |

]

*

=
g b
bl

*

g =

,
H!o

* B
b
]

*
*

l

*
*

*
*

*

Fig. 1. Reproduction period and inten-
sity (percentage of individuals actively

\/E,‘;iig;p:sil,i:;%?:;: * o ’ breeding: No spawning: 0-25%; Low
Vanola lout & * ~ B spawning: 25-50%; Medium spawning:
Argyrops filamentosus 50-75%; High spawning: 75-100%)

Squalus megalops

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
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and from 111.7 cm (A. triostegus) to 613.1 cm (Centro-
phorus moluccensis) (Table 1). For ten hermaphrodites’
species, only TLs, for females was modelled. For 30 other
species presenting the TLs, fitted on the data, this bio-
logical parameter was measured for the males and for the
females for 16 species. Among these species, 10 a higher
TLs, for females than for males and only 6 have the op-
posite trend. The significant different of TLs, between the
males and the females were observed for 7 species among
16 species (Table 1).

For all 58 species, the reproduction period and intensity
were analysed for each species including all adults’ indi-
viduals (Fig. 1) and by each sex (females Supplementary
Fig. 1 and males Supplementary Fig. 2). There were three
species including the two Elasmobranchii species (Squalus
megalops and Centrophorus moluccesis) and one spe-
cies of the mullidae family (Mulloidichthys flavolineatus)
showed that the reproduction peak (i.e. high spawning
period; Fig. 1) covered all months. Conversely, other spe-
cies presented the reproduction peak very tightly spread
over 3 months (Thyrsitoides marleyi; Kyphosus bigibbus;
Aphareus rutilans,; Pristipomoides filamentosus; Polymixia
berndti; Cephalopholis nigripinnis, Epinephelus hexago-
natus). However, for the species with the restricted re-
production period, most species breed between October
and March but it was not the trend for all species. The
reproduction activity may be concentrated in the win-
ter months for a limited number of species as Argyrops
filamentosus, Pristipomoides filamentosus, Kyphosus
vaigiensis and Kyphosus bigibbus (Fig. 1).

DISCUSSION

Reproductive process through the sexual maturity and
the peak of reproduction are important elements prereq-
uisite to realize the stock assessment with a good preci-
sion (Chen et al., 2022). However, for many fish species,
the females and males and their maturity stage cannot
be distinguished by only external characteristics. Con-
sequently, for many cases of study, this information is
lack, very old or partial. Moreover, for tropical species
as around La Réunion Island, there may be conservation
problems due to the high temperature after fishing which
result in difficulties in observation internal organs such as
the gonads. Consequently, this type of study aggregating
reproductive information from organ observations in the

laboratory for a very large number of species is neces-
sary to provide reference points for each species, which
can be used in fisheries resource monitoring as is done
for other biological parameters such as the length-weight
relationship (Roos et al., 2022).

Firstly, the length of the first sexual maturity (TLs,) was
measured for each species. Among fish species, there are
two mainly sexual characteristics: hermaphrodites versus
dioecious species. For the protogynous hermaphrodites,
concerning two families (serranidae and lethrinidae, 13
species), the first sexual maturity of females is earlier
than the sex change and consequently the length is not
the same (Frisch et al., 2016). For the dioecious species,
there are no clearly patterns between the TLs, for females
and males. Some species show comparable TLs;, between
males and females, others show marked differences in fa-
vor of females or males. These differences between sexes
within the same population or between several popula-
tion in the length at the sexual maturity, can be caused
by phenotypic changes, genetic adaptations or the inter-
action of both (Law, 2000; Trindade-Santos and Freire,
2015). TLs, is influenced by environmental conditions
(Weatherley, 1990), but human activities could be the
potential factors (i.e. fishing, pollution‘:-). For example, a
negative relationship between the length at sexual matu-
rity and the level of fishing pressure was observed (ICES,
2012; Marty et al., 2014).

Secondly, the timing and intensity of the spawning were
estimated for each species. For this reproductive trait,
there are mainly difference among species with some
species with a very large reproduction peak covered all
months and conversely, others with very tight reproduc-
tion peak over 3 months. These results corroborate the
same approach applied in the Mediterranean Sea (Tsikliras
et al., 2010). Some species that breed strongly through-
out the year may show two sexual strategies with some
individuals breeding once a year and others at least twice
(Bye, 1984; Cushing, 1990). The duration and the period
of the year of the reproduction peak varies between the
species and between the populations within the same
species. The spawning season begin when the fish receive
the environmental stimuli (Hoar, 1969; Liley, 1969). Lunar
periodicity seems to be the influential external stimulus
on reproductive characteristics of tropical coastal fish
species (Harrison et al., 1984; Thresher, 1984). Another
important factor to trigger the reproduction could be in-
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ternal with the hormonal cascades leading to maturation
and spawning and the gill surface area (Pankhurst, 2016;
Pauly, 2019; Pauly, 2022). Finally, the reproduction biol-
ogy could linked to the age class of the specimen with the
ontogenic effect (Rijnsdorp, 1989; Trippel et al., 1997).

CONCLUSION

The reproductive biology information with the first
sexual maturity and the spawning period were analyzed
for 58 mainly fish species around the La Réunion Island
in the Indian Ocean. For many species, these biological
data were not available or were very old. The first sexual
maturity length is essential to evaluate the reference point
named the spawning stock biomass (SSB) (Thorson et al.,
2012) used in the stock assessment and the reproduction
period is important as proxy to explain the individu-
als movement (i.e. during reproduction period, the fish
gather in groups) and/or to define temporal management
rules. All biological data can be used in the future for
natural resource management, which allows sustainable
fishing. Moreover, another complementary analysis of the
gonads through the histological approach could be real-
ized in the future.
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