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ABSTRACT

The flying gurnard Dactylopterus volitans is one of the most important by—catch fish species in the inshore trawl fisheries
of Cote d’Ivoire. Its reproductive characteristics were studied in order to provide fisheries managers with the essential data
for science—based management. A total of 1337 specimens (including 351 males and 986 females) with size 60—390 mm in
standard length (SL) were caught by industrial trawlers in waters of Cote d’Ivoire between January 2019 and December
2020. The sex ratio was defined as the proportion of females to males following month and marine seasons. The
reproductive activity was assessed using the gonadosomatic index and the percentages of maturity stages. The overall sex
ratio of 1 female for 0.36 male was in favour of females (x> = 301.59 p < 0.05). At 50% sexual maturity, males matured at
of 192.8 mm, SL while females matured at 158.6 mm. The flying gurnard spawned twice during a relatively long
reproductively active period, from May to August and from November to February. The total fecundity ranged from 4164
to 112232 oocytes/ovary and showed a significant correlation with fish length and body weight. This information will
contribute to a scientific basis for future management.

Keywords: Industrial trawlers, Sex ratio, Sexual maturity, Spawning.

INTRDUCTION

Exploited marine species provide a means of livelihood and
financial income for humans (FAO, 2018). However, they
face threats from overexploitation and habitat degradation
(Caddy, 1993). In the Gulf of Guinea, most of demersal
species are overexploited (COMHAFAT, 2014). In Céte
d'Ivoire, even by-catch species that were considered to be
of no commercial value are increasingly being landed and
traded. The flying gurnard, Dactylopterus volitans
(Linnaeus, 1758) is a small demersal species commonly
distributed in eastern Atlantic coasts, from the English
Channel to Angola, including the Mediterranean, Madeira,
and the Azores, and the western Atlantic, from Canada to
Argentina (Froese and Pauly, 2013). It found on sand, mud
or over rocks in sandy areas at depths of 1-100 m,
exploring the bottom with the free part of the pectoral fins

(Roux, 1986). This species is one of the most important by—
catch fish species in the inshore trawl fisheries and is used
as bait for several tuna fisheries. According to Abbey et al.
(2016) the flying gurnard is of high nutritional significance
in either human food supplements or formulations, as it has
a high protein content, good general amino profile, and
abundance of polyunsaturated fatty acids. Although it is
regarded as of no statistical importance due to its low
commercial value, this species has been characterized by
high appreciated flesh and good market perspectives in
Cote d’Ivoire. Given its high abundance in the landing
sites, studies focused on its reproductive biology are
necessary to design and implement strategies to support
fishery or conservation management. In fact, the
knowledge of the period and spawning grounds is
fundamental for the establishment of time-area closures to
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protect and ensure spawning and consequent recruitment of
species (Goodyear, 1999; Armsworth et al., 2010). Or the
implementation of these fisheries management plans is
difficult due to the lack of adequate biological data on this
species. To our knowledge, there is no study on the
reproductive biology of the flying gurnard in the eastern
central Atlantic in general and in the Gulf of Guinea in
particular. The present study aims to define the
reproductive characteristics of the flying gurnard,
Dactylopterus volitans in the coastal waters of Cdte
d’Ivoire in order to understand the annual cycle of its
reproductive development.

MATERIALS AND METHODS

Sampling and laboratory processing

Sample of flying gurnard come from the industrial bottom
trawlers catches, which operate along the coast of Céte
d’Ivoire (Figure 1). The seasonal hydroclimatic of this area
conditions directly influence the availability of fishery
resources due to a salinity of more than 35 and a surface
sea temperature ranging from 23 to 30°C (Arfi et al., 1991).
According to Morliere and Rebert (1972), it is
characterised by four main seasons with two warm seasons
(March—June and November—December) and two cold
seasons (July—October and January—February). About of 30
to 87 specimens were sampled monthly from January 2019
to December 2020 at the fishing harbour of Abidjan where
trawlers, seiners, and purse seiners stored their catches
immediately in ice after fishing. Fish samples were brought
to the laboratory and the standard lengths (SL) and weights
were measured to the nearest 1.0 mm and 0.01 g,
respectively. Each individual was then dissected, sexed,
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and the gonads were removed and weighed to the nearest
0.001 g, as well as the eviscerated weight to the nearest
0.01 g. A large collection of flying gurnards in the study
period made it possible to develop a maturity schedule for
each sex. Gonads were staged macroscopically, according
to a protocol adapted from Fontana (1969) and Pankhurst et
al. (1987) as follows: Stage | (immature): thin, white or
slightly translucent testes. Small and thin transparent or
light pink ovaries occupying a small part of the body cavity
— invisible oocytes; Stage Il (early maturing): whitish
testicles, larger and more consistent than stage I. Ovaries
slightly larger firm and pale pink to light orange in colour —
ovary small and round, pale pink oocytes are sometimes
visible through the ovarian membrane.; Stage Il
(developing): firm whitish gonad; no liquid flows if an
incision is made. Larger and less firm ovaries usually light
orange then dark—oocytes visible through the ovarian
membrane make the surface of the ovary granular; Stage IV
(pre—spawning): softer and white testes — a whitish fluid
flows out as soon as an incision is made. More enlarged
ovaries occupying the entire abdominal cavity with larger
oocytes that cannot be expelled by manual pressure. Stage
V (spawning): testes large and soft — the sperm flows when
pressure is exerted on the abdomen. Very large ovaries
occupying the whole abdominal cavity — very thin ovarian
membrane — the hyaline and large oocytes are perfectly
visible and are expelled at the slightest pressure on the
abdomenand some ripped eggs are free in the oviduct;
Stage VI (spent): testes are flaccid and have a very fine
and/or strong vascularisation especially in the posterior
part. Ovaries bloody, flaccid, flattened in shape and very
vascularised — its colour varies from salmon pink to red —
through the ovarian membrane the oocytes are perfectly
visible— numerous hyaline spaces present.
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Figure 1. Study map showing landing (@) and sampling areas =) for the flying gurnard Dactylopterus volitans.
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The sex ratio was determined using the proportion of the
number of males to that of females. To eliminate possible
error, data for establishing length at maturity were only
collected during the period of maximum gonad activity.
Fish with gonads in Stages | and Il were regarded as being
immature, and fish with gonads in the subsequent Stages 11l
to VI were considered to be mature. Average size at first
maturity (Lso) was defined as the standard length at which
50% of individuals in the population reached sexual
maturity during the reproduction period considering gonads
of stage greater than or equal to 3 as mature fish. Fish were
grouped into 10 mm size classes and twenty to thirty
individuals examined within each. The Lsy was estimated
using the logistic regression model by fitting the fraction of
mature fish against the total length. This model was
described by Echeverria (1987) as follows:

o (@BTL)

rP=
1+ -(a+BTL)

e
where P = percentage of mature fish, SL = standard length,
and a and f§ = coefficients.

The value of Lsy was estimated from the negative ratio
- 9o by substituting P = 0.5.
B

The gonadosomatic (GSI) index, which represents the
gonad mass expressed as a percentage of the wet body
mass, was estimated according to the method of Vazzoler
(1963) using the following equation:

Gonad mass (Q)

GSI = x100

Eviscerated mass (Q)

The batch fecundity is the number of oocytes likely to
be released at the next spawning. In D. volitans, the oocyte
distribution in the ovary is bimodal and ripe females (stage
IV) are more likely to lay oocytes with the highest modal
diameter. Therefore, only the stage IV gonads from females
were used to estimate the fecundity. After weighing the
ovaries, three sub-samples of 0.1 g each taken from the
middle, front and back of each ovary were used to count the
migratory nuclei and hydrated oocytes. Migratory nuclei
and hydrated oocytes can readily be distinguished from
other oocytes by their larger size and appearance. Each of
the three subsamples yielded an estimate of batch fecundity
for each female, calculated from the product of the number
of migratory nuclei or hydrated oocytes per unit weight of
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the subsample and the total weight of the ovaries. The
mean of these three estimates provided the spawning batch
fecundity estimate for each fish. Regression analysis was
conducted to quantify and explore the relationship between
batch fecundity and total length.

Oocyte diameters were measured under a Wild M3C
dissecting stereomicroscope fitted with a calibrated ocular
micrometre. A small sample of about 0.5 g was taken from
anterior, mid, and posterior part of each ovary. This sample
was placed in a small glass tube containing 5% formalin.
After 3 to 4 days and after repeated shaking of the tube, the
ovarian stroma dissolved and the oocytes detached easily
from each other, then the diameters of 60—90 oocytes were
measured.

Statistical analyses

The Shapiro-Wilk normality test for homoscedasticity were
applied to the data, to determine whether one of the
assumptions of the parametric and nonparametric analyses
for abiotic parameters, sex ratio and GSI were satisfied.
The size distribution plot and Kolmogorov—-Smirnov test
(K-S) considering a significant level of 95% were applied
to compare the size-frequency distribution between sexes.
A o* test was applied to test the significant differences
between the sex ratio of females and males. The growth
type was identified by Student’s t-test. A one-factorial
ANOVA was performed to analyse the monthly variations
of mean GSI values for each separate sex. Tukey’s HSD
multiple contrasts test was used to determine significant
differences at the 0.05 level.

RESULTS AND DISCUSSION

A total of 1337 specimens of which 351 males (26.25%)
and 986 females (73.75%) with sizes of 60—-360 mm SL for
males and 90-390 mm for females were collected (Table
1). The corresponding weights werel14.5-711g and 17-901
g. No statistically significant difference between the length
distribution of males and females flying gurnard specimens
collected during the entire survey period was detected
(Kolmogorov-Smirnov test, p > 0.05), although catches
were almost exclusively dominated by females. So, the data
was a reasonably good fit with the normal distribution. The
overall male to female ratio (0.36: 1) was significantly
different from the theoretical sex ratio 1:1 in favour of
female (y? = 369.64; p<0.05). Females dominated monthly
throughout the year, except in February and September
where males outnumbered females.

Table 1. Monthly variation in the sizes and sex ratio of Dactylopterus volitans caught from January 2019 to December

2020 in the coastal waters of Cote d’Ivoire.

Males Females Sex ratio
Month SL min-max Number SL min-max Number M: F 1 p-value
Jan 60-235 36 90-374 88 041:1 21.81* 0.00000
Feb 60-360 69 90-390 45 1.53:1 5.05* 0.02149
Mar 170-330 23 160-330 85 0.27:1 35.59* 0.00000
Apr 160-271 20 116-305 101 0.19:1 54.22* 0.00000
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May 145-305 19 135-300 66 0.28:1 25.99* 0.00000
Jun 170-348 4 135-389 67 0.06:1 55.90* 0.00000
Jul 115-260 12 120-340 78 0.15:1 48.40* 0.00000
Aug 165-285 27 140-362 91 0.29:1 34.71* 0.00000
Sep 150-251 69 115-340 35 197:1 11.12* 0.00042
Oct 124-240 39 140-360 73 0.53:1 10.32* 0.00075
Nov 110-220 12 136-360 116 01:1 84.50* 0.00000
Dec 120-220 21 117-335 141 0.14:1 88.89* 0.00000
Total 60-360 351 90-390 986 0.36:1 301.59* 0.00000

- * = significant difference

Table 2. Seasonal variation in the size and sex ratio of Dactylopterus volitans captured from January 2019 to December

2020 in the coastal waters of Cote d’Ivoire.

Males Females Sex ratio
Seasons SL min-max Number SL min-max Number M: F e p—value
MCS 60-360 105 90-390 133 0.79:1 3.29 0.06760
GWS 145-348 66 116-385 319 0.2:1 166.26* 0.00000
GCS 115-285 147 115-362 277 0.53:1 39.86* 0.00000
MWS 110-220 33 117-360 257 0.13:1 173.02* 0.00000
Total 60-360 351 90-390 986 0.36:1 301.59* 0.00000

* = significant difference, MCS = minor cold season, GWS =

warm season

120 -+

(1) —

Zf

Hl) -

Numbre of individuals

2

great warm season, GCS = great cold season, MWS = minor

O Females

5] mMales

o0 SO 100120140 160 kﬁ‘ﬁl’]f&i'ﬁ'x&ﬂ“?ﬁ’lﬁ)\“ 300 320 340 360 380

Figure 2. Length—frequency distribution for male and female of the flying gurnard Dactylopterus volitans caught in the
coastal waters of Cote d’Ivoire from January 2019 to December 2020.

The sex ratio also varied greatly following marine seasons
and size groups. Females were predominant in all seasons
(Table 2) whereas following fish size, the sex ratio was
biased to males in size of 60—130 mm SL and males in size
above 150 mm (Figure 2). The size at first sexual maturity
was 192.8 mm for males and 158.6 mm for females (Figure
3). Thus, females reach sexual maturity at smaller size than
males.The smallest male with ripe gonads was 133 mm SL
and weighed 90 g, while the smallest ripe female was 125
mm SL and weighed 44.5 g. Mean GSI (years pooled) of

males and females showed the same trend (Figure 4).The
GSI fluctuated monthly (Anova test, df = 11, F = 6.24, p <
0.05) with values increasing from March to June, followed
by a decrease in July-September. A second increase in GSI
occurred from October, reaching a peak in December and
then declining from January to February. Females with
high GSI were frequently observed in March—June (1.54 +
0.48-1.80 + 0.21) and December (2.06 + 0.47) where as
mean GSI of males was high in June (1.28 + 0.22) and
December (1.00 £+ 0.35). Low values were recorded in
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February (0.16 + 0.11 and 0.71 + 0.33) and September  December—February (Figure 5). So, the peak spawning
(0.18 £ 0.10 and 1.19 + 0.48) for males and females periods of this species were from May to August and from
respectively. Regarding the percentage of maturity stages, = November to February. Most of spent females occurred in
the spawning or spent gonads (stages V and VI) were found  July—August and January—February, corresponding to the
throughout the year. In addition, ovary and testis samples  peak of spawning.

were all in spawning or spent stage in June—August and
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Figure 3. Length at first maturity estimation of the flying gurnard Dactylopterus volitans for females and males in the
coastal wateurs of Cote d’Ivoire.
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Figure 4. Monthly average gonadosomatic index (GSI) values (%) with standard error per month for females and males of
the flying gurnard Dactylopterus volitans in the coastal waters of Cote d’Ivoire.
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Figure 5. Percentage of maturity stages for the flying gurnard Dactylopterus volitans in the coastal waters of Cote d’Ivoire
from January 2019 to December 2020. Stl: immature; Stll: early maturing; Stlll: developing; StIV: pre-spawning;
StV: spawning; StVI: spent.
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Dactylopterus volitans in the coastal waters of Cote d’Ivoire.
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Figure 7. Oocyte diameter frequency distribution from stages 111 to VI of the flying gurnard (Dactylopterus volitans) in the
coastal waters of Cote d’Ivoire from January 2019 to December 2020.

The fecundity was estimated for 73 females of sizes ranged
from 170 to 365 mm, SL and weights of 93-710.5 g. The
batch fecundity varied from 4164 to 112232 oocytes. The
fecundity (Figure 6) was strongly related to both standard
length (r2 = 0.8478) and body weight (r2 = 0.9213).All
development stages of oocytes were present in each stage
throughout the year. Oocytes diameter ranged from 1 to 4
pum in stage Ill, from 1 to 6 um in stage 1V, from 2 to 10
pum in stage V and from 1 to 8 um in stage VI (Figure 7).
The study exposes the reproductive feature (sex ratio,
sexual maturity, spawning season and fecundity) of the
flying gurnard in waters of Cote d’Ivoire. It is expected that
that sex ratio varies from the expected 1:1 from species to
species, or even in the same population at different times,
being influenced by several factors such as adaptation of
the population, reproductive behaviour, food availability
and environmental conditions (Nikolsky, 1963; Vandeputte
et al., 2012). However, our findings for this species showed
that there was a statistically significant difference from this
equality, as the sex ratio was found to be 1 female to 0.36
male in the studied samples. This dominance of one sex
over another is a relatively common phenomenon in most
teleost fish species according to Poulet (2004). Similar
results of female—skewed sex ratios have been previously
reported for the main gurnard species in water bodies
including the Sea of Marmara in Turkey, the eastern Libyan
coast, the south-eastern Adriatic Sea in Croatia and the
Dernah coast in eastern Libya (Eryilmaz and Meri¢, 2005;
Dobroslavi¢ et al.,2021). According to Penman and Piferrer
(2008) sex determination is the genetic or environmental
process by which sex is determined in a simple binary fate
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decision. On the other hand, number of females is more
than the number of males according season and large fish
sizes groups. We assume that the predominance of females
results from the fact that they were more susceptible to
exploitation because of their sedentary at the spawning
grounds.

The size at first sexual maturity of fish species might
be differed due to feeding rate, sex and gonadal
development, behaviour, season, flow of water, populations
density, water temperature and foods (Tarkan et al., 2006;
Hossain et al., 2012). According to Mohammad (1982) and
El-Mor (1993) in natural fish community males mature first
before females, and become ready to participate in
spawning activity. This phenomenon is attributed to the
fact that body size is a less important factor for male
fitness, while for females a large size at maturity probably
implies less fitness costs, as large eggs, large fecundity and
access to the best spawning sites (Boudaya et al.,
2008).In many cases, size differences are associated with
sexual differences related to the relative distribution of
energy for gamete production (Weatherley, 1987). In this
study, the size of first sexual maturity (Lso) of D. volitans
was 192.8 mm SL for males and 158.6 mm for females.
This result indicates that females reach sexual maturity
smaller than males in the coastal waters of Cote d’Ivoire.
Our data is comparable to that reported by Machado et al..
(2002) in the northern coast of Sao Paulo, Brazil (173.8
mm for females and 192.5 mm for males). The differences
can be attributed to differential growth, ecological
conditions, particularly temperature, that stimulate sexual
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maturation (Ugkun-ilhan and Togulga, 2007) human
activities such as overfishing and the distribution of energy
for gamete production (Poulet, 2004;Toguyeni, 1997) and
the methods used (Maggio et al., 2018). From the monthly
variation of both GSI and percentages of maturity stages, it
can be assumed that the flying gurnard is probably an
asynchronous spawner, spawning twice during a relatively
long reproductively active period, from May to August and
from November to February. This is confirmed by the
presence of all stages of oocyte development throughout
the year and the absence of inactive or resting periods. The
spawning started two months before the onset of upwelling
seasons  (July—October and January—February) and
continues until the end of these periods in waters of Cdte
d’Ivoire. According to Morliére and Rébert (1972) this
upwelling season is marked by the availability of the
resource, assessed by the highest abundances of nutrients
and chlorophyll-a. After the spawning season, males of the
flying gurnard were dominant over females. The sudden
decline in frequency after February and September
probably suggests the end of the reproductive season.Our
results were compared to those of Machado et al.(2002)
and Mazza (2019). These authors reported that the
maximum spawning period is between November and
February in the northern coast of Sao Paulo, Brazil whereas
it occurs in summer in the coast of Monaco, France. Dajoz
(1971) and Ilkyaz et al.(2010) consider that the difference
in breeding frequency from one biogeographic area to
another would probably be due to climatic, dietary, biotic
(density, group effect) and a biotic (salinity, chemical
composition of hydric factors) factors that are the main
factors affecting spawning.

To our knowledge, our analysis provides for the first
time an estimation of batch fecundity of the flying gurnard
in the Gulf of Guinea. The batch fecundity ranged from
4164 to 112232 oocytes for females ranging 170 to 365 mm
in standard length and weights of 93-710.5 g. This
fecundity increased strongly with both standard length and
body weight. Regarding the fecundity, the flying gurnard
could be placed in the category of species that produce a lot
of oocytes to sustain their stock. Dadzie et al. (2008)
attribute this high fecundity to a strategy aimed to
maximising offspring survival in species that do not
practice parental protection as is the case in D. volitans.

CONCLUSION

This study establishes an understanding of some aspects of
the reproductive biology of the flying gurnard in waters of
Cote d’Ivoire. This species spawned twice during a
relatively long reproductively active period, from May to
August and from November to February. The observed
fecundity and oocyte diameters show that D. volitans
belongs to the category of species with small eggs and high
fecundity. This information will contribute to a scientific
basis for future management.

30

Int. J. Zool. Appl. Biosci., 8(6), 26-32, 2023

ACKNOWLEDGEMENTS

Our thanks are addressed to the Oceanological Research
Centre of Abidjan (Cote d’Ivoire) which, through its
financial support, made this work possible. We also thank
all the scientific staff of the Department of Living Aquatic
Resources for their help.

REFERENCES

Abbey, L. D., Glover-Amengor, M., Atikpo, M. O., &
Howell, N. K. (2017). Proximate and biochemical
characterization of burrito (Bachydeuterus auritus) and
flying gurnard (Dactylopterus volitans). Food Science
& Nutrition, 5(3), 369-373.
https://doi.org/10.1002/fsn3.401

Ahamed, A I. (2012). Reproductive biology of the tub
gurnard Trigla lucerna (linnaeus, 1758), in the Libyan
eastern coast of Mediterranean Sea. Egyptian Journal
of Aquatic Biology and Fisheries, 16(1), 95-104.
https://doi.org/10.21608/ejabf.2012.2115

Arfi R, Pezennec O, Cissoko S, Mensah M. (1991).
Variations spatiale et temporelle de la résurgence
ivoiro-ghanéenne. In: Pécheries ouest-africaines.
Variabilité, instabilité et changement (Cury P., C. Roy
eds). 162-172.

Armsworth PR, Block BA, Eagle J, Roughgarden JE.
(2010). The economic efficiency of a time-area closure
to protect spawning bluefin tuna. 47, 36-46.
https://doi.org/10.1111/j.1365-2664.2009.01738.x

Boudaya, L., Neifar, L., Taktak, A., Ghorbel, M., &
Bouain, A. (2007). Diet of Chelidonichthys obscurus
and Chelidonichthys lastoviza (Pisces : Triglidae) from
the Gulf of Gabes (Tunisia). Journal of Applied
Ichthyology, 23(6), 646-653.
https://doi.org/10.1111/j.1439-0426.2007.00861.x

Caddy, J. F. (1993). Toward a comparative evaluation of
human impacts on fishery ecosystems of enclosed and
semi-enclosed seas. Reviews in Fisheries Science, 1(1),
57-95. https://doi.org/10.1080/10641269309388535

Conférence Ministérielle sur la Coopération Halieutique
entre les Ftats Africains Riverains de 1’Océan
Atlantique (COMHAFAT). (2014). Industrie des
péches et de I’aquaculture en Céte d’Ivoire. 100.

Dadzie, S., Abou-Seedo, F., & Manyala, J. O. (2008).
Length-length relationship, length—weight relationship,
gonadosomatic index, condition factor, size at maturity
and fecundity of Parastromateus niger (Carangidae) in
Kuwaiti waters. Journal of Applied Ichthyology, 24(3),
334-336. https://doi.org/10.1111/j.1439-
0426.2008.01061.x.

Dajoz R. (1971). Précis d’écologie (Edition Dunod).



N’Goran Nina Regina N’ZI et al.

Dobroslavié, T., Conides, A., Suli¢ Sprem, J., Glamuzina,
B., & Bartulovi¢, V. (2021). Reproductive strategy of
spiny gurnard Lepidotrigla dieuzeidei Blanc and
Hureau, 1973 from the south-eastern Adriatic Sea.
Acta Adriatica, 62(1), 49-62.
https://doi.org/10.32582/aa.62.1.3

Echeverria T.W. (1987). Thirty-four species of California
rockfishes : Maturity  and seasonality of
reproduction.85 (2), 229-250.

El-Mor M. (1993). Fisheries and biological studies on
some fish species of family Mugilidae inhabiting the
Suez Canal. 94

Eryilmaz, L., & Meri¢, N. (s.d.). Some Biological
Characteristics of the Tub Gurnard, Chelidonichthys
lucernus (Linnaeus, 1758) in the Sea of Marmara.

Food and Agriculture Organization of the United Nations.
(2018). LA situation mondiale des peches et de |
‘aquaculture 2018 (SOFIA) : Atteindre les objectifs de
developement durable. Food & Agriculture Org.

Fontana A. (1969). Etude de la maturité sexuelle des
sardinelles Sardinella eba (Val.) et Sardinella aurita
(C. et V.) de la région de Pointe-Noire. 5(2), 102-113.

Froese R, Pauly D (éditors). (2013). Fishbase. World Wide
Web electronic publication.

Goodyear, C. P. (1999). An analysis of the possible utility
of time-area closures to minimize billfish bycatch by
U.S. pelagic longlines. Fishery Bulletin.

Hossain, M. Y., Rahman, M. M., Miranda, R., Leunda, P.
M., Oscoz, J., Jewel, M. A. S., Naif, A., & Ohtomi, J.
(2012). Size at first sexual maturity, fecundity, length-
weight and length-length relationships of Puntius
sophore  (Cyprinidae) in Bangladeshi waters:
Morphometrics and sexual maturity of P. sophore.
Journal of Applied Ichthyology, 28(5), 818-822.
https://doi.org/10.1111/j.1439-0426.2012.02020.x

1kaaz, A. T., MetiN, G., Soykan, O., & Kinacigil, H. T.
(2010). Growth and reproduction of large-scaled

gurnard (Lepidotrigla cavillone Lacepéde, 1801)
(Triglidae) in the central Aegean Sea, -eastern
Mediterranean.  Turkish ~ Journal  of  Zoology.

https://doi.org/10.3906/z200-0906-47.

Machado JF, Zambeli RM, Vianna M. (2002). Biologia
reprodutiva do falso-voador, Dactylopterus volitans
(Teleostei :  Dactylopteridae), no litoral norte do
estado de S&on Paulo, Brasil.35 (1-2), 125-129.
Arquivo de Ciéncias do Mar.
https://doi.org/10.32360/acmar.v35i1-2.30930.

31

Int. J. Zool. Appl. Biosci., 8(6), 26-32, 2023

Maggio, T., Allegra, A., Andaloro, F., Pedro Barreiros, J.,
Battaglia, P., Butler, C. M., Cuttitta, A., Fontes, M. R.
J., Freitas, R., Gatt, M., Karakulak, F. S., Macias, D.,
Nicosia, A., Oxenford, H. A., Saber, S., Vasco
Rodrigues, N., Yildiz, T., & Sinopoli, M. (2019).
Historical separation and present-day structure of
common  dolphinfish ~ (Coryphaena  hippurus)
populations in the Atlantic Ocean and Mediterranean
Sea. ICES Journal of Marine Science, 76(4), 1028-
1038. https://doi.org/10.1093/icesjms/fsy174.

Mazza G. (2019). Dactylopterus volitans, monaco nature
encyclopedia discover the biodiversity.

Mohammad SZ. (1982). Biological studies on fishes of
Lake Timsah [Marine Science Thesis]. Suez Canal
University.

Morliére A, Rebert JP. (1972). Etude hydrologique du
plateau continental ivoirien. 3(2), 1-30.

Nikolsky, G.V. (s. d.). The ecology of fishes.

Pankhurst, C. E. (Ed.). (1998). Biological indicators of soil
health (repr). CAB Internat.

Penman, D. J., & Piferrer, F. (2008). Fish Gonadogenesis.
Part I : Genetic and Environmental Mechanisms of Sex
Determination. Reviews in Fisheries Science, 16(supl),
16-34. https://doi.org/10.1080/10641260802324610

Poulet, N. (s.d.). Le sandre (Sander lucioperca (L.)):
Biologie, comportement et dynamique des populations
en Camargue (Bouches du Rhéne, France).

Roberts, H. A. (s. d.). An eye on the future Discounting.

Roux C. (1986). Dactylopteridae. In : Fishes of the North-
eastern atlantic and the Mediterranean 3 (Whitehead
P.J.P., bauchot M.l, hureau J.C., Nielsen J. &
Tortonese E., eds). 2, 1284-1285. UNESCO.

Tarkan, A. S., Gaygusuz, O., Acipinar, H., Gursoy, C., &
Ozulug, M. (2006). Length-weight relationship of
fishes from the Marmara region (NW-Turkey). Journal
of Applied Ichthyology, 22(4), 271-273.
https://doi.org/10.1111/j.1439-0426.2006.00711.x

Toguyeni A, Baroiller J-F, Fostier A, Le Bail PY,
Rodriquez JN et al. (1997). Etude du déterminisme
physiologique du dimorphisme sexuel de croissance
chez Oreochromis niloticus. In: Proceedings of the
fourth international symposium on tilapia in
aquaculture = [Actes du 4éme congrés international sur
tilapia en aquaculture]. Fitzsimmons K. (ed.).
International Symposium on Tilapia in Aquaculture, 1,
739-759.



N’Goran Nina Regina N’ZI et al.

Uckun-ilhan D. and Togulga, M. (2007). Age, growth and
reproduction of tub gurnard Chelidonichthys lucernus
Linnaeus, 1758 (Osteichthtyes : Triglidae) from Izmir
Bay, Aegean Sea, Eastern Mediterranean. Acta
adriatica.

Vandeputte, M., Quillet, E., & Chatain, B. (2012). Are sex
ratios in wild European sea bass (Dicentrarchus

Int. J. Zool. Appl. Biosci., 8(6), 26-32, 2023

labrax) populations biased? Aquatic Living Resources,
25(1), 77-81. https://doi.org/10.1051/alr/2012002.

Vazzoler AEAM. (1996). Biologia da reproducao de
peixes teledsteos . Teoria e prdtica/ Apresentacao de
Paulo de Tarso da Cunha Chaves. 191.

Weatherley AH, Gill HS. (1987). The biology of fish
growth. Academic Press.

This is an Open Access Journal / Article distributed under the terms of the Creative Commons Attribution
License (CC BY-NC-ND 4.0) which permits Unrestricted use, Distribution, and Reproduction in any medium,
Provided the original work is properly cited. All rights reserved.

32

(oo


PC
Typewritten text
This is an Open Access Journal / Article distributed under the terms of the Creative Commons Attribution License (CC BY-NC-ND 4.0) which permits Unrestricted use, Distribution, and Reproduction in any medium, Provided the original work is properly cited. All rights reserved.


