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ABSTRACT: The present study aims to determine, for the first time, the annual breeding
cycle and the biochemical changes in the gonads of the North African freshwater crab,
Potamon algeriense (Bott, 1967). Monthly collections were carried out by hand, from
October 2018 to September 2019 in Oued Zegzel, a mountain stream in the Northeast of
Morocco. The gonad size reached high values in the dry season (June to September)
showing the maximum breeding activity during these months. By June, the gonads of most
ofthe individuals attained full maturity where the spawning began. Spawning terminated by
the end of September then the gonads entered a quiescent period. Histological observations
of the gonads revealed that the ripening of the gonads started during March and extended
up to May. During the maturation of the gonads, protein, fat, and glycogen contents were
high, whereas, all the concentrations fell considerably reaching the minimum values at the
end of the spawning period.
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PE3IOME: Liens HACTOSIIETO HCCIEIOBAHNS — BIIEPBBIC OIMMCATH T'OIOBOH ITHKII Pa3MHO-
JKCHHUA W OMOXUMHYECKHE W3MEHEHHS B TOHA/IAX CEeBEpOaPPUKAHCKOTO MPECHOBOIHOTO
kpaba Potamon algeriense (Bott, 1967). Exxemecsanbie cOOpbI MPOBOAMINCH BPYUHYIO C
okTsi0pst 2018 1. mo centsiops 2019 r. B Oued Zegzel, ropHOM pydbe Ha CEBEPO-BOCTOKE
Mapoxkko. Pasmep ronajn ObUT MakCHMalCH B CyXOW CE30H (C MIOHS IO CEHTSIOPH), 4TO
CBUJICTEIIECTBYET O MaKCHMAIBHOW aKTUBHOCTH Pa3MHOKCHUS B 3TH MecsIbl. K HioHIO
TOHAIBI OONBIIMHCTBA 0COOCH TOCTUTIIH MOJTHOW 3PENIOCTH, TTOCIIE Yer0 Hadaycs HEpecT.
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HepeCT 3aKaHYMBAJICA K KOHILY CeHTH6p$[, OCJI€ Y€ro roHajabl NEPEXoaAnuin B MEPUOI
HOKOsL. [ ICTOJIOrMYecKre HCCIIeJOBAHMS TOHAJ OKA3aJTH, YTO CO3PEBAHNE MOHA/I HaualIH-
HAJIOCh B MapTe U IPOJI0JKANIOCH /10 Masi. Bo Bpems co3peBaHus rOHA I coliepiKaHue Oenka,
JKHUpa M TIIUKOTeHa ObUIO BBICOKHM, B TO BpeMs KaK MX KOHIICHTPAILMH 3HAYUTEIBHO
CHIDKAITKCh, JOCTUrasi MUHUMAIIBHBIX 3HAUYCHUH B KOHIIE HEPECTOBOIO MEPHOIA.

Kak mutupoBats 3Ty craThio: Fadlaoui S., Melhaoui M. 2023. Breeding cycle and seasonal
biochemical changes in the gonads ofthe North African freshwater crab Potamon algeriense
(Bott, 1967) (Brachyura: Potamidae) // Invert. Zool. Vol. 20. No.l. P.97-107. doi:

10.15298/invertz001.20.1.05

KJTFOYEBLIE CJIOBA: muki pa3MHOKCHHS, TPECHOBOAHBIC KPaObl, THCTOJIOTHS, TOHA-
nocomatuaeckuit uagexc (GSI), pazMHOKeHHE, HEPECT.

Introduction

There are more than 7200 species of brachyu-
ran crabs distributed all over the world (Davie et
al.,2015). Over 1500 reported species from five
families are true freshwater crabs (Robin et al.,
2019). Due to the ability to complete their life
cycle independently from the marine environ-
ment, primary freshwater crabs have been pre-
sented as land-locked organisms (Yeo et al.,
2008; Cumberlidge, Ng, 2009). They have a
maximum number of species as compared to the
other decapod crustaceans in inland waters
worldwide, therefore they are among the most
ecologically important macro-invertebrate
groups (Ng et al., 2008; Yeo et al., 2008).

Reproductive biology has a crucial role in
the population dynamics and life history strate-
gies of crustaceans. For brachyuran crabs, re-
production is tremendously variable for differ-
ent species in terms of offspring survival and
egg production (Lopez-Greco, Rodriguez,
1999). The determination of the breeding sea-
son is influenced by several interactions of
endogenous and exogenous factors, permitting
both intra and interspecific variations, dealing
with the duration of the reproductive season
(Sastry, 1983).

The histological observation of gonadal
maturation is important for determining the phas-
es of gonad growth and maturation status of
marine and freshwater crabs (Liu, Li, 2000;
Pinheiro, Lins-Oliveira, 2006; Castiglioni et
al., 2007; Martins et al., 2007; Erkan et al.,
2009; Silva et al., 2009; Devi, Smija, 2013;
Nakhodai et al., 2013; Senkman et al., 2015;
Sharifian et al., 2017). Evaluation of the matu-
rity is merely qualitative or may include a quan-
titative analysis. The gonadal index is one of the

most common and simple quantitative methods
currently used in the study of the reproduction
of various species (Wu et al., 2007; Silva et al.,
2012; Magalhées et al., 2012; Cilenti et al.,
2015; Aaqillah-Amr et al., 2018; Lu et al.,
2018; Fazhan et al., 2020; Lima et al., 2021).

Potamon algeriense (Bott, 1967) is an en-
demic freshwater crab belonging to the family
of'the Potamidae, found only in three countries:
Morocco, Algeria, and Tunisia (Fadlaoui et al.,
2019a, b). In Morocco, the species occurs in the
freshwater springs located in semi-mountain-
ous areas, it has been reported from the North in
the watershed of the Oued Laou, from the North-
east in the watershed of Moulouya, and from the
Middle Atlas in the Oued Oum er Rbia water-
shed. The species inhabits springs, rivers,
streams, creeks, and lakes, occurring in various
types of environments, such as cracks, among
branches, hollow tree trunks, under submerged
stones, and piles of dead leaves, associated with
aquatic macrophytes and most often in areas of
stagnant water or low streamflow (Fadlaoui,
Melhaoui, 2019).

Although several investigations on the re-
productive biology of marine, intertidal and
estuarine crabs are available (Kumar et al.,
2003; Lestang et al., 2003; Sallam, 2005; Oh et
al.,2006; Henmi, Koga 2009; Lawal-Are, 2010;
Sahoo et al.,2011), few reports are available on
the reproductive biology of freshwater, semiter-
restrial or terrestrial crabs (Mansur, Hebling,
2002; Liu, Jeng, 2005; Hartnoll et al., 2009,
2010; Pathre, Mina, 2010; Devi, Smija, 2013;
Sharifian et al., 2017; Lima et al., 2021; Fad-
laoui ef al., 2022a).

In the present study, we investigated for the
first time the breeding cycle and the seasonal
biochemical changes in the gonads of the en-
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Fig. 1. Study area. Kingdom of Morocco (A), watershed of Moulouya (B), Oued Zegzel (C).
Puc. 1. Paiion uccienosanus. Kopomnesctso Mapokko (A), Bonopaszen Mynys (B), Oued Zegzel (C).

demic North African freshwater crab P. al-
geriense in Oued Zegzel, a mountain stream in
Northeast of Morocco.

Material and Methods

Study area

The present study was conducted in Oued Zegzel
(34°5029.4” N, 2°2119.8” W, 350 m above sea
level), a mountain stream in the Northeast Morocco
(Fig. 1). In order to determine the main phases of the
breeding cycle, a 400 m? stretch of the stream was
surveyed each month during October 2018 to Sep-
tember 2019.

Shrublands that mark the study area are com-
posed mainly of Eriobotrya japonica, Nerium ole-
ander, Tamarix africana, Salix pedicillata, Rubus
ulmifolius and Crataegus monogyna. The stream
substrata are heterogeneous and composed mainly of
sandy and muddy sediments, stones, pebbles, and
rocks. Stream width averages about 15 m, but usual-
ly only a small part (width 2-3 m) has a running
water. Temperatures in the study area vary widely
over time. The average highs of the hottest months,
July and August, vary between 31 °C and 32 °C.
However, the coldest months, December to Febru-
ary, have average lows of 3 to 4 °C (Fig. 2). Water
temperature is ranged from 10 °C in winter to 27 °C
in summer (Fadlaoui et a/., 2020; 2021). The precip-
itation regime during the year is homogeneous in the
study area. The first rains fall at the end of October
while the last come in May (Fig. 2). Like most
permanent Mediterranean rivers, Oued Zegzel is
characterized by irregular flow and sudden hydro-
logical phenomena during rainy periods. Seasonal

tend is marked by a peak in March and very low
flows between June and October (Fadlaoui et al.,
2022a, b).

Sampling methods and Measurement

Few specimens of crabs were collected every
month in order to minimize the sampling pressure
impact on the population. Specimens were collected
manually during the daytime and over an approxi-
mate period of five hours. The crabs were placed
inside iced plastic buckets and directly transported
to the laboratory for further investigations. Speci-
mens missing one of the chelipeds or one of the
locomotory limbs as well as those that had just
moulted were excluded from this study.

In the laboratory, sex determination of the crabs
was done according to the shape of the abdomen
(considerably wider in females than in males). The
carapace width (CW) was measured using a Vernier
caliper (+ 0.01 mm) and the total body weight (TW)
was measured using an electronic balance (+ 0.01g).

Several methods have been used to determine
the reproductive cycle in marine invertebrates; among
these, the most suitable one appears to be the mea-
surement of the gonad index (Giese, 1969). In order
to measure the gonado-somatic index (GSI), we
removed the carapace using a pair of scissors, and
then the gonads were weighed. The gonad index was
calculated according to the formula given by Far-
manfarmaian et al. (1958):

GSI = i 00;
1= 7w <100

where:

GW — the gonad weight, TW — the total body-
weight.
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Fig. 2. Monthly total precipitations and daily average temperatures recorded in Oued Zegzel throughout the

study period (2019).

Puc. 2. MecsiuHOE KOJIMUECTBO OCAJKOB M CPEIHECYTOUHbIE TEMIIepaTyphl, 3apeructpuposannsie B Oued
Zegzel B Teuenue Bcero nepuona uccieposanus (2019).

Histological observations

For histological observations, gonads were fixed
in Bouin’s solution. The tissues were dehydrated in
alcohol, then embedded in paraffin wax and were cut
using microtome at 68 p. The slices were stained
with Delafield’s haematoxylin and eosin.

Biochemical analysis

The biochemical changes occurring in the go-
nads were recorded monthly during the study period.
The nitrogen was estimated by the Micro-Kjeldahl
method (Hawk et al., 1954). The amount of protein
was calculated by multiplying the nitrogen value by
the factor 6.25. The fat content was extracted from
dried tissues in Soxhlet Apparatus and the percent-
age of fat was calculated. The glycogen was calculat-
ed according to the method recommended by Kemp
et al. (1954) using Engel’s colorimeter. The concen-
tration of glycogen was calculated by multiplying
the glucose value by the factor 0.927. All the results
were expressed in percentage of the sample on a dry
weight basis.

Results

Biometric parameters

A total of 84 specimens were investigated
throughout the study period of which 48 were
females (57.14%) and 36 were males (42.86%).

The overall sex ratio (1:0.75) was not signifi-
cantly different from the expected 1:1 propor-
tion (Chi-square test (+2); p > 0.05). Carapace
width (CW) of males ranged from 20.11 to
55.87 mm (35.30 £ 0.67), however, the CW of
females ranged from 19.24 to 46.32 mm (31.43
+0.54) (Fig. 3). The comparison of the carapace
width means of both sexes showed significant
differences (t-test; p < 0.05).

Gonadosomatic index (GSI)

The monthly mean values of the Gonadoso-
matic index were calculated and plotted in Fig.
4. The GSI of females showed a significant
fluctuation compared with the results of males.
The values ranged from 0.35% in September to
6.25% in June. The results indicate that the
female’s gonad entered a period of growth in
March and reached maximum size in June. On
the other hand, the GSI of males was approxi-
mately constant, where the values ranged from
3.02% in September to 3.32% in August and did
not show a significant dynamics.

According to the present results, we can
conclude that the breeding activity of the spe-
cies as indicated by gonad indexes appears to be
marked from May to September reaching a
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Fig. 3. Size frequency distribution of the collected population of Potamon algeriense recorded from October
2018 to September 2019.
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Fig. 4. Monthly dynamics of the gonadosomatic index of Potamon algeriense from October 2018 to
September 2019.
Puc. 4. lunamMuka roHagocoMaTHIeCcKoro nuaekca Potamon algeriense no mecsinam ¢ okTsops 2018 r. o
ceHtsopp 2019 r.
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Fig. 5. Monthly dynamics of the protein content in the gonad of Potamon algeriense from October 2018 to

September 2019.

Puc. 5. Jlunamuka copeprxanus IpoTerHa B roHanax Potamon algeriense o mecsiiam ¢ okt6ps 2018 r. mo

centsiops 2019 1.

highest single peak in June. From September to
February, the gonads entered a repose stage and
attained minimum size. The histological obser-
vation of the gonads of both sexes throughout
the year showed active sperms and mature eggs
from May to September.

Biochemical analysis

The monthly mean values of the protein
content in the gonads of crabs were determined
and plotted in Fig. 5. The percentages of protein
in the male’s gonad were approximately con-
stant, where the results ranged from 50.8% in
July to 57.9% in March, whereas, the results
showed a significant fluctuation in the case of
females, where the values were ranging from
31.1% in December to 46.1% in May. The
results showed that there is a dynamics of pro-
tein content in ovaries during different periods
of the year especially in the breeding season,
where a remarked fall in the protein percentage
during the spawning period (May to Septem-
ber). On the other hand, the percentage of pro-
tein was increased during the maturation period
of the gonad (March to April).

The monthly mean values of the fat content
in the gonads of P. algeriense were determined
and plotted in Fig. 6. The fat percentages in the
male’s gonads were approximately constant,
where the results ranged from 22.9% in January
t028.1% in October, however, the results showed
a significant fluctuation in the case of females
ranging from 12.3% in January to 38.4% in
May. The results showed a conspicuous aug-
mentation of fat percentage in the female’s
ovaries during the maturation of the gonads
(March to May); whereas, a steady fall of the fat
content in female’s gonads was observed during
the spawning period.

The glycogen content in the gonads of both
sexes was determined and the values were plot-
ted in Fig. 7. The glycogen percentages in the
male’s gonads ranged from 0.55% in October to
0.67% in April, whereas in the female’s gonads
were ranged from 0.36% in September to 0.84%
in April. The results showed that there is a
dynamics of glycogen content in females’ ova-
ries during different periods of the year, espe-
cially in the breeding season. There was a re-
marked fall in the glycogen percentage during
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Fig. 6. Monthly dynamics of the fat content in the gonad of Potamon algeriense from October 2018 to
September 2019.
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Fig. 7. Monthly dynamics of the total glycogen content in the gonad of Potamon algeriense from October
2018 to September 2019.
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the spawning period (May to September). On
the other hand, a remarked increase in the per-
centage of glycogen during the maturation peri-
od of the ovaries (March to April).

Discussion

Gonadal development and maturation are
essential phenomena in the life history of crus-
taceans (Waiho ef al., 2017). Aside from being
principally involved in reproduction, gonads
are responsible for the morphological differen-
tiation of most crustacean species, which leads
to sexual dimorphism (Parvizi et al., 2017,
Waiho et al., 2019).

The gonadosomatic index is widely used in
determining the sexual maturity and reproduc-
tive period of crustaceans (Waiho et al., 2017),
since it has a consequent relationship with the
size and weight of individuals (Magalhaes et al.,
2012). Regarding the results of GSI, and the
biochemical changes of hepatopancreas, the
females of P. algeriense showed a rising trend
during the spawning period from May to Sep-
tember, with a drop in September, suggesting
that the freshwater crab P. algeriense is a single
seasonal breeder. The seasonal breeding pattern
has been also reported for many freshwater
crabs such as Barytelphusa cunicularis West-
wood in Sykes, 1836 (Diwan, Nagabhushnam,
1974), Himalayapotamon koolooense (Rath-
bun, 1904) (Joshi, Khana, 1982), Sinopotamon
yangtsekiense Bott, 1967 (Tao et al., 1994),
Sartoriana spinigera (Wood-Mason, 1871)
(Rahman et al., 2008), Travancoriana schirn-
erae Bott, 1969 (Devi, Smija, 2013), Sodhiana
rokitanskyi (Pretzmann, 1971) (Nakhodai et
al., 2013).

The annual pattern of the gonadosomatic
index for males did not show, as it did for
females, significant fluctuations related to re-
production. This result suggested that males
showed continuous production of spermatozo-
ids with the possibility of mating all the year-
long. Similar findings were also observed in
other decapods, as demonstrated by Pillay and
Nair (1973), who found spermatophores in the
vas deferens throughout the year in the brachyu-
ran Austruca annulipes (H. Milne Edwards,
1837), Portunus pelagicus (Linnaeus, 1758),
and shrimp Metapenaeus affinis (H. Milne Ed-
wards, 1837). Koji et al. (1997) found that the
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GSI of males of Helicana japonica (Sakai et
Yatsuzuka, 1980) and H. tridens (De Haan,
1835) were relatively constant over the years.
Yamaguchi (2001) studied the seasonal chang-
es in the hepatosomatic index of Austruca lac-
tea (De Haan, 1835) and noted that there was a
drop in that index due not only to the reproduc-
tive period, which might be related to sexually
active males throughout the year but also to the
molting process of the animals.

The variability of chemical constituents of
the gonads of P. algeriense throughout the year
shows that there is a relationship between the
hepatopancreas and gonad physiology in crus-
taceans. A striking decrease in glycogen con-
centrations was noticed throughout the breed-
ing season in females. This suggests that the
stored glycogen might be employed for gonadal
development. Similar observations were made
by Hasek & Felder (2005) on two populations of
the grapsoid crabs Armases cinereum (Bosc,
1801) and Sesarma reticulatum (Say, 1817)
where the carbon concentrations of hepatopan-
creas decrease during the ovarian maturation
and subsequently, the concentrations of carbon
and lipid in ovaries increase during this period.

The total fat content increased in both sexes
during the maturity of the gonads, however,
during the spawning period, the percentage of
fat decreased. Thiele (1959) determined the
total fat content of the Roman snail Helix poma-
tia Linnaeus, 1758 and found only a slight
seasonal dynamics. It would appear probable
that as the gonad grew it received fat from the
other parts of the body and accumulated in
developing gonads. Fat appeared to be one of
the most important sources of energy metabo-
lism during the breeding season. With greater
catabolism of fat during the spawning period,
the fat content was reduced to its minimum
value. Giese (1969) found the accumulation of
lipids in the ovary of Katharina tunicata (W.
Wood, 1815) during the formation of ova pre-
ceding spawning and the lipid level remained
essentially the same from month to month in the
mantle, testis, and gut. Results of the present
study are in agreement with the findings reported
by many researchers where the gradual increase
in the size of the ovarian cells has been attributed
to the deposit of lipid in the ovaries during
vitellogenesis (Castiglioni, Negreiros-Fransozo,
2007; Gregati et al., 2010; Revathi et al., 2012).
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Protein concentrations showed a marked
dynamics during the breeding cycle in females.
Giese et al. (1959) while working on the organic
products in the reproductive cycle of the Strongy-
locentrotus purpuratus (Stimpson, 1857), ob-
served the increase of protein and RNA with the
maturation of ovaries while the increase of DNA
was proportionally less. The present observa-
tion regarding the protein level in P. algeriense
confirms the findings of Durve and Bal (1961)
in Grassostrea graphoides and Giese (1969)
(=Magallana cuttackensis (Newton et E.A.
Smith, 1912) in Katharina tunicata.

Conclusion

Data on the reproductive biology of aquatic
species, including GSI, HIS, and breeding cy-
cle, are essential for optimum management and
conservation. In the present study, we found that
P. algeriense is a single seasonal breeder, and
the chemical constituents of hepatopancreas
show significant antagonistic behavior in fe-
males compared to males. These results indicate
an investment of the hepatopancreas’ energy
reserves in the ovarian development by the
females, while the males use those reserves in
growth and molting.
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