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Abstract – The caramote prawn, Melicertus kerathurus, is a Penaeidae species inhabiting the Mediterranean Sea and
the Est Atlantic Ocean. Caramote prawn represents a commercially important species in terms of both aquaculture and
fishing; however, there is poor information on its reproductive biology in Mediterranean and, particularly, in Tunisian
waters. To fulfil such a gap, monthly samples of caramote prawn were collected along the northern Tunisian coast
throughout one year. Ovaries maturity data, obtained by histological analysis, together with reproductive and condition
indices, indicated the main spawning season extends from April to August, with a clear peak in July–August. However,
gonadic production still persists during September-December, although at lower levels. The seasonal patterns of somatic
and gonadic conditions suggested that energy reserves, during the main spawning period, were invested both in gonadic
and body production; but males and females appeared to devote diﬀerently such energy reserves. During the spawning
peak, females revealed both good somatic and gonadic conditions simultaneously, while males displayed worse body
conditions. Monthly sea surface temperature (SST) showed a high level of pattern correspondence with ovary maturity
phase and gonadosomatic index (GSI); but a strong linear relationship between SST and GSI in the study area was
observed only for males. Such results increased reproductive biology knowledge, therefore allowing to improve the
management quality of both wild caramote prawn stocks and reared populations.
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1 Introduction
Melicertus kerathurus (Forskäl 1775), known as caramote
prawn, is a demersal crustacean, widely distributed in the
Mediterranean Sea and the eastern Atlantic, from the south
coast of England to Angola (Holthuis and FAO 1980; Dore
and Frimodt 1987). Crustaceans are composed by 7 groups.
Among them, shrimps and prawns constitute the most commercially important group, because they represent 51% of
crustacean world capture production and 4% of total world
capture production (FAO 2010). Particularly, caramote prawn
is one of the most exploited crustacean species by fishery in
the Mediterranean Sea and, especially, in Tunisia (Chaouachi
and Ben Hassine 1998). This species is fished along the whole
Tunisian coastline by trawling both at industrial and artisanal
fleet levels (Bedioui et al. 2004).
Since ‘30s (Heldt 1932), caramote prawn was thoroughly
studied in Tunisia, focusing on aspects related to dynamic,
a
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exploitation, fisheries technologies and genetics (e.g., Ben
Meriem 1993, 1995, 1998; Zitari-Chatti et al. 2008). Despite
these studies, few papers deal with reproductive biology of
caramote prawn in the Gulf of Gabès (Heldt 1938; Ben
Mustafa 1967; Ben Meriem 1993), and even no data exist
in the Gulf of Tunis. Information on reproductive traits, as
spawning behaviour and reproductive strategies, are basic prerequisites to establish suitable measures for stocks management (Marshall et al. 2003; Joaquim et al. 2008; Butler and
Rowland 2009; Reñones et al. 2010). For the same purposes,
length at first maturity and sex ratio estimations are also useful
to determine reproductive potential and spawning pattern of
fish (Coleman et al. 1996; Trippel 1999; McBride et al. 2015)
and crustacean species (Pillay 1964; Potter et al. 1983).
Penaeid prawns have a wide distribution in both temperate and tropical seas (Garcia and le Reste, 1981; Crocos and
van der Velde 1995; de Freitas 2011; Munga et al. 2013). Penaeid species, distributed in tropical and sub-tropical areas,
have two main spawning periods: in spring and in autumn;
while, penaeid species inhabiting temperate latitudinal zones
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Fig. 1. The study area with indication of the main bathymetry. The square highlights sampling area.

are characterized by unimodal seasonal spawning, with only
one well-defined recruitment (Crocos and van der Velde 1995).
According to literatures, reproductive dynamics of caramote
prawn is known to be influenced by temperature, rainfall, and
depth (Dall et al. 1990; Crocos et al. 2001).
Several studies demonstrate how crustaceans in aquaculture domain are important, as well as how the knowledge of
reproductive biology is necessary to enable successful culture
for food purposes (San Feliu et al. 1976; Rodriguez 1977;
Klaoudatos 1984; Lumare 1998). To this aim, in the present
work traits of reproductive biology of wild stock of caramote
prawn were investigated: reproductive strategy and energy investment are studied by observing seasonal evolution of somatic and gonadic condition together with the main environmental constraints, such as sea surface temperature evolution.

A nonparametric test for a two-group comparison (MannWhitney U test) was applied to evaluate diﬀerences in size distribution (TL, CL, TW and EW) between males and females.
Moreover, a Kruskal-Wallis ANOVA test was performed for
each sex separately to assess significant monthly diﬀerences in
size distribution. An analysis of covariance (ANCOVA), taking the weight (logarithm) as covariate and length as predictor,
was carried out to evaluate size diﬀerences between males and
females.
Average sex ratio (SR) was obtained by number of females
on total number of individuals and its variability, considering
season and body size, was also analysed by mean of linear
regression technique.
Length-weight relationship of caramote prawn was determined, for males and females separately, by the equation:
T W = aT Lb

2 Materials and methods
Data from 596 wild individuals of caramote prawn (304
females and 292 males) were obtained by commercial trawlers
landings. Sampling took place once a month from May 2011
to April 2012 in the Gulf of Tunis within the depth range 20–
100 m (Fig. 1).
For each individual, total length (TL) (±0.5 cm), carapace
length (CL) (±0.5 cm), total weight (TW) (±0.1 g), eviscerated weight (EW) (±0.1 g), gonad weight (GW) (±0.001 g),
and sex were recorded. Maturity phase of ovaries was visually
determined according to macroscopic features (Farmer 1974).
Dissected ovaries were preserved in 10% buﬀered
formaldehyde until they were later processed in the IAMC
laboratories to prepare gonadic tissues thin sections. Slides
were attained by means of standard paraﬃn embedding and
Haematoxylin–Eosin staining method, with a slice thickness
of 4 micron (Gil et al. 2013; Basilone et al. 2015). Spawning phase determination was microscopically carried out according to the five-class scale proposed by Medina et al.
(1996): immature (phase I), developing (phase II), maturing
(phase III), mature (phase IV), and spent (phase V).

where a is intercept, and b is slope.
Monthly evolution of somatic conditions was also estimated through the relative condition factor (CF) (Le Cren
1951):
TW
CF =
aT Lb
where a and b are, respectively, intercept and slope obtained
from the previous relationship between TW and TL.
Monthly evolution of the proportion of each reproductive
phase, assigned by microscopic classification, was considered
to identify caramote prawn spawning peaks.
Reproductive seasonality was also evaluated using the gonadosomatic index (GSI):
GW
× 100.
EW
Sea surface temperature (SST) data, provided by the national
oceanic and atmospheric administration (NOAA) (ftp://ftp.
emc.ncep.noaa.gov/cmb/sst/oimonth_v2/), were employed to
assess the onset seasonal timing of caramote prawn reproductive state with respect to average SST. To analyse the relationship between GSI, CF and SST, the reproduction data were
separated for sexes.
GS I =
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Table 1. Summary table with monthly information on collected samples. No. (f): number of sampled females; No. (m): number of sampled
males; TL: total length; CL: carapace length; TW: total weight; EW: eviscerated weight.

Month
MAY11
JUN11
JUL11
AUG11
SEP11
OCT11
NVB11
DEC11
JAN12
FEB12
MAR12
APR12
Overall

Female
No. TL range CL range
(f)
(cm)
(cm)
19 12.5−17.5
2−4
10
17−20.5
4−4.5
12 16.5−18.5 3.5−4.5
20
15−19
3−4.5
37
13−20
3−5
33
14−21
3−5
21 15.5−21.5
3−5.5
17
17−21
4−5.5
20
17−21.5
3.5−5.5
49
17−21.5
2.5−5.5
43 11.5−17.5
2−4
23 13.5−18.5
3−4.5
304 11.5−21.5
2−5.5

TW range
(g)
19.31−40.98
42.84−65.48
35.60−55.63
27.09−60.50
21.77−68.13
20.50−74.38
29.39−85.70
41.65−86.37
37.31−86.77
13.80−79.05
12.04−41.71
20.97−59.21
12.04−86.77

Male
EW range No. TL range CL range
(g)
(m)
(cm)
(cm)
17.35−35.84 66
9−15
1.5−3.5
38.31−56.51 21 13.5−16.5 2.5−3.5
33.40−47.39 48
12.5−17
2.5−3.5
24.12−53.60 7
11.5−14
2.5−3
19.18−57.90 6
11−14.5
2−3
19.72−65.10 38 11.5−15.5
2.5−3
27.09−76.18 17
13.5−17
2.5−3.5
37.81−76.26 18
13.5−17
2.5−3.5
34.99−79.98 8
15−17.5
3−3.5
11.70−70.95 37
13−17
2.5−3.5
11.73−39.93 19
12−15.5
2.5−3
19.46−51.24 7
12−14
2.5−3
11.70−79.98 292
9−17.5
1.5−3.5

Microscopic and macroscopic examinations of maturity
stage were compared by evaluating the proportion of correspondence between each reproductive phase.
Length at which 50% of individuals were mature (L50 )
was estimated considering mature individuals as those belonging to the spawning phases III, IV, and V by a logistic nonlinear regression model (Basilone et al. 2006). Two diﬀerent
L50 curves were appraised by means of data respectively from
both macroscopic and microscopic reproductive phase determination. According to ICES (2008) recommendations on maturity ogive estimation, curves were fitted using data from individuals sampled during the main spawning period.

3 Results
3.1 Body size and sex ratio

Linear relationship between total and carapace length
(CL = 0.30T L − 1.17; r2 = 0.93) as much as between total and
eviscerated weight (EW = 0.85T W + 1.75; r2 = 0.97) showed
high correlation, suggesting to use TL and TW as proxies of
respectively CL and EW for subsequent analyses.
Overall size distribution revealed marked diﬀerences between the two sexes both in length and weight (Table 1). A
Mann-Whitney U test confirmed significant diﬀerences in TL,
CL, TW, EW (Table 2), as also suggested by their well separated monthly trends (Fig. 2). Monthly diﬀerences throughout
the study period were confirmed by a Kruskal-Wallis ANOVA
test, carried out for each sex separately (Table 3). Conversely,
size monthly trends for each sex presented high agreement levels for all the above variables, increasing firstly from March to
July, and again with higher rate until January when they started
to decrease. Lower values were reached in March for females
and April for males (Fig. 2).
As expected from previous observation, also the
length-weight relationships obtained for females (T W =
0.009T L2.9746 ; r2 = 0.94) and males (T W = 0.0154T L2.7445;
r2 = 0.88) showed significant diﬀerences (F1,545 = 79.22;
p < 0.001).

TW range
(g)
09.93−25.95
18.36−33.80
10.47−24.14
13.66−19.58
11.21−24.08
14.95−28.93
21.19−37.92
20.84−39.02
25.60−41.11
16.92−38.86
14.48−28.49
12.95−22.46
09.93−41.11

EW range
(g)
08.00−24.10
17.31−30.98
09.76−22.33
12.26−19.09
10.44−22.41
12.69−27.77
19.70−35.56
19.15−35.44
24.35−39.46
15.86−36.48
13.48−27.29
12.27−21.08
08.00−39.46

Table 2. Mann-Whitney U test for the significance of diﬀerences between sexes for body size and condition and reproductive indices.
TW
TL
CL
EW
GSI
CF

U
7626
12937
8429
8710
14079
7626

Z
–15.99*
–14.96*
–17.11*
–16.98*
–14.43*
–17.49*

∗

p < 0.001; TW: total weight; TL: total length; CL: carapace length;
EW: eviscerated weight; GSI: Gonadosomatic index; CF: condition
factor.

Table 3. Kruskal-Wallis ANOVA test for the significance of monthly
diﬀerences along the study period for body size, condition and reproductive state.

TW
TL
CL
EW
GSI
CF

Male
Chi-square
105.60
106.03
43.41
123.32
75.11
80.33

P
0.00*
0.00*
0.00*
0.00*
0.00*
0.00*

Female
Chi-square
P
66.02
0.00*
66.26
0.00*
70.70
0.00*
67.22
0.00*
101.11
0.00*
30.61
0.00*

∗
p < 0.001; TW: total weight; TL: total length; CL: carapace
length; EW: eviscerated weight; GSI: Gonadosomatic index; CF: condition factor.

Along the study period, SR ranged from 0.2 to 0.86 and
both sexes underwent similar fluctuation from August onward,
while during May, June and July the number of females was
particularly poor (Fig. 3a). Sex ratio evolution vs. size revealed
a prevalence of males between 11 and 15 cm TL, while individuals longer than 17 cm were only females (Fig. 3b). Monthly
variability of SR did not appear directly related to TL as the
coeﬃcient of determination was very low (r2 = 0.05).
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(a)

(b)

Fig. 2. Monthly evolution of average body measures of caramote prawn with their confidence limits plotted for each sex (F: females; M: males):
(a) total length (TL, in cm); (b) total weight (TW, in g).

(a)

(b)

Fig. 3. (a) Caramote prawn monthly average total length (TL, in cm) together with their confidence limits and sex ratio (SR) monthly evolution,
provided in order to evaluate SR variability with respect to length variability along the study period. (b) Sex ratio data variability along the
observed size range of caramote prawn.

3.2 Spawning patterns and somatic condition

CF overall values showed significant diﬀerences between
sexes (Table 2), and they exhibited also diﬀerent monthly
trends (Table 3). However, for both sexes lower values were
observed in May and June, while from July onwards body condition appeared fairly stable (Fig. 4a).
Although GSI varied significantly both among sexes and
months (Tables 2 and 3), its monthly trends were comparable along the study period (Fig. 4b). In both sexes, GSI evolution indicated a clear seasonal pattern, displaying higher values in spring and summer when spawning peak takes place
(July–August) while from August to September, there was an
abrupt decrease. Successively, up to December there were stable trends showing the persistence of spawning activity, although reduced, as a tail of the spawning season. Finally from
January onwards, GSI values for females decreased reaching
its minimum in March, opposite to the males trend (Fig. 4b).
According to microscopic maturity determination the main
spawning period of caramote prawn extended between April
and August when majority of females (83.33%) were actively

spawners (phase IV). However, some evidence of spawning
was also observed until December (Fig. 5), while from January
to March only immature and maturing gonads were recorded
(Fig. 5).
During the spawning peak (July–August), SST reached
its annual maximum. However, caramote prawn appeared to
spawn also at a lower temperature (∼19 ◦ C) during September
and December; while in the winter period (January–March),
when temperature ranged from 14.6 to 15.4 ◦ C, GSI was at its
lowest levels (Fig. 5).
The correlation analysis between biological parameters
(CF and GSI) carried out for females did not show significant
results both in summer and in autumn (r2  0.3). Opposite, for
males the relationship between CF and GSI was statistically
significant in both seasons, but it was decreasing in April–
August (r2 = 0.73) and increasing in September-December
(r2 = 0.83) (Fig. 6a). The SST evolution pattern matched GSI
trend in both sexes, although their relationship was significant
only for males in both periods (r2 = 0.5 in April–August and
r2 > 0.8 in September–December, respectively) (Fig. 6b).
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(b)

Fig. 4. (a) Evolution of condition factor (CF) (Le Cren 1951) obtained for each sex (F: females; M: males). (b) Evolution of gonadosomatic
index (GSI) obtained for each sex (F: females; M: males).

Fig. 5. Spawning phases distribution according to histological staging: Immature, phase I; Developing, phase II; Maturing, phase III;
Spawning, phase IV and Spent, phase V. Gonadosomatic index (GSI)
values in females (GSI female) and sea surface temperature (SST,
in ◦ C) were also plotted referring to the right axis to have more data
to evaluate spawning phase evolution with temperature.
Table 4. The overall percentage of correspondence between macroscopic (MACRO) and histological examinations (MICRO) for each
maturity phase; the number of individuals is given in parentheses.
MACRO
I
II
III
IV
V

I
52.43 (108)
10.81 (4)
0.00
0.00
0.00

II
45.15 (93)
48.65 (18)
13.95 (6)
9.09 (1)
0.00

MICRO
III
1.94 (4)
27.03 (10)
67.44 (29)
18.18 (2)
0.00

phase II (45%). Developing phase (II) was erroneously indicated in 11% of samples as phase I, in 27% of individuals as
phase III, and in 13% of these as phase IV. The major part of
ovaries macroscopically classified as maturing (III) appeared
to be well recognized (67.44%); but 14% of samples were still
developing (II), and 19% of these were even mature (IV). The
percentage of correspondence for spawning phase (IV) was
also high (63%) as for the previous stage; 18% of individuals
were misclassified as phase III, and 9% of these as phase V. Finally, spent phase (V) had the highest misclassification value
with 0 individuals correctly classified, probably due to the low
number of individuals achieving this ovary development phase
(Table 4).
According to adopted criteria for the size at first maturity evaluation, the selected spawning period was from April
to August. L50 value was estimated both for microscopic
(15.97 cm for TL and 3.66 cm for CL) and macroscopic
(17.02 cm for TL and 3.98 cm for CL) spawning phase determination. Results showed L50 estimate to be 1 cm lower when
histological evaluation is adopted (Fig. 7).

4 Discussion
IV
V
0.49 (1)
0.00
13.51 (5) 0.00
18.60 (8) 0.00
63.64 (7) 9.09 (1)
100.00 (3) 0.00

3.3 Macroscopic vs. microscopic classification
and L50 estimation

According to Table 4, macroscopic examination revealed
relevant discrepancies in each maturity phase determination. In
immature phase (I), macroscopic identification was misleading in more than 47% of individuals, mainly misclassified as

Use of commercial catches to collect samples could affect results, because sampling strategy is conditioned by selectivity of fishing gears and by a skewed spatial distribution of shrimps in comparison to fishing ground geographical
position. However, several studies on caramote prawn reproduction and distribution utilized sampling method (commercial trawlers) and bathymetric ranges as in the present study
(Fig. 1), obtaining a size distribution, for both total and carapace length, comparable with present results (i.e., Kevrekidis
and Thessalou-Legaki 2006; Turkemen et al. 2007; Vitale et al.
2010; Lumare et al. 2011). Furthermore Conides et al. (2008),
which adopted the trammel net, obtained a size distribution
(11–21 cm TL) highly overlapping the present data (9–21.5 cm
TL). Clear diﬀerences in size range between sexes confirmed
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(a)

(b)

Fig. 6. (a) Linear relationship between condition factor (CF) and gonadosomatic index (GSI) in caramote prawn males, plotting for the main
spawning period (April–August) and for the tail of spawning period (September–December). (b) Linear relationship between gonadosomatic
index (GSI) and sea surface temperature (SST, in ◦ C) in caramote prawn males, plotting for the main spawning period (April–August) and for
the tail of spawning period (September–December).

Fig. 7. Maturity ogives for females of caramote prawn from the
Tunisian waters: the eﬀect of a macroscopic wrong maturity determination is showed by diﬀerences between two curves, obtained respectively by macroscopic and microscopic maturity phase assignment
data.

the presence of a sexual dimorphism, already observed by several authors displaying that females reached a greater body
length than males (Heldt 1932; Ben Meriem 1993; Kapiris and
Conides 2009; Kevrekidis and Thessalou-Legaki 2011). These
diﬀerences could be explained by higher growth rates and performances in females (Kapiris and Conides 2009; Kevrekidis
and Thessalou-Legaki 2011). Diﬀerences in length-weight relationship between sexes, which appear mainly due to sexual
dimorphism, were also indicated for the same species in different areas of the Mediterranean Sea both for wild individuals (Ishak et al. 1980; Ben Meriem 1995; Conides et al. 2006;
Turkmen et al. 2007) and for reared ones (Klaoudatos 1984).
SR monthly trend suggested a predominance of males
from May to July during the peak of spawning. Such patterns
appeared to be not aﬀected by high variability in the number of monthly sampled individuals, since similar SR trends
were observed for penaeid shrimps (Niamaimandi et al. 2008)
and for caramote prawn in other Mediterranean areas, such

as Italian waters (Lumare et al. 2011) and the Aegean Sea
(Kevrekidis and Thessalou-Legaki 2006); these patterns are
mainly explained by a migration behaviour due to reproduction (Rodriguez 1987; Conides et al. 2008). However, other
causes may aﬀect sudden SR variability, such as the higher females catchability (Kevrekidis and Thessalou-Legaki 2006) or
the higher males natural mortality due to mating, as in the case
of Penaeus chinensis (Cha et al. 2002). Males were predominant in smaller size classes, while the larger length groups
were only composed of females. This could be explained by
early onset of sexual maturity in males which reduces energy
investment in growth and results in body sizes smaller than for
females, as observed in several penaeids species (Ohtomi and
Matsuoka 1998; Ben Abdallah et al. 2003; Kim 2005; SainteMarie et al. 2006).
Although the use of GSI for some penaeid prawns was
criticized in literature for its controversial results sometimes
provided (Courtney et al. 1995), several other authors demonstrated a correspondence between sexual maturation and GSI
evolution (Tom and Lewinsohn 1983; Quinitio et al. 1989;
Quinitio and Millamena 1992; Othomi et al. 2003), as it was
observed for marine fishes (Basilone et al. 2006). In the case
of caramote prawn, GSI trend appeared to be a good indicator of the spawning period (Medina et al. 1996; Türkmen
and Yilmazyerli 2006; Kücükdermenci and Lok 2012). Assessment of seasonal variability of somatic and gonadic conditions allowed to infer on the reproductive strategy of caramote
prawn. For both sexes, seasonal variability of body conditions
showed two diﬀerent levels along the study period, respectively the lower from May to June and the higher, and relatively
stable, from July onwards. The role of body conditions did not
seem crucial in spawning activity regulation during the peak of
spawning, as suggested by similarity of CF values inside and
outside reproductive season.
For females, GSI trend displayed a well-defined seasonal
spawning pattern with higher egg production during summer,
lowering in autumn and falling in winter. Despite this clear
GSI trend, somatic condition (CF) appeared not to be directly
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Fig. 8. Several population of caramote prawn in diﬀerent study areas showed a protracted spawning season of at least five months. 1) Ben
Mustafa 1967; 2) Present study; 3) Ben Meriem 1993; 4) Lumare et al. 2011; 5) Conides et al. 2008; 6) Kosmas and Maria 2012; 7) Turkman
and Ylmazyerli 2006; 8) Turkmen et al. 2007; Rodríguez 1985.

related with it. Lower values of CF, recorded during spring,
suggested that energy investment at the beginning of reproductive season was mainly devoted to gonadic growth. During
the peak of spawning (July–August), increase of CF associated
with higher GSI values may indicate that this species still feeds
during spawning season, thus producing better body conditions. Usually, during spawning season, available energy is devoted to gonadic production, with a depletion of somatic condition. However, in the present study increase of CF suggested
a protracted input of energy from feeding along spawning season, and a split of energy allocation between reproduction
and body demand. In many crustacean decapods, molt process takes place during reproductive period, explaining the
need of energy intake for body growth during spawning season (Adiyoi 1985; Nelson 1991; Parnes et al. 2006).
Caramote females, during autumn and winter, revealed
lower values of GSI and abundance of immature individuals,
with higher length, weight and good somatic conditions; such
combination of results further suggests that energy allocation
in the aforesaid period was mainly devoted to body growth.
Although body growth appeared to be linked to GSI evolution,
no clear relationship was recorded between females GSI and
CF, suggesting that maturity pattern was almost independent
from body conditions. Therefore, gonadic energy investment
and body growth seemed to be at the same time supported
by good feeding conditions. Diﬀerently from caramote prawn
females, in males decreasing linear relationship between GSI
and CF data from April to August suggested a more strongly
supported mobilization of energy reserve from body to reproduction. Further, from September onwards during the end of
spawning season, the relationship between GSI and CF still
persisted even with opposite positive sign. In other words, such
observations for males further support what already observed
for females, the only exception was for body reserves in males,
which appeared fully devoted to gonadic growth and to other
physiological energy demanding processes, such as the molt,
during the main spawning period (April–August) when body
conditions became depleted.
Such worse body conditions in males could be also due
to an earlier maturation period, as GSI in males starts to in-

crease two months earlier than females (Fig. 4b). Such strategy
was also showed in Uca nr. minax (Hasek and Felder 2006), in
Aristaeomorpha foliacea, and in Aristeus antennatus (Kapiris
and Thessalou-Legaki 2008).
Monthly abundance of ovary spawning phases, together
with GSI and SST monthly trends, highlighted a protracted
spawning period (April–August) with a clear seasonal peak
in July–August, occurring simultaneously with the year maximum temperature values in the study area. However, a minor reproductive activity was recorded until December when
temperature was lower. Occurrence of spawning peak with the
higher sea water temperatures in summer, as also observed in
Turkish and Greek waters, confirmed that in the Mediterranean
Sea caramote prawn spawning seasons are aﬀected by water
temperature (Turkmen et al. 2007; Conides et al. 2008). Otherwise, several studies indicated that thermal stimulus and photoperiod appear as the main input for reproductive activity in
prawns (maturation of gonads and migration to reproduction
grounds for copulation), so they are extensively used in intensive aquaculture practices (Conides et al. 2008 and reference
therein).
Several populations of caramote prawn, inhabiting both
Atlantic and Mediterranean waters, showed a protracted
spawning period of at least 5 months (Fig. 8). Despite the
similar extension of spawning period and the coincidence of
spawning peaks in summer, starting and ending of such a
period may be diﬀerent (Fig. 8). This may be probably due
to interannual variability of environmental features or spatial
variability among areas, as reported for many other penaeid
species, which displayed both inter-annual and monthly variations in reproductive activity (Crocos and Van Der Velde 1995;
Courtney and Masel 1997; Minagawa et al. 2000; Montgomery
et al. 2007; Hossain and Ohtomi 2008).
Although macroscopic gonad evaluation appears to be affected by some limits in accuracy, it allows to determine
in short time the spawning phase of a bigger number of
samples in comparison with microscopic analysis. Histological ovary preparation provided useful information to validate macroscopic scales, allowing to establish a more reliable
maturity classification and spawning period determination.
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Macroscopic reproductive phase determination, as validated
by histological analysis of ovaries tissues, showed how the
macroscopic classification used (Farmer 1974) may be not always able to discriminate immature and mature (appearance of
yolk globules) individuals in crustaceans, as well as reported
for several fish species (Stratoudakis et al. 2004; Costa 2009;
Ferreri et al. 2009; Khoufi et al. 2014). Comparison of L50 estimates for the Tunisian caramote prawn confirmed the importance of microscopic examination to obtain reliable ogives, as
data from macroscopic assignment were misleading (Fig. 7).
However, both L50 results presented sizes similar to values observed in literature: i.e., 17 cm in the Adriatic Sea (macroscopic examination; Lumare et al. 2011), 18 cm in the East
Ionian Sea (only spawning phase IV by means of macroscopic
examination; Conides et al. 2006), 18 cm in the Aegean Sea
(macroscopic examination; Turkmen et al. 2005) and 12 cm in
the Gulf of Cadiz (microscopic examination; Rodríguez 1985).
Although discrepancies with literature are mainly related with
the Spanish cases studies, such diﬀerences may be due to several reasons. For example, as it was reported for some fish
species, variability of L50 may be linked to latitudinal eﬀects
or over-exploitation of stock (Khoufi et al. 2014 and references
therein).
Improved knowledge on reproductive features of caramote
prawn allows to better understand its reproductive strategy, in
order to refine the diagnostic for stock assessment and sustainable management for such species. Indeed, one of the main
purpose of stock and fishery management is to maintain suﬃcient levels of spawning biomass, able to safeguard the correct
recruitment degree. Moreover, information about relationship
between growth, reproduction and environmental parameters
appeared essential also in implementation of aquaculture for
caramote prawn and other penaeid species. Finally, results
of the present study may provide basic information for future fishery management and forecast in the North and the
East of Tunisia, where caramote prawn fishing is currently not
regulated.
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