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SUMMARY

Aspidochirotid holothurians, commonly known as "sea cucumbers", are conspicuous component of Posidonia
oceanica meadows of the Mediterranean Sea, where they are reported as generally large sized and rather
abundant. They actively contribute to the functioning of the Posidonia meadow by recycling dead organic
matter in the sediments layer, which confers them a major ecological role. This study is a first contribution on
the reproductive biology of Holothuria tubulosa (Gmelin, 1790) collected from the South-Western
Mediterranean, especially from the Algiers coastal area. The sampling was conducted in Ain Taggourait
station (w. Tipasa) which is an unpolluted area under little anthropogenic influence. The temporal evolution
of the gonad index (GI) and the sexual maturity stages suggest that the reproductive cycle of H. tubulosa is
annual and marked by a main spawning taking place from June to august. We also show the synchronization
of the maturation of gonads in both sexes of this species. The influence of temperature is the most likely factor
influencing its reproductive cycle and the spawning of H. tubulosa. The general outline of the gametogenesis
of H. tubulosa shows a winter sexual resting phase, followed by maturation in spring and spawning at the end
of summer until a middle of autumn.

Keywords: Holothurians, Aspidochirotida, H. tubulosa, reproduction, spawning, maturity, gonad index,
Posidonia oceanica, Algerian basin.

INTRODUCTION

Aspidochirotid holothurians, commonly known as ‘“sea cucumbers”, are major
representatives of the benthic macrofauna of the Posidonia oceanica habitat of the
Mediterranean Sea ([1]; [2]). Within this habitat, holothurians contribute to the recycling of
organic matter ([3]; [4]; [5]; [6]). Few studies were devoted to their life cycle ([7]; [8]; [9];
[10]). Holothuria tubulosa the most common species, and the "best known" species in the
Mediterranean Sea, is not one species, but two cryptic species that have not been previously
recognized or even suspected ([11]). Studies on the reproduction of H. tubulosa are
anecdotic. The study carried out by [8] in the Adriatic Sea was limited to observation of the
external appearance of the oocytes. [12] discovered a new and highly effective oocyte
maturation inducer for in vitro fertilization of the oocytes of H. tubulosa collected from
Banyuls-sur-Mer (France). In Algeria, aspects of the reproductive cycle have been studied
only for Holothuria (Platyperona) sanctori ([10]). The interest in H. tubulosa comes from
the abundance of this species in Algerian shallow waters, especially in unpolluted areas
such as Ain Taggourait.

The present study examines the macroscopic and microscopic aspects of gonad maturation
of H. tubulosa to determine its reproductive cycle at Ain Taggourait site.

MATERIALS AND METHODS

Sampling sites

Ain Taggourait site (36°36.608'N, 002°36.995'E) was selected as a reference site for the
study of the reproduction of H. tubulosa. This site is located at Bou Ismail Bay (Figure 1). It
is more open bay, and is much more exposed to the winds coming from the northeast and
northwest sector, which generate swells of high amplitudes ([13]). It is more distant from
the industrialized area, which reduces the impact of industrial and domestic pollution.
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Underwater observations revealed that at Ain Taggourait site the algal coverage and the P.
oceanica meadow are dense ([10]).
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Figure 1. Location of the sampling site (© 2012 Google earth)

The biological material was sampled using scuba diving at depths ranging from -3 to -10 m.
For each monthly sample, the sea water temperature was recorded using a SUNTO GEKKO
dive type computer (precision 0.5 °C). Individuals of H. tubulosa collected in the field were
kept in a tank filled with sea water until processing in the laboratory.

Reproductive parameters

The sampled holothurians were measured (+/—0.5 cm) dorsally from the mouth to the cloaca
using a Ribbon meter. Subsequently, specimens were dissected by longitudinal incision on
their ventral side along the interradial. When possible, sex determination was done
macroscopically, the ovary was usually yellow or orange red, and the testes whitish. The
gonad was weighted (drained weight, Wg + 0.01 g) and then fixed in aqueous Bouin’s
solution for 24-48 h. Subsequently, the samples were rinsed in successive baths of ethanol
and preserved in ethanol (70%) for histology according to the protocols of [14] and [15].
All the internal organs of an individual were removed to obtain the eviscerated body weight
(eBW = 0.01 g). Therefore, the eBW included the weight of the body wall, the longitudinal
muscles, and the buccal bulb ([16]; [17]). Approximately, 15 adult individuals were
sampled each month during two years (from march 2010 to march 2012). Two approaches
were used to determine the reproductive cycle of H. tubulosa: (1) gonad index (Gl) survey
and (2) histological study to allow the temporal monitoring of the microscopic stages of
gonad maturity. The Gl was calculated by the following formula ([18]; [19]; [20]; [21];
[22]:

IG = =% x100

GEW
Wg= weight of the gonad ; GBW= Gutted body wall.
For the microscopic analysis, the conventional topographic dyes Mann-Dominici (1894—
1905 in [15] and Trichrome on one time ([23]) were used for the determination of the
microscopic stages of maturity. They were based on histology and on those of ([24]; [25];
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[16]) and [9]: Stage I: sexual resting (resting or indeterminate tubules); Stage Il: recovery
and maturing (increasing tubules); Stage Ill: mature (ripe tubules); Stage IV: spawning
(partly emptied tubules); Stage V: spent (empty tubules).

Once the homogeneity of variances had been verified, differences in the values of the Gl by
seasons and years were conducted using a two-factor ANOVA (p < 0.05). The average
values of the GI were analyzed by a Mann and Whitney test. A Spearman test was used to
analyze the existing correlation between the Gl and temperature. All statistical analyses
were performed using STATGRAPHICS and STATISTICA 7.

RESULTS

Reproductive biology

A total of 367 individuals of H. tubulosa were sampled in Ain Taggourait site. During our
sampling, 18 individuals lacking gonads were found in the fall and spring. To understand
the variability of the reproductive cycle of H. tubulosa at the studied site, the gonad index
data of males and females were pooled and the percentages of individuals at stage V
examined (Figure 2).
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Figure 2. Monthly gonad index means of H. tubulosa (pooled sex), monthly mean temperature, and the
percentage of individuals observed at stage V (post-spawning) at the site of Ain Taggourait. GI: Gonad
Index; M: Male; F: Female; T: Temperature.

At the studied site, the reproductive cycle was marked by a period of gonad growth in early
spring, followed by two gamete emissions, the first in the spring and the second massive in
summer. Both marked by the fall in the gonad index (Figure 2). Moreover, the spawning
spread till the end of fall. The period of sexual resting in the winter was marked by the low
GI values. Furthermore, the main and massive spawning of H. tubulosa was confirmed by
the presence of individuals in stage V (post-spawning) (Figure 3) and the low GI values in
the fall.

However, we noted that a period of a high temperature rise during the two years at the site
of Ain Taggourait (22-24.5 °C in 2010 and 20-23 °C in 2011) coincides with the period
where the Gl of H. tubulosa decreases (Fig. 2). The correlation between the evolution of the
Gl and the temperature is significantly confirmed for Ain Taggourait site (p > 0.01).
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Figure 3. Maturity stages of the tubules of H. tubulosa gonads (sexes pooled) at the site of Ain
Taggourait from March 2010 to March 2012. Histograms show percentages of individuals in one of the
four gametogenic stages.

DISCUSSION

Holothuria tubulosa is a gonochoric species without external sexual dimorphism. The sex
can be determined macroscopically by the appearance and color of the gonads ([8]; [9]). In
this study, the gonad index of H. tubulosa shows that the reproductive cycle of this species
Is annual, with spawning starting in the spring, peaking in the summer, and ending in the
fall, marked by maximum values of the GI in early summer and the minimum values at the
end of the autumn. The maximum values of the GI were obtained in summer (June to July)
(Figure 2). The mean GI obtained at Ain Taggourait is higher than that obtained for other
species like H. sanctori in the Canary Islands where the individuals were smaller ([9]). A
good similarity of the temporal change of the Gl and the stages of maturation of the gonads
has been reported for various aspidochirotid holothurians ([18]; [26]; [17]). Therefore, a Gl
survey is a reliable method for describing the reproductive cycle. In general, holothurians
have an annual reproductive cycle ([24]; [27]; [28]; [29]; [30]; [31]; [18]; [32]; [33]; [34]);
although semi-annual cycles have been described by some authors ([27]; [18]) or even the
presence of a continuous reproduction throughout the year ([27]) which can occur
especially in the tropical regions. In the studied site the changes in the GI coincided with
that of the sea water temperature and/or photoperiod (Spearman test, p > 0.01) and the
gonad development seemed to be induced by the gradual warming of the water. This
suggests that if temperature and/or photoperiod are important factors in reproductive timing,
they work in an absolute (threshold) pattern rather than in a relative one ([35]; [36]).
Moreover, the presence of stage Il throughout the sampling period, with the exception of
the summer-autumn (July to October), suggests that gonad maturation occurs throughout
the year with a slowdown during the winter (figure 3). The main spawning is massive in the
summer—autumn and coincides with the elevation of the sea water temperature (Spearman
test, p < 0.05); an average temperature rise of 2 °C between June and July was observed
during the two years (22-24.5 °C in 2010 and 20-23 °C in 2011) and coincides with the
decrease of the GI and the presence of a high percentage of individuals of H. tubulosa with
partially spawned gonads. However, during the two years (27 and 28 °C, respectively, in
August 2010 and 2011), a high temperature rise coincided with the period where individuals
of H. tubulosa had a minimum GI value and were in the post-spawning stage (figure 3). The
slight decline of the GI in the spring could be explained by a partial spawning by
precociously mature individuals due to temperature values which seem to favor a rapid
maturation of the gonads.
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Our results match those obtained for H. (P.) sanctori on the same site ([10]) and of the
Canary Islands by [9] where maximum reproductive activity was observed during the warm
months and the minimum activity (resting) during the cold months. The absence of gonads
in the winter (cold season) in some specimens is explained by the tubular resorption after
spawning ([18]). This is the case for H. tubulosa of the Ain Taggourait site with a few
individuals having gonads completely resorbed after the spawning observed in 2010.
Similar observations were made by [8] for H. tubulosa from the Adriatic Sea and by [19]
for H. fuscogilva and Actinopyga mauritiana. However, the presence of a few mature H.
tubulosa at the end of the spring at Ain Taggourait site seems to confirm the start of an
early spawning in spring for some individuals.

There are still few data on the reproductive cycle of H. tubulosa or the other aspidochirotid
holothurians. [7] presented the reproductive cycle of H. tubulosa off Ischia Island (Italy)
and [17] in the Aegean Sea. Moreover, the effect of temperature on gametogenesis has been
well studied in holothurians where it was reported that the sea water temperature could
influence gonad growth by acting directly on food availability (appearance of the
phytoplankton bloom) ([36]; [37]; [9]). The data collected for H. tubulosa do not allow
testing this hypothesis. However, this species displays an annual reproductive cycle with
spawning of high intensity in the Bay of Bou Ismail (Ain Taggourait).

However, from the study of the reproductive cycle of H. tubulosa from the Mediterranean
southwestern basin (Algerian coast), it appears that spawning begins in June and ends
around October. Considering that holothurians larvae settle in the benthos after about one
month [12-17 days for Holothuria scabra ([38]); 22-27 days for Isostichopus fuscus ([39])
and 20 days for Apostichopus japonicus ([40]], we can assume that the recruitment of
juveniles of H. tubulosa occurs from the end of the summer (August) as reported by [41].
The collected data suggest that temperature is the most likely factor in the onset of
spawning of H. tubulosa and the determination of its reproductive cycle, as is the case for
other aspidochirotid holothurians species ([25]; [31]; [8]).:
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