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Spermatophores should be evacuated periodically

Fully melanized and normal spermatophores of Penaeus monodon.

Reproduction is a main area where science can contribute to the growth of aquaculture and provide effective solutions for industry problems. Thus, many
research projects have focused on the reproductive biology of farmed species. However, most researchers focused on female reproduction – possibly due
to the obvious reproductive dysfunction of females under captivity.

In female shrimp, vitellogenesis and oocyte maturation are processes that demand high levels of energy. Conversely, in males, sperm production is
believed to consume less energy. Males use up more energy for sex competition and female guarding. Yet male-related reproductive dysfunction and
infertility have been increasingly reported in commercial maturation facilities.

The authors recently carried out a series of studies at the experimental shrimp hatchery facility of the Central Institute of Brackishwater Aquaculture to
characterize the reproductive capability of male black tiger shrimp, Penaeus monodon, by documenting changes in sperm quality in relation to consecutive
regeneration, molting cycle and length of rearing period.

Experimental setup

Fig. 1.: Comparison of sperm counts of
Penaeus monodon over time. Values with
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different letters are significantly different.

Thirty broodstock-sized P. monodon males were obtained from the broodstock fishery along the coast of Chennai, Tamil Nadu, India. The animals were
tagged and reared in the experimental hatchery. Baseline sperm quality characteristics – sperm count, proportion of live sperm and percentage of abnormal
sperm – were obtained from freshly extracted spermatophores.

Spermatophore data and the general condition of the animals were recorded at weekly intervals for 15 animals. The other shrimp remained intact without
periodic manual ejaculation. The spermatophores were collected and evaluated on day 30. Further sperm quality was also evaluated at postmolt, intermolt
and premolt phases of molting cycle.

Sperm quality variables

While spermatophore weights remained unaffected by consecutive regeneration, sperm count and proportion of viable sperm were better in the subsequent
regenerated spermatophores compared to the baseline values (Fig. 1). Further, melanization of spermatophore/male reproductive tracts was not observed.
On the contrary, the large proportion of shrimp kept intact without removal of spermatophores developed melanization.

The quality of the melanized spermatophores was extremely poor when compared to the quality of the non-melanized spermatophores (Fig. 2).
Histological examination of melanized terminal ampules and testes showed clumps of sperm with melanized debris.

Molt cycle

Fig. 2: Sperm count of Penaeus monodon after
30 days under captivity without periodic
artificial ejaculation.

Spermatogonia, spermatocytes and spermatids were found in all the phases of the molt cycle. However, only one type of spermatogenic cells was found at
any one time. This indicated synchrony in the sperm production. It is also found that the sperm production was a continuous process over the molt cycle
(Fig. 3).

Conversely, spermatophore concentration varied during the different molt phases, with significantly higher numbers during the premolt phase. New
spermatophores appeared after the exuviations of old exoskeleton.

Perspectives
As suggested by S. Parnes and co-workers in 2006, spermatophores have an inherent “expiration date” and therefore should be evacuated periodically. In
the wild, the renovation of spermatophores is carried out by molting or mating. Under captive conditions, mating opportunities and molting frequencies
vary.

Fig. 3: Comparison of sperm count 
of Penaeus monodon at different phases 
of the molt cycle.
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In the absence of receptive females or failure in molting, the normal renovation of spermatophores does not take place, and they eventually degrade or
melanize. Melanization is an end result of prophenoloxidase activation, which is triggered in response to foreign agents such as bacteria, fungi or
multicellular parasites, or as a result of tissue damage. Periodic spermatophore renovations by artificial ejaculation are a practical procedure for improving
sperm quality in P. monodon, as reported in Litopenaeus shrimp species.

Sperm quality was found to be highest during the premolt stage, which corresponds to the elevated titre of the molting hormone ecdysteroid. The
stimulatory effect of the ecdysteroid on testicular activity of crustaceans has been reported by A. Sagi and co-workers in 1991. The present study indicated
that for breeding programs, males at the premolt stage may provide better results than shrimp in other stages.

Editor’s Note: Full references are available from the first author.

(Editor’s Note: This article was originally published in the July/August 2012 print edition of the Global Aquaculture Advocate.)
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