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Abstract. Adult males of the freshwater prawn Macro-
brachium rosenbergii differentiate into three morpho-
types. Each morphotype develops in sequence in the
adult male population from small males through orange
claw males to dominant blue claw males. Small males
and blue claw males are sexually active, while orange
claw males represent a sexually inactive intermediate
stage engaged in somatic growth.

To further examine these behavioral characteristics on
a physiological level, testes from each of the morpho-
types were cultured in vitro. The rate of [*H]-thymidine
incorporation, representing DNA synthesis, and the
amount of sperm released into the culture media were
recorded. In parallel, the relative wet weight of testes
from the different morphotypes were recorded and histo-
logical preparations were examined.

The relative weight of the testes from small males was
significantly greater than in the other morphotypes. The
testes of small males were both active in spermatogenesis
and contained a large amount of mature sperm. Transi-
tion to the orange claw morphotype is marked by sper-
matogenically active testes, characterized by a multilay-
ered spermatogenic zone and a high rate of thymidine
incorporation. The testes of the orange claw morphotype
develop into organs containing mainly spermatocytes.
The fully differentiated orange claw male will transform
by a metamorphic molt into the sexually active blue claw
male. Almost no spermatogenic activity was recorded in
the testes of the blue claw males. The testes of the blue
claw males contained, almost exclusively, mature sperm.
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The anatomical, physiological, and histological status
of the male morphotypes are closely associated with the
growth pattern and behavioral attributes of the morpho-
types as they differentiate through the developmental
pathway from the small male through the orange claw to
the blue claw male morphotype.

Introduction

Among mature males of the freshwater prawn, Macro-
brachium rosenbergii, three distinctive morphological
types appear: small males, orange claw males, and blue
claw males (Ra’anan, 1982). The male morphotypes
differ from each other in their claw color, relative claw
length, and spination (Kuris et al., 1987) as well as in
their reproductive behavior (Ra’anan and Sagi, 1985)
and growth rates (Ra’anan and Cohen, 1985). Two of the
morphotypes—the blue claw and small males—repre-
sent two alternative mating strategies. Large blue claw
males are able to court actively and protect females prior
to and during mating. Small males engage in a form of
‘sneak copulation’ consistent with their small size and
high mobility. Orange claw males are a rapidly growing
intermediate phase from the small male to the blue claw
morphotypes. Orange claw males infrequently engage in
reproductive activity (Ra’anan and Sagi, 1985).

The male reproductive system in Macrobrachium ro-
senbergii consists of a pair of testes, a pair of vasa defer-
entia, and a pair of genital pores. The testes are elongated
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cells and sustentacular cells constitute the two major
types of cells within the testicular cylinder. Mature sper-
matoza are confined to a lumen within the testicular cyl-
inder, described as a blind-ending cyst by Dougherty and
Sandifer (1984).

Previous work showed that the relative weight and an-
atomical development of the reproductive system corre-
late with the morphological and behavioral changes in
males occurring during the morphotypic differentiation
process (Sagi and Ra’anan, 1988). Since the three male
morphotypes are reproductively distinct, it was of inter-
est to examine the difference in their gonadal structure
and activity. The present study focuses on differences
among male morphotypes in the testes i.e., gonado-so-
matic index and gonad activity, as observed in vitro by
sperm release and [*H]-thymidine incorporation into
DNA in the testes. In addition, the histological structure
of the testes from different male morphotypes was stud-
ied. We found that the structural, physiological, and bio-
chemical properties of the testes are closely associated
with the morphological and reproductive states of these
morphotypes.

Materialsand Methods
Selection of prawns

Male prawns were selected from a single aged popula-
tion after 150 days of growth in earthen ponds at the Dor
Aquaculture Research Station, Israel. Prawns were di-
vided into five categories according to coloration, second
pereiopod (claws) shape and spination, and propodus
and carapace length (Ra’anan, 1982; Ra’anan and Co-
hen, 1985; Kuris et al., 1987). Carapace and propodus
length were measured with a caliper to 0.1 mm. Carapace
length was defined as the distance from the posterior
margin of the right orbit to the midline of the posterior
margin of the carapace. The propodus, with the joint
flexed, was measured along the lateral face from the
proximal lateral condyle to the distal tip.

Fifteen prawns of each category were selected for
study. Small males, weak orange claw, strong orange
claw, and blue claw forms were selected according to the
methods described by Kuris ez al. (1987). Pretransform-
ing strong orange claw males were selected according to
the characteristics described by Sagi and Ra’anan (1987).
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was calculated as follows:
GSI = 100 x &onad wt.

body wt.

Organ culture ([?H-thymidine incorporation
and sperm release)

The animals were dissected under sterile conditions
upon arrival in the laboratory. The testes were clipped off
the sperm duct and were incubated intact in 2 ml culture
medium (12 well, cell culture plates, Nunc). The me-
dium consisted of Dulbeco’s Modified Eagles Medium
(DMEM) containing 1 mAM glutamine and 3.2 g
NaHCO; which was adjusted to M. rosenbergii osmolar-
ity by supplementing the following salts: KCl (160 mg/
1), MgCl,-6H,0 (240 mg/1) and NaCl (3.16 g/1). The salts
were added according to the concentrations found in
hemolymph of Macrobrachium (Stern, 1985) and pH
was adjusted to 7.6 with 1 N NaOH (Nagamine et al.,
1980). Radiolabelled [*H]-thymidine was added as a
tracer at zero time (amount: 2 uCi/ml, specific activity
52 Ci/mmol, New England Nuclear). After 24 hours of
incubation at 25°C, the organs were removed from the

culture dishes. Morphological and histological examina-. .

tions, performed on some of the cultured organs at this
stage, revealed no apparent signs of deterioration. Sperm
remaining in the medium (probably released via the ex-
cised sperm duct opening) were counted using a hemocy-
tometer. The tissue was homogenized at 1-2°C in 2 ml
Tris HCI buffer 10 mA/, pH = 7.4. The homogenate of
the testes was incubated for an additional 5 min on ice
after the addition of 2 ml 10% TCA solution and then
filtered through fiberglass filters (GFC, Whatman). The
papers were then rinsed once with cold 10% TCA solu-
tion and twice with 98% ethyl alcohol. The paper was
dried then incubated in scintillation fluid (toluene:triton,
1:3, overnight at 25°C). Radioactivity was measured in a
liquid scintillation spectrophotometer. Results are ex-
pressed in counts per minute per 10 milligram wet weight
of testes.

Histological observations

From each morphotype, testicular samples from five
individual prawns displaying unequivocal morphotypic
characteristics were selected for histological study. The
prawns were dissected and the testes were removed and
fixed in Brodski fluid (Brodski, 1960). The samples were
then embedded in paraffin, serially sectioned at 7 um,
and stained with Ehrlich’s hematoxylin-eosin (Huma-
son, 1967).
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