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ABSTRACT: Although photic stimulahon represents an important extrinsic factor controlling reproduction in marine invertebrates, pertinent information is scanty for marine crustaceans. We investigated
light-induced biochemical changes in ovary, hepatopancreas, muscle and haemolymph of the ocypodid
crabs Ocypoda platytarsjs and 0. macrocera in order to determine metabolic changes during ovarian
maturahon under altered light intensities. Increased light intensity caused acceleration of oocyte
maturation in 0. macrocera but no appreciable change in oogenetic activity of 0.platytarsis; however,
there was a sudden rise in metabolic activity of ovary, hepatopancreas and muscles in both crabs.
Cytological observations indcated hypertrophy of connective tissue and follicle cells in the ovary of
0.platytarsis. In both crabs eyestalk neurosecretory cells (NSC) showed more secretory activity under
elevated light intensity. A corresponding increase in secretory activity of the NSC of brain and thoracic
ganglion was evident solely in 0. macrocera. Increased secretory activity of NSCs in brain and thoracic
ganglion of 0.rnacrocera is suggested to be responsible for the acceleration in oocyte maturation. The
differences in the reproductive response to photic stimulus of the 2 crabs may be related to their
different breeding habits.

INTRODUCTION
Environmental influences on reproduction in marine
invertebrates are well investigated (Kinne 1970, 1971,
1972, Giese & Pearse 1974). Among the important
factors that control reproduction are temperature,
salinity and photoperiod (e.g. Stephens 1952, Aiken
1969a, b, Armitage et al. 1973, Pradeille-Rouquette
1976a, b, Steel et al. 1977, Pillay & Ono 1978,
McQueen & Steel 1980). However, there is paucity of
definitive experimental evidence. In stalk-eyed
decapod crustaceans, environmental changes are
entrained in the neurosecretory centres of eyestalk,
and probably brain (e.g. Fingermann & Oguro 1962,
Konok 1962, Vitez 1973, Van Herp et al. 1977).
We have studied light-intensity effects on neurosecretory centres as well as ovarian functions in the
crabs Ocypoda platytarsis and 0. rnacrocera. Although
photic stimulation represents an important extrinsic
factor controlling reproduction in marine invertebrates
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(Segal 1970), not much information is available on
marine crustaceans. The information available on
photoperiodic effects on reproduction in groups such
as amphipods and isopods is also conflicting (Paris &
Piteka 1962, Weiser 1963, Merriam 1971); hence, the
primary objective of this paper is the study of
neurosecretory as well as ovarian activities under
different levels of light intensity.

MATERIALS AND METHODS
The 2 semiterrestrial supralittoral ocypodid crabs
Ocypoda platytarsis (inhabiting coastal regions) and
0. rnacrocera (living in estuarine shore regions) were
collected from the Pulicat Lake, 53 km northeast of
Madras University Campus (India). Crabs were collected by drag net and ring net. In the laboratory, they
were kept separately in large cement tanks half-filled
with clean sand and the remainder containing water
collected from their respective habitats. Crabs were
fed killed specimens of Ernerita, Donax and Perna
species. Water and sand were changed frequently.
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Classification of ovarian stages. Different stages of
ovary development for biochemical assessment were
recognised using the criteria listed in Tables 1 & 2.
Biochemical determination. Wet tissues were used
in all estimations. Total protein was determined using
the Ciocalteu method (Lowry et al. 1951); total free
sugar, occurring as mono-, di- and oligosaccharides, by
the anthrone method (Roe 1955); protein-bound sugar
(PBS) by the method of Carroll et al. (1956) a s adopted
by Parvathy (1970). Glycogen was determined by the
method of Carroll et al. (1956); ribonucleic acid (RNA)
b y the Dische & Orcinol technique (Searcy & MacInnis
1970a); de-oxyribonucleic acid (DNA) by the Burton
diphenylamine technique (Searcy & MacInnis 1970b).

The gravimetric method of Folch et al. (1957) was
employed to quantify total lipid using chloroform and
methanol as solvents.
Staining of neurosecretory cells (NSC) and their
classification. Paraffin sections of formaldehyde-fixed
eyestalk, brain and thoracic ganglia were stained with
Gomori's (1939) chromehaematoxylin phloxine (CHP)
and Gomori's (1950) paraldehyde fuchsin (PF) to
demonstrate neurosecretory materials in the NSC.
Types of NSC in the brain, thoracic ganglia and eyestalk were classified due to size, shape, location, tinctonal properties and cytological details.
Photoperiodism chamber. The rectangular-shaped
photoperiodism chamber was made of wood (193 cm L

Table 1. Ocypoda platytarsis. Criteria for classification of ovarian stages dunng first reproductive cycle
Ovarian stages

Colour of ovary

Condition of ovary

Cytological details

Colourless

Thin and flimsy

Oogonial and follicle cells proliferated from
peripherally placed germarium
Follicle cells more in ovanan wall

I1
Vitellogenesis
I- A

Light yellow

Posterior arms unequal and
extend into abdomen

Oogonial cells in ovary center
Previtellogenic oocytes possess round germinal
vesicle with 1 or 2 nucleoli
Ooplasmic granules faintly stained with
haematoxylin
Few vitellogenic oocytes

I11
Vitellogenesis
I-B

Yellowish orange

Deflected anterior arms
extend to gdl chamber

Previtellogenic oocytes encircled by layer of
follicle cells
Vitellogenic oocytes deposited with eosinophilic
yolk droplets

IV
Vitellogenesis
I-C

L g h t orange

Translucent and bulged

Oocyte surrounded by flattened follicle cells
Germlnal vesicle oriented towards oocyte
periphery

I
Immature

More eosinophilic yolk globules deposited in
ooplasm
V
Vitellogenesis
11-A

Orange

Lobulated and opaque

More eosinophilic yolk globules in vitellogenic
oocyte
The nucleus In vitellogen~coocyte starts
disappearing
Prevltellogenic oocytes arranged like piles of
coins between vitellogenic oocytes

V1
Vitellogenesis
11-B

Deep orange

Oocytes loosely packed in
thin ovarian wall

Vitellogenic oocytes increase; previtellogenic
oocytes smaller and fewer
More yolk deposition
Single-layered well-flattened follicle cells present
around oocyte

VII
Spent

Colourless

Flaccid with thick ovarian
wall and arms extending to
abdomen

Unspawned oocytes phagocytosed by active,
bulged follicle cells
Simultaneous with resorption, recuperation starts
by reactivation of germarium
Newly proliferated oogonial cells in central
germarium
Ovulation scars in ovary
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Table 2. Ocypoda macrocera. Criteria for classification of ovanan stages during first reproductive cycle
Ovarian stages

Colour of ovary

Condition of ovary

Cytological d e t a ~ l s

Colourless

Thin and flimsy

Oogonial and follicle cells proliferated from
peripherally placed germanum
Follicle cells more in ovarian wall and encircle
g r o w n g oocytes

I1
Vitellogenesis
I- A

Llght yellow

Transparent and slightly
bulged

Thick layer of follicle cells aound previtellogenic
oocyte
Few vitellogenic oocytes inltlate yolk deposition

I11
Vitellogenesis
I-B

Llght orange

Anterior arms bend
posteriolaterally and extend
to gdl chamber

Central germanum consists of spherical oogonial
cells with prominent nucleus containing chromahn
granules
Previtellogenic oocytes either uni- or
binucleolated

IV
Vitellogenesis
I-C

Orange

Translucent, bulged

More eosinophilic yolk globules occur in vitellogenic
oocyte
Oocytes surrounded by well-flattened follicle cells

V
Vitellogenesis
11-A

Reddish orange

Lobulated and opaque

Yolk-globule deposition very rapid in vitellogenic
oocyte
Nucleus begins to disappear

V1
Vitellogenesis
11-B

Reddish brown

Lobulated oocytes easily
dissociable due to thin
ovarian wall

Yolk depos~tlonvery rapid
Slngle-layered, well-flattened follicle cells
separated from oocyte

I
Immature

Previtellogenlc oocytes smaller a n d fewer
V11
Spent

Colourless

Flaccid and flabby

X 140 cm W X 148 cm H) and covered with thick black
cloth. At the 4 corners of the upper side of the chamber,
inverted 'U' shaped tubes were fixed for free aeration
and temperature regulation. Three 4300 K fluorescent
white tube lights were fixed inside the photoperiodism
chamber on wooden pieces along with a pulley so that
they could be moved up and down in order to adjust
Light intensity. The intensity was measured using an
Eel lux meter.
Treatment of crabs. Ocypoda platytarsis and 0.macrocera were placed in different cement tanks inside the
photoperiodism chamber. Field sahnity and environmental conditions were simulated in all tanks including controls. Crabs with Stage I11 ovaries were divided
into 2 groups, one group serving as control, and other
as experimental. Ovarian stages were assessed in live
crabs using the window method of Gomez & Nayar
(1965), i.e. flapping out a rectangular piece of cuticle
on the carapace for l r e c t observation of the ovary.
After observation, the exoskeleton was replaced and
the wound sealed with molten wax together with a
small amount of terramycin to prevent infection. One
group of each species was subjected to a minimum

More resorbed, unspawned oocytes
Acbve fohcle cells involved in resorption oval in
shape
Ovarian scars in ovary

light intensity of 0.02 to 0.036 g cal cm-2 h-' as control
(12 L : 12 D), and the experimental group was placed in
the photoperiodism chamber with increased Light
intensities, e.g. 0.054 to 0.072, 0.126 to 0.151, 0.216 to
0.252, 0.29 to 0.36 g cal cm-2 h-' under constant day
length (12 L : 12 D). Since positive responses of ovarian
growth were obtained only in the intensity range of
0.29 to 0.36 g cal cm-2 h-' all experiments were
performed in this range.
Crabs were sacrificed at intervals of 5 d. As marked
changes in ovarian maturation were observed even on
the 6th day in Ocypoda macrocera, the experiment was
terminated on Day 6. 0. macrocera is sensitive to
laboratory rearing and it was difficult to maintain it for
longer periods. In contrast, 0 . platytarsis is rather
hardy and could be maintained in the laboratory for
long periods. Also, since, no change was observed on
Day 6, the period of observation was extended to 16 d.
For control crabs, only Day 6 values are Listed in the
tables; the values obtained on Day 11 and 16 did not
show any variation. For statistical analysis mean difference 't' test (Bailey 1959) was used for comparison of
biochemical constituents of controls and expenmen-
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tals. Relative rate of biochemical fluctuation was calculated according to:
Relative rate of biochemical fluctuation =
Difference between mean biochemical
value of control and experimental crabs
X 100
Biochemical value of control crab

Days 6 (-31.11 %) and 11 (-31.11 O/O), although a rise
occurred on Day 16 ( + l 0 0 %).
Ocypoda macrocera. Ovarian TFS increased
(+25 %) on Day 6, as did hepatopancreas TFS content
(+25 %); a corresponding decline occurred in muscle
(-80 %) and haemolymph (-24.75 '10).

RESULTS

Protein-bound sugar (PBS)

Influence of light intensity on biochemical
constituents

Ocypoda platytarsis. Ovarian PBS declined on Day 6
(-55 %) but maintained the same level as in controls
on Days 11 and 16. PBS in hepatopancreas and muscles
on Day 16 was the same as in controls. Haemolymph
PBS decreased up to Day 11 (-72.54 %) but increased
on Day 16 (+28.69 %).
Oc-ypoda macrocera. On Day 6, ovary PBS level
(-73.33 %) and that in hepatopancreas (-70 %)
showed a significant decline, in contrast to a slight rise
in muscle ( + 5 %) and haemolymph (+15.12 %).

Light intensities of 0.29 to 0.36 g cal cm-2 h-' accelerated ovarian maturation in Ocypoda macrocera
within the 6 d experimental periods but not in 0.
platytarsis. Biochemicai alterations during expeiinefi,
tation were compared with controls of both species.
Details of biochemical changes are given in Table 3,
and relative rates of fluctuation for 0 . platytarsis and
0. macrocera in Tables 4 & 5 respectively.

Protein

Ocypoda platytarsis. Ovarian protein increased
(+31.11 %) with a corresponding decline in hepatopancreatic protein (-18.31%) on Day 6. Haemolymph
protein (+108.60 %) as well as muscle protein
(+36.92 %) showed marked increases during this
period. On Day 11 all organs revealed a rise. However,
on Day 16 ovary protein (-32.22 %) and hepatopancreas (-18.31 %) declined considerably, in contrast to
a continued rise in muscle (+24.62 %) and haemolymph (+54.82 %).
Ocypoda macrocera. On Day 6 there was an acceleration of ovarian development under 0.29 to 0.36 g cal
cm-' h-' light intensity. The increase in ovary protein
(+33.33 %) was directly correlated to the drastic
decrease of hepatopancreatic protein (-44.58 %). On
the other hand, the haemolymph showed a marked
increase (+1?5.54 %) of protein whereas muscle
showed only a small rise (+13.73 %).

Total free sugar (TFS)

Ocypoda platytarsis. Ovarian TFS started increasing
on Day 11 (+20 %) and continued so up to Day 16
(+80 %). There was a significant rise (+266.67 %) in
the TFS level of the hepatopancreas up to Day 16
whereas the haemolymph TFS showed only a slight
rise. In contrast, muscle TFS declined to a low level on

Glycogen

Ocypoda platytarsis. Glycogen in the ovary showed
a rise throughout the experiment. It declined in
hepatopancreas and muscle up to Day 11, whereas in
the haemolymph it declined throughout the experiment, suggesting translocation to the ovary. Increase in
ovary glycogen may be due to accumulation in connective tissue which is enormous in the ovary of 0.platytarsis (Nadarajalingam 1983).
Ocypoda macrocera. Glycogen in the ovary increased on the Day 6 (+287.50 %). A similar increase
occurred in haemolymph (+ 111.11 %) and hepatopancreas (+50 %). However, in muscle, the glycogen level
declined (-70 %).

Ocypoda platytarsis. Although no oogenetic activity
was evident during the experiment, the ovary accumulated more lipid on Days 6 (+g50 %), 11 (+l350 % )
and 16 (+l525 % ) . A significant increase in lipid was
noticed in the hepatopancreas throughout the experiment, but the haemolymph showed a steep decrease on
Day 6 (-13.93 %) and 16 (-42.86 %).
Ocypoda macrocera. Lipid accumulated in the ovary
on Day 6 (+38.03 %). A simultaneous lipid reduction
was observed in hepatopancreas (-43.96 %), muscle
(-13.33 %) and haemolymph (-3.78 % ) suggesting
lipid transfer to the ovary.
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Ribonucleic acid (RNA)

Brain of Ocypoda pla tytarsis

Ocypoda platytarsis. RNA content initially increased
in the ovary on Day 6 (+75 O/O), but then declined
Day 16 (-12.50 %). Such a RNA reduction coincided
with oocyte resorption during this period. RNA content
of haemolymph, hepatopancreas and muscles increased during the experiment except on Day 11 (hepatopancreas, - 14.29 %).
Ocypoda macrocera. A significant rise of RNA was
observed in ovary (+6.25 %) and hepatopancreas
(+50 % ) on Day 6 with a fall in muscle (-16.67 % ) and
haemolymph (-28.20 %) on the same day.

There are 5 types of cells, distinguished by size,
shape and tinctorial properties.
A type cell. Cells measuring 1900 pm2 are located on
the periphery of antero-dorsal part of the brain. The
nucleus is very large with an eccentric nucleolus. The
cytoplasm is enormous, but the cell boundary is not
distinct; cells are positive to CHP staining.
A' type cell. These are larger than the A type cell,
measuring 2320 pm2. They are unipolar with the axon
end pointing towards the inner region of the brain. The
broader end of the cell has a distinct nucleus and the
cytoplasm is vacuolated.
B type cell. These are smaller axonless cells of size
1100 pm2. They are very active and highly secretory
during vitellogenesis. The nuclei are prominent with 2
nucleoli. The cytoplasm is coarse in appearance with a
definite cell membrane. They are distributed in the
proximal portion of the brain.
C type cell. The cytoplasm is meagre. The spherical
nucleus has a dot-like nucleolus. The cell boundary is
not distinct. The size of the cell is 192.5 pm2.
D type cell. These are smaller (72.58 pm2).The cytoplasm is very scanty. A dot-like nucleolus is visible
inside the nucleus. They are mostly phloxinophihc
cells.

De-oxynbonucleic acid (DNA)

Ocypoda platytarsis. Steep reduction in ovary DNA
was noticed on Days 6 (-66.67 % ) and 11 (-33.33 % ) .
DNA increased in haemolymph, hepatopancreas and
muscle on Days 11 and 16.
Ocypoda macrocera. A significant rise of DNA in the
ovary occurred on Day 6 (+300 %) whereas the DNA
level in haemolymph, hepatopancreas and muscle decreased.

Survey of neuroendocrine centres
Eyestalk of Ocypoda pla tytarsis
As in other decapod crustaceans, 3 major optic lobes
in the eyestalk are the basal medulla terrninahs,
medulla interna, and medulla externa. A small budlike projection seen on the dorsolateral surface of the
optic lobe is the sinus gland. There are 3 to 4 groups of
neurosecretory cells (NSCs) in the medulla terrninalis
region constituting the medulla terrninahs X-organ
(MTX1 to MTX,). This agrees with the neurosecretory
system of the eyestalk in Carcinus maenas (Smith &
Naylor 1972). Near the sinus gland associated with
medulla terrninalis, clusters of or type cells are seen.
The or and P type NSCs are associated with many
sinuses near the medulla terrninalis regon. The or type
cells showed more secretory activity than the P type
cells. The other small type NSC hstributed in the Xorgan possessed scanty cytoplasm.

Eyestalk of Ocypoda macrocera
The eyestalk of 0 . macrocera is similar to that of 0.
platytarsis except for the smaller lobes and meagre
longitudinal striated muscles in the corned porbon.

Brain of Ocypoda macrocera
In 0. macrocera, 5 types of NSC are seen. They are
A, A', B, C and D, and cell sizes are 1964 w2,2464
pm2, 1135 pm2, 201.15 pm2 and 78.5 pm2, respectively.
The A and A' type cells are bigger than those of 0.
platytarsis. The A type cells are very active when crabs
are in second vitellogenesis. In ocypodid crabs, B type
cells are hlghly secretory during ovarian maturation.

Thoracic ganglion of 0.
platytarsis
Four types of NSC are present in the thoracic gangLion.
A type cell. These are giant cells measuring
5028.8 pm2. The cytoplasm is coarse and contains small
vacuoles. Cell boundary is hstinct and the CHP positive nucleus contains a large nucleolus.
B type cell. These are smaller (2828.7 pm2) than the
A cell and found in clusters. They lack a definite cell
boundary and the cytoplasm has small vacuoles. During the secretory cycle, the large nucleus loses its
shape, but regains it after the release of neurosecretory
materials.
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Table

3.

Ocypoda platytarsis and Ocypoda macrocera. Quantitative analysis of biochemical constituents in uvary,
hepatopancreas, muscle (mg mg-')and haernolymph (mg ml-l)

Organ
Control
Day 6
Protein
Ovary

Hepatopancreas

Muscle

Haemolymph

Total free sugar (TFS)

X (n)
Ovary

SD
t

Muscle

Haemolymph

Protein-bound sugar (PBS)

X (n)
Ovary

SD
t

X (n)
Hepatopancreas

SD

t
Muscle

Haernolymph

Glycogen

0. platytarsis
Experimental
Day 6
Day 11

Day 16

0. macrocera
Control
Experimental
Day 6
Day 6
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Table 3 (continued)
Organ
Control
Day 6

0.platytarsis
Experimental
Day 6
Day 11

Day 16

Glycogen (continued)

X (n)
SD

l
1

Haernolymph

Lipid
Ovary

t

XSD
(n)
t

0.0020 (4)
0.0001
-

0.265 (3)
0.008
-

0.0007 (4)
0.0003
13.0000'

0.0002 (5)
0.0001
63.0000

0.003 (4)
0.001
5.000'

0.154 (4)
0.024
8.625'

0.049 (4)
0.011
30.190'

0.093 (3)
0.008
27.031'

X (4
SD
t

X (n)
Hepatopancreas

SD
t

X (4
Muscle

Haemolymph

SD
t
in)
SD
t

Ribonucleic acid (RNA)
X (n)
Ovary
SD
t

X (n)
Hepatopancreas

SD
t
p

Muscle

X (n1
SD
t

Haernolymph

X (4
SD

Deoxyribonucleic acid (DNA)

X (n)
Ovary

Hepatopancreas

SD
t
(n)
SD
t

X (n)
Muscle

Haernolymph

SD
t

X (n)
SD
t

-

X: mean; n: number of samples analysed; SD: standard deviation;

'

significant at p<0.05

0. macrocera
Control
Experimental
Day 6
Day 6
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Table 4. Ocypoda platytarsis. Relative rate of biochemical fluctuation in ovary, hepatopancreas, muscle and haemolymph as a
response to increased light intensity. Values expressed in % mg mg-'wet ovary, hepatopancreas and muscle; or % mg ml-' wet
haemolymph
Biochemical
constituents
Protein
TFS
PBS
Glycogen
Lipid
RNA
DNA

Day 6

Ovary
Day 1 1

t31.11
+32.22
-40.00
+20.00
-55.00
+100.00 +200.00
+950.00 +1350.00
+75.00
-66.67
-33.33

+: % increase; -:

Day 16
-32.22
+80.00

+200.00
1525.00
-12.50

+

-

Hepatopancreas
Day 6
Day 11 Day 16
-18.31
+8.45
+66.67 +116.67
-76.67
-40.00
-50.00
+75.00
t65.44
+400.00
-14.29
-25.00
-

Day 6

-18.31
+266.67

+ 100.00
e67.65
t57.14
+25.00

Muscle
Day l 1

Day l 6

+36.92
-31.11

+70.77 +24.62
-31.11 +100.00
+50.00
-65.00
-90.00
+50.00
+25 00 +62.50 -87.50
t20.00
+60.00
+233.33 +233.33

Haernolymph
Day 6
Day 1 1 Day l 6
+108.60
-8.23
-65.76
-41.89
-13.93
+63.10
+24.48

t26.37
+3.94
-72.54
-81.51
+0.96
t25.07
+9.34

+54.82
+0.69
t28.69
-64.91
-42.86
+43.38
+39.19

% decrease

Table 5. Ocypoda macrocera. Relative rate of biochemical fluctuation in ovary, hepatopancreas, muscle and haemolymph in
response to increased light intensity. Values expressed in % mg mg-' wet ovary, hepatopancreas and muscle; or '10 mg ml-' wet
haemolymph
Biochemical
constituents
Protein
TFS
PBS
Glycogen
Lipid
RNA
DNA

+: % increase; -:

Ovary

Hepatopancreas

Muscle

Haemolymph

+33.33
1-25.00
-73.33
1-287.50
+38.03
+06.25
+300.00

-44.58
+25.00
-70.00
+50.00
-43.96
+50.00
-58.33

+ 13.73
-80.00
+5.00
-70.00
- 13.33
- 16.77
-95.00

+175.54
-24.75
+15.12
+111.11
-03.78
-28.20
-99.46

% decrease

C type cell. These are small (616.03 @m2)and have
very little cytoplasm. They are spherical in shape.
Nuclear materials are prominent.
D t f l e cell. These are very small and few in number.
The nucleus is small and has a dot-like nucleolus. The
size of the cell is 112.03 @m2.

Thoracic ganglion of Ocypoda macrocera
Four types of NSC are present; they are smaller than
those of 0. platytarsis. They are A, B, C and D with
sizes of 4898 km2, 2639 km2, 598 km2 and 102 km2,
respectively. Among them A and B types show pronounced activity during ovarian maturation.

Effect of elevated light intensity on neuroendocrine
function and ovarian maturation
In Ocypoda platytarsis, the ovary did not show any
maturation on Days 6, 11 and up to 16 in crabs
subjected to the increased light intensity of 0.29 to
0.36g cal cm-2 h-', whereas 0 . macrocera showed
quicker ovarian maturation within 6 d.

Histological observations on crabs exposed to
increased light intensity
Ovary
In Ocypoda macrocera the ovary was fully occupied
by yolk-laden vitellogenic oocytes which were encird e d by small flattened follicle cells; however, in 0 .
platytarsis, the ovary lacked maturing oocyte. Interestingly, the connective tissue as well as fohcle cells
were present in larger quantity and the few oocytes
that were present in the ovary showed arrested growth.

Eyestalk

Ocypoda platytarsis. X-organ NSCs present in the
medulla terminalis were found in a single group and
the y cell types were hollow in appearance. The or and
$ type cells were also highly secretory after the
administration of elevated light intensity of 0.29 to 0.36
g cal cm-' h-'. The sinus gland did not show any
marked change.
Ocypoda macrocera. The cells in the X-organ were
highly secretory. The a and p types in the optic lobes
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showed more secretory activity as evidenced by the
presence of basophiha in the perikaryon.

Brain

Ocypoda platytarsis. The NSCs in the brain were
considerably reduced in size and gave only a blurred
appearance on Day 16 of the experiment.
Ocypoda macrocera. The brain NSCs were highly
secretory in nature. More nucleolar materials were also
noticed in the perikaryon of the nucleus.

Thoracic ganglion

Ocypoda platytarsis. The thoracic ganglion appeared to be collapsed and considerably reduced in
size.
Ocypoda macrocera. The NSCs of thoracic ganglion
occurred in clusters and were more secretory, compared to brain NSCs. Many batches of cells, deeply
staining with haematoxylin, were also CHP-positive. It
thus seems that in 0 . macrocera the NSCs of brain and
thoracic ganglion are highly secretory, and they seem
to stimulate quicker ovarian maturation during experimental period.
DISCUSSION

P i e ~ i o i isiuciies
~
deahng with the influence of light
on reproductive activities of crustaceans have used
histomorphological changes in the ovary as main
criteria (Pans & Jenner 1952, Stephens 1952, Aiken
1969a, b, Perryman 1969, h c e & Armitage 1974,
Mocquard et al. 1976, Pradedle-Rouquette 1976a, b,
Plllay & Ono 1978, McQueen & Steel 1980, Nelson et
al. 1983, Quackenbush & Hermkind 1983, Aiken &
Waddy 1985). This study includes endocrinological
and biochemical aspects.
Elevated DNA and RNA synthesis coupled with
increased protein contents in the ovary of Ocypoda
macrocera exposed to increased light intensities suggests oogonial proliferation, and early protein yolk
synthesis in the oocyte. Protein biosynthesis in early
vitellogenesis in crustacean oocytes has been indicated by several workers (see Ahyodi & Subramoniam
1983). Besides protein and RNA increases, carbohydrate as well as lipid substances also showed elevated
levels under increased light intensities in 0 . macrocera .
In Ocypoda platytarsis exposed to increased light
intensities biochemical changes are restricted mainly
to increases in carbohydrate components, such as glycogen and TFS, as well as in lipids which are metaboli-
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cally inert deutoplasmic substances. Nevertheless,
RNA showed a slight increase on Day 6. Protein level
also increased on Days 6 and 11, but showed a drastic
reduction on Day 16. Histological examination of the
ovary of 0 . platytarsis revealed augmented connective
tissue formation, probably accounting for the increase
in organic substances, especially the carbohydrate and
lipids. On the other hand, DNA content consistently
decreased during the experiment, suggesting the absence of oogonial proliferation; this is supported by
histological findings. All these changes suggest that
the ovary under increased light intensities responds at
the nuclear level (DNA and RNA) in order to augment
oogonial proliferation and early protein biosynthetic
activity in 0. macrocera. Conversely, the ovary of 0.
platytarsis remains unaltered to light changes with
reference to oocyte development and maturation.
Translocation of yolk precursors from storage organs
to vitellogenic ovary has been evidenced in several
decapod crustaceans (Varadarajan & Subramoniam
1982, Nadarajalingam 1983, Ezhilarasi & Subramoniam 1984). The present investigation further suggests that under elevated light intensities, storage
organs such as hepatopancreas, muscles and
haemolymph exhibit sharp increases in their organic
components in both crabs studied. However, such
changes can be correlated to ovarian activity only in
Ocypoda macrocera. Possibly, the elevated light conditions have a stimulatory effect on organic synthesis in
the storage oraans, irrespective of whcther they
support ovarian maturation or not.
In Pachygrapsus marmoratus, normal vitellogenesis
commences during short-day and low-temperature
conditions, and becomes intense when photoperiod
and temperature attain maximum values (PradeilleRouquette 1976a, b). Also in other crabs, such as ScyUa
serrata (Nagabhushanam & Farooqui 1982) and
Hemigrapus nudus (Knudsen 1964) increased length of
photoperiod accelerates reproduction.
In Crustacea, eyestalk neurosecretory cells (NSCs),
constituting the X-organ sinus gland complex, mediate
photoperiodic effects to other systems (Fingermann &
Oguro 1962, Konok 1962, Vitez 1973, Van Herp et al.
1977). In Palaemon serratus, Van Herp et al. (1977)
found high secretory activity in the medulla externa
and medulla terminalis ganglionaris X-organ (MTGX,
and MTGX*) of eyestalks when the shrimp had been
subjected to constant darkness or illumination with
artificial daylight at an intensity of 0.29 g cal cm-' h-'.
In Orconectes d s , longer photoperiods inhibit both
synthesis and release of molt inhibiting hormones
(MIH) from eyestalks whereas shorter photoperiods
and constant darkness stimulates them (Aiken 1969a).
In the 2 crabs studied by us, cytological examination
of the neurosecretory system of individuals exposed to
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high light intensities revealed marked differences between the 2 species, In the eyestalk, and P cells of
both crabs showed hyperactivity under increased Light
intensity. Staining intensity was higher in NSCs, compared with that of normal crabs. The physiological
effects of hyperactivity of eyestalk NSCs are not
known; presumably, they are responsible for the genera1 increase in organic components of ovary and other
tissues.
Analysis of NSCs of brain and thoracic ganglia
of
- both crabs, however, leads to a different picture. Ocypoda macrocera featured hyperactivity of its cells
platyin increased stainabfity, whereas
tarsis NSCs in brain and thoracic ganglia decreased,
a .~.~ a r e n t arrestina
lv
svnthetic activities. It seems loai.,
cal to infer that the neurosecretory hormones of brain
and thoracic ganglia 'Ounteract
the effectsOf eyestalk
hormones thus b n n q n g about dcceierahon in thc xitellogenic activities. Conversely, the inhibitory effect
of high light intensity of the NSCS of brain and thoracic
ganglion in Ocypoda platytarsis causes stagnation of
oogenetic activities.
It has been postulated that the eyestalk hormones
are antagonistic to brain and thoracic ganglia hormone
in decapod crustaceans (Adiyodi & Adiyodi 1970, Subramoniam 1981). Gomez (1965) and Gomez & Nayar
(1965) induced ovarian maturation in the juvenile and
sexually inactive field crab Paratelphusa hydrodromous by implanting brain and thoracic ganglia respectively. Hinsch & Bennet (1979) also found a similar
effect using thoracic ganglia implants from mature
crabs into the eyestalkless immature spider crab
Libinia emarginata. Interestingly, eyestalk ablation
alone did not induce precocious ovarian maturation in
L. emarginata, suggesting an important role of ovary
stimulating hormones from brain and thoracic ganglia.
The differential effect of light intensity on the ovarian functions of the 2 crabs studied may be traced
back to their breeding behaviour under natural conditions. Ocypoda platytarsis had a near-continuous
reproductive cycle without any peaks in the breeding
macrocera, though a continuous
intensity, whereas 0,
breeder, shows distinct breeding peaks during summer
(May, Jun, Jul) when the temperature is high and the
photoperiod long (Nadarajalingam 1983). It is, therefore, tempting to suggest from our results that 0. macrocera responds positively to increasing light intensity,
as it does under natural conditions; whereas such
increase exerts no marked effect on 0, platytarsis
which is also insensitive to such conditions in nature.
d
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