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ABSTRACT

In freshwater bivalve molluscs Lamellidens corrianus there are seasonal changes in the reproductive behavior. 
Present investigation deals with the alteration in gametogenic activity due to removal of Cerebral Ganglia (CG) 
and injection of Cerebral Ganglionic extract during monsoon season. These molluscs are bottom dweller and 
filter feeder, in which CG plays a key role in gametogenic activity. Based on earlier report and present study in 
the region, it is concluded that gametogenesis occur in complete monsoon which include pre and post monsoon. 
In monsoon season effect of CG removal (ablation) and its extract injection was observed which revealed that, 
removal of CG accelerated the growth of gametes and injection of their extract gradually increases the growth. In 
this season lipid globules from the follicle of lumen in experimental group considerably diminished in quantity 
showing enhanced maturation of gamets as compared to the control. It is likely that the cerebral ganglia in 
Lamellidens corrianus may produce inhibitory principle since removal of cerebral ganglia even in immature 
gonads showed rapid development of gametes leading to lysis before they are released.
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INTRODUCTION

In mollusca, interactions with the environment are handled 
by the nervous system (including the sense organs) and the 
muscular system (the muscles that making the foot and 
those that attach the animal to its shell). Both systems, of 
course, have been of different forms in different group of 
animals. Basically there are two extreme types of neural 
organization (with many intermediate forms). The chord 
system, in which the neural tree taper sand branches in 
smooth lines; and the ganglia system, which is 
characterized by knots of nerve cells called ganglia, bound 
together by nervous tissue consisting of slender 

elongations of the cells. The nervous and endocrine 
systems coordinate the activities of the various organs and 
the tissues in the body that the animals function as 
individuals. Majority of the neurons with granular activity, 
are known to be necessary for the transmission of transient 
impulses, with their highly localized production of 
chemicals such as neurohumors / neurohormones, which 
are rapidly destroyed. Neurons have similar properties 
throughout the animal kingdom, although their 
morphology and arrangement may vary.

Evidence for the occurrence of a wide variety of 
neurotransmitters in different tissues of lamellibranchs 
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including the nerve ganglia has been discussed from 
the functional point of view (Leak and Walker, 1980). 
Under the light microscope, neurons are characterized 
by the presence of abundant secretary materials in their 
perikarya. This material is seen also in the axons which 
oftenly end blindly adjacent to muscular spaces rather 
than innervating their target structures directly. These 
blindly ending terminals serve a storage release 
function and in the more advanced groups of animals 
such as crustaceans such compact structures are 
termed as neurohemal organ by Knowles and Carlisle 
(1956). The neurosecretory cells (NSCs) with their 
combination of neuronal and glandular capabilities are 
perfectly suited to translate a neuronal input into the 
hormonal output best suited to long-term process. In 
this capacity, the NSCs may produce hormones, which 
act directly upon the peripheral target or it may exert its 
effect indirectly by influencing the activity of other, 
non-neural, endocrine organs. In this later case, the 
NSCs organ may act via the production of blood- born 
hormone. Knowles and Bern (1966) stated that the 
significance of NSCs as connecting link between 
nervous and endocrine systems and neurosecretory 
neurons “participate either directly or indirectly in 
endocrine control and form all or part of endocrine 
organ”. Hormones are consequently well suited to 
exert their effects over extended period of time, and the 
endocrine system controlling-term process within the 
body such as the coordinated growth of organs or the 
maintains of appropriate metabolite concentration in 
the blood and tissues.

From a functional point of view, Lubet (1955, 1956) 

was the first to suggest that a relationship might exist 

between the neurosecretory cells in the cerebropleural 

and visceral ganglia and reproduction in two marine 

mussels, Mytilus edulis and Chamys varia. During the 

period of gamete maturation, he found that cerebral 

neurosecretory material accumulates within the 

perikaryon and is discharged just prior to the extrusion 

of gametes. This pattern of cell synthesis and release is 

repeated before each subsequent gamete evacuation. 

Surgical removal of the cerebral ganglia has little 

effect on maturation of the gonocytes, but accelerates 

their discharge. Lubet thus concluded that the 

cerebroplural ganglia in some way inhibited spawning 

until a few days before the beginning of the 

reproductive period, at which time this inhibition was 

removed coincident with the discharge of 

neurosecretory substances, the transport of this 

material maybe via axons directly to a target site, thus 

insuring stimulation of the correct structure at the 

appropriate time. The mussel then becomes sensitive 

to the correct environmental stimuli with completion 

of the spawning process. Very little work on 

involvement of neurosecretion in reproduction and 

energy metabolism is reported in case of freshwater 

species (Kulkarni, 1987). To extend the knowledge in 

this field, the present work has been undertaken on the 

freshwater species using the bivalve, Lamellidens 

corrianus (Lamark).

MATERIALS AND METHODS
The freshwater bivalve molluscs, Lamellidens 

corrianus (Lea) were collected from Jayakwadi 

backwaters (Nathsagar) at Paithan, 45 km. away from 

Aurangabad. After brought to the laboratory, the shells 

of the bivalves were brushed and washed with fresh 

reservoir water so as to remove the fouling algal 

biomass and mud. The animals of 80-85 mm shell 

length were selected for experiment and they were 

acclimatized for 24 h. at laboratory condition in fresh 

aerated reservoir water (with renewal of water at the 

interval of 12-13 h.) and stocking capacity was given 

during this period and no food was given to the 

bivalves during laboratory acclimatization and 

subsequent experimentation. After 24 h., reservoir 

water was once again renewed and aeration was given. 

Each aquarium contained 15 liter well aerated 

reservoir water, and experiment was run for 12 days. 

The water from each aquarium was changed at an 

approximate interval of 12-13 h. throughout 

experimental period. After a lapse of 1hour animals 

extended their organs (foot, mantle, siphons) to 

maximum and soon surgical operations were done.  A 

rubber cork kept between two shells and with lamp 

light focuses on cerebral ganglia and with the help of 

needle bilateral cerebral ganglia were removed. For 

injection of ganglionic extracts, cerebral ganglionic 

extract was prepared in ice cold distilled water, 10 

ganglia in 1ml cold distilled water were centrifuged 

and the supernatant (0.2 ml/animal i.e. equivalent to 2 

ganglia/animal) was injected into the foot (muscular 

region) of normal control bivalves. In sham operated 

control animals were injected by 0.2ml cold distilled 

water. The result for control and sham operated groups 

were similar and hence a comparison was made 
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between extract injected to normal control group of 

animals only.

5 animals from each group during monsoon seasons 
were also fixed in Bouins Hollande on 7th, and 12th 
day for histological study of gonad. The animals were 
soaked carefully with the help of filter paper and flesh 
of the animals was fixed in Bouins Hollande fixative 
for 24 hrs. The fixative was renewed for next 24 hr. to 
facilities better fixation of the tissues. During 
experimental period gonad tissue were then removed 
and processed for preparation of paraffin blocks. 
Dehydration of gonadal tissue and ganglia was done 
through serial grades of ethyl alcohol and tertiary 
but/anol respectively while xylene was replaced by 
toluene during the process of dehydration. The tissues 
were embedded in paraffin wax at 58˚C-60˚C and the 
sections of gonad were cut at 6.0 to 7.0 µm thickness 
using Spence-rotary-microtome. The gonads were 
stained with Mallary's Triple as well Gomories 
Chrome Alum stain, (as shown by Illanes and Lubet, 
1980). All the sections were observed under the 
research binocular microscope and wherever 
necessary, measurements were made before 
microphotography.

RESULTS
The details of the histological structure of Lamellidens 
corrianus about male and female gonads are given in 
the fig. 1 and 2. Measurements of the developing 
oocytes from female gonads in of different groups on 
7th and 12th day during monsoon seasons are given in 
Table 1. During monsoon seasons, on 7th day the 
previtellogenic oocyte shows the diameter of 
48.728±4.462 µm, in control group, which is 
somewhat smaller as compare to CG ablated group 
(85.437±7.74 µm) and CG extract injected group 
(80.905±7.45 µm). As compare to the vitellogenic 
oocyte on 7th day in monsoon season, it shows a 
diameter of 195.116 ±9.48 µm in CG ablated group, 
which is larger than oocyte diameter of 7th control 
(154.982±12.249 µm) and 12th day CG extract 
injected group (137.21±11.24 µm). On 12th day of 
experiment the as far as the size of previtellogenic 
oocyte are concern CG extract injected group has the 
larger diameter 91.688±21.219 as compare to CG 
ablated group (79.897±11.293) and Control group 
(52.818±16.273). About the vitellogenic oocyte the 
diameter again larger in CG ablated group i.e. 
194.829±14.288 and it is somewhat smaller in CG 
extract injected group (187.281±17.109) and Control 
group (173.829±12.814). 

Table 1: Measurements of the developing oocytes from control, ablation of cerebral ganglia and injection of 
ganglionic extracts in Lamellidens corrianus during monsoon season (All the values are um).

Experimental
Period

th7  day

th12  day

Previtellogenic 
oocite range

Vitellogenic 
oocite range

Control 48.728±4.462 154.962±12.249

Ablation of cerebral 85.437±7.74 195.116±9.48
ganglia

Injection of cerebral 80.905±7.45 137.21±11.24
ganglionic extracts

control 52.818±16.273 173.829±12.814

Ablation of cerebral 79.897±11.293 194.829±14.288
ganglia

Injection of cerebral 91.688±21.219 187.281±17.109
ganglionic extracts
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Histological changes in male gonad on 7  and 12  day due to ablation of cerebral ganglia and injection of their 
extracts in Lamellidens corrianus during monsoon season  

F =Follicle FW = Follicular wall LG =Lipid globule

SG = Spermatogonia SM =Sperm morulae ST=Spermatid

SP=Sperms CT = Connective tissue

th th
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thHistological changes in female gonad on 7  and 12  day due to ablation of cerebral ganglia and injection of 
their extracts in Lamellidens corrianus during monsoon season  

F =Follicle FW = Follicular wall LG =Lipid globule

N = Nucleus PV =Previtellogenic oocytes V=Vitellogenic oocytes

CT = Connective tissue

th
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Bivalve reproduction has been extensively studied. 
Much of the literature is concerned with gonad 
development and breeding periods. From marine 
species this aspect has been nicely reviewed by Sastry 
(1979 and Andrewes (1979), and for freshwater species 
better description is given by Purchon (1977) and 
Mackie (1984). Reproduction in both the marine and 
freshwater species is cyclical, and it may be annual, 
semi-annual or continuous. In reproductive cycle the 
gonad development, spawning and fertilization are the 
three major phases. These phases function 
continuously in coordination with seasonal 
environmental changes and produce the pattern 
characteristics of a species. Sastry (1970a) stated that 
the reproductive cycle of a species is a genetically 
controlled response to the environment and the pattern 
is apparently determined through the co-ordination of 
successive reproductive events with changes in the 
external environment. The author further stated that in 
species occurring in several climatic zones, the 
reproductive cycle may vary in relation to local 
environment as a phenotypic response of a single 
genotype or it could be directly genetic, or both. Studies 
carried out by several workers indicate that a 
reproductive response is produced through an 
interaction of environmental factors-especially 
temperature, salinity, light and food and endogenous 
factors within an organism. After attaining a certain 
physiological state, an organism exposed to the 
required environmental prerequisites begins gonad 
growth and gametogenesis. The life cycle of an animal 
is usually so timed by some environmental variable or 
variables that the young are produced at a period 
favorable for their survival (Giese, 1959). It is likely 
that neuroendocrine activity plays a significant role in 
coordinating the physiological processes, the 
reproductive events within the organism to produce a 
reproductive response relative to changes in the 
external environment (Lubet, 1959, 1965; Sastry, 
1970a, 1975). The gonads of Indian freshwater 
bivalves may be active throughout the year or the 
activity is restricted to a certain period. Lomte and 
Nagabhushanam (1969) reported that the freshwater 
bivalve Parreysia corrugate showed restricted activity 
to certain period of the annual cycle. Nagabhushanam 
and Lohagaonkar (1978) found that Lamellidens 
corrianus breeds throughout the year but with definite 
peaks, as reported for Lamellidens marginalis by 
Ghosh and Chose (1972). Patil and Bal (1967) studied 
seasonal gonadal change in unisexual freshwater 

mussel, Parreysia favidens from Mula river, Kirkee at 
Pune. The authors recorded the commencement of 
spawning from March, which continued up to October 
indicating a prolonged breeding period. The authors 
correlated the filling of lipid globules in the follicles 
with development and maturation of gametes. There 
may be one or two spawning seasons in freshwater 
bivalves. Nagabhushanam and Lohagaonkar (1978) 
reported that in Lamellidens corrianus intense 
spawning occurs during September to December, i.e. 
the period of post-monsoon to early winter. In the 
present study spawning occurs during post monsoon 
and during winter, spawning occurs at a reduced rate in 
other months as well. In the present study, Lamellidens 
corrianus from Jayakwadi backwaters also revealed 
gametogenesis occurs in both male and female follicles 
during pre-monsoon and maturation of gametes found 
during post-monsoon. However, based on the literature 
and on the histological sections of the gonad of 
Lamellidens corrianus, the period of gametogenes is 
starts with rise in temperature and pre-monsoon but at a 
slow rate since the food availability are low and the 
energy demand for maintenances of physiological 
activities rise. The activity of gametogenesis resumed 
vigorous in monsoon at the time the food availability 
increases. Thus, in Lamellidens corrianus 
environmental factors synchronies the gonadal 
development at an early stage in its progress of maturity 
so that spawning can be coordinated to achieve 
synchronous release of gametes.

Demonstration of the role of neurosecretion in the 
reproduction of bivlaves has been difficult with 
standard surgical procedures. There are different 
interpretations regarding the role of NSCs from 
cerebral ganglia in giving spawning reaction. 
Antheunisse (1963), who worked with freshwater 
animal Dreissina polymorpha, suggested that 
premature spawning might be a function of the 
intensity of the operative shock when removing the 
ganglia. The author concluded that, in spite of a 
parallelism between the neurosecretion and 
reproductive cycle in this species; a direct causative 
relationship did not operate. Umiji (1969) found that 
ablation has no effect on follicle development or on the 
intra follicular connective tissue. Removal of cerebral 
ganglia in March, just before spawning of Katelysia 
opima, results in release of gametes; females are much 
more responsive than males and immediately release 
gametes (Nagabhushanam and Mane, 1973). 
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Similarly, ablation of cerebral ganglia in oyster, 
Crassostrea gryphoides in July at the time of mature 
gonads also releases gametes (Mane and 
Nagabhushanam, 1976).  In Perna viridis a large 
number of mussels operated in the late June and early 
July at the time of mature gonads release gametes after 
cerebralectomy, in contrast to those operated during 
previous and next period (Mane, 1986). The author 
further stated that comparing the spawning reaction in 
cerebralectomized and visceralectomized mussels, 
visceralectomized mussels do not show accelerated 
spawning as cerebralectomized ones. Although 
cerebral ganglia appear to secrete neurosecretory 
substances during gametogenesis, it is impossible to 
decide whether the mechanism is nervous or hormonal 
in nature. If the activities of neurohormones are 
important, removal of an internal inhibition, such as 
the neurosecretory product of the cerebral ganglia, 
may allow the animal to become receptive to exter nal 
stimuli, which then induce the release of gametes. 
Clark and Olive (1973) gave an excellent account on 
endocrine control of maturation and reproduction in 
the polychaetes. They stated that decerebration is 
known to have a profound effect on the developing 
coelomic oocytes but different responses have been 
found in different species. In most nereids prostomial 
ablation causes the accelerated growth of coelomic 
oocytes but in Perinereis cultrifera they tended to 
degenerate after this operation. The products of this 
accelerated growth also vary between species. 
Possible role of a brain hormone in the oogenesis of 
Poecilobdella viridis has been given nicely by 
Kulkarni and Nagabhushanam (1980). The effects of 
brain removal on the oogenesis stages were found to be 
profound during the non reproductive period; the 
authors found that the brain removal causes adverse 
effect upon ovarian development when the leeches are 
operated in November. Their experiments indicated 
that the brain neurosecretory profile is the site of 
formation of gonadotropic hormones which is 
necessary for activation and initiation of oogenesis. 
The details regarding the role of cerebral ganglia in 
maturation of gametes in bivalves are also available 
with organ culture techniques. Mathieu and Lubet 
(1980) stated that in Mytilus edulis the achievement of 
gametogenesis in adult mussel, during the annual 
reproductive cycle dependents upon the action of 
different neuroendocrine factors: a mitotic factor 
allowing the multiplication of oogonia and 

spermatogonia, a meiotic factor triggering the first 
meiotic division in males, a previtellogenic factor 
leading oocytes to villogenesis and a vitellogenic 
factor acting on vitellogenesis. The authors concluded 
that the factors are neither sexualized nor specific; they 
are released by cerebropleural ganglia and less by 
visceral ganglia. In accordance with the earlier 
findings of Lubet with organ culture technique it was 
further reported by Lubet and Mathieu (1982) that the 
achievement of gametogenesis in adult Mytilus edulis, 
Crassostrea gigas and Ostrea edulis during the annual 
reproductive cycle depends upon the action of the 
neuroendocrine factors: a mitotic factor triggering the 
gonial mitosis, a meiotic factor acting on the first 
division of meiosis in males, a previtellogenic factor 
leading oocytes to vitellogenesis and a vitellogenic 
factor causing vitellogenesis. In case of annelids also it 
has been noted by Clark and Olive (1973) that an 
isolated parapodium of a male Nereis diversicolor 
cultured in liquid medium showed an accelerated 
spermatogenesis when a source of cerebral ganglia 
hormone is introduced into the cultured medium. The 
measurement made under present study on the normal 
enhanced growth of vitellogenic oocytes due to 
decerebration requires special mention. In monsoon, 
the lipid globules were more in control group and 
quantity diminished due to ablation of cerebral 
ganglia. In monsoon the ablation of cerebral ganglia 
produced normal mature gametes. Exactly similar 
effect was noticed on the male follicles. The cerebral 
ganglia of freshwater bivalves, like Lamellidens 
corrianus might also produce inhibitory principle 
since, removal of cerebral ganglia even in immature 
gonads showed rapid development of gametes leading 
to lysis before being released. However, based on the 
reports on reproductive cycles in freshwater bivalves 
from Maharashtra  State and the histological details 
from the present study it can be said that the active 
gametogenesis takes place in monsoon and the 
gametes are shed from post-monsoon (September) 
onwards. After fertilization of gametes, the embryos 
are retained in the body for further development. In 
Lamellidens corrianus inner demibranch served this 
function and the glochidia larvae are released in bunch 
which have been called swarms. In the present study 
removal of cerebral ganglia produces significant 
changes in the development of sex products in different 
seasons. In this season i.e. monsoon, the removal of 
cerebral ganglia accelerated the growth of gametes and 
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injection of their extracts gradually increases the 
growth. In monsoon, the lipid globules from follicles 
lumen considerably diminished in quantity showing 
enhanced maturation of gametes as compared to the 
control. In addition, removal of cerebral ganglia 
showed reappearance of lipid globules, more in 
number than normal one, in the lumen of the follicle 
revealing nourishment of the gametes for the rapid 
development. The lipid globules in Lamellidens 
corrianus necessary for enhanced vitellogenesis may 
probably produce vitellogenine as in other 
invertebrates and this aspect requires further research 
work. In monsoon the removal of cerebral ganglia 
produced normal mature gametes, which are ready to 
release. This has been confirmed by the measurements 
of the developing oocytes till their ripening from 
normal animals and also from those of ablated and 
injection of ganglionic extracts to animals. It is likely 
that the cerebral ganglia in Lamellidens corrianus may 
produce inhibitory principle since removal of cerebral 
ganglia even in immature gonads showed rapid 
development of gametes leading to lysis before they 
are released (N.G. Shinde 2008). Comparing these two 
groups, it can be stated that even after removal of 
cerebral ganglia sufficient concentration of pre-
secreted hormone might be left to affect the gonads for 
enhancement of gametes growth. 

In general, the present study of ablation of cerebral 
ganglia and giving injection of their extracts to ablated 
animals revealed that the cerebral ganglia play an 
important role, mostly inhibitory one, in the regulation 
of gonad development and spawning. These aspects 
include the regulation by neurohormones/neurohumors 
of normal physiological functioning and homeostasis. 
It is tentatively suggested that the cerebral ganglia in 
bivalve molluscs, including Lamellidens corrianus, 
elaborate some principles including neurohormones, 
neurotransmitters and other unknown factors which 
trigger the metabolic demands of animal during 
different reproductive phases. Various aspects involved 
in such mechanisms require separate evaluation. 
Experiments on bivalve molluscs using exogenous 
sources of neurotransmitters and various sex steroids 
can also give details in endogenous control via central 
ganglia of reproductive physiology. In the present 
study removal of cerebral ganglia caused significant 
changes in the aspects of reproductive processes of 
Lamellidens corrianus, including the swarming 
behavior, in monsoon season.
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