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Experimental studies on the hatching rhythm and larval release
Palaemonid and Atyid prawns
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Abstract. The hatching behaviour and larval release of Macrobrachium lanchesteri (de
Man) (Palaemonidae) and Caridina weberi (de Man) (Atyidae) are described in relation to
natural (LD nat) and altered laboratory (LL, DD and DL) illumination cycles. A clear
nocturnal hatching rhythm is observed in female Macrobrachium lanchesteri, which releases
the larvae in batches on successive nights till all the eggs held in the brood are hatched.
Maximum number of larvae are released between 24 and 3 h. In Caridina weberi such a
precise rhythm is loosely operative.
Keywords. Light/darkness cycles; hatching rhythm; freshwater prawns.

1. Introduction
Daily fluctuations in the intensity and duration of light are known to induce
adaptive changes in the hatching behaviour of decapod crustaceans (Ennis 1973,
1975; Katre et al 1980). However, once these entraining influences are removed and
under constant laboratory conditions, a circadian rhythm is known to persist (Brown
1961). Such persistent rhythms suggest the influence of endogenous oscillators in
synchronizing the behaviour with environmental cycles. Persistent endogenous
hatching mechanisms have so far been reported for Homarus gammarus (Ennis 1973)
and Macrobrachium lamarrei (Katre et al 1980). In both these cases, the nocturnal
hatching mechanism is known to be only slightly altered by illumination. Presently,
the larval hatching behaviour of the Palaemonid, M acrobrachium lanchesteri and the
Atyid, Caridina weberi, prawns have been described in relation to altered light-Clark
cycles. These two species of prawns are known to coexist in local freshwater habitats,
though occupying different ecological niches (Anantha Raman et al 1986). Hence, a
comparative analysis of the larval hatching in the two species has been attempted.

2.

Materials and methods

Ovigerous females of M. lanchesteri and C. weberi were collected from local
freshwater habitats and acclimated to laboratory conditions. From the stocks,
prawns with an average length of 40·8 ± 3·5 mm for M. lanchesteri and 23·3 ± 1·7 mm
for C. weberi were selected for studying the hatching behaviour. Two sets of
experiments were conducted. In the first set, the overall hatching behaviour of the
prawns was studied in relation to LD (nat) cycles. In the second set, effects of altered
laboratory light-dark cycles on this hatching behaviour was studied.
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Normal hatching behaviour of prawns

Two series of experiments were conducted. Prawns were maintained in groups of 12
(M. lanchesteri) and 24 (c. weberi) per aquarium, both in the laboratory and in the
field. The different densities at which the two species of prawns were reared is related
to their size difference, the former species being nearly twice as large as the latter. For
each series, 12 replicates were maintained and the water in the aquaria was continuously aerated. The prawns were fed ad libitum on Tubifex worms. While the
prawns maintained in the field aquaria experienced natural LD cycles, those maintained in the laboratory aquaria were exposed to artificial light-dark cycles of 12 h
(between 6 and 18 h) Land 12 D. Light from a tungsten filament lamp, bounced from
a reflecting dome, on to the water surface, provided the average illumination of 25 Ft.C.,
during the light phase of the cycle. The average temperature of water in the field/
laboratory maintained aquaria was 26° and 24 aC respectively. A variation in water
temperature of 2aC is a natural phenomenon in tropical freshwaters and hence the
temperature variations were not considered as important.
2.2 Hatching behaviour in relation to altered light-dark cycles
Females with brood of eggs nearly ready to hatch, were selected from either species
and maintained in groups (4 and 8/15 I freshwater for M. lanchesteri and C. weberi
respectively). These were exposed to different light-dark cycles: LD nat (12 L: 12 D),
DL (reversal of LD), LL (constant light) and DD (constant darkness). The light-dark
phases were provided by using an auto-reset synchronous timer (Model: GIC-EM
1000) in an experimental chamber (size: 180 x 60 x 65 em) specially designed for the
purpose. During the dark phase, a low wattage red light source was used to locate
the larvae. The number of larvae released by each group of prawns were visually
recorded once every 3 h during the successive 24 h cycles. At each time interval, the
larvae released were collected through specially designed pipettes and the number of
larvae released were expressed as number/female/h. The observations were continued
till the females hatched all the eggs held in the brood and underwent the postparturial moult.
3.

3.1

Results and discussion

Normal hatching rhythm of prawns

Table 1 presents the data on brood size and larval release in the two species of
prawns. The brood size of M. lanchesteri is significantly less than that of C. weberi.
The Atyid prawns (c. weberi and C. nilotica) are known to be more fecund than
Palaemonid prawns (M. lamarrei: see Ponnuchamy et al1979; Rao et al 1981). From
table I it is also interesting to note that, despite the larger size and lower
fecundity, M. lanchesteri extended the duration of larval release to 3 days, while in
C. weberi, it was limited to only two days. Further, irrespective of the experimental
conditions, M. lanchesteri released the bulk of its larvae on day 1 and the percentage
egg hatching decreased significantly on days 2 and 3. As compared to this, C. weberi
exhibited no definite pattern of larval release in relation to the day.
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Table 1. Brood size and number of batches of larvae released by M. lanchesteri and
C. weberi.

Species

Brood size Number of larvae released during day
range
(N o. of eggs)
2
3

Experimental
series

Length range
of prawns
(mm)

A

36-42

39-68

26-51
(71'15)

4-33
(18'59)

2-19
(10'26)

B

40-46

36-102

19-79
(70'38)

1-30
(23-91)

2-12
(5'71)

A

21-26

313-625

33-409
(30'95)

43-543
(61'05)

B

21-24

303:"-395

106-395
(62-49)

82-271
(37'51)

M. lanchesteri

C. weheri

Observations were made on individually maintained prawns are 6 h on successive mornings. The numbers
in parentheses indicate the average percentage larval release in relation to the brood size.
A. Laboratory maintained prawns; B, field maintained prawns.

The larval hatching behaviour of the two species of prawns maintained in groups
in the laboratory/field are presented in figure 1. In either experimental conditions
(figures 1 A 1 and A z) M. lanchesteri released more larvae during the dark phase than
during the light phase, thus exhibiting a well timed noctural rhythm in its hatching
behaviour. However, C. weberi did not exhibit this pattern and released almost same
percentage of larvae both during the light and dark phases of the LD (nat).
The pattern of egg hatching and larval release of individually maintained M. lanchesteri and C. weberi (figures I B 1 and B z) was similar to those maintained in groups
further implicating that the observed behaviour has no bearing on the density of
prawns maintained in the experimental series.
3.2

Larval hatching in different illumination cycles

The larval release behaviour of females of M. lanchesteri in relation to LD (nat), LL,
DL and DD cycles and maintained in groups are presented in figure 2. In LD (nat;
figure 2A), nocturnal hatching appears to be characteristic of all ovigerous females of
M. lanchesteri. Perhaps onset of darkness acts as a 'zeitgeber' in synchronizing the
nocturnal rhythm of hatching. A comparable nocturnal pattern has also been indicated for M. lamarrei (Katre et at i 980) and H omarus gammarus (Ennis 1973). Peak
larval release by M. lanchesteri occurred between 24 and 6 h. When maintained in
DL cycles, from about 6 h prior to the first larval release, M. lanchesteri initially
released some larvae during the day phase still corresponding to the light phase of
the LD (nat; figure 2A). Subsequently, the prawns completely synchronized the
pattern to coincide with the dark phase (corresponding to the night phase of the LD
(nat) indicating a complete reversal in the DL cycle). However, prawns maintained in
the LL cycles (figure 2C), irrespective of the presence of light, continued to release
larvae during a phase corresponding to the dark phase of the LD cycle indicating
that an endogenous component may probably be responsible for regulating the
rhythm. Interestingly, when the prawns were maintained in DD cycles (figure 2D),
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Figure I. Hatching behaviour of AI. lanchesteri (3) and C. weber! (0) maintained in
groups, in the field (AI) and laboratory (A2) conditions. Figures B, and B2 represent the
hatching behaviour of the two species of prawns maintained individually in the field and
laboratory conditions respectively.

the pattern was slightly arhythmic and release of larvae occurred throughout the
period. However, maximum per cent of larvae were released during a period corresponding to the dark phase of the LD (nat). Thus, in M. lanchesteri, onset of darkness
appears to synchronize the hatching rhythm but an endogenous component may be
involved in controlling the process of synchronization. This is again comparable to
the findings in M. lamarrei. Several physiological processes of insects, fishes, reptiles,
birds and mammals are known to be endogenously regulated (Kirkpatrick and
Leopold 19';2; Kirkpatrick 1959; Beck 1963; Halberg 1969; Winfree 1970). Probably
an interaction of both exogenous and endogenous factors may control the nocturnal
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Figure 2. Hatching behaviour of M. lanchesteri (in groups) under natural and altered
illumination cycles.

hatching behaviour and the 'gating phenomena' in the larval release behaviour of
M. lanchesteri (see also De Coursey 1961; Pittendrigh 1961; Bunning 1967; Brown et
al 1970).
Observations on the hatching behaviour and larval release by C. weberi maintained in groups and exposed to LD (nat) indicated that though larval release mostly
occurred during the night phase, a significant percentage of larvae were also released,
on and off, during the day phase (figure 3). This suggests that the nocturnal rhythmic
larval release in C. weberi is not as rigid as in M. lanchesteri. When exposed to DL,
LL or DD cycles (figure 3B-D), release of larvae by C. weberi occurred both during
the light as well as dark phases of the cycles, further confirming a loosely operating
nocturnal rhythm of larval release in this species. A loosely controlled hatching
rhythm has also been observed in Homarus americanus (Ennis 1975).
The overall hatching behaviour of M. lanchesteri and C. weberi, in relation to
different light-dark cycles confirms that the behaviour of larval release in M. lanehesteri was unaltered by the constant light phase (LL) and that dark phase (DL and
DD) played an important role in synchronizing the pattern of hatching. This
confirms that the nocturnal hatching rhythm is triggered partly by the exogenous
factor 'darkness' through the mediation of an endogenous component(s) (probably
neurohormonal). Comparatively, C. weberi shows only a less specific nocturnal
hatching rhythm, perhaps suggesting that the endogenous component may not be as
precise in controlling the process as in M. lanchesteri.
It is interesting to know how embryonic development in M. lanchesteri is so
accurately synchronized to release larvae night after night. A precise control is
lacking in C. weberi which releases larvae throughout the night and also at different
times during the day. The significance of this difference in these two natantians, coexisting in freshwater habitats is interesting. Adults of M. lanchesteri, especially the
ovigerous females are basically bottom dwellers (Johnson 1966). Obviously, the
animals tend to synchronize the larval release to the dark phase when exposed to the
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Figure 3. Hatching behaviour of C. weberi
nation cycles.

(Ill

groups] under natural and altered illumi-

LD cycles. However, the Atyid C. weberi is generally found in marginal/surface zones
along with submerged vegetation (Anantha Raman et al 1986) and normally, light
may not have a significant bearing on the timing of physiological activities of the
species. Hence, even larval release is not strictly synchronized with any particular
(light or dark) phase of the LD cycles. In any case, for either species, release of larvae
during the night phase may have definite advantages of a better avoidance from
predators and a better survival rate (see also Bergin 1981). So, there is a natural
tendency in both the species to release more larvae during the night phase of the LD
cycles, but the niche characteristics render the noctural rhythm more precise in
M. lanchesteri than in C. weberi. In M. lanchesteri, mating and spawning is restricted
to a single night (Rao 1983) and it is interesting how the observed behaviour of
staggered larval release can account for the finely regulated embryonic development
in the species.

3.3 Egg fanning
Visual observations and counts were made on the rate of 'pleopod beating' (egg
fanning) in the two natantians in relation to the incubation stage of the eggs.
Ovigerous females of M. lanchesteri and C. weberi were found to raise themselves
slightly on their walking legs and with the abdomen fully extended horizontally, beat
the pleopods gently. This mode of 'pleopod beating' or 'egg fanning' is a specific
behaviour that appears to be an integral part of the normal incubation/hatching
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process of Macrobrachium spp. (Katre and Pandian 1972; Katre 1973; Katre et al
1980), Palaemon serratus (Phillips 1971) and Homarus gammarus (Ennis 1973) and is
important in irrigating the eggs. The pleopod beating was exhibited by the adult
female, only during the brooding period, beginning with spawning and brood pouch
formation and ending with the post-parturial moult (Katre et al 1(80). The rate of
pleopod· beating was found to vary with the developmental stages of eggs in the
brood pouch, increasing with advance in development (M. lanchesteri: figure 4;
C. weberi: figure 5). Further, in the two species the rate of pleopod beating by the
females carrying eggs in the final stages of the development was higher during the
dark phase than in light phase. A similar behaviour of pleopod beating in relation to
larval release has also been reported for M. lamarrei (Katre et al 1980). While this
suggests a probable role for the ovigerous females of these species of prawns in
synchronizing the rigid or loosely operating nocturnal hatching rhythm, egg fanning
alone may not be the controlling factor in the embryonic development.
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Figure 4. Rate of pleopod beating during the brooding period of an ovigerous M. Janellesteri in relation to the light-dark phase of the natural illumination cycle arid the stage of
developing eggs.
I stage (.): Eggs soon after spawning, contain oil globule and deep green in colour.
[I stage (0): Eggs indicating differentiation of blastoderm at one end.
III stage ( x): Pigmented eyes seen in the developing eggs.
IV stage (6): Clear pigmented eyes, egg translucent.
V stage (*): Occasional movements of the embryo in the egg.
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Figure 5. Rate of pleopod beating during the brooding period of ovigerous C. weberi, in
relation to the light-dark phase of the natural illumination cycle and the stage of developing
eggs.
I stage (e): Eggs soon after spawning, contain oil globule and vary from red to brown in
colour.
II stage (0): Eggs indicating differentiation of the blastoderm at one end, slightly
translucent.
III stage ( x): Eggs fully translucent, pigmented eyes well formed, occasional movements of
the embryo.
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