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Abstract. Thermal relations of the Indian leech, Poecilobdella viridis have been investigated. Leeches maintained at laboratory conditions (25"5°-27"5°(2)were observed
to have 36"65°Cand 3"7°C as an upper and a lower lethal temperature respectivelyfor
24 hr. Their 24 hr median heat tolerating capacity was elevated by 4"87°Cafter warm
(32"0° =l=0"5°C)acclimationfor 15days. Ecophysiologicalsignificanceof these changes
to P. viridis in combating the ambient thermal fluxeshas been hinted briefly.
Keywords. Thermal relations; upper and lower heat tolerance limits; acclimation.

1. Introduction

Temperature is one of the important environmental parameters which has profound
influence on the life cycle of an arganism as it possesses lethal, directive and controlling effect (Fry 1967). Though the tropical fauna is not normally exposed to the rigour
of thermal tyranny like their temperate conterparts, they are not totally free from the
environmental temperature fluxes.
The leech, P. riridis, the denizen o f the moist, muddy habitat has to combat more
or less cyclic diurnal changes in the ambient temperatures. The temperature effects
on an animal are reflected in its physiological activities (Dean and Vernberg 1965).
Therefore, fundamental knowledge about temperature relations o f an animal is
essential before deciphering physiology o f its thermal tolerance.
Much work has been done on thermal tolerance of lower vertebrates (Tyler 1966;
Weatherley 1970; 1973) in comparison with invertebrates. It has been demonstrated
that like vertebrates an invertebrate member also becomes increasingly tolerant to
heat as it is adapted to higher temperature within the range o f its thermal tolerance
and that its acclimatization to lower temperature ensures the loss o f the heat tolerance
(Read 1967; Nagabhushanazn and Kulkarni 1970; Nagabhushanam and Lomte 1970;
Staszak and Mutchmor 1973a, b).
In comparison with molluscs and arthropods, thermal relations of annelids are
scantily studied. It is proved that the heat tolerance of an earthworm, Pheretima
hupeiensis increases 0"3° per I°C rise in conditioning temperature (Grant 1955).
Other data on the temperature relations of the earthworm are chiefly concerned with
the temperature preferendum, lethal temperatures and effects of ambient temperature
on different biological processes (Duweini and Ghabbour 1965a,b; Satchell 1967;
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Madge 1969). Hanumante (1975) has studied the influence of thermal acclimation,
both warm and cold, on lethal temperature of tropical oligochaete, Perionyx excavatus.
Available literature reveals that considerable attention has been centred around
thermobiology of oligochaetes than hirudineans and polychaetes. The availability
of leeches, P. viridis, and the lack of information about them in this regard has prompted us to decipher its thermal relations.

2. Materials and Methods
Adult and healthy leeches of species, P. viridis were collected from the muddy wet
soil surrounding the stagnant freshwater body in Shivaji Ground, Aurangabad.
They were brought to the laboratory and were maintained in the glass troughs containing mud brought from their natural habitat. The laboratory temperature was
fluctuated between 25"0° to 27"5°C.
To ascertain the upper lethal temperature, leeches were kept at different test
temperature i.e. from 34°C to 38°C and for the lower lethal temperature at 10°C to
3°C per cent mortality was noted at each test temperature in 24 hr.
For acclimation, groups of 10 to 50 leeches were selected randomly from the normal
laboratory populations and were shunted into smaller vessels positioned inside the
electrically controlled thermostat at 32"0°4-0"5°C for warm acclimation for 15 days.
Initially the leeches were brought to the desired acclimation temperature by adopting
'slow induction of thermal stress' pattern. Lethal temperature of experimental i.e.
acclimated and control i.e. non-acclimated leeches were ascertained by exposing them
to 36°, 37°, 38°, 40°, 40"5°, 41°, 41.5 °, 42°, and 42"5°C for 24 hr. After exposure to
the test temperatures for the desired period, the leeches were declared dead if there
was no visual response to the mild mechanical stimulation or if there was severe
bleeding.

3. Results
3.1. Heat tolerance of normal leeches
It is evident from figure 1 that the percentage of mortality of P. viridis was less at
temperatures ranging from 34°C to 36°C. But as the temperature was elevated
above 36°C the per cent of mortality also increased. The 24 hr median heat tolerance
of the leeches was found to be 36"65°C.
3.2. Cold tolerance of normal leeches
The mortalities of normal leeches at different temperatures are displayed in figure 2.
Normal leeches maintained at 25"5°C to 27"5°C for a week, were able to endure 6°C
temperature indefinitely and at 4°C to 5°C, they become sluggish but none of them
could tolerate the cold of 3°C for 24 hr. The 24 hr median cold tolerance as surfaced
from figure 2 is 3"7°C.
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F|~s'e 1. Per cent mortality of P. viridisconditioned at temperature range of 25.5° to

27.5°C and tested at different higher temperatures.
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Figure 2. Per cent mortality ofP. vtrtdis conditioned at temperature range of 25.5 ° to
27.5°C and tested at different lower temperatures.

3.3. Heat tolerance of warm acclimated leeches for 15 days
The 24 hr median heat tolerance limit of a group of leeches acclimated at 32"0°+0"5°C
was augmented by about 4"87°C after 15 days of acclimation i.e. f r o m 36"65 ° to 41" 52°C.
But further increase in the test temperature caused 100% mortality as shown in
figure 3.
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Figure 3. Effect of acclimation to warm (32.0 ° -4- 0.5°C) for 15 days on the upper

lethal temperature of t". viridis.
4. D i s e n s s i o n

Animal life is found over a wide thermal range in nature, but animals differ greatly in
their responses to temperature. Physiological adaptation to environmental stress is
one of recurring themes in the biological literature (Bullock 1955; Prosser 1955).
The wealth of literature on thermal relations of poikilotherms, has signalised that
lethal temperature of a species is not an absolute entity but is enchored to the immediate
thermal history of each particular organism. Consequently, figures for median
heat tolerance and cold tolerance are not significant unless acclimation temperature
is also cited. Moreover, acclimation influences not only the upper and lower incipient
lethal temperatures but also the duration of exposure to a lethal temperature that an
animal can withstand (McWhinnie 1967; Hanumante 1975). This is confirmed
through the data obtained in the present investigation on the leech, P. viridis. Since,
there is an acute shortage of data based on uniform, or similar conditioning thermal
regimes for acclimation, the efforts to unveil the salient feature of comparative
physiology of temperature tolerance of different terrestrial invertebrates in general
and leech species in particular are not rewarding. Another hitch in this direction is
the inconsistent criteria employed in assessing the results of heat and cold
tolerance.
The current data lead to the conclusion that the leech, P. viridis shows a simple
,pattern of acclimation effects in relation to lethal temperature. The slug, Laevicaulis
alte conditioned at 25°C to 30°C possessed the 24 hr median heat tolerance of 35"4°C.
Edney (1964) has recorded the upper lethal temperature of 38"5°C for Porcellio laevis
and 39"5°C for Armadillidium vulgare maintained at 20°C after exposing them to test
temperatures for 30 minutes. The 24 hr median heat tolerance of the freshwater
mussel, Parreysia corrugata taken from the temperature range of 25° to 28°C was
36"2°C (Nagabhushanam and Lomte 1970) and of freshwater snail, Melania scabra
was 36-5°C (Muley 1974). The earthworm, p. excavatus displayed 24 hr median heat
tolerance capacity of 39"5°C (Hanumante 1975). In comparison with its tropical oli-
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gochaete the leech, P. viridis has less heat tolerance capacity as it can tolerate only
36"65°C for 24 hr.
The cold tolerance of the earthworm, P. excavatus is 16°C (Hanumante 1975),
whereas freshwater snail, Lymanaea has ll°C to 9°C (Azmatunnia 1974). In terrestrial isopods, P. laevis and A. vulgare it had been shown that they were having low
lethal values of about --0.6°C and 1.6°C respectively after exposing them only for
30 rain (Edney 1964). But the leech, P. viridis can tolerate 4°C cold and leads its
activity successfully.
A comparison of figures 1 and 2 reveals that P. viridis, a tropical poikilotherm, is
more susceptible to heat rather than to cold, since its 24 hr median heat tolerance is
only about 11° to 9°C ahead of its normal thermal regimes, but its 24 hr median cold
tolerance capacity is about 21° to 24°C below the conditioning temperature.
When the animal is exposed to environmental conditions differing from those it has
been living, physiological adjustment of acclimatization may ensue (Vernberg and
Vemberg 1970). Acclimatization is a continuing process and is important because
it tends to fit an animal to differing conditions (Staszak and Mutchmor 1973a).
Since the poikilotherms are not gifted with the ability to regulate body temperature,
they have to accomplish homeostatic regulation of their metabolism and activity
against the thermolability in their ' milieu interieur' (Parvatheswararao 1972). An
increment in acclimation temperature within the heat tolerance limit of species, can
elevate the median heat tolerance whereas acclimation to low temperature entails a
loss in the heat tolerating ability. This is the general conclusion of majority of investigators (Nagabhushanam and Lomte 1970; Muley 1974; Hanumante 1975). The
present investigation reveals that the leech, P. viridis is no exception to the above cited
theme as its 24 hr median heat tolerance was elevated by 4°C after 15 days of acclimation at 32"0°q-0"5°C from normal value of 36"65°C. Acclimation effects of the
similar order, as the present, has been recorded for earthworm, P. excavatus (Hanumante 1975). Though there exists aquantitative variation in the extent and rate of
acclimation, qualitatively there is a coherent, fundamental unity of design of temperature acclimation among the different animal groups (Nagabhushanam and Kulkarni
1970). Alteration in the lleat tolerance limit in response to the acclimation indicated
that in leeches there can be a substantial anticipatory adjustment in their lethal temperature as has been hinted for other poikilotherms (Fry and Hochachka 1970). The
capacity of adjustment is of great ecophysiological significance as it will assist leeches
for protecting its homeostasis while combating the imposed thermal fluctuations
during summer and winter.
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