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Abstract: Laboratery starvation tests on newly-hatched tadpoles and newly-me-
tamorphosed individuals of the sympatric Anura Bombina eariegata, Bufo viridis,
Hyla arborea and Rana dalmating shawed that they could survive for several weeks
without any external food and several of them may even recover when they are
given food after a severe starvation.

The reststance to starvation of the newly-hatched tadpoles is related with the
size of eggs interspecifically and, up to a point, inlraspecifically.

The survival of the starved tadpoles and newly metamorphosed individuals
is depended on the time food ts given interspceifically; intraspecifically, it is
mainly depended on the ability to get food.

INTRODUCTION

Although food iz considered to be an important factor for the
duration of larval period {Kaltenbach, 1968; Goin and Goin, 1971) and
the morphology of tadpoles and newly metamorphosed frogs and toads
(Shimozawa, 1967), 1t has not been cleared up whether it plays a de-
cisive role to the survival of them. Lack of food may be important
to the regulation of the populations of other vertebrates (Lack, 1954;
Emlen, 1973) but for the tadpoles and frogs which live in ponds and
marshes, where food is abundant, there 1s only a small possibility that
this lack causes death to the tadpoles (Calef, 1973; Licht, 1974). E-
vidence which supports the argument that starvation is not a prin-
cipal factor of mortality is given by starvation experiments on tadpo-
les and newly metamorphosed Anurans in the laboratory (Shimoza-
wa, 1967; Cafel, 1973; Licht, 1974; Sofianidou, 1977).

The main purpose of the present study is a resistance test to com-
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plete lack of food on tadpoles and newly metamorphosed of some spe-
cies of Anura (Bombina variegata, Bufo viridis, Hyla arborea, Rana
dalmatina) and moreover, an attempt to learn something about in-
traspecific and interspecific effect of food on their survival. Experi-
menting on many species of tadpoles of widely varying phylogenies
may provide us with useful information on the survival of populations.

MATERIAL AND METHODS

The four species of tadpoles and newly metamorphosed frogs and
toads used in this study represent 4 genera, 4 families and 3 suborders.

The species Rana dalmatina, Hyla arborea, Bombina variegata and
Bufo viridis are sympatric in riverside ponds of Gallikos river. Du-
ring the breeding period (February - April) of 1976, eggs of the first
three species were collected from the above breeding ponds and were
carried to the laboratory for hatching. In one case, eggs of Bufo wiri-
dis were collected from the same region of Gallikos river and in the
rest cases from the pool near Meteorological Building in the Univer-
sity area, Thessaloniki. The eggs were always recent (undivided or
2-8 blastoreres): In every group of eggs their mean diameter was mea-
sured with a micrometric climax adjusted to a stereoscope; the total
number of eggs of each eggmass which gave the experimental egg
specimens were calculated with direct count.

After hatching, which took place in water brought from the bio-
topes and in temperatures similar to those of the environment (in
a cold room near open windows), 50 newly-hatched tadpoles of each
species* were placed in similar glass aquariumns with a proportion of
10 tadpoles per liter of water. We followed the experimental procedure
from data of the works by Licht (1974) and Sofianidou (1977). As
the beginning of each experiment was considered the stage of cove-
ring of the external gills (stage 25, Shumway, 1940) because the va-
rious species are hatched during different stages of their embryonic
development. The tadpoles were given no food at all, and the watler
was changed every three days, to avoid the development of microor-

* For Bombina variegate a smaller number of tadpoles was used. This spe-
cies lays ifs eggs in small groups or solitarily on aquatic plants {Ranungulus tri-
chophilus}, for that reason it is difficult to find a large number of eggs and be sure
that they come from the same individual. For the same reascn it is difficult to
count the total number of eggs of each eggmass.
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ganisms. The number of days the tadpoles lived was recorded daily.
When 50% of the tadpoles of each species died the remaining ones were
given food (boled lettuce) and the subsequent survival time and be-
havior were recorded.

Similar experiments were carried out on newly metamorphosed
frogs and toads of each species. Groups of each species of the newly
metamorphosed individuals in the laboratory were raised without food
from the beginning of metamorphosis. The frogs and toads were placed
in terrariums with a layer of moist sand on the bottom, in room tem-
perature. The number of days until death was recorded. When 50%
of each species in every group died, food was given to the remaining
ones (drosophilae and pieces of small earthworms). The behavior and
survival of the frogs and toads were recorded.

In order to assess the elfects ol resistance to starvation among
populations of the same species, at least two series of experiments
were carried out on different eggmasses of each species (except the
newly-metamorphosed of Bombina vartegata and Hyla arborea).

RESULTS

The results of starvation experiments on the various species of
tadpoles and newly metamorphosed Anura are summarised in Table
1 and 2 and a more detailed analyses of them is given below.

TABLE 7

Resistanee to starvation of the tadpoles of some species of Anura.

Without food After feeding
Initial Mean life  Initial Number Number
Species number in days number of of
of of the 50% of dead survived
tadpoles of tadpoles tadpoles tadpoles tadpoles
Bombina variegata 18 25.8(23-28) 9 3 or 33.3 % 6 or 66.6%
» » 15 26.3{25-27) 3 3 or 3759 5 or 62.5%
Bufo viridis 50 25.5{28-27 25 18 or 72 % or 28 %

) 7

50 22.7(18-27) 25 48 or 729% 7 or 28 %
50  21.8(20-26) 25 16 or 64 % 9 or 36 %
50  25.8(14-31) 25 15 or 60 9% 10 or 40 %
40 18.9(15-21) 20 6 or 30 % 14 or 70 %
20 48.4{17-20} 10 4oor 40 9% 6 or 60 Y
50 890.1{23-21) 25 12 or 489 13 or 52 9
50 23.3(14-26) 25 19 or 76 % 6 or 24 %
50 25.5(12-27) 25 16 or 64 % 9 or 36 %
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Bombina variegata. In the first experiment, 9 of the 18 starved
tadpoles died in 23 - 28 days (¥=25.8) from the day the external
gills were covered (beginning of the experiment). Three of the remai-
ning 9 individuals that were fed died in 2-5 days after food was given
while the remaining 6 survived and metamorphosed regularly.

In the second experiment, 7 of the 15 starved individuals died
in 25-27 days (x=26.3). Three of the remaining 8, to which food was
given, died in 1 -5 days after the beginning of feeding. The remaining
5 individuals survived and metamorhosed regularly.

Bufo viridis. Twenty five of the 50 starved tadpoles, in each of
the 3 experiments that were carried out, died in 25.5(23-27), 22.7{13-27)
and 21.8 (20-26) days in average in the first, second and third expe-
riments respectively. After food was given to the remaining 25 tadpo-
les of each experiment, 18, 18 and 16 individuals died respectwely
while the remaining oneg survived.

Hyla arborea. During the first experiment, 25 of the 50 starved
tadpoles died in 14-31 days (x=25.8) from the beginning of the expe
riment. Fifteen of the remaining 25 individuals, which were fed, died
in 1-5 days from the day of feeding. The rcmaining ones survived.

During the second experiment, 20 of the 40 starved tadpoles died
in 15-21 days (x = 18.9) from the beginning of the experiment.
of the remaining 20 individuals, to which food was given, died in 2-3
days from the beginning of feeding. The remaining 14 tadpoles survi-
ved and metamorphosed. Two of them, which were considerably la
ger during hatching, metamorphosed in 60 and 63 days, respectively,
since egg-laying (regu]ar metamorphosis time for normally deve
tadpoles of this species) ; six metamorphosed in 72-80 days and
last 4, which were considerably smaller than the others during thei
development, metamorphosed with a singificant delay in 105-110 day:

In the third experiment, 10 of the 20 starved tadpoles died n
17-20 days (x=18.1). Four of the remaining 10 individuals died
days while the rest survived and metamorphosed. The metamorphosi
of the last 2 tadpoles took place with a significant delay, such as
the previous experiment.

Rana dalmatina. Twenty five of the 50 starved tadpoles ir
of the three experiments died in 23-41 (x=30.1), 14-26 (x=23.3
12-27 (x=25.5) days respectively. After food was given to the rem
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ning 25 tadpoles of each experiment, 19, 12 and 16 individuals died
respectively, while the rest survived and metamorphosed regularly.

NEWLY - METAMORPHOSED INDIVIDUATLS

Starvation experimets on newly-metamorphosed frogs and toads
showed the following results for each species.
TABLE 2

Resistance to starvartion of the newly-metamorphosed individuals of some spe-
ctes of Arnura.

Without foed After feeding
Tnitial Mean life  Initial Number Nnmber
Species number in days number of of

of of 50 % of of dead survived

individ,  individ. individ.  individ. individ.
Bombina variegata 20 30.4{28-35) 10 4or 40 Y 6 or 60 9

Bufo viridis 50 26.7 (14-28) 22 22 or 1009 0

» » 50 26 (15-26) 25 23 or 92 % 2 0or 89
Hyla arborea 20 30 (22-38) 10 8 or 80 % 2 or 20 %
Rana dalmatina 50 12 (9-15) 2% 13 or 54 % 11 or 46 %
» » 50 17.3(13-21) 25 19 or 76 % 6 or 24 9%

Bombina variegata. Ten of the 20 starved individuals since me-
morphosis lived 28 to 35 days (x=30.4). Of the remaining 10 indivi-
duals that were given food later, 4 died in 5-10 days from the day of
feeding, in other words, they lived 40 to 45 days from the beginning
of the experiment. The remaining 6 individuals survived and develo-
ped regularly.

Bufo viridis. Twenty-eight of the 50 srarved individuals died in

14-28 days (x=26.7). Twenty-one of the remaining 22 individuals which
were given food later died in 1 - 4 days (x=2.24) from the beginning
of feeding or 28-32 days from the beginning of the experiment. The
enly remaining individual which was considerably larger since meta-
morphosis lived for 45 days altogether, but finally died. The twenty-
two individuals which were given food, were In very poor condition
and although most attempted to catch flies, they could not.

In the second experiment* 25 of the initial 50 individuals lived

* In this experiment the newly metamorphosed individuals came from tadpeles
of a population from nafure, which were carried to the laboratory when they were
in the stage that the fore limbs appeared (stage xx Taylor and Kollros, 1946).
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from 15 to 26 days (x=26) without any external food since metamor-
phosis. Ten of the remaining 25 individuals which were given food
later, died within the next two days and 13 died in 5-8 days after the
beginning of feeding. Two individuals finally survived and they were
raised in the laboratory for 5 months, but their development was very
slow.

Hyla arhorea. Ten of the 20 starved newly-metamorphosed in-
dividuals lived from 22 to 38 days {x=30) and 8 of the remaining 10
lived from 40 to 46 days. Two individuals survived and developed nor-
mally. Most of the 8 individuals which died after feeding, showed a
light edema before food was given, and they almast could not take
any food.

Rana dalmatina. Twenty-six of the 50 starved individuals died
in 9-15 days (x=12). Thirteen of the remaining 24 individuals which
were given food later died in 1 - 22 days {(x=12,8) from the beginning
of feeding, or in 15-37 days from the beginning of the experiment.
The rest 11 individuals survived and developed.

In the second experiment, 25 of the 50 individuals died in 15-21
days (x=17.3). Five of the remaining 25 individuals which were gi-
ven food, died the next day without taking any food, and 14 died
in 3-8 days from the day of feeding. The remaining 6 individuals sur-

vived and are still raised in the laboratory.

TABLE 3

Diameter of eggs in mm, number of eggs in cach egg-mass, and mean life in days
of the starved tadpoles.

Diameter Total number Mean life in day
Species of eggs of eggs in of the starved

in mm. each eggmass tadpoles

Bombina variegata 1.90 — 25.8
» » 2.00 — 26.3
Bufe viridis 1.35 13,956 . 25.5
» » 1.20 15,309 22.7

» » 1.47 17,956 24.8

Hyla arborea 1.11 55 18.9
» » 1.10 — 184

» » 1.28 85 25.8
Rana dalmatina 1.99 1,300 30.14
» » 1.49 545 23.3

) » — — 25.5
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TABLE 4

Lenght in mm of the newly metamorphosed, mean life in days of the siarved
newly-metamorphosed, and percentage survival after feeding.

Length in mm Mean life in days Survival %
Species of the newly- of the starved after
metamorphosed  newly metamorphosed feeding
Bombina variegata 13.7 30.4 60
Bufo viridis 12.8 26.7 ]

» » 12.7 26 8
Hyla arborea 15.3 30 20
Rapa dalmatina 15.2 11.9 46

» » 15 17.3 24

DISCUSSION

The results of the starvation tests on tadpoles (Table 1), showed
that the newly-hatched tadpoles of the Anura Bombina variegata, Bu-
fo viridis, Hyla arborea and Rama dalmatina could survive for seve-
ral weeks without external food. Several of them may even recover
soon, when they are given food after a severe starvation. Similar ex-
periments which were carried out on other species of Anura also
ghowed a high resistance to starvation. Thus, it has heen proved that
Pelobates syriacus resists to starvation for an average time of 29.4
and 32.5 days respectively, in two populations of 100 and 450 tadpo-
les (Sohamdou, 1977). Licht (1974) also reports a resistance to star-
vation for an average time of 25 and 24 days for the species Rana pre-
triosa and Bana qurova among populations of 20 tadpoles for each case.
Shimozawa (1976) reports that the tadpoles of Bufo wvulgaris tormo-
sus lived without foed from the stage of covering the external gills
41.7 days in average, but the estimation was on the whole population
and not on the 50% of il.

Since in nature it is impossible to oceur a complete lack of food,
the possibility that starvation acts as a mortalify factor of tadpoles
is very small. Brockelman (1969), in a study on growth and survival
of Bufo americanus tadpoles, considers that food shortage is very im-
portant, while from laboratory starvation tests by Licht (1974) and
Sofianidou (1977) as well as {from our experiments is shown that even
a small amount of food aids to the survival of tadpoles and newly me-
tamorphosed. Moreover, there are various mechanisms in nature which
work for the supply of food (Licht, 1967) and if food is not so plen-
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tiful, natural selection favours maximum efficiency in feeding (Em-
len, 1973).

The resistance of tadpoles to starvation seems to be characteristic
for each species as it is fluctuating in a variance related to the range
of variation of size of the different eggmasses. As it is shown in Table 3,
tadpoles which come from the larger eggs of the same species indi-
cate a higher resistance to starvation. This relation is obvious in the
case of Rana dalmatina and Hyla arborea where the eggs of two eg-
gmasses differ significantly in size.

The size of the eggs seems to be related with the resistance to
starvation nol only interspecifically but, up to a point, intraspeci-
fically. For example, the tadpoles of Hvla arborez which derive from
the smaller eggs show a lower resistance to starvation compared with
the tadpoles of Bufo wiridis, which have an average size of eggs, and
with those of Ramna dalmatina, with a larger size of eggs. However,
this relation between the various species is only indicative, because
declinations have been noticed, as In the case of Bombina variegata
where tadpoles which come from the same size of eggs with those of
Rana dalmaiina, show a lower resistance to starvation (Table 3). Tad-
poles of Pelobates syriacus whose eggs have a mean diameter of 1,60
mm have also showed a very high resistance for an average of 20.4
and 32.5 days in two populations (Sofianidou, 1977).

In some cases, the survival of the starved tadpoles after feeding
seems to be affected by the time food was given. Se, the significantly
higher percentage of the survived tadpoles of the species Hyla
arborea (Table 1} may be explained by the fact that food was given
earlier than to the other species, and the harmful effect of starvation
was possibly smaller. Another case of higher survival, due to the dif-
ferent time of feeding, was noticed between two populations of Pe-
lobates syriacus (Sofianidou, 1977). However, there are more factors
which affect the survival of the tadpoles after food is given. Thus,
the higher percentage of the survived tadpoles of Bombina variegata,
compared with that of Bufc wiridis which were fed at the same fime,
may be due to the increased ability of Bombina variegala to get food.
It is known that, for most species, selection favours maximum effi-
ciency in feeding (Emlen, 1973), and the species Bombina variegala
which lays relatively fewer cggs than other Anurans was possibly fa-
voured by it. The same explanation may be given in the case of Hyla
arborea. This species lays a small numher of extremely small eggs and
consequently has small newly-hatched individuals. These should show
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a higher capacity for feeding in order to survive and to grow quickly,
$0 thal they avoid the antagonisin with the larger tadpoles of the other
species among which they coexist at the same time.

The results of the starvation experiments on the newly metamor-
phosed individuals (Table 2) show that they generally present a hig-
her resistance to starvation in relation to that of their tadpoles (Table
1). An exception to that, are the newly-metamorphosed of the species
Rana dalmatina which showed a significantly low resistance to starva-
tion. Licht (1974) reports a higher resistance of the newly - metamor-
phosed, in relalion to that of the tadpoles, for the species Rana aurora
and Rana prefiosa (34 and 35 days for the newly-metamorphosed to
24 and 25 days for the tadpoles, respectively). Sofiamdou (1977) also
reports, about the species Pelobates syriacus, 38.5 and 40.4 days for
the mnewly-metamorphosed to 29.4 and 32.5 days for the tadpoles,
respeclively. The higber resistance to starvation of the newly-meta-
morphosed, compared to that of the tadpoles, may be due to the fact
that the opportunities for feeding are fewer in land than in water;
thus, selection favours the higher resistance for that critical stage of
life (Sofianidou, 1977).

The survival of the newly-metamorphosed individuals after fee-
ding 18 surely affected by the time of food supply, as it is shown in
the results for the species Rana dalmatina and Bufo wiridis (Table 2)-
The extremely high survival of the newly-metamorphosed of Bombina
variegata (Table 2) - although food was given for a long time (35
days) after metamorphosis - was due to their remarkable capacity for
feeding in relation to those of the same size and larger newly-meta-
morphosed individuals of other species. So, they are the only relati-
vely small newly-metamorpbosed individuals which can be fed imme-
diately after melamorphosis with small pieces of earthworms. Most of
the individuals were capable of getting food immediately after a severe
starvation and some even recovered in a few days. The species Hyla
arborea also had a high percentage of survival, although food was
given after a long time. These two species are referred to be the most
resisting to the crowding effects (Heusser, 1972). On the contrary,
the starved newly- metamorphosed individuals of Bufo wiridis could
not recover after food was given; they were generally very weak and
they were not able to get any food at all.

All the above aspects are problematic and in order to have ans-
wers more studies are needed.
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