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ABSTRACT: We have studied the ecology and biology of the highly endangered ancient amphibian
Bombina bombina (Linneus 1761) —not least in order to encourage scientists, lay people and politi-
cians to support this toad in its fight for survival. Hence our report does not strictly adhere to the for-
mat of a publication intended solely for scientists. We present here information on breeding, rearing
and raising; on the toad's ecological requirements; on problems of laboratory maintenance, and on

possibilities of rebuilding extinct wild populations.
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How it all began (Otto Kinne)

My first encounter with the fire-bellied toad Bom-
bina bombina dates back to 1949. Studying at the Uni-
versity of Kiel, Germany, I participated in a zoological
excursion headed by my academic teacher Professor
Adolf Remane, an internationally renowned scholar in
the fields of ecology, taxonomy, phylogeny and mor-
phology. He was well-known for his profound knowl-
edge of local animals and plants.

The excursion was fascinating. After demonstrating
to us students a variety of different life forms in their
natural habitat, Remane suddenly stopped, placed a
finger over his lips and whispered: ‘And now I am
going to show you something very fine (etwas ganz
Feines). Please be as quiet as possible and enjoy with
me rare and highly endangered toads — animals which
you will no longer be able to see when you are my age.’
He tip-toed towards a pond. After reaching it, we stood
around our teacher—and did not see any toad at all.
After several minutes of silent waiting, about 25 toads
surfaced one after the other. And yet another 5 minutes
later the males among them began a melodic concert
of oop-oop-oop-oops. We listened in awe.

Some 32 years later, in spring 1981, my wife Helga
and I moved away from Hamburg and bought a house
in Oldendort/Luhe with grounds bordering on the river
Luhe. To my great surprise, during one of my Luhe-
valley excursions I observed a fire-bellied toad floating
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on the water surface of a ditch. When I stepped closer
it quickly disappeared. I never saw it again.

It was in 1989 that I decided to assist Bombina
bombina in its difficult fight against extinction. I
planned to breed the toad, to rear and raise offspring
and to release juveniles into newly aquired and toad-
specifically modified sections of the Luhe valley (Kinne
et al. 2003b, Fig. 1). It took about 3 years to build pools,
ponds and ditches, over-wintering quarters and field
laboratories.

Where can you get Bombina bombina? They are not
for sale in shops. Any zoo shop that would dare to sell
fire-bellied toads risks being fined or closed. And you
cannot collect the toad in nature. In Germany, B.
bombina are protected by law. It took some efforts to
locate a man who was officially permitted by govern-
ment ruling to sell toads raised in his own terrarium or
pond to people who can demonstrate the ability to
keep them under adequate conditions. I bought from
him some adults and received a written purchase doc-
ument stamped by a government official. I still keep
that document in a lab drawer.

After the toads were accomodated in a large terrar-
ium with land and water sections, the males began to
call. Older than Professor Remane at the time he pre-
dicted the extinction of Bombina bombina, I was
deeply moved to hear their oop-oop-oop-oop concert
again, and I remained sitting in front of my terrarium
for hours.

DFirst published December 5, 2003, under INTER-
RESEARCH REPORTS as Rept 3
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INTRODUCTION

The red-bellied toad Bombina bombina (Linneus
1761) (German: Rotbauchunke, French: Sonneur a
ventre de feu) is one of the oldest living forms of life on
earth. Within the last decades, the explosive develop-
ment of our own species Homo sapiens has made the
toad also one of the most highly endangered forms of
life.

Not least in central and east Europe many amphib-
ians suffer increasingly from changes in their environ-
ment that are in essence consequences of human activ-
ities. Populations of toads, newts and frogs shrink or
disappear with increasing speed. It is high time to
sound a world-wide alarm. We must protect the
amphibians and rebuild sufficient numbers and sizes
of their habitat areas and thus enhance the amphib-
ians' chances for surviving human impacts.

For 10 years we have worked hard to produce the
knowledge required for establishing a self sustaining
field population of Bombina bombina. Studies on the
toad's ecology and biology provided information on the
environmental conditions needed for development,
reproduction and population survival. Appropriate
moist-meadow land was bought and prepared for serv-
ing as a living area for B. bombina: 'Inter-Research
Land’ or ‘IR land’ (Kinne et al. 2003, Fig.1). IR Land
comprises some 5.5 hectares of the valley of the river
Luhe (North Germany). In IR Land we built pools,
ponds and ditches and 2 small field laboratories (Fig. 1)
and we demonstrated what can be done in support of
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Fig. 1. Field laboratories. Floor plan

endangered life by initiatives that do not require much
money— but much enthusiasm and dedication.

In contrast, global support of endangered life
requires enormous efforts and —most importantly —a
new concept of ethics: Eco-Ethics* (Kinne 1988, 2002,
2003, EEIU Brochures, www.int-res.com).

MATERIAL

Taxonomically, Bombina bombina belongs to the
Amphibia—an animal class comprising the first verte-
brates that left the ocean and conquered the land.
Amphibians are the ancestors of reptiles, birds and
mammals (including our own species Homo sapiens).
They evolved from lobe-fin fishes (Crossopterygii) or
lungfishes (Dipnoi) more than 400 million years ago.
Like B. bombina most amphibians live both in water
and on land (‘amphi’ from Greek: ‘both'). The majority
of the ca. 4800 living amphibian species (frogs, toads,
salamanders, newts, caecilians) are found in the trop-
ics. Frogs and toads (Order Anura) form the largest
group of the Amphibia.

GENERAL ASPECTS

Red-bellied toads Bombina bombina have been
recorded in north and east Europe and in southwest
Asia. Published details on their distribution do not suf-
ficiently take into account the last few decades in
which numerous local populations have become
extinct. The toads live predominantly in (largely
predator-free) low-land meadow areas with plant
inhabited small pools, ponds or ditches. They prefer
clear, non-flowing, calm waters. In the northern val-
leys of the river Elbe (Germany) B. bombina spend the
warm season in permanent water bodies (Wilkens
1979; see also Engel 1985). In IR Land the toads also
occupy shallow ground depressions that contain non-
permanent water bodies. Overall, the toad's habitats
are characterised by unstable environmental condi-
tions.

We hypothesise that such unstable environmental
conditions are not really preferred by Bombina bom-
bina but represent refuges from heavy predation
(especially by insects, leeches, fishes): B. bombina can

*Eco-ethics emphasises the significance of healthy ecosys-

tems for life on earth. It is represented by the Eco-Ethics In-
ternational Union (EEIU) with its rapidly growing numbers
of Local Components (Chapters, Youth Groups, Task
Forces), Fellows and Members in all parts of the planet
(www.eeiu.org), and continually further developed in the
Union's publication organ Ethics in Science and Environ-
mental Politics (ESEP; www.esep.de).
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live and reproduce perfectly well in the stable, preda-
tor-free environments provided in our laboratories and
in a field cage. For us B. bombina is an example of a life
form which nature does not permit to exist under con-
ditions that, in terms of its physiological potential,
would be optimal. Its low capacity to cope with preda-
tion and competition forces the toad to retreat to less
comfortable conditions which it can tolerate due to its
high capacity of coping with unstable, rapidly chang-
ing environments. Such environments exclude most of
the toad's predators and several of its competitors.
Another example of such ‘retreat’ is the hydroid
Cordylophora caspia, which has an experimentally
demonstrated salinity optimum of about 15%. S (maxi-
mum growth and reproductive rates) but lives in very
low salinities in which its major predators cannot exist
(Kinne 1956, 1958). A third example is the brine shrimp
Artemia salina; it uses the same strategy: retreat to
extreme environmental conditions (very high salini-
ties) that are lethal to its predators. Accordingly, all
three, B. bombina, C. caspia and A. salina, exist in
environments they do not ‘like' but can tolerate and
thus escape their predators. For a comprehensive
treatment on predation and the responses to it by off-
shore animals consult Gliwicz (2003).

As other amphibians of the order Anura (frogs,
toads) Bombina bombina copulate with the male riding
on the female, firmly clasping her with his arms (copu-
latory embrace or amplexus lumbaris). As soon as the
female releases eggs, the male distributes sperm over
them and thus initiates fertilisation.

Statistics. Throughout our work we have avoided
statistical analyses that would require exposure of
eggs, tadpoles or toads to life-endangering stress or
that would involve killing them, e.g. experiments on
heat, cold or pollutant tolerance. While sacrificing ani-
mals for detailed statistics may have yielded more
exact data, we consider our statements to be sound
approximations. Our statements are based on situa-
tions that happened as something unintended, for
example, extreme over-heating due to sun exposure or
extreme low temperatures due to thermal control fail-
ures. We treated our animals with care and respect;
our ethical codes were not compromised.

Diseases. In our breeding, rearing and raising exper-
iments Bombina bombina remained astonishingly free
of diseases. In particular, there was no or negligible
mortality in adults. However, in tadpoles and juveniles
2 abnormal phenomena required attention: (1) In 1999
about 40 % of a tadpole group (35 individuals) devel-
oped, at total body lengths (snout tip to tail end) of ca.
2.5 cm, white spots on their tails. The round spots (up
to ca.1.2 mm in diameter) rapidly grew in number (up
to 45 per tadpole). They were most frequent along the
outer tail margins. The spots did not have significantly

negative effects (e.g. on growth). They disappeared
shortly before or during metamorphosis. We called this
phenomenon ‘White Spot Tail Disease’ (WSTD). Simi-
lar cases of WSTD were observed in 2001 and 2002. (2)
In 1998 one group of 72 juveniles exhibited what we
called ‘Big Belly Disease’ (BBD). The disease appeared
suddenly. Within a few days the bellies about doubled
in size. The sick juveniles had increasingly difficulties
in moving about. Finally they could no longer creep or
jump. About 85 % of the juveniles died within 12 days
after we first noticed BBD. We attempted to determine
cause and kind of WSTD and BBD but our technical
means turned out to be insufficient. Isolation and
exposure experiments revealed that both diseases are
contagious. We assume that WSTD is caused by a fun-
gus. One of us (O.K.) dissected a few juveniles suffer-
ing from BBD shortly after they had died and found
hundreds of rapidly moving flagellates in their stom-
ach area. Whether or not they had caused the disease
or whether their presence was a consequence of BBD
remains unknown.

While we have not found reports on diseases affect-
ing Bombina bombina in the literature, there exist
numerous papers referring to infectious diseaes in
related amphibians, especially due to viruses: Darling-
ton et al. (1966), Granoff et al. (1966), Clark et al. (1968,
1969), Willis et al. (1977), Granoff (1989), Speare
(1990), Fijan et al. (1991), Speare et al. (1991), Speare &
Smith (1992), Cunningham et al. (1993), Hengstberger
et al. (1993), Drury et al. (1995), Whittington & Speare
(1996), Ahne et al. (1997), Zupanovic et al. (1998a,b),
Pascolini et al. (2003).

Woodhams et al. (2003) studied chytridiomycosis,
caused by the chytrid fungus Batrachochytrium den-
drobatidis. This disease is assumed to have signifi-
cantly contributed to the alarming declines of amphib-
ian populations in Australia and Central America
(Berger et al. 1998, Bradley et al 2002). Woodhams et
al. were able to cure the disease by temperature eleva-
tion: Exposing frogs Litoria chloris to 37°C 'for less than
16 h can clear them of the pathogens and prevent the
development of chitridiomycosis' (p. 67).

Sera containing antibodies against ‘rana viruses'
have been detected in giant toads Bufo marinus in
Australia and Venezuela. Zupanovic et al. (1998a)
warn: 'If the native aquatic fauna (within and outside)
the current range of Bufo marinus is sero-negative to
“ranaviruses”, then the transmission of a pathogenic
virus(es) could signal a significant environmental
problem’ (p. 7). See also Zupanovic et al. 1998b).

Microsporidia occurred as hyperparasites of Balan-
tidium and a trematode (Delvinquier & Freeland 1988).
From Bufo marinus Paperna & Lainson (1995) de-
scribed a previously unrecorded microsporidian genus
and species (Alloglugea bufonis), paying attention to
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its routes of infection in tadpoles and post-metamor-
phosis toads.

Abnormalities. In 1999, 4 juveniles born in our facil-
ities had only 1 eye. We followed their development
over months and could not detect any handicaps in
terms of prey-catching success or growth rates. Finally,
at a body size of 2.7 cm, they were released into a pond
of IR Land. We have never seen them again.

In 2002 several juvenile toads had green areas
(spots, lines) on their backs. This abnormal colour pat-
tern persisted in 2003.

Both tadpoles and juveniles exhibited considerable
individual differences in growth rates and body sizes
at a given age. In larger groups (40 and more individu-
als) there were always a few ‘giants’ and ‘dwarfs’. The
latter have rather limited survival chances, especially
under field conditions. Apparently it is too late for them
to build up sufficient energy reserves for over-winter-
ing.

All 3 abnormalities seemed to have a genetic basis.

It is well known that amphibians are capable of
regenerating fully grown lost limbs. However, to our
knowledge it is not known whether a fully grown tail of
a tadpole can be regenerated, nor to what extent the
loss of a tail (which reportedly serves as a reservoir for
material and energy required during metamorphosis)
can affect the process of transforming a tadpole into a
young toad —a process during which no food can be
taken up. One of our tadpoles, ready to metamorphose,
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accidentally lost ca. 90% of its tail when we tried to
catch it. We transferred the injured tadpole to a sepa-
rate container and daily checked its condition. The
toad was not able to regenerate the tail. Comparing the
progress achieved in metamorphosis with that of toads
kept in a neighbouring aquarium we could not detect
any differences. Hence it must have been possible for
the toad to fuel its metamorphosis from other body
reserves.

Over-wintering. We have over-wintered toads (be-
ginning in October/November) in our laboratories
(Fig. 1). They were accommodated in breeding enclo-
sures (Fig. 2). These were placed on tables in our labs
together with smaller terraria and aquaria (Fig. 3). For
over-wintering we covered part of the land areas in the
enclosures with handfuls of moist moss, dead leaves
and/or cut-off dry grass and reduced the water height
to 4 cm. The room temperature was slowly lowered
and then maintained between 4 and 7°C. At these tem-
peratures the toads no longer move about; they sub-
stantially reduce their metabolism and hide practically
motionless underneath the cover.

For another method of over-wintering we used plas-
tic boxes (ca. 35 by 30 cm and 30 cm high; 4 or 5 toads
per box) with perforated lids. The boxes were tilted
about 4° and filled with ca. 300 ml of water. In the
higher parts of the boxes we added a ca. 15 cm thick
layer of loose moss. The boxes were then placed in a
refrigerator adjusted to 7°C. In one case the tempera-

Water areas

Fig. 2. Breeding enclosure.

Schematic view of essential
features
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Fig. 3. Arrangement of breeding enclosures in Laboratory 2

ture control failed for 1 or 2 days and, at —4°C, all toads
in the box died. We have also placed the plastic boxes
in a large walk-in freezer. In all cases—except for
the temperature-control failure—100% of our over-
wintered toads survived.

We believe that over-wintering in the breeding
enclosure provides the most suitable conditions for our
toads.

Wake-up. The wake-up procedures practised with
our laboratory toads in spring follow a standard proce-
dure: Over 2 weeks, we gradually raise the room tem-
perature to 8 or 9°C. Soon the first toads begin to move
about. After several days at 10°C, practically all toads
regain normal levels of locomotor activity*. They
search for food or a place to take a sun bath. The awak-

*In addition to individual variation, thermal limits depend on
previous thermal history (status of adaptation). For example,
toads coming out of winter rest have lower thermal limits for
initiation of movement than warm-adapted summer toads
have for terminating their locomotion activities

ening migration drive always leads several individuals
to forcefully attempt to escape from the enclosure. For
up to weeks, most over-wintered toads tend to aggre-
gate underneath a light source forming clusters, often
sitting on top of each other (Fig. 4): they absorb heat
and light.

BREEDING

The term 'breeding’ refers to the period from egg
fertilisation to larval hatching. The breeding process
includes copulation, egg deposition and fertilisation, as
well as embryonic development. It took us a while to
develop laboratory breeding enclosures that can ade-
quately accommodate the toads, are easy to construct
and practical to use. And it required some experiment-
ing to create quasi natural habitats and to control
predators introduced with food and plants.

Breeding enclosures. The most successful enclosure
type (selected after 2 years of experimenting) is illus-
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Fig. 4. Bombina bombina. 8 days after 'wake-up’. The toads aggregate

underneath a light source forming clusters

trated in Figs. 2 & 3. It consists of glued-together glass
plates (150 cm x 60 cm % 60 cm high). The cover fea-
tures a firmly attached back plate and 2 movable front
plates. Each of the front plates can be slid back (by
glued-on handles) in tracks, tightly fitting over the
back part. Pushing back both front plates makes the
whole interior of the enclosure easily accessible. For
air exchange the upper part of the back plate and the
upper parts of both side plates carry perforated metal
sheets measuring on both container sides 60 cm x 15
cm; on the back side: 150 cm x 15 cm (Fig. 2). The per-
forations in the sheets have a diameter of 2 mm.
Breeding habitats. We subdivided each breeding
enclosure into 2 small habitats, each with a land and
water area. The land area consisted of
plant-covered slices of earth cut out

egg attachment it is important that some
blades and stems of grass or rush are sub-
merged.

Inducing breeding. In order to induce
breeding we further increased the room
temperature to between 16 and18°C, pro-
longed the daylight periods in accordance
with outside conditions and increased the
amount of food. Starting in late April or
early May, the temperature was further
elevated to about 18 to 21°C during the
day (about 15 to 16°C at night). As soon as
insects appeared on IR Land we began
catching 'meadow plankton’' (free-living,
mostly flying, insects) to supplement the
toads’ diet. We caught the insects by
wielding a long-handled net over flowers,
bushes and low tree branches.

Food. Our toads eat a large variety of
small, moving animals. Non-motile or
dead animals are not touched. The toads
like insects, such as flies: Drosophila (fruit fly) and
Musca domestica (house fly) and their motile larvae,
butterflies and their hairless larvae, Metrioptera roe-
selli (Heuschrecke; bush cricket), Acheta domesticus
(Heimchen; house cricket), Gryllus campestris (Feld-
grille; field cricket); mollusks such as snails (removed
from their shells or Nacktschnecken; slugs); worms,
such as Lumbricus sp. (Regenwiirmer; earthworms),
Enchytraeidae (aster worms).

During the cold season, when most of these animals
are not available in IR Land, we buy Acheta sp., Gryl-
lus sp., Drosophila sp. or Musca sp. from a zoo shop.
However, as soon as possible we collect food animals
in IR Land. When zoo shop food and IR land food were

from a nearby meadow. The slices were
placed on hard Styrofoam plates. Height
and angle of the plates were adjusted by
stones of different sizes placed beneath
the plates (Figs. 2 & 3). At parts of the
boundary between land and water we
positioned partially submerged cut-outs
of grass and rush carpets, and in the
water a few water plants (branches of
Elodea canadensis or Ceratophyllum
demersum). The space underneath the
Styrofoam plates and the plants pro-
vided hiding places for the toads. In gen-
eral, land height increased towards the
back of the enclosure, thus offering to
the toads land portions of varying wet-
ness or dryness. On the higher land
areas a variety of small plants grew. For

Fig. 5. Bombina bombina. Typical colouration of laboratory individuals
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Fig. 6. Bombina bombina. Colouration of individuals in an
outdoor enclosure

offered simultaneously the toads usually preferred the
latter. Unconsumed or dead food is eaten by snails.
Hence, a certain number of snails is considered useful.

Breeding populations. Our laboratory breeding pop-
ulations did not have bright red, but orange or yellow-
ish colour patterns on their bellies (Figs. 5 & 6). Colour
variation is not unusual in Bombina bombina. While
the kind of food offered may, to a limited extent, affect
belly colours, primarily yellow bellies were found also
in our field populations. Hence the coloration was pre-
sumably determined genetically. Apparently also ge-
netically fixed were green spots or areas on head, neck
and upper body in up to ca. 8 % of the toads in one lab-
oratory bred line of the third laboratory generation.

We placed in each breeding enclosure 2 adult males
and 3 to 5 females. Adult size of Bombina bombina
(snout tip to cloaca) ranges from 3.7 to slightly above
5 cm.

In late spring or beginning summer, the males
occupy one of the 2 water areas and defend it as their
territory. Much of the time red-bellied toads float at the
water surface, all 4 extremities widely spread apart.
Upon disturbance, they quickly dive and flee to a hid-
ing place or attempt to bury themselves in bottom mud.
The structure and colour of their back provide excel-
lent camouflage (Fig. 4). In May/June — provided they
are in the right mood, and temperature and light con-
ditions are suitable—the males begin to attract
females by their oop-oop-oop-oop concert. Such call-
ing can sometimes be stimulated by sprinkling water
over the enclosure inside, using a watering can (simu-
lation of rain) or via a hose ending in the water area
(simulation of high-water events in nature). Both meth-
ods of adding water stimulate sexual activities of the
toad.

Listening to the calling, often for hours, the ‘ladies’
approach without hurry and examine the situation. If

they don't like the place or the male they leave again.
We have never seen a male trying to interfere with the
exodus of its potential bride. Partner selection is female
dominated.

Breeding procedures. Timing and intensity of mat-
ing call activities underlie substantial variations. In
general, males started to call in May and continued —
with pauses of varying lengths—through June and
July (sometimes into August). While we have heard
calls at daytime temperatures of 13 to 16°C, major call
activities were recorded at 20 to 25°C. No males were
heard to call above 32°C. These temperature limits for
call activities compare quite well with those reported
earlier by Lorcher (1969); lower limits: 12.5 to 13.5°C;
upper limits: 30 to 34°C. Usually there are several (3 to
5) distinct call periods in one season, each lasting one
to several days. The call periods tend to decrease in
length as the season proceeds. They are separated
from each other by no-call periods of several days to
weeks.

Females seem to be capable of discriminating not
only between calls of con-specifics and those of other
amphibian species, but also between calls from differ-
ent con-specific male individuals. Thus mating calls
assist in partner selection and serve as a genetic isola-
tion mechanism (preventing or reducing hybridisation,
i.e. mating between closely related species such as
Bombina bombina and B. variegata).

The minimal territory size for calling males ranges
between 30 and 60 cm in diameter. In our laboratory
breeding enclosures, the males readily accepted a dis-
tance between the centres of 2 adjacent territories of
some 60 cm without pronounced territorial conflicts.
Field observations have shown that calling males may
‘reside’ far apart from each other (up to several hun-
dred meters).

According to our laboratory observations, which
require verification, nearby territories are not only
marked by calling, but also by intense but apparently
soundless throat movements and/or body vibrations
and leg kicking (flailing). These male activities cause
concentric water disturbances or waves of different
intensities. They seem to be recognisable by nearby
females and males.

Copulation and egg deposition can proceed without
prior calling. This does not seem rare in females full of
eggs and ready to spawn, especially if they have lived
close to their mates for a long period of time. The toads
know each other and are ready to reproduce — without
need for searching or extensive acoustic stimulation.

We have attempted to induce calling in the labora-
tory earlier than in the field by raising the temperature
and increasing day lengths (using daylight-simulating
bulbs) —with limited success. It seems there are addi-
tional timing forces at work, such as barometer
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changes, rain, thunderstorms or heavy winds (which
may also influence laboratory-held toads).

In the field, heavy rain is well known to induce call-
ing and copulation in Bombina bombina. Water filled
bottom depressions that dried out and were therefore
predator-free refill quickly after heavy rain. The newly
formed pools augment the chances for tadpoles to com-
plete their development prior to the next dry-out. We
have observed repeatedly that even forthcoming rain
can induce increased sexual activities, hours before
the first drops fall: the toads appear to be able to sense
future climatic events.

Copulation occurred mainly in June and July; some-
times into August. Eggs were preferably laid during
quiet and low-light periods (late afternoon, night, early
morning) at water temperatures between 16 and 25°C.
The females select the site for egg deposition. They
prefer shallow water that is well lit at daytime and fea-
tures abundant plant growth. The eggs are attached in
batches to underwater structures near the water sur-
face, preferably on blades or stems of grass or rush. In
the absence of plants other structures may be
accepted; in extreme situations the eggs may simply be
dropped on the bottom.

Number of eggs per spawn and edgg size. The num-
ber of eggs per batch can vary considerably. It primar-
ily depends on female size and age. In 2001 we calcu-
lated for 20 adult females (3.9 to 5.0 cm body length) a
mean number of 30.6 (range: 15 to 40) eggs. This value
compares well with earlier data published by Rafinska
(1991), who determined a mean number of 32.5 (and a
mean diameter of eggs ‘without jelly capsule’ of 1.49
mm)—also in line with our findings. Rafinska reports
significant variations of egg size between different
females. As in other amphibians, Bombima bombina
egg number and size tend to increase with female age
and size.

Our lab populations have produced eggs, with
pauses of varying lengths, between 1 and 3 times per
summer. In one case 4 egg layings (ovipositions) were
seen in a single female. We consider 2 to 3 ovipositions
per season normal. Such multiple spawning increases
offspring survival chances in shallow, often temporary
small pools. Guzik (1987) estimated that 1 Bombina
bombina female can lay between 186 and 1236 eggs
per season. Inducing oviposition by injecting gonado-
trophin, Rafinska (1991) reports that single B. bombina
females laid on average 446 (35 to 1102) eggs. Our lab
females laid considerably fewer eggs, between 120
and 280 per season. In their third or fourth year, they
were probably younger and smaller than the females
studied by Guzik and Rafinska. Neither of these 2
authors provided information on female age or size.

Mortality of subadults. Mortality of sub-adult life
stages underlies substantial variations. In contrast to

field conditions, mortality of eggs, tadpoles and juve-
niles was low in the laboratory. In eggs it varied from 8
to 20% (19 data sets of 20 individuals each, recorded
over 3 years); in tadpoles, from 4 to 7% (21 data sets of
80 individuals each, recorded over 4 years); in juve-
niles, it was 8 % (one data set of 250 individuals). How-
ever, in cases of disease (e.g. infections by protozoans
and/or fungi, the taxonomic identity of which we were
unable to establish) 100% of the juveniles may die
within 3 to 5 weeks. During their normal life span,
adults are much less subject to mortality. Over several
years we have recorded practically no mortality in our
parent populations.

Importance of outdoor conditions. After 5 years of
experimenting with Bombina bombina an important
insight manifested itself: laboratory conditions for
breeding, rearing and raising were inferior to outdoor
conditions. Outdoor toads tended to be more inten-
sively coloured (Fig. 6) and more active; their calling
period began earlier, in spite of lower temperatures,
and their reproductive success was higher. Conse-
quently, beginning in 1999, we transferred our labora-
tory breeding enclosures, during the warm season, to
tables located outside of our laboratories. During the
day they were exposed to both shade and sunshine
(long, intensive sun exposure may lead to critical over-
heating of the water and to death at 38° to 39°C).

Within days—sometimes within hours—transfer
outdoors induced calling, copulation and egg laying.
During summer 2001 we collected about 1100 eggs
from 3 females in one outdoor enclosure—more than
we had ever obtained under comparable conditions in
the lab. About 80 eggs remained in the enclosure and
developed to tadpoles and juveniles, apparently with
no negative influences from living closely together
with their parents in a small space. Collected eggs
were transferred to the lab where they developed and
yielded 1070 juveniles.

We do not know the exact reasons for better devel-
opment under outdoor conditions but hypothesise that
light quality and intensity, wind (more intensive air
exchange between outside and enclosure inside), rain
(can drop through top metal perforations of outdoor
enclosures) and acoustic as well as visual stimuli from
the surrounding nature may have played a role.

Effects of extreme low temperature on sexual prod-
ucts. As already stated, timing and capacity of egg pro-
duction vary considerably. They depend primarily on
female age/size/condition, nutritional status and ambi-
ent temperature. Under extremely adverse conditions,
egg laying can be entirely suppressed. While a brief
cold spell had no demonstrable effect, a severe reduc-
tion of temperatures (to between 5 and 9°C lasting
some 8 days in May) had disastrous consequences: it
caused a total blockage of egg production. When we
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realised that something might have gone wrong, we
transferred 2 males and 6 females into normal annual
temperature conditions provided in the laboratory.
However, our rescue attempt did not re-activate egg
laying. The cold damage turned out to be irreversible.
We assume that the ripening process of sexual prod-
ucts was irreversibly interrupted, and that eggs and
sperm were finally resorbed. In any case, the blockage
resulted in the complete loss of a new generation. In a
highly endangered species, such reproductive failure
could significantly affect a regional population. Our
inquiries confirmed a parallel complete reproductive
failure in another toad population some 60 km away.

Egg development. Fertilised eggs develop quickly.
This is an essential strategy for increasing survival
chances in a species reproducing in unstable, often
temporary water bodies. In the laboratory we kept
freshly fertilised eggs at natural daily temperature
fluctuations (open windows) in shallow plastic dishes
filled 3 to 4 cm high with filtered pond water (June/
July). Temperatures ranged from 15 to 23°C during the
day and13 to17°C during the night. Under these condi-
tions the germinal disc stage was reached within 1 day,
the earliest comma stage within 1.8 days. Embryo
development was completed after 5 to 7 days. Larvae
of one and the same batch did not hatch simultane-
ously; in exceptional cases the period between hatch-
ing of the first larvae and that of the last extended over
2 days or more.

In an early June 2003 experiment, from 30 freshly
fertilised eggs 12 larvae hatched after 5.8 days (range:
5.2 to 6.5 days; temperature: 23°C day, 17.5°C night).
With 18 eggs dying during the development, mortality
was significantly higher than normal. The reason for
this may have been that several eggs were covered by
a film of blue-green algae. In a late June 2003 experi-
ment, from 35 freshly laid fertilised eggs 25 larvae
hatched after 5.7 days (range: 5 to 6 days; most of the
rest during the next day (22°C day, 17.4°C night); mor-
tality was 3%. While constant temperatures allow to
obtain more precise values, they are unnatural and the
resulting information may therefore not be well applic-
able to natural field-population dynamics. In a subse-
quent experiment involving a batch of 33 eggs, mortal-
ity was 9%. At temperatures almost identical to the
ones described above, development from fertilisation
to hatching took between 6 and 8 days. The overall
average time span (established over 5 years) from fer-
tilisation to hatching is 6.2 days.

Life span. Bombina bombina have a long life expect-
ancy. In our enclosures some toads lived at least 12
years. According to a toad-keeping colleague, B.
bombina can attain an age of 20 years (Mencke per-
sonal communication). Since B. bombina begin to
breed at an age of 3 years, during a presumed life span

of 15 years breeding individuals can contribute to pop-
ulation strength over up to 12 seasons. Such high
reproduction capacity is a basic prerequisite and an
important ecological strategy for the survival of a spe-
cies subjected to intensive predation, especially during
larval and early juvenile life, and forced to exist in
unstable environments.

REARING

‘Rearing’ comprises the developmental period
between hatching of larvae and completion of meta-
morphosis (juvenile).

Larval development. Prior to hatching we trans-
ferred eggs into 50 1 outdoor aquaria (June to August)
filled with filtered and gently aerated pond water. The
aquaria had previously been exposed to natural light
conditions for 2 weeks in order to induce and support
microbial growth on walls and bottom. Sometimes we
added a few Elodea or Myriophyllum branches. The
total duration of larval life from hatching to the end of
metamorphosis was 45 to 65 days (23 to 26°C water
temperature). However, a small fraction (ca. 4 %) of the
larvae took more than 80 days. They remained abnor-
mally small. Most of them eventually died. A compara-
ble situation was observed by us also in other amphib-
ians (newts) and in fish (carp).

Freshly hatched Bombina bombina larvae have a
slightly curved body shape — a remnant of space limi-
tations in the egg. They straighten quickly. In one
group (30 larvae) total length (snout tip to tail end) at
hatching was on average 7.2 mm (range: 6.2 to 8.6
mm). In a second group (34 larvae) average hatching
length was 6.9 mm range: 6.0 to 8.1). Over several
years deviations from these values were small, in fact
negligible for the purpose of the present paper.

In 30 Bombina bombina larvae kept at water temper-
atures between 23 and 26°C average body lengths
were at Day 5: 11.8 mm; Day 10: 13.7 mm; Day 20:
19.4mm; Day 30: 29.6 mm. At a given age tadpoles may
differ considerably in body length.

Newly hatched larvae usually attach themselves ver-
tically in a head-up position to solid surfaces (glass
plates of the aquarium, leaves and stems of plants), or
rest on the bottom. Unless disturbed, they remain more
or less motionless for 2 to 3 days. During this resting
period they consume their nutritional reserves and
begin to grow.

Many freshly hatched larvae did not respond when
carefully poked with the tip of a pipette. We could even
push them away from their rest place without eliciting
locomotor activities. They simply drifted motionless
through the water before sinking to a new resting
place. However, only hours later, upon disturbance,



10 Endang Species Res: Number 3, 2004

most larvae performed brief, erratic bursts of (rotating
and spiralling) movements attaining considerable
speed. After a burst they quickly attached themselves
again and continued to rest. We have seen such sud-
den bursts to shock or confuse would-be predators
(insect larva, fish); this behaviour can therefore be
interpreted as self-protection. In many cases these ear-
liest escape attempts were not necessarily directed
away from the source of the disturbance. The first free-
swimming larvae were observed 3 days after hatching.
They now swam in a more regular pattern and upon
disturbance performed less erratic and more direc-
tional escape movements. Overall, the larvae still pre-
ferred to rest attached to a firm surface.

Attached larvae are less likely to be subject to pre-
dation than swimming ones. Motionless attachment is
an effective means of not arousing the interest of hunt-
ing predators. While early larvae hardly ever respond
to the vibrations and noises in the lab, they can be
shocked into dashing movements by pounding against
the aquarium walls.

Control of larval predators. In the laboratory, major
predators of Bombina bombina tadpoles are leeches
and insects. In the field, B. bombina larvae, juveniles
and adults are attacked by numerous predators; for
details consult Report 5. In the laboratory, measures for
excluding or controlling predators are: (1) check all
material, especially plants, introduced from a pond or
river; (2) examine the plants in shallow-water dishes
using a binocular microscope; (3) always pour water to
be added to culture enclosures through plankton
gauze. Predator eggs and early larvae are difficult to
detect. Hence it is necessary to continue the search for
up-growing predators. A single undetected small leech
can grow quickly to a body length of 3 cm and con-
sume or kill 30 tadpoles within 2 weeks.

Food for larvae. Early larvae feed on the microbial
films covering submerged surfaces. The films consist of
an often complex microbial community composed
mainly of bacteria and diatoms (e.g. Teissier & Torre
2002, Lyautey et al. 2003, Pei Yuan Quian et al. 2003).
Later, the larvae also graze on the often more species-
rich biota on water plants. Older larvae may accept
commercially available vegetarian fish food (dried,
ground), pulverised Urtica (Brennessel; nettles) and
thin pieces of (slightly decaying) salad leaves. The first
faeces strings began to leave the body of 4 day-old
larvae.

Grazing mouth parts could be observed through a
magnifying glass held close to an aquarium plate.
Except for brief pauses (several minutes) grazing con-
tinued from now on throughout most of the remaining
larval life. Even at night, when surprised by a sudden
flashlight, several larvae were busily feeding. Indeed,
the larvae behaved like feeding machines focussed on

food intake and seemingly without interest in any
other things of their environment, including preda-
tors. While protected in our labs, without any ‘built-in’
predator escape behaviour toad larvae are easy prey in
nature.

As the larvae grew in size (ca. 15 mm total length)
we offered them a variety of other potential food. They
‘nibbled’ on dead plant tissues and pieces of thin
banana slices, but rejected most of our offerings. Koi
and trout food pellets, containing both plant and ani-
mal material, caused a pronounced rejection gesture or
even a brief flight response. Only after the pellets had
fallen apart into small mounds of particles did the lar-
vae show renewed interest, but they still did not feed.
It took up to 10 days (20 to 25 mm total length) before
some larvae began hesitatingly to graze on the pellets.
We do not know whether they fed on the rapidly form-
ing microbial surface film on the pellets or on the pel-
lets themselves. Small white bread pieces, were at first
ignored, but after 10 to 20 minutes attracted attention
and the larvae began to graze on the bred surface. Sec-
tions of aquarium glass plates freshly submerged in
water began after 30 minutes to attract the attention of
larvae and were thereafter regularly used as new
‘grazing ground'. Potential food is examined per
mouth. Body contact with food did not elicit recognis-
able responses. After another 7 days (30 to 33 mm total
length) newly provided koi pellets were—following
softening —surrounded by a swarm of excited tad-
poles eagerly and obviously feeding pellet material
and pushing competitors away from their new food
source.

In another group of up-growing larvae interest in koi
and trout pellets developed later. Feeding on fallen-
apart pellets was definitely recorded only in larvae
longer than 32 mm. To larvae of 34 mm length or
longer we began to feed pellets regularly (an aquarium
with 25 larvae received 6 to7 pellets up to 4 times a
day). By heavy tail movements the tadpoles distributed
pellet parts over the aquarium bottom. They fed on
pellets more and more intensively. Five newly added
pellets disappeared within 12 or 16 minutes. The lar-
vae exhibited substantial growth rate increases after
pellet consumption. However, it was not yet possible to
use the pellets as sole food source. After feeding on
pellets for an hour or so, the tadpoles turned away and
fed on other food, such as decaying plants (Elodea,
Myriophyllum, reed) or animals (decaying earth-
worms, insects). We had witnessed in still leg-less toad
larvae the very first steps in the transition from a vege-
tarian into a meat eater.

Overall, in sharp contrast to the directional prey
hunting and precise aiming in juvenile and adult
toads, the food searching technique of larvae is based
on random search.
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Begin of air breathing. Toad larvae began very early
with air breathing in addition to gill breathing. At 22°C
we observed a few larvae 8 days after hatching to
approach the water surface and to gulp in air. Tadpoles
of 2.5 cm total length (snout tip to tail end) suddenly
darted to the water surface, often releasing an air bub-
ble on their way up and then, after reaching the sur-
face, rapidly gulping in new air. This marked the start
of regular air breathing. With progressing leg forma-
tion, air breathing became more pronounced. At tem-
peratures above 24°C, air breathing of 4-legged tad-
poles occurred every 8 to 12 minutes.

In contrast to general opinion, toad larvae did not
avoid water movement. Some even actively
approached the stream of air bubbles and the water
currents caused by aeration. And they seemed to enjoy
that. The defensive ‘playing dead' response —well
known from adult toads reacting to heavy disturbance
—began to develop already in some 2- or 4-legged
tadpoles.

Metamorphosis. The transition from tadpole to juve-
nile toad begins when the larvae reach a total body
length of 3.8 to 4.8 cm (depending on genetic factors,
nutritional status, temperature). At first, hind-leg buds
appear and then rapid leg growth begins. Following
the sudden appearance of front legs (which had devel-
oped hidden in the gill chamber) the very first steps of
tail absorption start. Metamorphosis is normally com-
pleted no later than August. It involves dramatic
changes in morphology, physiology and behaviour. In
metamorphosing tadpoles, mouth and intestine are
restructured and feeding is interrupted. Arms and legs
begin to function as soon as they appear. A brief period
of combined tail and limb use is followed by a complete
shift from tail to leg propulsion (swimming, walking,
jumping). The head form changes and so does the
structure and function of mouth parts, intestine and
eyes.

Early 4-legged tadpoles begin to show interest in
shallow water areas or seek the neighbourhood of Sty-
rofoam plates offering an ascend to resting places
above the water surface. Increasingly, metamorphos-
ing individuals explore moist land, often with their tail
still at almost full length. With the normal tail lengths
reduced by only 10 to 20 %, some tadpoles climb small
plants and begin to jump after insects (July, mid-
August).

RAISING

‘Raising’ comprises the period between end of meta-
morphosis and attainment of sexual maturity. Bombina
bombina complete metamorphosis at an age of 2 to 2.5
months (end of June to mid-August). Freshly metamor-

phosed juveniles have a body length (snout tip to
cloaca) of 12 to 18 mm. Adult total body length ranges
from 3.8 cm to slightly above 5 cm (final size). Sexual
maturity is usually attained at a body length of about
4 cm and an age of 3 years.

As raising enclosures for groups of juvenile Bombina
bombina we mostly used terraria (60 cm x 30 cm X%
30 cm x high; Fig. 3, upper row) topped by an easily
removable wooden frame covered by insect gauze.
This cover facilitated aeration and access for feeding,
and it prevented the escape of food animals.

Food. Juvenile toads were first fed small, non-flying
Drosophila (fruit flies; Fliegen) and freshly hatched
crickets (Grillen); both are available at zoo shops. The
juveniles very quickly learn to hunt their prey on the
water surface, on land and on plants (we have never
seen Bombina bombina to hunt underwater). They
jump powerfully, far and high, taxing distance and
direction in seconds, and soon (after hours or days)
attain near 90 % catching successes. Even in seemingly
‘impossible’ situations they manage to sort out
approach possibilities and successfully catch their
food. They have a fantastic appetite and, at higher
temperatures, should be fed once or twice per day.

Juveniles were offered increasingly larger prey,
such as young crickets (Heimchen, Grillen), house flies
(Hausfliegen), worms (Wiirmer), hairless insect larvae,
and, of course, ‘meadow plankton' (see above). Adult
toads have a wide food range. They swallowed practi-
cally all animals we caught for them in IR Land, includ-
ing long-legged spiders (Spinnen), large worms
(Wurmer), butterflies (Schmetterlinge), grasshoppers
(Heuschrecken), and in one case also bees (Bienen)
and wasps (Wespen). Hungry adults catch and may
swallow compact prey up to a size not much smaller
then themselves and worms 2 or 3 times their body
length. Again: only moving prey is attacked or resting
prey that shows some activity such as breathing or
movements of antenna or limbs. The toads consume
flying, creeping or gliding prey, and all sorts of animals
fallen on the water surface. Food diversity is essential
for normal development. The quality of the food is
examined in the mouth cavity. Unpalatable food is
energetically spit out.

Pre-copulating toads usually do not separate for
feeding. They may even catch different ends of the
same worm. Who ultimately wins is not a matter of
‘politeness’, but a matter of power.

The frequently made statement that red-bellied
toads hunt exclusively or predominantly on or in water
is false. They make extensive foraging trips over land.
The general rule is: the toads are where their food is.

Release into Inter-Research Land. IR Land is located
in the valley of the river Luhe near the village of Old-
endorf/Luhe, Germany. It comprises ca. 55000 m2. The
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authors have modified the original meadow landscape
with the aim of providing suitable habitats for amphib-
ians (and other rare animals and plants). For details
consult Kinne et al. (2003, Fig. 1.) From 1998 to 2002
we released 1855 laboratory-bred juveniles and hun-
dreds of tadpoles into small pools. Release activities
continue at this writing (2003). Several of the juveniles
released by us attained sexual maturity and began to
reproduce. So the first steps in building up a self-sup-
porting field population can be considered a success.

CONCLUSIONS AND FUTURE PLANS

After investing much effort in breeding, rearing and
raising Bombina bombina, and after releasing thou-
sands of juveniles in IR Land we were looking forward
to seeing them again and to hearing a forceful oop-
oop-oop-oop concert. We have been disappointed.
Over the last few years we saw only few toads and
heard toad calls only occasionally. The toads are
genetically programmed to search for and occupy new
habitats throughout their life. In fact, the urge of B.
bombina to migrate is enormous. We decided not to
interfere with the toads' emigrations. After all they
may find new supporting habitats and thus enlarge
their overall distribution area. Since we do not intend
to restrict the migrations of IR Land animals, we must
expect further large losses in the future. When you
have made the decision to support endangered life you
must be prepared to accept disappointments. You need
a lot of patience. The ways of nature —not least those
of a nature deformed by Homo sapiens— are not easy
to influence or to ‘correct'.

In the future we plan to build additional shallow toad
pools in areas without large trees and to keep those
areas free of newly growing larger plants. Bombina
bombina prefer open areas. Trees and bushes in the
Luhe valley (e.g. alder (Erlen), birches (Birken), oak
(Eichen), beech (Buchen), nuts (Nusse) have enormous
reproductive potentials. Unless we permanently inter-
fere most of IR Land would soon be a forest.
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