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HOW MANY POPULATIONS ARE THERE?
ON THE NEED FOR DELIMITING AMPHIBIAN POPULATIONS

Introduction

“...no longer makes sense to consider population
dynamics as a particular way to view ecology — its the
only way. Population dynamics becomes synonymous
with ecological dynamics, with the variables of ecological
change being numbers, biomass or energy contained
within the constituent populations.” (Alan Berryman)'

The concept of “population” started to fascinate
ecologists a long time ago. The population is the unit
that locally represents the species, the population is
the main “arena” where the local adaptations occur.
The species will go extinct when the last population
disappears. At a theoretical level, a population is a
group of organisms belonging to the same species
that share the same area/place and contribute to
the formation of a genetic pool.? The term “place”
is very frequently present in population definitions,
yet there is large debate around the size and limits of
this area.’

Berryman® and Camus & Lima’ in their notes
present some definitions and uses of this concept:

e Andrewartha & Birch (1984) defined “natural
populations” as the totality of interbreeding
local populations. These local populations are
interconnected by dispersing individuals. In this
definition, the “natural population” is close to the
definition of metapopulation. The limits of the
natural populations, according to Andrewarthe
& Birch are the geographical barriers that hamper
dispersal.

e Huffaker et alii (1999) consider as the area of
a population the area which allows populations
to persist for more generations and also permit
natural movement behaviours (dispersal and
migration).

* Yablokov (1986) defines populations through
evolutionary perspective. According to his view,
the area where a population lives should be large

enough to allow the formation of self-sustainable

populations and isolated enough to allow the

formation of a proper gene pool in evolutionary
time.

e Camus & Lima (2002) write about population
area to include those areas that serve as migration
corridors but are not used as habitats.

It is worth mentioning that the metapopulation
theory and landscape ecology of populations are
based on a theoretical definition of populations.
For example Hanski & Gilpin® enumerate four
conditions for defining metapopulations: (i) the
existence of habitat patches and local populations,
(i) local populations should have a certain
probability of being extinct, (iii) local populations
should be connected by dispersing individuals, but
the interpopulational movements should not be too
frequent to synchronize the populations dynamics
and therefore (iv) the probability of all populations
for being extinct simultaneously is low. All these
conditions have at their base the population concept
as “operational unit”. A recent paper on amphibian
metapopulations clearly demonstrated that the term
is often “misused” and only a few studies use the
term “metapopulation” correctly for their studied
systems.” We think that the same is true for the
populations also.

Asurvey of the Romanian literature onamphibians
showed that population studies are largely absent on
this group. The distribution of different species is
presented through lists of localities (administrative
units — the most frequent case) or UTM quadrates
(in a lesser extent). Moreover, there are a few studies
that use the habitat as the main basis of presenting
distribution or present the spatial and temporal
dynamic of breeding assemblages what they call
“population”.® However, the term population, if
used, was still ambiguous. The situation seems to
be the same at international level also. As Camus
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& Lima’ mentioned 7z is strange that early ecologists
opted for the view of closed populations dominated by
local factors, but even stranger is that, after a century of
population studies, ecologists continue to operate with
population abstractions, lacking a proper definition or
a general agreement’.

Amphibians are in the focus of conservation efforts
because there are in global decline.10 The need for
population delimitations is, thus, even more urgent.
Therefore we consider that this concept should be
recalled and attempts should be made for itsapplication
in real situations. To our knowledge, this study is the
first attempt to address the problems associated with
the delimitation of amphibian populations.

The specific aims of this paper are:

i) To present the variety of meanings of the term
“population” in amphibians.

ii) To present the aquatic habitat use of amphibians
in ponds (permanent and temporary) and streams
in the Tarnava Mare basin.

iii) To present some important aspects that should
be considered when the amphibian populations
are to be identified. Moreover, distribution maps
are presented for the Rana esculenta complex
and for Hyla arborea together with an attempt
for delimiting Hyla arborea populations in the
Tarnava Mare basin.

The idea of this paper comes from two papers
published simultaneously in Oikos by Berryman''
and Camus & Lima'~.

Amphibian populations: how are they used

in the scientific literature?

Temperate amphibians have complex life cycles
and life histories. They have three developmental
stages (egg, larvae and adults) and multiple habitat
requirements. Their terrestrial stages are less active,
mainly nocturnal. Thus, studies on amphibians’
terrestrial habitat use are still generally lacking.

Considering these difficulties, researchers used
different terms to delimit populations:

i)  Breeding assemblages, breeding populations, adult
populations. These are represented by the totality
of adult, reproducing individuals of a species that
can be found in a pond or breeding habitat. Adults
can be counted (counts of active individuals in
the breeding habitat), dipnetted or, more rarely,
trapped after the ponds were enclosed with a drift

fence.

ii) Female populations. In this approach the target
of the studies are the breeding females. This is
especially attractive in the case of frogs from
the Rana genus (R. dalmatina, R. arvalis,
R. temporaria, R. esculenta complex). The
assumption is that females lay only one egg
mass in a year and counting the egg masses will
reflect the number of breeding females.'

iii) Calling index. This refers to the intensity of male
vocalization, thus the primary target here is the
“male population”.

iv) Larval populations. These studies target primarily

the larval communities. Larvae are caught using
dipnets and the sampling effort is generally
described (i. e. the number of dipnet sweeps per
time unit, the dipnet size etc.)."

As it can be seen, in all these approaches amphibians
are studied during their aquatic stages or phases (ponds
as patches approach). By focusing on the aquatic stages,
the population area can be easily delimited: the pond.
Ponds can be measured, numbered and monitored. The
terrestrial juveniles and/or adults are not considered
in these studies. A recent paper' highlighted some
important problems associated with the pond-
population approach. Studies that are primarily pond-
based will “skew” the results toward the ponds. Most
of the life of the majority of pond breeding amphibians
is spent in terrestrial habitats. These habitats serve as
overwintering habitats and feeding habitats, moreover,
amphibians should find proper microhabitats in the
case of extreme weather conditions (i. e. drought)
during their aquatic stage. We can state that a very
important “input” to the reproductive potential and
success is made by the terrestrial habitats. Moreover,
these habitats are those through which the migration
and dispersal occur. Thus, what a researcher can find
in a pond may be in a very large part the result of
what happened in the surrounding terrestrial areas.
Amphibians may go extinct locally even if the ponds
have good quality but the terrestrial habitats are
destroyed. All these suggest that a pond based approach
in population ecology studies on amphibians, without
considering the terrestrial habitats, may be misleading.
Only a few population studies consider the birth rate,
dispersal, immigration, mortality (i. e. both aquatic
and terrestrial stages and lives).'® The ponds as patches
approach was recently criticized mainly because it
offers a too simplistic view of the factors influencing
amphibian populations.
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How many populations are there?

Study case: the amphibians from

the Tarnava Mare basin

1. Study area and methods

In 2000 a project was started with the aim to
inventory and monitor the aquatic habitats in the
Tarnava Mare basin. From that period, yearly,
searches were made to find new ponds and resurveys
were made in selected subgroups of ponds. Till 2007,
96 permanent ponds, 305 temporary ponds and 30
stream sectors were inventoried along the tributaries
of the Tarnava Mare river. The stream transects have
around 300m and were selected in 8 streams (average
3.75 transects per stream, SD = 1.38). The stream
sectors were chosen in a way to include more natural
sectors, i. e. with flooding areas, because these are
likely to be good spawning sites for amphibians. The
permanent ponds have anthropogenic origins, and
were created mostly in the last 40 years as a result
of river regulations and dam building in the upper
part of the Tarnava Mare and its tributaries. The
characterization of the ponds was already made'
therefore we will not detail these here.

We will present the aquatic habitat use of Hyla
arborea and the R. esculenta complex using maps.
These species were surveyed at a large scale and were
selected because they are easily identified using call
surveys. A larger scale survey on the tributaries of
the Tarnava Mare river and the river itself (central
section) was made in 2000, resurveys being made in
2006 and 2007.

The characterization of the tributaries of the
Tarnava Mare river was made recently by Bianaduc
& Banaduc.'® According to their study, the streams
of this area are of relatively short length and have a
small gradient, their course is meandering and the
sedimentary substrate dominates. They are relatively
shallow, with a maximum depth of around 1 m. The
streams are bordered by forested areas, hay meadows,
and traditionally used arable lands. The invertebrate
communities of different stream sectors were found
to be differentiated according to the water flow
and substrate. The fish are important determinants
of the habitat use of amphibians. The upper part
of the streams harbour less fish species than the
middle and lower part."” Thus, the upper streams are
characterized by the presence of Orthrias barbatulus
and Gobio obtusirostris,® both being inoffensive
for amphibians. The species that may be a threat
for amphibians are present in the lower part of the

streams, at the confluence with the Tarnava Mare
river (Squalius cephalus).”

Below, we will first compare the site occupancy
and species richness in the three aquatic habitat types
(permanent ponds, temporary ponds and streams).
After this, we will present the distribution of H.
arborea and Rana esculenta in ponds and streams (the
river TArnava Mare and its tributaries).

The surveys were made in May-June after sunset.
The surveys along the stream and river were made by
stopping in every around 500 m distances, because
calling males can be identified within this distance.
We recorded with handheld GPS the points along
streams and all the ponds where at least one calling
male was heard (in 2007 only the presences were
recorded). In this study we use pooled presence-
absence data for the 2000-2008 period.

2. Results and discussions: habitat use and species
richness of amphibians in the three aquatic habitat
types

The species richness was significantly larger in the
individual permanent ponds (average 5.46, SD = 2.30)
than in the individual temporary ones (1.97, SD =
0.98) or stream sectors (2.10, SD = 2.86), whereas no
significant difference was found between the streams
and temporary ponds (ANOVA Fp, 428 = 107.08, P <
0.001, Tukey HSD post hoc for unequal N: P > 0.05).
We also should mention that there are temporary
pond clusters (such are those from Angofa — Saes
valley) and streams (the majority of the tributaries
of Tarnava) that harbour all the amphibian species
found in Tarnava Mare basin. The higher amphibian
species richness in the individual permanent ponds
was interpreted through the higher complexity of
these habitats.” Having a more abundant and diverse
vegetation, these ponds provide a larger offer of habitat
diversity for amphibians.

Newer results suggest that the pond clusters
may be even more important predictors of species
rich communities than the individual ponds.” The
population turnover of many amphibian species (i.e.
those susceptible to fish predation and the temporary
pond breeders) may be higher in permanent ponds
with predatory fish.?

Figure 1 presents the site occupancy of the
individual species in the three aquatic habitat types.
Some species (Rana dalmatina, B. bufo, R. esculenta
complex, H. arborea) are more common in the
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permanent ponds than in other types of aquatic
habitats whereas others (such are R temporaria,
Bombina variegata) tend to be more common
in temporary ponds and streams. A recent study
showed that the introduction of predatory fishes
in ponds pose serious threats for amphibians (7
cristatus, 1. vulgaris, H. arborea, R. dalmatina).” The
various adaptations of amphibians to the selective
forces linked to hydroperiod gradient were presented
in Hartel et alii*® Amphibians use for reproduction
the small flooded areas (Figure 8 and 9), mainly the
middle — upper parts of the streams, although calling
males were observed sometimes along the entire
stream, see below. These sectors are safer because
the absence of predatory fish and have more natural
flooding areas.””

Most of amphibians disperse at juvenile stage.”® It
can be assumed that the longer the dispersal ability,
more likely for a species to colonize new habitats.
Any “deviation” from this assumption may be caused
by (i) the quality of the matrix where the dispersal
occurs. In a permeable matrix the costs associated
with dispersal are low. The movements are risky in
inhospitable landscapes. (ii) the quality of the aquatic
habitats. There are species that prefer permanent
ponds (some being able to coexist with fish whereas
some species not), while others prefer temporary
ponds. The presence of predators and competitors
(often linked to pond hydroperiod) is an important
determinant of the aquatic habitat selection in
amphibians in this area.”

The maximum dispersal distances reported for
different species were taken from the literature.’® We
analysed the relationship between the site occupancy
and the dispersal distance using linear regression. For
this, the dispersal distances were /og transformed.

There was asignificant positive overall relationship
between the dispersal distance and the number
of permanent ponds used (Figure 2). No such
relationships were found in the case of temporary
ponds and springs (Figure 2, 3). We think that the
major limiting factor of the use of temporary ponds
and streams is the low quality of these habitats (i. e.
they are ephemeral, lack sectors with flooded areas or
contain predatory fish) whilelandscape fragmentation
is influencing only in a lesser extent. Amphibians,
in theory, can disperse safely along the streams also
due to the seminatural state of the stream margins
and slopes.” Considering the reported dispersal

distances (than may be serious underestimations)
and the probability of finding stepping stones that
would increase the dispersal distances in this area
(see the maps below), from the above written it can
be concluded that in theory amphibians should
be “everywhere” in these landscapes, but do not
reproduce in all wetlands. Indeed, our observations
suggest that the newly created permanent ponds may
be colonized by different species (newts, Tree Frog,
Common — and Agile Frog, Common Toad, Green
Toad) (i. e. within one-two years). There are two
major roads that represent fragmentation but many
of the studied sites are far from roads (this being
especially true for those being in the southern part
of the Tarnava Mare river).??

The results of the calling surveys from 2005 on
H. arborea are presented in Figure 4. The Tree Frog
is present in all the streams surveyed, although in
some of them it was not frequent. Observations
made in 2006-2007 show that the calling sites of
this species are dynamic, suggesting that the adults
move along the stream to find proper breeding sites.
A large scale recapture study carried out in Sweden®
suggests that H. arborea is able to disperse several
kilometres (up to 11) to select already occupied
ponds for reproduction, avoiding sites that are at
close distance and are not occupied. They suggest
that the conspecific attraction may be important
determinant of the direction of movement in this
species. Good breeding habitats for this species
in streams were found along Stejareni valley, Cris
valley and Valchid valley. The larger streams such
are Tarnava Mare and Hartibaci were not used by
the Tree Frog, most probably due to lack of suitable
habitats and the presence of fish.

The R. esculentacomplexhasadifferentdistribution
in this area (Figure 5). It is generally lacking from
the streams that are far from the main water courses
(Tarnava Mare and Hartibaci). Moreover, it is absent
from the large majority of temporary ponds (Figure
1 and Figure 5). According to the previous studies in
this area® this species is common in the permanent
ponds and it is not sensitive to predatory fish. The
overall picture about this species is that it requires
larger and more constant waters. The streams may be
used as migration corridors, but we have repeatedly
observed vocalizing territorial males along different
transects of the Tarnava Mare river, suggesting that
ponds suitable for breeding occur even in this area.
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How many populations are there?

What should be considered when delimiting

amphibian populations?

The data presented above lead to the question:
how many amphibian populations are in this area?
A potentially useful way to estimate the number of
populations would be to estimate the area where the
adult amphibians move during their life, assuming
amphibians’ pond fidelity (see below). We suggest
that when defining populations as demographic
units in amphibians the following two aspects need
to be considered: (i) the landscape characteristics (ii)
and some behavioural treats of amphibians related to
migration, dispersal and site fidelity.

i The origin of the breeding habitats and the life
cycle of amphibians. The permanent ponds were
all created by dam construction (tributaries of
Tarnava Mare) or regulation. Thus, initially, all
amphibians in this area reproduced (and their
populations probably persisted) in running
waters. There are only few studies available
regarding the use of streams by amphibians in
Europe. These studies show that streams can
be efficiently used for reproduction, providing
that safe, looded areas are available.®®> Moreover,
some species (R. temporaria) use the streams as
migration corridors.*® All the species identified
as breeding in ponds, were also identified in
springs, even in those streams without man-made
ponds along them (such as those from the Nades
plateau, Stejareni valley etc.). A very important
aspect of these habitats (till a certain point in
common with temporary ponds) is that they are
extremely dynamic. Thus the proper habitats for
reproduction are not necessarily stable in space
and time. This spatio-temporal variability of
the breeding site quality and location may have
at least three consequences for amphibians: (i)
it does not allow the formation of large “local”
populations because of variable reproductive
success. (ii) the amphibians may be selected for
intensive movements along the streams in order
to “monitor” the quality of the habitat. Finally
(iii) the habitat quality variable may select for
the short larval period and large phenotypic
plasticity. Petranka® was the first who “tied”
the evolution of amphibian’s complex life cycle
to metapopulation dynamic and persistence.
According to Petranka®® the selection for the short
larval period increases the potential of amphibians

to use temporary ponds in the landscape, and
this may have positive consequences on the
spatial organisation and persistence of amphibian
populations. If the larval period increases (i.e. due
to adaptations for breeding in permanent ponds),
amphibians will loose their ability to reproduce
in temporary ponds and this will increase the
effective distance between breeding habitats
(because the ponds with longer hydroperiod
may be in smaller density than the temporary
ponds). With increased interpond distance, the
risk of metapopulation extinction also increases.
By creating permanent ponds along the streams,
that were free from predatory fish for long time,
the conditions were created for the formation
of large “population hotspots” for species that
prefer vegetated permanent ponds (B. bufo, R.
dalmatina, H. arborea, T. cristatus, P fuscus, R.
esculenta complex). Moreover, conditions were
created for occasional reproduction of temporary
pond breeders (B. wviridis, B. wvariegata, R.
temporaria, T. vulgaris) in these ponds.

it Amphibian movements, the general pattern being
that adults show periodical migrations between
habitats and juveniles are the dispersal stage” The
dispersal distance of juveniles may vary from
tens to thousands of meters.*” Considering the
overall good conditions that are present along the
tributaries of the Tarnava Mare river, we believe
that the conditions for the efficient dispersal
are mostly assured (see above). Moreover, good
evidences exist for the dispersal of juveniles along
humidity gradients;*! it is very possible that
juveniles disperse mainly along the stream due to
the increased soil humidity. Juvenile amphibians
are especially sensitive to desiccation. The adults
tend to show breeding site (or breeding area —
referring to a number of potential breeding sites)
fidelity. Studies show that amphibians are able
to learn, to “monitor” a certain area for old and
new breeding sites and choose those sites that are
of the best quality at that moment.** The small
“excursions” along certain sectors of the streams
are therefore very likely. The long dispersal ability
and the site fidelity make possible the quick
finding of newly created habitats (confirmed by
our studies as well, see above). The stable habitats
will allow a quick increase in the birth rate within
the permanent ponds, thus a large production of
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dispersing juveniles in some species. For many
species, the permanent ponds will act as source
habitats® that will, in theory, produce much more
juveniles than that sector of the stream where the
pond was created, or probably the whole stream
itself. The role of these ponds as source habitats
for many species become more evident if/when
the streams will be regularized (such modifications
were already seen in different Saxon villages) and/
or the terrains along them will be converted into
intensive arable lands. This will lead to decrease
of the general quality of the stream and increase
the importance of permanent ponds. However, as
Petranka® noted, stable habitats will select for the
loss of ability for extreme phenotypic plasticity of
amphibian larvae. Moreover, the permanent ponds
in this area tend to be populated with predatory
fish (our personal observations) suggesting that
their quality will decrease in the near future. These
possibilities and trends should be considered in
our wish to conserve amphibian populations in
this area.

As a final remark, Semlitsch® demonstrated
that many of the studies regarding the spatial
movements of amphibians do not make clear
difference between the dispersal and migration.
Migration is probably the movement type suitable
for delimiting populations, because dispersal
represents movements of emigration from the
population.

A potentially useful way to estimate the number
of populations would be to estimate the area where
the adult amphibians move during their life,
assuming amphibians’ pond fidelity (see below).
According to the suggestion of Berryman® ‘#he
area (of a population) must be large enough for the
emigration and immigration rates to be negligible or, at
least, roughly balanced. If you can imagine such an area
for a particular species, then you can grasp the spatial
identity of that species' population”. We agree with
this and present such an approach in delimiting A.
arborea populations.

First, we realized a map where every pond was
encircled in 1 km distance. We used this distance
because there are evidences regarding the spatial scale
of the landscape effects of 1000 m in H. arborea.”
This distance was considered by us the area where the
majority of adults live and move after reproduction.
When two such populations overlapped (i.e. the

circles overlapped), they were unified because of
the possibility to represent one single demographic
unit. Around 1 km distance (1070 m) was found
to be associated with statistically significant genetic
differences between populations in R. sylvatica.®®
A local study, conducted on R. dalmatina breeding
in a permanent pond and a temporary pond cluster
at 800-1300 m distance from this* also show that
in this distance (around 1 km) the spatial dynamic
and fluctuations of the two populations are not
correlated, suggesting demographic independence.

Secondly, we delimited H. arborea populations
using 11 km distances around the ponds (the largest
movement distance recorded in this species, Vos et
alii*® The same methodology was applied with the
overlapping populations as written above. Here the
major roads and the river Tarnava Mare river were
considered barriers of dispersal, thus, populations
situated in the two sides (although close to each
other) were considered to be isolated.

To express the potential limitations of our model
we present the following assumptions: (i) the quality
of used aquatic habitats is equal. Considering
the source-sink character of many habitats’' this
assumption is unlikely to be met, however. In this
study we were not able to quantify what habitats
are sources and what are sinks. (ii) All ponds were
inventoried. This may be true for the central part
of the area but unlikely in the periphery. (iii) The
quality of the landscape that would assure the
dispersal (juveniles) and migration (adults) is good.
We mention these assumptions because we believe
that the quantification of source-sink systems and
also the exact knowledge of the habitats are critical
for every attempt of constructing population area
“models”. Further similar studies made in a smaller
scale will account for these aspects also.

Overall 158 presence data for H. arborea were
shown in the maps presented in Figures 6 and 7. These
would represent the “pond populations” if a “naive”
ponds as patches approach is adopted. These points
were grouped in 59 populations, considering the area
of a population as being 1 km radius circle around the
ponds. Moreover, if we consider 11 km distance, the
number of populations becomes seven. The first level
grouping (using 1 km radiuses) seems for us reliable
since evidences exist regarding the movement of this
species within this area (Hartel personal observations).
According to this spatial level approach, the area of a
population may be roughly a valley.
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How many populations are there?

A study carried out in France on two newt species
(T cristatus and T marmoratus) showed that the
number of pond populations (21 in both species)
is larger than the number of populations identified
at genetic level (seven in 7. cristatus and three in 7
marmoratus)>. In most of cases, ponds situated in less
than 2 km geographical distance were pooled as one
population.

The second level grouping however that stands the
existence of seven populations is likely to be a mises-
timation. It is very probable that at this level the A.
arborea populations are organized in a metapopula-
tion. But in order to test this, the four conditions for
defining a metapopulation® should be tested. It is
very likely that movements of 10 km distance are not
very common in the case of the Tree Frog.

A real difficulty in tracing population boundaries
in amphibians in this area is the large number of
wetlandsinarelatively unfragmented landscape. These
wetlands may act as reproductive sites, stepping stones
or refuges. The temporary ponds and occasionally
flooded areas deserve important attention in this
respect. Their hydroperiod is strictly dependent on
precipitation and temperature. Some of them may
act as “source” habitats in rainy years but as “sinks” in
others.” They may significantly decrease the effective
distances between the neighbouring breeding areas,
occasionally (i.e. in rainy years) allowing a larger gene
flow between them.

The continuum conceptual model approach

The continuum model approach was recently
emphasized as a tool for a better understanding the
distribution of animals in the landscape®. This model
links the spatial distribution of organisms to the four
key resources: (i) food, (ii) shelter, (iii) space and (iv)
climate. These resources are not uniformly distributed
in space, therefore the organism’s distribution would
show gradual changes in the landscape. Particularly
in amphibians, their distribution in the landscape
may be presented using distance from the breeding
ponds and humidity gradients. The estimation of the
density in different points of the landscape may be
done using traps and/or direct observations coupled
with mark-recaptures. The population boundaries in
this case would be those areas from the landscape
that show the lowest density of individuals. The
distribution of the population in the landscape can
be presented using contour maps (e. g. the highest
densities of individuals are presented with dark colors
and the lower densities with lighter colors™).

Concluding remarks

Why is important to try to delimit populations?
We witness the massive extinction of species,
the most invoked cause being habitat loss and
fragmentation. The fields of biology that aim to make
conservation proposals for biodiversity (conservation
biology, restoration ecology etc.) put more and more
emphasis on populations. The targets of biodiversity
management and conservation measures are the
populations. How we intend to protect natural
populations if we don’t know their spatial extent?

Populations are much more than groups of
interbreeding individuals that belong to one species.
Natural populations are the result of evolution,
selective forces act upon them (and their different
parts) maintaining them genetically viable (and
heterogenous) and able to adapt to changes in their
environment. The gene pool of a population receives
genes from other ones through dispersal (immigration).
The “rescue” effect is also the result of dispersal. Any
management intervention should consider these
aspects. Populations may be genetically depleted
whereas the ecological population size may be large.
If the effective (genetic) population size is low, this
may expose natural populations to different stochastic
effects (diseases, extreme climatic events, changes
in habitat quality) more, even if the management
strategies of local habitat are “the best”.

Although the Tarnava Mare basin is well covered
regarding amphibian studies, and we have an
overall image on the distribution and habitat- and
landscape determinants of amphibians’ distribution,
the main questions still remain. More intensive
studies should be carried out to quantify the habitat
distribution, variability, to construct maps regarding
the “permeability” of different landscape elements
and collect information regarding the spatial
and temporal extent of amphibian population
dynamic. We suggest that researchers working on
understanding the spatial extent on population
(and community) dynamic should move beyond
individual ponds. Rather, considering groups of
(interconnected) ponds at different spatial scales,
would be more useful tool for understanding
population dynamics and developing conservation
strategies for amphibians (this being also suggested
by Griffiths*”). This approach was applied at a smaller
scale in this area when the management interventions
were planned for the restoration of the wetlands
in the Breite Natural Reserve near Sighisoara, the
target being the maintenance of a large diversity of

2 JEHLE, R. et alii 2005.

3 SMITH, M. A. - GREEN, D. M. 2005.

*# HARTEL, T. 2008c.

> FISCHER, J. — LINDENMAYER, D. 2006; HARTEL, T.

-~ MOGA, C. I et alii 2008.
¢ HARTEL, T. - MOGA, C. I et alii 2008.
7 GRIFFITHS, R. A. 1997.
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reproductive habitats for amphibians. Furthermore,
we suggest more intensive studies regarding the use
of streams by amphibians. By mapping the flooded
areas along them, their potential can be evaluated
and management recommendations can be made to
maintain them “active”.

To find out the movement range of amphibians,
the recapture studies are the most accessible ones™
If done with caution (to reduce the chances for
infections), these kind of studies would provide
important data regarding the movement of adults
(migration) and juvenile dispersal distances. Even if
they probably underestimate the distances that lead
to genetic differences between populations, recapture

studies are more accessible than the expensive genetic
studies. The recapture studies should go parallel
with the landscape ecological studies, because the
movement efficiency is directly influenced by the
landscape elements (e. g. two breeding sites that
are closely situated physically may be isolated by an
impermeable matrix).
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Hiény populicié? A kéeéltii-populiciék koriilhatdroldsinak sziikségességérél

(Kivonat)

Jelen dolgozatunkban a populdcié fogalom alkalmazdsdnak fontossigdt emeljiik ki. A dolgozat els felében
par — populdcidkra vonatkozd — definicié bemutatdsa utdn kitériink a populdcié fogalom alkalmazdst be-
mutatd kiilonbozd kétéled-kutatdsokra. A mésodik részben egy esettanulmdnyt mutatunk be a kétéletiek
elterjedésérdl a Nagy-Kiikiill6-medencében. A kutatdsok ,vizes él6hely” kozpontdak, olyan értelemben,
hogy a valds vagy potenciélis szaporoddhelyek leltdrozdsin alapulnak. Ebben a megkézelitésben elterjedési
térképeket mutatunk be a Hyla arborea és a R. esculenta fajkomplexum esetében. Két potencidlis migrdcids
tévolsg figyelembevételével megprébaljuk kériilhatdrolni a levelibéka (H. arborea) populdcidkat. Kiilonbozd
migrdciés elméletekre alapozva az egyik megkozelités 1 km-es migracids tdvolsdgot, mig a mdsodik 11 km-es
tévolsdgot vesz figyelembe. A természetes populdcidk koriilhatdroldsénak fontossdga abban rejlik, hogy ez
a médszer jobb réldtdst biztosit a populdcikra haté szelekciés nyomdsokra, ezdltal alapozva meg a kiilonbozd
természetvédelmi stratégidkat.

Cite populatii? Despre necesitatea delimitirii populatiilor de amfibieni
(Rezumat)

Pornind de la trecerea in revista a catorva din definitiile utilizate pentru descrierea conceptului de po-
pulatie in lucrarea de fatd argumentim privind necesitatea delimitarii populatiilor naturale. Pe baza acestor
definitii, prezentim modul in care conceptul de populatie este aplicat in cazul amfibienilor. In a doua parte
a lucririi prezentim un studiu de caz asupra distributiei amfibienilor in trei tipuri de habitate acvatice: balti
permanente, balti temporare, ape curgatoare din bazinul Tarnavei Mari. Se prezinta distribugia la /. arborea
sia complexulu1 R. esculenta in cele trei tipuri de habitate acvatice din bazin. In a doua parte a lucririi vom
prezenta doud propuneri de delimitare a populatiilor de Hyla arborea, folosind posibile distante de migrare
a adultilor (1, respectiv 11 km). Considerim ca delimitarea la scara mica oglindeste limitele populationale
pe cind delimitarea la scara mare foarte probabil ci include o metapopulatie. Delimitarea populatiilor oferd
informatii specifice despre varietatea fortelor selective, care afecteazd acestea, reprezentind un pas important
in dezvoltarea strategiilor de conservare.
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Figure 1. The site occupancy of the individual species in the three aquatic habitats studied. The data regarding ponds are from
HARTEL, T. - OLLERER, K. et alii 2008. The figure was made by pooling the overall presence of individual species during
2000-2007. By doing so, the permanent pond occupancy of Bombina variegata was overestimated. This species is present in per-
manent ponds only in rainy years when the pond floods small terrestrial areas around it. HARTEL, T. - MOGA, C. L. 2007.
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Figure 2. The dispersal distance (logarithmic) and the number of aquatic habitats used by amphibians. The species Bufo viridis
and Rana arvalis were highlighted because, although their high ability to disperse, their habitat use is low. These two species were
not included in the regression analysis. Abbreviations: Tc = 7. cristatus, Tv = T. vulgaris, Bb = B. bufo, Bv = B. variegata, Ha = H.
arborea, Pf = P, fuscus, Rd = R. dalmatina, Rt = R. temporaria. The species highlighted with grey square are long dispersers but still

occupy a low number of habitats. These species were not included in the regression analysis.
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Figure 3. The dispersal distance (logarithmic) and the number of aquatic habitats used by amphibians. Ss = S. salamandra.

For other abreviations see Figure 2.
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Figure 4. The map of the sites surveyed for H. arborea showing the presence and absence of this species in ponds and streams.
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Figure 5. The distribution of the R. esculenta complex in ponds and streams.
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“populations” were unified under one circle. Note that not all habitats occupied by this species are equal in their quality.
Moreover, the map and presentation oversimplifies the potential spatial extent of population dynamics
(some habitats of good quality may not be used every year.
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Figure 7. The H. arborea populations delimited using 11 km circles. See Figure 6 for other specifications.

113



Tibor HARTEL — Kinga OLLERER

- : s - i N i
; e T Y 2 - . 5

Figure 8. Small flooded area along the Valchid stream (upper part). It was present till the middle part
of June (2005, 2006). Here the tadpoles of B. bufo, R. dalmatina and R. temporaria and adults
of H. arborea and B. variegata were identified.

Figure 9. A small sector of stream along Daia valley, with B. bufo tadpoles.
Five similar sites were identified in an approximately 1500 m total stream length in 2007.

114




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [581.102 822.047]
>> setpagedevice


