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Abstract

Loman J.: Frog density and distribution in a heterogeneous landscape — a modelling
approach. Ecology (CSFR), Vol. 9, No. 4, 353—360, 1990.

A model of factors determining frog density and distribution is presented. It
considers migrating frog species in a heterogeneous landscape. This situation presents
the frog with optimization problems: long and risky migrations may be necessary to
utilize the best and least crowded breeding sites and summer habitats. The frogs’
options are also dependent on the information available to the frog. Alternative
mechanisms that may govern the proposed factors are discussed.

Introduction

Despite of much work on the ecology of frogs there have been few studies
that in a comprehensive way address the problem of what determines frog
density and distribution in a landscape. Below I discuss the factors that I think
proximally constrain fitness of frogs. I then discuss mechanisms which may
ultimately govern how frogs are distributed, given the constraining factors.
Though the ideas discussed below have relevance to many frog species, the
common frog (Rana temporaria) is the species considered (unless otherwise
stated) when referring to facts of frog biology. ,

The purpose of this presentation is to point at how behavioural studies can
be put into a context where their importance for the ecology — density and
distribution — of a population is evident. I also want to show how this unified
approach raises more fundamental issues. I think it should be of value if these
were considered by frog researchers. - ‘ :

The model considers a landscape that is composed of a mosaic of breeding
ponds, summer habitats (possibly differing in quality) hibernation sites, and

*This paper was presented on VIII™ International Symposium on Problems of Landscape
Ecological Research, October 3—7*" 1988, Zemplinska $irava, CSFR.
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waste land. Each habitat is a spot or a coherent area with uniform vegetation
(Fig. 1).

SUMMER HABITAT

POND 1

HIBERNATION SITE IN STREAM

Fig. 1. A simplified frog landscape with two (out of several possible) tactics outlined.

Biotic and abiotic constraining factors

For simplicity, I only consider the female part of the population. The fitness
of a female is measured as her expected number of metamorphosed young that
reach a summer habitat. This is affected by (Fig. 2):

1. Breeding migration survival. Survival per distance depends on characteris-
tics of the crossed habitat; predator density and cover type. The former may, in
turn, be affected by the total number of migrating frogs, a high number attract-
ing predators but also diluting risk for an individual frog (Fig. 3, arrow e. This
arrow is also applicable to several other points below).

2. Summer migration survival. See previous point.

3. Number of eggs laid. Their number probably depends on female condition
and thus on food availability in the summer habitat. This depends on charac-
teristics of the habitat and the number of competing frogs.

4. Egg survival. This is due to the physical qualities of the pond (risk of

drying up in a dry spring) and the presence of egg predators. The latter may be .

affected by the number of other females and their eggs in the breeding pond.
This effect is negative (for a particular female’s eggs) if predators are attracted
by the presence of many frogs but positive if the effect of a given number of
predators in a pond is diluted by many eggs.

5. Larval survival depends on predator density and food availability. Both
these factors may be affected in various ways by the number of other larvae in
the pond.

6. Dispersal survival. The survival of newly metamorphosed frogs dispersing
from the breeding pond to a (late) summer habitat should be affected by
characteristics of the crossed habitat (see point 1).
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GOVERNING MECHANISM

1. Fixed tactics

2. Condition dependent tactics, behavioural flexibility
3. Microevolution of strategies

BIOTIC AND ABIOTIC
CONSTRAINING FACTORS
(a) (b)
1. Migration risks

2. Larvae competition
3. Dispersal risks

4, Adult competition

THE DISTRIBUTION OF
INDIVIDUALS ON TACTICS

. r
(c) l (e) i(d) o

FROG DENSITY AND DISTRIBUTION IN THE LANDSCAPE

Fig. 3. An outline of the interaction between constraining factors, governing mechanisms, and
strategies that determine frog density and distribution in a landscape.

Frog tactics

A set of rules that determine which summer habitat, which hibernation site
and which breeding pond a frog will utilize is a tactic. One tactic may consist
of breeding in pond i (i =1, 2, 3,..., P), spending the summer in habitat patch
jGi=1,2,3,...,8),and hibernating atsite k (k = 1,2, 3,..., H). P, S, and H are
the total number of ponds, summer habitats and hibernation sites in the land-
scape, respectively. Altogether there are P x S % H different tactics possible.

Governing mechanism

Given the factors listed above, that I assume influence survival and reproduc-
tive success in frogs, I will discuss three mechanisms that may explain the
distribution of frogs in a landscape. I will treat them as alternatives, in the real
world it may well be that they somehow operate in combination. These mechan-
isms determine, together with the factors discussed above, the individual frog’s
tactic (Fig. 3, arrows a and b). The tactics of all frogs and the constraining
factors determine the total density and distribution of frogs in the landscape
(Fig. 3, arrows ¢ and d).
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Genetically fixed tactics

. If these tactics are genetically fixed and completely inherited one may con-
sider each tactic a strategy in the sense of Dominey (1984). All frogs with one
s.trategy constitute a closed population, a deme, and one can study its popula-
tlpn fiynamics and possible population density equilibria. The total density and
distribution of frogs in a landscape is in this case the sum of its parts, these
populations. Different closed populations may compete if they jointly utilize one
summer habitat. The different population equilibria may thus be studied using
the theory for competing species.

Several populations may thus spend the summer in a single summer habitat
patch or at one hibernation site. However, if several populations, in this sense,
breed in the same pond this mechanism runs into conceptual problems or
problems with realism. What happens if frogs from different populations mate?

A model that is basically similar to this has been used by Lundberg &
A]ersta@ (1986) to predict the global distribution of migrating bird species.

“ Condition-dependent tactics

Ifa i_‘rog’s tactic is formed by it successively choosing different habitats (e. g.
depet}(.img on the current distribution of other frogs) this tactic is a part of a
conditional strategy, sensu Dominey (1984). If all frogs somehow could perceive
w.hat. other frogs were doing or intended to do, one would expect them to be
d1str{buted so that they all had the same fitness. Such a situation should be
considered within the framework of game theory (Maynard Smith & Price 1973)
or Fretwell’s (1972) theory of the “ideal free distribution”.

t

Evolution of strategies

If frogs cannot perceive the relevant information of other frogs’ whereabouts
and a tactic is genetically fixed but subject to intrademe variation and evolution,
one }:vould expect a balanced polymorphism to settle. This situation can be
considered within the framework of “evolutionary stable strategies”” (Maynard
Smith, 1976).

Discussion
Available information

1. Spacing. Do frogs react to the presence of other frogs when settling in a
summer habitat and choosing breedings ponds? I have previously shown (Lo-
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man, 1981) that the presence of other frogs does affect their summer distribu-
tion. However there is no information suggesting whether large breeding ag-
gregations are avoided due to high frog density.

2. Movement pattern. Do movements take place as assumed by the model?
Is it sufficient to consider one summer habitat only or do frogs use a succession
of habitats during one summer? The fact that at least some frogs stay in
restricted home ranges for long periods, also returning to the same home range
in successive year has been shown (Haapanen, 1970).

3. Hibernation. Does winter mortality contribute significantly to overall
mortality and are suitable hibernation sites in short supply? Large aggregations
of hibernating frogs have been observed both in streams and in heaps of debris
(T. Madsen, pers comm). This suggests that such sites are valuable enough to
warrant long migrations. '

4. Predation. In a study area in southern Sweden there is evidence that a

‘large part of total mortality is due to predation (Loman, 1984). If this is
generally true one would expect the cover of a habitat to be important for its
suitability.

5. Food, growth, and reproduction. There is a positive correlation between
female size and number and size of eggs (Barker, Jorgensen, 1981). If growth
rate depends on feeding rate, which seems most likely, there is a direct link
between summer habitat quality and number of eggs laid. However, as frogs are
iteroparous the relation is complicated by the fact that frogs potentially have the
options to convert energy directly into eggs or to grow fast and, probably, be
in a better position to lay a large clutch in later years. A model that completely
predicts the optimum choice of a frog must take life time reproductive success
into account.

6. Breeding migration mortality. Frogs may move extensively, Heusser
(1968) has shown that common toads Bufo bufo may move as far as 3km
(although 1 km is more normal) to the breeding pond. Studies of the importance
of traffic mortality for the common toad have been made (van Gelder, 1973).
There are data suggesting that the degree of isolation is one factor that deter-
mines the choice of breeding ponds or the average density of frogs in a landscape
(Wederkinch, 1988; in press, Loman, 1988).

Suggested field work and conclusions

Further work should be conducted along two lines. First we need more data
on the importance of the factors constraining frog population dynamics. Such
studies concern predation rates, the relation between food availability and
reproduction and larval competition in natural populations. Given the impor-
tance of migration mortality and breeding site competition, all mechanisms
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make certain predictions with respect to frog distribution in landscape. Such
studies give clues to the importance of these factors.

Second we need data that allow us to evaluate the relative importace of the
§uggested mechanisms, The mechanisms imply different basic facts, the relative
importance of which can be studied. .

1. Are migration tendencies inherited? One could, e. g., capture female and
male frogs that leave a breeding pond in a certain direction for their summer
habitat, let them mate and raise their offspring. Will it tend to migrate in the
same direction the parents? The preferred migration direction can be tested in
areas of the type used by Ferguson et al. (1968). If there is such a correlation
between parent and offspring it makes the evolution of this character — summer
habitat choice — possible, something required by the last mechanism.

2. The first mechanism requires that a frog returns, for each breeding season
to the pond where its parents bred. This pattern should be described.

3. An experiment where frogs are removed from a breeding pond could
determine if other frogs perceive this and react by moving in to this pond instead
of breeding in a neighbouring pond. Such processes are expected if the second
mechanism is important.

This purpose of this model has been to point to the value of the proposed
studies and put them into a unified context.
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- Loman J.: Hustota Zab a jejich rozdéleni v heterogenni krajiné — modelovy pEistup.

V praci je predloZen model faktorti uréujici hustotu Zab a jejich rozdéleni. Model uvaZuje migraci
Zabich druhlt v heterogenni krajiné. Tato situace pfedstavuje Zibu s optimalizaénimi problémy:
dlouhé a riskantni migrace mohou byt nezbytné k vyuZiti nejlepdich a nejméné zaplnénych mist k
plozeni i letnich stanovi§t. MoZnosti volby jsou také zavislé na informaci, ktera je Zabam dostupna.
Jsou diskutovany alternativni mechanismy, které mohou ovladat navr¥ené faktory.

Joman W.: InoTrocTs NArymex u ux pacmpenesenie B reTeporennomM Janamagre — MoJeanHbli
noaxon.

B pabote npencraBneHa Monenb GaxTOpOB ONpPeNeNsrolias MIOTHOCTh JATYIIEK U MX pac-
npenerenne. Monentk TOBOPUT O MHTpAallMH BHIOB JIATYIIEX B reTepOreHHOM NaHmmadte. OTa
CHTYaluus NpPEeACTABAAET JIATYIUKEL C OTNTHMAJH3AIMOHHEIMA TpoGIeMaMH: ANATENbHbIE H pHC-
KOBbIE MHIDAIIHH MOTYT ObITh HeOOXOAUMBIMHU [UIS UCTIONL30BAHUSA CAMEIX JIYYIIMX i MEHEe BCETO
3ATIOJTHEHHBIX MECT C LIeThI0 IIOAUTLCH, H A1 IeTHHX MecToHaXoxAeHuil. Boamoxnocty Bribopa
HAXOIATCA B 3aBHCHMOCTH OT HMH(pOPMAalMH, KOTOpas NBJIAETCH JJIS JIATYINEK JOCTYHHOM.
JHCKYTHPYIOTCSA aTbTEPHATHBHBIE MEXaHH3MBbl, KOTOPBIE MOTYT BIANEThH NPEIJAraeMEIMH (axK-
TOpaMH.
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