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Management of spatially structured populations: a case study

Karin Johst, Roland Brandl

Synopsis

We investigate the impact of management strategies
on local and global dynamics of a spatially structured
population by modelling the dynamics of black-hea-
ded gulls (Larus ridibundus). Due to the increase of
the population during the last 40 years a reduction of
population size has been suggested several times.
Our results demonstrate that differences in the level
and in the mode of the dispersal strategy can cause
significant differences of management impacts. How-
ever, detailed knowledge of the dispersal strategies of
species is rare. Therefore it will be an important task
for further studies to fill this gap.
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1. Introduction

Many species live in spatially structured populations,
that is they are subdivided into subpopulations con-
nected by dispersal. There are several approaches to
model the dynamics of spatially structured populati-
ons. Often details of the local dynamics and of disper-
sal are ignored and dynamics is described by the
number of occupied habitat patches, local extinctions
and colonizations. However, there are situations
where this approach provides insufficient information
for an understanding of the system (HANSKI 1991,
BUCKLEY & DOWNER 1992, HASTINGS 1993).
Sometimes detailed models are necessary to describe
the dynamics of spatially structured populations in a
more realistic way. Thereby one is forced to give up
the elegant formalism of general patch models and
has to turn to case studies. We investigate the
dynamics of spatially structured populations of the
black- headed gull (Larus ridibundus).

In the last decades black-headed gull became
superabundant (ISENMANN & al. 1989). In Bavaria
the number of breeding pairs increased from about
10000 pairs in 1950 to 40000 in 1990 (HEINZE

1992). This increase in population size has been cau-
sed by the improvement of food supply in the
wintering areas and in the vicinity of the colonies
(PFEIFER & BRANDL 1991). Due to the strong
increase of populations management strategies have
been discussed to reduce population size (VAUK &
PRUTER 1987). Apart from the general discussion
concerning the pros and cons about the management
of wildlife populations, the efficiency of most mana-
gement strategies is unknown, especially in spatially
structured populations. We developed a model for
the dynamics of gull colonies coupled by dispersal,
which takes into account detailed local dynamics and
habitat heterogeneity (JOHST & BRANDL 1994). We
will use this model to show that the efficiency of a
particular management strategy depends on the
dispersal strategy.

2. Model

Our model is described in JOHST & BRANDL (1994),
therefore we give only a short summary. Biological
details about behaviour, faunistics and ecology of
black-headed gulls are given in GLUTZ & BAUER
(1982) and GORKE (1989).

2.1 Local dynamics

We divide the year into a wintering season and a bree-
ding season. The breeding season itself is again sub-
divided into two parts. During the first part the gulls
arrive at the colony and occupy — if possible — a nest
site within the colony (BRANDL 1987). Black-headed
gulls are known to show some degree of colony
fidelity (RITTER & FUCHS 1980, HEINZE 1992).
Therefore we assume that after returning from the
wintering areas gulls attempt to breed in the same
colony as in the preceding year. Thus, fledgelings
return first to the colony of their birth and thus some
gulls may breed during their whole life in their birth
colony. Furthermore during this first part of the bree-
ding season an exchange of individuals between the
colonies may cause some redistribution across the dif-
ferent colonies. After the search for breeding sites
and possible dispersal the actual breeding starts.
Within this second part of the breeding season gulls
lay 3 eggs and commonly 1-2 nestlings survive. After
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breeding adults and fledged gulls leave the colonies
and migrate to their wintering areas.

Population growth is affected by two carrying
capacities. The first and most important one is the
availability of breeding sites, called colony size Kg. Kg
differs between the colonies according to the envi-
ronmental situation and imposes an upper limit to
the population size of a particular colony. If the num-
ber of potential breeding pairs is larger than Kg then
some gulls cannot find a breeding site and become
non-breeding floaters. These floaters are not lost for
the system, we assume that they try to find a bree-
ding site in the next year. As long as the number of
breeding pairs is well below Kg, breeding is not
disturbed by aggressive behaviour. However, if the
number of breeding pairs approaches Kg, aggressive
behaviour causes an increasing loss of eggs and small
chicks. Therefore we introduce a density-dependent
mortality of nestlings into the model.

Gulls are central-place foragers and the maxi-
mum distance they can travel away from the nest is
around 20 km (GORKE & BRANDL 1986), beyond
20 km the energy balance of the foraging flight for a
breeding bird becomes negative (BRANDL & GORKE
1988). This radius affects the number of gulls which
can successfully forage around the colony. This num-
ber is measured in pairs and denoted as Kg. When
the number of breeding pairs is well below Kg food
supply is sufficient. When the number of breeding
pairs approaches K, food is in short supply and im-

poses an increasing mortality on the nestlings. Adult
mortality is assumed to be density independent
during the breeding season and during winter. This
mortality was chosen to yield an overall mean life
expectancy of 4 years.

2.2 Environmental setting

In our model we define a set of 10 colonies of diffe-
rent size (Kg) that mimic the distribution of colony
sizes found in Bavaria. Kg ranges from small (K = 50
breeding pairs) to large values (Kg = 15000 breeding
pairs). The landscape around of the colonies determi-
nes the capacity Kg. We assume K to be equal for all
colonies. From our experience we estimated K to be
around 8000 breeding pairs (Fig. 1). We define »large
colonies« as colonies where food supply is limiting
(Ks>Kg), »medium-sized colonies« where Ks=Kg and
»small colonies« where only nest site availability is
limiting (Kg<Kg).

2.3 Dispersal strategies

As already mentioned we define dispersal as the ex-
change of breeding pairs between the colonies during
the first part of the breeding season. Dispersal rules
used by black-headed gulls and the interaction bet-
ween the actual ecological situation and dispersal are
unknown. Field investigations suggest a certain degree
of colony fidelity, which can be taken into account by
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The two dispersal strategies used in our model. Density inde-

pendent dispersal is characterized by a very small probabili-

ty to change the colony, even when nest sites are in short

Fig.1 supply. Density dependent dispersal is characterized by

Sketch of the environmental setting used for the simulations.
The capacity Kg determines the number of available nest
sites at a colony, the capacity of food supply is called K.
Capacity K; was assumed to be equal for all colonies.

colony fidelity as long as the number of available breeding
sites is sufficient. When nest sites are in short supply, that is
the number of potential breeding pairs approaches Kg, then
the probability to change the colony is steeply increasing.
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two total different dispersal strategies, a density inde-
pendent and a special density dependent one.

Figure 2 shows these two dispersal strategies.
Density independent dispersal is characterized by a
very small probability to change the colony indepen-
dent of the density, that is the number of potential
preeding pairs already present at the colony. Thus,
also when nest sites are in short supply the gulls do
not change their colony. This dispersal strategy is cal-
led strategy of pure colony fidelity. Because it is bio-
logically unreasonable to assume that dispersal is
completely impossible we assume a small probability
of 0.10.

In the second density dependent dispersal stra-
tegy the gulls show colony fidelity as long as nest
sites are sufficient. When nest sites are in short supp-
ly, that is the number of pairs in the colony approa-
ches Ks, the gulls decide with a steep increasing pro-
bability to change their colony. This behaviour can be
described mathematically by an approximate step
function of dispersal probability with a step around
Ks. Therefore it is called stepwise dispersal strategy.
We assume that dispersal probability increases within
a range of 10% around Kg from 0.10 to 0.60.

We consider each colony as equally well accessi-
ble by dispersing individuals. Thus, we ignore the
spatial arrangement of the colonies, an assumption,
which is valid for a mobile species like the black-hea-
ded gull.

3. Management

We selected two management strategies. First, a
colony can be removed from the system by inunda-
ting or excavating all breeding sites. Second, breed-
ing success can be reduced by destroying the eggs

within the nests. We assess the efficiency of these
two management strategies on population size by
defining efficiencies E1 and E2, that is the relation
between benefit and costs for each strategy. The
benefit is defined as the reduction of the global popu-
lation size by the management AN=Np.ore=Naser-
The costs depend on the type of the management. Of
course the actual costs of removing a colony (Al)
depend on the used machines and man power. It is
beyond the scope of our paper to estimate Al. A very
efficient strategy, however, of removing colonies in
pond areas is to increase the water level of the fish
ponds and thereby to innudate the colonies. This is
simply done by manipulating the outflow of the pond
and the costs are independent of pond area and
colony size. Thus, we assume Al to be roughly con-
stant for all colonies and the efficiency of the first
management strategy is defined as

E1=AN/Al 1)

with Al fixed at an arbitrary value.

The costs A2 of the second management strategy
are assumed to be the number of breeding pairs,
which must be managed. Thus, the efficiency of the
second management is given by

E2=AN/A2 2)

with A2 estimated quantitatively by the number of
managed nests.

4. Results and Discussion
The dynamic behaviour of our model depends on the

incorporated dispersal strategy. To demonstrate this
we show in Fig. 3 two simulations. Both simulations
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Local dynamics of the 10 colonies in our model system coupled under the scenario of pure colony fidelity (left) and stepwise
dispersal strategy (right). Note the different dynamics of both systems. At t=50 years a new, small colony is introduced. This

altered environmental setting does not affect the dynamics of the other col

within the

io of pure colony fidelity, but

may change the fluctuation pattern within the scenario of stepwise dispersal strategy.
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were started with 1000 breeding pairs on a colony
with Ks=1000 breeding pairs and after 50 years we
introduced a new, small colony into the system.
Within the strategy of pure colony fidelity colonies
show a logistic growth to the capacities Kg and K,
respectively. Within stepwise dispersal strategy,
however, fluctuations of local population size of parti-
cular colonies are possible. These fluctuations arise
because gulls decide independently to leave the
colony and only when nest sites are in short supply
(JOHST & BRANDL 1994). The altered environ-
mental setting after 50 years does not affect the dyna-
mics of the other colonies when the strategy of pure
colony fidelity is assumed, but may change the fluc-
tuation pattern within the stepwise dispersal strategy.
We will show that these differences of the dynamic
behaviour caused by the different modes of dispersal
also affect the management efficiencies.

Figure 4 shows the efficiency El in relation to the
size of the removed colony (small Ks=3000, medium-
sized Ks=6000, large Ks=15000 breeding pairs). Of
course one expects that the benefit AN increases
with the size of the removed colony. Figure 4, howe-
ver, demonstrates that within the strategy of pure
colony fidelity this increase is quite small. The reason
is that only a small number of individuals, which dis-
perse from outside into a colony, affects the local dy-
namics. Thus, all colonies are more or less independent
units and large colonies are limited by Kg, the food

supply around the colony. Therefore many available
breeding sites on these colonies remain unused and
the removal of a large colony is less advantageous.
Within the stepwise dispersal strategy small and
medium-sized colonies generate a large number of
emigrants, when they have reached Ks, and other
colonies are supplied with immigrants. These immi-
grants allow the large colonies to exceed Kg. This makes
it much more advantageous to remove a medium-
sized or large colony within the scenario of stepwise
dispersal compared to a scenario of pure colony fidelity.

Figure 5 shows the efficiency E2 in relation to two
different scenarios to destroy eggs: firstly, in all small
and medium-sized colonies egg number is reduced
from 3 to 1 and secondly, all medium-sized to large
colonies are managed. A2 differs between both
scenarios, because the costs depend on the number
of nests, which have to be handled. A2 increases
with the size of the managed colonies. If AN increa-
ses in equal proportion to A2 then the efficiency E2
is a constant. This is the case within the strategy of
pure colony fidelity. However, this picture changes,
when a stepwise dispersal strategy is assumed. Then
the scenario of managing all small to medium-sized
colonies is more efficient than managing the large
colonies. As already mentioned, within stepwise
dispersal strategy small and medium-sized colonies
generate a large amount of emigrants. Reducing the
output of these colonies influences the whole system.
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Efficiency E1 of removing all breeding sites of a colony as a
function of dispersal strategy and size of the colony removed.
We present no tick labels for E1, because the curves provide
only qualitative results.

Fig. 5

Efficiency E2 of reducing the number of eggs of breeding
pairs from 3 to 1 as a function of the dispersal strategy and
size of the managed colonies either by managing all small to
medium-sized colonies (Ks<K¢) or all medium-sized to large
colonies (Kg>Kg).
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5. Summary and conclusions

We investigate the impact of management strategies
on local and global dynamics in spatially structured
populations of the black-headed gull by model simu-
lations. Our results demonstrate that differences in
the type of coupling (different dispersal strategies)
can cause significant differences in the impact of
management strategies. Within the scenario of step-
wise dispersal strategy management impacts will be
more efficient compared to the scenario of pure
colony fidelity strategy, but depend more sensitively
on the selection of the managed habitats. Small and
medium-sized habitats, often ignored within field stu-
dies, are important for the dynamics of our model
system. Within stepwise dispersal strategy manage-
ment plans must include these habitats to be effi-
cient. Thus, an effective management in spatially
structured populations depends on the dispersal stra-
tegies of the species. In nature conservation it is
often assumed, that a successful management
depends predominantly on the connectivity of the
habitats. Our results suggest that this may be mislea-
ding. We need not only information about the gene-
ral level of dispersal but also about the internal or
external forces, which trigger the dispersal events.
But a detailed knowledge of the dispersal strategies of
species is rare. Therefore it will be an important task
for further field research and theoretical investigati-
ons to fill this gap.
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