SIMULATIONS ON A COMMON CRANE POPULATION MODEL
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ABSTRACT

A simple deterministic model describing the population dynamics of Western European com-
mon cranes (Grus grus has been developed. Here we present an updated version of the model
and test the effects of various natural and man induced events. Low hunting rates (5% of
total population or 1,000 birds annually) do not significantly reduce the size of the popula-
tion, due to the density-dependence of survival assumed in the model. High decreases in an-
nual productivity (50%), small decreases in survival (10%), and certain catastrophic events

result in the extinction of the population.

INTRODUCTION

Simulation modeling has been increasingly applied dur-
ing recent years to wildlife ecology and management (Miller
and Botkin 1974, Miller 1978, Johnson 1982, Verner et al.
1986). This technique is especially useful for understand-
ing population dynamics of long lived species, given the
difficulty in obtaining long series of demographic data, as
well as in detecting and analyzing the effects of natural
or man-induced events that affect these populations. Most
of the living crane species seem to be declining, and some
of them are endangered. Despite present conservation ef-
forts, it will hardly be possible to plan future management
actions without a previous understanding of the dynamics
of crane populations. The common crane is particularly
suitable for such investigations, as its present status enables
the gathering of relatively extensive demographic
information.

In this paper we present a second version of a simple
population model (Alonso et al. 1986a) similar to those pro-
duced for the sandhill crane Grus canadensis (Miller et al.

1972, Johnson 1979), and simulate the responses of the
population to various events affecting the survival and
reproduction of cranes.

DEMOGRAPHIC PARAMETERS

Two of the parameters used in the model — population
size and percentage of juveniles — were obtained during
the last eight years (1979-1986) at the wintering areas of
the species in Spain. The size of the Western European
population has been estimated at around 4(,000-50,000
birds (Alenso et al. 1986b and unpublished data; Prange
1984 and pers. comm.).

The percentage of juveniles was recorded each autumn,
with the unweighted average for the eight years being
13.5% (Table 1). The adult:juvenile ratio was obtained at
random, by counting unselectively all flocks as they were
found in the field. This age-ratio is only valid and represen-
tative of the whole population if a large number of birds
can be assigned an age each season in the same areca and
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time, and under approximately equal conditions. For a more
detailed sample selection procedure see Alonso and Alon-
so (1987).

Other demographic data — age of first breeding, longevi-
ty, and mortality — are still not well understood, due main-
ly to few individually marked birds. Therefore the data
available for the sandhill crane and whooping crane G.
americana have been used for the common crane in our
model. On the basis of recent literature reviews (Walkin-
shaw 1973; Johnsgard 1983) and captive crane flocks (Ar-
chibald pers. comm.) the age at first breeding is assumed
to be four years.

Although cranes can live more than 40 years in captivi-
ty, most authors estimate maximum longevities of 20-25
years for natural populations (Walkinshaw 1973; Binkley
and Miller 1980; Johnsgard 1983). We have assumed the
existence of 24 age-classes for the common crane.

The constant adult mortality rates assumed in classic bird
population studies (Deevey 1947; Lack 1966) are not in ac-
cordance with current longevity data from recoveries of
banded birds. This is probably due to the existence of an
age-dependent mortality effect (Miller et al. 1972; Botkin
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and Miller 1974). In this model we use the age-specific sur-
vivorship values estimated for the whooping crane (Binkley
and Miller 1980), which are based on annual censuses and
age-compositions of that population recorded since 1938.
A density-dependent effect on mortality that affects birds
of every age and reproductive condition has also been
included.

THE MODEL

The model we have developed is a very simple one, based
on a sandhill crane model by Johnson (1979) but incor-
porating the age-dependent effect on survival rate. The
program was written in Basic Apple Soft and has been
operated successfully on an Apple II computer. Figure 1
shows the complete flowchart of the model, including (a)
the assumed 24 age classes, (b} the distinction between the
first three nonreproductive age classes and the other
classes of sexually mature cranes, and (c) the type of curves
{=reverse logistic functions) that govern the density-
dependent effects on recruitment and survival rates.
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Figure 1. Flowchart of the common crane population model.

Year 1979 1980 1981 1982 1983 1984 1985 1986 Total
% Juveniles 12.48 12.95 14.17 12.12 i1.67 12.34 19.02 13.27 13.50
Number of 5,890 6,508 20,301 17,891 20,917 12,898 21,468 15,8563 121,826

Cranes Aged

Table 1. Age composition of the western common crane population.



The crane population of level 1 (0-1 years old) is deter-

mined by the following equation:

BIRTHS = BCx P
where BC = number of sexually mature cranes; and P =
productivity, or annual recruitment rate.

In this way, reproduction is simplified in the present
maodel to a single process that depends only on the breeding
population and productivity expressed as recruitment of
young birds to the winter population. The model ignores
hatching and fledging success, for which no data are
available. The subsequent age classes or levels are
calculated as follows:

Forl =21t024, C(I) = C{I-1) xS (I-1)
where [ = age class, or level; C(I) = number of cranes of
age I; and S (I) = survival rate of cranes at age L.

These density-independent survival rates are assumed
Lo be different for each age-class considered, due to the
above mentioned age-dependent mortality effect. Each
age-specific value is also affected by a reverse logistic func-
iion that accounts for the effect of population density. The
survival rate declines at high population levels:

[ - M x {1 - Sp/Spp)

S(I) = S,,/Sy x {1 - M(I)] +
)= Sy x 1 - M) 1 + e [A X (T - SI/ 1000)]
where 5 (I} = survival rate of cranes at age I; S;,/8y =
ratio between minimal and maximal assumed survival rates,
i.e., lower and upper asymptotes of the logistic function;
M (1) = density-independent mortality at age I, or natural
rate of deaths due to accidents, predation, etc.; A =
paramcter that regulates the rate of decline of the logistic
curve; T = total number of cranes in the population; and
5[ = number of cranes at the inflection point of the curve.
Recruitment rates are also assumed to be density-
dependent, varying from high values at low population
densities to low values as the population grows:

P = i
| + e [Bx (T -Rp/1,000]

where p = recruitment rate of the population; Ry = max-
imal theoretical recruitment rate (sce below), B =
parameter that regulates the rate of decline; Rf = number
of cranes at the inflection point of the curve and T as in
the preceding equation.

This recruitment rate applies only to sexually mature
birds, cranes at least four years old.

Each simulation starts with an initial population of
20,000 cranes. This initial population is assumed to have
an age distribution identical to that calculated for the
whooping crane by Binkley and Miller (1983). The model
is then run for 50 years.

The initial values of the parameters A and B were
estimated from the figures and equations given by Johnson
(1979). Later, combinations of both parameters between
0.01 and 0.5 were tested. As these parameters govern the
form of the logistic curve, it is virtually impossible to deter-
mine their values exactly with the data available at present.

S /Sy regulates the effect of population density on sur-
vival: high values of this parameter indicate low density-
dependence of survivorship. We tested values of 0.5 to 0.9.

For Sj and Ry, various values around the real size of the
crane population have been considered (35,000-60,000),
with the assumption that the population is stable. The
values for Ry were estimated in four different ways. (a}
If we assume that cach mature bird pairs in spring and each
pair produces two chicks that survive until their first
winter, then out of 100 cranes, 63.7 birds will be > 4 years
old (following Binkley and Miller 1983) and produce a max-
imum of 63.7 young, which will represent 39.1% of the next
winter's population. (b) If instead of two young per
reproductive pair we consider our field average of 1.35
young per pair (our own unpublished data), the maximum
possible percentage of juveniles will be 30.1%, also assum-
ing that all mature birds breed. (¢) One may also assume
that the annual recruitment observed for the whooping
crane represents a maximal valie, because the small
population of this endangered species {18 birds in 1938, in-
creasing to more than 100 at present) should stay at the
left extreme of the density-dependent inverse logistic func-
tion of recruitment. The average for this species during the
43 years 1938-80 is 14.5% juveniles in the winter popula-
tion. {d) We could also use the maximal percentage of
juveniles observed for the whooping crane, which was
31.8% in 1939. We think, however, that possibility (d) may
be influenced by the stochastic nature of the breeding pro-
cess and should therefore be considered as an exceptionally
high value, not representative for Ry in our deterministic
model. Possibility (a) is also hardly representative, as it does
not account for natural, density-independent losses of eggs
and young up to the first winter when the simulation starts.
Thus, we have tested as the most realistic values for Ry
those values between 0.10 and 0.30,

RESULTS

We have tried a total of over 400 combinations of the
parameters of the survival and recruitment functions, and
have selected those (Table 2} that vield (a) stabilized popula-
tions between 40,000 and 50,000 cranes, and (b) percent-
ages of juveniles of 13.50 + 1.98 (= mean of the ¢ight an-
nual values measured in the field + 95% confidence
interval).

The mathematical simplicity of the model is mainly a con-
sequence of the few data available on the demography of
the crane population and its deterministic nature is im-
posed by the scarcity of information on causal intercorrela-
tions hetween environmental and population variables {see
also Miller et al. 1972; Johnson 1979). The 12 combinations
given in Table 2 represent only a selected sample of the
series of plausible combinations that are consistent with
the above mentioned conditions (a} and (b). Any of the 2
selected combinations of parameters {Table 2) can be used
to simulate the behavior of the population in response to
different environmental conditions or management situa-
tions. We have selected combination no. 12, which yields
a total population and a percentage of juveniles closest to
those observed in the field.

The main simulated scenarios (Figure 2) include the eof-
fects of hunting, variations in productivity, survival, and
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age of first breeding, and a catastrophic decrease in the
population size. All the experimental situations start after
the twentieth year of the model uniess otherwise stated.

1. Hunting Loss of 5% Cranes Annually (Figure 2A)

The 5% is assumed to be uniformly distributed among
all age classes considered. The consequence will be a
decrease in both the total number of cranes and percent-
age of juveniles by 2.4% and 3.1%, respectively, but both
values will stabilize again in less than 10 years. These
decreases are less than the 5% annual hunting harvest, due
to the density dependent self-regulating capacity of the
population.

2. Hunting Loss of 1,000 Cranes Annually (Figure 2B)!

The 1,000 cranes are again uniformly harvested from all
age classes. The effect is almost negligible: 0.4% decrease
in the total number of birds and 1.6% in percentage of
juveniles.

3. Productivity Reduced to 80% (Figure 2C)

A yearly reduction in the productivity due, for example,
to human interferences in the breeding cycle (loss of
breeding habitat through drainage or agricultural transfor-
mations, disturbances at nests, etc.) will cause an initial
reduction followed by a slight recovery and stabilization
at levels around 13% (for population size) and 11% (for
percentage of juveniles) lower than those of the undis-
turbed population,

4. Productivity Reduced to 50% (Figure 2D)

The population could not stand such a yearly reduction
and would therefore become virtually extinct (fess than 150
birds) in about 20 years.

Trial A S5y Ry B Ry Total %
No. 8,5y Cranes Juv.
1 0.7 0.15 60,000 0.2 0.15 50,000 41,830 115
2 0.7 0.15 60,000 0.2 0.15 60,000 45,106 12.9
3 0.7 02 50,000 0.2 0.15 60,000 40,400 135
4 0.7 02 50,000 0.2 0.3 50,000 40,380 13.4
5 0.8 0.15 50,000 0.2 0.15 60,000 40,440 13.5
6 0.8 0.15 50,000 0.2 0.2 60,000 41,080 13.7
7 0.8 0.15 50,000 0.2 0.3 50,000 40,380 134
8 0.8 0.15 50,000 0.2 0.3 60,000 41,450 13.9
9 0.8  0.15 60,000 0.2 0.156 60,000 47,100 125
10 0.8 0.15 60,000 0.2 0.3 60,000 49,800 134

11 0.9 0.156 50,000 0.2 0.15 50,000 40,900 11.8
12 09 0.15 50,000 0.2 0.15 60,000 45,290 12.9

‘Table 2. Values of the model variables that yield stabilized
population sizes and age ratios similar to those observed in the
field.

'Note: Simulations 1,2,6 and 7 do not consider negative in-
fluence of hunting on behavior, preferred areas, roosting
routines, etc. Inclusion of these simulations does not imply en-
dorsement of hunting of common cranes. The authors believe
that hunting of cranes in Europe must remain strictly forbidden,
and always subordinate to other cultural, scientific and aesthetic
interests,
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Figure 2. Experimental simulations on the model; trial no. 12
(from Table 2) has been used in all simulations. Each simulation
represents a period of 50 years. Perturbations of the original
model, representing various environmental disturbances, act
from year 21 on, except in E, J, and K, in which the disturbance
is maintained only between years 20 and 30 (arrows and dotted
lines on top of graphs). Each pair of graphs is the result of one
simulated scenario: the upper graph of each pair represents the
population size, and the lower, the percentage of juveniles,
Simulation M shows together the results for the three ages of
first breeding considered.



5. Productivity Reduced to 50% for 10 Years (Figure 2E)

In the case of a 50% decrease in productivity in effect
only for 10 years, the population would theoretically
recover, according to the model. We think, however, that
it might be impossible for a natural crane population to
recover after decreasing to such a low number of
individuals.

6. Hunting Loss of 5% Cranes Annually Plus Reducing the
Productivity to 80% (Figure 2F)

This simulation combines the effect of simulations 1 and
3. The resulting reduction in the population size (-18%)} is
slightly higher than the sum of the isolated effects of 1 and
3 (-16%).

7. Hunting Loss of 1,000 Cranes Annually Plus Reducing
the Productivity to 80% (Figure 2G)!

Here the combined disturbances result in a decrease
equivalent to the sum of both isolated effects.

8. Productivity Increased to 120% (Figure 2H)

If a management effort could succeed in increasing pro-
ductivity each year by 20%, the benefit for the population
would be an increase of only around 8%. This result is again
due to the density-dependent regulating capacity of our
population model. Interestingly, prior to stabilization of the
population, there is a period of around 5 to 10 years of high
oscillations — both in percentage of juveniles and in popula-
tion size — which was almost absent in the case of an
equivalent reduction (simulation 3 and Figure 2C).

9. Productivity Increased to 150% (Figure 2I)

This increase is too high for the population to reach
stahilization, either in number of birds or in percentage of
juveniles, given the relatively small self-regulating capacity
imposed by the survival equation in our medel(i.e., Sy, /Sy
= 0.9). Values of 5,45y smaller than (0.9 {i.e., a higher self-
regulating capacity for the population) would allow a more
rapid stabilization.

10. Survival Reduced to 90% for 10 Years (Figure 2J)

The population would hecome virtually extinet, as in
stinulation 5. Interestingly, the result of this simulation is
not similar to that of simulations 1 and 2 (hunting). In the
hunted population, survival increases — as a consequence
of the density-dependence of both survival and productivi-
ty — as the total number of birds decreases, while in the
present case the possibility of survival rates to compen-
sate for the simulated situation is suppressed by the very
terms of this simulation.

11. Survival Reduced to 90% Plus Productivity Reduced
to 80%, for 10 Years (Figure 2K)

This is a combination of simulations 3 and 10, represent-
ing a general deterioration of environmental conditions,

during breeding and also through the rest of the annual
cycle of the birds. Again, the result would probably be the
extinction of the population.

12. Catastrophe: 10,000 Cranes Killed (Figure 2L)

If a portion of the crane population were killed as a con-
sequence of an accident, this model prediets a rapid
recovery and stabilization at the original population level.
This recovery, however, appears too fast to be true in a
natural crane population, for which the most realistic result
of such an event would be the virtual extinction of the
population. As the rapid recovery of the population after
a perturbation results from the high stability of the modet,
being closely dependent on the density-dependence sur-
vival function, the parameters defining this function
should be reexamined.

13. Influence of Age of First Breeding (Figure 2M)

If the age of first breeding were six years, instead of the
assumed four years, the change would only be a stabiliza-
tion of both the population size and the percentage of
juveniles at lower levels (around 10% lower). In the case
of first breeding at three years the stabilization levels would
be about 5% higher.

DISCUSSION

The simple model developed should be considered,
together with a previous draft {Alonso et al. 1986a}, as a
first attempt to describe the common ¢rane population
dynamics. The series of combinations of values presented
in this paper (Table 2) do not exclude the possibility that
other equally valid parameter combinations exist. The main
limitations of the model derive from the difficulty in ob-
taining demographic data in the field. This limitation is not
only due to the difficulty of accurately measuring
demographic variables in wild populations, but also because
of the long series of annual data necessary. This problem
is especially true in the case of mortality rates, for which
only crude estimates are available from recoveries of band-
ed sandhill and whooping cranes, as well as for other long-
lived bird species.

In our opinion, one of the short-comings of our model
is the rapid response of the population to perturbations af-
fecting the total number of birds, i.e., its high stability. Wild
crane populations probably have a lower ability to recover
from perturbations increasing mortality, and the effects
of such perturbations last for a longer time than our model
predicts. The rapid recovery is prohably a consequence of
the high sensitivity of the density-dependent survival func-
tion, determined by the high magnitude of the difference
between upper and lower asymptotes of the inverse logistic
curve. Indeed, the models developed for sandhill cranes
differ mainly in the relative importance given by their
authors to the density-dependent regulation of survivai
rates. While some authors have proposed models that are
highly sensitive to alterations in the density of birds, with
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survival increases of up to 30% at lower population den-
sities (Johnson 1979), others use such low values (2 x 10'5)
that the effect is almost negligible (Miller et al. 1972; Miller
1974; Miller and Botkin 1974). The importance of hoth
features of the model — the magnitude of the density-
dependent effect on survival, and the form of the func-
tion {linear, logistic) — is evident when the model is per-
turbed: a high density-dependent regulation ability enables
the population to recover quickly from hunting, while a
low density-dependent regulation ability prevents such a
quick recovery at even the lowest hunting rates. This
variability makes it difficult to predict accurately the ef-
fects of human disturbances like hunting. The almost
negligible effect of hunting on the population presented
in this paper should therefore be interpreted with extreme
care,

In the case of the function regulating the density-
dependent response of productivity rate, the critical values
are much better known. The series of annual recruitment
values recorded, together with the data from other bird
species, help us model this effect more realistically. In our

model, values for Ryq (= maximal theoretical recruitment
rate, or upper asymptote of the density-dependent inverse
logistic function) below 0.1 {i.e., less than 10% juveniles
produced yearly) result in the extinction of the crane
population for every numerical combination of the other
five parameters (see also Alonso et al. 1986a). Values higher
than 0.2 cause high oscillations in population size and
percentage of juveniles. It is interesting to observe that all
values of annual recruitment measured in the field in our
crane population, and the most realistic values inferred for
our species as well as for other crane species, fall within
these limits. This not only supports the validity of the model
but also suggests similar demographic structures in the
various crane species for which population data are
available.

In spite of the difficulties, the model presented enables
future incorporation of submodels and variables that bet-
ter represent demographic features or account for new ef-
fects, thus providing a basis for future research as well as
guidelines for the management and conservation of the
European population of the species.
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