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ABSTRACT: Principles of sociobiological [SB] control of taiga moose population well being are
described. These principles are in contrast to the present models oriented to achieving maximum harvest,
a policy dangerous to the ecosystem and undesirable in view of anti-hunting propaganda. The SB
modelling is focused on the species-specific ranges of social infrastructures adapted to ecosystem
equilibria. Itis based on the knowledge that living populations are composed of overlapping generations
of various fitness. Thus, there is not an average mortality rate as implied by life tables. In the models
described here, we chose three fitness classes, each with a different set of mortality and recruitment
parameters. The other important factor in population behaviour is the species-specific rate of maturation
which is governed by inherited programs. These programs are flexible and within ranges are responsive
to social and other extrinsic factors. The SB-modelling developed in this study relies on the experience
that generations of similar social importance build cohorts of social classes [SC], for which intra- and
inter-sexual optimum ratios can be simulated. In the field the SC-ratios can be monitored by observing
morphological and behavioral cues.

Physiological parameters obtained from trapped or harvested individuals can be used to refine the SC-
pattern. This is of paramount practical importance, because these SC-measurements indicate whether the
population is in social order or disorder. In the SB-conceptonly those animals which are supermumerary
for population and ecosystem well-being can be harvested. Practical aspects of the concept are discussed
and shown graphically.
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Traditional game management is focused  sylvicultural objective is no less dangerous
onproduction of wild animals to be harvested  than that of traditional game management
as “renewable resources” forsportsmen’ssat-  (Bubenik, A. 1991;Schwab 1979). Unfortu-
isfaction (Leopold 1947; Decker 1990),even  nately, the economic importance of timber-
atthe expense of otherspecies (Thomas 1979)  oriented forestry is apparently so great as to
and vegetation diversity (Burschel 1979). quietenvironmentalists’ opposition. Thus, it
However, from the perspective of the eco- is the hunter, who as the real impetus for
system balance, and coevolutive mechanisms ~ conservative game management (Franco 1991,
between herbivores and plants (Brown and  VariCak 1991), is attacked by anti-hunters
Vincent 1987; Bubenik, A. 1989; Dodds 1990;  (Baker 1985; Ryder 1989).

Owen 1990; Palo and Robbins 1991; However, the anti-hunting crusade is
Roughgarden 1983), any game management missing the point because hunting of game
system intended to maximize production of insettled orindustrially exploited areas is nec-
game, contributes to ecosystem disorder essary due to inadequate numbers of natural
(Bubenik, A.1984, 1989). predators, abundance of food, resulting in

This management objective aimed to uncontrolled recruitment and overpopulation
maximum sustained yield [MSY] (Boer and of game. The solution to the predicament “to
Keppie 1988) is vulnerable to attacks by huntornotto hunt?”, orinhunter’s words: “to
ecologists and naturalists, and paradoxically be or not to be?”, demands a new attitude
also by "timber-prerogative" foresters (Osterr. ~ towards game and hunting, and a revision of
Forstverein 1990; Parsons 1987), whose the historical hunter’s role as game harvester
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(Bubenik, A. 1984; 1991).

The current models, designed to ease the
manager’s job of harvest maximization are
not concerned with the ecosystem as a unit
(Baldiauskas 1990, Boer and Keppie 1988),
even if they are “habitat oriented” (Allen et
al.1988; Kansas and Raine 1990). Besides
that, theterm “habitat” is too broad in com-
parison to “umwelt” (Bubenik, A. 1984; Von
Uexkiill1937, 1957). The “umwelt”, as the
world of the animal, is characterized by the
neurophysiological cues the animal is
searching for and uses to select as optimum
grounds for breeding, calving, resting, feed-
ing or playing (Bubenik, A. 1984).

By and large, the present models assume
that demographic structures are either stable
(Hennig 1988), or that their instability is
generated only by environmental events
(Ballard et al. 1986; Carley 1990; Johnson
1990).

Thus, the aim of such models is to inform
the manager how many animals in general, or
with respect to sex and age could be removed
tomaximize harvest. However, they do not
alert the manager to whether the population
andecosystem is endangered (Bubenik, A.
1989). No attempt is made to mimic the
patterns ofsociobiologically necessary losses
and umwelt-related dispersal (Bubenik, A.
1984).

Inordernotto separate game control from
ecosystem management (Dodds 1990), the
concepts of modelling of game populations
require an immediate revision. Their raison
d’étre must not be harvest of meat (Geist
1985) ortrophies (Bajohr 1988; Vari¢ak 1991),
but the welling of game (Bubenik, A. 1971;
1984; Calhoun 1962; Harrison 1990) within
overall ecosystem welfare.

This is too large and complex a task to be
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reported in a single paper. Thus, the aim of
this paper has been limited to discussion and
exploration of the importance of
sociobiological principles in modelling only
of native ungulate populations of the boreal
zone.!

PRINCIPLES OF SOCIOBIOLOGICAL
DEMOGRAPHY

First, we have to emphasize that “living
populations cannot be treated as homogenous
units, and conversely, in behavioral ecology
the individual cannot be considered as being
shaped (only) by evolutionary forces”
(Lomnicki 1988). Numerous authors (Altman,
M.1961, 1963; Bartecki and Jaczewski 1983;
Barto$ and Perner 1985; Bubenik, A. 1982,
1984; Bubenik and Timmermann 1982;
Bubenik, A. et al. 1956; Bubenik, A. et al.
1977, 1978; Bubenik, G. and Schams 1986;
Geist 1968a,b; Greenwood and Craig 1987,
Heimer and Watson 1986; Lomnicki 1988;
Meile and Bubenik 1979; Niini 1982; Ozoga
1987; Pagel and Harvey 1990; Pemberton et
al. 1988; Pinsker 1978; Prothero er al. 1980;
Shackelton 1991; Singer, et al. 1991; Smith
1976; Verme 1991), have shown that matura-
tion progress of an individual (at least in
boreal ungulates) is dependent as much on its
inbomn fitmess (Dobzhansky 1968) as on the
social interactions generated by its demo-
graphic environment. Thus, the genetic
uniqueness of individuals and their suscepti-
bility to maturation stimulators (Bubenik, A.
1980, 1984; Prothero et al. 1980), as well asto
social stressors (Leary and Allendorf 1989;
Meile and Bubenik 1979; Ozoga 1987), should
not be neglected and cannot be accounted for
simply in statistical terms. The variability of
individual fitness: inherited, acquired, par-
ticular and overall (Amold et al. 1990), and

'Other important factors such as the indirect indicators of sociobiological status and the reciprocal game-
umwelt interactions (Bubenik, A. 1984) important in the arena of sociobiological game inventory and
ecosystem management, can not be covered entirely. The different socio-physiological parameters of
ungulates and quite different behaviour of ecosystems of temperate zones, require a different modelling
concept.
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that of intradependent neurophysiological re-
sponsiveness (Bubenik, G. 1982, 1986;
Bubenik, G. et al. 1987; Bubenik, G. and
Schams 1986; Weber and Pert 1989) is so
complex that its numerical modelling would
be extremely difficult (Lomnicki 1988).
Due to the variation in individual longev-
ity, or, to simplify, in the average longevity of
each generation (Bubenik, A. and Bellhouse
1980; Dobzhansky 1968; Lomnicki 1988;
Pagel and Harvey 1990; Wright 1978), there
is no reason to expect a smooth and stable age
distribution in living populations with spe-
cies-specific schedules of mortalities as rep-
resented in life tables (Fig. 1A) (Caughley
1970, 1977; Deevey 1947; Taylor and Carley
1988). In contrast, living populations are
composed of overlapping generations
(Bubenik 1984; Bubenik,A. and Schwab 1974;
Lomnicki 1988; Schwab and Messner 1986)
occasionally with significant differences in
longevity. These differences generate the
ragged age-class structures (Fig. 1B) observed
inliving populations (Bubenik, A. and Schwab
1974; Bubenik, A. et al. 1975; Garner, et al.
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1990; Schwab 1979; Schwab and Messner
1986).2

Great differences in generations’ longev-
ity are more important than assumed, because
population behaviour depends on the ratio of
cohorts of animals of dissimilar social impor-
tance which contain more than one age class
(Bubenik, A. 1984) (Fig. 1C). Production of
generations with above or below normal lon-
gevity orexcessive losses will generate social
class [SC] distortions (Figs. 2A, 2C), induc-
ing abnormal behaviour which may have a
dangerous impact on both population and
habitat well-being (Calhoun 1962;
Donaubauer et al. 1990; Scanlon 1990;
Thompson 1988; Timmermann and Gollat
1982).

The traditional terms of ‘juvenile,’
‘subadult’ and ‘adult’ are inadequate to de-
scribe the demographic conditions and would
lead to confusion (Bubenik, A. 1982, 1984;
Eabry1970). They are based on the outmoded
notion that any mammal, with the exception
of humans, whichenters puberty is considered
to be an ‘adult’, just because it is fertile.

C. IN SOCIAL CLASSES

ES] PRIMES INCLUDES SENIORS

Fig. 1. Infrastructure of overlapping generations in a moose population with 50% submatures and 50%

primes.

Mt is recognized that other ““soft” and “*hard” losses [not quite in terms of Wallace (1975,1977)] influence
the shape of the age former include emigration as well as immigration and natural mortality, the latter,

hunting, natural catastrophes, etc.
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A. DISORDER DUE
TO SEXUAL
HYPERSTIMUL-
ATION

AGE IN YEARS

OFFSPRING

SEXUAL HYPERSTIMULATION
CAUSES COMPETITION FOR
BREEDING DOWN TO
FEW YEARLINGS

B. REALISTIC

SLIGHTLY ACCELERATED AND
DECELERATED SEXUAL
MATURATION IS A NORM
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C. DISORDER DUE
TO DELAYED

SEXUAL

MATURATION

f;):jl:"AyTURES

inactive
during rut

% SUBMATURES

sexually
active
during rut

E MATURES

sexually active
during rut

Y MATURES
sexvally inactive
during rut

DELAYED SEXUAL MATURATION
IMITATES NEOTENY, LOWERS
RECRUITMENT CAUSES
PHYSIOLOGICAL DISORDERS

Fig. 2. Impact of social order and disorder on sexual behaviour and morphology of hypothetical moose
population. (Simulated on behalf of studies in moose and other cervids.)

However, ‘adult’ means (e.g. Webster 1983)
a fully developed and socially responsible
individual and not simply any who entered
into puberty. As well, in boreal ungulates the
puberty is a recurrent process (Lincoln 1971).
In respect to fertility, it develops gradually
and has a great range of flexibility due to
susceptibility to demographic and environ-
mental conditions (Lomnicki 1988;
Dobzhansky 1968; Bubenik and Timmermann
1982; Haines and Emes 1991).

Also in well organized ungulate societies
the first puberty cycles either do not produce
fertile semen or ova and in disorganized
populations the onset of puberty may be de-
layed or accelerated (Dietrich 1979; Mitchell
and Crisp 1981). The precocious sex matu-
ration can shorten the longevity of offspring
(Geist 1968a; Haines and Elmer 1991;
Pemberton, et. al. 1988) and skew the sex
ratios (Clutton-Brock 1985; 1988; Clutton-
Brock et al. 1982; Gomendio et al. 1990;
Scribner et al. 1984; Ozoga 1987). Itis im-
portant to note that the speed or timing of the
process of sexual maturation depends not
only on genetical anlage, but also on exter-
nally induced mechanisms of aneuroendocrine
nature (Bej§ovec 1955; Bubenik, G. and A.
Bubenik 1985; Bubenik, G. et al. 1987;
Shackelton 1991; Singer et al. 1991), and on
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overall fitness (Mitchell and Crisp 1981;
Ozoga 1987).

Thus, in disorganized societies we find
more orless pronounced asynchrony between
beginning and intensity of gonadal activity on
the one hand, and physical and physiological
asychrony and asymmetry of behavioral pat-
tems on the other (Figs. 2A, 2C) (Bubenik,
A.1984; Heimer 1987; Leary and Allendorf
1989; Meile and Bubenik 1979; Ozoga 1987;
Shackelton 1991; Singer et al. 1991; Smith
1976). Both the asynchrony and asymmetry
affect motivation, lead to derailed behaviour
and generate morphological features which
mimic astatus of othersocial classes (Bubenik,
A. et al. 1977; Bubenik G. and A. Bubenik
1985).

The extremely juvenile populations con-
sume unnecessarily great amounts of food
due to too many lactating females and grow-
ing individuals or they experience losses of
prime males during the long rut (Bubenik
1984; Bobek et al. 1990; Payne and Wheeler
1968;Vitakova 1990). The reported tempo-
rarily frequent cases of arthritis, arthropathy
oroverall parodontal disorder (Peterson 1977;
Timmermann and Lankester 1978) may be
the result of weakened fitness, mainly due to
low immunobiological resistance towards
stress (Bower 1991). Pregnancy too early in
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life, as well as over exposure in sexual activity
impairs the growth (Guiness et al. 1971;
Shackelton 1991) by precociously high sex
hormone levels. It also reduces the span of
prime age and thus the life expectancy, de-
spite a predisposition to high longevity
(Bubenik, A. and Schwab 1974; Geist 1968a,b;
Heimer and Watson 1986; Stringham and
Bubenik 1974).

The negative impact of asynchronous
maturation processes is easily identified by
morphological and/or behavioral cues.
(Bubenik, A. 1984; Bubenik, A. et al. 1977,
1978) which are important for assessment of
the degree of disorganized status and for
sociobiological population control. Thus, we
need symbolic terms forindividuals in similar
social importance, i.e. similar maturation or
social classes (Wilson 1975). Inthis paper we
describe the SC-s by following terms: 'off-
spring’, individuals who need maternal care;
'submatures’ or 'teenagers' (Altmann 1961)
in analogous, but not anthropomorphic sense
(Bubenik, A. 1980; Lorenz 1974), are animals
whose timing of gonadal activity is delayed
and semen reserve or diameter of follicles is
smallin comparison to the 'mature’ or 'prime’
individuals. Forthe modelling we use also the
'yearlings' as a subclass of 'submatures’ be-
cause this is the age with which the infrastruc-
ture begins and assessment of yearlings is
relatively reliable. Most 'primes’ are mature in
every respect and thus potentially fully de-
veloped breeders; this, of course, does not
predispose all prime males to actually become
breeders®, Postprime' or 'seniors’ (Altmann
1963) are animals whose gonadal activity
begins to decrease (Bubenik, G. and Schams
1986). We did not include the class of
postprimes, i.e. virtually senescent individu-
als due to their scarcity in wild as well as in
hunted populations (Altmann 1963).

The fact that a social class is a cohort of
individuals with similar demographic impact
is of paramount importance for modelling.
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Theoretically, each SC is so independent of
generation survival that if some of its age
classes are over- and others under represented
(due to high or low life expectancy), the SC-
ratio does not change substantially. It is the
SC-ratio which determines whether the
structure is well organized or disorganized
(Figs. 1C, 2A, 2B,2C). From an ecosystem
point of view the population stays in a status
of well-being if the SC and sex-ratios remain
within the species-specific range and if the
growth of palatable plants and rate of suc-
cession on preferred feeding grounds is not
impaired.

It is also quite natural that in well organ-
ized populations, the social classes are never
precisely delineated by chronological age.
There is always anoverlapping of a few faster,
or slowermaturing individuals (Fig. 2B). For
simplifying the modelling we assume that in
generations of normal or supra-normal lon-
gevity the usual distribution of early and late
maturating individuals in neighbouring SC-
cohorts is equal (Fig. 3). Two or more age
classes exhibiting different maturation
progress indicates social disorder as shown in
Figs. 2A and 2C.

The social order of a population can be
monitored using observations of SC based
on:i) age (which is problematic), or ii)
behavioral and morphological features. Fig.4
illustrates a tabulation framework for assessing
social order and it illustrates this framework
applied to the three hypothetical populations
depicted in Fig. 2.

Through field observation of morpho-
logical and behavioral parameters of a repre-
sentative sample of moose during the firsthalf
of the rut, (Bubenik A. et al. 1977, 1978) and
during antler casting, the cells in the table
(Fig. 4) can be filled. Check station data can
also be used to complete the tabulation. The
table of observed data can be compared to
theoretical templates and the degree and na-
ture of social disorder be estimated. The

3 It depends on female’s choice whether any prime male or a specific one is accepted as a mate.
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Fig. 3. Mortality analysis by fitness class.

theoretical templates can be established
through observation and studies of
morphophysiological parameters of indi-
viduals under controlled conditions, and of
populations known to be in good social order.
From this comparison a harvest strategy can
be proposed in order to restore the population
to social well-being.

Thus, there are three problems in
sociobiological modelling: i) simulation of
the range of ‘optimal’ infrastructure, ii) de-
termining the frequency of generations with
normal (‘A’ for average), optimal (‘O’) and
subnormal (‘P’ for poor) longevity, and iii)
determining the actual SC-ratios of both
sexes (Fig. 4).

SIMULATION OF OPTIMUM SOCIAL
STRUCTURE

Using some of the sociobiological pa-
rameters of optimum (Q), average (A) and poor
(P) generations (many are unknown), we

—*— Optimal

simulated variation in their longevity as the
most probable cause of deformation of spe-
cies-specific SC and sex-ratios and their im-
pact on population behaviour. The impact of
such generation-change can be noticed only
after the females of such a generation enter

SOCIAL CLASS

Submature Mature

inactive
SEXUAL ACTIVITY

DURING RUT % 2
- . "
i

A) DISORDER B) ORDER C) DISORDER
sm m sm m sm m
Inactive 35 0 45 5 45 15
Active 20 | 45 5 | 45 0 | 40
SOCIAL CLASS o . 45 50 ° 50 45 : 55

RATIO

{numbers in tables are percentages)

Fig.4. Tabulation of the social order illustrated in
Fig. 2.
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reproductive age and produce offspring. In
well organized moose populations the repro-
ductive age is 2 years, and offspring are com-
monly produced in the fourth year; prime age
is between the 6th and 11th year of age.

Under such circumstances the optimum
population structure has a species-specific
ratio of SC-cohorts, but this is not necessarily
generated by equal age mortality (Figs. 3, and
5A). Even with different generation longevity
the SC ratio can remain within the
sociobiological optimum range. The preco-
cious disappearance of the poor generations is
balanced or equalized by the presence of the
longer living individuals of the optimally fit
generations.

Animals who are supernumerary for so-
cial well-being must be removed forcibly by
‘hard’ selection, i.e. by raising the losses
above the natural or ‘soft’ losses. It is self-
evident that individuals of below normal fit-
ness should be preferentially culled. How-
ever, in cases of extreme social disorder, the

SOCIOBIOLOGICAL MODELLING - BUBENIK AND POND

social structure must be improved as fast as
possible. Inthat case it is necessary to ignore
the basics of classical culling (Vickery 1990).
One removes the requisite number from a
particular class, and does not search for the
"heritably undesirable" individuals.

This ‘heretical’ advice is based on: i)
large scale experiences in different deer spe-
cies culled only on the basis of SC-ratios,
which within 4 years provided remarkable
improvement of antler quality (von Bayem
and vonBayern 1975; Pfandl 1977; Santifaller
etal. 1978;Schwab and Messner 1986); ii) the
evidence that the antlers’ quality correlates
with the male’s well-being and social status
(Bartos 1980), and iii) on the evidence that it
is the testosterone level in the rut which pre-
determines the antler quality of the next year
(Bubenik, G. 1982). In other words, a signifi-
cantly lower antler quality of well fed animals
is one of the reliable indicators of social
disorder.

The recently discovered “alleles for fe-

Number of Moose

Offspring Il Yearlings
Seniors

Primes

123456 7 8 91011 1213 14 1516 17 18

Year

Sub Mature

Fig. SA. Population structure trends (AP O A P O...).
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males’ hind legs” and “‘for longer or shorter,
less- or multi-pointed antlers” in both sexes,
(Hartl ez al. 1990), ascribed to intense culling
of males with 'low quality antlers' may be the
effect of a hidden factor of a non-genetic
nature, e.g. individual intensity of hormonal
secretion, lower density etc. The fruitless
attempts throughout Europe to improve the
overall quality of red deer or roe deer antlers
by a similar culling strategy (Vickery 1990),
and the evidence that antler-anlage is inher-
ited over the daughters, and thus should be
linked to the females sex chromosome (Harmel
1982; Vogt 1947) justifies a sceptical view of
the Hartl et al. (1990) allele-hypothesis. The
same objections apply to the simulation model
of Thelen (1991), who also completely omit-
ted the relationship between prime age, rank
and antler quality (Bubenik, A. 1990). It is
highly probable that more significant corre-
lation about frequency of multi-pointed ant-
lers would be obtained with modelling of
social structure of the population and moose
bulls in particular.

The social type and its adaptability to
environmental conditions are of paramount
importance, as has been shown in the breed-
ing behaviour of taiga and forest-tundramoose
(Bubenik A. 1987). However, in a practical
model of a specific area, population size and
density cannot be omitted. Then, variables
like the upper and lower range of density of
individualistic* species species differ from
those of gregarious ones (Bubenik, A. 1984).

Inmoose, as representative of individual-
istic deer, the upper limit of density is de-
pendent on individual distances within and
between SC's, on number and acreage of
preferred feeding umwelts and eventually on
the seasonal clustering pattern for both sexes
(Baskin 1990; Elsky 1990). The optimum
density in umwelt concept is neither identical
with the “carrying capacity” of Leopold
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(1947), nor with that of “ecological carrying
capacity” of Caughley (1979). Moreover, a
maximum sustained yield (Boer and Keppie
1988; Caughley1979)is a very tricky term for
deer like moose. Hence, it should be investi-
gated whether the 0.67 K (McCullough 1979)
or 0.7 K (Boer and Keppie 1988; Gasaway et
al. 1992) is a factor which limits taiga moose
density, except on the screen.

In the taigaumwelt every burn or clearcut
is not preferred feeding ground. Despite this
the occurrence, abundance and distribution of
preferred feeding grounds is permanently
changing and theiruse is limited to a few years
(Créte 1976; Hjeljord et al. 1990; Lundbergand
Danell 1990; Saether and Andersen 1990). In
individualistic species the lower limit of
density seems to depend only on communi-
cative feasibility. It can be extremely low, as
is well known in moose (Revin and Volpert
1990).

THE SIMULATION MODEL

The model used here is designed to illus-
trate some of the ideas of presented in the
introduction. Itis simpler than what would be
required for a complete management model
incorporating these concepts. Itisaprototype
used to examine the impacts of i) a variety of
sequences of generation-specific mortality and
ii) of reproduction characteristics on the age
structure and size of a moose population.

The cohort-survival model has the inno-
vation that separate reproduction and mortal-
ity parameters are applied to generations of
differing degrees of fitness but similar social
role. The three fitness classes: O, A and P are
characterized by specific fecundity rates
(neonates per female) and a schedule of age-
specific annual mortality rates which reflect
the average fitness level of the animals in a
particular generation. In this model a single

“The term solitary, despite its general use is a misnomer; it means not social (Allaby 1985); however, the
nongegarious ungulates like moose or roe deer (Capreolus sp.) prefer temporarily to live in clubs of
peers, a behaviour which is in accord with their individualistic way of life.
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parameter (male: female ratio) for each fit-
ness class determines the proportion of fe-
males in a given fitness class which are capa-
ble of reproduction.’

The heart of a cohort survival model is a
table whichkeeps account of the moose ineach
age-class of each generation. A columninthe
table represents the population history of a
single generation of moose asitages. A single
row inacolumncontains the number of moose
of agiven agein that generation. The first row
contains the number of offspring bom of fe-
males of reproductive age in previous genera-
tions. A cell in rows below the first row
contains the number of moose in the cell
above it (the previous age classin the previous
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year) minus the number of moose which died
in that year. For example, the second row
(yearlings) contains the number of offspring
(row one) which survive into the second year.
The population structure and total size in a
particular year can be read on the diagonal
from upper right to lower left; births in that
year, plus the yearlings from the previous
generation, plus two-year-olds of the genera-
tion before that. Table 1 illustrates a part of
the population table for the first five age
classes.

The reproduction component of the model
calculates the number of new bormn offspring
as the sum of the offspring produced by each
age cohort of calf-bearing age, i.e., from 3

Table 1. A section of the population accounting table.

Generation number

and fitness class

-l -3 2 -1 0 1 2 3.
..P 0] A P (0] A (0] A
Age Class
Calves - births —— 307 257 287...
|
survival
Yearlings 185 ]-|53 167 143...
2 year olds 83 148 II7 133 100...
|
]
3 year olds 80 64 126 81 113 75...
|
4 year olds 85 72 54 113 j|2 102 68...
S year olds 65 79 65 48 105 55 95 61...
. ) '
S
. |
Notes:

Underscored figures represent the population structure in the year in which generqgation 1 is born.
Italicized figures represent the members of generation 1 as it ages.

3Although variation in sex-ratios is recognized as having a significant effect on population, the sex-ratio
does not enter the model at the point of determining the sex of neonates, but only in calculating the
number of cow moose which may produce calves.
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1015 years. The number of offspring bom of
asingle age cohort s calculated as the product
of: i) the number of moose in that age cohort,
ii) the proportion of females typical of that age
cohort’s generation and iii) the number of live
births per female typical of the age cohort’s
generation (Table 2A).

The number of moose in a particular age
class (a+1) is the product of moose in that
generation in the previous year (when the
generation was one year younger) and the
survival rate (1- mortality rate) for that age
class and for the fitness class of that genera-
tion. This can be expressed algebraically as
showninTable 3A. The mortality component
of the model removes moose from the popu-
lation according to age and generation specific
mortality rates (see Table 3B, and Fig. 3).

The model must start at some point in
time; two options for specifying a starting
population are available: i) to start the model
with two moose and let the model build up a
population itself (Moen and Ausenda 1987),
or ii) to start with an “average” population
structure and allow the model to modify the

Table 2A. The reproduction equation.
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starting structure. Since the reproduction and
mortality parameters are roughly in balance in
this model and the Moen and Ausenda (1987)
model had no mortality component, the latter
method appeared to be more appropriate. The
fitness history of the starting population was
a three year repeating cycle of generations of
average, poor and optimal fitness [A P O]. The
starting population data are shown in Table 4.
The total numberof moose excluding offspring
is 1,000 and aratio of ‘submature’ to ‘mature’
moose is 50 : 50. Although any of the input
parameters can be changed, for the experi-
ments of interest in this work, the only varia-
tion between experiments is the sequence of
generational fitness levels.

Cohort survival models, because of their
tabular and repetitive structure, are well-suited
to implementation in a spreadsheet program.
Use of a spreadsheet for modelling has pro-
vided a great deal of flexibility in experi-
mentation with different model designs and
sets of parameters. It has also provided excel-
lent graphical views of the resulting popula-
tion structure and trends.

16
N, = Z N * fren * Pren
where: a=3
N, isthe number of calves produced in year t.
t is the year index.
a is the age class index.
t-a is the generation index.
u is the number of moose of age a in year t.

fm_a) is the percentage of femaie moose expected in fitness class F of generation (t-a).
D) is the fitness class of generation (t-a); it will be Average (A), Optimal (O) or Poor (P).

Table 2B. Generation and fitness-class-specific reproduction parameters.

Fitness class of a generation

Average Poor Optimal
Male:Female Ratio: 50:50 100:200 120:100
Fecundity (live births/female) 0.75 0.5 0.9
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Table 3A. The survival equation.

SOCIOBIOLOGICAL MODELLING - BUBENIK AND POND

= Na,l * (1 - mF{l-a))

a+l0+1
where:

N,, is the number of moose in age class a in year t.

my,,  is the mortality rate for moose in fitness class F of generation (t-a).
F

(1-a)

is the fitness class of generation (t-a); it will be Average (A), Optimal (O) or Poor (P).

Table 3B. Generation and fitness-class-specific mortality rates.

Fitness class of a generation

Average  Poor Optimal
Age class
Neo-natal 0.5 0.65 0.35
1 03 0.5 0.2
2 0.25 0.25 0.15
3 0.1 0.15 0.1
4 0.1 0.12 0.07
5 0.05 0.1 0.04
6 0.05 0.1 0.03
7 0.08 0.15 0.03
8 0.1 0.2 0.03
9 0.15 03 0.04
10 0.2 0.5 0.05
11 04 1 0.08
12 0.5 1 0.15
13 0.6 1 03
14 0.8 1 04
15 1 1 0.5
16 1 1 0.6
17 1 1 0.6
18 1 1 1

The impact of varying generational fit-
ness on population dynamics can be followed
when a selected pattern of generations (tem-
plates) will repeat in the long run (in our case
a template of 6 generations is repeated three
times) to give an 18 year projection. The
expected number of offspring is shown as
‘minus values’ under the base line.

For the fitness pattern [A P O A P O],
showninFigs. 5A, 5B and 5C, the appearance
of two poor generations within the 6 year
template affects the dynamics so that within
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18 years the population size drops to 600.
Under the impact of P-generations the popu-
lation size fluctuates in permanently descend-
ing quartets of [A P O A P O] from the centre
of the 6 year template. This is alogical result
of the high mortality and low productivity of
the P-generations from which yearlings enter
in the reproductive cycle every fourth year.
Despite the consistent population decline,
the sub-mature to mature ratio fluctuates only
between 46 : 54 and 50 : 50, i.e. within the
optimum range for social balance. However,
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the age class ratioundergoes dramatic changes,
as shown by the comparison between the
starting population Fig. 5B, and its nadir in
year 18 (Fig. 5C), when three year classes
(13th, 26th and 17th) are absent but the SC-
ratio of 46 : 54 is still within the social opti-
mum.

The impact of P-generations becomes
more dramatic if two successive P-genera-
tions and only one Q-generation are born [A
A O A P P] (Fig. 6A). Within 18 years the
population drops to 50%. The nadirs repeat
now in seven-year intervals, due to the cu-
mulative effect of the low number of
primiparous females of the two P-generations
on number of yearlings. When these genera-
tions enter into the reproductive cycle, the
class of sub-matures drops below the social
optimum, as happens in year 9 when the ratio
is 42 : 58. However, the SC-ratio starts to be
balanced again, due to the consecutive pair of
A-generations, and the following O-genera-
tion.

By years 9 and 18 the age classes vary

ALCES SUPPLEMENT 1 (1992)

even more than in the previous case. In year
9 (Fig. 6B) three age classes (13, 16, 17) are
absent and the 14th has almost disappeared.
In year 18 (Fig. 6C), four age classes have
disappeared (12, 13, 16, 17) and age class 14
has almost died out. Fortunately, none of
these age classes is individually of social and
reproductive importance. Nonetheless, this
case shows how important it is to watch over
the fimess of each generation, or eventually
over ‘hard’ losses in offspring, which may
reduce the number of yearlings below the
range of social optimum.

Finally, we selected a template with three
A-, two O- and only one P-generation [A A O
O A P] (Fig. 7A). The population rises and
falls less regularly. The impact of the P-
generations is clearly visible. In the 7th year
3 classes 14, 17, 18 are absent, the 15th is
practically non-existent. Inyear 12 the classes
13,16, 17 are absent and the 14th and 18th are
markedly under-represented. The SC-ratio
oscillates within a narrow range between 53
to 47 and 48 to 52. It is noteworthy that the
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Number of Moose

Social Class

Age Class

Fig. 5C. Infrastructure, year 18 for fimess sequence (APOQ AP Q..)).
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Fig. 6A. Population structure trends (A A O APP ..).
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Fig. 6B: Infrastructure, year 9 for fitness sequence (A AOAPP..).
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Fig. 6C: Infrastructure, year 18 for fitness sequence (A AOAPP..).
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Table 4. Starting population structure.

Age Number of Fitness
Class moose class
1 185 O-ptimal
2 85 P-oor
3 80 A-verage
4 85 O-ptimal
5 65 P-oor
6 70 A-verage
7 80 O-ptimal
8 60 P-oor
9 70 A-verage
10 75 O-ptimal
11 55 P-oor
12 40 A-verage
13 45 O-ptimal
14 0 P-oor
15 0 A-verage
16 5 O-ptimal

Number of Moose

123 456 7 8 9 1011121314 1516 17 18
Year

j Offspring [ Yearlings Sub Mature

Primes Seniors

Fig. 7A. Population structure trends (A A QO QO A P..).

bulk of mature individuals remain in the best ~ population must be ascribed to the fitness of
reproductive age, and thatbullsbetweenprime  the A- and O-generations, which produce a
and postprime class (ages 10 to 12) are well  slight surplus of sub-mature individuals.

represented. The relative stability of the These simulations show that the reported
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Fig. 7B. Infrastructure, year 7 for fitness sequence (A AO O A P..).
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Fig. 7C. Infrastructure, year 12 for fitness sequence (A AQQO A P..).
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absence of some age classes in harvest or
census (Bubenik, A. et al. 1975; Bubenik, A.
and Schwab 1975; Bubenik, A. and Bellhouse
1980), may be due to the appearance of P-
generations and must not be ascribed to chance
events or recording errors,

CONCLUSION
- PRACTICAL ASPECTS

Sociobiological modelling has the advan-
tage that the manager can effectively control
population well-being under the presumption
that the preferred feeding grounds are not
overused. The generation fitness is then the
leading indicator for the direction towards
which the SC-ratio and sex-ratio should be
monitored and how high the harvest could be
set.

In the model the hunter serves as control-
ler of the population welfare and the manager
is no longer a ‘game producer’ but a ‘game
protector.” Simultaneously, the harvest by
hunters must be considered a reward for the
expensive hunting of supernumerary classes
and not as an inhuman killing or shooting of
living targets.

The few models used as examples show
how flexible the population behaviour of
moose is, and how itdepends on the frequency
of generations of poor, average and optimal
fitness. Whetherthe populationremains stable,
declines or eventually rises depends on the
overall losses and whether or not they remain
within the range of generations’ longevity. It
is the manager’s role to assess which SC is
over-orunder-represented and approximately
how high the soft losses are to be. The
modelling of harvest according to the SC-
ratios hasmany practical advantages. InNorth
America, due to the hunting system and fre-
quent inaccessibility of hunting grounds, it is
relatively difficult to predict losses of off-
spring. Hence, it is more useful to watch over
the generation fitness and model the popula-
tion development according of the fitmess and
relative number of yearlings on the one hand
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and the behaviour of SC-ratios on the other.

The annual harvest is the number of ani-
mals per SC which are supernumerary, either
because the natural mortality is too low, or
because the classes are over-represented and
have supermumerary individuals. The recom-
mendationto harvest according to SC-features
and not age classes is of practical importance
because these features are more easily assessed
than age. Nonetheless, from a behavioral
view, the supernumerary age class are almost
always more vulnerable and thus preferentially
removed. This can be facilitated by choosing
anopening date which corresponds to a period
of highest activity of the supernumerary
classes. For example, in the case of over
abundant teenagers, setting the opening date
after the peak of the rut will be effective in
reducing their numbers (Child and Aitken
1989; Créte 1982; Timmermann and Gollat
1982). The control of yearlings should be
gasy because they are readily identified both
for assessment and forharvest by hunters with
low biological knowledge.
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