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Abstract 
Models that account for aspects of the behaviour and 
ecology of helmeted honeyeaters Lichenostomus melanops 
cassidix are developed These highlight the importance of 
demographic uncertainty in population viability analysis. 
Differences between and relationships among individuals 
are important components of  population dynamics. 
Adding individual detail to demographic models can 
change estimates of  extinction risk. Demographic uncer- 
tainty can cause greater variation in population size than 
indicated by standard modelling procedures. Accurate 
prediction of  this level of variation is limited by igno- 
rance of  population dynamics. Implications for metapop- 
ulation dynamics and reserve design are discussed The 
helmeted honeyeater population faces an appreciable risk 
of decline from demographic uncertainty alone. 

Keywords: Australia, Victoria, demographic uncer- 
tainty, population viability, extinction risk. 

INTRODUCTION 

Extinction of populations is unpredictable. Random 
factors and imperfect knowledge of biological processes 
cause uncertainty in population forecasting. Shaffer 
(1981) classified four factors that lead to uncertainty 
about future population sizes: demographic uncer- 
tainty; environmental uncertainty; catastrophes; and 
genetic uncertainty. Spatial structuring of populations 
can also cause uncertainty (Gilpin, 1987). 

Demographic uncertainty arises because populations 
are composed of individuals of different ages and sexes 
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and their survival and reproduction are probabilistic. 
Observed birth and survival rates vary about mean val- 
ues even if the mean rates remain constant. It is widely 
accepted that variation due to demographic uncertainty 
is unimportant except for very small populations 
(Burgrnan et al., 1988; Simberloff, 1988; Boyce 1992; 
Burgman et al., 1992; Lacy, in press). This conclusion 
is based on models in which births and deaths are as- 
sumed to occur as independent events and that each 
event causes population size to change by a single indi- 
vidual (Kendall, 1948; Bartlett, 1960; Goodman, 1987). 
Such models will be referred to as traditional demo- 
graphic models. 

Gilpin (1992) showed that if the number of young 
raised per period by each individual is greater than one 
then demographic uncertainty can have an important 
influence on the expected time to extinction, even in 
quite large populations. In Gilpin's model, births are 
no longer independent events because they occur in 
clusters. When each individual can only produce a sin- 
gle offspring, the total number of offspring follows a 
binomial distribution. In the binomial model, the mean 
number of offspring surviving until time t+l is Nr.b and 
the variance is Nt.b.(1-b), where Nt is the population at 
time t and b is the per capita birth rate. In Gilpin's 
model, the probability of successfully raising offspring 
is b/C, where C is the number of young raised and b 
remains the per capita birth rate. The mean number of 
offspring is again N,.b but the variance is equal to 
C.N,.b.(I-b/C), which is greater than binomial variance. 

Other differences between traditional demographic 
models and the dynamics of real populations may also 
be significant. Furthermore, the importance of demo- 
graphic uncertainty is often analysed in terms of the 
mean time to extinction (e.g. Goodman, 1987), but this 
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Fig. 1. Current (e) and former (©) colonies of the helmeted 
honeyeater (adapted from Smales et al., 1990). 

value may not reflect the risk of population decline 
(Boyce, 1992). 

Demographic factors that influence the risk of extinc- 
tion of the last remaining population of the helmeted 
honeyeater Lichenostomus melanops cassidix are investi- 
gated in this paper. Models that account for the 
behaviour and ecology of individuals (Lomnicki, 1988) 
are developed and used to highlight the importance 
of demographic uncertainty in population viability 
analysis (PVA). Results are presented in terms of the 
risk of population decline. 

The helmeted honeyeater is endemic to select riparian 
forests in south-central Victoria, Australia. Its ecology 
has been studied by Wykes (1985) and Franklin (un- 
published data). It is predominately sedentary, with 
local movements by floaters and by a minority of 
breeding females during the non-breeding season. Pairs 
occupy exclusive territories that are used for foraging 
and nesting. Territories are clustered into colonies and 
strong social bonds exist within the colony. The main 
food sources are manna (a carbohydrate) and arthro- 
pods obtained from the bark, twigs and foliage of 
manna gum Eucalyptus viminalis Labill., swamp gum 
E. ovata Labill., and mountain swamp gum E. cam- 
phora R. T. Baker. 

The conservation status of the helmeted honeyeater 
has been reviewed by Backhouse (1987), Smales et 
al. (1990) and Menkhorst and Middleton (1991). A 
dramatic decline following European settlement during 
the 19th century was initiated by extensive clearing 
of habitat. The decline continued until very recently, 
apparently driven by subtle environmental pressures 
and stochastic processes (Woinarski & Wykes, 1983; 
Wykes, 1985; Smales et al., 1990). In September 1991 
the wild population of 60 individuals was restricted to 
the 560-ha Yellingbo State Nature Reserve and vicinity 
(Fig. 1). 

Management of the helmeted honeyeater began with 
the reservation of the Yellingbo State Nature Reserve 
in 1965, at which time the population was approxi- 

mately 200 individuals (Menkhorst & Middleton, 
1991). In the late 1980s the population was continuing 
to decline and had reached a critical level. A recovery 
programme was initiated by the Victorian Government in 
1989 and is ongoing. The programme is implemented by 
a multi-disciplinary recovery team representing several 
government, semi-government and private organizations 
under the co-ordination of the Department of Conser- 
vation & Natural Resources (Menkhorst & Middleton, 
1991). Sub-programmes include field studies of the 
bird, its competitors and its habitat, captive breeding, 
genetic studies and the development of management 
strategies for the bird and the Yellingbo Reserve. As 
part of the recovery programme the entire population 
has been colour-banded and the behaviour and 
relationships between individuals documented. The 
unique combination for each individual provides an 
accurate census and the collection of biological infor- 
mation allows the development of models that are far 
more detailed than traditional birth-and-death models. 

METHODS 

Data collection 
Between November 1989 and March 1992 the helmeted 
honeyeater population at Yellingbo was monitored 
continually. Estimates of the survival and reproductive 
output of breeding adults are highly reliable because 
the helmeted honeyeater occupies small (usually 0.3- 
0-5 ha), well-defined territories. Breeding males are 
resident in these territories throughout the year, while a 
minority of females disperse for up to four months 
when not breeding, returning to the same territory 
with the commencement of the new breeding season. 
Juveniles reside in or next to their natal territory for 
more than two months and may remain there perma- 
nently (Franklin, unpublished data). Floaters may 
sometimes be unsighted for up to six months or more, 
so the survival rates used in this paper are likely to be 
underestimates. Nevertheless, the social and colonial 
nature of the helmeted honeyeater ensures that most 
birds are resighted if alive and that few if any birds 
establish undetected breeding territories. 

All breeding birds were colour-banded by March 
1990, a state that has been subsequently maintained. 
Over 95% of young were banded as nestlings or imma- 
tures. All territories were surveyed approximately fort- 
nightly for nests and banded individuals. Information 
on the location, reproductive activity and social inter- 
actions of individuals was documented (Menkhorst & 
Middleton, 1991). Records of individuals were vetted 
fortnightly and any individual not sighted for six weeks 
was targetted for specific search. 

Population models 
Female helmeted honeyeaters in over 90% of cases lay 
two eggs in their nests. We could use this value for C in 
Gilpin's model, but there are several objections to 
doing this. In Gilpin's model it is assumed that each 
bird has the same probability of raising young. It is 
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also assumed that each female will produce either zero 
or C one-year-old offspring. These assumptions are not 
valid for helmeted honeyeater populations. During the 
1990/91 and 1991/92 breeding seasons over one-third of 
the adult wild population have not bred. Furthermore, 
breeding pairs have made as many as nine nest 
attempts (laying confirmed) during the breeding season 
and the number of young raised that survive until the 
end of the breeding season has varied between zero and 
five. For the helmeted honeyeater the value of C is 
a random variable, rather than a fixed amount as 
assumed for Gilpin's model. If C is random, Gilpin's 
model will underestimate the magnitude of demo- 
graphic variation and consequently will underestimate 
extinction risks. 

In this section, simulation models are developed that 
account for variation in the number of offspring raised 
by each parent. The influence of sex ratio, limited 
breeding habitat, and correlations between survival and 
fecundity will also be investigated by sequentially 
adding these components to the model. 

The standard model 
Readily available PVA packages such as VORTEX 
(Lacy, in press) and RAMAS/space (Akgakaya & Fer- 
son, 1990) allow for variability in the number of 
offspring produced by each individual. Akgakaya 
(1991) suggested that the Poisson distribution can 
sometimes be used to model fecundity. In the helmeted 
honeyeater population the number of young per terri- 
tory that survive until the end of the breeding season 
has an approximate Poisson distribution (Fig. 2). The 
Poisson distribution is defined by a single parameter 
that is equal to its mean. 

For helmeted honeyeaters the production of 
offspring is proportional to the number of breeding 
birds, so modelling breeding opportunities is necessary. 
We will assume that no first-year females are able to 
breed since this has not occurred in the wild popula- 
tion. Furthermore, we will assume initially that the 
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distribution of helmeted honeyeater 
offspring that survive until the end of the breeding season (1 
March). The line represents a Poisson distribution with the 
same mean (1.2 offspring/territory). The difference between 
the two distributions is not significant (~ = 0.59, p > 0-8, 

test). 

number of males does not limit the number of breeding 
females so they will be ignored in the first model. 

The deterministic form of the model can be repre- 
sented by the equations 

A(f),+, = ( A ( f ) ,  + J( f ) t ) . s  
J(f),+, = A ( f ) , . y  
A(f),+, + J(f)t+l -< K f  

where A(f ) ,  is the number of adult females at time t, s 
is the survival rate of adults, J ( f ) ,  is the number of im- 
mature females and y is the mean number of immature 
females (surviving until t+l) produced per adult 
female. If the population exceeds the carrying capacity 
(KI) then the number of birds is reduced to K I with the 
proportion of birds in each class held constant. When 
the population is at a stable age distribution and is 
below the carrying capacity we can obtain 

A 2 - sA - sy = 0 

where A is the multiplicative growth rate. The growth 
rate is equal to the ratio of population size at time t+ 1 
to population size at time t. 

The initial stochastic form of this model will be 
called the standard model. It accounts for variability in 
the number of offspring raised per female and for age 
structure. The standard model can be represented by 
the equations 

A(f),+~ = Bi(A(f), + J( f ) , , s )  
J(f),+, = Pois(A(f ) t .y)  
A(f),+, +J(f),+l < Kf 

where Bi(N,p) is a function that returns a binomial 
variate with parameters N and p and Pois(/z) is a 
function that returns a Poisson variate with parameter 
/x. If the total population exceeds the carrying capacity 
of females (Ks) then individuals are removed randomly 
until the population returns to the carrying capacity. 
For the standard model, we will assume that each 
adult female has the same ability to raise offspring, 
that survival of the birds occurs independently, and 
that births are independent of the survival of the 
mother. 

The standard model ignores several aspects of the 
honeyeater's dynamics. This model was modified to 
investigate four other aspects of helmeted honeyeater 
biology that affect the risks of population decline 
(see below). 

The sex ratio model 
The helmeted honeyeater breeds monogamously, so 
the number of breeding females is limited by the avail- 
ability of established territorial males. Females will 
not breed in the absence of a territorial mate. We 
will assume that first-year males are unable to breed 
since such events have been uncommon in the wild 
population. Including this aspect of the bird's ecology 
is done by modelling the males independently of the 
females. 

This model will be called the sex ratio model. The 
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equations are essentially the same as in the standard 
model 

A(f),+~ = Bi(A(f), + J(f)t,s) 
J(f)t+, = Pois(Pryf) 
A(m),+, = Bi(A(m), + J(m),s) 
J(m),+l = Pois(Pt.y,,) 
P, = Min(A(f),.A(m),) 
A(f),+, + A(m)t+l + J(f)t+, + J(m),+, < K 

where A(m), is the number of adult males at time t, 
J(m)t is the number of immature males, y/ is  the mean 
number of immature females produced per pair and y,, 
is the mean number of immature males produced per 
pair. P,, the number of breeding pairs in a season, is 
limited by the availability of adult males and adult 
females. If the total population exceeds the carrying 
capacity (K) then individuals are removed randomly 
until the population returns to the carrying capacity. 

The limited breeding habitat model 
The helmeted honeyeater is a territorial bird and the 
availability of suitable breeding territory limits the 
population. Between 1990 and 1992 there have been at 
most 20 breeding pairs. The sex ratio model can be 
modified to account for this by limiting P, to a maxi- 
mum number of pairs to simulate the limited number 
of potential breeding sites. The equations for this case 
are the same for the sex ratio model, except the func- 
tion for P, is modified to 

P, = Min(Ke, A(f), ,  A(m),) 

where ICe is the maximum number of breeding pairs at 
any time. 

Strictly, this modification introduces no new demo- 
graphic uncertainty. It merely introduces a realistic ceil- 
ing to the population. 

The pair status model 
For the previous models we assumed that the survival 
of the breeding pair did not affect the number of young 
they produced. This implies that reproduction is an in- 
stantaneous event that occurs immediately after the 
time of census. This assumption is not valid for the 
helmeted honeyeater since it breeds over an extended 
period from August to February. In previous years, 
pairs that remained intact over the six-month breeding 
season produced significantly more offspring than 
pairs for which one or both of the breeding birds died 
(U = 68.5, p < 0.05, Mann-Whitney U-test; Fig. 3). The 
correlation between survival and fecundity will lead 
to greater variation in population size and therefore 
increase the risk of extinction. 

This aspect of the honeyeater's ecology can be 
modelled by determining survival during the breeding 
season separately from the non-breeding season 
survival. Fecundity is dependent on the survival of the 
pair over the breeding season. The survival over the 
non-breeding period is determined for each breeding 
bird that survives the breeding season. The survival of 
non-breeding birds is determined over the entire year in 
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Observed distribution of helmeted Fig. 3. honeyeater 
offspring that survive until the end of the breeding season 
(1 March). The data are separated by pair status at the end 
of the breeding season. The line on each histogram represents 
the expected Poisson distribution. The expected and observed 
distributions are not significantly different (intact pairs (~ -- 

1.12, p > 0.5; split pairs: X~ = 0.56, p > 0.5; X 2 test). 

the same way as for previous models. This model, 
which accounts for the correlation between pair 
survival and fecundity, will be called the pair status 
model. 

The dependent survival model 
In all the previous models, it has been assumed that the 
survival of any bird is independent of the survival 
of other birds. This does not appear to be true for 
helmeted honeyeaters. Field observations suggest that 
following the death of their mate, female mortality is 
much greater than when their mate survives. Survival 
of breeding males is not adversely affected by the death 
of their mate (Franklin, unpublished data). This 
suggests that the loss of the male's territorial defence 
reduces the fitness of the female. Indeed, a widowed 
female may only survive one or two months unless 
another breeding opportunity exists nearby. When 
survival of breeding females is dependent on the 
survival of their mate, mortality will tend to occur in 
pairs, which will increase the variance in population 
size. 

This aspect of the biology of the bird can be incorpo- 
rated into the model by testing the survival of the male 
of the pair first. If a breeding male dies over 
spring/summer then its mate has a reduced chance of 
surviving the same period. If the male survives then the 
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female has a better chance of surviving the breeding 
season. Similarly, female survival over the non-breed- 
ing period is dependent on the survival of the male. It 
was assumed that widowed females only suffer the 
reduced survival during the six months in which their 
mate died. At the next census surviving widows are free 
to mate. 

Parameter estimation 
Values for the demographic parameters used in this 
paper were derived from the data collected between 
March 1990 and March 1992. During this period the 
population varied between 57 and 78 individuals and 
the number of breeding pairs was between 15 and 20. 
Periodic mortality was estimated for each class of bird 
by dividing the number of birds that disappeared 
during the period by the number alive at the start of 
the period. The mean birth rate per pair was estimated 
by dividing the total number of offspring that survived 
until the end of the breeding period by the number of 
pairs known to have laid eggs during the breeding 
period. To obtain an annual birth rate this value was 
then multiplied by the survival rate of juveniles from 
the end of the breeding season to the start of the next 
breeding season. 

For the standard model and sex ratio model, the 
mean number of immature birds of each sex raised per 
pair, y, was 0.48 and the survival rate, s, was 0.768. 
For the limited breeding habitat model the maximum 
number of pairs was set at 20 since this was the most 
observed at Yellingbo between November 1989 and 
March 1992. 

The mean number of offspring of each sex raised 
until one year of age was 0.576 for intact pairs and 0.24 
for split pairs. These values were used in the pair status 
and dependent survival model. In the 1990/91 and 
1991/92 breeding seasons 71% of breeding pairs were 
intact at the end of the season. If deaths occur indepen- 
dently for each bird then the breeding season survival 
rate can be estimated as 0.845. The non-breeding 
survival rate was set at 0.909 for the pair status model 
so that annual survival was the same as in the previous 
models. 

For the dependent survival model, survival of 
male breeders over the breeding season was 0.857 and 
survival over the non-breeding period was 0.963. If a 
breeding male died over spring/summer then its mate 
had a 0.4 chance of surviving the same period. If the 
male survived then the female had a 0.833 chance 
of surviving the breeding season. Similarly, female 
survival over the non-breeding period given that its 
mate died was 0.567, and survival given that its mate 
survived was 0.950. Annual survival of non-breeding 
birds was 0.747. 

Since 1990 management activities at Yellingbo have 
included the supply of supplementary food, the fitting 
of cages to nests to exclude predators and the removal 
of bell miners Manorina melanophrys, a competitor of 
helmeted honeyeaters, from areas adjacent to the 
honeyeater breeding colonies. With the initiation of 

these activities the population increased to 78 individuals 
in March 1992. 

Clearly management has increased the growth rate of 
the population following the sustained period of popu- 
lation decline prior to 1991. Furthermore, the small 
number of birds, and the short study period of two 
years, means that there is considerable uncertainty 
about the parameter estimates reported in the previous 
section. Standard errors for survival rates were greater 
than 5%. To account for these factors the parameters 
were modified so that they represented a stable popula- 
tion where the deterministic growth rate equalled 1. 

For the sake of simplicity all birds were assumed to 
have an annual survival rate of 0.768. For a stable 
population, the deterministic model predicts that the 
number of offspring per pair should equal 0.302 
juveniles of each sex. Again for simplicity it was 
assumed that survival during winter and summer was 
equal, so the six-month survival rate was 0-8764. In the 
wild population survival of paired females appears to 
be about twice that of divorced females. Using this 
ratio the survival of paired females was 0-934 and 
survival of widowed females 0.467. Fecundity of intact 
pairs is approximately twice that of split pairs. Using 
this ratio, the mean number of juveniles of each sex 
raised by intact pairs was 0.332 and by split pairs 
0.166. These modified parameters were used in separate 
simulations to illustrate further the effect of demo- 
graphic uncertainty. 

Simulation 
The survival of each bird was determined by comparing 
its survival rate to a uniform random number on the 
interval (0,1). If the random number was less than the 
specified rate then the individual survived the period. 
The number of offspring of each sex was determined 
for each reproductive female alive at the start of the 
breeding season by sampling a random Poisson variate 
(Knuth, 1973). It was assumed that the mean number 
of offspring of each sex was equal. 

For each simulation the smallest number of birds 
predicted by the model was recorded. The risk of 
extinction within the next 100 years was calculated by 
dividing the number of simulations in which the popu- 
lation fell to zero by the total number of simulations. 
Similarly, the risk that the population will fall to one 
individual or lower within the next 100 years was 
calculated by dividing the number of simulations in 
which the minimum population was zero or one by the 
total number of simulations. In general, the risk that 
the population will fall to any specified population size 
or lower within the 100-year period can be calculated 
by dividing the number of simulations in which the 
threshold was crossed by the total number of simula- 
tions. The risk that a population will decline to a 
specified threshold population size within a given time 
has been defined by Ginzburg et al. (1982) as the risk 
of quasiextinction. A quasiextinction risk curve can be 
generated by plotting quasiextinction risk against 
threshold population size. These curves not only show 
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the risk of extinction, which is represented by a thres- 
hold population size of zero, they also indicate the 
risk of population decline to any specified threshold 
population size. 

Each model was initiated with 20 adults of each sex 
and 10 juveniles of each sex since this represented the 
approximate age-class distribution in the wild. Using 
the parameters estimated from the data, each model 
was simulated 1000 times over a 100-year period. The 
carrying capacity was set at 100 birds for each model 
except the standard model, where the male half of the 
population was ignored. In this case the carrying 
capacity was set to 50 females. These carrying capaci- 
ties were chosen to reflect the amount of habitat avail- 
able at the Yellingbo State Nature Reserve. 

The modified parameters (such that A = 1) were used 
in the five models to predict the risk of extinction at 
various initial population sizes. The ratios of initial 
population sizes and carrying capacity were kept 
constant for all simulations. The number of females 
in the initial populations ranged between 30 and 240, 
representing a total population range of 60~80. 

RESULTS 

In the four models where both males and females were 
simulated, it would be possible to express the results in 
terms of the total number of birds. However, for the 
sake of comparison with the standard model, popula- 
tion size will be expressed in terms of the number of 
females. 

The quasiextinction risk curves for the five models 
are shown in Fig. 4. The limited availability of breed- 
ing habitat and the dependent survival of paired birds 
caused the greatest increases in the risks of population 
decline. The standard model predicted that there was 
little chance (<0.1%) that the female component of the 
helmeted honeyeater population at Yellingbo would 
fall below 15 birds. It also predicted that there was 
only a 26% chance that the number of females would 
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fall below the initial size of 30 within the next 100 
years. In comparison, the dependent survival model 
predicted that the population would almost certainly 
decline (99.8% chance) below 30 birds within the next 
100 years. Furthermore it predicted that the helmeted 
honeyeater faces a risk of extinction of 0-4% from 
demographic uncertainty alone. 

The risk of extinction for the modified parameters is 
shown in Fig. 5 for a range of initial female population 
sizes. Demographic uncertainty can lead to appreciable 
risks of extinction, even in quite large populations. For 
example, the pair status model predicted a 4.2% chance 
of extinction within 100 years for an initial population 
of 150 females, which is equivalent to a total popula- 
tion size of 300 individuals. In comparison the standard 
model predicted a 3.8% chance of extinction within 100 
years for an initial population of 60 females. 

When the modified parameters were used in the 
models the availability of males had the greatest impact 
on the risk of extinction. Limited breeding habitat, the 
relationship between pair survival and fecundity, and 
the dependent survival of mated birds had only a small 
influence on the risks of extinction when the modified 
parameters were used. The risks of extinction predicted 
by the dependent survival model were slightly lower 
than those predicted by the pair status model. Correla- 
tion between the survival of mated birds increased the 
variation in mortality of the population, but decreased 
the variation in sex ratio. The lower variation in sex 
ratio decreased the risks of extinction. 

DISCUSSION 

Model structure influences the perceived importance of 
demographic uncertainty and the importance of differ- 
ent components of this uncertainty is influenced by 
model parameters. The models developed above 
suggest that the availability of breeding habitat has a 
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large influence on the risks of population decline when 
the deterministic birth rate is greater than the determin- 
istic death rate. When the deterministic growth rate is 
stable, the availability of breeding habitat has a small 
influence on the risk of extinction while the availability 
of mates becomes the most important factor. However, 
it seems likely that the population decline prior to 1991 
was driven by the progressive reduction in the avail- 
ability of breeding habitat along with the demise of 
peripheral groups. 

These models show that dependent survival of pair 
members and within breeding season survival are im- 
portant components of the helmeted honeyeater popu- 
lation. Increased survival during the breeding season 
will increase the fecundity of the population because 
fewer pairs will be broken by mortality. Furthermore, 
the effect of dependent survival will be less severe as 
the mean survival rate increases. Fewer breeding males 
would die so fewer females would die due to the loss of 
their mate. Any increase in the survival of breeding 
birds would benefit the population. 

Traditionally, demographic uncertainty has been 
modelled by independent births and deaths. These 
simulations show that independent modelling of 
fecundity and survival may underestimate the impor- 
tance of demographic uncertainty. The above models 
suggest that the demographic uncertainty experienced 
by the helmeted honeyeater is considerably larger than 
traditional demographic models indicate. The belief 
that demographic uncertainty is unimportant except at 
very small population sizes may be an artefact of the 
lack of realism in traditional population models. 

The above models do not accurately predict the risks 
of extinction of the helmeted honeyeater. Many factors 
that influence the risk of population decline such as 
those outlined by Shaffer (1981) have been ignored, in- 
cluding the potential for inbreeding depression, varia- 
tion in the availability of breeding sites between 
seasons, variation in survival and fecundity between 
seasons and the potential for habitat destruction by 
fire. Inclusion of these factors would increase the risks 
of population decline. 

The sources of demographic uncertainty considered 
in this paper have implications for population genetics. 
If a breeding bird dies then it will have a reduced op- 
portunity to contribute its genes to a future generation. 
Birds that survive the breeding season will have a high 
probability of passing their genes on in that breeding 
period. If these breeders survive the winter then they 
will also maintain their breeding position for the next 
)'ear. This increases the variation in reproductive 
success and decreases the effective population size. 
Such demographic variation is important because it 
will increase the rate of loss of genetic diversity. Any 
model that attempts to account for inbreeding effects 
should account for the influence of demographic 
uncertainty on the effective population size. 

In this paper the production of offspring has been 
modelled as a Poisson process, but this is not strictly 
accurate. Some pairs of helmeted honeyeaters exhibit a 

high degree of breeding commitment, with nine nests 
being the most recorded by a single pair in a season. 
Other pairs nest sporadically throughout the season 
with three or fewer nest attempts being common. This 
variation would lead to greater variation in population 
size and further increase the risk of extinction. The 
chance survival of highly fecund pairs will increase the 
population growth rate while the chance death of these 
pairs will lower the population growth rate. This varia- 
tion in reproduction would also reduce the effective size 
of the population. Such a modification will increase the 
variation in population size and add to the estimated 
risks faced by the population. This process would best 
be implemented in a continuous time model of fecun- 
dity that incorporates variation in reproductive com- 
mitment. 

Unless detailed ecological knowledge of the species is 
available it will be difficult to partition total population 
variation into demographic, environmental, phenotypic 
and spatial components. Traditional demographic 
models may explain a small portion of the observed 
population variation but this does not mean that 
demographic uncertainty is unimportant in wild popu- 
lations. It may simply reflect our lack of knowledge 
about the population being modelled. The ability to 
model accurately the demography of endangered 
species may be limited by ignorance of their sociology 
and biology. 

Ignorance of the true level of demographic uncer- 
tainty has implications for metapopulation dynamics 
(Levins, 1970). There has been considerable argument 
about whether a single large or several small reserves 
will minimize the risk of species extinction (Soul6 & 
Simberloff, 1986). The answer depends on the relation- 
ship between migration distance, the environmental 
correlation between patches and the level of environ- 
mental and demographic uncertainty (Akqakaya & 
Ferson, 1990). Large environmental uncertainty com- 
bined with small demographic uncertainty will favour 
more reserves of smaller size. Traditional models of 
demographic uncertainty may underestimate its impor- 
tance with the consequence that a reserve system 
may be too fragmented. Reserves based on models that 
ignore the potential variation due to demographic 
uncertainty may not be large enough to conserve 
endangered populations. 

Demographic factors that have not been included in 
the above models may also influence the dynamics of 
wild populations. The helmeted honeyeater once occu- 
pied a comparatively large area and individual popula- 
tions would have been significantly larger than they are 
now. Their behaviour at the current population size 
may be very different from their behaviour when popu- 
lation size is high. For example, large populations may 
be better at defending intrusions by competitors and 
predators, and the availability of resources per individ- 
ual may decrease as population size increases. Such 
factors would make the survival and fecundity rates 
density-dependent with the consequence that the esti- 
mated risks of population decline would be inaccurate. 
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This potential for inaccuracies increases the uncertainty 
associated with population forecasts. 

CONCLUSIONS 

The discrete nature of populations has been modelled 
effectively by using discrete probability distributions 
(Ak~akaya, 1991). However, the individuals in popula- 
tions have been neglected in most models of population 
viability. Differences between and relationships among 
individuals are important components of population 
dynamics (Lomnicki, 1988). Adding individual detail 
to demographic models may change the estimates of 
extinction risk. Demographic uncertainty can cause 
greater variation in population size than indicated by 
standard binomial and Poisson modelling. Our ability 
to predict this level of variation accurately is limited by 
our understanding of population dynamics. The models 
developed above suggest that the helmeted honeyeater 
population faces an appreciable risk of decline from 
demographic uncertainty alone. 
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