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Accurate estimates of population size and distribution are a prerequisite for effective
management of populations, but for most species a reliable estimation of the absolute
population size is very difficult. In 1998, the Finnish Ministry of Environment set up
a working group to plan a national-level survey for estimation and monitoring of the
population size of Siberian flying squirrel (Pteromys volans). In 2006, the population
size was reported to be 143 000 females. However, evaluation of the magnitude of
possible biases was not attempted. Our aim was to test the population size estimate
by conducting a resampling study with the methods of the national survey on an ear-
tagged population of flying squirrels. We found that the methods used in the national
survey provide greatly upward biased estimates. Moreover, the magnitude of the bias
in the method seems to be sensitive to the true population sizes rendering the method
unsuitable for population trend monitoring purposes. Therefore, we caution against
using the national survey method in monitoring or in making conclusions about the
population size of the Siberian flying squirrel.

Introduction

Reliable knowledge of population size and dis-
tribution is a prerequisite for effective man-
agement of populations of endangered species.
However, for most species a reliable estimation
of the absolute population size is very difficult, if
not impossible, to obtain. Thus, the management
of populations of endangered species is often
based on some alternative information. One type

of knowledge that can readily be obtained from
well-designed monitoring schemes are popula-
tion trends, i.e., changes in estimated population
size relative to previous censuses. In this case,
a bias in the estimate of the true population
size is not critical, provided that the current and
previous censuses provide similarly biased esti-
mates of the population. When such a monitor-
ing scheme is not in place, the conservation need
of a species must be based on an accurate and



522

Sulkava etal. + ANN.ZOOL.FENNICI Vol.45

precise estimate of the population size. In such
a case, avoiding biases in the estimation of the
population size is of paramount importance.

In 1998, the Finnish Ministry of Environ-
ment established a working group to assess the
conservation needs of the Siberian flying squir-
rel (Pteromys volans) populations in Finland,
and to plan a national survey for estimation and
monitoring of the population size. The flying
squirrel is included in the list of EU Nature
directive species (appendix IVa) and according
to the Finnish Nature Protection Act, the breed-
ing or resting sites may not be destroyed or dete-
riorated (http://ec.europa.eu/environment/nature/
legislation/habitatsdirective/index_en.htm). The
species is classified as endangered (vulnerable)
in Finland (Rassi et al. 2001) because of the
assumed rapid population decline. Even though
the populations of the flying squirrel are consid-
ered to have diminished in Finland consistently
since the 1940s (e.g. Hokkanen et al. 1982,
Hanski er al. 2001, Hanski 2006), reliable esti-
mates of the population size have not been avail-
able (Hokkanen 1996, Hokkanen et al. 2001,
Reunanen & Monkkonen 2001). Recently the
working group attempted to rectify the situation
by publishing the results of the national survey,
providing an estimate of the female population
size (Hanski 2006).

Here our aim is to empirically test the accu-
racy of the population size estimation method,
which was employed by the national survey
method (Hanski 2006). This was achieved by
conducting a resampling study, using the same
method as in the national survey (Hanski 2006),
on an ear-tagged population of Siberian flying
squirrels, which has been closely monitored for
more than 20 years.

Methods

The reference study: the National Survey
Method (NSM)

The national survey method for estimating the
population size of the flying squirrel (Hanski
2006) was based on observing the presence or
absence of easily-detected scent marks and faecal
pellets of the flying squirrels in a systematic

sample grid. The sample grid was constructed
so that the entire southern Finland was divided
into 10 km x 10 km (100 km?) squares, every
second of which was systematically included in
the survey. Within each of the 100-km? square in
the study, ten 9-ha squares were randomly posi-
tioned so that at least two thirds of each square
were on suitable forest land, and all squares were
at least 1 km from each other. The 9-ha squares
were subsequently visited by trained surveyors
to assign them as occupied vs. unoccupied, based
on the scent marks and faecal pellets. It is critical
to note that the sex of the individual that left the
marks and faecal pellets cannot be determined. A
total of 10 022 (10.3%) of the 9-ha squares were
determined to be occupied, and this result was
extrapolated over the suitable forest land area in
southern Finland (Hanski 2006).

In the NSM, 9-ha sampling unit was assigned
to match the average female home range of 8.3
ha in southern Finland (Hanski et al. 2000b).
An occupied sampling unit was assumed to be
indicative of one female living in the unit based
on the fact that female flying squirrels are territo-
rial (e.g. Hanski et al. 2000a, 2000b, A. Mikel4,
unpubl. data). Information on the biology of the
species can be found elsewhere (Mikeld 1981,
Eronen 1990, Hanski 1998, Sulkava & Sulkava
1998, Hanski et al. 2000a, Reunanen 2001, Selo-
nen et al. 2001, Wistbacka et al. 2001, Reunanen
et al.2002). The 1-km distance rule was adopted
to ensure that the occupancy status of the squares
was independent of each other. This sampling
scheme was assumed to provide a reliable esti-
mate of the female population size (for details
of the survey method see Hanski 2006). How-
ever, no attempt to evaluate the magnitude of
possible biases in the method was made, and
consequently, we do not know how accurate the
resulting estimate of the total population size
of 143 000 females in Finland actually is, and
whether the estimation method itself introduces
some bias into the estimate.

The control population: ear-tagged
population of known size

Distribution and abundance of a flying squir-
rel population in Alavus, western Finland, were
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monitored from 1976 to 2006 (e.g. Mikeld 1981,
1996, 1999, 2001). This is a population breeding
in nest boxes, which makes it possible to ear-tag
and monitor practically all individuals present in
the population. Individuals that were ear-tagged
earlier were monitored yearly at the same time
with ear-tagging of the newborn individuals.
Although there are also dreys and some natural
cavities in the study area, all flying squirrels used
nest boxes at least part of the time, and so live
capture was possible. We have been able to catch
a squirrel in all forest areas in which faecal pel-
lets were found more than occasionally. In cases
where we found pellets from an area without a
nest box, we placed one there, and in each case
we sooner or later caught a squirrel from the
box.

The most intensive monitoring involved an
area of 114 km?. During the 20 years, the annual
intensity of the monitoring varied between two
and six trapping rounds of all boxes, but for
two of the most intensive study years, 1981 and
1998, a reliable estimate of the true population
size and its distribution is available. In addition
to the identity and location of each individual
within the study area in these two years, our data
comprises detailed information on the location of
faecal pellets found in the same two years. The
scent marks and faecal pellets were sought in all
forested areas, and all trees with signs of flying
squirrels were marked on the maps. Regard-
less of the intensity of the study during the two
years, there remains a small possibility that some
females remained undetected in the survey. For
this reason, we estimated a minimum and maxi-
mum number of females present in the study
area. The minimum number of females is the
actual number of ear-tagged females observed
inside the study area in the particular year.
The maximum number includes also assumed
females i.e. home ranges that were observed to
be occupied by a female flying squirrel in previ-
ous years, and included scent marks in the study
year, but in which the female was not directly
observed in the study year. It is possible that in
these home ranges there were no female present,
a female was present but occupied an unknown
nest or that there were only males present. How-
ever, as the fieldwork was very intensive during
the two years, we believe that the true total

number of females in the study area is closer to
the minimum rather than the maximum estimate.

Testing of the accuracy of the National
Survey Method (NSM)

We thus had the possibility to compare two
independent estimates of the population size of
female flying squirrels in our intensive study area
for two years, 17 years apart (1981 and 1998).
Employing the two estimates of the true popu-
lation size and detailed faecal pellet maps, we
could empirically test the accuracy of the NSM.
To do this, we adopted exactly the same survey
method as the national survey. We placed a 10
km x 10 km square in our study area of 114 km?.
Within this 100 km? square we randomly placed
ten 9-ha squares following the placement rules
given in the national survey method (Hanski et
al. 2001, Hanski 2006) and determined the pres-
ence or absence of faecal pellets in each square.
We repeated the random placement of the ten
9-ha squares 78 times, to allow estimation of
confidence intervals for the estimate of the popu-
lation size.

We then calculated the mean value of the
number of occupied 9-ha squares in the 78 sets
of ten squares. We used bootstrapping to esti-
mate the 95% confidence interval for the mean.
The 78 sets of ten squares were resampled with
replacement for 1000 times. For each resample,
we calculated the mean number of occupied
squares, and discarded the 25 smallest and 25
largest mean values. The minimum and maxi-
mum values in these reduced data provide lower
and upper limits of the 95% confidence interval.
This procedure was done separately for the years
1981 and 1998.

An estimate of the number of females in the
study area was calculated following the methods
used in the NSM (Hanski 2006). We multiplied
the mean frequency of occupied squares by the
area of suitable forest land (7733 ha) in the study
area and divided this by the surveyed area (90
ha). In addition to verifying whether the popula-
tion size estimate of the NSM is unbiased, we
used two temporally independent (separated by 17
years) censuses of the same study area. This made
it possible to assess if the NSM could be used for
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Fig. 1. Numbers of females in our study area in 1981
and 1998 based on monitoring the ear-tagged popu-
lation [means (square) with ranges (min—max)] and
national flying squirrel survey method (means (dot) with
95% confidence intervals).

detecting changes in population abundance, i.e.
whether the method is suitable for monitoring the
Siberian flying squirrel population trends.

Results and discussion

In our study area of 100 km?, the true population
size of females was 40-59 females (minimum
and maximum) in 1981 and 28-37 females in
1998. However, for the same area, the national
flying squirrel survey method yielded estimates
of population size of 107 (95% CI = 88-126)
and 102 (95% CI = 82-123) females in 1981 and
1998, respectively (Fig. 1). In other words, the
NSM overestimated the population size on aver-
age 2 (in 1981) to 3 (in 1998) times in compari-
son with the true population size of females.

In the NSM, Hanski (2006) observed that
across southern Finland, on average, 10.3% of
the 9-ha squares were occupied by flying squir-
rels. The respective number for the region (Eteli-
Pohjanmaa) where our study area is located was
14.7% (Hanski 2006). In our study we observed
that on average, about 12.4% (1981) and 11.9%
(1998) of the squares were occupied. Therefore,
our study area is a representative 100 km? square
in this region, further confirming that our results
can be used to assess the accuracy of the national
survey.

Our results indicate that the national flying
squirrel survey method severely overestimates

the true female population size. The true density
of females per km? of the suitable forest land
of our study area was 0.65 in 1981 and 0.43
in 1998, while the NSM produced densities of
1.38 (95% CI = 1.14-1.62) in 1981 and 1.32
(95% CI = 1.05-1.60) females per km? in 1998.
Hanski (2006) estimated that the female popula-
tion size in the region of our study is about 14
900 females in total and about 1.2 females per
km? of suitable forest land. Our results suggest
that these are overestimates and in reality, there
are only 5000 to 7000 flying squirrel females in
the region (based on the more recent 1998 data).
More importantly, our results suggest that the
total Finnish population is perhaps less than half
of the reported 143 000 females (Hanski 2006).

We can think of one clear reason for the over-
estimate of the true population size that is the
large difference in the home-range size of male
and female Siberian flying squirrels. Females
inhabit home ranges averaging 8.3 ha, whereas
males use home ranges averaging 60 ha in size
and can move distances longer than 1 km during
a single night (Hanski 1998, Hanski ef al. 2000a
and 2000b). Moreover, females are territorial
and thus maintain separate home ranges without
any overlap, but male home ranges overlap with
each other and often also with several females
(Hanski 1998, Hanski et al. 2000a, A. Mikeli,
unpubl. data). The NSM interprets even a single
faecal pellet as an indicator of female occupa-
tion, i.e. as an indicator of a female living in the
area. However, it is not possible to tell in the
field whether the pellets originate from a male or
a female. The upward bias in the NSM is likely
because male flying squirrels leave pellets also
en route as they move between areas (Sulkava &
Sulkava 1998, R. Sulkava & A. Mikeld unpubl.
data).

The true population size of our ear-tagged
population declined by about 30% between 1981
and 1998. The NSM overestimation appeared to
be more severe in 1998, when the population size
was smaller, suggesting that the magnitude of the
bias in the method may be sensitive to the true
population size. Such sensitivity of the bias is
fatal when the method is considered to be used in
monitoring population trends: when populations
decline, the survey method results in increas-
ingly upward biased population size estimate.
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This will lead to an erroneous conclusion that
no change in population size has occurred. The
increasing bias with decreasing population size
may stem from the same mechanism as the pop-
ulation size overestimation: at lower population
density, males are likely to move more widely
and leave tracks of their presence. This is in fact
an example of a classic problem of survey meth-
ods that are based on presence—absence data;
such methods may not be sensitive to changes in
population abundance before populations reach
very low levels (Tosh et al. 2004, Nielsen et al.
2005, Joseph et al. 2006).

We conclude that the method used in the
national flying squirrel survey provides impre-
cise several-fold upward biased estimates of
the female population size. Moreover, there is
indicative evidence that the magnitude of the
bias in the method may be sensitive to the true
population size, rendering the method in its cur-
rent state unsuitable for population trend moni-
toring purposes. Therefore, without more studies
we caution against using the NSM in monitoring
and especially in making conclusions about the
population size of the Siberian flying squirrel in
Finland.
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