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1 Introduction

This research report is from the Scandinavian lynx
project, which is a cooperative umbrella for the 4
different lynx sub-projects in Scandinavia (in Sarek,
Nord-Trendelag, Hedmark and Grimsd). This report will
present a preliminary analysis of our data on the
population dynamics of lynx, i.e. survival rates and
reproduction. it describes the status of data collection,
presents some reproductive parameters, and calculates
the sensitivity of population growth to different variable.
From this we aim to point out what is most important to
study to increase the precision in population growth
estimation, which is essential in the understanding of
lynx population dynamics. Thus, one can show what is
most important to co-ordinate between the subprojects
in future.

This report was written by Henrik Andrén, who has been
the secretary of the Scandinavian lynx project in 1997.
The report is based on data and information given by the
different subprojects to Henrik Andrén. Par Forslund, at
Grimsé Wildlife Research Station, has been involved in
the sensitivity analyses.

2 The common objectve

The object of the Scandinavian lynx project is to produce
the knowledge necessary for a co-ordinated (but not
necessarily unified) management and conservation of
lynx populations on the entire Scandinavian peninsula.
Data should also suffice to determine under what
conditions the species can be harvested and to
determine the size and composition of a possible
harvest. To reach these goals we requires data on the
range and dynamics of the various demographic
variables, and on the nature and effects of the most
important factors influencing these dynamics.

Effective management also requires data on the spatial
organisation of the various lynx populations, such as
home range sizes, habitat requirements and dispersal
distances. Finally, the project aims to produce
quantitative data on the effect of lynx predation on prey
species of interest to local human populations, such as
domestic livestock and important game species.

It is important for the project to demonstrate how the
various parameters vary between the different study
areas, which span over 1000 km of latitude and include
very different ecosystems. To this end data collecting
methods are being standardised so that results from the
various sub-projects will be comparable, and so that
data can be pooled when required, to increase the
strength of conclusions.

5
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3 Radio-marking of lynx

The different sub-projects started in different years.
Sarek and Nord-Trgndelag both radio-marked their first
lynx in 1994, Hedmark started in 1995 and Grimsé in
1996. The number of radio-marked lynx shows almost
the same rate of development in all studies. After the
first field season (first 6 month) all studies had about 5
lynx, after 2 years about 12 lynx and so on (figure 1).
Thus, it has taken about the same amount of time to get
a marked population to study within all study areas. The
Nord-Tregndelag sub-project stopped radio-tracking lynx
in 1996. Thus, today lynx are radio-tracked in Sarek,
Hedmark and Grimsé and the number of tynx followed in
these sub-projects in June 1997 were; Sarek 21 lynx,
Hedmark 16 lynx and Grimsé 11 lynx (figure 2). By the
end of June 1997 a total of 103 lynx have been radio-
marked in the 4 subprojects and so far 6 lynx have died
during the marking process, i.e. the risk of killing a lynx
during marking has been 4.7% (table 1). in most cases
the cause of mortality has been identified and
adjustments have been made to field protocols to ensure
that the risks are minimised in future.

These 103 lynx have been radio-tracked for a total of
99.1 radio-years in the 4 subprojects (table 2). Some
individuals have been followed during several years, e.g.
both as kittens and yearlings. Therefore, the total
number of individuais in table 2 is lower than the sum of
individuals for all categories.

45
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Sarek

Hedmark

Grimsd

Tréndelag 1

Number of lynx marked

5 1 15 2 25 3 35

\
4|
Year from start of the project ‘

Figure 1 Number of radio-marked lynx in relation to the humber of
years from the start of the project.

25 ® Sarek ;’
® o Tréndelag
< i
&0 20 w Hedmark
£= o Grims®
6® i
5L I
R |
o= |
2B 10 3
8.5
=1 i
Z 5 B

94 945 95 955 96 96,5 97 97,5
Year

Figure 2 Number of lynx alive and being radio-tracked in the 4 sub-
projects in relation to year.

Table 1 Number radio-marked individuals in the 4 different subprojects until June 1997.

Total numher Number of Total of marking Number of deaths
ofindividuals kittens number-events due to marking
Sarek 41 27 (15)* 55 2
Nord-Trgndelag 5 8 15 1
Hedmark 29 16 36 2
Grimso6 18 11 21 1
Total 193 62 127 6

marked yet.

Table 2 The number of lynx radio-marked and the number of "radio-years" these lynx have been followed

(within brackets) in the 4 sub-projects until June 1997.

Adulis
Area o-1 yr 1-2 yrs Female Males Both Total
Sarek 27 (17.9) 16 (7.9) 11 (16.8) 8(11.2) 19 (28.0) 41 (53.8)
Nord-Trendlag 8 (38.4) 6 (4.2) 54.1) 3 (3.5 8 (7.8 15 (15.2)
Hedmark 16 (5.7) 10(2.9) 8 (8.9 5(5.5) -11(11.8) 29 (20.4)
Grimsd 11 (4.2) 7 (2.7) 3 (1.0) 4 (1.8) 7 (2.8) 18 (9.7)
Total 39 (17.7) 27(28.2) 20(22.0) 47 2 103 (99.1)
6
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4 Survival

All radio-marked Iynx were used to calculated the
survival rate for different age classes. For the first two
age classes the sample sizes are fairly small, therefore,
both sexes were pooled. For aduits the analyses were
first made for each sex separately. All four study areas
were pooled, as well as all years. Thus, for the purposes
of this preliminary analysis we assume that there are no
study area or year differences. Because all individuals
were not radio-marked simultaneously, the survival
estimates were calculated using an extension of the
Kaplan-Meier method, “the staggered-entry design”
(Poliock et al. 1989),. The lynx-year starts in SJune. Thus,
all lynx are assumed to be born on June 1 . Survival
from birth to one year of age and from one year of age
to two years of age was calculated using individuals of
known age. Adults that were radio-tracked for more than
one year had one record added to the number of
individuals at risk for every period they were monitored.
However, the confidence limits were calculated based on
the number of individuals in the sample, rather then the
number of lynx years.

Some lynx were confirmed as being illegally shot, 1 lynx
in Sarek, 1 lynx in Hedmark and 1 lynx in Grimsé.
Sometimes individuals disappear and if the transmitter
had not shown any signs of malfunction earlier we often
suspect poaching. Interestingly, poaching and suspected
poaching occur at different time of the year in Sarek as
compared to the other 3 areas. Nine individuals have
disappeared in Sarek and all of them disappeared in late
winter, i.e. March to May when it is still possible to drive
a snowscooter on the snow (figure 3). In contrast, of the
6 lynx that have disappeared in the other 3 areas, 4
disappeared in August to October, i.e. during the roe
deer and moose hunt (figure 4). As the possible
poaching occurs at different times of the year in Sarek
compared to Hedmark and Grims6, it is unrealistic to
include all poaching in the survival estimates. Therefore,
we have calculated more than one survival estimate.
The survival rates for males and females were very
similar. Therefore, the two sexes were pooled in all the
analyses. The minimum survival rates were used in all
the analyses, as that will give a conservative measure of
population growth.

Table 3 Causes of disappearance in lynx in the 4 study areas.

w B

N

Number of lynx
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Figure 3 Distribution of known poaching and suspected poaching
of lynx in Sarek in relation to month.
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Figure 4 Distribution of known poaching and suspected poaching
of lynx in Nord-Trendelag, Hedmark and Grimsé in relation to
month.

Natural Legal Hiegal lllegal

death hunting hunting hunting? Unknown

Sarek 7 0 1 8 2
Nord-Trgndelag 0 4 1 o
Hedmark 1P 1 1 1 2
Grimsé 1 1 1 0

* 4 of the 7 individuals were kittens that died during their first year of life.

® died from scabies.
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5 Reproduction

The reproductive data is based on 60 reproductive
seasons for 49 females. None of the 17 one-year-old
females produced kittens. Six out of 17 two-year-old
females produced kittens. The proportion of two-year-old
females that reproduced appears to differ between study
areas, although nothing is significant due to very small
sample sizes; Sarek 1 out of 4, Nord-Trendelag 3 out of
3, Hedmark 0 out of 2 and Grimsé 2 out of 2 two-year
old females produced kittens. The mean litter size for
two-year-old female that reproduced was 2.33,
calculated for all two-year-old females it was 1.27, and
the number of female kittens produced by all two-year-
old females 0.636. The reproductive data for adults
females is based on 21 individuals that have been
followed for 32 reproductive seasons. Females produced
kittens in 23 of these 32 reproductive season. The mean
litter size for female that reproduced was 1.87,
calculated for all females it was 1.34, and the production
of female kittens by all females was 0.672.

Table 4 Annual survival estimates based on the radio-tracked
individuals. Sample sizes are given in table 2. Two survival
estimates are given, maximum and minimum. The maximum
estimate only includes certain deaths, whereas the minimum
includes all disappearances as deaths. Confidence limits
calculated according to Pollock et al. (1989, J. Wildl. Manage. 53:
7-15). Bold values are used in the calculations below.

Alternative 1 - survival was estimated excluding 4 yearlings in
Sarek that either disappeared or were shot illegally in
March to May.

Alternative 2 - survival was estimated excluding 5 adults in Sarek
that either disappeared or were shot illegally in March to
May.

Alternative 3 - survival was estimated excluding 4 adults in Nord-
Trendelag, Hedmark and Grimsé that either disappeared
or were shot illegally in August to October.

95% confidence limits
Age class Survival Lower [Lipper
Birth to 1 year-max Q.88 0.79 0:98
Birth to 1 year-min 0.75 0.63 0:86
1 to 2 years-max 9:90 0.57 1.00
1 to 2 years-min 62 0.41 0:83
1 to 2 years-min (alternative 1) 0:81 0.62 1.00
Adult-females-max 0:98
Adult-females-min 0.80
Adult-males-max 1.00
Adult-males-min 0,83
Adults-max 99 0.95 1.00
Adults-min 0:81 0.70 0.93
Adults-min (alternative 2) 987 0.76 0:87
Adults-min (alternative 3) 084 0.74 085 .

6 Sensitivity analysis

The aim of this section is to quantify the relative
importance of the different survival and reproductive
parameters on population growth, to identify the
demographic parameters that continued research should
focus on, and finally to calculate a rate of increase that
includes variation due to the statistical uncertainties give
above (tables 4 and 5).

The relative importance of the different survival and
reproductive parameters on population growth is
represented by “elasticity” (table 6). Adult survival has
the largest influence on population growth, thereafter
survival from birth to 1 year, adult reproduction, survival
from 1 to 2 years of age and finally reproduction at 2
years of age.

Table 5 Reproductive data for the 4 study areas pooled. Bold
values are used in the calculation below.

Number-of . Number of

Mean female
Age class females females with Kittens per
kittens female (x95%
Ga1)
1 year old 17 0(0%) 0
2 years old 11 6 (55%) 0.636 (+0.477)
Adults sz e 23 (72%) 0672 ( 4

* number of reproductive seasons (and number of individual
females).

Table 6 Elasticity, the relative contribution of
demographic parameters to population growth.

Parameter Elasticity
Survival from birth to 1 year 0.204
Survival from 1 to 2 years 0.1563
Survival of adults 0.429
Reproduction, 2 years old 0:.05%
Reproduction, adults 0.164

To identify the demographic parameters that continued
research should focus on one has to combine the
elasticity of a parameter with the present knowledge
about that parameter, i.e. a combination of the relative
contribution and the statistical uncertainty (resulting
from sample size) of that parameter.

The mean of all the demographic parameters was used
as a starting-point. The mean rate of increase was 0.087
(lambda 1.091, or a 9.1% increase per year) using the
mean values (tables 4 and 5). If we use the alternative
for survival from 1 to 2 years that excluded 4 individuals
in Sarek, then the a rate of increase will be 0.146
(lambda 1.157, or a 15.7% increase per year). This
survival value might be valid for the Hedmark and
Grimsd areas. Thus, the suspected poaching has a large
influence on the population growth.

8
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To study the effect of the statistical variance in all the
demographic parameters on popuiation growth, the rate
of increase was calculated for all the parameters using
the lower and upper 95% confidence limits (tables 4
and 5) and then compared with the population growth
for the mean values (table 7). These calculation were
done for one parameter at a time. Adult survival
influenced population growth most, followed by the
survival from 1 to 2 year. The three other parameters
had almost the same effect (table 7). Although
population growth was most sensitive to the present
knowledge in adult survival, it is not obvious that any
particular parameter requires more intensive study than
the others. Parameters with low elasticity, survival from
1 to 2 years, and reproduction of 2 year old, are the
most difficult parameters to study. Furthermore,
population demography is only one of several aims of all
the studies, other aims include social organisation and
dispersal. The best strategy for radio-marking lynx will
therefore be to radio-mark females and follow them and
their offspring, especially daughters, throughout their
lives. This will not only give data on survival and
reproduction, but also on dispersal and social
organisation. This strategy has already been adopted in
all three study areas where radio-marking continues at
the moment.

Simulations were used to calculate the variation in
population growth depending on the statistical
uncertainties in ail the demographic parameters given
above (tables 4 and 5). One thousand simulations were
made. In each simulation a value for each of the 5
demographic parameters was selected a random
assuming a normal distribution with the given mean and
variance.

The mean rate of increase was 0.0877 and the variance
was 0.00434. The rate of increase was not significantly
different from 0, as 91 of the 1000 simulations (9.1%)
were below 0 (figure 5). The alternative with a higher
survival rate from 1 to 2 years resulted in a rate of
increase of 0.144, with a variance of 0.00369. This was
significantly different from 0, only 14 of the 1000
simulations (1.4%) were below 0 (figure 6).

These simulations assume that the variation in each of
the 5 demographic parameters is completely
independent . If there exists a positive relationship
among them, e.g. all survival estimates are better than
the mean, then the variance in rate of increase will be
larger than the simulated one. On the other hand, if they
are negatively related to one another, then the variance
will be smaller.

350
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200

Count

150
100
50

0
-2 -1 0 A 2 3 4 5

Rate ofincrease

Figure 5 Frequency distribution of 1000 simulation of the rate of
increase. The mean rate of increase was 0.0877, 9.1% of the
simutation resulted in a rate of increase below 0.
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Figure 6 Frequency distribution of 1000 simulations of the rate of
increase. The mean rate of increase was 0.144, 1.4% of the
simulation resulted in a rate of increase below 0. The simulations
are based on the alternative with a higher survival rate from 1 to 2
years, compared to figure 5.

Table 7 The effects of the statistical uncertainty in the different reproductive and survival

parameters on the population growth.

r (rate of increase)

Parameter Mean Lower 95% C.l. Upper95% C.l.
Mean from tables 4 and 5 2:087

Mean - alternative 1 0.148

Survival from birth to 1 year 0.053 0.117
Survival from 1 to 2 years 0.010 8151
Survival of adults 0.005 B.178
Reproduction, 2 years old ' . 0.051 0.128
Reproduction, adults 0.040 8.125

Alternative 1 - survival from 1 to 2 years was estimated excluding 4 yearlings in Sarek that

either disappeared or were illegally shot in March to May.
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Importantly, these simulations do not include any
demographic or environmental stochasticity, they only
include the known statistical uncertainty. In population
viability analyses these statistical uncertainties are often
ignored and it is assumed that the mean values are the
same as the true values. However, as our data set
increases we should be able to include biologically-
correct estimates of stochasticity into our analysis.

- LN . w
a N O w O

between the groups

Difference in survival rate
__\

o
a

0
0 20 40 60 80 100 120 140 160 180

Total sample size (both groups)

Figure 7 Differences in yearly survival rate likely to be found
statistically different at different sample sizes.

7 How much more data

do we need?

Assuming the continuity of funding and no increase in
the numbers of lynx being shot (legally or illegally), the
three sub-projects that are running today (Sarek,
Hedmark and Grimsé) will probably have 20-25 radio-
marked lynx each at the end of June each year. This is
the same as the number of lynx followed in Sarek during
the last two years. Funding will probably set the limits to
this number, e.g. the brown bear project has had about
75 bears radio-collared during each of the last years
(Swenson pers. com.). If we assume that the sample
size is about 60-75 lynx in June each year, then one can
calculate how the precision in the mortality and natality
estimates will increase after each field season.

In June 1997, 21 lynx were radio-collared in Sarek, 9
adult females, 7 adult males and 5 yearlings. The 9
adult females gave birth to 15 kittens. If we assume that
this is a possible distribution on different categories in all
three areas, then the sample will increase every year by
approximately 45 kittens, 15 yearlings and 50 adult-
years. The data on reproduction will increase by
approximately 25 adults and 10 first year adults per field
season.

After 5 years, i.e. in year 2002, with this intensity of data
collection we should probably find statistically
differences in survival rates that are greater than 0.15 to
0.20, depending on category, assuming a type | and
type Il error of 5 % (Fig. 7, Pollock et al. 1989, Cohen
1988, Statistical power analysis). For example, the
difference in annual survival rate from one to two years
of age with, and without, the unknown disappearances in
Sarek was 0.62 and 0.81, respectively (Table 4). With
the level of data that we have the potential to collect by
2002 it should be possible to document this difference
statistically. These calculation are based on differences
in yearly survival. Differences in survival patterns
throughout the year, which will not necessarily result in
different yearly survival rate, can also be tested (Pollock
et al. 1989).

Furthermore, it is not unlikely that reproduction differs
between the three areas, especially for two-year-old lynx.
With the data set one has after 5 years one can find
differences in reproduction greater than 0.5 and 0.2
female kittens per female for 2 year old females and
older females, respectively, assuming a type | and type
Il error of 5% (Cohen 1988).

Thus, 5 years from now we should probably have quite
good data on the demographic parameters, i.e. reduced
statistical uncertainty. During this period one might also
have some idea about the demographic and
environmental stochasticity.
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8 Planned joint scientfic

publications

1 - After the reproduction in June 1998 it should be
possible to write a paper with sensitivity and population
viability analyses. This paper should included the type of
analyses presented above as well as a viability analysis
including demographic and environmental stochasticity
and the risk of harvesting lynx at different population
sizes and growth rates (e.g. Kokko et al. 1997, Cons.
Biol. 11:917-927).

2 - Already now it is possible to compile information on
the historical development of lynx and roe deer
populations in Sweden, Norway and Finland. The
historical part will be based on bag records and the
recent development on e.g. the lynx censuses made in
Sweden and the wildlife triangle censuses made in
Finland. This is particularly interesting as the lynx
density in Finland is highest outside the range of roe
deer and white-tailed deer distribution. Whereas, the
lynx in Sweden and Norway seems to be distributed
more in areas where large ungulate prey, semi-domestic
reindeer and roe deer, are available.

9 Co-operation

During the last year the Scandinavian lynx project met
during the Nordic Wildlife Congress in Trondheim in
February 1997. Reidar Andersen has applied for a grant
from NorFA to organise a network for the Ilynx
researchers within the Nordic countries (Sweden,
Norway and Finland). The first meeting is planned for
December 1997. During the year there have been
several other meetings. Henrik Andrén was in
Trondheim for a few days in November 1996. Henrik
Andrén, Tor Kvam, Olof Liberg, Mats Lindén, Peter
Segerstrom and llpo Kojola met at the Large Carnivore
Meeting in Gillehov in March 1997. Reidar Andersen,
Olof Liberg and John Linnell met at the 3rd European
Roe deer Workshop in Hedmark in April 1997. Reidar
Andersen, Henrik Andrén and Olof Liberg have all been
to Sarek in 1997. Henrik Andrén was in Trondheim in
October 1997 (NorFA-grant). llpo Kojola and Harto
Lindén visited Grimsd in May 1997 to discuss large
carnivore research. Henrik Andrén and Mats Lindén was
on a large carnivore meeting in Helsinki in November
1997.

During the year there has also been co-operation in the
field. Per Ahlqvist has been to Sarek and helped Peter
Segerstrom marking lynx. Kent Skéld and 2 more
personnel from Grimsé were in Hedmark with dogs and
helped in remarking a lynx. A student from Norway has
worked in Sarek. Two lynx have dispersed into Sweden
from Hedmark, Grimsé are currently radio-tracking these
individuals. Based on our observed dispersal distances
we expect more animals to move between the study
populations in the future.

Information about the radio-tracked individuals, e.g.
deaths, reproduction, remarking, is collected in each
sub-project in the same kind of data base (Excel-format)
and send to all the other sub-projects at least twice a
year. This report is mainly based on this data base.

The best strategy for radio-marking lynx is to mark
females and follow them and their offspring throughout
their lives. To do this one must replace the radio-
transmitters every second year. Therefore, it is essential
to have a reliable method for recapturing animals. In
Sarek one has been very successful in darting the lynx
from helicopter. In the forested areas of Hedmark and
Grimsé this method is not suitable. Therefore, one has
started to use dogs in both areas. To develop this
method and to co-operate at recaptures has shown to be
very good for both Hedmark and Grimsé.
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