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Abstract

Large carnivores such as the wolf (Canis lupus) and the lynx (Lynx lynx) have never been eradicated in Latvia and
their numbers particularly increased from the early 1970s onwards, which brought some conflict between the large
carnivores and human interests. Therefore, it has always been a challenge for both gamekeepers and conservationists to
reveal relationships between ungulates and large carnivores as well as to figure out relevant implications for their
management.

The purpose of this paper is to reveal the above-mentioned relationships using statistical data. Fortunately statistics
on the abundance and hunting bag size of some game species in Latvia have been collected since the early 20th century
The study uses these data to examine four types of relationship within the period 1958 - 2005: (1) prey-prey relationships
between the population estimates of moose (4lces alces), red deer (Cervus elaphus), roe deer (Capreolus capreolus),
wild boar (Sus scrofa), (2) predator-prey relationships in the above four ungulate species, wolf and lynx; (3) relationships
between the estimated numbers of wolf and lynx; (4) relationships among hunting bags in some of the species listed
above. We applied unit root test to check if our statistical results suffered from the spurious correlation. We used regression
analysis (dynamic OLS and generalized least square) to reveal statistical findings and examine them from the ecological
point of view in order to check the validity of our results.

Our statistical results suggest that (1) For the red deer, roe deer is a competitor and vice versa. For the roe deer,
moose is also a competitor in addition to the red deer. For the moose, red deer is a competitor. (2) For the wolf, red
deer, roe deer and moose are prey whereas for the lynx, only roe deer is prey. (3) For lynx, wolf is a competitor, but
for the wolf, lynx is not. (4) The elasticity of hunting with respect to population size is 2.55%, 0.91%, 2.14, 0.42% and
0.82%, for roe deer, red deer, moose, wolf and lynx, respectively. Most of the results are consistent with empirical

findings from the field.
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This paper was firstly presented at the IUGB
XXVIIth congress held on the 9-18th August in Upp-
sala, Sweden under the title of “Predator-prey rela-
tionships’ analysis based on the game population es-
timates from Latvia: Potential practical implications
for game management”.

Introduction

In Latvia, long stream of statistics on the abun-
dance and hunting bag size of game species have been
collected since the early 20th century. These statis-
tics were used by the wildlife managers to decide the
target number of the population size (Silins 1984).
However, these data were not necessarily used for
revealing the relationship between game animals and
hunters. In sound ecology, cyclic changes in numbers

of herbivores followed by delayed cycles in predator
dynamics are known for game species too, e.g. the well
known example on snow hare Lepus americanus and
lynx Lynx canadensis (Begon et al. 1996).

It has always been a challenge for both gamekeep-
ers and conservationists to reveal true relationships
between ungulates and large carnivores as well as to
figure out relevant implications for the species man-
agement. In addition, especially before and after the
accession to the EU in 2004, the hunting policy of
Latvia had to be changed and monitoring of large
carnivores was required (Andersone 2001).

This paper, therefore, examines the relationship
between large carnivores and ungulates as well as
hunting activities so as to give a statistical background
for beneficial the scientifically-based management of
game animals. Specifically, we put stress on the fol-
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lowing aspects. Analysis 1: to examine the relation-
ship between prey species (roe deer Capreolus capre-
olus, red deer Cervus elaphus, wild boar Sus scrofa
and moose Alces alces). Analysis 2: to examine the
relationship between predators (lynx Lynx Iynx and
wolf Canis lupus) and prey. Analysis 3: to examine
the relationship between predators. Analysis 4: to
examine the relationship between human and game
animals (the prey and predator species).

Here we should bring attention to the fact that
the data used in this paper must have suffered from
several kinds of biases. We will discuss possible bi-
ases in the later section in more detail, and we just
would like to state here that even if some bias exists,
our study is still useful at least in threefold; Firstly,
one of the main contribution of the paper is to illus-
trate how to avoid spurious correlation issue, which
have not been well known in the biology. Secondly,
although bias might be crucial issues for some time
period for some animals, it is not necessarily for oth-
er time and animals. In a related matter, this paper aims
to test if game statistics from Latvia are in conformity
with ecological knowledge. For this purpose, our data
appear still valid. Thirdly, statistical analysis can give
us objective results and may confirm the existing ec-
ological knowledge even if some bias exists. It can even
make us realise something that we could not have
found by the existing methods and lead to the reex-
amination of ecological research. Ecological and sta-
tistical studies comprise a ‘sort of both wheels’ of the
game management research. Our statistical findings
should be checked by the ecological knowledge so as
to avoid wrong conclusions which is done in the dis-
cussion section.

Materials and,methods

Data

We use estimates of the population size and data
on the hunting bag of roe deer, red deer, moose, wild
boar, lynx and wolf from 1958 to 2005. The estimates
have been done annually in numerous spatial units by

local foresters and hunters. Since the borders and size
of the units were changed by political reforms with the
lapse of time, we are able to use only total number of
animals in entire country for our analysis. All of these
data are official statistics of the Latvian State Forest
Service either published (Andersone-Lilley, Ozolin$
2005) or available from the internet on most recent
years (www.vmd.gov.lv). Hereinafter, we denote these
data as follows.

N'oe : the estimated population size of roe deer
N : the estimated population size of red deer
N Mmoose : the estimated population size of moose
Nboar : the estimated population size of wild boar
Nl : the estimated population size of wolf
NOm : the estimated population size of lynx
H"™* : hunting bag for roe deer

H™ : hunting bag for red deer

H™¢  :hunting bag for moose

H boar : hunting bag for wild boar

H" : hunting bag for wolves

Hbm™ : hunting bag for lynx

The hunting data for 1989 are not available and
we calculated the data for the whole hunting data of
1989 as the arithmetic means of 1988 and 1990. We
selected these game species not only because the
available time series data are limited to these species,
but also because these four ungulates seem to be the
most important prey items for at least the wolf (An-
dersone and Ozolin§ 2004, p. 359).

Specification of Regression Models

In this section, we specify the regression models.
Analysis 1 to 3

To find out the relationships between game ani-
mals, we employ a statistical method. We build the
extended discrete version of Lotka-Volterra models
(Begon et al., 1996) as follows:

Nme (Z + 1)_ Nme (Z)+ H™ (Z): |ﬂlrge + ﬁlrzoe-red Nred (Z)+ ﬂlr;e-mooseNmoose (z)+ﬁlriw-h(mrNh(mr (Z)

+ ﬂlrsoe-wolwaolf (Z)+ ﬂlrge-lyanlynx (z)bvme (Z)+€|

Nred (t + 1)_ Nred (t)+ Hred (t)z [ﬁgsd + 2rfd-meNme (t)+ 2r;d-mrmselvmrmse (t)+ﬁ2rid-hrmrNhrmr (t)

+ﬁ2r§d-wnlwanlf (t)+ﬁzrgd-L\'anL\'nx(t)bvred (t)+£2

N moose (t + 1)_ N moose (f)+ H moose (f) — |ﬁ3n(z)oose + ﬁ;}mm@roe N roe (f)+ ﬁ?’n;oosered N moose (t)_'_ﬁ;ztoosehourN boar (f)

+ ﬁ;;oosewo(wao(f (f)"' ﬁ;éooselyanlynx (t)]zvmrmse (f)"' 83
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Nboar (f + 1)_ Nboar (f)+ H boar (I) — fgar + ﬁf]oar-roeN roe (f)+ ﬁ}&oar-redN red (f)+ ﬁf}oar-mooseNmoose (I)

+ ﬁfsoar-wolf N wolf (f)+ ﬁfgar-lyanlynx (I )]Nboar (I) + 84

NW{)lf (l + 1)_ NW{)lf (l)+ H wolf (l) _ [ﬁ olf + ﬁwolf—meNme (l)+ ﬁsv;olf-redN red (l)+ ﬁ;golf—m(mxeN moose (l)
— M50 51

+ ﬁ 51,2(;1/‘ boar prboar (l)+ ﬁ Svgolf fynx prlyn (l )]N wolf (l) +&5

lenx (t+1)_lenx(t)+ Hlynx (l)= [ﬁé%)nx +ﬁ6131'nx-meN roe (t)+ﬁ6132'nx-redNred (t)+ﬁ6133"nx-mooseNmoose (t)

+ ﬁé)"tnx-boarNboar (t)'l‘ ﬁ&nx-wolfN wolf (t )}V lynx (t)-’r 86

where B and ¢, denote parameters and unobserved er-
rors, respectively.

The sign of the parameters convey meanings,
which depend on the combination of the variables of
each parameter. For the first four equations, /J’l.,.,j =
1,...4 means the relationship with other ungulates. If
it is negative, it suggests that there is competition be-
tween them (main topic in Analysis 1)./3’l.,., j =5.6,
means the relationship with predators. If it is nega-
tive, it suggests that this ungulate is a prey to this
predator (one of the main topic in Analysis 2).

On the other hand, for the last two equations, /J’l.,.,
J = 1,...4, means the relationship with prey species. If
it is positive, it suggests that they prey on this ungu-
late (this is also one of the main topic in Analysis 2).
/J’l_,_,j = 5.6 means the relationship with the other pred-
ator. If it is negative, it suggests that it competes with
the other predator (main topic in Analysis 3).
Analysis 4

To investigate the relationship between humans
and prey/predator species, we build estimation equa-
tions as follows:

LnH"™ =y{, +7,,LnN"" + &/
LnH"™ =95 +7, LnN"™ + g5

LnH """ = y3 + 3, LnN """ + %
Lngoar — 74('30 + ,y41Lan0ar + £foar
LnH"" = y5 + 75, LaN """ + 2"
LnH"™ = yg + o LaN "™ + €™

where yio, Y and ¢, denote intercepts, slopes and un-

observed errors, respectively.

Because we take logarithm of both explanatory
and explained valuables, they are constant elasticity
models and the value of y, (i =1,..., 6) suggests the
elasticity of hunting with respect to population size.
Therefore, 1% increase of population size will bring
7,% increase in hunting. The concept of elasticity has
its origin in the microeconomics, and sometimes ap-
plied to the Ecology (for example, see Vandermeer and
Goldberg 2003).

Unit Root Test

Recently, more and more attention has been paid
to the stationary of the time series data, where sta-
tionary means that the mean and autocovariances of
the time series data do not depend on time. If time series
data are non-stationary, the data should be trans-
formed. Otherwise, the estimation result may suffer
from spurious correlation (Granger-Newbold 1974),
which means that even if explained variable and ex-
planatory variable(s) do not statistically correlate, it
may result in a higher coefficient of determination and
significant ¢ values. As a result, it can be mistakenly
decided that there is a statistically significant corre-
lation.

To avoid this misidentification, we have conduct-
ed the unit root tests on the data described above.
This method as well as the Co-integration test men-
tioned below, are often used in the field of economet-
rics, and they were started to be used in the field of
ecology (for example, Ewing et al. 2007, Kawata 2008).
In this paper, we use the Kwiatkowski, Phillips,
Schmidt and Shin (KPSS) test. The reasons why we
used this test is that, 1) some of the previous studies
in this field selected them (for example, Ewing et al.
2007, Kawata 2008) and 2) although the augmented
Dickey-Fuller (ADF) test seems to be used most of-
ten, the power of the ADF test is relatively weak, and
sometimes null hypothesis (time series has a unit root)
is not rejected when unit root is almost 1 (Matsuura
and McKenzie 2001, p. 247). To relieve such a prob-
lem we select the KPSS test, whose null hypothesis
is different from the ADF test; the time series does not
have a unit root.

Even if two or more time series data are non-sta-
tionary, linear combination of them can be stationary
as long as they are /(1) (hercinafter we denote /(1)
when crude time series data are non-stationary but their
first differences are stationary. In addition, we denote
1(0) when crude time series are stationary) and cointe-
gration exists. We will conduct the Co-integration test
to check if cointegration exists. Such a co-integrating
equation can be interpreted in a way that it represents
long-term relationship among the variables.
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Unit Root Test Results for Data of Analysis 1 to
3 data

Spurious correlation may happen when an ex-
plained variable and at least one explanatory variable
are non-stationary (in more detail, see Wooldrige 2006,
p. 647). Therefore, we check whether each equation
presented in the above subsections contains /(1) ex-
plained variable and /(1) explanatory variable(s).

Firstly, we examine the data of Analysis 1 to 3.
As for the explained variable ~(+1)-~()-H(), the KPSS
test reject the null hypothesis (the time series does
not have a unit root) concerning the wild boar at 10%

level (Table 1). As for the explanatory variable N() N()’,
the KPSS test reject the null hypothesis in case of roe
deer - wolf, red deer - lynx and moose - lynx. As for
the other explanatory variables, N(?) the null hypoth-
esis cannot be rejected at 10% level. As a whole, there
is no case where spurious correlation should be con-
cerned as for the Analysis 1 to 3.

Unit Root Test Results for the Analysis 4 data

As for the data of Analysis 4, based on the re-
sults of the KPSS test, the usual regression can be
applied for roe deer, moose, wolf and lynx (Table 1).
On the other hand, for red deer and wild boar, both
explained variable and explanatory variables are non-
stationary. Therefore, 1st difference is taken to check
if they are /(1), and as Table 2 shows, both variables
are /(1) based on the KPSS test.

As shown in the above subsection, because both
LnH and LnN of the roe deer and the wolf as well as
either LnH or LnN of the moose and the lynx are /(0),
the usual OLS or advanced method such as general-
ized least square (GLS) can be applied. However, both
LnH and LnN of the red deer and the wild boar are
I(1), we need to check whether they have co-integra-
tion. If co-integration exists, some modified OLS such
as dynamic OLS (DOLS) can be applicable, and the re-
sults give us long-term relationship.

The results are shown in Table 3. We applied third
type of deterministic trend cases presented by Jo-
hansen (1995). Based on the Trace test and the Max-
eigenvalue test, the red deer has co-integration where-
as the wild boar has no co-integration. Therefore, we
will exclude the wild boar from Analysis 4.

Results

Estimation Method Selection

Analysis 1 to 3: We apply the GLS for the crude
time series data. We selected GLS because we use time
series data and the error term may have suffered from
autocorrelation.

Table 1. Results of the Unit Root Tests (level)

LM stat. bandwidth type
N(t+1)-N(t)+H(t)
: 1958-2004
Roe deer 0.07 4 T&I
Red deer 0.09 4 T&I
Moose 0.26 5 1
Wild boar 0.45 * 5 1
Wolf 0.06 4 T&I
Lynx 0.08 4 T&I
N(t)'N(t)’
: 1958-2004
Roe deer : Red deer 0.07 4 T&I
Roe deer : Moose 0.09 5 T&I
Roe deer : Wild boar 0.05 4 T&I
Roe deer : Wolf 0.13 * 4 T&I
Roe deer : Lynx 0.1 3 T&I
Red deer : Moose 0.08 5 T&I
Red deer : Wild boar 0.07 4 T&I
Red deer : Wolf 0.12 5 T&I
Red deer : Lynx 0.17 ** 4 T&I
Moose : Wild boar 0.09 5 T&I
Moose : Wolf 0.09 4 T&I
Moose : Lynx 0.13 * 5 T&I
Wild boar : Wolf 0.81 5 1
Wild boar : Lynx 0.1 3 T&I
Wolf : Lynx 0.13 5 T&I
N :1958-2004
Roe deer 0.07 4 T&I
Red deer 0.09 5 T&I
Moose 0.15 5 1
Wild boar 0.07 4 T&I
Wolf 0.1 5 T&I
Lynx 0.06 5 T&I
Ln(H) :1958-2005
Roe deer 0.09 4 T&I
Red deer (.23 *** 5 T&I
Moose 0.37 * 5 1
Wild boar 0.21 ** 5 T&I
Wolf 0.11 5 T&I
Lynx 0.08 4 T&I
Ln(N) :1958-2005
Roe deer 0.07 5 T&I
Red deer 0.21 ** 5 T&I
Moose 0.2 5 1
Wild boar 0.2 ** 5 T&I
Wolf 0.08 5 T&I
Lynx 0.14 * 5 T&I

Note: We use E-views 6 for unit root tests. Basically, we show
the most preferable results, which is chosen from (1) without
trend and intercept (N), (2) without trend and with trend (I)
and (3) with trend and intercept (T & I). In the ADF test, lag
is decided by the Schwarz info criterion, and in the KPSS test,
spectral estimation method is default (Bartlett kernel) and
bandwidth is automatically selected by Newey-West bandwidth
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Table 2. Results of the Unit Root
Tests (Ist difference)

ADF KPSS
t stat. lag LM stat. bandwidth
Lu(H)
: 1958-2005
Red deer -6.97 *** ( 0.05 3
Wild boar -5.89 *** ¢ 0.11 2
Lu(N)
: 1958-2005
Red deer -5.52 ¥k ¢ 0.05 3
Wild boar -3.43 * 0 0.12 4

Note: Same as Table 1.

Table 3. Results of cointegrated test

Trace test

Max-eigenvalue test

Null Eigenvalue Trace Prob. Max-Eigen Prob.
Statistic Statistic
Red r=>0 0.31 2250 0.02 16.82 0.04
deer r=1 0.12 5.68 0.22 6.68 0.22
Wild r=>0 0.13 11.64 0.48 6.65 0.71
boar r=1 0.10 500 0.28 5.00 0.28
Notes:

(1) Trend agsumption ig 2.
(2) Prob. 1z MacKinnon-Haug-Michelis (1999) p-values.

Analysis 4: We apply GLS for roe deer, moose,
and wolf and lynx. Because both explained variable and
explanatory variable of the red deer is /(1), and they
are co-integrated, we apply DOLS instead of the usu-
al OLS. The reason is the following: although we will
have consistent estimator of the coefficient by apply-
ing the usual OLS, Table 2. The relationship between
selected key issues and weaknesses in this case ‘the
OLS estimation has a non-normal distribution, and in-
ferences based on its z-statistics can be misleading’
(See Stock and Watson 2002, p. 556). Therefore, we
apply DOLS.

The estimation equation is modified as follows.

P
red 0 red red red redD
LnH ™ = @y + @, LnN;™ + 251 ALnNT + g,
I=—p

0 . . .
where, ¢~ is intercept, ¢ and § are slopes, g, is

unobserved error and A is lag operator.

Results for Analysis 1 to 3

In Table 4, we summarize the estimation results
of Analysis 1 to 3. The table is made based on the sign
of parameter values. The explained variable is shown
at the far left line and explanatory variables are at the
front row. When the parameter value takes meaning-
ful sign, we substitute the sign with its meaning. They
are the following:

when the explained variable is a predator, and

explanatory variable is a predator: negative sign
means competition

explanatory variable is a prey: positive sign
means prey

when the explained variable is a prey, and

explanatory variable is a predator: negative sign
means preyed

explanatory variable is a prey: negative sign
means competition

wolf lynx red deer roe deer moose wild boar R? Table 4. Summarize of the estimation re-

wolf = + prey prey - prey 0.73 sults of Analysis 1 to 3

lynx competition — — prey — — 0.53

red deer preyed + — competition + competition 0.73

roe deer preyed + competition . competition + 0.47

moose + preyed | competition + - + 0.63

wild boar + + competition + competition — 0.79

Notes:

(1) See App. Table 1 to 6 for greater detail.

(2) These results are the case when wild boar is included as explanatory variable.
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when the explained variable and explanatory var-
iable are the same,

positive sign means that as the population of one
year is bigger, the increment of the population gets
to be higher,

and vice versa for each case.

Analysis 1 Results of prey — prey relationship
analysis

Based on the above-mentioned definition of the
relationship, the roe deer is a competitor for the red
deer and vice versa, as is indicated in Table 4. For the
red deer, the wild boar is a competitor and vice versa.
For the roe deer, in addition to the red deer, the moose
is also a competitor. For the moose, the red deer is a
competitor. For the wild boar, the moose is also a com-
petitor.

Analysis 2 Results of predator — prey relation-
ship analysis

For the wolf, the red deer, the roe deer and the
wild boar are prey whereas for the lynx, only the roe
deer is prey. On the other hand, when we look at it
from the prey side, the wolf is a predator to the red
deer and the roe deer, for the moose, its predator is
the lynx.

Analysis 3 Results of wolf — lynx relationship
analysis

When the explained variable is the wolf, variable
lynx is positive. It suggests that as the population of

the lynx increases, the wolf population also increas-
es. On the other hand, when the explained variable is
the lynx, variable wolf is negative. It suggests that as
the population of the wolf increases, the lynx popula-
tion decreases. It seems to suggest that on the one
hand, the wolf is not affected by the population of the
lynx whereas the increase in the lynx population is
limited by the wolf.

Results of analysis of the Relationship between
Human Impacts and Game Animals (Analysis 4)

The relationship between humans and prey are
shown in Table 5. Lead and lag of the DOLS model is
decided so that the Akaike information criteria (AIC)
takes the least value. Based on this procedure, we
select 3 period leads and lags where all leads and lags
are included. Then the model is re-estimated based on
the AIC and p-value so as to exclude insignificant
variables. For the inference, we use heteroscedastic
autoregression covariances (HAC). The above proce-
dure is heavily dependent on the one used in Kristin
and Frank (2005).

As a result, 1% increase in the population sizes of
the roe deer, the red deer and the moose results in the
increase of the hunting bag for each species by 2.55%

(7,1, 0.91% (@,,) and 2.14% (¥5,), respectively.

The relationship between humans and predators are
shown in Table 6. 1% increase in the population sizes
of the wolf and the lynx results in the increase of the

Roe deer Red deer Moose Table 5. Human impacts on the preys (Anal-
o -Lo.d9 HE 0 22527 kRE p 1223 Rk ysis 4)
/ (-7.43) T 1437 (795
. 2.55 kokk 0.91 *%* - 214 ckkk
1 P @ iy 731 5 am
(10.57) (2.40) (12.97)
R 0.70 0.998 0.78
R 0.69 0.996 0.77
GLS DOLS GLS
Notes:
(1) t-values are in parentheses.
(2) *** p-value 1s less than 0.01, **0.05, *0.1
(3) Data period 1s 1954-2005 for all game animals.
Wolf (1) Wolf (2) Wolf (3) Wolf (4) Lynx Table 6. Human impacts on the predators
] 275 k% 222 dokok _1.73 -3.41 * 0 -1.29 Analysis 4
N (1354 (12.34) (-1.13) (-2.12) o 0.78) ( y )
S 042 #FF 0.56 #%F 1.09 #%% 133 #%k D82 ***
o 10.99) (14.54) {4.70) (5.39) )
R 072 0.86 0.71 0.66 0.14
Rz 071 0.86 0.G7 0.63 012
GLS GLS GLS GLS GLS
period  58-05 58-90 91-99 91-05 58-05
Notes:

(1) t-values are in parentheses.
(2) *** p-value is less than 0.01, **0.05, *0.1

(3) Note 2: Data of 1989 for all wildlife and of 1969 for lynx are not available and

these years are omitted in the regressions.
(4) Data period is 1954-2005 for wolf (1) and lynx cases.
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hunting bag for each predator by 0.42% (y,,for the Table 7 - 3. Predator-prey model for moose

. . Full model Modified
period 1958-2005) and 0.82% (y,, ), respectively. model
moose gl -0.15 -0.18 *
. . ; Pa 1.36) (-1.70
Discussion and Conclusions (-1.36 -1.70)
roe deer : Ji 2.79%10-8 3.46%10-6 k*
Examinati ne Validi Statistical Resul moose |t (1.26) (2.07)
xamination of the Validity of Statistical Results red - moose 5, 3 54%105 Kk 3 95k[ (5 Rk
In what follows, we will discuss the cases where (-2.406) (-4.28)
the statistic results (Table 7) are not consistent with wolf : moose 5 1.23%103 ##% 1.08%10-3 ***
the ecological knowled h h (2.99) (4.33)
gical knowledge or the cases where some _ _ __
. lynx: moose g -7.34%104 -5.60%104 *
remark should be provided. P (-1.5%) -1.93)
. . . wild boar : Ji 6.47%10-8
Prey — Prey Relationship (Analysis 1) mooge | 2 (0.47)
Red deer and Wild boar: Statistical analysis sug- R? 0.63 0.63

gests that the wild boar and the red deer compete with ~ Notes:
(1) Same as Table 7 - 1.

Table 7-1. Predator-prey model for roe deer

Tull model Modified Table 7 - 4. Predator-prey model for wild boar
model
roe deer i 0.20 * 0.13 Full model Modified
Ao (1.94) (1.39) madel
red deer : g -1.86%10-07  *k .2 T76%¥10-F  HkE wildboar 50 . ;0;(13 o :)0;';3 "
roe deer ' 12 (-2.30) (-4.76) _ }:;‘_-'-6) . _ ('-*~-' GJ .
moose : P -1.99%10-5 kK ] 3RF105 E* roe deer : ‘Eﬂd‘ By 3“.%1180‘; -,80ﬁ1001-\
roe deer * 12 (-2.77) (-2.18) ___boar (1.88) (2.01)
= T red : wild boar S2.30%10-5 kkk 2 gRk](Q-5 ckekek
wolt : roe -4, 55%10-4 * B, 341 133
leor bis (-1.71) (-3.41) (-3.53)
_( = moosge : wild Vi -5.67%10-¢
lynx: roe Bi 4.00 .10-_4 boar T (-0.37)
_ deer (1.46) wolf : wildboar 5~ 2.02%10°
wildboar: 5 © L134¥105 ¥F T 198FI07 ® (0.07)
roe deer (2.25) (4.22 Iynx : wild boar Jij 8.90%]1(-4  Hkk 9 4aHL0-4 ks
RZ 047 0.44 4 (3.34) (5.76)
Notes: RZ 0.79 0.78
(1) t-valueg are 1n parentheses. Notes:
(2) *** p-value 1g less than 0.01, ¥*0.05, *0.1 (1) Same as Table 7 - 1.

(3) The data for the whole of 1989 1s the arithmetic means
of 1988 and 1990

Table 7 - 5. Predator-prey model for wolf
Table 7 - 2. Predator-prey model for red deer

Full mode Modified Full model Modified
1 model model
red deer 482['0 -0.36 ** -0.46 KEE wolf ’35”0 '.1~33 hokk 'l_'37 ok
(-2.54) (-4.71) (-3.38) (-13.10)
roe deer : red o -1.07*10-8 S1.70k1Q-6 ckkk roe deer : Bs 1.32%10
deer (-0.79) (-3.13) wolf (0.48)
mooge : red 3 1.44%10-3 2.27%10-5  kk# red : wolf fs, 2.40%105 Kk 4.02%105  kHk
deer ' O (1.48) (4.74) (2.36) (9.40)
wolf : red ” -1.14%10-8 moose : wolf fss -1.3(3;101-;
deer (-0.28) -0.7]
lynx: red deer i 4.25%10-4 ** 2 4RI ok lynx : wolf Bss 2.11%10-4
(2.15) (2.79) (0.87)
wild boar : red -1.79%10-4 wild boar : Jis 9.20%10-6
deer (-0.96) wolf ! (0.86)
R2 0.73 0.72 Rz 0.73 0.71
Notes: Notes:
(1) Same as Table 7 - 1. (1) Same ag Table 7 - 1.
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Table 7 - 6. Predator-prey model for lynx

Full mode Modified
1 model
lynx ﬁﬂ -0.14 -0.23  HHk
f (-0.69) (-4.19)
roe deer : 6.09%10-6 Hkk G GEK10-6  Kk%
lynx il (4.39) (4.74)
red deer : i -7.61%10-6 -8 17*10-6 Kk
lynx (-1.04) (-2.08)
mooge :lynx Vi -5.44*%10-6
(-0.40)
wolf :lynx Jis -8.06*%10-%
65 =
(-0.53)
wild boar : Jis -6.62%10-6 -6.24%10-6 *
lynx (-1.35) (-1.70)
RZ 0.5 0.52
Notes:

(1) Same as Table 7 - 1.

one another. It is known from empirical knowledge that
remains of various mammals are found in facces (Bau-
bet et al. 2004) or stomachs (Herrero et al. 2004) of
the wild boar. In theory, they might consume a help-
less calf of the red deer in breeding season or a ca-
daver in sever winter. However, while predation of the
wild boar on large mammals unlikely happens, the red
deer and the wild boar can be rather competitors for
food resource or habitat.

Roe deer and Moose: For the roe deer, the moose
does not seem to be a competitor based on the eco-
logical knowledge. Our statistical results may reflect
the fact that the population fluctuations coincided for
the roe deer and the moose. Further investigation is
required.

Wolf - Prey (Analysis 2)

Wolf and Red deer: Statistical analysis suggests
that for the wolf, the red deer is prey and vice versa.
However, the red deer is unevenly distributed over the
territory of the wolf range, e.g. it is abundant in the
central part of Latvia where wolves are scarce or ab-
sent. Our statistical analysis seems to contradict this
empirical fact.

Wolf and Wild boar: Statistical analysis suggests
that for the wolf, the wild boar is a prey, but for the
wild boar, the wolf is not a predator. One possible
reason could be the following. The population size of
the wild boar is far greater than that of the wolf. There-
fore, the population size of the wolf is affected by that
of the wild boar, but not the other way around - the
predation by the wolf does not affect the wild boar
population that much.

Lynx - Prey (Analysis 2)

Lynx and Roe deer: Existing ecological studies
have shown that both the wolf and the lynx prey on
the roe deer. However, our statistical results suggest
that for the roe deer, the wolf can be a predator but
the lynx is not. The reason we have such results may
be the following. The wolf can change the prey easily
and the amount of the roe deer in its diet depends on
the population of the roe deer. However, the lynx heav-
ily depends on the roe deer as the staple diet, and the
amount of the roe deer in its diet can be relatively
stable regardless of the population size of the roe deer.
Therefore, the fluctuation of the wolf and the roe deer
can be reversely correlated while that of the lynx and
the roe deer cannot. In addition, the wolf can also prey
on bigger roe deer than the lynx. With this explana-
tion in mind our statistical results are valid.

Lynx and Moose: In reality, it is not easy for the
lynx to feed on the moose. Therefore, there can not
be a definite predator-prey relationship. Statistical
analysis also supports that the lynx and the moose do
not have predator-prey relationship when the explained
variable is the lynx.

However when the explained variable is the
moose, the lynx is predator for the moose. The rea-
son we have this result may be that populations of
the lynx and the moose fluctuate reversely. However,
it is a coincidence and could not be a true relation-
ship.

Wolf - Lynx (Analysis 3)

Previous ecological studies revealed that while
food spectrum of the lynx is rather limited (Jedrzejew-
ska and Jedrzejewski 1998; Breitenmoser ef al. 2001,
Ozolins 2002), the wolf tends to feed on the most abun-
dant prey (Jedrzejewska and Jedrzejewski 1998; Ozolins
and Andersone 2003, Andersone and Ozolin§ 2004,
Valdmann et al. 2005). Our statistical results also sup-
port this fact: for the wolf, the roe deer, the red deer
and the moose are prey whereas for the lynx, only the
roe deer is prey.

This result is also consistent with the relationship
between the wolf and the lynx. For the wolf, the lynx
is not a competitor but for the lynx, the wolf is a com-
petitor. The prey for the lynx is limited to the roe deer
and when the population of the roe deer is abundant,
the wolf competes with the lynx. The wolf can change
between different prey types and before there is too
much competition with the lynx over the roe deer,
wolves can switch to the red deer and the moose.
Therefore, for the wolf, the lynx is not necessarily a
competitor.
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Human Impacts and Game Animals (Analysis 4)

We calculated the elasticity of hunting in relation
to population size. That is, y,, @,, ¥, ¥;, and y,,.
When they take the value more than 1 and less than
1, we call it elastic hunting and inelastic hunting, re-
spectively. We summarize the results in Table 8.

Table 8. Elasticity of hunting in relation to population size

notation elasticity

Roe deer 71 2.55 elastic
Red deer Py 0.91 inelastic
Moose Va1 2.14

0.42(1958-2005) inelastic
Wolf Vs 0.56 (1958-1990) 1inelastic

1.33 (1991-2005) elastic
Lynx Va1 0.82 inelagtic

Elastic hunting suggests that the number of hunts
varies considerably when the population size varies
while inelastic hunting suggests the rigidity of the
number of hunts. There may be many reasons for the
hunting to be elastic and inelastic. One argument is that
if that game species is considered to be beneficial,
hunters are more conservative and the number of hunts
is more dependent on the population size, resulting in
elastic hunting. On the other hand, if the species is
considered to be a pest, hunters try to keep popula-
tion size at a lower level, and as a result, the number of
hunts is less dependent on the population size.

Although the elasticity of the red deer is a little
less than 1, that of the other two ungulates is more than
1. As a whole, ungulates seem to be seen as beneficial
game animals. In case of predators, it is interesting to
divide data periods. During the Soviet era (until the
1990s), it was an official policy to control the wolf pop-
ulation (Andersone 2003a, Andersone and Ozolins
2005). At that time wolves were under a high hunting
pressure and the population size was maintained at a
low level. In short, the wolf was totally seen as pest.

From 1991 (after the independence was restored)
to 1999 (before joining the EU), the wolf population
size increased. Because wolves competed with hunt-
ers for the prey species, wolves were sometimes un-
der strong hunting pressure within that period, espe-
cially during the anti-predatory campaign with a reward
of 75 LVL (106.23 EUR) per head (Andersone and Ozo-
lins 2005, Ozolins et al. 2005). Therefore, the wolf could
be pest and managed. After 2000, the hunting policy
gradually started to follow the EU regulations, which
decreased the number of wolves harvested. It suggests
that the wolf get to be a protected animal.

These tendencies are consistent not only with the
elasticity (see, Table 8), but also with the population-
hunting relationship shown in Figure 1, which depicts
the relationship between the number of the wolf hunts
and the wolf population size. When separated as
above, 1% increase in the population size of the wolf
may result in the increase in the number of hunts by
0.56% (y,, for the period 1958-1990), 1.10% (y,, for the
period 1991-1999) and 1.33% (y,, for the period 1991-
2005), respectively.

In case of the lynx, the tendency is not as clear
as for the wolf. Elasticity of hunting is 0.82 (inelastic-
ity), suggesting that the lynx is rather seen as a pest.
As shown in Figure 2, it can be separated into three
periods: until 1984 when there was no closed hunting
season, and after 2002 when the lynx management plan
was introduced. The unclear tendency may be attrib-
uted to the fact that the lynx has been considered as
a valuable fur-bearing animal too, and the hunting bag
was at least limited by a closed season.

1200
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Figure 1. The relationship between number of wolf estimated
and hunted
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Figure 2. The relationship between number of lynx estimated
and hunted
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In Figure 1, we also drew lines to depict the dif-
ference in the policy, which we have already suggest-
ed above. These lines are arbitrary and each area cor-
responds to the policies when large carnivores were
regarded as a pest, were managed or protected. Here
again, the tendency is less clear in case of the lynx
(Figure 2). Because the lynx is not necessarily seen
as a pest, we divided the graph into two periods -
before and after the management.

Remaining issues

There are some remaining issues. Firstly, we dis-
cuss about possible bias. As we have mentioned in
the introduction, our data might have suffered from
some biases. The source of the bias can be varied.
Because sampling place, time and counting methods
for population estimation are fixed through time in case
of this study, it might not bring serious bias: at least
trend of population fluctuation has been captured with
some accuracy. Therefore, here we concentrate on the
bias concerning hunting bag, which is estimated
through the licensing system.

There are three things that we should point out.
Firstly, this bias does not concern the carnivores be-
cause they were not under quota system until 2004.
Secondly, for other game animals, this bias concerns
only the period before the 1990s. This is because af-
terwards most quotas were not fulfilled despite the low
price of hunting licenses. Lastly, we should confess
that bag of some ungulates might not be counted
correctly for some time before. For example, the moose
was rather underestimated in the 1970-1980s because
a considerable amount of venison had to be delivered
for export and the hunters and the game keepers were
not paid for their work. Consequently, they were not
motivated to receive proper amount of shooting per-
mits and did falsify count data. It is true that espe-
cially the last one can be problematic, and we leave it
as one of the remaining issues.

Secondly, we discuss the explanatory variables.
We need to add other explanation variables in the
estimation. We should be careful about the fact that
visually the red deer and the wild boar declined only
once (middle of the 1990s) while the abundance of the
roe deer, the moose, and predators changed several
times. Some decreases seem to depend on socio-eco-
nomic reasons, and not on natural predator-prey rela-
tionships, e.g. they coincide with the decline of agri-
culture, outbreak of illegal hunting or changes in for-
estry policy. One way to consider the socio-economic
changes is to include new parameters such as gross
agricultural production, and the area of clear-cut for-
est. However, we did not include those parameters
because of the lack of data.

Concluding Remarks

For the scientific adaptive management of game
animals, there are some issues to be examined: 1) treat-
ment of biases, 2) building of models with some accu-
racy and 3) learning by doing in the real management.
In this paper, we focus our attention to building mod-
els, which is beneficial because it enables us to pre-
dict the population dynamics in the future by assum-
ing the future population size based on the trend of
the previous years. As we mentioned in the introduc-
tion, in sound ecology, cyclic changes of the preda-
tor and prey populations are observed, and we have
successfully showed using statistical methods that it
is also the case in Latvia. In other words, we showed
the possibility of proceeding with adaptive manage-
ment based on the statistical analysis applied to the
Latvian game animals.

One more main contribution that we represent in
this paper is that the view towards game animals is
influenced by the social, political and management
changes. We employed elasticity concept, and suc-
cessfully explained these changes using this concept.
We also utilize this concept to determine whether each
game animal is regarded as a pest or as a beneficial
species. Insofar as we know, these analyses are the
first attempt of this kind. Although there is a room for
improvement of the method, elasticity can be used to
classify game animals and used when preparing man-
agement plans.
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AHAJIN3 MIONVJIAHINOHHBIX JTAHHBIX OXOTHUYbUX BUIOB B JIATBUU

FO. KaBara, 51. O3o0sunbm u 7K. Angepcone-JInsiu
Pe3ziome

KpymnHuble xunHuky, Takue kak Boik (Canis lupus) n peichk (Lynx [ynx) TOCTOSHHO HacessH Tepputopuio Jlateun. Ux
YHCICHHOCTh OCOOCHHO YBEIHUYMIACh ¢ Hayanaa 1970-X ToI0B, YTO BBI3BAJIO Psii KOH(IUKTOB MEXKYy KPYIMHBIMH XHITHHKAMA
U MHTEepecaMu yelioBeka. [103ToMy /i 0XOTOBEIOB M OMOJIOTOB BCETIa HEJIETKOM 3a/1a4eii ObLJIO PACKPBITh B3aUMOOTHOIIICHHS
MEXK]y KOMBITHBIMH U KPYITHBIMH XHUIHUKAMH, a TaKKe pa3padoTaTth COOTBETCTBYIOIINE PEKOMECHIAIMH JUIS YIPABICHHUS
TOMYJISAIHSMH.

Lenbro HACTOSINEH CTAThH SBJISCTCS PACKPBITHE BIMICYTOMSIHYTHIX B3aMMOOTHOIICHUN MPH MTOMOIIU CTATUCTHYCCKUX
naHHbBIX. K c4acThio, TaHHBIC O YUCICHHOCTH U pa3Mepe MOObIYM psifia OXOTHHYBHX BUIOB B JIaTBUM TOCTYITHBI 3a MEPUOJ C
Havaya 20-ro Beka. DTU TaHHbIC OBLTH UCIIOJIL30BAHBI HAMU JUIS UCCIICIOBAHHS YETHIPEX THIIOB B3aUMOOTHOIICHHIA 32 MTEPUOT
1958-2005 romoB: (1) B3aMMOOTHOIIEHHS B CHCTEME «KEPTBa-)KEPTBa» MEXJy MomymsuusmMu jocs (Alces alces),
onaroponuoro onenst (Cervus elaphus), xocynu (Capreolus capreolus), xkabauna (Sus scrofa), (2) B3aMOOTHOIIICHHUS B CUCTEME
«XUIIHUK-KEPTBA» MEX/Y MOMYISAIMSIMU BBIIICYTOMSIHYTBIX BUJIOB KOTBITHBIX, BOIKOM U PBICBIO; (3) B3aUMOOOTHOIICHHUS
MEX/y TOMYJISIIUSMHE BOJIKA U PICH; (4) B3aMMOOTHOIICHUST MEXK/TY JaHHBIMHU JOOBIYH Psi/ia BBIIICY TOMSHYTHIX BUIOB. UTOOBI
MPOBEPUTH, HE CTPAJIAIOT JIM HAIIU CTATHCTHYCCKUE PE3YJIBTATh OT JIOKHON KOPPEISAIMU, Mbl TIPUMEHWIH TECT eIUHHYHOTO
KOpHs. UTOOBI PacKphITh CTATUCTHYECKUE PE3YNBTAThl U M3YYHUTh MX C DKOJIOTHYECKON TOUKH 3PCHHUS Ul TPOBEPKU UX
JIOCTOBEPHOCTH, MBI HCTIONB30BaU aHamu3 perpeccun (nuHamudeckuil OJIC 1 00001IeHHBIN METO]] HAMMEHBIIIUX KBAPaToB).

PesynbTarhl Halllero aHajau3a yKa3blBalOT Ha TO, 4TO (1) I OIAropogHOTO OJICHS KOCYJS SBJISETCS KOHKYPEHTOM U
HaoOopoT. [l KocynH, B JOTOMHEHHE K ONICHIO, JIOCh TaKXKe SBISICTCS KOHKYPEHTOM. J[JIsl JIoCS KOHKYPEHTOM SIBIISICTCS
oJieHb. (2) JIyst BOJIKa >KepTBAMHU SIBISIFOTCS OJICHB, KOCYJISl M JIOCh, B TO BPEMs KaK JJIsS PBICH JKEPTBOl SIBJISIETCS TOJIBKO
kocyJst. (3) st peIcH BOJIK SIBJISIETCS KOHKYPEHTOM, HO JUTSL BOJIKA PBICH TAKOBBIM He sIBIsieTCs. (4) DMacTUYHOCTH OXOTHI IO
OTHOIICHUIO K BEJIMYHMHE TOMYJSUU paBHa 2.55%, 0.91%, 2.14%, 0.42% u 0.82%, ni1st KoCyu, OIaropoJHOTO OJEHS, JIOCS,
BOJIKA M PBICH COOTBETCTBEHHO. BOJBIIMHCTBO PE3yJIBTaTOB XOPOIIO COMIACYIOTCS C OMIUPUUECKUMU JaHHBIMH.

KawueBbie ciioBa: JAHaAMUKa MOMYJIAINU, OXOTHUYbS CTaTUCTUKA, OXOTHUYbU JKUBOTHBIC, JIOKHASA KOPPEIIALUA
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