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Abstract

The aim of this study was to determine the impact of environmental factors (index of agricultural production quality,
forest cover rate, forest fragmentation index, the share of different habitat types, and selected meteorological factors) on the
value of kidney fat index (KFI) and carcass weight of roe deer Capreolus capreolus. The research material consisted of 344
individuals of roe deer C. capreolus over the age of 3 years (296 bucks and 48 does). Roe deer for testing were obtained from
15 forest districts in the Lublin region, Poland. The KFI and carcass weight were measured. A multiple regression model was
used to assess the impact of a number of environmental factors on the value of KFI in roe deer. The study showed no significant
differences in KFI values between bucks and does. Indicators of the body condition of bucks were positively affected by the
share of habitats occupied by fresh mixed deciduous forest and the index of agricultural production quality. The share of
habitats with fresh coniferous forest and fresh mixed deciduous forest as well as the fragmentation of forests, had a positive
influence on the KFI values and carcass weight of does. This study shows that the management of roe deer populations should
take into account the impact of landscape structure and habitat quality.
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Introduction Cervidae in Poland has so far focused on red deer (Okarma

1984, Okarma 1991, Bobek et al. 1990, Dzigciotowski et al.
1996, Drozd and Piwniuk 2000), but there are still very
few studies relating to the fat reserves of roe deer (Drozd
and Gruszecki 2000, Czyzowski et al. 2015). The charac-
teristics describing the condition of an individual can
vary by season and depend on the deficiency of nutri-

One of the parameters reflecting the appropriate den-
sity of wild ungulates in the hunting zone is the condi-
tion of individual animals expressed, among other things,
by weight and body size, the quality of trophies, and
body fat deposits (Bonino and Bustos 1998, Majzinger

2004, Janiszewski and Kolasa 2007, Karpinski et al. 2008).
The measurement of fat reserves surrounding the kid-
neys in assessing the condition of wild ungulates has
been used for more than half a century (Serrano et al.
2008). For the first time an assessment of kidney fat level
was proposed by Riney (1955), based on the calculation
of kidney fat index (KFI), which is easy to estimate after
the death of the animal. Research on energy reserves of

ents and the physiological state of the body, e.g. preg-
nancy or parasitic infection (Sams et al. 1998). Therefore,
to describe the condition of roe deer, it is justified to use
multiple parameters e.g. body weight and size, kidney fat
index and femur marrow fat. The individual condition of
wild ungulates is directly affected by environmental re-
sources. The better the environmental conditions, the
more food is available, which in turn has a positive effect
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on the quality of the individual’s body condition (Gilot-
Fromont et al. 2012). The functioning of the populations
of large herbivores depends on many environmental fac-
tors, primarily on the availability of food, which in turn
depends on the composition and structure of plant com-
munities (Augustine and McNaughton 1998). Environ-
mental factors produce a combined effect on the popu-
lations of animals, and it is difficult to analyse the impact
of a single factor. For this reason, multiple regression
analysis was used in this study to assess the impact of
environmental factors on populations of roe deer. In the
life sciences, multiple regression analysis is a research
tool used for the identification of parameters with the
strongest impact on the variability population character-
istics (Mac Nally 2002). Environmentalists and conser-
vation biologists heavily rely on multiple regression in
formulating conclusions on the conditions of distribu-
tions or densities of species as a function of landscape
elements or specific habitat types (predictor variables)
(Loyn 1987, Mason 2013).

The aim of the study was to determine the correla-
tion between the value of kidney fat index (KFI) and car-
cass weight in roe deer and selected environmental fac-
tors such as the index of agricultural production quality,
forest cover rate, forest fragmentation index, the share of
different habitat types, and selected meteorological
factors.

Material and Methods

The research material consisted of 344 individuals
of roe deer Capreolus capreolus over the age of 3 years
(296 bucks and 48 does) harvested by hunters in 2012 to
2015 in accordance with the Rules on the Selection of
Game Individuals and Populations in Poland (Annex to
Resolution No. 57/2005 of 22 February 2005). Roe deer
were harvested throughout the period of the hunting
season, which in Poland runs from May 11th to Septem-
ber 30th for bucks and from October Ist to January 15th
for does. Animals were eviscerated after the harvest.
Every carcass (defined as residue obtained after the re-
moval of internal organs, severed head and limbs in the
joints) was weighed in game-handling cold room (with
accurate to 0.1 kg), where the veterinarian (second co-
author) has estimated age of females on the basis of
evaluation of tooth wear (Lochman 1987). In turn, age of
males was evaluated by game harvesting committee. Kid-
neys were dissected and weighed. Then, after the de-
duction of fat, the kidneys were re-weighed. The KFI was
calculated as follows: KFI = weight of fat around the
kidneys/weight of kidneys without fat (Riney 1955). Car-
casses of roe deer (bucks without heads) were weighed
with accuracy to the nearest 0.1 kg. For the purpose of
further analysis, the age of individual animals was deter-

mined based on the assessed degree of tooth wear
(Lochman 1987), which allowed the classification of ani-
mals as older than 3 years. Data from measurements were
analysed using Statistica 10.0. Since the distributions of
the analysed dependent variables (KFI and carcass
weight) differed significantly from the normal distribu-
tion, the significance of differences between the distri-
butions was assessed with non-parametric rank tests. The
U Mann-Whitney rank test (Z statistics) was used for
comparisons between the two groups. The normality of
distributions of the analysed characteristics was evalu-
ated with the Shapiro-Wilk test. The relationship between
KFI and carcass weight was analysed based on the cal-
culated Spearman rank correlation coefficient (7s). The
effect of the independent variables (environmental fac-
tors) on the dependent variables (KFI and carcass weight)
was determined using multiple regression analysis. The
multiple regression model and a summary of the model
are given in the description. Multiple regression analy-
sis was conducted separately for bucks and does.

The following environmental factors for individual
forest districts were considered:

 forest cover (%),

« forest fragmentation index (km / km?) (Czyzowski
etal.2011),

* index of agricultural production quality (pt.): indi-
cator of the quality of agricultural production was calcu-
lated by the Institute of Soil Science and Plant Cultiva-
tion in Pulawy on the basis of assigning points to the
four elements of the natural environment. The sum of
those points gives the indexation rate of agricultural pro-
duction area. Soil, climate, topography and water are
evaluated. The higher the total number of points for the
assessed area, the higher the quality of agricultural pro-
duction conditions (Witek et al. 1993),

* share of the main habitat types (12 types specified
in management plans for individual Forest Districts: fresh
coniferous forest, moist coniferous forest, boggy conif-
erous forest, fresh mixed coniferous forest, moist mixed
coniferous forest, boggy mixed coniferous forest, fresh
mixed deciduous forest, moist mixed deciduous forest,
boggy mixed deciduous forest, fresh deciduous forest,
moist deciduous forest, alder swamp forest),

* meteorological parameters: average monthly tem-
perature in winter months prior to collection of the mate-
rial, average monthly amount of precipitation (data from
Hydrological and Meteorological Station in Radawiec,
Lublin Region, Poland).

Roe deer were obtained from 15 forest districts from
the Lublin region, Poland. The furthest extended points
of the area are as follows: north 52°24°37.46” N, south
50°14°39.58” N, west 21°23°58.11” E and east 24°08°45.25”
E. The distance of the study area is 2°009°57.88” from
south to north, and 2°44°47.14” from west to east.

N 2017, Vol. 23, No. 3 (46) I ISSN 2029-9230 .

692



BALTIC FORESTRY

[ INFLUENCE OF SELECTED ENVIRONMENTAL FACTORS ON THE VALUE OF /.../ (KFI) /.../ Bl P. CZYZOWSKI ET AL. Il

POLAND

Study
area

Figure 1. Study area

The study area varies in terms of climate, which is
classified as moderate transitional in the northern part
and sub montane in the southern plains and valleys. The
annual amount of precipitation depending on the posi-
tion of an area above sea level ranges from 500-600 mm in
the north, up to 700-800 mm in the south. The average
annual temperature for most of the area is about 7.5 °C.
The growing period lasts from 208 to 220 days. Forests
cover 23% of the area and are characterized by great di-
versity in terms of their size and species composition.
The dominant forest habitats are fresh coniferous forest
and fresh mixed deciduous forest (Trampler et al. 1990).

Results

The study revealed significant differences in car-
cass weight of does in comparison to bucks (Z=-2.060; p
=0.038). However, no significant differences were found
in the kidney fat index for bucks in comparison to does
(U Mann-Whitney test Z=-0.951; p = 0.342). The analy-
sis of the relationship between the values of KFI and
carcass weight demonstrated a significant positive cor-
relation between these parameters in bucks (s = 0.436;
p <0.05) and does (rs =0.507; p <0.05).

Table 1. Values of the parameters analysed for bucks and
does (Capreolus capreolus) (median, Q25-Q75, n)

Trait Measure Bucks Does p-value
. 1.205 1.200
KFI Median (Q25-Q75) (1 118.1.325) (1.133-1.378)  0.342
296 48
. 18.0 19.0
Carcass — Median (Q25-Q75) 176500y  (18.0-20.0) 0.038*
weight (kg) n 296 48

*significant at p < 0.05

A multiple regression model was used to evaluate
the impact of environmental factors on the value of the
KFI in roe deer. The regression model for KFI (Table 1)
shows a positive effect of the share of fresh mixed de-
ciduous forest and average winter temperatures on the
KFI of males. In this model, another variable, i.e. forest
fragmentation, had a negative effect on the value of the
KFI. The obtained model explained 15% of the KFI varia-
tion (R’ = 0.145), and gave a precise formula for the de-

pendent variable because the relative error of the esti-
mate was 13%. The regression equation for the KFI in
bucks is:

Buck KFI=0.005,,,,, > Fresh mixed deciduous for-
est-0.052 ., , > Forest fragmentation +0.012, ., * Ave-

rage winter temperatures + 1.297 . (+0.164)

Table 2. Multiple regression analysis of KFI values in bucks

N=296 b-  SEofb* b SEofb 4292) p-value
Intercept 1297 0026  49.322 0.000
Fresh mixed 0390 0065 0005 0001 6005 0.000
deciduous forest

Forest fragmentation -0.243 0.064 -0.052 0.014 -3.778 0.000
Average winter 0152 0055 0012 0004 2761 0.006

temperature

Analysis of the impact of environmental factors on
the carcass weight of bucks by using the multiple regres-
sion model (Table 3) showed the strongest negative im-
pact of the share of boggy mixed coniferous forest and
forest fragmentation on the value of the carcass weight.
However, the share of fresh mixed deciduous forest, the
amount of precipitation in winter, and the index of agri-
cultural production quality had a positive influence on
this parameter. The obtained model explained 16% of vari-
ation in carcass weight (R’= 0.163), and gave a precise
model for the dependent variable because the relative
error of the estimate was 12%. The regression model for
carcass weight in bucks is:

Carcass weight of bucks =-0.680,, 5, * Boggy mixed
coniferous forest - 0.826 ., * Forest fragmentation +
0.036,.,,,,, % Fresh mixed deciduous forest +2.698
Winter precipitation + 0.046,
production quality + 13.600

’ (10.669)X
000 Index of agricultural

(+2.204)

(+£1.410)

Table 3. Multiple regression analysis of the carcass weight
of bucks

N=296 b* SEofb* b SEofb #290) p-value
Intercept 13600 1.410 9647  0.000
Boggy mixed 0339 0057  -0680 0115 5939  0.000
coniferous forest

Forest -0.287 0.104 -0.826 0.300  -2.748  0.006
fragmentation

Fresh mixed 0228 0070 0036 0011 3240  0.001
deciduous forest

Winter precipitation 0.224  0.056 2698 0669 4,030  0.000
Index of

agricultural 0.180 0.086 0.046 0022 2078  0.039

production quality

For does the multiple regression model (Table 4) in-
dicated a significant positive impact of the share of fresh
coniferous forest, boggy mixed coniferous forest, moist
mixed deciduous forest, and fresh mixed deciduous for-
est on the KFI value. A positive impact of the forest frag-
mentation index on the KFI in roe deer females was also
noted. Forest cover rate was also considered in the mul-
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tiple regression model, and it had a negative effect on the
dependent variable. The obtained model explained 35%
of the variation of KFI (R?= 0.351), and gave a precise
formula for the dependent variable because the relative
error of the estimate was 15%.

Doe KFI = 0.083 x Fresh coniferous forest

(£0.022)

-0.063 ,, ,,, % Forest cover +0.995 . * Forest fragmen-
tation +0.536,,, ., * Boggy mixed coniferous forest
+0.082 x Moist mixed deciduous forest +0.013

(+£0.030)

x Fresh mixed deciduous forest -1.454 .,

(+£0.004)

(+0.199)

Table 4. Multiple regression analysis of KFI values in does

N=48 b* SEofb* b SEofb t@41)  p-value
Intercept 1454 0787 -1.847 0.072
Fresh coniferous

fresn 5712 1530 0083 0022 3733 0.001
Forestcover ~ -3.908 1.245  -0.063 0020 -3.139 0.003
Forest

foomentation 3293 0.921 0895 0278 3575  0.001
Boggymixed 5 g17  0gg2 053 0168 3.196  0.003
coniferous forest

Wet mixed 1187 0437 0082 0030 2718 0010
deciduous forest : . : . :
Freshmixed 933 275 0013 0004 339 0.002

deciduous forest

The regression model for the carcass weight of does
(Table 5) showed that the share of fresh coniferous for-
ests, fresh mixed deciduous forest, and the index of agri-
cultural production quality had the strongest positive
impacts on the value of this parameter. Forest cover rate,
also considered in the multiple regression model, had a
negative impact on the dependent variable. The obtained
model explained 53% of the variation of carcass weight
(R?=0.534), and the relative error of the estimate was 8%.

Carcass weight of does = 0.221 , . * Fresh conifer-
ous forest + 0.155 . * Fresh mixed deciduous forest
-0.096,, ,,, % Forest cover +0.104 x Index of agricul-
tural production quality + 8.548 (£1.504)

+0.043

(+4.152)

Table 5. Multiple regression analysis of carcass weight of does

N=48 b* SEofb* b SEofb #43) p-value
Intercept 8.548 4.152 2.059 0.046
Freshconiferous 1 664 0316  0.221 0.042 5274 0.000
forest

Fresh mixed 1221 0205 0155 0026 5953 0.000
deciduous forest

Forest cover 0654 0274  -0.096 0040  -2385 0.022
Index of

agricultural 0494 0207 0104 0043 2390 0.021

production quality

Discussion and Conclusions

In Poland, the hunting season for bucks lasts from
May 11th until September 30th and coincides with the
period of reproduction (determination of the territory and

its defence, rutting season) but does are harvested from
October 1st to January 15th. Seasonal fluctuations in the
body weight of animals are related to the quality and
abundance of food on an annual basis as well as weather
conditions, oestrus, pregnancy and the lactation period.
Bucks reach the highest weight before the rutting sea-
son, i.e. in June and July, and does in late autumn
(Janiszewski et al. 2009). The difference in the harvest
date has an impact on the differences in carcass weight
and fat reserves of the hunted game (Hewison et al. 1996,
Czyzowski et al. 2015 Males only having been weighed
without head, we don’t compare the weights of the two
sexes, but only the KFI. Our study found no differences
in the rate of KFI between the sexes, which is consistent
with findings by other authors (Finger et al. 1981, Holand
1992, Serrano et al. 2008), who indicated that the level of
fat reserves does not depend on the reproductive cycle
and, therefore, suggested that carcass weight is a more
reliable indicator in assessing the condition of roe deer.
According to other researchers, fat reserves in the body
of roe deer compared to other wild ungulates are very
low, therefore in this species body mass is a better deter-
minant of the quality of individual animals (Andersen et
al. 2000, Toigo et al. 2006). As shown by the regression
models, the share of fresh mixed deciduous forest has a
positive impact on the indicators of the condition of male
roe deer. These nutrient-rich habitats provide easily di-
gestible and high-calorie feed in the form of herbaceous
plants, which bucks need especially during the breeding
season (Jackson 1980, Katuzinski 1982, Mysterud et al.
1999, Heinze et al. 2011). Another study (Pettorelli et al.
2001) found significantly greater differences in the body
weight of roe deer in more fertile habitats. In a study of
Krupka et al. (1986), the highest density of roe deer in the
Lublin region was reported in the forests located on fer-
tile soils with a predominance of deciduous trees.
Barancekova (2004) also concluded that the optimal for-
est habitats for roe deer are deciduous forests. The pref-
erence of bucks for easily digestible and high-calorie feed
in the summer is also partly reflected in the multiple re-
gression model, which revealed a positive impact of the
index of agricultural production quality on carcass weight
(Table 4). It seems obvious that the bucks harvested from
areas with higher agricultural productivity should have
higher carcass weight, which is associated with a greater
availability of more valuable feed (Kamieniarz 2013). In
other studies (Janiszewski et al. 2009, Petelis and Brazaitis,
2003) bucks from agricultural ecosystems are character-
ized by higher carcass weight in comparison to bucks
inhabiting typical forest areas. It is interesting that the
present study revealed a negative impact of forest frag-
mentation on the value of KFI and the carcass weight of
males because according to other authors this species
prefers a mosaic of habitats which, due to its diversified
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food base, better covers the demand for nutrients (Tufto
et al. 1996). In a previous study on the impact of forest
fragmentation on roe deer carcass weight, Czyzowski et
al. (2010) showed no effect of fragmentation on the aver-
age carcass weight of this species. These differences
may result from different densities of roe deer in the study
area. In our paper we did not take into account the influ-
ence of the density on body weight and fat level. Ac-
cording to Pettorelli et al. (2002), density is a key factor
influencing indicators of the condition of ungulates. It is
possible that the negative impact, shown in our study, of
forest fragmentation on indicators of the condition of
bucks is the result of higher density of roe deer in areas
with fragmented forest complexes. This is confirmed by
studies by Vincent et al. (1995) which demonstrated that
with increased density weight of roe deer declined. The
multiple regression model also demonstrated a positive
impact of monthly average winter temperature on the value
of KFI in bucks. Gaillard et al. (1993) reported that high
temperatures during the winter may contribute to a faster
growth rate of roe deer fawns, and at the same time pro-
mote less energy expenditure. In regression models for
female roe deer, the share of coniferous forest habitats,
primarily fresh coniferous forests, had a positive effect
on the value of KFI and carcase weight. Does were har-
vested in the autumn and winter, and as reported by
Bobek et al. (2016) as well as Janiszewski and Szczepanski
(2001), coniferous forest habitats are the main sanctuary
of game during winter, where both food availability and
weather protection at this time of year are much better
than in mixed and deciduous forests. The sprouts and
shoots of bilberries available in these habitats are an im-
portant part of the diet of roe deer in winter (Cederlund et
al. 1980, Mysterud and @stbye 1995). In the presented
model, the share of mixed forests, mainly fresh mixed de-
ciduous forests, had a positive effect on the indicators
of the individuals’ condition. The preference of roe deer
for these habitats in winter was also confirmed in other
studies (Bobek et al. 2016, Heinze et al. 2011). In the mul-
tiple regression models for does the forest cover rate had
anegative impact on the value of KFI and carcass weight.
However, the effect of forest fragmentation was positive,
which could mean that in winter the best living condi-
tions for does are in small forests scattered in the agri-
cultural landscape. This is confirmed by the regression
model analysis, which revealed a positive effect of the
index of agricultural production quality on the weight of
females. Similar findings were reported by other authors
(Gill et al. 1996, Jepsen and Topping 2004, Said and
Servanty 2005), who concluded that of all ungulates the
roe deer best adapts its behaviour to changes in habitat,
which allows it to function well in fragmented forests.
The differences of influence of forest fragmentation on
carcass weight of males and females may result from the

fact that the does were harvested in autumn and in win-
ter and males in summer. According to Hewison et al (2009)
positive impact of habitat fragmentation on the does (car-
cass weight and KFI) was the result of access to high
quality food available in the fragmented agricultural land-
scape in autumn. The negative impact of forest fragmen-
tation on buck carcass weight can be the result of previ-
ously mentioned increase in the density of roe deer in
these areas.

Our research and studies by other authors (Hevison
et al. 2001, Pettorelli et al. 2001, Morellet et al. 2011,
Kamieniarz 2013) show that the management of roe deer
populations should take into account the impact of land-
scape structure and habitat quality. This justifies the es-
tablishment of hunting areas for breeding by merging
several neighbouring Forest Districts with similar natu-
ral and physiographic conditions that allow for similar
wildlife management. The breeding areas have been es-
tablished based on the assumption that the existing hunt-
ing ranges used as basic units for game management are
too small and do not cover the natural habitats of game
populations. One of the primary tasks of breeding areas
is the rational management of populations, including re-
duced damage to forests and agricultural crops, while
maintaining appropriate densities of game populations,
as well as sustaining species biodiversity and diversity
of forest habitats.
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