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Comparison was made of biometric parameters (body weight, body
length, height at shoulder and length of hind food) in 546 roe deer,
Capreolus capreolus (Linnaeus, 1758) from a forest population, and 789
roe deer from a field population, using variance analysis for cross
classification by means of Bock’s method. Statistically significant dif-
ferences occurred only in respect of body weight and length. Body
weight was found to exhibit greatest dynamics of growth between the
ist and 3rd year of life of the individuals in the case of both forest
and field roe deer. Particularly great increase in body weight during
this period (4.2 kg in bucks and 4.5 kg in does) was found in forest
roe deer. In individuals from the field population this increase is
smaller (2.5 kg in bucks and only 1.2 kg in does). Differences in body
weight between forest and field roe deer are greatest in the youngest
age classes, but are minimal in old individuals. Differences in body
length between females and males are minimal in both populations,
but field roe deer are significantly longer in the body than those living
in the forest. There is a significant correlation between body weight
and body length (r=0.70; «=0.01), Body weight is also correlated, but
to a lesser degree, with length of the hind foot (r=0.51) and height at
the shoulder (r=0.33). All these correlations are far greater in forest
than in field roe deer, and in does than in bucks.

[Dept. of Game Management (B.F.) and Dept. of Statistical Methods
(J.B.), Academy of Agriculture, Wojska Polskiego 71d, 60-625 Poznan,
Poland and Polish Hunting Association, Research Station, 62-055 Czem-
pin, Poland (J.K.)].

1. INTRODUCTION

The existence of separate populations is easiest to demonstrate in
species with a wide and often island-type distribution, since their
isolation causes certain morpho-physiological differences to arise (Pe-
trusewicz, 1978). The long-lasting modifying effect of the habitat also
leads to creation of separate ecological forms or ecotypes. In relation
to roe deer attention has been drawn to the considerable behavioural
differences between the form living in extensive open cultivated fields,
and that living in the depths of forested areas (Kaluzinski, 1979; Pie-
lowski, 1970, 1977). Any possible morpho-physiological differences re-
guire, however, full documentation.

! Praca wykonana w ramach problemu MR-II/15 koordynowanego przez Instytut
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The purpose of the study was to compare body weights and certain
other biometric parameters in roe deer living in forest and field habitats.

2. MATERIAL AND METHODS

Biometric measurements were made on individuals obtained from 1969—1979 n
the territory of the Hunting Research Station at Zielonka, of the Academy of
Agriculture in Poznan, and the experimental area of the Polish Hunting Associa-
tion Research Station at Czempin. These areas represent completely different kinds
of habitats. Zielonka is a wooded area of medium size, about 8,000 ha in extent,
in which pine and mixed treestands and pine and oak woods predeminate (Fru-
zinski et al., 1983). This is a forest biotope typical of the Wielkopolski region. The
experimental areas of the Station at Czempin represent typical agrocenoses, with
predominantly large-scale cultivated fields, in which agricultural operations are
maintained on a high level (Katuzinski, 1982),

A considerable part of the individuals obtained by planned shooting were used
for research purposes, a total of 1,335 individuals being examined biometrically
(Table 1). On account of the anticipated distinct differences in the rate of deve-

Table 1
Numbers and age structure of the roe deer examined.

Age, Sex Forest roe Field roe
years n % n %
1—2 M 100 36.0 95 22.2
F 111 414 61 16.9
2—3 M 15 5.4 70 16.3
F 33 12.3 83 23.0
3—4 M 44 15.9 92 215
F 32 11.9 T2 19.9
4—5 M 50 18.0 49 11.5
F 30 112 21 5.8
5—6 M 24 8.6 39 9.1
F 36 13.5 32 8.9
6—17 M 21 1.5 49 115
F 7 2.6 490 13.6
=1 M 24 8.6 34 7.9
F 19 71 43 11.9
Total M 278 100.0 428 100.0
F 268 100.0 361 100.0

lopment of fawns, depending on the period of shooting, and the impossibility of
obtaining material at exactly the same time in both ranges (different degree of
shooting intensity), only those individuals which had survived their first winter,
and individuals older than this, were examined.

After disembowelling and cooling the carcass for 2—3 hours the following measu-
rements were made: (1) body weight with accuracy to 0.1 kg: females were weighed
together with the head, but males without head and antlers. Bucks’ antlers, varying
in respect of weights often not correlated with the individual's body (Pielowski,
1970), might have affected the results of the examination. In order to obtain
comparable data a uniform method of measurements was adopted for the two
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groups of roe deer. The bucks’ heads were cut off immediately behind the occipital
condyle in front of the atlantal vertebra, (2) body length, measured from the
naso-oral plate to the final sacral vertebra, (3) height at shoulder, measured from
the end of the hoof of the forelegs along the middle of the leg to the shoulder
when situated vertically in relation to the body, (4) length of the hind foot measu-
red from the end of the hoof to the end of the heel,

Body measurements were made with accuracy to 1 cm using a non-stretching
tape measure with scale of 1 mm,

The material was divided into 7 age classes (Table 1). The age of individuals
was defined at first by means of the histological method (Almasan, 1972; Stoddart,
1974; Hell et al., 1973; Szabik, 1974). After preparation in the laboratory of a large
number of mandibles of forest and field roe deer it was found, however, that
in the Wielkopolski region, which is usually characterized by mild winters — the
cement layers are very irregularly deposited on the teeth, and therefore the
method of defining age by means of tooth wear was adopted (Rieck, 1970; Pie-
lowski, 1970). There is, however, a possibility of erroneous: estimation with this
method also, particularly in the case of defining age with accuracy to one year.
On this account age was defined at 2-year intervals (Tables 1—7), half of the
individuals being allocated to the lower class, and half to the higher age class.
In such cases it is more reliable to use what is known as approximate classification
than to accept uncertain categorical classification. Use was made in this study
of some of the basic data given in earlier biometric studies on forest roe deer
(Szczerbinski et al., 1972) and field roe deer (Kaluzinski, 1978). These data were,
however, based on somewhat scanty material, particularly in the case of field
roe deer, although originating from these same areas.

Statistical analysis of the data obtained consisted of three stages. In the first
stage, intervals of variation were given and calculation made of the arithmetical
means, standard deviations and coefficients of variation, for each of the 4 charac-
teristics examined. In the second stage analysis was made of coefficients of
straight-line correlation between all six pairs of characteristic, calculating their
evaluation and checking their significance with levels &¢=0.05 and «=0.01. In the
final stage variance analysis was carried out for each of the 4 characteristics in
the non-orthogonal system of three-direction cross classification, using Bock's
method as a basis (Baksalary et al., 1977), in which the fact of differing numbers
in the Wielkpolska region, which is usually characterized by mild winters — the
this method is its two degrees, consisting in examination being made of the signi-
ficance of different sources of variation in the initially accepted full model, includ-
ing all main effects and all interacting effects, and reducing the model with
insignificant sources. As one of the fundamental assumptions of Bock’s method
is the homogeneity of variance of random errors in all subclasses of the experi-
mental system, it was decided to make variance analysis only for those character-
istics for which the assumption of equality of variance had not been eliminated
when verified by Bartlett’s test. :

3. RESULTS

The parameter characterizing individual quality is the body weight
and this consequently requires more detailed analysis. Maximum growth
dynamics is observed in roe deer between the 1st and 3rd year of life,
this applying to both forest and field roe deer (Table 2). Particularly
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great increase in body weight is observed during this period in forest
roe deer, which attain a far lower body weight than field roe deer
during the first year of life. Differences in body weight between year-
lings of the forest and field populations may be as much as 3.2 kg in
the case of bucks and even as much as 5.4 kg in does (Table 3). Increase

Table 2
Comparison of the body weights of forest and field roe deer.

Age, Forest roe Field roe
years n Min Max 2ISD CV n  Min Max ¥+SD CV

g
W

100 6.0 18.0 10.67+2.36 22.1 95 9.3 222 13.90%230 163
111 6.0 16.0 9.92+2.31 233 61 108 187 1533+192 /125

15, 12.0 180 149312926 151 70 120 212 16.3612.07 126

33 105 20.0 14424214 149 83 130 213 1647F150 8.1
44 11.0 21.0 15.86+1.91 12.0 92 121 228 17.33%192 111
32 126 19.0'. 15813138 119 72 126 21.0 16.95%162 9.6
12.0 21.0 16.25%+1.97 121 49 114 205 17.08*1.80 105
30 120 19.0 1523+154 101 21 147 21.0 1681%f151 9.0
24 135 19.0 16.13+1.60 9.9 39 13.0 204 16.95%t1.98 11.7
36 10.0 220 16.07+2.41 15.0 32 137 195 16.36*145 89
21 140 210 1643*1.73 105 49 130 224 17.39%1.82 104
T 126 180 456632.07 132 49 12.0 21.7 16.69f1.76 10.5
24 120 200 16.44*2.12 129 3¢ 123 202 16.93t1.92 113
19 13.0 20.0 16.00%1.91 12.0 43 108 235 15911235 1438

HEHZHEHEHE g2 S

Table 3
Comparison of increases in the body weight of forest and field roe deer.

Age, Sa Body weight, kg Increment, kg Difference,
years Forest Field Forest Field kg
1—2 M 10.7 139 3.2
F 9.9 15.3 5.4
2—3 M 14.9 16.4 4.2 2.5 1.5
F 144 16.5 4.5 12 2.1
3 M 15.9 17.3 1.0 0.9 14
F 15.8 16.9 1.4 0.5 1.1
4—5 M 16.3 17.1 0.4 —0.2 0.8
F 15.2 16.8 —0.6 —0.1 1.6
5—6 M 16.1 16.9 —0.2 —0.2 0.8
F 16.1 16.4 0.9 —0.4 0.3
6—7 M 16.4 17.4 0.3 0.5 1.0
F 15.7 16.7 —0.4 0.3 1.0
=N M 16.4 16.9 0.0 —0.5 0.5
F 16.0 15.9 0.3 —0.8 —0.1

in weight between the 1st and 3rd year of life in forest roe deer is about
4.2 kg for bucks and as much as 4.5 kg for does. This takes place for
less dynamically in roe deer of the field population, in which this
increase is correspondingly 2.5 for bucks and only 1.2 for females (Table
3). Individuals of the field population however reach far greater weight
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during the 1st year of life, and maximum weight at the age of about
3—4 years, later exhibiting only minimal increases, or even slight de-
creases, in weight (Table 3). Forest roe deer do not reach maximum
weight until after the 4th year of life without, however, the periodical
decreases in body weight characteristic of field roe deer (Table 3).

Differences in dynamics of increase in body weight for the two sexes
are only slight in both populations, with the exception of a slight
decrease in body weight of forest does from 4—35 years old (Table 3).
The body weight of forest and field roe deer, however, differs signif-
icantly from the statistical aspect (coefficient of correlation 1.47, with
level of significance of «=0.05). These differences are greatest in the
yvoungest age classes, in favour of field roe deer, but are only minimal
in the oldest individuals (Table 3).

Statistically significant differences (coefficient of correlation 4.6, with
level of significance of a=0.05) between forest and field roe deer are

Table 4
Comparison of body lengths of forest and field roe deer.

Forest roe Field roe
Age Sex ., Min Max %+SD CV Min Max %+SD CV
1—2 M 100 770 1250 9745+ 903 93 9010 1230 108324552 5.1
F 111 730 1160 9606+ 825 86 970 1200 108971518 48
23 M 15 930 1210 109.13% 832 76 1040 1230 113431449 4.0
F 33 750 1210 10817+ 874 81 1010 1210 112.204395 35
34 M 44 860 1210 108.82% 720 6.6 1050 1285 11451495 4.3
F 32 900 1180 107.34% 7.63 71 103.0 1220 11258410 3.6
e M 50 920 1310 11192+ 743 6.6 1040 1270 11459+463 4.0
F 30 980 1205 10712+ 582 54 1040 1180 111.00%455 4.1
5—6 M 24 900 1240 10933+ 852 78 980 1230 111.68+5.67 5.1
F 36 950 1250 110.11% 690 63 1000 1200 112.64+416 3.
6—1 M 21 1010 1260 11114% 599 54 1090 1240 11520%392 34
F 7 950 1280 10843+11.33 104 1030 1230 11398446 39
>7 M 24 1020 1290 111.08% 590 53 1050 1250 11429532 47
F 19 1030 1290 11416+ 650 57 1020 1220 112.26+3.63 32

also observed in respect of body length (Table 4). This is undoubtedly
the result of very close correlation between body weight and length,
which is observed in both forest and field roe deer (Table 7). In this
case also the greatest differences in favour of field roe deer are observed
in animal in the youngest age classes. Differences in body length
between females and males are, however, minimal in the two popula-
tions (Table 4).

The other biometric characteristic examined, i.e. height at shoulder
(Table 5) and length of hind foot (Table 6) did not exhibit significant
differences. Dimorphic differences in height at shoulder and length of
the hind foot are only minimal and not significant. There is close cor-
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relation (r=0.70) between weight and body length in roe deer, which is
clearly greater in forest roe deer (0.71) than in field roe deer (0.43)
(Table 7). Body weight is clearly correlated, although to a lesser degree,
with length of the hind foot (0.51) and height at shoulder (0.33). The
correlation between body length and length of the hind foot is also

Table 5
Comparison of height at the shoulder of forest and field roe deer.

Forest roe Field roe
Age  Sex n Min Max £+SD CV  Min Max %+SD CV
1—2 M 100 560 83.0 67.75%531 7.8 60.0 785 69.95+345 49
F 111 51.0 850 66521617 93 63.0 790 71.02%3.02 42
2—3 M 15 560 1750 69201538 85 640 810 71.6513.34 4.7
F 33 580 840 71881594 8.3 66.0 82.0 72331295 4.1
3—4 M 44 63.0 87.0 173.161468 6.4 65.0 80.0 72671274 3.8
F 32 590 " 81.0. 73254529 T2 65.0 80.0 72.46+347 48
4—5 M 50 57.0 96.0 725416.00 8.3 650 710 72453267 3.9
F 30 63.0 89.0 72721468 6.4 66.0 78.0 72311328 45
5—6 M 24 610 880 7281%579 79 66.0 79.0 72.04%3.14 4.4
F 36 66.0 86.0 74.08%5.06 6.8 67.0 79.0 7253%3.09 4.3
6—17 M 21 660 79.0 73.67t354 438 670 T10 T7213t266 3.7
F 7 580 80.0 70.43%7.21 102 62.0 86.0 72771353 44
= M 24 64.0 820 73.92+407 5.1 67.0 780 7250%273 38
F 19 65.0 83.0 . 74.63t521 7.0 655 79.0 72.841t2.88 4.0

Table 6

Comparison of lengths of the hind foot of forest and field roe deer.

Forest roe Field roe
Agel T aes n  Min Max %+SD CV  Min Max %+SD CV
1—2 100 28.0 450 33.38+265 79 310 37.0 3447+1.30 338
111 ° 25.0 440 32254228 7.1 320 ' 38.0 3443F1.27 3.9
2—3 15 330 380 3493t171 49 320 390 3525%1.30 3.7
33 240 420 35.03r277 19 32.0 39.0 3492t124 36
3—4 44 310 37.0 3500131 3.7 330 380 3542%+1.12 3.7
32 31.0 380 3516%146 42 31.0 38.0 3486%t1.24 3.6
50 29.0 420 3506%205 5.9 32.0 370 3531%t1.19 34

30 320 38.0 3493160 4.6 31.0. 370 34558137 39
24 330 480 36021285 g 320 380 3495f151 4.3
33.0 370 3491+111 32

9
36 210 430 3519%2.28 5
8 310 390 3541+135 38
5
9
8

i)
6
21 -330 470 3576if2%T 7
7 330 370 3514185 4 320 450 35.33%1.36 5.3
4. 330 37.0 3516%094 2.7

9

32.0 39.0 3467f1.24 3.6

24 320 41.0 3548%175
19 32.0 49.0 35.68%3.50

I
M2 RnEnEnEn

significant (0.52). Correlations between body length and height at shoul-
der (0.31) and height at shoulder and length of the hind foot (0.22), are
less distinet (Table 7) but significant.

In all cases these correlations are far greater in forest than in field
roe deer, and in does than in bucks (Table 7).
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Table 7
Analysis of correlation coefficients.

£5
R Tk RN
£
g R, O XEEE S e
+ g =] R S o © Oy S
B2 S“?.c. BE% “Hg 28 g
- e — ]
g5 gtk g3t EEP BSE ERC
= ms @miEd amd mEL amg EIS
Total 1335 0.702 0.512 0.332 0.522 0.312 0.222
Forest roe 546 0.712 0.542 0.382 0.532 0.35% 0.252
Field roe 789 0.452 0.382 0.122 0.432 0.10% 0.09!
Bucks 706 0.662 0.452 0.262 0.492 0.25% 0.202
Does 629 0.732 0.562 0.392 0.542 0.372 0.252
Age classes
1—2 367 0.672 0.502 0.182 0.592 0.172 0.07
2—3 201 0.472 0.332 0.13 0.412 0.262 0.01
3—4 240 0.452 0.242 0.00 0.342 0.02 0.10
4—-5 150 0.352 0.242 —0.09 0.11 —0.02 —0.03
5—6 131 0.422 0.292 0.15 0.21t 0.11 0.272
6—17 126 0.452 0.372 0.06 0.282 0.15 0.10
>1 120 0.362 0.262 0.03 0.10 0.15 0.221

1 The correlations coefficients are different from 0, «=0.05,
2 The correlations coefficients are different significantly from 0, «=0.01.

4. DISCUSSION

The considerable differences in body weight between forest and field
roe deer are due chiefly to differences in rate of increase in body in
the youngest individuals. The attainment by field roe deer fawns of
far greater body weight is probably to be attributed to the abundance
of food rich in all nutritive components. Vegetation of agricultural origin,
which forms about 66°%0 of the food of field roe deer over the yearly
cycle (Kaluzinski, 1982), in addition to the high nutritive value is also
distinguished by a very high digestion coefficient, which must create
far more favourable feeding conditions. In the Zielonka wooded area,
in which there are numerous populations of both red and fallow deer,
and considerable traffic through the wood by humans, the abundance
of the food supply is certainly lesser. The situation is similar in other
stretches of wooded land at no great distance (Wolsztyn district), where
roe deer from 1—2 years old reach lower body weight (average 10.4 kg),
but the differences between forest and field roe deer there are far
smaller (Wilk, 1982). Increase in body weight of forest roe deer is,
however, more balanced in older age classes and distinguished by lower
variations. In individuals which have completed growth, ie. 4 years
and over, differences in body weight are only slight. In different age
classes of forest roe deer, however, there is a far greater coefficient of
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variability in body weight (9.9—23.3) than in field roe deer (8.9—16.3).
This may be due primarily to the more diversified food conditons in
the forest habitat, even over a relatively small area, which combined
with the high degree of settlement of forest roe deer (Fruzinski et al.,
1982), exerts a certain influence on the body weight of individuals.

The slight decrease in body weight of forest does from 4—5 years
old may be due to the high fertility of this age class (Fruzinski &
Labudzki, 1982), with somewhat limited supplies of fully nutritive food.

A limited number of other source data also point to the important
influence of the field habitat on the body weight of roe deer living there,
for instance, according to Ueckermann (1957) the most important factors
are the quality of the soil (mother-rock), length of the boundary
between forest and field, the percentage of the range formed by mea-
dows and, to a lesser degree, the species composition of the forest.
Sagesser (1966) also found a significant relation between body weight
of roe deer and the length of the field-forest boundary in relation to
the wooded area, expressed in the form of the appropriate coefficient.
Stubbe (1966, 1979) given a detailed description of the body weight of
different age classes of roe deer, but this applies solely to forest roe
deer.

Apart from body weight it is only body length which exhibits sta-
tisticaly significant differences between individuals of the two popula-
tions, certainly caused by their differing ways of life and conditioned by
habitat differences. Body length, although closely correlated with body
weight (Table 7), is a characteristic exhibiting a far smaller range of
individual variation in different age classes, this applying to both
populations. In this case also the coefficient of variability (5.3—10.4) is
higher in forest roe deer than in field roe deer (3.2—5.1) (Table 4).

The closest correlations occur in forest roe deer in respect of all the
characteristics examined It may be concluded that although food from
a forest habitat brings about a slower growth rate in individuals, it
is accompanied by harmonious development of all biometric character-
istics correlated with each other (Table 7). This is evidence that it is
a case of a stabilized population with established morphological cha-
racteristics, living in a habitat stable from the biotopic aspect.

The far lesser degree of correlation of the various biometric charac-
teristics in field roe deer (Table 7), with simultaneous absence of
significant differences in height at shoulder and body length in the
forest roe deer (Table 4 and 5), proves that it is at present difficult
to foresee in which direction development of characteristics in field
populations will proceed. The considerable seasonal variations in food
resources and shelter ol a field habitat are of importance to the deve-
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lopment of certain biometric characteristics. The modifying effect of
habitat and behaviour has not as yet brought about the formation of
a separate morphological type of field roe deer. |

The far clearer correlation of biometric characteristics in males than
in females (Table 7) cannot be interpreted with any degree of certainty.
The fact of the annual formation of antlers is significant here, since it
involves additional expenditure of energy during the winter period by
the organism (Pielowski, 1970).
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CIEZAR I WYMIARY CIALA LESNYCH I POLNYCH SARN
Streszczenie

Na podstawie poréwnania niektorych parametréw biometrycznych 1335 sarn,
w tym 546 osobnikéw populacji lesnej (Zielonka) i 789 sarn polnych (Czempin)
analizowano szczegdlowo rbznice wystepujgce miedzy obu populacjami (Tabela 1).
Roéinice istotne pod wzgledem statystycznym (stosowano analize wariancji dla
klasyfikacji krzyzowych metoda Bocka) wystapily jedynie pod wzgledem ciezaru
tuszy i dlugosci tulowia. Ciezar tuszy odznacza sie najwieksza dynamika wzrostu
migdzy 1 a 3 rokiem zycia osobnika, i to w obu badanych populacjach. Szczeg6l-
rie wysoki przyrost ciezaru tuszy w tym okresie obserwujemy u sarn leénych
(4,2 kg u kozléw i 4,5 u kéz). Dla sarn populacji polnej odpowiednio: 2,5 kg i tylko
1,2 u kéz (Tabele 2, 3, 4). Réznice ciezaru tuszy miedzy sarng le$ng i polng s3
najwyzsze w najmlodszych klasach wieku (3,2 kg u kozléw i az 54 u kéz). U osob-
nikéw starszych, o ukonczonym juz wzroscie réznice te sg juz jednak niewielkie
(Tabele 2, 3, 4).

Istotne pod wzgledem statystycznym réinice wystapily réwniez w zakresie diu-
goSci tulowia (Tabela 4). Dlugo$é tulowia jest wyraznie skorelowana z ciezarem
tuszy (Tabela 7) i réznice te sa réwniez najwieksze u osobnikéw najmlodszych,
na korzy$é sarn polnych. Minimalne sg natomiast w obu populacjach réznice diu-
gosci tulowia miedzy osobnikami zenskimi i meskimi (Tabela 4).

Poszczegblne cechy biometryczne sa w znacznie wyzszym stopniu skorelowane
u sarn lesnych (Tabela 7) oraz u osobnikéw zenskich, i to w obu badanych po-
pulacjach.



