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Comperative analysis was made of variations in four skull
measurements of the field mouse Apodemus agrarius (Pallas, 1771)
inhabiting urban green areas in Warsaw characterized by different
degrees of urbanization. Differences were found in size, skull pro-
portions and rate of increase in dimensions. Skull dimensions and
their growth rate are greatest in mice from city centre habitats and
decrease with increasing distance from the city centre. Mice from
Mtociny Wood have short and flattened skulls, while the skulls of
individuals from tazieniki Park and Bielany Grove are longer and
narrower, and mice from the Orthodox Cemetery have long, narrow
and markedly arched skulls. It was considered that the cause of
these differences lies in the different character of the habitats and
in particular in the different food in these habitats, and also the
isolation of populations inhabiting the different areas.

[Mammals Res. Inst., Polish Acad. Sci.,, 17-230 Biatowieza, Poland]
1. INTRODUCTION

The field mouse is an inhabitant of the majority of urban green areas
in Warsaw (Babinska-Werka et al., 1979). These areas are situated in
zones characterized by different degrees of urbanization, ranging from
the only slightly urbanized suburban zone to the city centre. Studies
on the ecology of field mice living in these areas revealed the increasing
domination of this species in the rodent community, and also significant
differences in the structure, dynamics and certain intrapopulation
processes. These differences increase together with increase in the degree
to which the habitat occupied is urbanized (Andrzejewski et al., 1978).
The field mouse, as one of the few non-synanthropic species of Rodentia,
enters into towns and cities and adapts itself to the specific conditions
it there encounters. The processes connected with this phenomenon have
been given the term synurbization (Andrzejewski et al., 1978; Gliwicz,
1980).

The differences shown in the study by Andrzejewski et al. (1978) in
the body weight of individuals from different habitats suggest that pop-
ulations of field mice may be characterized by different growth rate
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and may be morphologically differentiated. The best way of establishing
morphological changes would be to find differences in skull dimensions.
Analysis has consequently been made in this paper of variations in four
craniometric features, making it possible to obtain a better knowledge
of the changes which these rodent populations undergo when they
occupy new urban areas.

2. STUDY AREA, MATERIAL AND METHODS

The studies were made in four urban green areas in Warsaw. Trapping was
carried out from 1975—1977 in ktazienki Park jointly with the Botanic Gardens
(LP), in 1977 in the Orthodox Cemetery (OC) and from 1975—1976 in Bielany
Grove and Mitociny Wood. Trapping took place twice a year, in spring from May-
June and in autumn from September-October, using live-traps set out in lines.

The following four linear measurements were made on field mouse skulls
picked clean by insects (Dermestes lardarius): condylobasal length, length of
mandible (on right half), maximum braincase breadth and braincase height inter
bullae. Measurements were made with a nonius, with accuracy to 0.1 mm. The
braincase breadth X 100/condylobasal length index was calculated on the basis
of the values obtained by the measurements on a total of 678 skulls (Table 1).

Table 1
Number of individuals on which craniometric measurements were made.

Age  Generation tazienki Orthodox Bielany Mtociny
class Park Cemetery Grove Wood
| spring 62 19 24 8

autumn 25 2 51 17

1 spring 44 18 34 42
autumn 30 23 32 42

1 spring 18 9 19 28
autumn 18 - 12 12

I\ ispring 8 3 6 7
autumn 17 10 18 20

Total 222 84 796 176

Material from each study area was divided into four age classes according to
the animals' absolute age in months, determined by means of the dry eye lens
weight. Class | included individuals up to 2 months, class Il from 3—4 months,
class Il from 5—6 months, class IV over 7 months old. As it was expected that
there would be differences in growth rate, samples were segregated into two
seasonal generations: the spring generation, consisting of individuals born in spring
and early summer, and the autumn generation, individuals born at the end of
summer and in autumn.

3. RESULTS
3.1. Condylobasal Length

Curves of frequency distributions for the measurement values are
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symmetrical in all the study areas. The narrowest distribution was found
in MW, where 85.8% of all individuals come within a range from 20.5—
—23.4 mm, and the widest for LP, where 68.9% of the individuals come
within this range. The distribution mean for MW comes within the
range from 21.5—22.4 mm, and for the other areas within the range from
22.5—23.4 mm (Fig. 1).

The average values for the Cb measurement for individuals of the
spring generation are similar in all areas for age class I. In consecutive
age classes individuals from MW have distinctly lower mean values.
Individuals of the autumn generation have shorter skulls in the cor-
responding age classes, but the average values for this measurement are
more balanced for the various areas. As in the spring generation, lowest
mean values were found in MW (Table 2).

Increases in Cb in age class IV on an average for both generations
expressed in percentages in relation to values from age class I, are as
follows: LP — 12.1%, OC — 13.7%, BG — 11.0%, MW — 8.0%.

3.2. Length of Mandible

Frequency distributions are analogical with Cb distributions. The peak
of the curve for MW s also shifted in the direction of lower values and
comes within the range from 13.0—13.4 mm, and for the other areas
within the range from 13.5—13.9 mm (Fig. 1).

Greater differences for average values between individuals from the
various areas were found for the spring generation. In both generations
individuals from MW have the shortest mandibles (Table 2). In age class
IV increases in mandible length are: LP — 10.0%, OC — 11.6%, BG —
8.6%, MW — 9.2%.

3.3. Brain-case Breadth

Curves for frequency distribution are symmetrical for all the areas.
Their peaks come within the range from 10.3—10.5 mm. Differences
can be seen in the width of distribution and here too the narrowest
distribution was found in MW and widest in LP (Fig. 1).

In age class | average dimensions for the spring generation are more
similar in all the study areas. There is distinct differentiation in con-
secutive age classes. The narrowest skulls are found in mice from OC
and are increasingly broad in the following order — MW, BG and LP.
In the autumn generation the narrowest skulls are found for individuals
from OC, while average values are very similar for the remaining areas,
although the order found for the spring generation is not maintained
in all age classes (Table 2).
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%
20- 22- 2A 12- 13- 14-
Condylobasal length Mandible length
9-0- 96- 10-3- 10-9- 11-5- 67- 71- 75- 79- mm
Brain-case breadth Brain-case height

Fig. 1. Frequency distribution for skull measurements in percentages. LP — tazien-
ki Park, OC —Orthodox Cemetery, BG —Bielany Grove, MW —Mtociny Wood.
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Table 2

Variations in sikull measurements of Apodemus agrarius in age classes, separately
for each study area and seasonal generation.
Statistically significant differences between seasonal generations have been
indicated by an asterisk (Student t test.). * p<0.05 ** pCO.OOl.

Study Age Spring generation Autumn, generation
area class Min.-Max. Mean S.D. C.V. Min.-Max. Mean S.D. C.V.

Condylo-basal length

LP | 18.8—239 2157 119 557 194—228 2087 0.84 4.02
I 21.4—243 2291 0.68 297 21.0—229 21.96** 045 2.05

11 221—244 2351 0.65 276 225—247 2340 057 244

v 22.1—25.0 23.88 096 4.02 229—244 2348 054 230

oC | 19.6—232 21.65 101 467 201—205 20.30 -
1 208—240 2251 * 096 428 205—234 2184* 092 421
11 22.3—24.3 23.06 073 317 - - - - -
\% 23.5—243 2387 231—242 2377 035 147

BG | 202—229 2164 067 310 19.0—225 20.86** 085 4.07
1 21.4—242  2279** 069 303 21.0—23.6 21.98** 069 3.14

111 224—242 2335 047 201 22.6—241 23.04 042 182

v 232—250 2385* 066 277 223—240 2333* 045 193

MW | 19.7—22.4  21.36 090 421 184—224 2161 107 495
1l 19.6—237 22.18* 078 352 207—7229 21.75* 048 221

111 21.4—24.4 2292 065 284 222—236 22.80 045 197

vV 21.1—240 2311 106 459 227—240 2329 041 176

Mandible length

LP | 11.7—146 1302* 059 453 120—139 1270* 046 3.62
1 13.0—145 13.70** 039 285 128—140 13.28* 0.33 248

i 129—145  14.02 041 292 133—147 1403 035 249

v 134—148 14.23 046 323 13.6—147 1407 034 242

oC | 124—144 1337 057 426 123—125 1240
I 120—144 1352 * 057 422 125—143 13.35* 050 3.75
i 129—144 1368 046 336
v 138—145 1427 134—149 1443 044  3.05

BG | 123—138 13.08* 048 367 11.7—138 1280* 047 3.67
] 127—144 1377 * 040 290 124—144 1343* 042 313

11 13.3—15.0 14.08* 038 270 1134—142 1378* 025 181

v 135—144  14.05 036 256 134—147 14.06 032 228

MW | 125—139 1294 047 3.63 114—138 1257 0.62 4.93
1 124—143 1345* 045 335 127—140 13.26* 028 211

111 13.0—145 1381 043 311 132—141 1373 027 197

v 12.9—147 13.86 054 390 133—144 1399 036 257

Brain-case breadth

LP | 95—113 10.34* 038 3.68 9.6—109 1015* 027 2.66
1 9.8—112 10.65** 031 291 9.7—10.8  10.35** 024 232

11 102—112 10.81 028 259 102—112 1083 025 231

v 106—11.3 1096 * 021 192 103—111 10.74* 022 205

oC | 9.3—109 10.34 035 3.38 99— 99 9.90 - -
1] 100—11.0 10.39* 032 3.08 95—10.7 10.06* 029 2.88
11 9.8—11.0 1042 043 413 - - - - -
v 10.5—10.8 10.63 - 10.3—11.1  10.68 025 234

BG | 9.9—109 10.37* 023 222 9.4—108 1015* 029 2.86
1 10.1—110 1054* 025 237 10.0—109 1039* 027 260

1l 102—110 1071 016 149 9.9—10.9 10.55 0.27  2.56

v 10.7—11.3  10.88 023 211 100—112 1071 030 280
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MW | 9.6—113 1039 0.48 4.62 9.7—108 1021 030 294
1l 9.7--11.0 1046 * 029 277 99—110 1030* 023 223
11 102—112 1061 025 236 10.3—10.9 10.60 022 2.08

v 102—112 10.70 037 346 104—112 10.79 020 1.85
Brain-case height (inter bullae)
LP | 6.7— 7.8 7.24 030 4.14 6.8— 7.6 7.11 021 295

I 69— 80 745* 025 3.36 70— 7.7 732* 018 246
1 71— 8.0 7.55 0.23  3.05 7.0— 8.0 7.56 027 357
v 75— 8.0 789 * 019 241 71— 79 7.54* 025 332
oC | 6.5— 7.8 7.31 0.28 3.83 6.8— 6.9 6.85 - -
1l 70— 8.0 748* 031 414 6.6— 7.6 723* 024 332
11 72— 1.8 7.52 021 279 - - — - —
76— 7.8 7.73 — - 72— 1.8 7.51 017 2.26
BG | 70— 7.7 737* 016 217 6.5— 7.7 7.24* 022 304
1 70— 7.9 7.47 019 254 70— 7.8 7.38 019 257

11 71— 7.8 7.48 0.20 2.67 70— 79 7.38 0.36 4.88
v 74— 179 7.62 017 223 71— 79 7.47 024 321
MW | 70— 75 7.30 019 2.60 6.8— 7.7 7.19 025 348
1] 6.7— 7.9 7.38 023 312 6.9— 7.7 7.32 017 232
11 70— 7.8 7.45 017 2.28 70— 7.7 7.35 0.18 2.45
AV 73— 1.8 7.56 022 3.04 71— 79 7.49 0.21 2380
Coefficient brain-case breadth X 100/condylo-basal length
LP | 4459—52.00 48.44 172 355 4595—51.79 48.67 140 2.88

1 4468—48.65 4661 * 096 206 4513—4953 4715* 102 216
11 43.44—47.64 46.01 102 222 44.13—4826 46.31 129 279
v 44.04—A47.96 45.96 132 287 43.75—47.62 4575 104 227

oC | 45.65—50.00 47.78 142 297 48.29—49.25 48.77 - —
43.72—49.04 46.22 161 348 44.05—48.11 46.10 131 284

43.95—4596 4520 065 144 - . B B
43.44—4596 4451 - © 43754587 4489 081 180

BG | 4498—5050 47.94* 121 252 46.76—51.79 48.69* 134 275
I 43.93—4887 4628** 116 251 44.92—4932 47.34** 096 2.03

i 4440—4800 4586 091 198 4398—4802 4579 127 277

v 44.00—46.65 4565 093 204 4255—47.53 4592 118 257

MW | 4722—5073 48.63* 130 2.67 47.89—55.08 49.64* 200 4.03
I 44.73—50.00 47.21 131 277 44.98—50.69 47.37 132 279
i 43.03—50.00 46.32 145 3.13 45.61—47.60 4649 058 125

1\ 45.11—48.34 46.32 105 227 4500—47.66 46.33 079 171

Maximum increases in brain-case breadth jointly for the two genera-
tions are: LP — 5.9%, OC — 5.3%, BG — 5.2%, MW — 4.3%.

3.4. Brain-case Height Inter Bullae

Curves for frequency distribution for MW and BG have a far narrower
range of variation than those in LP and OC. The peaks of all curves
come within the range of values from 7.3—7.4 mm (Fig. 1).

The mean values of this measurement can be divided into two groups,
the first including MW and BG in the younger age classes, and having
slightly higher average values. In consecutive age classes mean values
increase slowly in comparison with the mean values for OC and LP,
which increase far more rapidly and attain greater values in age class IV.
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Similar relations between mean values were found in the autumn
generation, although mean values of dimensions in age class IV indi-
viduals from LP and OC are not so distinctly greater than the values
for the two other study areas (Table 2).

Percentage increases in age class 1V are as follows: LP — 7.5%, OC —
7.7%, BG — 3.3%, MW — 3.9%.

3.5. Skull Proportions

Mean values of the index: brain-case breadth X 100/condylobasal
length illustrating the skull breadth and length ratio are as follows:
lowest in individuals from OC and then in turn increasing in individuals
from BG, LP and MW. There are slight divergences from this order in
the autumn generation (Table 2).

As a result of the more intensive increase in condylobasal length the
proportions of the skull also alter as the individuals grow. Young
individuals have broad and short skulls, and as the skull grows it
becomes elongated and more slender.

4. DISCUSSION

Morphological differentiation of individuals belonging to different
seasonal generations has been found in many species of rodents, including
the field mouse (Haitlinger, 1962; Adamczewska-Andrzejewska, 1973).
Generation differentiation is due to the far more rapid growth rate in
individuals born in spring. The results presented also confirm dif-
ferentiation in field mice occupying urban green areas in Warsaw.

The range of differences in mean values of skull dimensions between
individuals of the spring and autumn generations decreases as the indi-
viduals grow. The skull dimensions of young individuals of the spring
generation distinctly exceed those of individuals of the autumn genera-
tion, but as growth proceeds these differences become smaller. It is only
the brain-case height which remains lower in the autumn generation
in old individuals also. Analogical changes were found in skull propor-
tions. Young mice of the spring generation have longer and narrower
skulls than representatives of the autumn generation, but these propor-
tions become balanced in old individuals (Table 2).

When mean values for craniometric measurements were compared for
the field mouse populations it was found for three of the study areas
that the smallest skulls are found in individuals from Mitociny Wood
and the largest from tazienki Park. Condylobasal length and mandible
length in individuals from Bielany Grove are very similar to these
dimensions in individuals from ktazienki Park, and brain-case heigth to



78

Fig. 2. Percentage increase iin mean values of skull measurements in successive
age classes. LP — Lazdeniki Park, OC — Orthodox Cemetery, BG — Bielany Grove,
MW — Mtociny Wood.
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that of individuals from Mitociny Wood. Skulls of mice from the Orthodox
Cemetery have dimensions similar to those of skulls from tazienki Park,
with the exception of brain-case breadth, which is distinctly smaller in
animals from this area. As the result of these differences, and also on
the basis of the value for the skull breadth to length coefficient, it is
possible to define differences in skull proportions. Field mice from
Mitociny Wood have short, flattened skulls. The skulls of individuals

Table 3

l.ist of statistically significant differences between mean values for skull
measurements for all pairs of study areas (Student t test). 1— Condylobasal length,
2—Mandible length, 3— Brain-case breadth, 4—Brain-case height (inter bullae),
5 — Coefficient: brain-case breadth XIOO/Condylobasal length. Roman numerals
show age classes. —differences not statistically significant; + statistically significant
differences p<0.05; ++ statistically significant differences p<0.001.

Areas Spring generation Autumn generation
compared 1 11 \Y% | 1 11 \Y4
LP —OC 1 — — — B —

2 + — — - +
3 — + + + + + —_
5 — — + + +
LP—BG 1 S B B B B
2 ~ ~ ~ ~ — — + —
4 + o - + + - o =
5
LP — MW 1 + o+ B +
2 ¥ + — - < + o
3 - + - R + _
— — + —
4 + + — -
5 — . = — .
OC —BG % — ‘—' — + +
_ +
3 — - + + + *
4 — _ + +
— + +
5 = — —
oC —MW 1
5 ) ¥
3 + +
5 + + + + + +
BG —MW 1 T+ o+ - -
2 + -~ + B
3
4

from tazienki Park and Bielany Grove are longer and narrower, but
differ as to height. Mice from the Orthodox Cemetery, on the other hand,
have long, narrow and well-arched skulls. The growth rate for skull
measurements in the populations occupying tree of the study areas (curve
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for the Orthodox Cemetery population has not been given as data were
incomplete) alter in accordance with the urbanization gradient. It is
lowest in the population from Mitociny Wood and increases in turn in
Bielany Grove and tazienki Park. These differences are far more distinct
in the spring than in autumn generation (Fig. 2).

Differences in growth rate and the skull size attained in the age
classes compared (not statistically significant in all cases, but distinct
and occurring in all measurements — Table 3) for field mice occupying
urban areas may be due to the differences in their food. Populations
from city centre areas consume higher-calorie food than those in
suburban areas (Babifnska-Werka, 1981). In addition the greatest increases
in all parameters measured in the population living in tazienki Park
may be due to greater consumption of animal food (Babinska-Werka &
Garbarczyk, 1981).

Thus the craniometric differences between field mice populations
living in urban green areas in Warsaw, in agreement with the degree
of urbanization of these areas, can be interpreted as due to the dif-
ferences in habitat conditions and in particular to food differences, and
not to differences in the individuals' length of life, since all comparisons
were made in corresponding age classes. Differences in skull proportions
between populations from two city centre habitats, i.e. tazienki Park
and the Orthodox Cemetery, may also have a genetic basis caur-ed by
isolation. The isolation of the Orthodox Cemetery population was
established during studies on density (Goszczynski, 1979). In order to
clarify this question it would be necessary to carry out further studies
on marked individuals and also undertake genetic studies.
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ZMIENNOSC KRANIOMETRYCZNA APODEMUS  ACRARIUS (PALLAS, 1771)
NA TERENACH ZIELENI MIEJSKIEJ]

Streszczenie

Badania kraniometryczine przeprowadzono na myszy polnej odtawianej na te-
renach zieleni miejskiej Warszawy, w Parku ktazienki, Cmentarzu Prawostawnym,
Lasku Bielanskim i w Lesie Mitocinskim. Na czaszkach dokonano czterech po-
miarow liniowych: diugosci kondylobazalnej, dtugosci zuchwy, maksymalnej sze-
rokosci puszki mézgowej i wysokosci puszki moézgowe;j.

Stwierdzono zréznicowanie morfologiczne miedzy osobnikami nalezagcymi do
generacji wiosennej i jesiennej (Tabela 2). Ustalono, ze najwieksze czaszki majg
myszy z tazienek a najmniejsze z Mtiocin. Stwierdzono réznice w stosuinku sze-
rokosci do dtugosci czaszki mierzone wskaznikiem (szeroko$¢ puszki moézgowej
X100/dtugos¢ kondylobazalng). Czaszki myszy polnych z Mtocin sa krotkie i splasz-
czone z tazienek i Bielan diuzsze i wezsze a z Cmentarza Prawostawnego jeszcze
wezsze i dobrze wysklepionie (Tabela 2, 3). Populacja zasiedlajgca Park +tazienki
wykazuje najwyzsze tempo przyrostu wymiarow czaszki (Fig. 2). W dyskusji omo-
wiono przyczyny zréznicowan kraniometrycznych miedzy badanymi populacjami.
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