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Studies were made on Apodemus agrarius inhabiting three differ-
ent urban and suburban environments. Statistically significant season-
al differences in transferrin allele frequencies were observed only
in the field population. The greater number of heterozygotes in the
island population than in the others in spring was followed by large
numbers of mice there in autumn. Smaller variability in Trf locus
was observed in the more differentiated and richer environment
(farmland). The greatest variation was found in mice from the urban
isolated park, due mainly to high frequencies of the rare slow alleles
Trf¢ occurring in males. The role of males in the adaptation of a
field mouse population to an urban environment by the maintenance
of transferrin polymorphism is suggested. The physiological conse-
quences of the “ferrum poor” transferrin (T'rf¢) occurrence in males as
well as in females are discussed, and the greater survival rate of the
Trfe allele individuals in urban population is postulated. The conclusion
is that the adaptation of field mice to urban conditions may take place
in the range of polymorphic forms found in this species. Selection
operating there may prefer rare genotypes in a typical field popula-
tion to a greater degree than in a non-urban isolated population (is-
land). Better survival and probably the lower fertility of these geno-
types may result in different numbers in an urban population in
comparison to other natural field mouse populations.

[Dept. Vertebr. Anim. Physiol.,, Inst. of Zool., Univ. of Warsaw,
Zwirki i Wigury, 93, 02-089 Warszawa, Poland; Inst. of Biol. Bases
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Poland|

1. INTRODUCTION

The expansion of Apodemus agrarius, a field rodent, towards urban
environments may be evidence of microevolutionary processes, and it
would therefore seem important to make studies of the variability of
its populations in urban and suburban areas. The questions are: (a) Is
a population inhabiting an urban area composed of individuals gene-
tically different from those living in a typical field environment or do
they represent the same forms in the range of polymorphism found in
a field population but in different proportions?; (b) What are the re-
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lations between the genetic pattern and resulting numbers observed in
the urban and suburban populations?

The city of Wroclaw and its suburbs formed the area for research
on tranferrin polymorphism in field mouse populations. The animals
from an isolated urban park population were compared with animals
from an isolated non-urban populations (suburban island) and with those
from a typical field population (suburban farmland). It was assumed
that comparison of the populations from the isolated areas with a sim-
ilar vegetation unit, one in an urban area, and the other field pop-
ulation, would permit of distinguishing between the differences aris-
ing from isolation on the one hand and from the influence of urban
conditions on the other.

2. MATERIALS AND METHODS

The field mice were trapped in spring (May—June) and in autumn (Septem-
ber—October) for two years (1977—1978). The study areas were: (a) The Szczyt-
nice Park in the northern part of Wroclaw city, frequently visited by people
and surrounded by densely built up streets with heavy traffic (one side was
open for migration). This area is characterised by differentiated vegetation (17
species of trees and bushes, herb layer plants); (b) The island in the Odra river
(Opatowice Island) situated in the eastern suburbs of Wroclaw city, formed in
1902/1903, connected with the mainland by a foot-bridge (on the north) and by
a sluice (on the south), 64 ha in area, with differentiated wvegetation composed
of 15 species of trees and bushes (in the north) and with glade flora (southern
part of 16 ha). The island is periodically flooded and A. agrarius reaches its
greatest numbers there in comparison with the other places examined; (c) fields
(near Domastaw village) 10 km away from Wroclaw. The field mice were caught
there in an open area, not isolated, a considerable distance from the village.
This area constituted an agrocenosis formed by a mozaic of farmlands (rape,
wheat, pasture-mixture), within which the field mice were able to migrate.

Blood was taken from the retroorbital plexus under ether anaesthesia. The
serum was stored at —20°C until analysis. Separation of serum transferrin was
carried out by means of starch gel electrophoresis (Tomaszewska-Guszkiewicz
et al., 1971) using the Mueller et al. (1962) method (staining with nitroso-R salt)
for identification of transferrin. Two alleles of single Trf locus Trfe’® and Trf¢
were distinguished. Interpretation of transferrin allelomorphs in Apodemus agra-
rius has been discussed by Dobrowolska et al. (1983).

Statistical analysis of the result was made with the chi-square test used by
Gaines & Krebs (1971), accepting the differences as statistically significant (S)

at p<0.05.
3. RESULTS AND DISCUSSION
3.1. Sex Differences

A greater number of males than females was caught, especially in
spring (Table 1). The numerical dominance of males, especially during
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the reproduction period, has been described earlier in a natural field
mouse populations (Andrzejewski & Wiloclawek, 1961; Haitlinger, 1962;
Andrzejewski, 1963; Pelikan, 1965; Adamczewska-Andrzejewska, 1973),
probably due to the greater mortality of females during both winter
and summer reproduction (Andrzejewski et al., 1978). In spite of the
similar sex ratio in the populations studied, stable sex differences in
transferrin allele frequencies were not found (Table 1). Absence of such

Table 1

Frequencies of Trfe/® allele in Apodemus agrarius from different urban and sub-
urban environments.

1977 1978
Study area :
Spring Autumn Spring Autumn
Fields M 0.9091 0.961 1,3 1.000 0.982
(11) (26) (3) (28)
F 0.909 2 1.000 2 0.857 ¢ 0.967 ¢
(11) (20) (7 (31)
Island M 0.937 0.895 3.4 - 0.943
(8) (24) i {38
F 0.875 0.923 5 - 0.9737
(4) (23) (29)
Urban Park M — 0.689 ¢ 0.909 —
(8) (22)
F 0.660 0.800 5 0.893 0.8887
(2) (10) (14) (9)
M — males, F — females; pairs of numbers=differences statistically significant

at p<0.05; in brackets=number of samples.

differences is similar to the results obtained for field mice from War-
saw (Dobrowolska et al., 1983) and the results obtained for many
other species of mouse (i.e. cited authors). In one season, however, the
same sex dependences in Trf allele frequencies were found in all areas
(in females Trf"" frequencies were lower in spring and higher in au-
tumn, Table 1). This seems to be resulted by selection synchronised
by seasonal environmental conditions independently of the character
of population (isolated, non-isolated; urban, suburban).

In the material studied the rare homozygotes Trf*/Trf° were found
mainly in males (Table 2). This fact may suggest the possibility of
a different selection in Trf locus in both sexes (with a preference of
the slow band of transferrin Trf° in males). The slow band (less sat-
urated by ferrum, after Mueller et al. staining) is always accepted
as o band of transferrin binding only one atom of ferrum per mole-
cule (Konopka, 1970). Hence it is possible that only in summer (when
erythropoesis is dominated by leucocytosis — Rewkiewicz-Dziarska,
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1975; Rewkiewicz-Dziarska et al., 1977) males with lower capability of
ferrum transport may survive. On the contrary, only females possessing
the fast allele Trf*", which is probably richer in ferrum, and especially
pregnant females needing more ferrum in this physiological stage, could
survive (Table 1). In general male mice and male voles with faster
Trf allele had a higher survival rate than those with slower alleles
{Gaines et al., 1978 and cited authors).

3.2. Seasonal Changes

When seasonal differences in frequencies of transferrin alleles were
statistically significant they showed an increase in frequencies of common
alleles from spring to autumn (Table 1) and were found in the field
population, which inhabited the most natural environments occupied
by the species studied. In females this increase took place mainly as
a result of a fall in heterozygote numbers. This trend to a decrease of
heterozygotes in autumn in field mice from the Wroclaw area is similar
to the seasonal selection trend observed in the population of field mice
also from the southern region of Poland (Lower Silesia) (Dobrowolska
& Zajaczkowski, 1983). In monoculture fields there the populations seems
to be more panmictic with regard to the occurrences of a greater num-
ber of heterozygotes in late summer and also in autumn.

In males caught on the Island and in the Park in the autumn of 1977
decrease in common allele, with increase of the rare homozygotes
Trj°/Trj°, was observed, especially in the urban park (Table 1, 2). It
may be assumed that in these isolated populations Trf¢ homozygotic
‘males may survive better from summer to autumn, and the better via-
bility of the homozygotic males may enrich the pool of genes in the
isolated areas.

3.3. Population Differences

Genotypic representation showed agreement with the Hardy-Weinberg
equilibrium (chi-square<<3.84) in all the places studied.

Island: The highest rate of increase in the numbers of field mice
from spring to autumn on the island was accompanied by greater
decrease in the heterozygote proportion from spring to autumn (Table
2). It is possible that the highest number of Trf heterozygotes on the
island in comparison with other places in spring may influence the high-
er rate of increase in population numbers. Many authors have empha-
sized that natural selection must affect the increase in heterozygosity
occurring in an isolated island population (Berry & Murphy, 1969, Ta-
marin, 1978; and others).
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Urban Park: The rare homozygotes Trf/Trf° were most fre-
gquently observed in a wide area with isolation (Table 1). Fraction a
from the system of bands Trf”® was sometimes divided into two sub-
fractions (8% in the group studied) occurring especially in sexually
active males and pregnant females. Proportions of the subfractions,
however, did not justify interpretation as a three allelic system of Trf
locus (Trf*/%"). This kind of “microheterogeneity” in transferrins was
noted especially in microtines rodents (Biggers & Dawson, 1971; Gris-
wold & Dawson, 1971; Gulyaeva & Olenev, 1979, Eicher et al., 1980;
Dobrowolska, 1981; cited by Mihok & Ewing, 1983) but a background
cf this event was not determined yet (Mihok & Ewing, 1983).

A relatively similar number of heterozygotes Trf¥"/Trf° occurred

from season to season and the differences in frequencies of alleles
were caused by a high number of rare homozygotes Trf/Trf°. Although
heterozygote prevalence is usually responsible for maintenance of po-
lymorphism in rodents (Gaines et al., 1978; and others), under the spe-
cific conditions of the isolated urban park rare homozygotes could play
an important role.
_ The lack of stable seasonal differences in the numbers of urban park
mice (Wolanska, in press) suggested the absence of an annual popu-
lation cycle. The small and stable number might have been influenced
by the greater impact of human activity and the greater number of
predators, mainly cats, in this area. As these two factors were not
determined there, only the genetic pattern can be correlated with the
numbers occurring. It seems that the greater stability of the numbers
of the urban park population may result from higher wvariability of
transferrin locus (higher number of rare transferrin allele animals which
have probably lower survival rate and fertility), hence these results
are in agreement with others obtained for rodents (Anderson, 1970;
Krebs, 1979; and later statements).

Field: In this population no great differences were observed in
numbers of mice from year to year. This situation is similar to the one
frequently found in natural Apodemus agrarius populations (Volkov
et al., 1979; Adamczyk et al., 1983). The lowest variability in transferrin
was found with the highest total number of individuals during the
study period (in comparison with other populations). The differences
in Trf locus in this open population from those in the mosaic of fields
of different crops outside Wroclaw were lower in comparison with field
populations from the smaller differentiated farmland (pasture-mixture,
wintercorn) (Dobrowolska & Zajaczkowski, 1983). It may be concluded
that Apodemus agrarius showed greater differentiation in monoculture
crops than in the environment with more varied vegetation. The va-
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riability in the protein studied in A. agrarius indicates that the more

differentiated and richer the environment, the lesser the variability.

The low variability found for mice in the mosaic of fields was pro-
duced by a relatively small number of homo- and heterozygotes con-
taining the rare slow allele Tirf¢ (Table 2). If the slow alleles bind only
one atom of ferrum, in comparison to the faster migrating zone (a, b)
which may bind two Fe atoms, the animals from fields may have
better conditions for hemoglobin production. This can be confirmed
by the occurrence of a greater amount of hemoglobin in homogenates
of certain organs (kidney, liver, heart) of field animals than in those
living in an urban population (Wolanska, unpubl. data).

Table 2

Seasonal differences in the number of transferrin genotypes in Apodemus agrarius
from different urban and suburban populations.

Spring Autumn
Study
area Trfarv/ Trfadf  Trfc/ Trfadf Trfavf  Trfe)
Trfafv - Trfe Trfc Trfa/> Trfe Trfe
Fields Obs. 38 4 0 100 5 0
Exp. 38.08 3.38 0.54 100.06 5.05 0.02
Island Obs. 10 2 0 92 6 2
Exp. 10.08 1.85 0.07 90.25 9.5 0.25
Urban Obs. 30 5 31 20 2 51
Park Exp. 27.9 9.43 0.77 16.33 932 1.35
1 Males.

It is interesting that the greatest frequency of rare Trf allelomorphs
was found in an isolated population (urban park) of the smallest number
of animals, while the lowest frequency occurred in a larger non-isolated
population (open field). The above mentioned gradient of transferrin
polymorphism is compatible with the gradient recorded in the same
year (1977) in populations of field mice inhabiting the urban area of
Warsaw, but it differs from the gradient found in Warsaw in preceding
years (1975, 1976). The difficulty in interpretation of the variability
found in relation to the isolation rate of the populations has existed
since the studies by Berry and Murphy in 1969 on mice inhabiting an
island (e.g. Berry, 1970; Rasmussen, 1970; Lidicker, 1973; Tamarin, 1978).
The greater differentiation of an Apodemus agrarius population in an
isolated area would appear to indicate adaptation to a habitat, according
to opinions held by the authors cited. Apodemus agrarius is known to
be a species which changes its habitat probably to search for suitable
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food as it changes from season to season (Haitlinger & Korzeniowski,
1962; Holisova, 1967; Zejda, 1967; Adamczewska-Andrzejewska, 1973).
In the isolated area it cannot change its habitat on account of limited
opportunities for migration. It is possible that in such a situation this.
species may compensate its individual behavioural heterogeneity by
a greater heterogeneity in genetic pattern.

It is well known that mice regulate population numbers by migra-.
tion (Lidicker, 1976; Tamarin, 1978; and others). When migration is:
limited of even impossible for an isolated population of field mice their
variability seems to be supported by maintenence of the rare homozy-
gotes. Taking into consideration the fact that a larger number of rare-
homozygotes occurs in male field mice from an isolated urban park
population it may be concluded that there are males which may be of
greater importance in the synurbization processes by the maintenance-
of Trf polymorphism.
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ZMIENNOSC TRANSFERYN U MYSZY POLNEJ Z MIEJSKIEGO PARKU
PODMIEJSKIEJ WYSPY I POLNEJ POPULACIJI

Streszczenie

Badania przeprowadzono na myszy polnej Apodemus agrarius zamieszkujgcej
tereny zréznicowane przestrzennie o réznym stopniu izolacji. W bardziej zrézni-
cowanym, bogatym s$rodowisku (pola uprawne) obserwowano mniejsze zréznico-
wanie w badanym locus (Table 1, 2). Na wyspie wieksza liczba heterozygot obser-
wowanych wiosng poprzedzala duzg liczebno$é myszy jesienig (Table 2). Najwiek-
5zg zmienno$é transferyn stwierdzono u osobnikéw z izolowanego miejskiego par-
ku (Table 1, 2). Pochodzila ona od wysokich czestosci rzadkiego wolnego allelu
Trfe wystepujacego u samcéw (Table 2). Zasugerowano role samcéw myszy pol-
nej w adaptacji populacji do warunkéw miejskich poprzez utrzymanie polimor-
fizmu. Przedyskutowano fizjologiczne konsekwencje wystepowania ubogiej w zZe-
lazo transferyny (Trf¢) zaréwno u samcéw jak i u samic. Postulowano mniejsza
przezywalno$é osobnikéw z allelem Trf¢ z populacji polnej. Wnioskowano, ze
adaptacja myszy polnej do warunkéw srodowiska zurbanizowanego moglaby do-
konywaé sie w obrebie form polimorficznych znajdowanych u tego gatunku. Dzia-
lajgca tam selekcja preferowalaby genotypy rzadko wystepujgce w typowej pol-
nej populacji, a inna ich przeizywalno$é dawalaby réing liczebno$é miejskiej po-
pulacji w stosunku do innych naturalnych populacji.



