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It was suggested tha t t he h igher f r equenc ie s of common t r a n s f e r r i n 
allele in f ema le voles and ma le mice might indica te d i f f e r en t se lect-
ion in each sex of the two gene ra (as a resu l t of d i f f e r e n t r ep roduc t i on 
strategies). The increase in he terozygote n u m b e r causing the decrease 
in common t r a n s f e r r i n al lele f r equenc ie s w e r e observed dur ing la te 
s u m m e r in all t h ree species. The common allele in vole popula t ions 
occurred more f r e q u e n t l y in p a s t u r e t h a n in w i n t e r corn f ie ld . T w o 
invest igated species of mice pene t r a t ing at the same degree the crops 
s tudied did not show the d i f f e rences in genetical composi t ion 
dependen t ly to k ind of cropf ie lds . The re la t ion b e t w e e n common al lele 
f r equenc ies in pa r t i cu la r species and m a g n i t u d e of ave rage h o m e 
range size migh t con f i rm a n e f fec t of d ispersa l behav iour on gene 
f low. 

[Dept. Ver tebr . Anim. Physiol . , Univ . of W a r s a w , Żwi rk i i Wigury 93,  
02-089 Warszawa , Po land] 

1. I N T R O D U C T I O N 

The analysis of the interpopulation processes was attempted in long 
term ecological studies on rodent community occurring in agrocenosis 
(Adamczewska-Andrzejewska, Bujalska & Mackin-Rogalska 1979a; 1979b; 
1982). Structure of the communities, spatial distribution of individuals 
as well as strategies of regulation of reproduction and population 
number was discussed there. 

Joining to these studies it seemed to be interesting, if s tructure and 
number of population as well as behaviour of particular species may 
result in variation of t ransferr in, the polymorphic serum blood protein 
used as a marker of genetic composition of given species population. 

2. M A T E R I A L AND M E T H O D S 

The s tudies we re carr ied out on 104 Microtus arvalis (Pallas, 1779) individuals , 
37 individuals of Apodemus agrarius (Pallas, 1771) and 40 indiv iduals of Apodemus 

1 P raca została wykonana w r a m a c h p rob lemu węzłowego 10.2.10.03.01 koordy-
nowanego przez Ins ty tu t Ekologii PAN. 
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jlavicollis (Melchior, 1834) caught fou r t ime dur ing a year : spr ing (April), e a r l y 
s u m m e r (June), la te s u m m e r (August) and in a u t u m n (October), in mozaic of 
f ields in P io t rkowek n e a r Niemcza (Lower Silesia, sou the rn Poland) . T h e agro-
cenosis w a s f o r m e d wi th a l fa l fa , pas tu re , p a s t u r e m i x t u r e and w in t e r corn fields. 
Detai led in fo rma t ions on the s t ruc tu re of t he agrocenosis e x a m i n e d and ecological 
descr ip t ion of popu la t ion s tudied w e r e g iven in p a p e r by A d a m c z e w s k a - A n d r z e -
jewska et al. (1982) M. arvalis a n d A. agrarius w e r e caugh t in open f ield w i t h 
l i ve - t r aps (voles and mice) or by f looding the b u r r o w s (voles). A. /lavicollis w e r e 
caught in live t r a p s placed in open field and at the bo rde r of f ie ld and fores t . 

T h e blood w a s t aken f r o m re t roorb i t a l p lexus unde r e t h e r anaes thes ia and 
than the an ima l s w e r e dissected to de t e rmine the i r sexual ac t iv i ty on the basis 

Fig. 1. Elect rophoret ic pa t t e rn of t r a n s f e r r i n phenotypes . 1 — Apodemus agrarius, 
2, 3, 4, 7 — Microtus arvalis, 5, 6 — Apodemus flavicollis. 

Other exp lana t ions — see in t h e t ex t . 

of morphology of the i r r eproduc t ive organs. The blood was cen t r i f uged and se rum 
was s tored at —5°C. S ta rch gel e lec t rophores is of t r a n s f e r r i n w a s carr ied out 
unde r condi t ions descr ibed by Tomaszewska-Guszk iewicz et al. (1971). For 
ident i f ica t ion of t r a n s f e r r i n the me thod of Muel ler et al. (1962) — iron specific 
s ta ining, was used. 

E lec t rophore t ic p a t t e r n of M. arvalis t r a n s f e r r i n region and gene t ica l analysis of 
a l l e lomorphs ob ta ined a re p resen ted in Dobrowolska ' s paper (1981). T w o alleles of 
single Tf locus we re dis t inguished the re and the allele n o m e n c l a t u r e applied by 
M a u r e r for voles (1967) was used. 

A. agrarius f r o m f ie lds s tudied showed the same pa t t e rn of t r a n s f e r r i n bands 
as the ind iv idua ls of the species caught in u r b a n e n v i r o n m e n t s (Dobrowolska & 
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Chabros , 1978). Three zones a, b, and c we re dist inguished. It was proved tha t 
there w a s a n express ion of two alleles Trfa,b and Trfc w i t h zone (a) accom-
pagned the t r a n s f e r r i n (b). The nomenc la tu re of alleles fo l lows tha t recomended 
by Cohen & S h r e f f l e r (1961) for the t r a n s f e r r i n locus in the house mouse, Mus 
musculus L innaeus , 1758. 

The t r a n s f e r r i n bands in A. flavicollis w e r e s lower mig ra t ing than in two 
other roden t species analysed (Fig. 1). The f a s t e r zone which mig ra t ed para le l ly 
to zone of A. agrarius was m a r k e d by C and the s lower one D according to 
nomenc la tu re used fo r genus Mus. These two zone were in te rpre ted as an 
express ion of t w o t r ans f e r r i n alleles T r f c and TrfD s imi lar ly as it was described 
by Biggers & Dawson (1971) for t r an s f e r r i n a l le lomorphs in Peromyscus. 

The s ta t is t ical calculat ion of the resul ts was m a d e wi th ch i - square - t es t accept-
ing the d i f f e rences as stat is t ical ly s ignif icant (S) at p<0.05. 

3. R E S U L T S 

In M. arvalis two alleles gave three following genotypes: — homo- 
zygote TjE/FfE (rare in population), homozygote TjF/TfF (common in pop-
ulation) and heterozygote TfF/TfF. In A. agrarius three genotypes were 

Table 1 
T r a n s f e r r i n genotypes counts in th ree rodent species inhabi t ing f a r m l a n d (pas ture 

mix tu re , w in t e r corn). 

Species T r a n s f e r r i n genotypes Ch i - squa re 

M. arvalis TfF/TrF TfF/TfE T f E / T f E 

obs. (exp.) 90 (88.9) 12 (14.7) 2 (0.6) 3.711 

A. agrarius Trfalb/Trfalb Trf<"b/Trfc Trfc/Trfc 

obs. (exp.) 23 (23.5) 13 (11.9) 1 (1.5) 0.291 

A. flavicollis T r f c / T r f c Trfc/T rfD TrfD/TrfD 

obs. (exp.) 7 (4.9) 17 (14.9) 13 (17.1) 2.181 

1 p<0 .05 

found: Trfalb/Trfalb homozygote (common in population), homozygote 
Trjc/Trfc (rare in population — 1 case for 37 individuals and heterozygote 
Trfa/b/Trfc. In A. flavicollis the heterozygotic genotypes Trfc/TrfD were 
the frequent , the homozygotes T r f V T r f 3 were less f requent than previous 
genotype and homozygotes T r f / T r f c were rare in population. 

The t ransferr in genotypie proportions in each species studied were 
tested for confirmity with Hardy-Weinberg equilibrium and exhibited 
a close agreement (Table 1). 

„ In M. arvalis the common allele TjF was more frequent in females 
than in males while in two mice species the common alleles (A. agrarius 
— Trfa,b, A. flavicollis — TrfD) were more frequent in males. However 
sex differences were not statistically significant (Table 2), 
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Table 2 

T r a n s f e r r i n allele f r equenc i e s in males a n d f ema le s of M. arvalis, A. agrarius 
and A. flavicollis (sample size — in parentheses) . 

Sex 
M. arvalis A. agrarius A. flavicollis 

Sex 
TfF TP Tffa/b Trjc TrfD T r f c 

Males 0.915 0.085 0.834 0.166 0.725 0.275 
(46) (24) (22) 

Females 0.952 0.048 0.808 0.192 0.529 0.471 
(58) (13) (18) 

Ch i - squa re 3.12 0.10 3.28 

Table 3 

T r a n s f e r r i n allele f r equenc i e s in M. arvalis, A. agrarius, A. flavicollis f r o m 
d i f f e r en t crops (sample size — in parentheses) . 

M. arvalis A. agrarius A. flavicollis 
Crop 

T f F T f E Trfa/b Trfc TrfD T r f c 

Pas tu re m i x t u r e 0.972 0.028 0.789 0.211 0.640 0.360 
(91) (20) (25) 

Win te r corn 0.821 0.179 0.853 0.147 0.600 0.400 
(13) (17) (15) 

Ch i - squa re 11.562 0.67 0.13 

2 p < 0 . 0 1 

Table 4 

T r a n s f e r r i n allele f r equenc i e s in M. arvalis, A. agrarius and A. flavicollis in 
d i f f e r en t seasons (sample size — in paren theses) . 

M. arvalis A. agrarius A. flavicollis 
Season TrfD T r f c Season 

T f F T f E Trfalt> Trfc TrfD T r f c 

Spr ing and 0.970 0.030 1.000 0 0.870 0.130 
ear ly s u m m e r (34) (5) (8) 
La te s u m m e r 0.857 0.143 0.676 0.324 0.400 0.600 

(18) (17) (5) 
A u t u m n 0.971 0.029 0.714 0.286 0.591 0.409 

(86) (7) (22) 
Ch i - square 14.872 4.281 7.571 

i p<0.05, 2 p < 0 . 0 1 

The number of individuals of all the three co-existing species permit-
ting in comparison of t ransferr in allele frequencies were observed in 
pasture-mixture and in winter corn field. Comparing the frequencies of 
transferrin alleles in groups of animals living in these two different 
fields, it was observed that the common TfF allele in M. arvalis occur-
red more frequent ly in pasture-mixture than in the winter corn field (dif-
ferences S). In A. agrarius and A. flavicollis statistically significant 
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differences in frequencies related to kind of farmland were not noted 
(Table 3). 

The highest frequencies of common allele were found in M. arvalis 
population and the smallest frequencies in A. jlavicollis population 
were observed (Table 2 and 3). 

The sample from spring and early summer were taken together due 
to the small sample size in these seasons. At the beginning or 
reproduction period the frequencies of the common allele in all species 
were high (0.870—1.000). They decreased in late summer (0.400—0.857) 
by increase of heterozygote number and in autumn the frequencies 
increased again (0.591—0.971) (Table 4). Seasonal changes in allele 
frequencies were statistically significant in all species studied. 

4. DISCUSSION 

A comparison of electrophoregrams of A. agrarius and A. jlavicollis 
sera showed that these two species have a t ransferr in band (c) of the 
same distance of migration. The similarity on the bands in these two 
species suggested homology of their t ransferr in locus. 

Sex differences in allele frequencies during increase of M. arvalis 
population were reported earlier (Dobrowolska, 1981). They indicated 
the possibility of the different selection on the t ransferr in locus in each 
sex of voles during followed seasons. Presented studies did not confirm 
the observation, because of the number of genotypes f rom each season 
were taken together. 

It was interesting that in both mice species studied (A. agrarius and 
A. jlavicollis) although non-significant sex differences in allele frequen-
cies were opposite to that found in M. arvalis. It seems possible that 
higher frequency of transferrin common allele observed in female than 
male voles and in male than female mice might indicate different 
selection in each sex in these two genera of rodents. The different way 
of selection might be due to the strategies of regulation of reproduction 
and population number in voles being different f rom those occurring 
in mice (Adamczewska-Andrzejewska et al., 1979b; Bujalska, 1982). 

Seasonal changes in genetic composition of populations studied with 
decrease of common allele frequencies during summer by the reason 
of increase of heterozygote number seems to be typical for rodent 
populations. It may be confirmed that development of the population 
with the increase in their density (Adamczewska-Andrzejewska et al. 
1981) was related to heterozygosity in all species studied. This pheno-
menon was reported in a lot of studies on demography and genetic 
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of small mammal population (Tamarin & Krebs, 1969; Gaines & Krebs, 
1971; Le Due & Krebs, 1975; Lidicker, 1975; Soule, 1976, Smithies, 
1978 after Gaines et al., 1978). 

The pasture-mixture field was characterised by better trophic con-
dition. Ecological studies by Adamczewska-Andrzejewska et al., (1979a) 
and Mackin-Rogalska (1982) showed that this farmland being the most 
frequented by all three studied rodent species. As it was reported 
by Mackin-Rogalska (1982) the populations of all co-existing species 
were not spatially isolated and the crops form the common territory. 
This field observation of interspecies tolerance or even attraction sug-
gested by Adamczewska-Andrzejewska et al. (1979b) is concurred with 
phenomenon of interspecific adoption in Microtidae and Muridae rodents 
described by Bisemans & Bernard (1979). 

It seems not accidental that the pattern of frequencies of common 
transferrin allele in species of rodents studied is opposite to their average 
home range size (Mackin-Rogalska, 1982) and paralel to number of 
their population (Adamczewska-Andrzejewska et al., 1982). In the cases 
of two species studied — M. arvalis and A. jlavicollis the effect of 
dispersal behaviour and local environmental differentiation on the 
structure of gene pools as it was reported by Anderson, 1979; Chitty, 
1970; Krebs et al., 1973; Lidicker, 1975; Tamarin, 1978; Krebs, 1979; 
may be taken into consideration. 

M. arvalis displayed the highest climbing distribution value the 
greatest number and the highest frequencies of common transferrin 
allele (the highest homozygosity). There may be a limitation of gene 
flow in this species by creating the specific units causing the genie 
homogenity. A. jlavicollis has been viewed by the ethologists as a solitary 
species (Nikitina & Merkova, 1963) and its population were recognized 
as the dispersed social organization. The individuals of this typically 
forest species may penetrate different environments (field and forest) and 
move on long distances as it was reported in ecological observations 
(Adamczewska-Andrzejewska et al., 1982). The lowest frequencies of 
common transferrin alleles (the highest heterozygosity) in this species 
were found simultaneously to the greatest average home range size 
(Mackin-Rogalska, 1982) the highest mobility and the smallest density 
(Adamczewska-Andrzejewska et al., 1982). It can be suggested that 
small number stated in A. jlavicollis population do not limited the gene 
flow. The low density is compensed by great home range size which 
might be responsible for maintenance of the polymorphism. 

It seems to be important that common transferrin alleles in M. arvalis 
population had an advantage on pasture—mixture field while in 
A. agrarius and A, jlavicollis the significant advantage in allele fre-
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quencies related to type of crops, was not observed. This fact might 
be also connected with ethology of the species. The higher frequencies 
of the common allele in M. arvalis on pasture—mixture may be a re-
flection of adaptation or an expression of preference of this farmland 
by individuals with common allele. A lack of distinct preference of 
crop within individuals of A. agrarius with common transferr in allele 
might testify the eqivalence of environments for ths species which may 
penetrate different environments as the fields, border of forest or as 
the synurbic species live in urban parks and gardens (Andrzejewski  
et al, 1978). 
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ZMIENNOŚĆ T R A N S F E R Y N W P O P U L A C J I T R Z E C H G A T U N K Ó W 
GRYZONI W S P Ó Ł W Y S T Ę P U J Ą C Y C H NA U P R A W A C H 

Streszczenie 

Wykorzys tu j ąc po l imor f izm t r a n s f e r y n p rzeprowadzono badan ie genetycznej k o m -
pozycj i populac j i t rzech wspó łwys t ępu jących na u p r a w a c h ga tunków gryzoni 
(Microtus arvalis, Apodemus agrarius, A. jlavicollis). Zasugerowano, że wyższe 
częstości s tałego a l le lu u samic norn ika , a u s amców obu g a t u n k ó w myszy 
(Tabela 2) mogłyby w s k a z y w a ć na różną selekcję u k a ż d e j płci badanych rodza-
jów, jako rezul ta t r óżne j s t ra tegi i r e p r o d u k c y j n e j s tw ie rdzane j przez Bu ja l ską 
(1982). U wszystkich t rzech g a t u n k ó w obse rwowano wzros t ilości heterozygot po-
w o d u j ą c y spadek częstości s tałego allelu podczas późnego la ta (Tabela 4). C o m m o n 
allel w popu lac jach no rn ika wys tępował is totnie częściej w grupie osobników 
z mieszank i p a s t e w n e j niż u tych z oziminy. Dwa b a d a n e ga tunk i myszy pene-
t r u j ą c e w r ó w n y m s topniu badane u p r a w y (jak s twierdz i ła A d a m c z e w s k a - A n d r z e -
jewska et al., 1982) n ie w y k a z y w a ł y różnic w kompozyc j i gene tyczne j w zależ-
ności od u p r a w y (Tabela 3). P r z e d y s k u t o w a n o związek pomiędzy częstością common 
allelu i etologią b a d a n y c h g a t u n k ó w gryzoni . O d w r o t n a zależność między częstotli-
wością stałego al lelu i wielkością średniego zasięgu by towania , obserwowanego 
przez Mackin-Rogalską (1982) mogłyby po twie rdzać e fek t rozproszenia na p rzep ływ 
genów. 


