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Immunological studies of the sousliks carried out by reactions of the 
hemolysis and hemagglutination, indicate that C. pygmaeus, C. suslicus, 
C. major and C. fulvus are characterized by relatively high content of 
the erythrocytic antigens, which are specific for each species. For these 
reasons it appears worth while to mention the serological difference 
observed between these species. In addition to the above specific cha-
racters results of the hemolysis and hemagglutination reactions may be 
advantageously employed in analysing the intraspecific structure of 
rodents. 
[State University, 410 001 Saratov, Astrahanskaja 83, USSR] 

1. INTRODUCTION 

The basis of the evolutionary process is the formation of the species, 
but it is difficult to obtain a knowledge of this without thorough and 
profound studies of interspecific distinctions and intraspecific struc-
tures. Most of investigations of this problem are based on an analysis 
of morphological resemblance or morphological distinction of the forms 
studied, and as a result, it is impossible to detect many of the specific 
features of the organism. Systematicians have therefore shown much 
interest in physiological, embryological, karyological, biochemical and 
other studies, which would permit, by means of discussion of contro-
versial questions of taxonomy, of arriving at a mutual understanding of 
this problem. The most widespread methods are connected with studies 
of protein, in which hereditary information is developed. Valuable re-
sults are obtained by application of immunological reactions which are 
capable of identifying comparatively minor variations of antigen com-
position in the protein. 

Numerous studies concerned with immunological methods have 
demonstrated the most productive and successful usage of serology in 
relation to the studies of various animal groups. Hemoagglutination 
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and precipitation reactions are more often utilized in these studies 
( B o y d en, 1926, 1942; A 11 u h o v, 1964, 1969; L i m a n s k i, 1964, 
1969; L u k j a n e n k o , 1966, 1971; G e r b e r, B i r n e y , 1968; K i r s c h ,  
1968, 1973; D e n i s o v & M o z a r o v a , 1970; M i n t o n & S a l a n i -
t r o, 1972; Z u k o v, 1972, 1973 and others). Reactions of hemolysis 
( A i z a v a , O k u m a & I s h i i , 1967; L u k j a n e n k o , 1968), t rans-
plantation ( S j u z j u m o v a , 1969, 1971; D o b r i n s k a j a , 1973) and 
complement fixation test (A v e r k i n a, 1960; A m i r h a n o v , 1968; 
B u r d a k, 1968) are less attractive, on account of their high sensi-
tivity. 

Immunological studies of sousliks of the Volga region are of great 
interest, for it is here (in particular in this territory), that one may 
observe adjacent areas of these species and the specific relations arising 
in these places of contacts. C. pygmaeus and C. suslicus inhabit the right 
bank of the Volga, the northern border of C. pygmaeus area coinciding 
with the southern border of the range of C. suslicus. Mixed colonies, in 
which hybrid forms usually predominate exist on the common boundaries 
of the two distribution areas of these rodents ( D e n i s o v , 1961, 1963). 
The reverse applies on the left bank of the Volga, where the northern 
border of distribution of C. pygmaeus and the southern border of C. 
major overlap each other. This zone is characterised either by a »pure« 
colony of C. pygmaeus or C. major, occupying areas with different 
vegetation cover, or by a mixed colony, with both species C. pygmaeus 
and C. major), but hybrids between the?m are fairly rare. 

2. MATERIAL AND METHODS 

Immunological relationships were investigated between the four speoies of 
Citellus O k e n , 1816: C. pygmaeus ( P a l l a s , 1779), C. suslicus (Gi i ld . , 1770), 
C. major ( P a l l a s , 1779), and C. fulvus (L i c h t., 1823). Four populations of C 
pygmaeus were studied, two of which inhabited the right bank of the Volga in 
the regions of Elan (population A) and Kamyshin (population B) close to Volgo-
grad, two on the left bank of the Volga in the region of Jablonja (population C) 
near Saratov and in the region of Samoilovka (population D) in the Volgograd 
district (Fig. 1). 

Antigen relationships of studied species and populations were ascertained by 
means of hemolysis and hemagglutination reactions. Antisera were prepared 
according to A11 u b o v's et al. (1964) method against the blood erythrocyte of 
C. major, C. suslicus and rodents from populations A, B, C of C. pygmaeus. The 
3% suspension of washed blood erythrocytes of sousliks, the complement (for 
hemolysis reaction) — fresh serum of guinea-pig blood diluted 1:10 and inactiv-
ated immune serum diluted from 1:10 up to 1:9000 were employed for set up 
reactions. Simultaneously tests were made for control of immune serum, antigen 
and complement. The reaction results were defined, an hour after the tubes had 
been placed in thermostat at a temperature + 37°C, by the signs ( + ) or (—) cur-
rently used in microbiology. The results obtained were converted to percentages 
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according the formula of B o y d e n (1926), by which the titre value of homologiical 
reactions is taken as 100% and the titre heterological reaction estimated in 
relation to it. The antigen relation of the sousliks studied was also defined by 
immulogical distances calculated by the M a i n a r d i formula: 

1 
Id" = (Oa:Ea) (Ob:Eb) 

when Ob and Oa = the antibody titre against homological erytrocytes, Ea and 
Eb = the antibody titre against heterological erythrocytes, a and b — immune 
sera obtained against the erythrocytes species a and b respectively ( M a i n a r d i , 
1957). In addition the generally accepted estimation of the results of hemolysis 

Fig. 1. Distribution of sousliks of genus Citellus in the Povolgje Region. 
1 — C. fulvus, 2 — C. major, 3 — C. suslicus, 4 — C. pygmaeus. A, B, C, D — 

investigated populations of C. pygmaeus. 

reaction were treated on the photoelectrocolorimeter. The data obtained were 
expressed in percentages of the value corresponding to the total hemolysis. The 
total number of set up reactions was 1769. 

3. RESULTS 

The reactions of hemolysis show statistically significant serological 
differences between the investigated species of sousliks and permit of 
finding antigen resemblance. Analysis of antiserum against erythrocytes 
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of C. major blood revealed the erythrocytic proximity between C. major 
and C. fulvus. The complex of common erythrocytes of the latter is 
comparatively high — 72.2%. C. pygmaeus and C. suslicus were more 
separated from C. fulvus by this values. The average titres in the 
reactions with erythrocytes of their blood were 53.2% and 44.2%. The 
comparatively small differences between these two values reveals the 
relative proximity of these species to each other (Fig. 2a, Table 1). 

Studies of immune serum against the blood erythrocytes of C. suslicus 

MOO IOOO 1=2000 1 = 3 0 0 0 
D i l u t i o n of i m m u n e s e r u m 
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Fig. 2. Results of immunological reactions with antiserum againts the blood ery-
throcytes of C. major. 

A — reaction of hemolysis; B — data of photoelectrocolorimetre; C — reaction of 
hemoagglutination; 1, 8 — C. major; 2 — C. fulvus; 3, 9 — C. suslicus; 4, 10 — 
C. pygmaeus (population A); 5, 11 — C. pygmaeus (population B); 6, 12 — C. 

pygmaeus (population C); 7 — C. pygmaeus (population D). 

showed that there are antigen distinctions between the studied species. 
The least tifcre (40%) is observed in reactions with blood erythrocytes 
of C. fulvus, which demonstrates the immunological isolation of these 
species from C. suslicus, C. major possessed an intermediate titre which 
was slightly higher — 52.0%. The greatest serological resemblance is 
observed between C. suslicus and C. pygmaeus — their antigen similar-
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ity is as high as 60.0°/o (Fig. 3a, Table 1). The immunological proximity 
of C. pygmaeus and C. suslicus is also observed in investigations of the 
antiserum against the blood erythrocytes of C. pygmaeus from the dif-
ferent populations: A, B and C. The complex of the common antigens 
amounts to 72.4°/o, 66.0% and 64.5% respectively. C. major and C. fulvus 

Table 1 

Confidence intervals of differences (p) of average titres between the investigated 
species and populations of sousliks (reaction of hemolysis). 

C. m. — C.major; C. s. — C. suslicus; C. p. — C. pygmaeus; A, B, C, D, — different 
populations, n — not investigated. 

Species and populations Immune serum against the erythrocytes 
of sousliks D, U) UJ. SUUJSilitS C. m. C. s., C. p., A C. p., B C. p., C 

C. major and C. fluvus + + + + + 
C. major and C. suslicus + + + + + 
C. major and C. pygmaeus, A + + + + + 
C. major and C. pygmaeus, B + + + + + 
C. major and C. pygmaeus, C + + + + + C. major and C. pygmaelus, D n + + + + 
C. suslicus 

and C. pygmaeus, A + + + + + 
C. suslicus 

and C. pygmaeus, B + + + + + 
C. suslicus 

and C. pygmaeus, C + + + + + 
C. suslicus 

and C. pygmaeus, D n + + + + 
C. suslicus and C. fulvus + + + + + 
C. pygmaeus, A and B — + + + + 
C. pygmaeus, A and D n + + + + 
C. pygmaeus, A and C — + + + + 
C. pygmaeus, A 

and C. fulvus + + + + + 
C. pygmaeus, B and D n + + + + C. pygmaeus, B and C — + + + + 
C. pygmaeus, C and D n — — — + C. pygmaeus, C 

and C. fulvus + + + + 4-
C. pygmaeus, D 

and C. fulvus n + + + -4-

+ differences statistically significant; - differences statistically non-significant 

are more distant species from C. pygmaeus. The serological similarity 
is negligible, especially between C. pygmaeus and C. fulvus. In this case 
C. major and C. fulvus immunologically are isolated from each other 
(Fig. 4a, 5a, 6a; Table 1). 

A clear picture is observed when hemolysis reactions are treated on 
the photoelectrocolorimeter. The clear immunological distinction of 
C. pygmaeus, C. suslicus and C. major from each other can be traced 
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in all dilutions of antiserum. At the same time the diagrams reflecting 
the results of hemolysis with all the immune sera show that C. pyg-
mcieus and C. suslicus are closer to each other than the compared species. 
C. major is markedly different from the latter, as is more clearly 

MOO 1=1000 1=2000 1=3000 
D i l u t i o n of i m m u n e s e r u m 

Fig. 3. Results of immunological reactions with antiserum against the blood 
erythrocytes of C. suslicus. Explanations see fig. 2. 

IMOO 1 = 1000 1 = 2000 
D i l u t i o n of i m m u n e s e r u m 

Fig. 4. Results of immunological reactions with antiserum against the blood 
erythrocytes of C. pygmaeus (population A). Explanations see fig. 2. 
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revealed in analyses of the antiserum against the blood erythrocytes of 
the same species (Fig. lb, 2b, 3b, 4b, 5b). 

The results of the hemoagglutination reactions of the immune serum 
with the blood erythrocytes C. major, C. suslicus and C. pygmaeus 

MOO 
-i 1 1 r 

1 = 1000 1 = 2000 1=3000 1=4000 
D i l u t i o n of i m m u n e s e r u m 

Fig. 5. Results of immunological reactions with antiserum against the blood 
erythrocytes of C. pygmaeus (population B). Explanations see fig. 2. 

7 r 
1=100 1 = 1000 

i r 
1=5000 1=7000 19000 

D i l u t i o n of i m m u n e s e r u m 
Fig. 6. Results of immunological reactions with antiserum against the C. pygmaeus 

(population C). Explanations see fig. 2. 
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coincide with the data of the hemolysis. Of the species investigated, C. 
pygmaeus and C. suslicus are serologically closer to each other (Fig. lc, 
2c, 3c, 4c, 5c; Table 2). 

Immunological distances calculated according to the results of hemo-
lysis and hemoagglutination cross-reactions confirm the established 
serological relations between the studied rodent species. The least 
distances are noted between C. pygmaeus and C. suslicus, and greatest 
— between C. pygmaeus and C. major (Table 3). 

The studies permit of estimating not only interspecific differences, 
but also blood erythrocyte antigen properties of one species of animals 
taken from the various populations. In so doing, erythrocyte differences 
are observed both between sousliks inhabiting opposite banks of the 

Table 2 

Confidence intervals of differences (p) of average titres between the investigated 
species and populations of sousliks (reaction of hemoagglutination). 

C. m. — C. major; C. s. — C. suslicus; C. p. — C. pygmaeus; A, B, C — different 
populations. 

Species and populations 
(A, B, C) of sousliks 

Immune serum against the erythrocytes 
of sousliks 

C. m. C. s., C. p., A C. p., B C. p., C 

C. major and C. suslicus + + + + + 
C. major 

+ + and C. pygmaeus, A + + + + + 
C. major 

+ + and C. pygmaeus, B + + + + + 
C. major 

+ and C. pygmaeus, C + + + + + 
C. suslicus 

and C. pygmaeus, A + + + + + 
C. suslicus 

and C. pygmaeus, B + + + + + 
C. suslicus 

and C. pygmaeus, C + + + + + 
C. pygmaeus, A and B — + + + + 
C. pygmaeus, A and C + + + + + 
C. pygmaeus, B and C — + + + + 

+ differences statistically significant; — differences statistically non-significant. 

Volga and between rodents from one particular bank, although the 
value of these differences is not identical. The results of hemoagglutin-
ation correlate well with the data obtained for hemolysis. Analysis of 
antiserum against blood erythrocytes of C. pygmaeus from populations 
A, B, and C demonstrate that more considerable antigen differences are 
detected between the populations from the left and right banks of the 
Volga. At the same time, in spite of the similarity of the populations 
from the right bank, they are characterized by antigen specificity in 
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relation to each other. Immunological distances also reveal antigen dif-
ferences between the studied populations of C. pygmaeus (Fig. 4, 5, 6; 
Table 1, 2, 3). 

4. DISCUSSION 

Analysis of results of immunological investigations show that the 
studied species of sousliks are characterized by relatively high contents 
of erythrocytic antigens which are common to the genus Citellus as 
a whole. In addition the complex of antigens, specific to each species 
is established. C. pygmaeus and C. suslicus are characterized of the 
most total antigen complex that in itself is evidence of their resem-
blance. There is only a small degree of immunological similarity between 
them and C. major. C. fulvus and immunologically isolated species, is 
the closest to C. major of all the rodents studied. The results of the 

Table 3 

Immunological distances between the studied species and population of the sousliks. 

Species and populations Hemolysis Hemagglutination 
of the sousliks X+mx S. D. X + m x S. D. 

C. pygmaeus, A and B 1.192+0.015 0.101 1.200+0.020 0.085 
C. pygmaeus, C and B 1.265±0.016 0.075 1.240+0.031 0.132 
C. pygmaeus, C and A 1.305+0.009 0.073 1.251+0.020 0.082 
C. pygmaeus, A 

and C. suslicus 1.445±0.017 0.106 1.343+0.012 0.055 
C. pygmaeus, B 

and C. suslicus 1.560+0.024 0.024 1.382+0.014 0.060 
C. pygmaeus, C 

and C. suslicus 1.640±0.009 0.054 1.492+0.036 0.161 
C. suslicus and C. major 1.710+0.021 0.132 1.605+0.035 0.147 
C. pygmaeus, A 

and C. major 1.830±0.022 0.171 1.781+0.036 0.151 
C. pygmaeus, B 

and C. major 1.930+0.055 0.401 1.803+0.064 0.270 
C. pygmaeus, C 

and C. major 1.935+0.033 0.225 1.870+0.058 0.244 

immunological investigations are completely correlated with results 
obtained by precipitation ( D e n i s o v & M o z a r o v a , 1970) and 
phytohemoagglutination ( S m i r n o v a , 1974) reactions and confirm 
the morphological, physiological, hybrization and paleontological data. 
Morphological analyses show that of all the species compared C. py-
gmaeus and C. suslicus are the closest. These species, clearly distin-
guished by the colour of their fur, have many almost similar morphologi-
cal indexes (O g n e v, 1947; G r o m o v et al. 1963; D e n i s o v , 
1963). 

The absence of reproductive isolation between C. pygmaeus and C. 
suslicus results in their resemblance being considerable and consequent-
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ly the zone of interspecific hybridization is situated where the ranges of 
these species overlap. In this case mating is not connected with sterility 
or complete lack of vitality because offspring, not only of the first 
generation, are known to occur. The peculiarity of hybridization is its 
introgressive character. C. pygmaeus absorbs C. suslicus and expands 
its range in this way ( D e n i s o v , 1961, 1963). At the same time 
hybrids very seldom occur in the places of common inhabitation of C. 
pygmaeus, C. major and C. fulvus (B o z a n o v, 1944, 1945; D e n i -
s o v , 1964). 

The degree of serological resemblance between C. pygmaeus and C. 
major is small. C. fulvus, an immunologically isolated species, is nev-
ertheless closer to C. major than the rodents studied. 

The population differences of the erythrocytic antigens suggest the 
geographical remoteness of the investigated populations. The serological 
differences between the populations of C. pygmaeus from the left and 
right banks of the Volga are due to the fact that the river forms an 
unsurmountable barrier for sousliks, preventing a gene exchange bet-
ween populations inhabiting the opposite banks. 

The immunological investigations made show that the studied species 
of sousliks genus Citellus are characterized by relatively high content of 
erythrocytic antigen, specific for every species, with the result that it 
is justifiable to speak about serological differences between them. In 
addition to establishing the particular properties of a species, the re-
actions of hemolysis and hemoagglutination may be used in studies of 
intraspecific structure. 
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IMMUNOLOGICZNE POKREWIEŃSTWO SUSŁÓW Z RODZAJU CITELLUS, 
ZAMIESZKUJĄCYCH POWOŁŻE 

Streszczenie 

Przeprowadzono badania nad susłami z rodzaju Citellus O k e n, 1816, zamieszku-
jącymi obszary Powołża (Ryc. 1). Użyto metod immunologicznych — hemolizy i he-
moaglutynacji — które wskazały, że C. pygmaeus, C. suslicus, C. major i C. julvus 
charakteryzują się względnie wysoką zawartością antygenów erytrocytowych, spe-
cyficznych dla każdego z gatunków (Ryc. 2—6). Należy przy tym podkreślić sero-
logiczne zróżnicowanie jakie ujawnia się pomiędzy poszczególnymi gatunkami 
(Tabele 1—3). Trzeba jeszcze dodać, że przedstawiona metodyka może być także 
wykorzystana przy badaniu wewnątrzgatunkowego zróżnicowania populacji gryzoni. 


