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Examination was made of the degree of population differentiation in 
skull measurements and also in the formation of the skull during in-
dividual development, on the basis of a collection of muskrat skulls 
(n=352) from three Polish populations and one Czech population, divided 
into four age classes. The muskrats from the three populations differ 
significantly by reason of their larger dimensions and different propor-
tions of the skull, and also the statistical distances of shape and 
size, from animals from the central part of Bohemia. Differentiation 
was also found in the correlation structures of skull dimensions of 
muskrats from different populations. The number of differences found 
increases with the animals' age, and also with increasing distance in 
both space and time from the population closest to the place in which 
the muskrat was originally introduced into Europe. The skull of the 
muskrat is distinguished by a slight degree of sex dimorphism in dimen-
sions which increases with the animals' age. Intensive increase of the 
majority of its dimensions ends in the second calendar year of the 
animals' lives. Age changes in skull dimensions of the muskrat are also 
reflected in changes in correlation structures corresponding to periods 
of isometric and allometric growth. 
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1. INTRODUCTION 

The American muskrat, a nearctic element new to European fauna, was 
introduced for the first time in Europe in 1905, when several of these 
animals were set free in the Dobris area in central Bohemia. The 
muskrat spread rapidly during the first few years after its introduction 
into Europe, but interference in this process took place later on due to 
further introductions and also intensive extermination. In addition to 
man's artificial settlement of muskrats these animals also spread na-
turally, both actively and also passively, as the result of individuals being 
carried from one place to another during floods. The American muskrat 
spread naturally from Czechoslovakia into Poland in 1924 and by 1958 
had settled in different places over the whole of the country (N o w a k, 
1971). There were fluctuations in the rate at which they spread in Poland, 
but the process lasted approximately 30 years in all (N o w a k, 1966). 

It is assumed that the nominative subspecies, Ondatra zibethica zibe-
thica ( L i n n a e u s , 1766) — K r a t o c h v i l (1956), F e r i a n c o v a -
M a s a r o v a & H a n a k (1965) was brought to Europe. 

Although there is a very considerable amount of literature on the mus-
krat, the attention of such authors has been concentrated primarily on 
the economic importance, noxiousness and control methods, and also 
ecology, of this species ( H o f f m a n n , 1967). There are few craniometric 
studies on this animal (L a t i m e r & R i 1 e y, 1934; G o u 1 d & K r e e -
g e r , 1948; S a t h e r, 1956), and only a small number of authors have 
dealt with the craniological and comparative analysis of variations in the 
muskrat ( M i i l l e r , 1951/52, 1952/53; L a v r o v, 1953; C y g a n k o v , 
1955; R e j m o v, 1967; P e t r o v, 1967; P e t r o v & K r a s n i k o v a , 
1970; P i e t s c h , 1970). 

The results of studies on variations in the muskrat from North America 
( G o u l d & K r e e g e r , 1948), Europe ( P i e t s c h , 1970) and Asia (C e-
r e v i t i n o v , 1951; P e t r o v , 1967, 1969; P e t r o v & K r a s n i k o v a , 
1970) and in particular those relating to Eurasia, show that the differen-
tiation which may occur in this species depending on the habitat is very 
far-reaching. The muskrat is therefore a rodent particularly suitable for 
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studies on variability of the species in time and space, understood in 
a wide sense. 

The purpose of the present study was therefore to make a comprehen-
sive analysis of the existing degrees of morphological differentiation in 
the muskrat, from the various parts of its contemporary range in Central 
Europe, which have come into being at different times. It was assumed 
Lhat the different rate of spread and different habitat conditions en-
countered in new areas might to a certain extent influence the morpho-
logical variability of this animal, and in this connection comparisons were 
made between muskrats from Czechoslovakia and series of these rodents 
from different populations occurring in Poland. In addition the process 
of shaping of the muskrat's skull was traced in postnatal development, 
taking into account both the population and species aspects in under-
taking a morphological description of the skull of this rodent. 

2. MATERIAL AND METHODS 

The material available consisted of 352 skulls of muskrats of both sexes and of 
animals of undefined sex, originating from central Bohemia and Poland, from 
the collection of tJstav pro vyzkum obratlovcui CSAV in Brno, the author's 
own collection and that of the Mammals Research Institute of the Polish Academy 
of Sciences, at Białowieża. The majority of the muskrats had been obtained during 
shoots, mainly in spring, but partly in autumn also. 

2.1. Age Classes 
A knowledge of the properties of growth and accompanying wear of the surfaces 

of the molar crowns in skulls of individuals of known age shows that the first 
molar (M1) is the most convenient tooth for defining age in the case of muskrats. 
This tooth is distinguished by relatively lesser variation in dimensions than the 
other molars and also by a more uniform degree of wear of the tooth crown (C y - 
g a n k o v, 1955). The process of wear of the molar crowns is accompanied in the 
muskrat by closure of the prismatic part of the tooth resting in the alveolus, and 
formation of the root, which in the case of M1 takes place at the age of approxi-
mately 2l/2 months (C y g a n k o v, 1955). 

Measurements of the height of the prismatic part of the tooth were made along 
the sulcus separating the fifth and third salient angle on the buccal side, using 
a vernier caliper with a device for measuring an inside diameter with accuracy to 
0.1 mm. The measurement was made at the end of the sulcus lying on the cingulum 
of the tooth to the point lying on the margin of the chewing surface of the tooth 
crown. 

Four age classes were distinguished in the material, using C y g a n k o v's method 
(1955). Extreme values for the respective age classes are as follows: 

age class I (9.4—11.3 mm) — 3— 5 months 
age class II (7.9 — 9.3 mm) — 6— 8 months 
age class III (5.6 — 7.8 mm) — 9—12 months 
age class IV (below 5.6 mm) — from 13 months upwards. 
It is a remarkable fact that out of the 352 skulls of muskrats only two specimens 
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had no distinctly separated roots. Part of the animals, although this also applied to 
young individuals, were found to have M1 roots formed to a greater or lesser degree. 

Division according to age based on the class system was considered most con-
venient and consequently as reducing the error which might have arisen if a sub-
jective evaluation had been made of the animal's age. This applied particularly to 
individuals in which the height of the tooth crown of Ml came within the inter-
mediate ranges between the average values given by C y g a n k o v (1955). 

2.2. Character of Local Populations 

The muskrat skull material available was divided into 4 populations 
(Table 1), and in general originated from a small number of localities 
situated within the range of the given local population, consequently 
forming a sample corresponding to a definite small area (except for the 
Białystok area). In the majority of cases the animals had been obtained 
in a similar period, chiefly between 1959 and 1965. 

The animals from central Bohemia had been obtained during the 
period from 20.5.1959 to 2.12.1959 at Blatna. Several specimens had been 
collected at Jistebnice, situated about 60 km to the east of Blatna. These 

Table 1 

List of material in age classes. 

Age groups Czechoslovakia Kujawy 
region Pomerania Białystok Province Total 

I 14 2 36 1 53 
II 39 2 49 3 93 

III 5 13 35 25 78 
IV 21 20 60 27 128 

Total 79 37 180 56 352 

two localities are situated to the south of Dobris, about 50 km from the 
place in which the muskrat was first introduced. Both Blatna (440 m 
above sea level) and Jistebnice (570 m a.s.l.) are situated on rivers (Lom-
nice and Luznice — left and right tributaries of the Vltava) and lie in the 
Central Bohemian Highland region forming part of the South Bohemian 
Upland and Bohemian Massif. There are a great many fish ponds and 
extensive forests in this area, characterized by acidophilous oak forests 
and floodplain forests (willow, alder-ash), chiefly in river valleys. This 
is in general a poor habitat from the food aspect. 

Muskrats appeared in the Blatna and Jistebnice areas about 1908—1909, 
that is, from 3—4 years after their introduction at Dobris ( K o h l , 1913; 
cited after N o w a k, 1971). A factor additionally favouring the rapid 
spread of these rodents in Czechoslovakia consisted in the numerous 
rivers which are tributaries of the Vltava, and other lakes and ponds. 
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The Kujawy population originates from the mesoregion termed the To- 
ruń Valley, which lies in the middle reaches of the Vistula (K o n-
d r a c k i , 1955). Muskrats have occasionally been shot in the administra-
tive district of Aleksandrów Kujawski, but mainly in the immediate 
vicinity of Ciechocinek (52°53'N, 18°48' E) during the period from Octo-
ber 1960 to 21.4.1965. 

Ciechocinek is situated mainly on a terrace above flood level, varying 
in absolute elevation from 48—51 m and relative elevation of 9—12 m in 
relation to the average water level of the Vistula, although part of it also 
extends to the flood level. 

Muskrats living there also occur in the river bed of the Vistula and 
the numerous drainage ditches. They made their appearance in the Ku- 
jawy region in 1945 ( N o w a k , 1966). 

The Pomeranian population originates from the Iława Lake District and 
partly also from the mesoregion of the Vistula haughs, that is, the low-
lying region of the Vistula delta, part of which is below sea level (up to 
— 1.8 m). The greater part of this area is protected from flooding by 
river dykes and there are also numerous small drainage canals ( K o n - 
d r a c k i , 1955). 

The haughs area is very fertile, as the soil consists mainly of silt muds. 
The majority of the animals were obtained during the period from April 
1963 to 27.11.1967, from places in the Sztum administrative district 
(53°55'N, 19°03'E). A small number of skulls were obtained as late as 
1969. The muskrat appeared in the haughs in 1944, although it had 
already occurred in the Gdańsk coastal area in 1940 ( N o w a k , 1966). 

The Białystok population came from areas in three administrative 
districts — Gołdap (54°19'N, 22°19' E), Suwałki (54°07' N, 22°56'E) and 
Hajnówka (52°45' N, 23°36' E). In the last case these are single specimens 
from the Białowieża Primeval Forest (valley of the river Narewka). The 
remaining muskrats came from the valleys of the Rospuda and Gołdap a 
rivers and also from Lake Krzywe near Przerosi, and is therefore a river-
-lake population. 

The majority of the animals were shot during the period from 5.6.1959  
to 11.5.1965. According to N o w a k ' s data (1966), muskrats appeared in 
the Białystok region as follows: in the Białowieża Primeval Forest in 1948,  
in the Suwałki area in 1950 and in the Gołdap area in 1958. 

2.3. List of Measurements and Indices 
A total of 10 linear measurements were made on each of the skulls (Fig. 1), using 

a vernier caliper with accuracy to 0.1 mm, and were defined as follows: 
1. Condylobasal length (CbL) 
2. Diastema length (DL) 
3. Maxillary tooth-row length M1—M3 ( M x T R L ) 
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4. Mandibular tooth-row length Mj—M3 (MdTRL) 
5. Brain-case breadth (BcB) 
6. Zygomatic breadth (ZyB) 
7. Interorbital constriction (IC) 
8. Rostrum breadth (RB) 
9. Brain-case height between bullae, measured in such a way that pars basilaris 

ossis occipitalis and the surface of the ossa parietalia and os interparietal 
were parallel to the arms of the vernier caliper (BcH) 

10. Brain-case length (= condyloalveolar length) after G o u l d & K r e e g e r , 
1948; Fig. 1) (BcL) 
In addition to the above the following were also measured: 

11. Capacity of brain-case in millilitres, using fine shot 0 1.5 mm and a gradua-
ted cylinder with accuracy to 0.1 ml (BcC) 

Fig. 1. Explanations of skull measurements in the muskrat. 
1 — Cb length (CbL), 2 — Diastema length (DL), 3 — Maxillary tooth-row length 
(MxTRL), 4 — Mandibular tooth-row length (MdTRL), 5 — Brain-case breadth 
(BcB), 6 — Zygomatic breadth (ZyB), 7 — Interorbital constriction (IC), 8 — Rost-

rum breadth (RB), 9 — Brain-case height (BcH), 10 — Brain-case length (BcL). 
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12. Mandible weight in grammes with accuracy to 0.01 g (MdWt). 
Using the values of skull measurements as a basis calculation was made of the 

following quotient indices: 
1. (Brain-case heightXlOO) : Mandible weight (after R o s s o 1 i m o, 1958) 
2. (Brain-case breadthX100) : Cb length 
3. (Brain-case heightXlOO) : Cb length 
4. (Interorbital constriction X100) : Cb length 
5. (Diastema length X100) : Cb length 
6. (Zygomatic breadth X100) : Cb length 
7. (Brain-case length X100) : Cb length 
8. (Double height of brain-case) : (Cb length + brain-case breadth) — (after 

H r d l i ć k a - K o ć k a , after P u c e k , 1963). 
Standard body measurements were made on some of the specimens, as follows: 

1. body length, 2. tail length, 3. length of hind foot, 4. height of ear and 5. body 
weight. 

2.4. Mathematical Methods 

Calculation was made of averages (x), standard deviations (SD) and coefficients-
of variation (C. v.) for the various values of skull measurements, quotient indices 
ar.d also body measurements. 

The method of variance analysis was used for comparisons of the average values 
ottained. The significance of the effect of the given factor (sex and population) was 
examined by means of the F-Snedecor test, with -Po-os and Po-oi levels. In order 
to examine interpopulation differences calculation was made of the statistical di-
stances of size and shape in accordance with the wellknown mathematical method 
( P e n r o s e , 1954; S y c h, msc). 

Comparative methods were also used for the matrices of correlation coefficients, 
(r), which reflect the degree of correlation of 12 craniometric characters and form 
th= given correlation structure. Correlations were calculated on the basis of the 
generally accepted methods. Significance of differences between corresponding pairs 
of correlation coefficients were checked by means of chi-square statistics, in this 
case also accepting two levels of significance; P0.05 and Po-oi- In comparisons 
between pairs of correlation coefficients included in the given correlation structure 
examination was also made of the possible effect of age and population. In all, 12  
matrices of correlations were calculated in four populations divided into four age 
classes. In the four remaining cases this was impossible on account of the lack of 
sufficient material (age classes I and II from the Kujawy and Białystok popula-
tions). In addition, in order to give a general description of changes taking place 
w:th increasing age in the skull of the Central European muskrat, calculation was 
made of matrices of correlation for four age groups, without taking into con-
sideration division into populations. 

In arranging correlation matrices in order use was made, inter alia, of C z e k a - 
n o w s k i ' s diagram method (1913), introducing the system of ranks for the ranges 
of variations in correlation coefficients corresponding to them. On account of the 
inlividual order of each diagram, the order of characters differs on the diagrams. 
Tlis method was used in relation to the correlation matrices characterizing age 
variations in the muskrat from the species aspect. 

Correlation structure of skull measurements in the form of matrices or arranged 
diagram formed the starting point for its further analysis. T e r e n t j e v's method 
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ol correlation pleiads (1943 and 1960) and V y h a n d u ' s method (1964), distinguished 
by its simplicity and ease of application, were considered the most convenient in 
studies of this kind. 

3. RESULTS 

3.1. Sex Dimorphism in Skull Measurements 

Using the method of variance analysis, comparisons were made of aver-
age values for dimensions and skull indices and body measurements 
between the two sexes, simultaneously allowing for the age divisions 
accepted. Division into populations was not taken into consideration in 
the comparisons on account of the small numbers of muskrats of known 
sex. 

It was found that differences connected with sex dimorphism became 
apparent as the animals increased in age, for instance no statistically 
significant differences between the sexes were found in the two first age 
classes in respect of any of the craniometric characters examined. Only 
two statistically significant differences were observed between males and 
females in age class III in MxTRL and MdTRL (0.05 > P > 0.01). Sta-
tistically significant differences in average values for 6 measurements 
were found in muskrats in age class IV, although these were not highly 
significant differences (0.05 > P > 0.01) and related to: CbL, DL and BcL, 
and also BcB, BcH and MdWt. Skull dimensions of males were slightly 
greater than those of females in muskrats in age classes III and IV. Males 
were also distinguished by significantly greater hind foot measurements 
(0.05 > P > 0.01) in comparison with females. Indices expressing the per-
centage ratio between : BcH and MdWt (0.05 > P > 0.01), IC and CbL 
and ZyB and CbL were in this case significantly higher in females than 
in males (P < 0.01). 

Sex dimorphism in the muskrat is also evident in the different growth 
rate of the skull in individuals of different sex, the skulls of males being 
distinguished in nearly all cases by greater increases in percentages than 
females (Table 2). 

It may therefore be said that the muskrat is an animal in which dif-
ferences connected with sex dimorphism in skull measurements are 
slight. Although the males are usually larger than the females, these dif-
ferences were significant only in 11 cases out of 80. As the sex of the 
individuals was not identified for a large part of the skulls the whole 
material has been treated jointly in the further part of this study. Table 3 
provides information on the sex ratio of the individuals examined and at 
the same time points to possible burdening of the average values of the 
measurements analysed, which may be due to differences in the size of 
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males and females and the not always equal participation of the two 
sexes in the samples examined. The general sex ratio in the whole col-
lection was 55°/o, which does not significantly differ from the proportions 
1 : 1 ( f = 2.58, fo.o5 = 3.84). 

3.2. Interpopulation Differentiation 

3.2.1. Variations in Values of Absolute Dimensions and Indices 
Variations in the craniological characters of the muskrat were examined 

from the interpopulation aspect, simultaneously taking into consideration 
the age division accepted. Among the 12 craniometric characters of musk-
rats in age class I the most variable character in both the Czech and 
Pomeranian populations was MdWt (C. v. = 15.9 and 18.4°/o). The values 
of the other skull measurements were distinguished by lesser variability 
in the Czech population (C. v. = 2.8—7.5%) than in the Pomeranian po-
pulation (C. v. = 3.1—8.5%). Quotient indices, with the exception of the 
ratio of BcH to MdWt, varied very little in the two populations, as is 
shown by the range of their coefficient of variation (Table 4). 

Table 3 

Sex ratio in part of material consisting of animals of known age. 

Age groups I II III IV Total Age groups 
c f : 9 C : 9 cf : 9 <f:Q c fc " • Q 9 

Czechoslovakia 5 : 9 18 : 21 2 : 3 7 : 14 32 : 47 
Kujawy region 1 : — 2 : — 7 : 6 13 : 6 23 : 12 
Pomerania 6 : 8 7 : 12 19 : 7 25 : 9 57 : 36 
Białystok Province 1 : — 1 : 2 15 : 9 15 : 12 32 : 23 
Total 13 : 17 28 : 35 43 :25 60 : 41 144 : 118 

A certain reduction in C. v. value, occurring in both the Czech and Po-
meranian populations, can be observed in age class II. The variations in 
MdWt are in this case 12.9 and 11.9% respectively. In the case of other 
characters of skull dimensions this variation fluctuated in Czech muskrats 
within limits of 3.0—6.8% and in the Pomeranian animals correspondingly 
from 3.1—5.5%. Variations in indices, apart from the ratio of BcH to 
MdWt, which alters markedly with age, increase slightly in age class II 
(Table 4), which would appear to point to greater changes in skull pro-
portions more clearly manifested in indices than in the values of absolute 
dimensions. 

In age class III MdWt was also one of the most variable dimensions. 
Its relatively low variability in muskrats from the Czech and Białystok  
populations (C. v. = 6.4 and 8.8%) distinguished these animals from those 
of the Pomeranian and Kujawy populations (C. v. = 12.2 and 14.1%). C.v. 
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values for the remaining measurements in the various populations varied 
to a lesser (Białystok region and Pomerania) or greater degree (Kujawy  
and Czechoslovakia) (Table 4). Variations in skull indices in the Czech and 
Białystok populations were small in comparison with the Pomeranian and 
Kujawy populations. The differences evident in variations of indices in 
age class III in four populations point to continuing changes in skull pro-
portions. 

In all populations in age class IV a renewed increase can be observed in 
variability of MdWt as compared with class III, forming evidence of age 
differentiation of muskrats composing that group. The values of C. v. 
defining the variations of this character are, however, very even (10.0—  
12.8%). The variations in the remaining characters in the populations 
compared rarely exceed 5%. Among the indices the greatest variability 
is found in the ratio of BcH to MdWt (C. v. = 8.1—9.7%) and IC to CbL 
(C. v. = 6.8—9.2%). Variations in the other indices are small and rarely 
exceed 3% in the Czech, Pomeranian and Białystok populations as com-
pared with the more variable Kujawy population (Table 4). Apart from 
the fact that variations in an index based on BcH and MdWt is usually 
greater, the remainder vary only very slightly in comparison with it, 
which points to the stabilization of skull proportions in this age group. 

3.2.2. Differences in Absolute Values of Measurements and in Indices 

Before interpopulation comparisons were made it was necessary to 
check the age uniformity of the groups by comparing average values for 
height of M1 crown within the groups. In 11 cases out of the 12 examined 
the differences were non-significant, only the average for this measure-
ment in the Czech population, in age class III, differing significantly from 
the other three Polish populations (P < 0.01). The cause of this was un-
doubtedly the small amount of material and exceptionally small varia-
tions in height of Mx crown in age class III of the Czech population (C. v. 
= 1.5%) (Table 4). 

Comparison of average values of measurements and indices in indivi-
duals from age class I between the Czech and Pomeranian populations 
revealed 4 statistically significant differences. The Czech muskrats had 
narrower IC and RB and smaller MdWt (0.05 > P > 0.01) and also shorter 
MdTRL (P < 0.01) than in the Pomeranian population (Table 4 and 5). 

When individuals in age class II from the Czech and Pomeranian po-
pulations were compared a total of 11 statistically significant differences 
were found between them, 8 of which related to skull dimensions, and 3  
to quotient indices. Czech muskrats were distinguished by shorter DL and 
BcL and narrower BcB and IC (0.05 > P > 0.01). In addition they had 
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shorter CbL, MdTRL and also lower BcH and smaller BcC (P < 0.01) 
than the Pomeranian muskrats (Tables 4 and 5). 

In order to distinguish the population most markedly differing from the 
remainder, as from age class III, two variants were made of comparisons: 
(1) of all four study populations and separately, (2) three populations 
from Poland. 

It was found that Czech muskrats from age class III differed signi-
ficantly from the Polish populations in respect of 10 craniometric cha-
racters, 2 skull indices and in 3 body measurements. Comparison of aver-

Table 5 

List of statistically significant differences at a level of P=0.05 (+) and P=0.01 ( + + ) r 
obtained by comparing arithmetical means for populations and age groups by means 

of variance analysis. 

Age groups 
No. of comparing populations 

I II Ill IV Age groups 
No. of comparing populations 2* 2* 4** 3*** 4** 3*** 

1. Cb length + + + + + + 
2. Diastema length — + + + — + — 

3. Maxillary tooth-row length — — — — + + — 

4. Mandibular tooth-row length + + + + + + — + + — 

5. Brain-case breadth — + + + — + + — 

6. Zygomatic breadth — — + + — — — 

7. Interorbital constriction + + — — — — 

8. Rostrum breadth + — + + — + + + 
9. Brain-case height — + + + + — + + — 

10. Brain-case length — + + + — + — 

11. Brain-case capacity — + + + — + — 

12. Mandible weight + — + + — + + — 

Indices 
1. 9 X 100 12 — — + + — + + — 

2. 5 X 100 1 — — — — — — 

3. 9 X 100 1 — + — — + + 
4. 7 X 100 1 — — — — + + — 

5. 2 X 100 1 — — — — — — 

6. 6 X 100 1 — + — — + + ++ 
7. 10 X 100 1 — — + + — + + — 

8. 9 X two 1 + 5 — + — — + — 

* results of comparisons of Czech with Pomeranian populations, ** results of com-
parisons of all four populations, *** results of comparisons, omitting the Czech po-
pulation. 

age absolute measurements shows that skulls of Czech muskrats are 
distinguished by smaller BcC (0.05 > P > 0.01), shorter CbL, DL, MdTRL 
and BcL, and in addition smaller ZyB, BcB and RB, and also lower BcH 
and MdWt (P < 0.01) in comparison with the Polish individuals (Table 5).  
In respect of body measurements the Czech muskrats had shorter ears 
(0.05 > P > 0.01) and tail and lower body weight (P < 0.01) than those 
of the remainder (Table 4). Among Polish populations the Białystok musk-
rats from age class III were significantly larger than the animals from 
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the Kujawy region only in respect of tail length and height of ear 
(0.05 > P > 0.01) (Table 4). 

Comparison of four populations of muskrats from age class IV showed 
that there are statistically significant differences between them in respect 
of 9 skull measurements, 4 indices and 4 body measurements (Table 4 
and 5). Czech muskrats were characterized by shorter DL and BcL, and 
also by smaller BcC (0.05 > P > 0.01). They also had shorter CbL, MxTRL 
and MdTRL, narrower RB and BcB, lower BcH and smaller MdWt 
(P < 0.01) than Polish muskrats (Table 5). In respect of body measure-
ments the Czech muskrats differed from the Polish individuals in respect 
of shorter tail, hind foot and ear and also smaller body weight (P < 0.01). 
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Fig. 2. Variations in certain skull measurements (differing significantly) in the musk-
rat from the population aspect. Extreme and average values are given, with stan-
dard deviations. All data refer to age class IV only. 1 — Czechoslovakia, 2 — Ku-

jawy, 3 — Pomerania, 4 — Białystok region. 

(Table 4). Among the three Polish populations in age class IV the Biały- 
stok animals had wider RB (0.05 > P > 0.01) than the other two popula-
tions, and in addition the Białystok muskrats were larger than those from 
the Kujawy region in respect of height of ear (0.05 > P > 0.01), but 
smaller in respect of length of hind foot (P < 0.01) (Table 4). 

The results of comparisons thus point to considerable differentiation of 
muskrats from the Czech population, expressed in generally smaller skull 
dimensions than in the other three populations from Poland (Fig. 2). 
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In addition to interpopulation differences in absolute values of measu-
rements, differences were also found in the average values of the various 
quotient indices which do not become evident until age class II. The 
skulls of Pomeranian muskrats were relatively higher in this class, but 
zygomatic breadth was narrower than in the Czech animals. In age class 
III BcH in animals from the Czech population formed a higher percentage 
of MdWt than that for Polish muskrats. Czech muskrats had relatively 
longer BcL than that for the three Polish populations. In age class IV the 
skulls of Pomeranian and Białystok muskrats were relatively higher than 

Age groups 

Fig. 3. Comparison of increases in percentages of two skull dimensions in muskrat 
populations from Czechoslovakia (1) and Pomerania (2). 

the Kujawy and Czech skulls, and also in age class IV Czech muskrats 
BcH formed a higher percentage of MdWt than in Polish populations. In 
addition the skulls of Czech muskrats were relatively wider at the zygo-
matic arches than the Kujawy and Pomeranian animals, had a broader 
IC than the Pomeranian animals and longer BcL. Of the Polish muskrat 
populations, that from the Białystok region was distinguished by the fact 
that the skulls were relatively higher than in those from Kujawy and 
wider in ZyB than the Kujawy and Pomeranian skulls (Tables 4 and 5). 
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These data show that there are population differences in skull pro-
portions in the corresponding age groups. 

The values of indices were dependent on the individual rate of growth 
of the various measurements, and therefore the finding of significant dif-
ferences in the indices within different populations must form evidence 
of the different growth rate of these same measurements under different 
conditions. Comparison of the growth rate of the two basic skull measu-
rements for the Czech and Pomeranian populations did in fact show that 
both CbL and ZyB increased intensively in muskrats from the Pomera-
nian population (Fig. 3). The different growth rate of certain skull 
dimensions in individuals from the various populations is thus one of the 
causes of formation of different skull proportions. 

3.2.3. Differences in Correlation Structure of the Skull 

The comparisons made below were intended to grasp the influence 
exerted by the place of the population's origin on the correlation struc-
ture of the muskrat's skull, examined in groups of uniform age. The 
curves of distribution of frequency for values of correlation coefficients 
are distinguished by a very varied distribution within different popula-
tions (Fig. 4). It is only rarely that they had three peaks, permitting of 
making a division among correlation coefficients and distinguishing 
among them groups of intrapleiad, mixed and interpleiad connections 
(Fig. 4). They were therefore not used for this purpose, but only as an 
indication of the existence and extent of interpopulation differences in 
correlation matrices. Analysis of the distribution of curves does not supply 
an answer to the question — in which combinations of craniometric 
characters is this differentiation most strongly marked? 

These questions are unequivocally explained by analysis of the correla-
tion cylinder, divided into parts, the circular bases of which are treated 
as correlation circles — levels of interrelation of characters. Although 
interpopulation differences are evident in correlation circles from the 
very start, in further discussion we shall limit ourselves only to analysis 
of the highest level of relations taken by us as r ^ 0.8 (Fig. 5). 

In age class I there is one large pleiad including the majority of the 
characters, connected with each other by lines defining the degree of 
their interrelation, for the Czech and Pomeranian populations. In both 
these populations, however, the capacity of the pleiad grouping the re-
lated characters is different and decidedly greater in the case of musk-
rats from the Pomeranian population. Independent pleiads, on the other 
hand, are formed in the Czech population by MxTRL, MdTRL and IC, 
and in Pomeranian population by only the first two of these characters 
(Fig. 5). 
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Age group I 

Age group II 

Age 'group III 

Age group IV 

Fig. 4. Frequency of 66 cor-
relation coefficients for skull 
dimension's in the muskrat 
f rom the age and population 
aspects. 1 — Czechoslovakia, 
2 — Kujawy, 3 — Pomerania,  

4 — Białystok region. 
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Increase in the number of independent pleiads connected with decrease 
in the capacity of pleiads grouping characters of a high degree of reci-
procal correlation can be observed in muskrats in age class II in both 
these populations. In this case the number of independent pleiads was 
smaller in the Czech population and included only 5 characters ( M x T R L , 
MdTRL, IC, BcH and BcC), whereas in the Pomeranian population 6 in-

Fig. 5. Correlation structures of skull dimensions in the muskrat from the age (I—IV) 
and population aspects. Dotted line indicates correlation coefficients not significant 

with P0.05 level. 
1 — Czechoslovakia, 2 — Pomerania, 3 — Kujawy, 4 — Białystok region. Symbols: 
1 — Cb length (CbL), 2 — Diastema length (DL), 3 — Maxillary tooth-row length 
(MxTRL), 4 — Mandibular tooth-row length (MdTRL), 5 — Brain-case breadth 
(BcB), 6 — Zygomatic breadth (ZyB), 7 — Interorbital constriction (IC), 8 — Rost-
rum breadth (RB), 9 — Brain-case height (BcH), 10 — Brain-case length (BcL), 11 —  

Brain-case capacity (BcC), 12 — Mandible weight (MdMt). 

dependent pleiads occurred, including in their scope RB in addition to 
the above-mentioned characters. The pleiad of related characters is 
characterized by greater capacity in the Czech population (7 characters) 
than in the Pomeranian population (6 characters), and in addition these 
characters exhibit a higher number of connections with the other com-
ponents of the pleiad in Czech muskrats (Fig. 5). 
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Animals in age class III in the Czech population were characterized by 
a pleiad grouping highly reciprocally correlated characters, and possess-
ing maximum capacity, so that no independent pleiads were distinguished 
here at all. The Pomeranian and Kujawy populations are distiguished by 
the presence of four independent pleiads formed by MxTRL, MdTRL, IC 
and BcC. The pleiad of related characters in the Kujawy population has, 
however, a smaller number of reciprocal connections than is the case 
with Pomeranian and Czech muskrats (Fig. 5). Muskrats from the Biały- 
stok population, on the other hand, have three separate pleiads of highly 
correlated characters, the first of which takes in CbL, DL and BcL, the 
second — BcB and MdWt, and the third — MxTRL and MdTRL. Inde-
pendent pleiads are formed here by the remaining 5 characters. Białystok  
muskrats in age class III thus differ considerably from the remainder 
(Fig. 5). 

Muskrats in age class IV are also differentiated in respect of the degree 
of interrelation between craniometric characters. The Czech population is 
characterized by a pleiad of 5 characters, reciprocally highly correlated 
(CbL, DL, ZyB, BcH and BcL). The remaining 7 characters are inde-
pendent pleiads. Pomeranian muskrats have an exceptionally small pleiad 
of three dependent characters (CbL, DL and BcL), while the 9 remaining 
characters form independent pleiads (Fig. 5). The Kujawy and Białystok  
muskrats in age class IV, on the other hand, differ far more from the 
first populations. Muskrats from the Kujawy region are distinguished by 
the presence of a greatly extended pleiad of characters highly correlated 
with each other grouping the majority of the characters. In this case 
independent pleiads are formed by 3 characters only (MxTRL, MdTRL 
and IC). In the Białystok population the number of independent pleiads 
includes not only all the above mentioned characters but also BcC. Both 
the Kujawy and Białystok population, despite their apparent similarity, 
differ from each other in respect of the number of connections within the 
related pleiads. In the case of the Kujawy muskrats the group CbL, DL, 
BcC and MdWt can be considered as the »core« of the dependent pleiad, 
whereas in the analogical pleiad for the Białystok muskrats it is the 
group — BcB, ZyB, RB, BcH and BcL which occupies first place (Fig. 5). 

It can be seen from the data given that interpopulation differentiation 
in the muskrat applies not only to absolute values of measurements, but 
also of indices and degree of correlation of the various dimensions of the 
skull. 

Examination was next made of the significance of differences between 
correlation coefficients of the corresponding pairs of craniometric cha-
racters in these animals from different populations in comparable age 
groups. To start with the matrix of average values of correlation coef-
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ficients was obtained and its homogeneity tested by means of the chi-
-square test. Table 6 contains a list of statistically significant differences 
throughout the four age groups in 16 cases out of 66. In turn examination 
was made of interpopulation differentiation of these 16 correlation coef-
ficients within the various age classes, when it was found (Table 6) that 
there are 4 significant differences in age class I connected with a differ-
ent relation — BcC and CbL, DL and ZyB, and also MdTRL and MdWt. 

Table 6 

List of statistically significant differences (P=0.05 (*), P=0.01 (**)) of the correla-
tion coefficients tor craniological characters of muskrats from different populations. 
Statistically significant differences through all age groups have been given, as the 
result of testing the homogeneity of average matrices for correlation coefficients by 

means of test x2-

Cb length 1 # » * • **i * 

Diastema length 2 * ** **1>4 

Maxillary tooth-row 
length 3 

Mandibular tooth-row 
length 4 

**1 * 

Brain-case breadth 5 * * * 

Zygomatic breadth 6 * 

* »3 

** 

Interorbital 
constriction 7 

Rostrum breadth 8 

Brain-case height 9 

Brain-case length 10 * 

Brain-case capacity 11 

Mandible weight 12 

Differences between populations have been indicated; 3. 4 indicate I, III, and IV 
age classes, respectively. 

No statistically significant differences were found in age class II. In age 
class III and IV it was found respectively that only the relation ZyB and 
MdWt and DL and BcC differ significantly. 

It may therefore be said that in general the correlation structures of 
skull measurements in the muskrat are distinguished by a small number 
of statistically significant population differences between given pairs of 
correlation coefficients. This does not, however, mean that in 100% of 
cases there are no real interpopulation differences in correlation struc-
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tures. It is possible that they were not made clearer in the present study 
only on account of the numbers in the various groups being too small. It 
is worth mentioning here that the method used for comparing correlations 
is more »sensitive« to differences between high than low correlations, 
due to the fact that the error of the calculated correlation is significantly 
dependent on the correlation itself (in particular when r — 1, the error is 
zero and a correlation of this kind always differs significantly from 
others). 

3.2.4. Interpopulation Differences in Statistical Distances 

Statistical distances were calculated in relation to 12 skull dimensions 
for muskrats in age class IV from four populations analysing them in 
units of standard deviation. 

The greatest differences in skull size were found between the Czech 
and Kujawy populations (47.53). Twice smaller differences appeared when 
the Kujawy population was compared with the Białystok one (18.75). The 
following populations differed from each other to a very similar degree: 
Kujawy and Pomeranian (11.29) and Czech and Pomeranian (12.48). The 
Czech and Białystok populations were divided by a distance of 6.57, while 
the skulls of muskrats from Pomerania and the Białystok region are 
almost identical in size (0.94). In respect of distance in shape the greatest 
interpopulation differences of similar order were found between the 
Czech and Kujawy populations (49.23), and between the Czech and Bia- 
łystok populations (50.22). A slightly smaller difference was found be-
tween Czech and Pomeranian populations (38.97). Differences of similar 
size occurred between the Kujawy and Pomeranian populations (9.65),  
and also between the Pomeranian and Białystok populations (11.69). The 
smallest differences in shape of skull were found between the Kujawy  
and Białystok populations (4.92). 

Although when using the method of distances in size and shape the 
results obtained are slightly different from those when using variance 
analysis and differences in matrix of correlation, the difference of the 
Czech population from the others would appear to be fully proved. The 
use of the statistical distance method made it possible to highlight inter-
population differences and to define their extent in the case of apparently 
uniform muskrat skull material from Poland. 

3.3. General Craniological Characteristic of Central European Muskrats 

Taking as a starting point the assumption that Polish populations of 
muskrats probably originated from the Czech populations, despite the 
interpopulation differences shown above it was decided to make a general 
craniological characteristic of the Central European muskrat. By omitting 
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division into populations a larger amount of material was obtained in the 
different age classes (cf. Table 1). 

Analysis was first made of the rate of increase in dimensions and 
changes with age in skull indices. Table 2 shows that DL, RB and MdWt 
change most intensively with age in the muskrat, increases being re-
spectively of the order of 18 and 46%. MxTRL and MdTRL change only 
to a minimum extent with age (2—4%), and also IC, which even de-
creases slightly in the older animals. Decrease in IC is probably connected 
with the formation with age of a crest on the frontal bone in these 

Fig. 6. Age variations in capacity of brain-case (BcC) in the Central European 
muskrat. I—IV age classes. 

animals. The values of the other skull measurements exhibit slight in-
creases (11—14%), except for ZyB, for which increase exceeds 16%. 
Dimensions BcL, BcH and BcC change with age in a very even, although 
not so marked, way (11—12%), while greater increases (14%) are found 
in BcB due chiefly to the development of a bony crest on sutura lamb-
doidea, formed partly by squama temporalis. 

The majority of the skull dimensions in the muskrat thus increase 
during the first year of life (Table 2), although certain dimensions of the 
viscerocranium, such as e.g., MdWt, DL and RB are distinguished by 



484 A. L. Ruprecht 



Craniometric variations of Ondatra zibethica 485^ 

Fig. 7. Age variations in skull indices of Central European muskrat. 
I—IV age classes. 
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continuous increase whereas the dimensions of the neurocranium are 
fairly rapidly attained (Fig. 6). This property is in fact found not only 
in the muskrat, but in other species of rodents also. 

Indirect proofs which, however, clearly point to the absence of greater 
changes with the age in the proportions of the skull in the muskrat are 
provided by the calculated indices expressing the reciprocal relation of 
its various dimensions to CbL (Table 2 and Fig. 7). 

Taking the order of value of variation coefficients as a basis (cf. Table 
4) three types of indices can be distinguished here: very variable in the 

Fig. 8. Correlation matrix of skull dimensions in the Central 
The extreme value of significance of correlation coefficient for successive age 

sense of ranges and age differences, stable and those exhibiting inter-
mediate C. v. values. The first group includes indices expressing the ratio 
in percentages of BcH to MdWt and IC to CbL (Fig. 7.1 and 7.2). In both 
cases, and particularly in the first, we have to do with considerable de-
creases in average values and ranges of variation of the index with the 
animals' age. This is due to the relatively small increases in BcH and 
considerable increases in MdWt (cf. Table 2). 
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Index BcB to CbL (Fig. 7.3) is exceptionally stable. It has the lowest 
coefficient of variation (Table 4) and almost unchanging ranges in the 
various age groups. 

The other indices belong to averagely variable (their C. v. fluctuates in 
age class IV from 1 to about 4°/o). The ranges of their variation for the 
different age classes do not differ basically (Fig. 7.4—7.8), for instance 
distributions of variation for index ZyB to CbL (Fig. 7.8) differ only 
slightly and the age of the animals cannot be judged from them. Both 

European muskrat from the age aspect. I—IV age classes, 
classes, with P0.05 level, is given on the left side of each diagram. 

ZyB and CbL increase evenly with the animals' age. It would therefore 
appear that the importance of ZyB has hitherto been overestimated as 
a character assisting in identifying the age of muskrats. A low taxonomic 
value is a character common to all quotient indices calculated in the 
present study. The linking of curves of distributions of variation for the 
different indices in different age classes is evidence of the early forma-
tion of the skull in the muskrat and the relatively slow increase in its 
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dimensions over the age of 3 months. It would therefore appear that skull 
:ndices based on any skull dimension characters of the muskrat are of no 
diagnostic value when identifying the age of older animals. 

Age changes accompanying the process of growth of the skull in these 
animals is, however, very clearly evident in the qualitative differentiation 
of correlation structures corresponding to age classes. 

The matrix of correlations for skull dimensions of muskrats in age 
class I is distinguished by a large number of high values for correlation 

8 . . 3 

r > 0.287 

Fig. 8. Continued. 

coefficients. The majority of the measurement characters of the skull are 
reciprocally very closely connected, forming a compact block, with the 
sole exception of IC (Fig. 8.1). This also becomes clearly marked on that 
part of the curve corresponding in this age class to intrapleiad connections 
(Fig. 9). In the youngest animals we have to do with one, exceptionally 
widely extended pleiad of higherly correlated characters and with one 
independent pleiad — IC (Fig. 10). In addition CbL is a central character 
grouping 5 characters in a radiating pattern round it (Fig. 11). The high 
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correlation of skull dimensions in age class I can be explained by the fact 
that growth in the various parts of the skull takes place synchronously 
without causing any great changes in reciprocal proportions. The majority 
of the characters are thus distinguished by isometric increase. 

In age class II there is a clearly visible change in reciprocal relations 
between the various dimensions of the muskrat's skull. This is expressed 
in reduction in the number of high coefficients of correlation in favour 
of increase in medium and low coefficients. A high degree of correlation 

8.4 

0.205 

Fig. 8. Continued. 

in muskrats in age class II is exhibited only by CbL, DL and BcL and 
ZyB and BcB (Fig. 8.2). The peak of the curve corresponding to intra-
pleiad connections has clearly shifted in the direction of lower values of 
correlation coefficients (Fig. 9). In addition a certain »thinning« of a cor-
relation relationships of craniometric characters can be observed on the 
correlation circle. The pleiad of strongly correlated characters decreases 
in capacity, taking in only 6 of them in its scope. This is accompanied by 
the formation of 6 independent pleiads (Fig. 10). The sequence of cor-



Fig. 10. Age variations in correlation structures of skull dimensions in the Central 
European muskrat presented in correlation circles with increasing levels of cor-
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delation of the characters. Dotted line indicates correlation coefficients not significant 
when P0-o5- Symbols as for Fig. 5. 
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relation coefficients round CbL continues to be distinguished in this 
age class by a radiating pattern, except that BcL forms, as it were, 
a second centre of relation (Fig. 11). The decrease in correlation of cha-
racters in age class II would appear to be directly connected with the 
more rapid increase in certain skull measurements, while the rate of 
growth of others slows down. We thus have to do with allometric growth 
involving a change in proportions. 

Muskrats in age class III exhibit a renewed increase in the correlation 
of skull dimensions, expressed in the existence of a large number of 
high degrees of relation — MdWt, DL and CbL with the other skull mea-

Fig. 9. Frequency of 66 correlation coefficients for skull dimensions in the Central 
European muskrat from the age aspect. Age classes I—IV. 

surements. In addition RB, BcB and ZyB are highly correlated with the 
remainder of the craniometric characters (Fig. 8.3). The peak of the curve 
corresponding to intrapleiad connections has clearly shifted in the direc-
tion of high values of correlation coefficients (Fig. 9). A greater scope and 
degree of reciprocal connection of the pleiad of related characters can be 
seen on the correlation circle, at the expense of a decrease in the number 
of independent pleiads, which in this case apply to 4 characters only 
(Fig. 10). The correlation structure of skulls in muskrats in age class III 
is distinguished by disappearance of the radiating pattern in the order of 
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sequences of correlation coefficients. Although CbL continues to be a cen-
tral character, it groups only 4 components round it (Fig. 11). The rise in 
correlation of the characters of muskrat skulls in age class III indicates 
that there is a renewed and synchronous increase in its various parts. 

Muskrats in age class IV, that is, animals over one year old, and older 
animals, are distinguished by a correlation structure of the skull exhibiting 
renewed reduction in the correlation of characters. The maximum degree 
of correlation with the remaining skull dimensions in the oldest animals 
is exhibited by: MdWt, DL and CbL. Similarly, but to a lesser degree, RB 
ZyB and also BcB and BcH are still correlated with the other characters 
(Fig. 8.4). The peak of the curve corresponding to intrapleiad connections 

I II 

Fig. 11. Age variation in correlation structures of skull dimensions in the Central 
European muskrat, presented in the form of chains, after V y h a n d u (1964). Sym-

bols as for Fig. 5. 

has shifted in the direction of low values of correlation coefficients 
(Fig. 9). A pleiad of related characters of exceptionally small scope, taking 
only four characters (CbL, DL, BcL and MdWt) can be seen on the cor-
relation circle corresponding to muskrats in age class IV. The other cra-
niometric characters form independent pleiad (Fig. 10). In the oldest 
muskrats, in comparison with age class I there is considerable increase in 
the number of independent pleiads, resulting in decrease in the capacity 
of the pleiad of related characters, whereas the reverse situation is found 
in age class I. In age class IV disappearance of characters grouped round 
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CbL continues and MdWt becomes the second central character (Fig. 11). 
A change in the relations between skull measurements in the oldest 
animals shows that in the case of the muskrat the skull exhibits a con-
stant, although slow growth, particularly clearly marked in MdWt and 
CbL (Table 2). 

Age differentiation in the correlation structures of skull measurements 
in the muskrat has also been confirmed by the existence of a certain 
number of statistically significant differences between corresponding 
pairs of correlation coefficients compared through all age groups (Table 
7). No significant differences were observed only in the degree of cor-

Table 7 

List of statistically significant differences (P=0.05 (*), P=0.01 (*•)) of correlation 
coefficients for craniological characters of muskrats in different age groups. Differ-
ences have been given which proved to be statistically significant when tested for 
homogeneity of average matrices for correlation coefficients for the various age groups 

(jointly for all populations) by means of test %2. 

Cb length 1 * ** #* ** *« 

Diastema length 2 • ** ** ** 

Maxillary tooth-row length 3 » » « » » * 

Mandibular tooth-row length 4 » *« » »* * ** * 

Brain-case breadth 5 ** * * ** 

Zygomatic breadth 6 

Interorbital constriction 7 

Rostrum breadth 8 * ** 

Brain-case height 9 •* *» « 

Brain-case length 10 " * 

Brain-case capacity 11 ** 

Mandible weight 12 

relation of IC with the other characters of the skull. Only three significant 
differences were found in the correlation of RB with MdTRL and BcH 
and with BcC. The degree of correlation of the other craniometric 
characters in the muskrat in the age aspect were more or less signific-
antly differentiated (Table 7). 

To sum up it may be said that differentiation in the correlation struc-
tures of skull dimensions in the muskrat from both the age and popula-
tion aspects is manifested in the following forms: 
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1. In the different pattern of curves for correlation connections (Fig. 4 
and 9); 

2. In the different order in which characters leave the pleiad as the 
level of their relation rises and in the consequent different number of 
related and independent pleiads, and also their qualitative composition 
(Fig. 5 and 10); 

3. In the different order of distribution of relations of characters in 
the form of a chain (Fig. 11); 

4. In statistically significant differences between coefficients of cor-
relation (Table 6 and 7). 

4. DISCUSSION 

4.1. Influence of Seasonal Generations and Sex Dimorphism on Body Size 

At least two kinds of factors — differences between generations and 
differences connected with sex dimorphism — may affect the dimensions 
of animals forming a given age class within a given population. 

The influence of the generation is particularly clearly evident in the 
morphological differentiation of the spring and autumn generations in 
Micromammalia ( A d a m c z e w s k a , 1959; A d a m c z e w s k a - A n -
d r z e j e w s k a , 1971; H a i 11 i n g e r, 1962,1965; S c h w a r z et al., 
1964; K u b i k , 1965; Z e j d a, 1971 and others). This phenomenon has 
also been observed in amphibious rodents. P a n t e l e y e v & T e r e h i -
n a (1968) found this in Arvicola terrestris ( L i n n a e u s , 1758) and, inter 
alia, S m i r n o v & S c h w a r z (1959) and P e t r o v (1967) in the musk-
rat. 

It is difficult to give an exact reply to the question as to what extent 
these factors may affect skull size in the muskrat. The results of studies 
on captive individuals of Microtus gregalis P a l l a s , 1779, showed that 
differences in body and skull proportions occurred between animals of 
uniform size but born at different times of the year ( S c h w a r z , 1959). 
It is known that the relation between skull size and body length is to 
a very great degree directly proportional in the aquatic-terrestrial forms 
of rodents. Its value expressed in correlation coefficient is r = 0.82 
( G o u l d & K r e e g e r , 1948) in the muskrat and r = 0.95 in Arvicola 
terrestris ( K u b i k , 1957). This would point to the possibility of the 
body dimensions of these animals being directly conditioned by habitat 
influences, which are also evident in skull size. 

In W a s i l e w s k i ' s opinion (1960) the skull is less plastic than the 
internal organs and its dimensions may be affected by conditions acting 
chiefly during the period of juvenile development and for a relatively 
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short time. It may therefore be considered that if there is in fact a ge-
neration influence on the muskrat's skull dimensions, it is probably not 
so strongly marked under the conditions of a temperate climate. It may 
also be partially effaced by heterogeneity of the material composing the 
given age class. Generally speaking the variations in craniometric charac-
ters (C. v.) in our material are slight, which justifies the conclusion that 
it is fairly homogeneous. 

Sex dimorphism in the muskrat's skull measurements is only faintly 
marked. In the first two age classes no differences at all were found in 
skull size between males and females, and in the case of adolescent and 
fullygrown muskrats in age groups III and IV only the average values 
of certain of the skull measurements were significantly higher in males. 

Author's opinions are divided on the subject of sex dimorphism in the 
muskrat's skull dimensions. G o u l d & K r e e g e r (1948), who examined 
numerous series of muskrats in Louisiana, found slight but statistically 
significant differences in the larger skull dimensions of males. Similarly 
S a t h e r (1956) found higher average values for male skull dimensions. 
P i e t s c h (1970), on the other hand, did not find dimorphic differences 
in skull measurements of muskrats from either North America or Europe. 
Neither L a v r o v (1953) nor C y g a n k o v (1955) refer to sex differences 
in the muskrat's skull measurements. 

It is likely that the degree of differentiation in skull dimensions dep-
ending on sex changes with age in the muskrat. Increase in the number 
of differences between the sexes depending on age is also known to occur 
in the skull of Apodemus flavicollis (M e 1 c h i o r, 1834) — A d a m -
c z e w s k a (1959), whereas in the case of Citellus suslicus ( G u e l d e n -
s t a e d t , 1770) sex dimorphism in skull dimensions is evident from an 
early age onwards (S u r d a c k i, 1958). 

The muskrat's skull is thus distinguished by a slight degree of dif-
ferentiation in dimensions depending on sex, and this degree depends to 
a great extent on the quality of the given sample. This is most certainly 
a characteristic feature of all voles, in some of which no dimorphic dif-
ferences are found in skull dimensions (W a s i 1 e w s k i, 1956a, b; G $ b -
c z y n s k a , 1964, 1967). 

4.2. Growth Rate of the Skull in Muskrats and Other Species 

Differences in the size and duration of the life span in different species 
of rodents, and also different ways of classification according to age, make 
it impossible to carry out exact comparisons of changes in their skulls 
with growth. 

A character which alters very intensively with age in the muskrat is 
MdWt, in which there is a 46% increase in age class IV. This is confirmed 
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bv earlier data, which show that in the muskrat the skull increases its 
mass with age ( G o u l d & K r e e g e r , 1948) and its bones gradually 
thicken (C y g a n k o v, 1955). 

Characters exhibiting less intensive age increase are for instance DL 
and RB (18%), and then in turn ZyB (16%) and BcB, and also CbL (14%). 
The dimensions of the brain-case of the muskrat increase in a very similar 
and even manner (11%). A feature which they have in common is the 
small range of variation and continuous way in which this process takes 
place. Of the four dimensions of the brain-case it is only BcB which is 
distinguished by the greatest increases, which to a great degree is 
dependent on development of the bony crest on sutura lambdoidea. The 
formation of angularities on the skull with age is known to occur in other 
species of voles also (W a s i 1 e w s k i, 1956a, b; G q b c z y n s k a , 1964, 
1967). In the muskrat BcC increases successively as the animals age, and 
a similar tendency to increase as the muskrat ages is observed in the 
weight of the brain (R e j m o v, 1966). The minimal range of variations 
in Hrdli£ka-Ko5ka's index would also appear to point to the considerable 
stability of brain-case dimensions in the muskrat (Fig. 7.4), although this 
index in Soricidae was subject to considerable seasonal fluctuations in 
connection with flattening of the brain-case in these mammals during the 
autumn-winter period (P u c e k, 1963). The slight flattening of the skull 
in rodents with age, which is particularly clearly marked in Pitymys sub-
terraneus (de S e l y s L o n g c h a m p s , 1835) — W a s i l e w s k i (1960), 
does not occur in the muskrat. 

The other skull dimensions in the muskrat change very slightly with 
age, within limits of 2—4%, this applying to both MxTRL and MdTRL. 
Age changes in length of tooth rows, which in the muskrat are minimal, 
are more distinct in mice of the subgenus Sylvaemus O g n e v & V o r o -
b i e v, 1923, in which it is even possible to observe a tendency to decrease 
in their length with age ( H a i t l i n g e r & R u p r e c h t , 1967; H a i t -
l i n g e r , 1969). The skulls of representatives of Lagomorpha, on the other 
hand, are distinguished by considerable increases with age in the tooth 
rows (E m p e 1, 1957; C a b o r i - R a c z y n s k a , 1964b). The small changes 
taking place in IC, which decreases with age in the muskrat, are con-
firmed by the earlier data given by C y g a n k o v (1955). This character 
is also proper to the skull of other species of rodents, both Muridae 
( A d a m c z e w s k a , 1959; D y n o w s k i , 1963; H a i t l i n g e r , 1962, 
1969) and Microtidae ( W a s i l e w s k i , 1952, 1956a, b; G ^ b c z y n s k a , 
1964, 1967; H a i t l i n g e r , 1965). 

The variations within C. v. found for the majority of the craniometric 
dimensions in the muskrat are similar to those observed earlier in other 
species of mammals (Y a b 1 o k o v, 1966). A character of the skull in the 
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youngest animals are the relatively high values of the coefficient of 
variation, which decreases with age. High C. v. values characterizing skull 
dimensions in the youngest animals should, in Yablokov's opinion, be ex-
plained as due to lack of uniformity in conditions for growth and develop-
ment of the various individuals composing this age class. 

According to C y g a n k o v (1955) the basic growth in the majority of 
skull measurements in the muskrat ends when the animal reaches the 
age of 18 months. S m i r n o v & S c h w a r z (1959) and also P e t r o v 
(1967) consider that young muskrats cease growing in the second year of 
life. It would therefore appear justifiable in our case to accept a similar 
age, or even slightly younger, as the lower limit for age class IV. Re-
gardless of the above finding, the assumption put forward by G o u 1 d & 
K r e e g e r (1948) that the muskrat's skull, like that of other species of 
rodents (cf. also S e r a f i n s k i , 1955) is distinguished by age changes, 
certain of which would appear to be continuous, would appear to be cor-
rect. The results of studies made on captive voles show that the period of 
intensive increase in skull measurements in Microtus agrestis ( L i n n a -
e u s , 1761) lasts from 9—10 months, and in Lagurus lagurus ( P a l l a s , 
1773) up to 8 months. Certain skull dimensions in these voles, such as 
CbL and ZyB, however, increase throughout the animal's life (G ^ b-
c z y n s k a , 1964, 1967). 

The general pattern of age changes in voles' skulls is similar to that in 
Dipodidae and Muridae. The slight age differentiation in average values 
for CbL and absence of age changes in ZyB and dimensions of the brain-
-case have been found both in Sicista betulina ( P a l l a s , 1778) and in 
Micromys minutus ( P a l l a s , 1778) — K u b i k (1952a, b). This shows 
that the basic growth of the skull in these animals takes place rapidly 
within a relatively short time. 

To sum up it may be said that changes with age in the skull of repre-
sentatives of both Lagomorpha and Rodentia are similar in general out-
lines, and correspond to the pattern given for the skull of voles ( V i n o -
g r a d o v , 1921), according to which in voles the skull, during the process 
of ontogenetic development, exhibits only slight changes in the dimens-
ions connected with growth of the brain, while dimensions depending on 
growth of the viscerocranium are subject to greater changes. 

4.3. Age Differentiation in Correlation Structures of Skull Measurements 

In discussions on age changes which accompany the process of formation 
of the skull in the ontogenesis of the given species, it is difficult to omit 
the question of their possible effect on the correlation structure of the 
skull. From earlier publications by other authors ( C a b o r i - R a c z y n -



Craniometric variations of Ondatra zibethica 499^ 

s k a , 1964a; G e r a s i m o v , 1969), and the results presented above it can 
be seen that a high degree of correlation of skull dimensions occurs in 
young animals, but this decreases considerably in older individuals. C a -
b o n - R a c z y n s k a (1964a) considers that significantly high coefficients 
of correlation in the group of young hares can be explained by the fact 
that the various dimensions of their skulls are subject to a process of 
intensive growth to a uniform degree during this period. Reduction in 
correlation coefficients when the skull has taken shape in older animals 
n a y be due to inhibition of growth of certain elements of the skull with 
simultaneous continued increase in others. 

In the case of the muskrat we have to do with a certain cyclic 
character of age changes taking place in the skull. Even increase in the 
majority of skull dimensions takes place in age classes I and III, whereas 
there appears to be disturbance of synchronized increase in classes II and 
IV, which is also evident in the reduction in strength of correlation con-
nections. 

A check was made to see whether this phenomenon is connected with 
differences in the growth rate of seasonal generations, such as are known 
to occur in other rodents ( A d a m c z e w s k a , 1959; S c h w a r z et al., 
1964; A d a m c z e w s k a - A n d r z e j e w s k a , 1971; Z e j d a, 1971 and 
others). Muskrats in age class II (92°/o of all individuals) were obtained 
during the period from September to December, and were thus animals 
from the early spring litters. Muskrats from age class III, on the other 
hand (79% of all individuals) were obtained during the period from April 
to May, and were thus animals from 9—12 months old and originated 
from the spring-summer period, that is, from a similar period to that of 
muskrats from age class II. It would therefore be difficult to connect 
changes in correlation structures of skull measurements, which are the 
expression of differences in rate of growth of the various dimensions, with 
the period in which the animals were born. 

4.4. Interpopulation Differentiation 

The most comprehensive possible analysis of the degree of differentia-
tion in the muskrat's skull shows that there are certain differences which 
can be connected with the place of origin of the given animals. The great-
est differences were found when comparing populations from Czechoslo-
vakia and Pomerania. In addition to the smaller skull dimensions gener-
ally characteristic of Czech muskrats over the range of all age classes, 
a character differentiating them from the other Polish populations was 
also formed by its different proportions evident as from age class III. The 
number of interpopulation differences was in direct proportion to the 
animals' age and applied, in addition to differences in dimensions and 
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proportions of the skull, also to differences in correlation structures and 
statistical distances — shape and size. 

The range of the differences found was similar to e.g. interspecies dif-
ferences in correlation structures of the skull dimensions of 6 species of 
voles of the genus Microtus (K a n e p, 1967) or of two species of hedge-
hogs of the genus Erinaceus ( R u p r e c h t , 1972). 

Thus the differentiation found in skull sizes and proportions in musk-
rats applies to a great extent to differences between the Czech and Polish 

Table 8 

Ranges of variations in skull and body dimensions of 
muskrats in age class IV from Poland (Skull dimens-
ions — given jointly for the Kujawy, Pomeranian and 
Białystok populations. Body measurements — for the 
Kujawy and Białystok populations jointly). Average 
values of dimensions for the various populations are 

given in Table 4. 

Measurements n Min. — Max. 

Cb length 91 58.2 — 68.8 
Diastema length 102 19.6 — 26.2 
Maxillary tooth-row length 105 14.0 — 17.2 
Mandibular tooth-row length 107 13.8 — 16.7 
Brain-case breadth 95 23.8 — 30.3 
Zygomatic breadth 95 33.6 — 42.9 
Interorbital constriction 105 5.4 — 7.4 
Rostrum breadth 97 11.9 — 15.5 
Brain-case height 95 16.0 — 19.5 
Brain-case length 94 34.7 — 40.0 
Brain-case capacity 88 4.0 — 5.8 
Mandible weight 95 3.70 — 6.90 
Body length 42 270.0 — 346.0 
Tail length 41 208.0 — 280.0 
Hind foot 42 55.0 — 74.0 
Ear 25 20.0 — 27.4 
Body weight 25 750.0 —1450.0 

populations, and tend in a definite direction. The size of skulls increases 
from south to north. G o u l d & K r e e g e r (1948) reached similar results 
in their studies on the muskrat from Louisiana, revealing the existence 
of changes with direction, expressed in increase in absolute skull dimens-
ions from east to west. These authors assume that the differences they 
found may be due to habitat differences connected with changes occurr-
ing in the degree of salinity of marshes, relative abundance and kind of 
food and number of predators. 

Skull dimensions in both Czech and Polish muskrats are clearly smaller 
than those of North American individuals in respect of both average 
values and ranges of variation (Table 4 and 8). Our results also provide 
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confirmation for M ii 11 er ' s earlier data (1952/53) relating to comparative 
studies on skull size in muskrats from Germany and North America. 

The results given b y P e t r o v & K r a s n i k o v a (1970) also point to 
the existence of population differences in this species, as they show that 
body weights and skull dimensions of this species from the central regions 
of the Soviet Union are distinguished by maximum values, whereas skull 
dimensions decrease in northern and southern regions. The differences 
evident in the case of skull proportions also, consisting inter alia in re-
duction in the index of diastema length and increase in index of rostrum 
breadth from south to north, is caused in P e t r o v & K r a s n i k o v a ' s 
opinion by increasing length of the period during which the muskrat lives 
under ice. Taking the degree of differences found between populations it 
is now possible to distinguish three forms of muskrat in the Soviet Union: 
subarctic, central and southern. 

The results of craniometric studies presented here show that the musk-
rat's skull is subject to considerable changes over the current geogra-
phical range of this species. Authors of various studies most often limit 
themselves to establishing the presence of certain differences, without 
attempting to explain their possible genesis. Unfortunately in the majority 
of cases there were no complex ecological studies aimed at tracing the 
possibility of individual and joint influence of various habitat factors on 
the animal's organism and linking them with the results of morphological 
studies. 

When attempting to interpret these differences it is necessary to take 
into consideration the degree of isolation of a given population, the food 
resources of the habitat and the effect of climatic factors and of vertical 
distribution. The small dimensions and different proportions of the skull 
in muskrats from the Central Bohemian Highland region are accompanied 
by the highland character of the area and the poor habitat from the food 
aspect. This population has remained, in relation to Polish muskrats, 
under the influence of some degree of isolation and in comparison with 
the latter exhibit greater morphological differences. Muskrats from low-
land areas, living in the fertile valley and the estuary of the Vistula, are 
larger. These two populations are less isolated and consequently exhibit 
smaller reciprocal differentiation. The more isolated Białystok popula-
tion living, in comparison with the remainder, under conditions of far 
longer winters, is accompanied by a greater number of differences in 
skull proportions and increased rostral breadth. 

Differences between populations from Czechoslovakia and Pomerania  
are also evidenced in the greater percentages of increases in the skull 
dimensions of the latter population. Our results thus confirm the data 
given earlier by P e t r o v (1967, 1969) and P e t r o v & K r a s n i k o v a 
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(1970), who found that the rate of growth in young muskrats increases 
from south to north. 

P i e t s c h (1970) considers that climate may be a decisive selective 
factor in the directional changes in the muskrat's skull size, but the 
trends observed do not follow Bergmann's rule. 

C e r e v i t i n o v (1970) is of the opinion that both temperature and 
food are factors affecting variations in body dimensions in introduced 
species during their adaptation to new conditions. Studies on the muskrat 
in different parts of the Soviet Union have shown that this animal 
attains maximum body dimensions in zones where the average January 
temperature is from —18° to —19°C. In very cold and in warm regions 
the muskrat's body size decreases, in accordance with what is known as 
Terentjev's optimum rule. The temperature factor may thus play a part 
in extensive regions with a wide variety of climatic conditions. 

In discussions on the possible effect of ecological conditions on morpho-
logical variations in the muskrat landscape variation also deserves men-
tion. According to P a n t e l e y e v (1968) »landscape variation is a par-
ticular form of variations in animals in space, manifested typologically 
in different landscape populations during the process of adaptation to 
a similar habitat«. A »landscape population« thus reflects its typological 
adaptations to the complex of similar conditions occurring both in dif-
ferent geographical regions and also in parts of the same region. The body 
size of different populations of A. terrestris is connected, according to 
P a n t e l e y e v (1968), with the different degree of their connection 
with a water habitat. The greater the degree of this connection, the 
greater the animal's dimensions and vice versa. 

It would appear that similarity of habitat conditions may be the reason 
why slight interpopulation differences occur. In our case this certainly 
applied in the two Vistula populations of muskrats from the Kujawy and 
Pomeranian regions. The other two populations — Czech and Białystok —  
came from more differentiated habitats, which was simultaneously ma-
nifested in their greater morphological differences. 

It is difficult, on the other hand, to look for the genesis of differences 
in skull size of muskrats from the various populations, in our case, in the 
different degree to which water plays a part in the habitats in which 
they live. The muskrat is an animal sufficiently closely connected with 
a water habitat for this connection to limit the range of its occurrence. 

To sum up it may be said that the morphological differences shown 
above in the skull of muskrats from different populations depend to 
a great degree on the complex effect of habitat factors, the degree of dif-
ferentiation of the habitat and its isolation. The length of time which 
elapsed from the moment of the muskrat's original introduction to the 
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time these rodents made their appearance in a new habitat may also be 
of some significance here. The increasing number of differences found in 
our studies with increasing distance from the initial population and in-
vasion of new areas would appear to be primarily due to adaptational 
changes. 
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Andrzej L. RUPRECHT 

ZMIENNOŚĆ KRANIOMETRYCZNA ŚRODKOWOEUROPEJSKICH POPULACJI 
ONDATRA ZIBETHICA (L I N N A E U S, 1766) 

Streszczenie 

Na kolekcjach czaszek piżmaków, O. zibethica z czterech środkowoeuropejskich 
populacji (n = 352) zbadano wpływ dymorfizmu płciowego i miejsca pochodzenia 
zwierząt na wymiary (Ryc. 1) i proporcje czaszki. Badano także związki korela-
cyjne wymiarów czaszki w aspekcie wiekowym i populacyjnym. Jako miarę zróżni-
cowań populacyjnych przyjęto odległość statystyczną — kształtu i wielkości, wyra-
żoną w jednostkach odchylenia standardowego badanych cech. 

Czaszka piżmaka odznacza się niewielkim zróżnicowaniem wymiarów związanym 
z dymorfizmem płciowym, zwiększającym się z wiekiem zwierząt. Średnie wartości 
pomiarów absolutnych samców były istotnie większe tylko w 8 przypadkach na 48, 
zaś średnie wskaźników czaszkowych były w 3 na 32 istotnie wyższe u samic. Z wy-
jątkiem jednego indeksu wykazane różnice nie były wysoko statystycznie istotne 
(0.05 > P > 0.01). 

Piżmaki pochodzące z trzech polskich populacji różnią się w porównaniu ze zwie-
rzętami z Czech środkowych istotnie większymi rozmiarami (Ryc. 2), intensywniej-
szym tempem wzrostu (Ryc. 3) i wynikającymi stąd odmiennymi proporcjami czasz-
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ki. Stwierdzono także odrębności w strukturach korelacyjnych wymiarów czaszki 
u zwierząt pochodzących z różnych populacji (Ryc. 4 i 5), jak i zróżnicowania w od-
ległościach statystycznych. Liczba stwierdzonych różnic rośnie z wiekiem zwierząt 
i w miarę przestrzennego i czasowego oddalenia od populacji z Czech — najbliższej 
miejsca pierwotnej introdukcji piżmaka w Europie (Tabela 4, 5 i 6). 

Zmiany wiekowe przejawiają się w stosunkowo niewielkich przyrostach w obrę-
bie mózgoczaszki (Ryc. 6, Tabela 2) i znacznie silniej w trzewioczaszce. 

Intensywny wzrost większości wymiarów czaszki kończy się w drugim roku ka-
lendarzowym życia zwierząt, z tym jednak że pewne z nich, takie jak: ciężar żuch-
wy, długość diastemy, Cb oraz szerokość rostrum i jarzmowa odznaczają się jeszcze 
przyrostami w IV klasie wieku. (Tabela 2, Ryc. 7). 

Zróżnicowane tempo wzrostu wymiarów czaszki piżmaka znajduje swe odzwier-
ciedlenie w zmianach współczynnika zmienności (Tabela 4) oraz w strukturach kore-
lacyjnych, odpowiadających grupom wieku. W klasie I i III obserwujemy znacznie 
wyższe współzależności wymiarowe cech niż w II i IV (Ryc. 8, 9, 10 i 11). Świadczy 
to o przemienności okresów bardziej synchronicznego wzrostu czaszki i pewnej jej 
stabilizacji. Synchroniczny wzrost czaszki odpowiadałby wzrostowi izometrycznemu„ 
a okresy stabilizacji odznaczałyby się wzrostem allometrycznym, pociągającym za 
sobą zmiany w proporcjach czaszki. 


