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Abstract

Bohdal T., Navrátil J., Sedláček F.: Small terrestrial mammals living along streams acting as natural 
landscape barriers. Ekológia (Bratislava), Vol. 35, No. 2, p. 191–204, 2016.

Riparian stands along streams are important landscape elements – biocorridors, allowing the 
dispersal of many small terrestrial mammals. Streams are, however, also barriers limiting disper-
sal, which leads to isolation and population-genetic changes. Communities of small terrestrial 
mammals (Eulipotyphla, Rodentia) were studied in 2004 to 2006 on five watercourses of vary-
ing widths in Central European cultural landscape situated in South Bohemia (Czech Republic). 
In total, 547 individuals from 10 species were captured by the Capture-Mark-Recapture method 
(CMR). Yellow-necked mouse (Apodemus flavicollis) and bank voles (Myodes glareolus) were eu-
dominant species at all locations. Species diversity and equitability rose with the degree of the 
barrier – proportional to the width of the stream.
The terrestrial mobility of selected species was also assessed. Apodemus flavicollis indicated overall 
highest values of mobility, and Myodes glareolus males also scored higher values, however, the 
width of the stream did not correlate with mobility in these species. The animals crossed water-
courses on the order of tens of meters wide in the period of 3 months. The frequency of crossing 
of Apodemus flavicollis decreased exponentially with the width of the stream and was dependent 
on population density.
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Introduction

Streams, their banks, littoral vegetation and riparian forest are natural corridors maintain-
ing the biological diversity of the landscape (e.g., Rosenberg et al., 1997; Bennett, 2003). 
In disturbed urban areas and agrocenosis, these corridors constitute suitable habitats for the 
migration and preservation of the metapopulation structure of many species such as small 
mammals (Hirota et al., 2004). Flooding, drought, bank erosion, ice abrasion, sedimentation, 
etc., all influence the dispersal of terrestrial species along watercourses and they help to create 
in this corridor along the river a heterogeneous environment (Forman, Godron, 1993; Jacob, 
2003; Wijnhoven et al., 2005). There is a steep gradient from the water to the terrace. Some 
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species utilize the lower floodplains with higher soil moisture for their migration, while other 
species prefer the higher terraces above the river bank finding the damp environment and 
regular flooding unsuitable (Forman, Godron, 1993; Andersen et al., 2000).

Watercourses can, on the other hand, form natural barriers and isolate or limit the move-
ment of many species of small terrestrial animals (see Bennett, 2003; Kozakiewicz et al., 
2009). The limiting factors of dispersal are always the combination of quantitative (e.g., bar-
rier width) and qualitative (species dependent) aspects of the barrier (Rodriguez et al., 1996). 
Significant constrictions of passage can limit gene flow between local populations, which can 
result, on the one hand, in the reduction of genetic diversity, but can, on the other hand, lead 
to the development of vital metapopulation systems and locally adapted subpopulations (cf. 
Merriam et al., 1989; Aars et al., 1998; Gerlach, Musolf, 2000; Lugon-Moulin, Hausser, 2002; 
Keller, Waller, 2002).

Crossing a wide river or even a small stream can present a number of problems for small 
terrestrial mammals mostly connected with the accumulation of energy for swimming and 
thermoregulation (e.g., Lugon-Moulin, Hausser, 2002). For various small terrestrial mam-
mals, the barrier effect will differ according to their mobility, life history, and habitat spe-
cialization of the species (Wolff, 1999). Therefore we were interested how small terrestrial 
mammals (members of the taxa Rodentia and Eulipotyphla) deal with the presence of a wa-
tercourse located in Central European cultural landscape. We were interested in animals 
living in close proximity to the streams in riparian vegetation, as well as animals living in 
adjacent forest stands, and to study them at the species as well as community level. We ex-
pected that the population of small mammals, living in the riparian vegetation and the adja-
cent forest edge on both banks of the stream would be effected by the degree of the barrier, 
mostly the width of the watercourse, in several ways. Based on data presented in literature, 
we formulated the following working hypotheses:

1.	 Species diversity and equitability in the communities of small terrestrial mammals in 
the segment where we intend to trap them will increase in proportion to the degree of 
the barrier – specifically the width of the watercourse. This hypothesis is based on the 
assumption that the wider the stream the greater the influence on the riparian zone re-
sulting in greater heterogeneity.

2.	 The terrestrial mobility of individual in small terrestrial communities, in the segment 
where they will be trapped, will increase in relationship to the width of the stream. This 
hypothesis is based on the assumption that the individuals living in close proximity to 
the  stream will exhibit locomotion activity  - mobility – directed in parallel direction 
with the stream barrier (extended home range) - the smaller the ability for small terres-
trial animals to cross the watercourse, the greater the locomotion activity.  

3.	 The number of crossings the stream will be inversely proportional to the width of the 
watercourse and directly proportional to the abundance of small terrestrial mammals 
and the level of their terrestrial mobility. This hypothesis is based on two assumptions: 
(i) the flow velocity of the stream crossing will be low  and  approximately the same at all 
the localities, (ii) small terrestrial mammals try to cross the stream as fast and in as short 
(perpendicular to the flow) a distance as possible. 
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This paper is an introduction to zoological-ecological part of the study of river barri-
ers and it will be subsequently followed by a population-genetic study, for  dispersal ability 
and the  crossing of barriers subsequently influences in a basic way  the genetic structure 
and demographic processes in the population (e.g., Gaines, McClenaghan, 1980; Stenseth, 
Lidicker, 1992). The population-genetic analysis of the material which was obtained during 
this introductory study, as was done by Rico et al. (2007b, 2009). This study should explore 
the connection between the discovered diversity parameters, mobility, and barriers on one 
side and population genetic parameters on the other side. The interconnectivity of these ap-
proaches will bring new understanding to this area, since the movement of animals does not 
automatically equate gene flow and gene flow does not automatically let us reconstruct the 
movement of animals along and across barriers.

Material and methods

Site description

The study took place in riparian and adjacent forest habitats along watercourses, situated in South Bohemia (Fig. 1). 
Five stream segments of different widths, but with approximately the same flow velocity of 1 – 2 km/h were selected: 
1) Kozlovský stream (width 3 m; 49˚6’ N, 14˚29’ E); 2) the river Černá (width 13 m; 48˚45’ N, 14˚30’ E); 3) the river 
Malše (width 20 m; 48˚47’ N, 14˚29’ E); 4) the river Lužnice (width 35 m; 49˚23’ N, 14˚34’ E); 5) the river Vltava 
(width 145 m; 49˚08’ N, 14˚27’ E). These localities are located on the middle and lower courses of the watercourses 
surrounded forest stands and of varying degree of fragmentation of the greater surrounding landscape. The riparian 
zones were slightly sloping, mostly covered by vegetation with occasional patches of sand or gravel. 

Tree and shrub layer, consisting mostly of Norway spruce (Picea abies), black alder (Alnus glutinosa), common 
oak (Quercus robur), European beech (Fagus sylvatica), willow (Salix spp.), silver birch (Betula pendula), European 
hazel (Corylus avellana) and black-
berry (Rubus spp.) was present at 
all localities. Riparian habitat in-
cluded characteristic herbaceous 
vegetation with preponderance of 
ribbon-grass (Phalaris  arundina-
cea), quaking grass sedge (Carex 
brizoides), stinging nettle (Urtica 
dioica) and patchy occurrence of 
policeman’s helmet (Impatiens 
glandulifera) and touch-me-not 
(Impatiens noli-tangere).

Trapping and marking of animals

Wooden live traps were used to 
capture small terrestrial mam-
mals. Two 125 m long lines of 
traps at 5 m intervals were placed 
on each bank parallel to the stream 
two transect lines 25 live traps at 
5 m intervals. The first line was 
placed in streamside vegetation, 5 
m from the edge of the water, and 
the second line was located in the 
forest vegetation, 10 m from the 

Fig. 1. The location of trapping localities in the Czech Republic. Enlargement: 1 
– Kozlovský stream; and the rivers: 2 – Černá, 3 – Malše, 4 – Lužnice, 5 – Vltava.
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water. This placement of traps should have trapped animals at the very edge of the habitat next to the water and 
to enable us to calculate the index of animals’ mobility and along the bank (e.g., Rico et al., 2007a,b).  A total of 
hundred traps were laid on both sides of the watercourse in the selected segment and were baited with a mixture of 
oats and sardines for four consecutive nights at each site. They were check at regular intervals – 2 hours after dusk, 
and 2 hours after dawn. Animal trapping was done in 2004−2006 during the summer (first half of June) and the fall 
(second half of September).

Small terrestrial mammals were captured using the capture-mark-recapture method (CMR – e.g., Pocock et al., 
2005). The captured animals were weighted and sexed. Small mammals were, on the basis of physical measurements 
and breeding condition (e.g., abdominal or scrotal testes distinguished, lactation in females), divided into sub-adult 
and adult categories.  Sub-adult specimens, Apodemus flavicollis and A. sylvaticus, not showing signs of species-
typical features, were identified only to genus (Apodemus sp.). The captured animals were marked by toe clipping 
and released. A record was kept of the individual animal’s number, trap and trap line identification as well as above 
mentioned data. The obtained tissue sample (toe clipping) was preserved in 96% ethanol for further study.

Statistical data analysis	

Relative abundance A (%) – numbers of individuals per 100 trap-nights, and dominance D (%) – ration of trapped 
individuals of species to the total number of trapped individuals, were calculated for each species. Further, for the 
community Shannon’s index of species diversity – H ’ and equitability – E (e.g., Begon et al., 1990) was calculated. 
The number of total species – S and relative number of species – Srel (%) were also tabulated. Undetermined indi-
viduals (Apodemus sp.) were not included in the above mentioned indexes.

Different number of species and individual animals were captured in the capture period in different localities. 
For easier comparison, the number of species and individual animals were expressed relative to the total number 
of species and individual animals captured. The differences between the number of captured species, individual 
animals, the summer, and fall trappings were determined with the help of the analysis of variance (ANOVA). In ad-
dition, the analysis of variance was used to test for differences in representation among adults and sub-adults of each 
individual species. The number of adults and sub-adults were also expressed relative to the number of individual 
animals of a given species captured at a given locality. 

Since only A. flavicollis and Myodes glareolus had sufficient representation in the captured population, only they 
could have their level of movement activities – mobility ascertained, and have the difference in the aforementioned 
categories determined. Mobility was established according to Rico et al. (2007a,b) – on the basis of the distance be-
tween two, one immediately following the other, captures. It is the distance between the traps, where an individual 
animal was captured consecutively two times. The evaluation once again used the analysis of variance and Tukey’s 
post-hoc test for different samples sizes.

The differences between the established categories of individual animals, as far as the types of species which 
experience the barrier effect of the stream, were tested for χ² goodness-of-fit test with Yates’ correction (Zar, 1999). 
χ² goodness-of-fit test was also utilized to see if the ratio of males to females (sex ratio – SR)  deviated significantly, 
and if the animals captured in the  forest line of traps differed from the animals captured in the  littoral line of  traps. 
The relationship between species diversity, equitability, and width of stream were evaluated with the help of gener-
alized linear models (GLM) and likewise the relationship between the number of individual animals crossing the 
watercourse, width of stream, abundance, and mobility. Specific data is given as the mean ± S.E. The above mention 
statistical tests were completed in the Statistica 9 program.

Results

Species captured	

During the time period from 2004 to 2006, 4000 trap-nights were undertaken. Captured ani-
mals totaled 547 specimens out of which 338 animals were captured at least twice. Ten species 
of small terrestrial mammals were determined: Apodemus flavicollis (211), A. sylvaticus (18), 
Micromys minutus (2), Myodes glareolus (165), Microtus arvalis (79), M. agrestis (27), Sorex 
araneus (28), S. minutus (3), Neomys fodiens (2), Crocidura suaveolens (2), Apodemus sp. (10).
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During the summer 209 individual animals were captured, out of which 148 animals were 
captured at least twice. All these animals belonged to 7 species: A. flavicollis, A. sylvaticus, 
Myodes glareolus, Microtus arvalis, M. agrestis, Sorex araneus and S. minutus. In the fall 410 
individual animals were captured, out of which 238 animals were captured at least twice and 
72 of these were already captured and marked in the summer. During this timeframe 9 spe-
cies were identified: Apodemus flavicollis, A. sylvaticus, Myodes glareolus, Microtus arvalis, M. 
agrestis, Sorex araneus and S. minutus.

During the fall significantly higher number of specimens were captured (F = 21.98; P = 
0.002). On the contrary, the difference in the number of species captured (expressed as a pro-
portion of the total number of species S = 10) at the different localities and capture periods 
were statically insignificant (see Table 1).

  Summer Autumn    
  mean S.E. mean S.E. F P
Species 0.70 0.06 0.86 0.06 3.8698 0.084
Individuals 0.342 0.062 0.750 0.062 21.9830 0.002

T a b l e  1.  Seasonal differences in number of captured species and individuals. The number of species and individuals 
in the summer and fall capture period are expressed in relation to the total number of species and individuals captured.  

	
Community of small terrestrial mammals

Significant eudominant species of all the observed communities of terrestrial mammals were 
Apodemus flavicollis and Myodes glareolus, which, with the exception of the Vltava locality, 
had constantly the highest abundance (A = 3.1–9.9%) and dominance (D = 18.8–61.2%) 
values. Both species were regularly captured in the bank vegetation (riparian line) and in the 
stands of woody species (forest line), even though the differences between the trap lines are statis-
tically insignificant. Microtus arvalis reached the highest values of abundance (A = 6.9%) and 
dominance (D = 41.3%) in the locality Vltava, which it probably reached from the close-by 
agrocoenosis. It was also abundant in the locality Lužnice (A = 2.0%, D = 13.8%), where it 
preferred the riparian vegetation habitat to woody plants (χ² = 8.6; P < 0,001). Another com-
monly observed species was Sorex araneus, which was the fourth most abundant species (A = 
0.3 až 1.1%). Microtus agrestis was also a stable member in the community of small terrestrial 
mammals; it was captured everywhere but the Lužnice locality. At the Černá a Malše locali-
ties, Myodes glareolus with Apodemus flavicollis were the eudominant species of community 
(D = 12.4%, resp. D = 8.8%). Waterlogged areas with bushy vegetation Phalaris arundinacea 
and Carex brizoides apparently represented the optimal habitat. The species, Apodemus syl-
vaticus, was present, in lower numbers, in all observed communities (A = 0.3–1.0%, D = 
1.7–6.0%). Few in numbers, recedental species observed communities of small terrestrial 
mammals were represented by Sorex minutus (A = 0.1–0.3%, D = 0.8–1.6%), Neomys fodiens 
(A = 0.3%, D = 1.7%), Crocidura suaveolens (A  = 0.1%, D = 0.8–0.9%) and Micromys minutus 
(A = 0.1%, D = 1.1– 1.2%).
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Species diversity (H ’) and equitability (E) of all communities, with the exception of the lo-
cality Kozlovský stream, were roughly equal. Even though Microtus arvalis reached a high value 
of dominance (D = 41.3%), the highest values of species diversity (H ’= 2.18) and equitability 
(E = 0.73) was obtained in a community of small terrestrial mammals at the locality Vltava.

In contrast, the relatively high abundance and dominance of Apodemus flavicollis (A = 
9.9%, D = 61.2%) and the determination of only 7 species was reflected in the lowering of the 
species diversity (H ’= 1.60) and equitability (E = 0.62) at the locality of Kozlovský stream 
(see Table 2). This fact was reflected in the regression (log link function) between the width 
of the watercourse and species diversity – H ’ (Wald stat. 7.3; P < 0.007) and equitability – E 
(Wald stat. 4.2; P < 0.040).

T a b l e  2. Overall summary of the presence of different species and their abundance - A (%), dominance - D (%), 
number of captured specimens - n, number of species - S, relative number of species – Srel (%), diversity - H’ and 
equitability – E index. 

Species /Site
Kozlovský 

stream Černá Malše Lužnice Vltava

A D A D A D A D A D
Sorex araneus 0.9 5.4 0.5 4.5 0.3 2.5 0.8 5.2 1.1 6.8
Sorex minutus 0.3 1.6 0 0 0 0 0 0 0.1 0.8
Crocidura suaveolens 0 0 0 0 0 0 0.1   0.9 0.1 0.8
Neomys fodiens 0 0 0 0 0 0 0.3   1.7 0 0
Myodes glareolus 3.1 19.4 4.0 37.1 3.1 31.2 6.6 45.7 3.6 21.8
Microtus arvalis 0 0 0.3 2.2 0.8   7.5 2.0 13.8 6.9 41.3
Microtus agrestis 0.9  5.4 1.4 12.4 0.9  8.8 0 0 0.3 1.5
Micromys minutus                                                                                       0 0 0.1  1.1 0.1  1.2 0 0 0 0
Apodemus flavicollis 9.9 61.2 4.5 40.5 4.4 43.8 4.5 31.0 3.1 18.8
Apodemus sylvaticus 0.5  3.1 0.3  2.2 0.3  2.5 0.3   1.7 1.0 6.0
Apodemus sp. 0.6 3.9 0 0 0.3 2.5 0 0 0.4 2.2
Total 16.2 100.0 11.1 100.0 10.2 100.0 14.6 100.0 16.6 100.0
n 129 89 80 116 133
S 6 7 7 7 8
Srel 0.6 0.7 0.7 0.7 0.8
H’ 1.60 1.94 1.99 1.91 2.18
E 0.62 0.69 0.71  0.68 0.73

Apodemus flavicollis and Myodes glareolus captures

Both species accounted for 70% of the total number of trapped individuals. During summer 
and fall, 211 specimens of the species of Apodemus flavicollis were trapped of which 145 
(68.7%) individual animals were captured repeatedly and out of these 33 individual animals 
were captured both during the summer and fall. One individual was recaptured 15 times 
(evening, morning, summer, fall). Both sexes were represented evenly except during the fall 
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at the location Vltava, where the males significantly outnumbered the females (sex ratio - SR 
3.60, χ² = 7.3478; P = 0.0067). The share of sub-adults varied from 25% in summer at the lo-
cality Černá to 57% in summer at the locality Lužnice (except the locality Vltava in summer, 
where only 3 specimens (all sub-adult) of  A. flavicollis were captured).  

In addition 165 specimens of the species Myodes glareolus were trapped, of which 112 
individuals (67.9%) repeatedly, with 27 individual animals captured both during the summer 
and fall. One individual animal of the species M. glareolus was recaptured 11 times. The sexes 
were little more out of balance in comparison to Apodemus flavicollis. Significantly more fe-
males were trapped in summer (SR 0.27, χ² = 10.9393; P = 0.0001) as well as in fall (SR 0.33, 
χ² = 8.0; P = 0.0046) at the locality Lužnice. The locality Vltava also exhibited more females 
(SR 0.4, χ² = 3.8571; P = 0.0495) being in fall. The share of sub-adults varied from 38% in 
summer at the locality Malše to 86% in summer at the locality Černá. The overall share of 
sub-adults was decisively higher in fall (F = 5.238; P < 0.05).

Mobility

Since the representation of A. flavicollis and Myodes glareolus was sufficient in all the localities 
and both of the seasons, their locomotion activity – mobility - based on the distance between two 
subsequent captures, could be evaluated. Apodemus flavicollis demonstrated (F = 5.934, P < 0.05) 
greater mobility (16.5 ± 0.7 m) in comparison to Myodes glareolus (13.8 ± 0.9 m). The males (18.0 
± 1.6 m) of M. glareolus, were significantly more mobile than the females (12.5 ± 0.9 m) (F = 9.524, 
P < 0.05). However, no 
other differences among 
localities, seasons, or age 
categories were found for 
this species. 

No differences were 
determined in mobility 
between the sexes or sub-
adults/adults for the next 
most numerous species, 
Apodemus flavicollis. 
Neither were found any 
dissimilarities between 
summer and fall cap-
tures, however, there was 
a difference in mobil-
ity among the localities. 
The Malše (23.5 ± 2.4 m) 
locality conclusively 
showed greater mobil-
ity [F (4. 557) = 4.9916; 
P = 0.00058] than either 

Fig. 2. Average values and 95% confidence interval of mobility of A. flavicollis. 
Averages designated by same letters do not vary significantly. Individual animals 
at the locality Malše showed, on the average, significantly greater level of mobility 
than at the localities of Lužnice and Kozlovský stream (F (4.557) = 4.9916; P = 
0.00058; Tukey’s post-hoc test, for different number N, P < 0.05).
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at the Kozlovský stream 
locality (15.5 ± 0.8 m) or 
the Lužnice (11.2 ± 1.6 
m) locality – see Fig. 2. 
Nevertheless regression 
(log link function) be-
tween mobility and the 
width of the stream was 
not found (P = 0.76).

Stream crossings 

Stream crossings were 
detected in three lo-
calities - Kozlovský 
stream, Černá and 
Lužnice. The rivers 
Černá (13 m) and 
Lužnice (35 m) were 
crossed one time by 
adult males A. flavicol-
lis, which were marked 

in the summer and recaptured three months later, in the fall, when the crossing was deter-
mined. The re-crossing of A. flavicollis of the stream was uncovered only at the locality of 
Kozlovský stream (3 m) after one crossing. Myodes glareolus and Microtus agrestis were also 
found to have crossed here one time.

The Kozlovský stream was crossed by 12 individual animals of the species of Apodemus fla-
vicollis, of which 10 re-crossed back once and 5 animals re-crossed repeatedly. Two individual 
animals crossed the stream in the summer and 10 in the fall. Sex had no effect on the number 
of stream crossings. The proportion of sub-adult individuals to adults (8:4) was statistically in-
significant. The χ² goodness-of-fit test with Yates’ correction therefore showed the existence of 
barrier effect of the stream for adult specimens even with a very narrow Kozlovský stream (χ² = 
5.97; P = 0.015). During the observation period (3 months), the number of watercourse cross-
ing had an exponential dependence (power link function) on the width of the stream (Wald 
Stat. 36.5; P < 0.0001) and on the abundance (Wald Stat. 1116.7; P < 0.0001). Mobility did not 
influence the number of crossings (Wald Stat. 1.2; P = 0.27) – see Figs 2 and 3.

Discussion

Communities of small terrestrial mammals along the streams

Based on the trappings of small terrestrial mammals, it can be stated that a demonstrable ef-
fect of the width of the stream was shown, especially in the case of species diversity (H ’), but 

Fig. 3. The graph shows the result of fitting the equation y = 0.1058*exp (-0.0456*x). 
It shows the dependence of the relative number of stream crossings (y) on the 
width of the stream (x) for A. flavicollis. The relative number of stream crossings 
is the proportion of individuals crossing the watercourse to the total number of 
individuals captured at the locality.
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also for equitability (E). The first working hypothesis was then upheld. Many other parameters 
which help to create the heterogeneous environment along the watercourse (Forman, Godron, 
1993; Jacob, 2003; Wijnhoven et al., 2005), not just the width of the stream alone, play a part 
in the regression. The relatively large species diversity is not only provided by the migrating 
individual animals, but is insured by the mosaic of different moisture conditions, which united 
such animals as Microtus agrestis and M. arvalis, Neomys fodiens and Crocidura suaveolens. The 
diversity encountered corresponds to above average values in the central European landscape 
(e.g., Zejda, 1973; Bürger et al., 1987; Bryja, Řehák, 1998; Bryja, Zukal, 2000;  Bejček, Šťastný, 
2003;  Rico et al., 2007a;  Suchomel, Heroldová, 2004).

Eudominant species were unambiguously Apodemus flavicollis and Myodes glareolus, with 
overall domination D = 38.6%, resp. D = 30.2%. They were, at all localities, captured syntopi-
cally, which can be explained by common food resources as presented by Holišová (1969), 
Obrtel, Holišová (1974). Similar results regarding these species were recorded by Kozakiewicz, 
M., Kozakiewicz, A. (2008) in a narrow strip of alder woods along a lake adjoining an agrocoe-
nosis and a forest.

M. glareolus, as a species with a significant affinity to the  mesophilic and hygrophilic 
communities, is not only dominant in the floodplain forests of  the Danube and Morava (D 
= 63.3%, Krištofík, 1999) rivers and in floodplains generally (Jacob, 2003), but also in the 
scree-woods and closed stands (Šmaha, 1996; Reiter et al., 1997), by the creeks (D = 19.8%, 
Bürger et al., 1987), at  moist locations  of  lake shores (Kozakiewicz, 1985), on pond dams 
(D = 37.8%, Šťastný, 1985) as well as  in the extensive reed beds along watercourses (Bejček, 
Šťastný, 2003) and fishponds (Pelikán, 1975). Euryvalence of M. glareolus is also supported by 
our findings. It was captured regularly in the herbages of Phalaris arundinacea and Carex br-
izoides, and  in the cover of woody plants, usually with sufficient vegetation cover (D = 21.8–
45.7%), which provides adequate shading (e.g., Zejda, 1973; Pelikán, 1975; Májsky, 1985).

As mentioned earlier, another eudominant species with high abundance was Apodemus 
flavicollis. It reached the highest values of dominance at the locality Kozlovský stream (D = 
61.2%), in a habitat, structurally reminiscent of floodplain forests with high herbage, and 
offering  a food supply (seeds of herbs, fruits and seeds of trees or shrubs, invertebrates) 
trophically very suitable. A. flavicollis apparently found similar suitable conditions at other 
localities too. Bryja, Řehák (1998) cite high percentage of dominance (D = 71.3%) in flood-
plain forests, but Krištofík (1999) registered half as much, both, in hardwood (D = 27.8%) 
as well as in softwood (D = 8.3%) floodplain forests. In the Vltava locality, with the highest 
species diversity biotope, the dominance of A. flavicollis was a bit lower (18.8%). The reason 
for this was twofold – their low abundance and, mostly, the greater number of Microtus 
arvalis (A = 6.9%, D = 41.3%), which favors the drier stream banks with a lower vegetation 
cover. This riparian strip probably became a migration corridor for one individual from a 
nearby agrocoenosis. Bryja, Zukal (2000) similarly registered high dominance (D = 19.6%) 
of M. arvalis at the edges of the studied habitats, which fulfilled the function of biocor-
ridors. Besides the two above mentioned eudominant species, M. agrestis was represented 
in almost all the localities, with the highest abundance and dominance (D = 12.4%) at the 
locality Černá, a waterlogged riparian habitat with sedge vegetation as documented by Reiter 
et al. (1997) as well.
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Apodemus sylvaticus probably also favored the patchy forest, nearby agrocoenosis and riv-
erbank ecotone at the locality Vltava, where it reached quite a high level of dominance (D = 
6.0%). Micromys minutus was seen only at two locations (Černá, Malše) in riparian herbage.

Shrews, represented by 4 species, with Sorex araneus was commonly spotted in all small 
mammal communities under observation. Its highest dominance occurred in the locality 
Vltava (D = 6.8%), where it was found in bank vegetation and in surrounding scrub stands. 
Bürger et al. (1987) cite dominance of up 20% in riparian stands. Kozakiewicz (1985) also 
captured this species in emergent and sub-emergent parts of the lake shore. Surprising, due 
to the presence of watercourses with wetland habitats, insectivores S. minutus and Neomys fo-
diens belonged to the recedental species. The capture of Crocidura  suaveolens (D = 0.8–0.9%) 
at the localities of Lužnice and Vltava was also suprising. The presence of weekend cottages 
in the nearby vicinity, which creates a suitable synanthropic habitat (e.g., Zima et al., 1999), 
could be the likely explanation.

Mobility

Apodemus flavicollis displayed overall greater mobility (16.5 m) in comparison to Myodes 
glareolus (13.8 m). Our results correspond to those of Mazurkiewicz, Rajska-Jurgiel (1998), 
who studied spatial behaviour of both species in forest habitat, and to the findings of Rico et 
al. (2007b), showing a slightly higher mobility of  Apodemus flavicollis negotiating road barri-
ers (A.flavicollis 17.0 m vs. Myodes glareolus 16.5 m). Similarly Bąkowski, Kozakiewicz (1988) 
and Wolton (1985) state the higher mobility of this species, and the fact that it is related to a 
greater home-range than that of Myodes glareolus. No difference among the localities or the 
seasons of capture was found for M. glareolus. Only higher mobility of males was detected. 
This difference was also observed by Kozakiewicz et al. (2007), with their results pointing at 
a close connection between mobility of males and reproductive energy. 

As seen in Fig. 2, the mobility of Apodemus flavicollis is not the same for all the loca-
tions. However, we could not support the hypothesis that mobility along the barrier increases 
proportionally with its insurmountability in the across direction - in this case the width of 
the stream.  Wolff (1999) considers A. flavicollis as a habitat generalist, which moves easily 
throughout the patchy habitat. Therefore the documented higher values of mobility meas-
ured at the locality of Malše can be related to pattern of habitat, which in the broad vicinity, 
as compared to the one around the localities of Kozlovský  stream and Lužnice, is much more 
fragmented. Marsh et al. (2001) also states that movement and abundance of the Apodemus 
species are greatly influenced by landscape parameters such as land use, and distance and 
connectivity of the forests.

	
Stream crossings

Stream crossings as barriers depend on the width of the riverbed, stream-flow and water 
temperature, and the mobility and specialization of each species (Spackman, Hughes, 1995; 
Wolff, 1999). When selecting the suitable stretch of the stream, we tried the width of the wa-
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tercourse to be the only important factor, with flow velocity to be roughly the same for all the 
sites and of the lowest possible value.

Early in the day trappings in the summer and fall should, among other things, assure 
an acceptable temperature. Per this methodology, A. flavicollis crossed the stream at loca-
tions: Kozlovský stream (width 3 m), Černá (13 m), Lužnice (35 m). Though few individual 
animals crossed the wide watercourses, the generalized linear model showed that the width 
of the stream had a significant effect on the number of animals that surmounted the barrier. 
As shown in Fig. 3, an exponential curve fits the best to connect the points indicating the 
potential of small terrestrial mammals of crossing the stream, since widths around 30 m are 
already difficult to surmount (see Hafner, J.C., Hafner, M.S., 1975). The time span of the cap-
tures indicates that the crossings of wider watercourses can by observed only after a longer 
period - up to 3 months. 

We paid close attention (see above) to the mobility on the bank, because it can be inter-
preted as the “engine”, which supports river crossings, since it was shown in a study (Rico et 
al., 2007b) that A. flavicollis and Myodes glareolus behaved in such way when crossing roads 
of various widths. Regression of crossings of the streams and mobility in Apodemus flavicol-
lis, however, was not proven in our study.  

A similar stimulus to cross the river can also be population abundance, a situation often 
described while studying population cycles of small terrestrial mammals. In this state, high 
rate of emigration is seen from the overcrowded area (e.g., Ims, Andreassen, 2005; Smith, 
Batzli, 2006), and even difficult to surmount barriers, including wider watercourses, are over-
come by the animals. We expressed the population abundance relatively - as abundance (A), 
which had the effect in overcoming the watercourse obstacles under the conditions seen in 
our study. In the study of A. flavicollis and Myodes glareolus and their crossings of roads a 
similar situation is observed, even though no special attention was paid to the effect of popu-
lation density on surmounting of barriers (Rico et al., 2007b).   

We captured only adult specimens, which in crossed wider streams, perhaps due to their 
greater experience and mass (e.g., Giannoni et al., 1994; Cook et al., 2001; Nicolas, Colyn, 
2006) they were able to cope with this situation. At the Kozlovský stream locality both adults 
as well as sub-adults were, of course, captured. It can be assumed that young individuals were 
pushed out of the area and forced to emigrate across the narrow stream (e.g., Ims, Andreas-
sen, 2005; Smith, Batzli, 2006). They were, probably, as shown by the proportion of 8:4 (see 
Results) successful. On the other hand, adult individuals considered the stream to be a fixed 
boundary at the edge of their home-range, something not to be frequently crossed. This fact 
can therefore symbolize more a filtration rather than a barrier.

For M. glareolus, with a much lower mobility, the numbers of stream crossings was much 
lower. Only one adult female, captured on the opposite bank of Kozlovský stream (3 m), can 
demonstrate the presence of a pronounced boundary and it is not effected at all by the fact 
that the abundance of Clethrionomys glareolus is three times lower than that of  Apodemus 
flavicollis (see Table 2).

In the case of Myodes glareolus, we really cannot even talk about an obstacle (3 m wide stream), 
but rather about a boundary limiting movement. We have an analogy in the study of narrow forest 
roads conducted by Bąkowski, Kozakiewicz (1988), Aars et al. (1998), Rico et al. (2007a). 
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Crossing a narrow stream may include one more aspect. It is probably not only if indi-
viduals of a certain species are young or old, but rather what their personality is like – if they 
are not afraid of new environment and exploration is not unduly stressful for them. Perhaps 
even such a narrow stream easily filters individuals of different personality traits, as is cur-
rently explored in a laboratory setting (e.g., Martin, Réale, 2008; Lantová et al., 2011).  

The genetic analysis shows that watercourses on the order of tens of meters do not have 
to be major barriers and overcoming them, as shown above, is a matter of months. Neverthe-
less, even here it is possible to observe a certain shift as in allelic composition of microsatellite 
loci. Much more observable are the differences in populations of small terrestrial mammals 
(see Aars et al., 1998; Gerlach, Musolf,  2000; Lugon-Moulin, Hausser, 2002; Kozakiewicz et 
al., 2009) when dealing with wide bodies of water (hundreds of meters)  and especially with 
a strong current.        

Conclusion

The degree of the barrier-width of the stream, had an effect on species diversity and equitabil-
ity of the communities of the watercourse banks.  

In riparian habitats and adjacent forest stands along the streams, Apodemus flavicollis and 
Myodes glareolus were the dominant species.  

The width of the stream had no effect on the terrestrial mobility of Apodemus flavicollis 
and Myodes glareolus.

During the period of three months, Apodemus flavicollis crossed streams of up to tens of 
meters wide. The number of individual animals, which are able to cross the river decreases 
exponentially. Greater abundance contributes to a greater number of crossings. 
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