
86 The Open Ecology Journal, 2009, 2, 86-90  

 

 1874-2130/09 2009 Bentham Open 

Open Access 

Nitrogen and Carbon Concentrations in the Stomach Content of Bank 
Voles (Myodes glareolus). Does Food Quality Determine Abundance? 

R. Thomas Palo*,1 and Gert E. Olsson2,3 

1
Department of Natural Sciences, Engineering and Mathematics, Mid-Sweden University, SE-851 70 Sundsvall, Sweden 

2
Department of Virology, Swedish Institute for Infectious Disease Control, SE-171 82 Solna, Sweden 

3
Wildlife, Fish, and Environmental studies, Swedish University of Agricultural Sciences, SE-901 83 Umeå, Sweden 

Abstract: We found that concentrations of nitrogen (N) in the stomach of voles varied between forest sites. 
Concentrations of nitrogen as well as the ratio of nitrogen to carbon (C) in stomach content were not different between the 
sexes or with season. Body mass varied between sites and between seasons but were unrelated to N concentration in spite 
that the body mass of voles in the spring season were on average 4.8 g heavier than in the autumn A positive relationship 
was found between N and C concentrations in the stomach content implying the diet quality could be related to this ratio. 
N concentrations in the stomach per unit body mass were positively and significantly related to catch per unit effort of 
voles. 

We suggest that sites with high N concentrations in stomach content and with higher NC-ratio imply better habitats that 
support higher population densities of voles. 

Keywords: Vole body mass, nutritional status, catch per unit effort. 

INTRODUCTION 

 Nitrogen (N) is a fundamental element for organisms 
since it is a part of proteins and it is required for body 
growth and reproduction (Karasov and Martinez del Rio 
2007). For herbivores, nitrogen balance is not as easily 
achieved as for carnivores since N may not be in a form that 
is readily transformed into body tissues. Likewise, the 
concentration of carbon (C) is usually higher in plants than 
in animals resulting in lower N/C ratios that imply lower 
food quality of the former (Hodar and Palo 1997). Small 
mammalian herbivores such as the bank vole have high 
energy metabolism and turnover of essential nutrients. This 
suggests that small mammalian herbivores face a relative 
shortness of N and that this situation may be a potential 
cause for variations in population density between seasons 
and years (Hansson 1987, 1995, Batzli 1992, Hambäck et al. 
2002, Wereszczynska et al. 2007). Protein requirement is a 
result of two components a) endogenous urinary excretion 
and b) fecal loss. The former is related to metabolic rate and 
the latter to the quantity of food processed. Thus the stomach 
content of nitrogen must balance these losses to satisfy 
maintenance requirements. 

 The role of critical nutrients is a controversial question, 
whether rodents living in a lower nutritional environment 
show smaller body size and lower population density than 
voles in more nutritious environments? It has been shown  
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that type of diet affects growth in bank vole, but also that 
adaptation to diet is important for regional differences in 
mass among populations of voles (Lidicker & Ostfeld 1991, 
Hansson 1995, Norrdahl & Korpimäki 2002). Body size and 
population size may be dependent on the intake of critical 
nutrients such as N and the ratio of N to C in the diet. 
Laboratory studies may be misleading since animals are 
usually on a high nutritional diet and may not reflect the 
situation in nature. In this study the variation in body mass, 
stomach concentrations of N and C in populations of free 
living bank voles in forest areas of northern Sweden are 
reported.  

MATERIALS AND METHODS 

 Bank voles were collected at six sites along the coastal 
area of Västerbotten county in northern Sweden (63o45’-
63o20’ North latitude: 20o00’-21o00’ East longitude (Ahlm et 
al., 1997)). The sites were paired at three localities separated 
by approximately a distance of 50 km from south to north 
(Fig. 1). Distance between paired sites was about 10 km in 
east-west direction. Habitats for voles at sampling sites 
consisted of managed and mixed conifer forests dominated 
by Scotch Pine (Pinus sylvestris) and Norway Spruce (Picea 
abies) of similar stand age (40-60 years), with considerable 
undergrowth of bilberry (Vaccinium myrtíllus) and 
lingonberry (V. vitis-idaéa), and were  5 hectares size. 

 Bank voles were collected at each site in September-
October during the years 1995, 1996 and 1997. Animals 
were also trapped in May of 1998 reflecting the spring 
season.  
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 For collection of animals, 180 snap-traps baited with dry 
apples were set during four nights constituting 720 trap-
nights per area of investigation. The animal is killed 
instantaneously and the bait is not consumed before death. 
The areas were sampled consecutively over three week 
periods and traps were checked early mornings once a day. 
The number of animals caught was transformed to an index 
related to number of traps and days, which is catch per unit 
effort (CPUE) (Hörnfeldt 1994).  

 Body mass (BM) was measured to nearest 0.1 gram and 
body length (BL) to ±5 mm. BL was not used as an separate 
variable but was included as body mass index (BMI) 

calculated as 

  

BMI =
BM

BL( )
2

 that is a measure of body status 

(Olsson et al. 2002). 

 Stomach contents from the animals caught in the autumn 
for the years 1995 (N=38), 1997 (N=82) and in the spring of 
1998 (N=81) were carefully rinsed out with sterile water and 

immediately dried at 50oC until 3 consecutive weights over 3 
days did not differ more than 0.005 g. 1 gram of stomach 
content were analysed for N and C concentrations in a CHN-
element analyser (Perkin-Elmer PE-2400, Norwalk, CT, 
USA). 

 Statistical analyses were performed in SYSTAT 12, 
version 12.02. The data of BM, BMI and NC-ratio were not 
normally distributed and therefore log transformed for 
statistical analysis (Lilliefors p< 0.001).  

RESULTS 

 BM of the animals varied from 11.5 g to 29.2 g and 
varied significantly with site of collection and season 
(ANOVA, season (F=100.1, p< 0.0001, site (F= 3.09, p< 
0.011). Individuals in the spring were on the average 4.8 g 
heavier than individuals in the autumn populations 
(Student’s t-test, p< 0.0001). Sex of the animals did not add 
explanation to the variation in body mass (ANOVA, F=2.9, 
p< 0.092). 

 

Fig. (1). Geographical locations of the study areas (    ). Each locality has two replicated sites separated by a distance of at least 10 km. 
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 Basic data on the voles and the sites are found in Table 1. 
BMI was lower in the autumn population compared the 
spring populations and differed between sites (ANOVA, 
season (F=11.6, p< 0.001, df=1), site (F= 4.39, p< 0.001, 
df=5)). There is a significant season and site interaction, 
those sites with high BMI in the autumn also showed high 
BMI in the spring time (ANOVA, Fisher’s F= 5.685, df= 5, 
p< 0.0001). The sex of animals was not significant for 
variation in BMI (ANOVA, F= 0.343, df=1, p< 0.559).  

 Nitrogen concentration in the stomach of voles did not 
vary with season but varied between sites of collection 
(ANOVA, Fisher’s F=3.93, df=5, p<0.002). The N concen-
tration varied from 0.8 mg g-1 to 8.1 mg g-1 in the stomach 
content of individual voles. Despite that stomach N concen-

tration varied between sites no differences related to varia-
tion in BM or BMI of animals were found. Carbon concen-
tration in the stomach content covaried significantly with the 
variation in stomach N concentration. This relationship was 
apparent at two sites while no relationship was found at the 
other sites, partly due to few data points at these sites. NC- 
ratio varied between sites (ANOVA, F=3.75, p< 0.003, 
df=5).  

 N concentration per unit BM only varied between 
seasons with higher N/BM in spring time (ANOVA, F= 3.98, 
p< 0.048). 

 A positive and linear relationship was observed between 
nitrogen concentration in the stomach content and CPUE, 
but the relationship was weak (p< 0.053). Since body mass 

Table 1. Basic Data on Sites, Coordinates of Locality, Year of Collection, Catch per Unit Effort (CPUE) and Mean Body Mass 

(BM) 

 

Site Coordinates Year CPUE Mean BM (g) 

Bussjo/Djaknebole 
63o42’13.10N 

20o08’54.63O 

95 5.6 

96 2.2 

97 5.7 

98 2.4 

17.2 

19.3 

18.4 

23.3 

Skaran/Gumboda 
64o16’18.73N 

21o07’54.28O 

95 7.0 

96 2.1 

97 5.1 

98 1.7 

14.2 

17.5 

18.2 

23.5 

Norum/Palböle 
63o55’52.93N 

20o46’20.28O 

95 5.0 

96 4.3 

97 7.7 

98 2.6 

15.7 

16.8 

18.8 

21.3 

 

 

Fig. (2). Regression of nitrogen concentrations in stomach content of voles per unit BM in relation to CPUE. Data points are mean values per 
site and year. Equation Y=0.155+0.0098X, F=8.57, p= 0.010, r2=0.363. 
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varied with sites we reduced a possible interaction effect on 
N concentrations by taking BM into account. The N 
concentration per unit BM strengthened the positive and 
linear relationship of N concentration to the CPUE of voles 
(p< 0.015, r2=0.29), (Fig. 2). 

DISCUSSION 

 The evaluation of habitat quality for herbivores is usually 
difficult since plant species and tissues vary in basic 
nutritional factors. There is currently a debate about how to 
incorporate nutrition into ecology and how to measure the 
currency that relates to animal fitness i.e. ecological stoi-
chiometry and the geometrical framework (Raubenheimer et 
al. 2009). Here we utilised the stomach content of bank 
voles, i.e., food items chosen by the specimens themselves, 
to evaluate food/habitat quality. The diet of bank voles is 
varied and the most common food types are forb stems 
during spring time, dwarf-shrubs during autumn/winter, as 
well as some lichens and fungi (Hansson and Larsson, 1978). 
We found a considerable variation among individuals in the 
N concentration of the stomach content supporting a varied 
diet composed of different food types. In general, faecal and 
urinary excretions of N are positive functions of N intake 
(Bradshaw and Bradshaw 2001). The mean diet concen-
tration (3.4 mg g-1) found here is below the nitrogen balance 
reported for prairie voles (Microtus ochrogaster), which is 
estimated to 5 mg g-1 and that is slightly larger species than 
the bank vole (Ditchkoff et al. 1998). The maintenance 
nitrogen requirement (mg N per day, MRN) scale to body 
mass according to MRN = 411M0.863 where M is body mass 
in kg (Klaassen & Nolet, 2008). From this the daily N needs 
for a vole range from 8.7 mg to 19.5 mg N per day. Based on 
the range of N concentrations in the stomach and a 
digestibility of the food of 60% the daily food intake that 
satisfy the N need varies from 3.6 g to 8 g. This is within the 
range of food intake reported for voles in captivity (Krol et 
al. 2004). The variation in concentrations of N was not 
reflected in animal performance such as BM or BMI. Thus 
we found no support for the hypothesis that low nutritional 
quality is associated with low body mass of voles. Large 
body size does not necessarily mean that these animals feed 
on high N diets. It is reported that variations in body mass 
are primarily associated with energy intake rather than 
nitrogen since the latter is linked to tissue maintenance in 
adults rather than growth (Robbins 1993). Experimental 
studies have shown that extra food and shelter are factors 
that positively affect survival and body mass of microtine 
rodents (Taitt et al. 1980, Taitt 1981, Taitt & Krebs 1981). 
The present analysis of stomach nutritional factors is only 
one snapshot in time and may not be representative for long 
term nutritional status of the animals. On the other hand, the 
N concentration in the stomach was positively related to 
CPUE which imply that density of voles may dependent on 
diet quality. Our results suggest therefore that high diet 
quality may have stronger positive effects on survival or on 
reproduction rather than on factors determining body growth. 
Thus a mechanism operating trough the reproductive system 
may delay timing of reproduction for both males and 
females, possibly affect lactation or the oestrus of females 
(White 2008). These physiological effects by nutritional 
status need further studies. It seems from these results that 

better vole habitats based on the stomach N concentrations 
and higher NC-ratio support higher population densities of 
voles and these may also be environments that are attractive 
to voles due to higher food quality.  
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