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Abstract

:

The relationship between the body condition of different small mammal species and the habitat they occupy is poorly analyzed. We analyzed the body condition index, BCI, of 18 small mammal species trapped in forest, shrub, wetland, meadow, riparian, mixed and fragmented, disturbed, agricultural, and commensal habitats of Lithuania during the span of 1980–2023. The composition of small mammal communities was habitat-dependent, being richest in meadows, with eighteen species, and poorest in riparian habitats, with nine species. A significant variation in the BCI with respect to habitat was observed in eight small mammal species (Sorex araneus, S. minutus, Apodemus agrarius, A. flavicollis, Clethrionomys glareolus, Alexandromys oeconomus, Microtus agrestis, and M. arvalis). The highest average BCI for most of these species was found in disturbed habitats, with S. minutus and M. arvalis showing the highest BCI in agricultural habitats. The lowest average BCI for most species was found in mixed habitats, while C. glareolus and M. arvalis exhibited the lowest BCI in shrub habitats. In general, species dominating certain habitats did not have the highest BCI. This is the first multi-species, multi-habitat study of body condition in small mammals at mid-latitudes.
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1. Introduction


Large-scale information on the habitats distribution of mammal species is still lacking [1]. Mammal atlases, such as The Atlas of European Mammals, present information on mammal habitats in a very general way [2]. In addition, general information on habitat use by mammal species is too coarse to be useful at the local scale [3], so regional and local information is needed.



Another issue is the classification of habitats. While there is a global map of terrestrial habitats that includes general habitat classes such as forest, savannah, shrubland, grassland, wetland, rocky, desert, and artificial habitats [4], this does not always correspond to the habitat classification used in small mammal studies [5]. Other broad habitat classification schemes such as the IUCN Habitats Classification [6], CORINE [7], or EUNIS [8] are also very general.



Broad habitat classifications are mainly used to analyze different scenarios of habitat loss, the influence of climate change and human activities, and predicted species loss [9]. More often, however, even when broad study objectives are stated in terms of habitat use, abundance, or the diversity of small mammals in different habitats [10,11,12], the actual range of habitats studied is much narrower. Microhabitat studies assessing the relationship between small mammals and very specific habitat elements are also quite common [13,14], especially as new technologies greatly facilitate in situ assessment of these fragments [15,16,17].



Studies of small mammals focus on forest habitats [18,19,20,21,22], shrub habitats [23], grasslands [24], agricultural areas [25], protected areas [26], or riparian habitats [27]. From a species perspective, studies cover small mammal communities [21,26,28], guilds [18,29,30], several species [19], or a single species [22,27,31,32,33,34,35]. The number of studies covering the diversity of small mammals in the range of habitats is really small [28,36,37,38]. However, if these studies say “preferred habitat”, they misinterpret habitat use and preference. Knowledge of species’ preferences requires knowledge of resources and conditions [39], which in most mentioned studies were not investigated, except in [29].



Why do so few small mammal studies cover all major habitats in a single study area? Such studies can require large resources and involve complex logistics, while stable funding for such studies is rarely available [40]. In addition, long-term small mammal studies in a wide range of habitats are even more complex because of the need to account for temporal and seasonal variation in small mammal communities [41].



Studies involving habitats examine small mammal diet [29,42,43,44], abundance and population dynamics [10,45], reproduction [46,47], and hibernation [48]. There are few studies on the relationship between body mass and the habitat occupied; see [49,50,51,52]. The body mass of mammals has been shown to respond not only to habitat but also to disturbance [53]. The individual fitness of small mammals has not been analyzed in this context.



Various body condition indices (BCIs) are used as a proxy for individual fitness, as fitness is not easily assessed [54]. The higher the BCI, the higher the individual fitness [55,56], which ensures better survival and reproduction [57,58]. In general, food resources are expected to link habitat and body condition in small mammals [59], but this has been better studied at high latitudes, not mid-latitudes (see Discussion).



To fill this gap in small mammal ecology, we aimed to evaluate patterns of the body condition indices of different small mammal species captured in different habitats of Lithuania, Northern Europe. We tested whether the BCI is higher in habitats where species are best represented (based on the assumption that animals are more numerous in the most suitable and productive habitats). Alternatively, the BCI cannot be high in habitats with high species richness due to interspecific competition for the same resources.




2. Materials and Methods


This study covers the period of 1980–2023 and the whole territory of Lithuania, including a variety of habitats (Figure 1). As mentioned in [60], material was collected at 321 sampling sites, many of them covering various habitats. Compared to the total number of captured individuals [61], not all captured individuals were measured and dissected.



2.1. Small Mammal Habitats


Until recent years, small mammal trapping in Lithuania was uncoordinated and therefore covered a very wide range of habitats. However, these habitats, especially before 2010, were either poorly described or did not correspond to broad habitat classifications such as EUNIS, CORINE, and the IUCN Habitats Classification Scheme [6,7,8].



After analyzing available descriptions of trapping sessions, we categorized small mammal habitats into nine groups:




	
Forest (311–313 land cover classes according to the CORINE nomenclature, covering all forest ages, including clear-cuts);



	
Scrub (324 land cover classes according to the CORINE nomenclature);



	
Wetland (411 and 412 land cover classes according to the CORINE nomenclature);



	
Grassland (231 and 321 land cover classes according to the CORINE nomenclature, including natural and sown grassland and pastures);



	
Riparian habitats (no equivalent in the CORINE classification; we have included all habitats close to water, such as meadows, forests and wetlands, with the rule that they are within 50 m of the shore of a river, lake, or island);



	
Mixed and fragmented habitats (no direct equivalent according to the CORINE classification; the most relevant is land use class 243, but also all cases where a catch line covered several different habitats, i.e., habitats were fragmented);



	
Disturbed habitats (land use classes 131, 132, and 133 according to the CORINE nomenclature, dump sites, and breeding sites of great cormorants (Phalacrocorax carbo), i.e., sites characterized by natural or anthropogenic disturbance). We treated human-caused and biological disturbances as having similar effects on small mammals. Active landfills and recently burned areas were not used as trapping sites;



	
Agricultural habitats (land cover classes 211, 222, 241 and 242 according to the CORINE nomenclature);



	
Commensal habitats (111 and 112 land cover classes according to the CORINE nomenclature, but also farms, farmsteads, cattle sheds, individual houses, and similar places providing small mammals with food and shelter).








We did not detail the habitats by grouping them into more general categories. The retrospective data were not always described in the same level of detail, which would create compatibility problems. Furthermore, dividing habitats into many groups reduces the sample size and the representativeness of some small mammal species within them.



Grouping habitats into a limited number of categories facilitates compatibility with data from other researchers, as the number of smaller habitat categories is large and difficult to compare on a large scale. In addition, grouping, in our case, ensured a larger sample size for a wide range of small mammal species in all habitat groups. We expect that our choice of habitats, even if it does not fully correspond to the main habitat classification schemes, will allow comparability of results for the majority of researchers catching small mammals in mid-latitudes. The proportions of these habitats in Lithuania in 1990 and 2018, and the trend of changes are presented in Table 1. In both time periods, about 3% of the territory was not allocated to habitats, but mainly to water bodies and road networks. Both of these land use classes are not suitable for small mammals.




2.2. Small Mammal Trapping and Sample Size


Nearly all small mammal specimens were collected by snap trapping, with less than 0.1% collected from live trapping and pitfall traps. We used retrospective material from the former trappings, which did not require ethical approval, and material from various projects where approval was obtained, including bodies and organs used for multiple purposes, such as elemental analysis, pathogen analysis, and reproductive studies.



In the absolute majority of cases, snap trapping was performed using the standard method [60,61]; traps were placed in lines of 25 traps, 5 m apart, set for three days and checked once or twice a day, i.e., in the morning or in the morning and evening. The traps were baited with brown bread and crude sunflower oil and replaced after rain or when eaten. One to four lines were set per habitat. Most of the small mammals (76.1%) were caught in the fall season, 13.3% in the summer, 6.3% in the spring, and 4.3% in the winter.



Small mammals were kept cold without freezing if measured and dissected the same day of capture, or they were kept frozen in plastic bags until transfer to the laboratory. The identification of small mammal species was based on external characteristics, such as that of Microtus voles on differences in their teeth and that of M. rossiaemeridionalis by genetic methods.



We processed 28567 individuals of 18 small mammal species: 2536 common shrews (Sorex araneus), 805 pygmy shrews (S. minutus), 100 water shrews (Neomys fodiens), 3 Mediterranean water shrews (N. milleri), 1 hazel dormouse (Muscardinus avellanarius), 18 northern birch mice (Sicista betulina), 432 house mice (Mus musculus), 3781 striped field mice (Apodemus agrarius), 5561 yellow-necked mice (A. flavicollis), 5 wood mice (A. sylvaticus), 74 pygmy field mice (A. uralensis), 347 harvest mice (Micromys minutus), 10,316 bank voles (Clethrionomys glareolus), 10 water voles (Arvicola amphibius), 1337 root voles (Alexandromys oeconomus), 2537 common voles (Microtus arvalis s.l.), 674 short-tailed voles (M. agrestis), and 30 sibling voles (M. rossiaemeridionalis).



Sample sizes in different habitats were not evenly distributed (Table 2). The unevenness of sample sizes reflects the different objectives of small mammal trapping during the study period, which changed from monitoring and species composition studies in protected areas [61] to specialized studies in disturbed areas, agricultural areas, and commensal habitats. The numbers of processed small mammal individuals in different habitats are presented in Table 2.




2.3. Body Condition Index of Small Mammals


Based on [54,55,56,57,58], we used the body condition index (BCI) as a proxy for individual fitness. To keep compatibility with previous publications, the BCI was calculated according to Moors [64]: (Q/L3) × 105, where Q is body weight in grams (measured to the nearest 0.1 g) and L is body length in millimeters (measured to the nearest 0.1 mm). Body length was measured from the beginning of the snout to the rear side of the anus opening when the individual was laid on the table, flat and straight, on its back (supine). For pregnant females, the weight of the uterus with embryos was excluded [65]. Bias in the BCI due to differences in measurement methods [66] was minimal, as over 80% of the individuals sampled were measured by the same person throughout the study period.




2.4. Data Analysis


To run the GLM (general linear model), we used the log BCI transformation for normality because the distribution of the BCIs in each habitat was not always normal. In the model, the log BCI was the dependent variable; season, habitat, species, age, and sex of individuals were categorical factors; and, to control for random spatial effects, the part of the country where animals were trapped was used as a continuous predictor. We used four seasons: winter (December, January, and February), spring (March, April, and May), summer (June, July, and August), and autumn (September, October, and November). We defined three age groups of small mammals under dissection (adults, subadults, and juveniles), based on the status of sex organs and on the presence and atrophy of the thymus gland. More details are given in [60]. Once the coordinates of the survey sites were established (in some cases the location was not precisely specified), they were assigned to the eastern, northern, western, central, southern, northeastern, northwestern, southeastern, or southwestern part of the country, which we used as a continuous predictor.



We used partial eta-square (η2) as a measure of the effect size for a specific factor, representing the proportion of total variability attributable to that factor after controlling for other variables in the model.



After that, we selected two factors, species and habitat group, for further analysis. To maintain compatibility with previous publications, the non-transformed BCI and non-parametric Kruskal–Wallis ANOVA were used. For all small mammal species, we tested the influence of habitat as a categorical factor on the BCI as a dependent parameter.



The other statistics used were standard ones (mean, standard error (SE), standard deviation (SD), minimum, maximum, and range). Mean, SE, and SD were presented graphically. Multiple comparisons of the mean ranks for all habitat groups were used as a post hoc analysis.



We used the χ2 statistic to test whether the number of individuals of different species captured was dependent on habitat type. H0, the distribution of the number of individuals caught per species, is independent of habitat type, and H1, the distribution of the number of individuals caught per species, is dependent of habitat type, i.e., there is a relationship between species distribution and habitat type. Based on χ2, if p < 0.05, the null hypothesis is rejected. Individual rarefaction was also used to test whether differences in species numbers were influenced by sample size.



Chi-square and the normality of the BCI distribution were tested using PAST version 4.13 (Museum of Paleontology, Oslo College, Oslo, Norway) [67]. All other calculations were performed using Statistica for Windows, version 6.0 (StatSoft, Inc., Tulsa, OK, USA) [68]. The minimum confidence level was set as p < 0.05.





3. Results


3.1. Habitat Use by Small Mammals Based on Their Catches


The most numerous processed species were represented in all habitats, though the number of species in each habitat was not equal (Figure 2). Thus, meadows had 17 small mammal species, with A. agrarius being the most represented, followed by S. araneus, A. oeconomus, and C. glareolus.



Three other habitats, forests, wetlands, and mixed habitats, hosted 15 small mammal species each (Figure 2). These habitats were most represented by C. glareolus. In forest and mixed habitats, A. flavicollis was the second most represented species, while in wetlands, S. araneus and A. flavicollis were the second and third most represented species, respectively.



In commensal habitats, the most numerous species analyzed were C. glareolus, M. arvalis, and A. flavicollis, with 14 small mammal species in total. Agricultural habitats were best represented by M. arvalis and A. flavicollis, with 13 species in total.



A total of 11 small mammal species were identified in both disturbed habitats and shrub habitats. A. flavicollis was the most abundant species in disturbed habitats, followed by C. glareolus. In shrub habitats, the proportion of these two species was reversed. Ten small mammal species were identified in riparian habitats, with the highest proportion being C. glareolus (Figure 2).



From the perspective of habitat, the majority of the processed specimens of S. araneus, S. minutus, N. fodiens, S. betulina, A. agrarius, A. uralensis, M. minutus, A. oeconomus, and M. agrestis were caught in meadows (Figure 3). The majority of C. glareolus and A. flavicollis were captured in forest habitats, while the majority of M. musculus and M. arvalis were caught in commensal habitats. In contrast, M. rossiaemeridionalis was most commonly observed in agricultural habitats.



The distribution of the trapped individuals of different species was found to be related to the habitat type (χ2 = 14,644, df = 104, p < 0.00001, Monte Carlo p < 0.0001).




3.2. Analysis of Factors Affecting Body Condition in Relation to Habitat


A spatially controlled GLM showed cumulative influence on the BCIs of season (F3, 25,927 = 183.1), animal age (F2, 25,927 = 165.8), habitat (F8, 25,927 = 152.3), and species (F18, 25,927 = 150.6), all of which were highly significant (p < 0.0001). There was no spatial constraint on the model, as the influence of the country part was not significant (F = 2.0, p = 0.15). The influence of the animal’s sex was also not significant in this model (F = 1.9, p = 0.15).



After controlling for other variables in the model, two of these factors, species (η2 = 0.095) and habitat group (η2 = 0.045), had the strongest influence on BCI variation. The season (η2 = 0.021) and the animal’s age (η2 = 0.013) were weaker. Therefore, we further analyzed the effects of habitat and species on individual body condition indices.




3.3. The Influence of Habitat on the Body Condition Index of Small Mammal Species


The non-parametric ANOVA revealed a significant influence of habitat on the BCI of eight small mammal species. The greatest variation in the BCIs was observed in C. glareolus (Kruskal–Wallis H8, 9866 = 644.5, p < 0.0001), A. flavicollis (H8, 5403 = 400.3, p < 0.0001), M. arvalis (H8, 2429 = 309.3, p < 0.0001), S. araneus (H8, 2303 = 193.1, p < 0.0001), A. agrarius (H8, 3482 = 154.7, p < 0.0001), M. agrestis (H8, 652 = 62.8, p < 0.0001), A. oeconomus (H8, 1286 = 41.5, p < 0.0001), and S. minutus (H8, 724 = 21.7, p < 0.01).



In M. minutus (H8, 337 = 7.0), M. musculus (H8, 424 = 0), N. fodiens (H8, 99 = 0), A. uralensis (H8, 68 = 0), M. rossiaemeridionalis (H8, 30 = 0), S. betulina (H8, 17 = 0), A. amphibius (H8, 10 = 0), and A. sylvaticus (H8, 4 = 0), habitat influence on the BCI was not confirmed.




3.4. Variations in Body Condition Index of Small Mammal Species across Habitats


A significant variation in the BCI with respect to habitat was observed in the eight small mammal species (Figure 4). In contrast, BCI variation was not significant in the other species, indicating that it is not dependent on habitat (Figure S1). Standard BCI statistics for all small mammal species are presented in Table S1. It is important to note that, with the exception of M. minutus (N = 337) and N. fodiens (N = 99), sample sizes for species with similar BCIs across habitats were small (N = 1–18), limiting distribution across habitats and BCI variability.



The highest average BCI in S. araneus, A. agrarius, A. flavicollis, C. glareolus, A. oeconomus, and M. agrestis was observed in disturbed habitats and that of S. minutus and M. arvalis in agricultural habitats. The smallest average BCI in S. araneus, S. minutus, A. agrarius, A. flavicollis, A. oeconomus, and M. agrestis was characteristic to mixed habitats and that in C. glareolus and M. arvalis to shrub habitats. It is important to note that this does not imply that all differences between habitats are significant. Therefore, a post hoc test was applied to determine the significance of these differences.



A post hoc analysis identified two groups of habitats with different BCI values for S. araneus. The first group, comprising shrub, commensal, and mixed habitats, exhibited the lowest shrew fitness, with a BCI of 2.55–2.71. In contrast, the remaining habitats exhibited similar species fitness, with a BCI of 2.92–3.09 (Table S1). The BCIs of S. araneus in all habitats included in the first group were significantly different from the BCIs in all habitats in the second group.



In S. minutus, the only significant difference in the BCIs was between the maximum observed in agricultural habitats and the minimum observed in mixed habitats (Figure 4).



The BCI of A. agrarius was found to be the highest in disturbed and agricultural habitats, with BCI values of 3.50 and 3.0, respectively. In contrast, the BCI was found to be the lowest in mixed habitats, with a value of 2.88. The BCI was found to be similar in the remaining habitats.



In A. flavicollis, the body condition index was best in disturbed habitats (BCI = 3.43) and worst in mixed habitats (BCI = 2.91). Post hoc analysis revealed that the difference from any other habitat was significant in both cases. Species’ body condition indices in agricultural and commensal habitats were higher than average and better than those in forest or mixed habitats. The BCI of A. flavicollis in wetlands, meadows, and riparian habitats was comparable and nearly aligned with the mean (Table S1).



Similar tendencies were observed in the body condition index of C. glareolus (Figure 4). The highest BCI values were observed in disturbed habitats (BCI = 3.26), which were significantly higher than in any other habitat. Agricultural habitats exhibited a BCI = 3.09, while meadows exhibited a BCI = 2.99. These values were higher than those observed in forests, shrub, wetlands, riparian, and mixed habitats (Table S1). In A. oeconomus and M. agrestis, the relationship between habitat and the BCI was identical to that observed in C. glareolus, although the differences were less pronounced.



The highest body condition index of M. arvalis was observed in agricultural habitats (BCI = 3.20), which exhibited a higher body condition index than any other habitat, with the exception of disturbed habitats and wetlands. The lowest body condition index was observed in individuals of this species trapped in shrub and in mixed habitats (Table S1).



The remaining small mammal species were captured in a limited number of habitats. Even in M. minutus and M. musculus, which are not considered less represented species, BCI differences were not significant (Figure S1).




3.5. Body Condition Variability among Species in Different Habitats


Variations in the BCI of small mammal species in different habitats are presented in Figure 5, while relevant numerical data are presented in Table S1.



The BCI of M. minutus was consistently higher than that of the other species in all habitats, with the exception of wetland and commensal habitats, where the highest BCI was observed in M. musculus.



The species with the lowest body condition indices were M. rossiaemerisionalis in forest, meadow, mixed, and agricultural habitats, M. arvalis in shrub and riparian habitats, N. fodiens in wetlands and disturbed habitats, and A. uralensis in commensal habitats. However, not all differences were significant (Table S1).





4. Discussion


This is the first investigation into the body condition of small mammals in middle latitudes, encompassing multiple species and habitats. Our findings corroborate the alternative hypothesis, H1, indicating that the trapped numbers of different species are dependent upon habitat type. While C. glareolus and A. flavicollis were most abundant in forest habitats, M. musculus and M. arvalis were most prevalent in commensal habitats, and M. rossiaemeridionalis was most common in agricultural habitats (see Figure 4).



Field studies have shown that small mammals tend to occupy the best habitats [69], where they can survive and reproduce better due to sufficient food and shelter [70,71]. So, can small mammal abundance be used to find which habitats are the best for the species concerned? As F. Ecke et al. [10] point out, ”most likely, the positive relations of species abundance… were closely related to a general effect on habitat conditions… such as the amount of shelter and food”.



However, the occupation of the best habitats by small mammals is an active and controlled process that involves a trade-off between food and safety. This process may be sex-dependent [72] and density-dependent [11]. In contrast to the view that microhabitats are important for the community structure of small mammals [73], it can be argued that differences in habitat structure at the landscape scale [74] are of greater importance, at least in grasslands [24]. Nevertheless, local adaptations, including intraspecific differences in the niche, may prove to be of importance in predicting the potential impacts of climate change [73].



The aforementioned investigations do not address the body condition of small mammals in different habitats. Our findings indicate a significant variation in the BCI with respect to habitat in eight small mammal species (see Figure 4). Among these, the highest average BCI of six species was found in disturbed habitats and that of two species in agricultural habitats. The lowest average BCI of the six species was in mixed habitats and that of two species in shrub habitats.



In our case, a high BCI in disturbed habitats, particularly in breeding colonies of great cormorants, was found to depend on the excessive enrichment of the entire food chain by biogenic elements [75]. Conversely, agricultural habitats were found to be excellent food sources for several small mammal species [76].



It can be postulated that the worse BCIs we found in small mammals trapped in mixed habitats are related to their fragmentation, which in turn leads to reduced access to essential resources, increased predation risk due to a small mammal explosion at the edges, increased energy requirements due to traveling between patches, and changes in the local microclimate. The combination of different habitat patches results in resource variability, which in turn negatively affects the body condition. With regard to shrub habitats in the country, despite an increase in area (see Table 1), they still represent less than 5% of the total area, and thus are inevitably fragmented and unlikely to be among the most suitable habitats.



This theoretical framework is supported by studies conducted in various latitudes, including the Atlantic Forest in low latitudes of Brazil [77] and mid- and high latitudes [78]. It was found that habitat fragmentation and quality significantly affect even widespread small mammal populations [79], which partially explains our findings. The body condition indices of individuals may be employed to elucidate the responses of small mammal species to habitat disturbance and fragmentation [80], which would otherwise remain unobservable.



As previously stated by G. Sozio and A. Mortelliti, in a fragmented landscape, small mammal species with a narrow range of habitats, such as A. flavicollis and C. glareolus, tend to outcompete and displace generalist species, such as A. sylvaticus. However, compared to the influence of habitat connectivity and resource availability, the role of interspecific competition remains relatively insignificant [81].



Habitat influence can be observed even in species with the widest distribution, such as C. glareolus in forests [82]. In mid-latitude regions, this species demonstrates a dependence on local elements in forest habitats, entering patches of poor or clumped understory only in the second half of the year [83].



For Microtus voles in grasslands and agricultural habitats, latitude is a significant factor. Mediterranean farmlands provide these species with seasonally stable habitats and nearly permanent vegetation characteristics [34], whereas, in mid-latitude regions, seasonal changes of vegetation are well-expressed. Moreover, seasonal changes have long-term trends [84]. In the high latitudes, that is, on or near the northern boundary of the distribution of vole species, these changes exert a particularly strong influence [30].



In our previous study, we observed growth depression in M. arvalis and C. glareolus. It occurred in January and February in juveniles and in January, February, and March in subadults [85]. However, a BCI was not used in this study. We will re-evaluate the seasonal effect on the BCI in further analyses.



Our findings indicate that the BCI in shrews is below the average (BCI = 3.02 ± 0.003) of all small mammals in our study in the majority of habitats (see Figure 5). It is not reasonable to attribute this directly to habitat influences, as insectivores have a different diet than granivores or herbivores. In general, shrews are underrepresented in agricultural and commensal habitats of Lithuania [86]. However, we noted that not only was the BCI of S. minutus in agricultural habitats higher than that of any other species, but it was also slightly higher than the BCIs of S. araneus and N. fodiens in both agricultural and commensal habitats. The higher BCI of S. minutus may be explained by differences in their diet. It has been proposed that a commensal niche expansion has occurred in this species, with S. minutus exploiting human-created spaces for foraging [43].



In multi-species shrew communities, habitat is of great importance, as it should ensure the coexistence of sympatric species [87] and even syntopic species [29] with similar requirements. It has been demonstrated that trophic niche overlap allows the coexistence of S. araneus and S. minutus in montane forests in Slovenia [18]. In forest habitats of Finland, the larger shrew species occupy productive habitats, while the smaller ones inhabit less productive ones. They survive due to lower food requirements [88]. Four shrew species in the marshlands of Bialowieża Forest, Poland, coexist due to different foraging modes, though their prey size overlaps [29]. The species identified in this study are the same as those found in Lithuania (S. araneus, S. minutus, N. fodiens, and N. milleri). However, the sample size for the latter two species in our study was relatively limited.



The body condition of shrews should be analyzed with respect to the season, as their species are subjected to Dehnel’s phenomenon. Their body mass, braincase, and brain size decrease towards winter and are restored in spring [89]. In our study, season was a significant factor influencing the variability of the BCIs in other species of small mammals [60], but it was not analyzed in detail.



Over a decade ago, one of the research priorities in the field of small mammal ecology in fragmented landscapes was formulated as “fragmentation relationship with individual fitness and population demographics” [78]. Our results confirm the negative influence of habitat fragmentation on the body condition of small mammals; for seven of the eight most abundant species, the BCI was lowest in mixed (fragmented) habitats. The only exception was M. arvalis. However, the temporal scale was not included in the analysis, despite the significant relationship between temporal factors and BCI variability [60].



For some species, such as M. minutus, seasonal patterns of habitat use are unambiguous, as evidenced by studies conducted by Haberl and Kryštufek [27] and Occhiuto [90]. However, these patterns have not been analyzed in Lithuania [62].



The BCI we used cannot answer the question about the body composition of individuals, i.e., whether a higher BCI is related to fat or lean mass [91,92]. Retrospective data do not allow the use of these methods for such estimations [93]; therefore, the relationship between BMI and body composition could only be established by specific studies.



The assessment of individual body condition is of significant importance not only in ecological and evolutionary studies in general, but also as an index in analyses of life histories, reproduction, and conservation resource management [54,55,94]. It is anticipated that BCI analyses could contribute to the understanding of individual and population responses and their trends to habitat-related effects, as well as interspecies patterns at the local and regional levels. In line with Kuipers et al., global estimates of body condition patterns can assist in elucidating the effects of climate change and biodiversity trends [95].




5. Conclusions


	
We found that the representation of small mammal species was habitat-dependent, with certain species dominating certain habitats. The most suitable habitat was meadows, where 17 small mammal species were found, with nine species being the most abundant.



	
The BCI variation across habitats was species-specific, indicating habitats and species with the highest and lowest average BCIs.



	
No correlation was found between the proportion of a species in a habitat and its BCI. Higher BCI values were found to be characteristic of non-dominant species.
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Figure 1. Land use map of Lithuania in 2018, redrawn from [62]. CORINE Level 3 habitats are urban fabric: 111–112; industrial, commercial, and transport units: 121–124; mine, dump, and construction sites: 131–133; artificial, non-agricultural vegetated areas: 141–142; arable land: 211—non-irrigated arable land; permanent crops: 222—fruit trees and berry plantations; pastures: 231; heterogeneous agricultural areas: 241—annual crops associated with permanent crops, 242—complex cultivation patterns, 243—land principally occupied by agriculture, with significant areas of natural vegetation; forests: 311—broad-leaved forest, 312—coniferous forest, 313—mixed forest; scrub and/or herbaceous vegetation associations: 321—natural grasslands, 322—moors and heathland, 324—transitional woodland-shrub; open spaces with little or no vegetation: 331–334; inland wetlands: 411—inland marshes, 412—peat bogs; inland waters: 511—water courses, 512—water bodies; marine waters: 521–523 [63]. 
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Figure 2. The proportions of species observed in the investigated habitats between the years 1980 and 2023. Species with n < 10 were not analyzed. 
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Figure 3. The frequency of occurrence of small mammals in different habitats, based on data derived from dissections conducted between 1980 and 2023. Species with n < 10 were not analyzed. 
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Figure 4. The significant variations in the body condition index of small mammals across different habitats. Species with n < 10 were not analyzed. 
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Figure 5. The variations in the body condition index (BCI) of small mammals in different habitats. Species with n < 10 were not analyzed. 
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Table 1. The area and proportion of selected small mammal habitats in Lithuania, 1990 and 2018. CORINE land cover classes and data used from [7,63].
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Habitat

	
1990

	
2018

	
Trend




	
Area, ha

	
%

	
Area, ha

	
%






	
Forest

	
1,919,872

	
29.57

	
1,944,747

	
29.96

	
increasing




	
Shrub

	
162,653

	
2.51

	
310,362

	
4.78

	
increasing




	
Wetland

	
57,229

	
0.88

	
56,412

	
0.87

	
stable




	
Meadow

	
489,966

	
7.55

	
455,858

	
7.02

	
decreasing




	
Mixed

	
524,740

	
8.08

	
459,971

	
7.09

	
decreasing




	
Disturbed

	
9357

	
0.14

	
6389

	
0.10

	
stable




	
Agricultural

	
2,989,978

	
46.06

	
2,905,695

	
44.76

	
decreasing




	
Commensal

	
147,286

	
2.27

	
157,742

	
2.43

	
increasing











 





Table 2. The sample composition of small mammals in different habitats: N—number of individuals, S—number of small mammal species.






Table 2. The sample composition of small mammals in different habitats: N—number of individuals, S—number of small mammal species.





	Habitat
	N
	S





	Forest
	7657
	15



	Shrub
	392
	11



	Wetland
	2271
	15



	Meadow
	7683
	17



	Riparian
	647
	9



	Mixed
	1181
	15



	Disturbed
	2022
	11



	Agricultural
	2139
	13



	Commensal
	4575
	14



	Total
	28,567
	18
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file4.png
Commensal ] I— DU N |
Agricuttural [ S 9=
Disturbed | | N |
Mixed | I e
Riparian - D — =
Meadow

1
Wetland B
| e

Shrub

Forest [ | . '

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
' S. araneus u S. minutus m N. fodiens m S. betulina m M. musaulus
A. agranus mA. flavicollis mA. uralensis B M. minutus mC. glareolus

A. oeconomus u M. arvalis m M. agrestis u M. rossiaemenidionalis





nav.xhtml


  land-13-01214


  
    		
      land-13-01214
    


  




  





media/file11.png





media/file2.png
321
322
| 324
331
333

[ a1
B :2
[ EE
-

B 33+
i
B 42

Level 3

100
Km

50

25






media/file5.jpg
Forest WShub wWetland s Mesdow ®Riparian





media/file3.jpg
Commansal = e — 0

P D ——
Derbed 1 E—
s e —————————
Riparian - O —— =
Hesdan, - S — S 0m
Vietsns L —
s - o —
Foest ]

S sarevs 5 mas N fodns o5 boine M st

R sgrae A s [y el ot G gamots





media/file1.jpg





media/file7.jpg
S araneus.

S minutus

Uil

m

i

i

C glareous A ceconomus M agrests

":sggg!gu U HUH] ;zig;zgg

M anals

il}” ()

i

i

H! BH
il

";z; U] zz; TR u;ggs;

==

i





media/file10.png
Riparian

Meadow

Wetland

Shrub

Forest

] sysaibe w
1 siyease “wy

{ snwouooeo vy
{ snjoaseib »
1 smnuiw “w
{ sisusjein 'y
1 Silfodney 'y
{ snueibe 'y

1 sninosnw "Wy
1evineq ‘s
15ueipoj ‘N

{ smnuiw ‘g

{ snheuese ‘g

species

] syjeuoipueweeissos ‘wy
{ sysaibe w

{ siense “wy

{ snwouooeo vy
{ snjoaseib »

1 smnuiw “w

{ sisusjein 'y
1SiodAey 'y

{ snueibe v

1 sninosnw "Wy
1evineq ‘s
18ueipoj ‘N

{ smnuiw ‘g

{ sneuese ‘g

{ sysaibe w
{ syense ‘w

{ snwiouooso y
{ snjoaseib »
1 smnuiw “w
{ sisusjesn 'y
1 Siodiney 'y
{ snueibe vy

{ sninosnw wy
1evinieq s
18ueipoj ‘N

{ smnuiw g

{ sneuese ‘g

] sysaibe wy
{ siyense “wy

{ snwiouosao vy
{ snjoaseib »
1 smnuiw “w
{ sisusjein vy
1 sijodiney 'y
{ snueibe 'y

1 snnosnw "y
{1evinieq's
18ueipos ‘N

{ smnuiw g

{ sneuese ‘g

] syjeuoipueweeissos ‘wy
{ sysaibe w

1 siease “wy

{ snwouooeo vy
{ snjoaseib »

1 smnuiw “w

{ sisusjeisn 'y
1Siiodney 'y

{ snue.ibe vy

1 sninosnw "y
1evineq 'S
18ueipoj ‘N

{ smnuiw ‘g

{ sneuese ‘g

Disturbed

Mixed

Commensal

o Mean
[J MeantSD
T Mean+1.96"SD

Agricultural

1 sysaibe w
{ syense ‘W

{ snwouooeo vy
{ snjoaseib »
{1 smnuiw “w
{ sisusjein 'y
1 Siifodiney 'y
{ snueibe y

1 snnosnw "y
1evineq s
15ueipoj ‘N

{ smnuiw g

{ sneuese 'S

g
:

] syjevoipueweeissos ‘wy
{ sysaibe w

1 siyense wy

{ snwouooeo vy
{ snjoaseib »

1 smnuiw Wy

{ sisusjesn 'y
1SifodAey 'y

{ snueibe y

1 sninosnw “wy
1evineq s
18ueipoj ‘N

{ smnuiw g

{ sneuese ‘g

] sysaibe w
{ syense wy

{ snwiouooso vy
{ snjoaseib »
{ smnuiw W
{ sisuejein vy
1 siodineyy 'y
{ snueibe 'y

{ snnosnw wy
1evineq s
18ueipoj ‘N

{ smnuiw s

{ sneuese g

] sijeuoipueweeissos ‘wy
{ sysaibe w

{ syense wy

{ snwiouooeo vy
{ snjoaseib »

{1 smnuiw W

{ sisuejein vy

1 8iodiney 'y

{ snueibe 'y

{ snnosnw wy
1evineq's
18ueipoj ‘N
{smnuw s

{ sneuese g





media/file9.jpg
Wl e o

rocan oo

aa'eee.ggeeﬁ b B‘e eﬂw BMW Oe W&GB






media/file0.png





media/file8.png
A. agrarius A. flavicollis

S. minutus

S. araneus

%8
558
QO QO
===
o [H
-
et
m! N
—g—
! )
—
{0
{TT} |
A A ) ) ﬂ A ¢> A
v A \J AJ H A AJ
—_—
—{r}—
L 1Tt
I =
{1}
{1}
A A A -ﬂ A A
- {1
{111
{11}
{11}
o 0 o 0 o 0 o
Lo -t -t o o o o~

109

[ESUBWILIOD

1 jeanynoube
1 Pequnisip
{ paxiw

{ uepedu

{ mopeaw

{ puepam

{ qruys

{ 15810}

] jesuawiwon
1 (eanynoube
1 PaqInisip

{ paxiw

{ uepedu

{ mopeaw

{ puepam

1 qniys

{ 15810}

] jesuswiwo:
1 jeanynoube
1 PeqINsip

{ paxiw

{ uepedu

{ mopeaw

1{ puepam

{ qnuys

{ 15210}

1 jesuswiwon
1 (eanynoube
1 PeqInisip

{ paxiw

{ uepedu

{ mopeaw

{ puepam

{ qnuys

{ 15810}

habitat

M. arvalis

M. agrestis

A. oeconomus

C. glareolus

wao
ﬁs
£E&
QO QO
===
o[H
- 0
— I}
e}t
T
{1}
—{I—
\J Al \J \J Al A
{IT} 4
- 1
—_— {0
s
——
{1
Al A A AJ \J
T
: — |
- T
—_— 0
e 1 ¥ | o)
. —LY T -
i A A A —H bq A
0 N
— g
m!} N
00—
o w0 = w0 = w0 o
el .y -t lap] ™ o~ o
108

1 jesuawiwon
1 (eanynoube
1 Pequnsip

{ paxjw

{ uepedu

{ mopeaw

{ puepem

1 qnuys

{ 1210}
