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ABBREVIATIONS 

 

Ad. – adult 

BT – breeding time of the cormorants 

D – daytime 

ECC – great cormorant colony in Elektrėnai 

JCC – great cormorant colony in Juodkrantė 

Juv. – juvenile 

LCC – great cormorant colony in Lukštas 

NCC – great cormorant colony in Naudžiūnai 

N – night 

NT – non-breeding time of the cormorants 
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T – twilight 
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 INTRODUCTION 

 

 Relevance of the study. Small mammals are indicators of forest 

ecosystem sustainability and play an important role in many other 

ecosystems worldwide (Carey and Harrington, 2001; Pearce and Venier, 

2005; Bogdziewicz and Zwolak, 2014). Being mostly common, small 

mammals are core components in food webs and have important roles in the 

functioning of ecosystems (Jedrzejewski and Jedrzejewska, 1992; Malecha 

and Antczak, 2013; Wilson et al., 2017; Grabham et al., 2019; Gryz and 

Krauze-Gryz, 2019). The composition of the mammal community and 

species abundances are not stochastic, they depend from the environment 

(Carey and Harrington, 2001; Kozakiewicz and Kozakiewicz, 2008). 

Diversity, abundance, dominance, sex and age structure, and other indicators 

of the small mammal community are influenced by environmental 

conditions. Changes in the structure of vegetation, undergrowth, composition 

of tree crown cover or forest litter affect small mammal communities (Fox, 

1995; Bryja et al., 2002; Briani et al., 2004; Čepukienė and Jasiulionis, 

2012). Due to their versatile ecological functions, coarse wood debris is 

particularly important (Carey and Harrington, 2001). 

 Apart from anthropogenic effects, colonies of great cormorants 

(Phalacrocorax carbo) are probably the fastest and most strong 

environmental factor in our climatic zone (Kameda et al., 2006; Klimaszyk 

and Rzymsky, 2016). Cormorants are vector for the transport of nutrients 

from aquatic to terrestrial ecosystems (Ellis et al., 2006; Otero et al., 2015). 

Complex environmental effects of great cormorants lead to enormous 

ecosystem transformation (Klimaszyk and Rzymski, 2016).  

 Influence of cormorants on fish stocks and the environment in the 

territory of breeding colonies caused much debate in society. These birds 

received a lot of attention in the media. Cormorants were considered as 

possibly the best-studied bird species (Pūtys, 2012). But still, so far there 

was no study investigating the effects of cormorants on mammals. The 

research carried out during the preparation of the dissertation will contribute 

to the assessment of the complex environmental impact of cormorants. 
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OBJECTIVE AND MAIN TASKS OF THE STUDY 

 

 The objective was to evaluate the influence of the colonies of great 

cormorants (Phalacrocorax carbo) on the ecological and biological 

parameters of small mammal communities and the importance and effects of 

colonies on carnivores and ungulates. 

 

The following tasks were set to achieve the objective: 

1. To investigate the effects of the great cormorant colonies on small 

mammal community composition, species diversity, abundance, 

demographic structure, body condition and skull morphometry 

parameters, and to determine if these parameters depend from the 

size of the cormorant colony. 

2. To evaluate the influence of cormorant-transmitted nutrients on the 

isotopic niche of small mammals using stable isotope analysis. 

3. To analyze the accumulation of chemical elements in the tissues of 

small mammals under the colonies of great cormorants. 

4. To determine the impact of cormorants colonies on seasonal and 

daily activities of carnivores and ungulate mammals. 



 

 

10 

STATEMENTS TO BE DEFENDED 

 

1. Diversity and abundance of small mammal communities, sex and 

age structure, body condition and skull morphometry were changed 

under the influence of cormorant colonies. 

2. The initial positive effects of cormorant colonies on the ecological 

and biological parameters of small mammals are changed to 

negative when colony reaches the certain size.  

3. Nutrients, transported by cormorants from the aquatic to the 

terrestrial ecosystems are influencing the nutrient balance and 

shifting isotopic niche of small mammals. 

4. Expansion of the great cormorant colony immediately increases the 

input of biogens to the terrestrial ecosystem, and this influence is 

reflected by increased nitrogen stable isotope values in the hairs of 

small mammals. 

5. Although the effects of cormorant colonies are not so strong as those 

of anthropogenic pollution sources, they affect the concentrations of 

K, Cu, Rb, and Pb in the tissues of small mammals. 

6. Cormorant colonies are important habitats for some ungulates and 

carnivores, where bird activity affects seasonal and daily activity 

patterns of some species. 
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NOVELTY OF THE STUDY 

 

 In this work the effects of great cormorants on mammals were 

scientifically evaluated for the first time. The study revealed the effect of 

cormorant colonies on the diversity and abundance of small mammal 

communities, sex and age structure of their populations and the body 

condition of individuals. We found, that the initial positive effects of 

cormorant colonies on the ecological and biological parameters of small 

mammals are changed to negative when colony size reached a certain level. 

The influence of a biggest colony of great cormorants on the skull 

morphometry in two small mammal species was revealed for the first time. 

Also, for the first time, the influence of cormorants on the accumulation of 

heavy metals and other chemical elements in mammalian tissues was 

evaluated, and a stable isotope ratio analysis of carbon (13C/12C) and nitrogen 

(15N/14N) was performed. The fundamental novelty of our investigation was 

in evaluating the immediacy of the impact of the great cormorant colony on 

small mammals. The results for the first time showed how fast biogenic 

pollution is transferred and what its consequences are to small mammal 

ecology. We also observed changes in seasonal and daily activity patterns of 

mammals in the colonies of cormorants during bird breeding time.  

 The study results provide a better understanding of the long-term 

effects of great cormorants on the ecosystem. Results of this research are 

important both for assessing the effects of cormorant colonies on mammals 

and for understanding the evolution of mammalian population parameters in 

an extremely rapidly changing environment. Our investigation contributes to 

understanding biological pollution and disturbance through the complex 

environmental changes occurring in cormorant colonies.  
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1. LITERATURE OVERVIEW 

 

1.1. Distribution and biology of great cormorants (Phalacrocorax carbo) 

 
 Phalacrocoracidae is a bird family with approximately 40 species of 

aquatic birds breeding in colonies. The great cormorant (Phalacrocorax 

carbo) is the most widespread member of this family, found nearly 

everywhere in the world: Africa, Australia, most of Eurasia and North 

America on the northern Atlantic coast (Hoyo et al., 1992). Two subspecies 

of great cormorants Phalacrocorax carbo breed in Europe: P. c. carbo and 

P. c. sinensis. The „Atlantic“ subspecies P. c. carbo breeds in France, United 

Kingdom, Ireland and Norway. Nests are mainly found in islands on exposed 

marine coasts or rocky cliffs. The „Continental” subspecies P. c. sinensis 

breeds in continental Europe, Scandinavia and along the coasts of the Baltic 

Sea. Nests are mainly found in trees and on land near shallow coasts 

(Bregnballe et al., 2011). 

 The breeding of cormorants in Lithuania begins in March. They lay 

2–4 eggs, which hatch after 27–31 days. The chicks leave the nest at 2 

months of age but return to the nest for more than a month to be fed of their 

parents (Nelson, 2005; Knyva and Rumbutis, 2016). So, in the breeding 

colonies, cormorants are huddled from early March to late July. 

 Cormorants are specialized ichthyophages. Roach, perch and ruff are 

the major part, 70%, of the diet, and almost 78% of it consists of fish under 

12.5 cm in length (Pūtys, 2012). Prey is catched by diving. The chicks are 

fed by cud fish from the stomach. Some of the fish brought into the colony 

to feed chicks are lost. Daily food requirement for adult bird is about 240 g 

of fish per day. When feeding juveniles, one cormorant must catch between 

300 g and almost 600 g of fish per day (Gremillet et al., 1995). 

 

1.2. Dynamics of abundance of great cormorants  

 
 Due to persecution (hunting, destruction of breeding colonies), the 

continental subspecies of cormorants (P. c. sinensis) was extinct in almost all 

of Europe in the 20th century. As a top predator, populations of cormorants 

have been affected by the use of DDT and polychlorinated biphenyl (PCB). 

In the 1970s, cormorants colonies were only left in the Netherlands, 

Germany, Sweden and Poland. The number of breeding pairs at that time 

was only 3500–4300 (Bregnballe, 1996). Later, the cormorant population 
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began to increase. Population growth was 10–20% yearly. In 1995 it was 

estimated more than 130,000 of breeding pairs (Eerden and Gregersen, 1995; 

Steffens, 2010; Bregnballe et al., 2011; Kohl, 2015). Ten years later, in 2005 

the number of breeding cormorant pairs in Europe doubled and reached 

240,000 (Fig. 1). In 2014 number of breeding pairs of P. c. sinensis was 

estimated at 256,000. In addition to these, 42,000 pairs of P. c. carbo were 

breeding in Europe (Kohl, 2015). Thus, the abundance of the European 

cormorant population over the last decade has stabilized. The recovery of 

cormorant populations was driven by increased breeding success and 

survival once the requirements of the EU Birds Directive have been 

implemented. Directive ensured the protection of breeding colonies and 

protection against shooting (Lindell et al., 1995; Steffens, 2010). Also, fast 

increase of the cormorant numbers was related to high prey availability: 

development of large, shallow, and very fertile aquaculture fish farms areas 

in addition to the eutrophication of other water bodies (White et al., 2011; 

Herrmann, 2019).  
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Fig. 1. Development of P. c. sinensis breeding population (pairs) in Europe 

(excluding Ukraine and Moldova) (according Kohl, 2015, modified). 

 

1.3.  Environmental impact of the colonies of great cormorants  

 
 Like other piscivorous colonial breeding birds, great cormorants are 

ecosystem engineers (Jones et al., 1994; Ayers et al., 2015), able modulate 

the availability of resource to other species and extremely change the 

ecosystem in the territory of the breeding colony (Klimaszyk and Rzymsky, 

2016). Due to dense nesting, numerous nesting birds and large areas of the 

breeding colonies, cormorants are birds that have huge effects on their 
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breeding area (Kameda et al., 2006). The number of breeding pairs in the 

largest colony in Lithuania overruns 3,000. There are several times bigger 

colonies in Europe, for example, the number of breeding pairs in the 

cormorant colony located at Katy Rybackie (Poland) exceeds 11,000 

(Misztal-Szkudlinska et al., 2011). Cormorants are effective vector for the 

transport of nutrients from aquatic to terrestrial ecosystems (Ellis et al., 

2006; Otero et al., 2015) and thereby affect the nutrient status of the soil 

(Ishida, 1996; Hobara et al., 2001). Territories of the cormorant colonies are 

overloaded with extremely high concentrations of phosphorus (P) and 

nitrogen (N) as a result of deposited faecal material, lost regurgitated fish 

and dead chicks (Kuiken et al., 1999; Gwiazda et al., 2010; Garcia et al., 

2011; Klimaszyk and Rzymski, 2016). The effect is stronger near cormorant 

nests (Kolb et al., 2015). A single bird deposits 20–50 g of faeces per day. 

Great cormorants spent about 20 h daily in the breeding colonies, so about 

80% of faeces are deposited there (Klimaszyk and Rzymsky, 2016). 

Cormorant faeces contain about 10% of N and 8% of P (Gwiazda et al., 

2010). Deposited faeces overload the ecosystem with N and P by 104 to 105 

times (Garcia et al., 2011). As was shown by Klimaszyk et al. (2014, 2015), 

soils beneath the colony contained extremely high concentrations of nitrogen 

and phosphorus. Soil within cormorants breeding colonies was more acidic 

and had a higher concentration of K (Lafferty et al., 2016). In addition, 

cormorants and other colonial birds produce a large amount of ammonia 

(NH3) (Riddick et al., 2012). Topsoil in the great cormorant colonies was 

characterized as geochemical anomalies with prevalence of S, Cu, P, Cl, Ti, 

Ca, Cr, Zn, Ni, Pb and Sb (Taraškevičius et al., 2013). 

 Complex environmental effects of great cormorants can lead to 

enormous ecosystem transformation (Klimaszyk and Rzymski, 2016). 

Chemical properties of soil induce changes of the forest ecosystem and 

plants (Anderson and Polis, 1999; Kameda et al., 2006). Seabird 

colonization increases N and P levels and affect plants from a few (Hobara et 

al., 2005) to 10 years (Veum et al., 2019) or even 20–60 years after colony 

abandonment (Ishizuka, 1966; Kameda et al., 2006). Bird-induced chemical 

loadings negatively affect tree health (Lafferty et al., 2016). Moreover, 

canopy cover in bird colony is reduced (Veum et al., 2019) as well as tree 

seedling diversity (Maesako, 1999). Ishida (1996) suggest that forests 

structure and tree species composition in cormorant colonies is simplified. 

Investigation in the colony of great cormorants in old-growth pine forest 

(Juodkrantė, Lithuania) showed that numbers of the plant species, as well as 

the coverage of vegetation, varied depending on the cormorant influence 
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level (Matulevičiūtė et al., 2018). Significant vegetation changes occurred in 

several years after colony settlement. In 10 years pine forest ecosystem 

became destroyed: all trees in the territory were dead, characteristic plant 

species of the coniferous forest ecosystem disappeared (Matulevičiūtė et al., 

2018).  

 Impact of great cormorants on the forest resulted changes in species 

richness of myxomycetes; smallest number of species was found in the most 

active part of the colony (Adamonytė et al., 2012). It is known, that species 

composition and number of lichens was significantly modified in the birds 

colonies (Zolkos et al., 2013). Lowest numbers of the lichen species were 

found in the part of the Juodkrantė cormorant colony with the highest nest 

density (Motiejūnaitė et al., 2014). Furthermore, in cormorant-disturbed 

forest changes in the structure of fungal communities were observed: 

decrease of mycorrhizal species, the presence of coprophilous fungi on forest 

litter, and the appearance of host-specialized fungi on plants (Kutorga et al., 

2013). 

 In response to the influence of nesting cormorants, soil microbial 

community and soil and litter fauna structure was transformed (Kolb et al., 

2015). With increased intensity of avian incluence bacterial diversity 

decreased (Domínguez et al., 2016). Dominance of plant feeders in the 

arthropod community at cormorant colony shifted to dominance of carrion 

and dung feeders. Larger impacts on arthropods were observed in the area 

with longer existence of colonies (Craig et. al., 2012). Insect, spider and 

lizard abundances were significantly higher on islands affected by bird 

colonies (Polis and Hurd, 1996). Seabird colony had positive effects on 

distribution and body condition of herpetofauna (Kohno and Ota, 1991).  

 However, amongst the studies analyzing effects of ornithogenic 

impact on environment, there have been no investigations on the cormorant 

colony impact on mammals. The only exception was preliminary notice that 

foxes (Vulpes vulpes), racoon dogs (Nyctereutes procyonoides) and wild 

boars (Sus scrofa) were often observed visiting the colony in Katy Rybackie 

(Poland) (Goc et al., 2005).  

 

1.4.  Cormorant colonies in Lithuania 

 
 In Lithuania great cormorants usually breed in mixed colonies with 

grey herons. Colonies are mostly established near the shores of a water 

bodies. Cormorants choose tall trees for nesting (Knyva and Rumbutis, 

2016). In Lithuania cormorant breeding on the ground was not observed. 
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Majority of nests are located in pines, some nests were observed in spruce, 

black alder and birch trees (Dagys and Zarankaitė, 2013). Most of the nests 

in the cormorant colony in Juodkrantė are twisted in pines, occasionally in 

spruce and oak trees. In the cormorant colony in Lukštas most nests are 

twisted in black alder, pine and birch trees. In colonies of Elektrėnai and 

Naudžiūnai nests are twisted in pines. In recent years, cormorant nests have 

been observed in oaks as well. In 2012, Lithuania had six colonies of great 

cormorants with 3200 occupied nests (Dagys and Zarankaitė, 2013). In 2016 

Lithuania had seven cormorant colonies with about 5600 occupied nests 

(Knyva and Rumbutis, 2016). The largest cormorant colony is located on the 

Curonian Spit near Juodkrantė, and in different years it contained from 60–

80% of the national breeding population (Knyva and Rumbutis, 2016). This 

colony has been known since 1803. However, due to constant persecution, 

the Juodkrantė colony was abandoned by the cormorants in 1887 

(Gražulevičius and Elertas, 2005). After more than 100 years of eradication, 

great cormorants started to breed again there in 1989 (Stanevičius and 

Paltanavičius, 1997). The colony was growing rapidly, crossing the 

threshold of 500 nests in 1995, 1000 nests in 1999, and 2000 nests in 2003. 

In 2011–2016 number of breeding pairs in this largest colony in Lithuania 

was between 3800 (2015) and 4941 (2013). During the activities on 

abundance regulation, from 9.5% (2011) to 64% (2012) of eggs in the nests 

were cooled, with the total of 34% of eggs cooled during this period. In 2015 

cormorant abundance was not regulated (Knyva and Rumbutis, 2016). From 

2017 to 2019, the abundance of cormorants in the Juodkrantė cormorant 

colony was very stable (about 3000 breeding pairs). During this period, 50% 

of the juveniles in the nests did not hatch due to the regulation of cormorant 

abundance (S. Rumbutis pers. com.). 
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2. STUDY SITES 

 
 The investigation was done in 4 colonies of the great cormorants 

located in Lithuania (Table 1, Fig. 2). The territory and surroundings of the 

great cormorant colony in Juodkrantė (further JCC) according to duration 

and degree of colony impact on the environment was divided into five zones 

(Paper I, Fig.1; Paper VI, Fig. 1):  

• the control zone (I) with no influence of cormorants on the habitat.  

• the zone of initial influence (II) is expanding part of the colony, 

with the most recent and still developing influence. In this zone, 

trees are still alive, but with reduced vitality, shrub layer reduced 

and herb layer is scarce. Moss layer is thin, with bare patches. 

• the zone of long-term influence (III) of the colony with the highest 

concentration of nests. Trees are dead or dying and the shrub layer is 

reduced, the projection cover of the herb layer is 10% or less. 

• the zone of former active influence (IV) of the colony with dead 

trees, many of them rotten, fallen and decaying. The territory is re-

growing with young trees and shrubs, the herbaceous layer is thick. 

This is abandoned part of the colony with only a few nests still in 

use. 

• the zone of the ecotone (V), situated between influenced zones and 

surrounding forest (more details in Paper I).  

 In the cormorant colonies at Lukštas (further LCC), Naudžiūnai 

(NCC) and Elektrėnai (ECC) only two zones were defined: those with 

colony influence (colony (II-V)) and with no influence on the habitat 

(control (I)). Distance between colonies and controls ranged from 50 m 

(Elektrėnai) to 200 m (Lukštas).  
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Table 1. Main characteristics of investigated colonies in the study period. 

Colony and 

location 

LKS  

coordin

ates 

Predominant 

tree species 

Area, 

ha 

Breeding 

pairs of great 

cormorants* 

(grey herons) 

Juodkrantė  

shore of the 

Curonian 

Lagoon 

317462,  

6157742 

pine, spruce, 

birch, oak 

14 1500–3800 

 (230–340) 

Lukštas 

peninsula of the 

Lukštas Lake 

637836,  

6192828 

black alder, 

pine, birch 

1 90–130 

 (0) 

Naudžiūnai 

shore of the 

Nemunas River 

499837,  

6050225 

pine, spruce 0.3 80  

(40) 

Elektrėnai 

island of the 

Elektrėnai 

Lagoon 

543661,  

6069593 

pine, birch, 

oak 

1.5 120–160 

 (40–90) 

*– after the regulation of abundance 
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Fig. 2. Investigation sites (cormorant colonies marked by dots, investigated 

colonies marked by arrows): JCC – Juodkrantė cormorant colony, NCC – 

Naudžiūnai cormorant colony, ECC– Elektrėnai cormorant colony, LCC – 

Lukštas cormorant colony (map according Dagys and Zarankaitė, 2013). 
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3. MATERIALS AND METHODS 

 
3.1. Impact of cormorants on ecological and biological parameters of 

small mammals 

 
 Small mammal trapping was done by snap trap lines, each consisting 

of 25 traps spaced 5 m from each other. Dried brown bread soaked in 

sunflower oil was used as a bait. In all years trapping was done from 

September to November; additional trapping in June 2013 and 2014 was 

conducted in Juodkrantė cormorant colony. Traps were exposed for 1–3 days 

and checked once a day (Balčiauskas, 2004). Totally, in 4 cormorant 

colonies 257 snap trap lines were operated in 2011–2019, with a total 

sampling effort of 17700 trap days (Table 2). Trapped small mammals were 

identified, weighed (with accuracy of 0.1 g) and measured (with accuracy of 

0.1 mm). Individuals were then dissected, age and sex identified. Three age 

categories were used, based on the presence and involution of the thymus 

gland and reproductive status of the animals (Paper II). The relative 

abundance of small mammals was expressed as the number of individuals 

per 100 trap days, based on the number of individuals trapped in the first 

day. We used Shannon’s diversity index H (log base 2), Simpson’s 

dominance index c (according to Krebs, 1999). We used the body condition 

index bc=(Q/L3)×105, where Q is body weight in g and L is the body length 

in mm (Moors, 1985). The number of embryos and the number of fresh 

placental scars were counted to determine litter size (Balčiauskas et al., 

2012). 

 

3.2. Skull morphometry 

 
 Skull morphometry was analyzed in 468 yellow-necked mice 

(Apodemus flavicollis) and 151 bank voles (Myodes glareolus) individuals, 

trapped in Juodkrantė colony. Under a binocular microscope with a 

micrometric eyepiece which has an accuracy of 0.1 mm, 23 skull characters 

were measured (list of measured characters presented in Paper III). We 

tested if differences in the size of skull characters were present and, if so, 

whether these differences were associated with possible drivers of change – 

i.e., zone of the colony, trapping year, trapping month, animal age and 

animal sex (Paper III). 
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Table 2. Trapping effort, trap days in the colonies of the great cormorants in 

Lithuania, 2011–2019. Number of trap lines presented in the brackets. 

 Cormorant colony 

Year Juodkrantė Lukštas Naudžiūnai Elektrėnai 

2011 750 (15) – – – 

2012 2225 (31) – – – 

2013 2400 (35) – – – 

2014 2175 (30) 600 (8) – 200 (8) 

2015 750 (10) 600 (8) – 600 (8) 

2016 750 (10) 200 (8) 600 (8) – 

2017 750 (10) 600 (8) 600 (8) – 

2018 750 (10) 600 (8) 600 (8) – 

2019 750 (10) 600 (8) 600 (8) – 

Total: 11300 (161) 3200 (48) 2400 (32) 800 (16) 

 

3.3. Stable isotope analysis 

 

 Two species of small mammals, A. flavicollis and M. glareolus were 

used for stable isotope analysis. Small mammals were trapped in Juodkrantė, 

Elektrėnai and Lukštas cormorant colonies. All three colonies had control 

zones. In addition, small mammals were also trapped in control site with no 

breeding cormorants at Zarasai (Papers IV, V) and Rusnė (Paper VII). 

Altogether, hair samples were taken from 129 individuals of A. flavicollis 

and from 120 individuals of M. glareolus (Papers IV, V, VII). Isotopic 

signatures were evaluated and isotopic baselines were established from 

possible dietary items (Paper V). 

 Small mammals hair samples were clipped off between the 

shoulders of specimens, each sample placed separate and stored dry in bags. 

Prior to the stable isotope analysis hair samples were scissored off, weighed 

with a microbalance and packed in tin capsules (Paper IV, V, VII). 

Environmental samples (including plants, litter, invertebrates) were stored in 

different bags in refrigerator under -20 °C prior to preparation and analysis. 

Samples were oven dried in 60 °C to a constant weight for 24–48 hours then 

homogenized to a fine powder by mortar and pestle and Retsch mixer mill 

MM 400 (Paper V).  
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 Stable isotope ratios (expressed as δ13C and δ15N) were measured 

using elemental analyzer (EA) coupled to an IRMS (Flash EA1112; Thermo 

Delta V Advantage, Thermo Scientific, USA). Stable isotope data are 

reported as δ values, according to formula:  

δX=(Rsample/Rstandard-1)*103, 

where Rsample=13C/12C or 15N/14N of sample, Rstandard=13C/12C or 15N/14N of 

standard (Paper IV, V, VII).  

 

3.4. Study of chemical elements  

 

 Chemical elements were analyzed in 54 individuals (23 males, 31 

females; 21 adults, 21 subadults and 12 juveniles) of the dominant species A. 

flavicollis captured in Juodkrantė cormorant colony and control zone. We 

used the body (muscle and bones) samples to register the presence and 

concentration of the following 20 elements: Na, Mg, Al, Si, P, S, Cl, K, Ca, 

V, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Mo and Pb. The sampling unit used was 

skinned body of one individual without internal organs. Samples were oven 

dried at 100 °C for 12 h, crushed in agate mortars and later pre-mineralized 

to dry ash at 240 °C. Ashed samples were milled using the MM 400 mill 

with zirconium oxide grinding jars and grinding balls. Milled samples were 

mixed with the Licowax binder (Fluxana) in the proportions of 1.25 g of 

material and 0.28 g of binder (dilution factor 0.816, as recommended by the 

equipment manufacturers). Each sample was homogenized and pressed for 3 

min using 15 KN (press PP25) to produce 20 mm diameter pellets. The 

pellets were analyzed by energy-dispersive xray fluorescence (EDXRF) 

equipment Xepos HE (Kleve, Germany) using TurboQuant (TQ) II for 

pellets calibration module as elaborated by the manufacturers. 

Concentrations of chemical elements were expressed on a wet weight basis 

in mg g-1 (Paper VI).  

 

3.5. Camera trapping 

 
The activities of mammals were evaluated using camera traps 

(system with a motion trigger/sensor that activates a camera to take a 

photograph when an animal is present). We deployed camera traps in three 

points (one camera per point) in the JCC and one point in LCC. 

Camera trapping in JCC lasted from November 2014 to September 

2015 and from June 2017 to October 2018 involving 1376 trap days of 
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effort. Camera trapping in LCC lasted from February 2015 to February 2016 

and from November 2016 to July 2019 involving 1317 trap days of effort. 

We used Ltl Acorn-5210A cameras with sensors were set to the 

maximum sensitivity and trigger interval set at 0 sec. We used trail-targeted 

(passive camera) trapping design with no attractants. Cameras were mounted 

on the trees about 40–60 cm above ground and checked (replacing batteries 

and SD memory cards) 3–4 times during the year. Time and date were 

automatically recorded on each picture. Pictures taken with at least 1-hour 

interval were treated as independent observations (trap events). Camera day 

lasted from 00:00 to 23:59. Year was divided into periods of the cormorant 

breeding time (BT) and non-breeding time (NT). BT lasted from April 

(when chicks begin to hatch from eggs) to July (when chicks finally leave 

the cormorant area). Non-breeding time was the period from August to 

March.  

Each day was divided into three periods: daytime, nighttime and 

twilight. Twilight (T) was defined as a 60 minutes period before and after 

sunrise/sunset, so that each day had four twilight hours. Daytime (D) was a 

period between 60 minutes after sunrise and 60 minutes before sunset. Night 

(N) was a period between 60 minutes after sunset and 60 minutes before 

sunrise. Time of sunset and sunrise were estimated using the website 

www.day.lt (Paper VIII). 

 

3.6. Statistical analysis 

 
 STATISTICA for Windows, ver. 6.0 software (StatSoft 2004) was 

used for the statistical analyses (Paper I–VIII). Multifactor influence was 

tested using main effects ANOVA for all skull measurements and potential 

predictor (zone of the colony, trapping year, animal age and sex) (Paper 

III). The δ15N and δ13C values in the samples were expressed as arithmetic 

mean±SE (standard error) (Paper IV, V, VII). A main effect ANOVA was 

used to test the influence of the species, site, territory (colony and control), 

animal gender and age on carbon and nitrogen stable isotope values, with 

Wilk's lambda to test the significance of influence. The post-hoc Tukey test 

was used for comparing multiple independent groups (Paper IV). The 

normality of the distribution δ15N and δ13C values was evaluated using 

Kolmogorov-Smirnov test. As not all values of δ15N and δ13C were 

distributed normally, the influences of species and the zone of the colony on 

the carbon and nitrogen stable isotope values in the mammal hair were tested 

using nonparametric Kruskal-Wallis ANOVA (Paper V, VII). In study of 
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chemical elements the influences of multifactors were tested using 

MANOVA. The influences of zone, gender and age were tested using two-

way ANOVA with Wilk's lambda for significance. The Tukey post-hoc test 

was used to compare multiple independent groups (Paper VI). Relative 

shooting frequency significance of differences was evaluated using 

ANOVA, pairwise comparisons according Student’s t. Daily activity 

patterns were compared using chi-square statistics (Paper VIII). 
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4. RESULTS AND DISCUSSION 

 
 Detailed results and the discussions on data were published and are 

available in papers (Papers I–VIII). Below are the summaries of the 

dissertation results and discussion covering this study. 

 

4.1. Impact of cormorants on ecological and biological parameters of 

small mammals  

 
 During nine-year study (Table 2) 1967 individuals of 10 small 

mammal species were trapped in the 4 colonies of the great cormorants and 

in their control territories (Tables 3–5): common shrew (Sorex araneus), 

pygmy shrew (S. minutus), water shrew (Neomys fodiens), M. glareolus, 

meadow vole (Microtus agrestis), root vole (Microtus oeconomus), house 

mouse (Mus musculus), harvest mouse (Micromys minutus), striped field 

mouse (Apodemus agrarius) and A. flavicollis. 

 The dominant species in JCC was A. flavicollis, accounting for 

70.6% of all trapped individuals (Table 3). A. flavicollis dominated in all 

JCC zones comprising from 65.0% (in zone IV) to 94.0% (zone II) of the 

small mammal community. M. glareolus was subdominant in all zones 

(Table 3). Six small mammal species were recorded in the control zone (I) 

and five species in the ecotone (V). In the most active part of the colony, i.e., 

zone of initial influence (II) and zone of long-term influence (III) small 

mammal species richness was poor, 3 and 4 species respectively. The highest 

number, 7 species was found in the zone of former influence of the colony 

with abandoned nests. 

The lowest relative abundance of small mammals in JCC was 

found in the zones II and III, 4.65±1.08 and 4.76±1.41 ind./100 trap days 

(±SE), respectively. The highest abundance was registered in zones V and 

IV, 20.96±2.82 and 22.46±1.85 ind./100 trap days (Fig. 3). Relative small 

mammal abundance in control zone (10.38±1.51) was significantly lower 

than in zones V (t=3.49, p<0.001) and IV (t=5.04, p<0.001), while 

significantly higher than in most affected zones II (t=3.04, p<0.01) and III 

(t=2.72, p<0.01). Also, relative abundance in zones IV and V was 

significantly higher than in zones II and III (all p<0.001). 

Extremely low small mammal species diversity was observed in 

zone II (Shannon’s H=0.37). The highest species diversity was found in zone 

IV (H=1.33) (Table 3). Dominance was highest in zone II (Simpson’s 
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c=0.89). In other zones, Simpson’s index was relatively stable (c=0.56–

0.63). 

In the control zone of LCC dominant species was M. glareolus 

(58.4%), with A. flavicollis being subdominant (30.5%). M. glareolus was 

dominant in the colony (66.9%) also. The subdominant species in the 

cormorant affected zone was A. agrarius, comprising 18.1% of the trapped 

small mammals. The area affected by cormorants exhibited greater species 

richness (9 species) than control zone (6 species), although diversity indexes 

did not differ significantly (Table 4). Relative abundance was 2 times higher 

in the colony (29.17±2.92 ind./100 trap days) compared with control 

(13.50±2.14) (t=4.33, p<0.001). 

 Only two small mammal species were trapped in the control of 

NCC, A. flavicollis comprising 57.4% and M. glareolus, 42.6% of all 

trapped individuals. Species richness was higher in the colony: five species 

with dominants M. glareolus (45.4%) and A. flavicollis (41.2%) and 

subdominant A. agrarius (11.9%). Species diversity was higher in the colony 

(Shannon’s H=1.52) than in control (H=0.98). Dominance was higher in the 

control (c=0.51). Small mammal abundance in the colony was two times 

higher than in control zone (Table 5) (t=3.13, p<0.01). 

 Only one species, M. glareolus, was found in colony (21 ind.) and 

control zone (24 ind.) of ECC. Relative abundance was almost identical, 

7.00±2.36 and 8.00±2.73 ind./100 trap days, respectively (t=0.28, p=0.79). 

 Paper I represents an initial investigation into the loss of diversity in 

a small mammal community in JCC.  

 The sex and age structure of A. flavicollis trapped in JCC was 

evaluated between zones (Fig. 4). Sex ratios in control and ecotone were 

identical (males 48.9%, females 51.1% in both). In the zones with cormorant 

influence males prevailed, though not always significantly: 54.5% in zone 

IV (as in control, χ2=1.26, p=0.26), 55.8% in zone II (as in control, χ2=1.91, 

p=0.17) and 68.3% in zone III (more than in control, χ2=15.1, p<0.01). Only 

in zone III difference from 1:1 sex ratio was significant (χ2=13.4, p<0.001). 

Sex ratios of adult A. flavicollis in JCC was similar in control zone 

(males 56.9%, females 43.1%), zone V (males 57.5%, females 42.5%) and 

zone IV (males 58.4%, females 41.6%). In the zones most affected by 

cormorants (II and III) the proportion of males was 68.4% in zone II (more 

than in control, χ2=5.45, p<0.05) and 66.7% in zone III (more than in 

control, χ2=3.92, p<0.05). Greater proportion of females was observed in 

immature (juvenile and subadult) A. flavicollis in control zone of JCC 

(males 43.9%, females 56.1%) and ecotone (males 41.4%, females 58.6%). 
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Males prevailed also in the other zones, but not necessarily significantly: 

51.7% in zone II (as in control, χ2=2.48, p=0.12), 69.2% in zone III (more 

than in control, χ2=26.1, p<0.01) and 51.9% in zone IV (as in control, 

χ2=2.63, p=0.11).  

The age structure of A. flavicollis in JCC also differed between 

zones: the greatest proportion of juveniles (40.3%) and the smallest 

proportion of adults (24.7%) was found in zone II (χ2=8.84, p<0.05). The 

smallest proportion of juveniles (20.4%) and the greatest proportion of adults 

(46.8%) was characteristic to ecotone (V) (compared to control zone 

χ2=10.74, p<0.001). The proportion of subadults in different zones was 

similar: from 25.6% in control to 35.0% in zone II. 

 

Table 3. Small mammal community structure, diversity and relative 

abundance (RA, ind./100 trap days) in the zones of different influence of the 

great cormorant colony in Juodkrantė, 2011–2019. Zones: I – control, II – 

initial influence, III – long-term influence, IV – former active influence, V – 

ecotone. 

 Zones of the colony  

Species I V II III IV Total, n 

(%) 

S. araneus 2 3 1 0 16 22 (1.9) 

S. minutus 2 0 0 0 1 3 (0.3) 

My. glareolus 38 91 4 17 135 285 

(24.8) 

M. agrestis 0 1 0 1 4 6 (0.5) 

M. oeconomus 1 2 0 1 6 10 (0.9) 

M. minutus 3 0 0 0 8 11 (1.0) 

A. flavicollis 142 210 79 63 316 810 

(70.6) 

Total 188 307 84 82 486 1147 

Shannon's H 1.047 1.034 0.369 0.918 1.33 1.149 

Simpson's c 0.612 0.556 0.887 0.634 0.502 0.561 

RA±SE 10.38± 

1.51 

20.96± 

2.82 

4.65± 

1.08 

4.76± 

1.41 

22.46± 

1.85 

12.54± 

0.99 
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Fig. 3. The relative abundance (RA) of small mammals in different zones of the 

great cormorant colony in Juodkrantė. Zones: I – control, II – initial influence, 

III – long-term influence, IV – former active influence, V – ecotone. 

 

Table 4. Small mammal community structure, diversity and relative abundance 

(RA, ind./100 trap days) in the control zone (I) and the colony (II-V) of the 

great cormorants in Lukštas, 2014–2019. 

Species I II-V Total, n (%) 

S. araneus  7 18 25 (4.9%) 

S. minutus 0 2 2 (0.4%) 

N. fodiens 0 1 1 (0.2%) 

M. glareolus  90 240 330 (64.3%) 

M. agrestis 2 5 7 (1.4%) 

M. musculus 0 1 1 (0.2%) 

M. minutus  1 1 2 (0.4%) 

A. agrarius 7 65 72 (14.0%) 

A. flavicollis  47 26 73(14.2%) 

Total 154 359 513 

Shannon's H 1.509 1.524 1.602 

Simpson's c 0.439 0.488 0.456 

RA±SE 13.50±2.14 29.17±2.92 21.33±2.12 
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Table 5. Small mammal community structure, diversity and relative 

abundance (RA, ind./100 trap days) in the control zone (I) and the colony 

(II-V) of the great cormorants in Naudžiūnai, 2016–2019. 

Species I II-V Total, n (%) 

S. araneus 0 2 2 (0.8%) 

S. minutus 0 1 1 (0.4%) 

M. glareolus 29 88 117 (44.7%)  

A. agrarius 0 23 23 (8.8%) 

A. flavicollis 39 80 119 (45.4%) 

Total 68 194 262 

Shannon's H 0.984 1.516 1.429 

Simpson's c 0.511 0.39 0.414 

RA±SE 8.50±1.36 22.75±4.35 15.63±2.58 
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Fig. 4. Sex (A) and age (B) structure of A. flavicollis trapped in different 

zones of JCC. Zones: I – control, II – initial influence, III – long-term 

influence, IV – former active influence, V – ecotone. 

 

 Sex ratios of M. glareolus in JCC was significantly shifted towards 

males in zone III (76.5%) (more than in control zone, χ2=45.2, p<0.001). As 

in the case described above only in zone III the difference from 1:1 sex ratio 

was significant (χ2=28.1, p<0.001). In the zones V and IV sex ratios of M. 

glareolus were near 1:1. In the control zone females prevailed (56.8%), 

however, not significantly (Fig. 5A). The greatest proportion of juveniles 

(64.7%) and the smallest proportion of adults (23.5%) was found in zone III 

(χ2=23.8, p<0.001; Fig 5B). In immature (juvenile and subadult) M. 

glareolus females prevailed (males 60.7%, females 39.3%). In the zones II, 

IV and V sex ratios were near 1:1. In the zone III the proportion of males 

was significantly higher 84.6% (compared to control, χ2=86.1, p<0.001).  



 

 

30 

 

A

16

42

1

13

66

21

46

3

4

67

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

I

V

II

III

IV

♂ ♀ B

16

44

2

11

57

12

19

2

42

9

25

2

4

34

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

I

V

II

III

IV

Juv. Sub. Ad.

 
Fig. 5. Sex (A) and age (B) structure of M. glareolus trapped in different 

zones of JCC. Zones: I – control, II – initial influence, III – long-term 

influence, IV – former active influence, V – ecotone. 

 

 In LCC sex ratio of A. flavicollis was 1:1 both in the control 

(χ2=0.41, p=0.52) and the colony (χ2=0.16, p=0.69) (Fig. 6A). Colony was 

characterized by greater proportion of adults (52.0%) than control zone 

(42.6%) (χ2=10.1, p<0.01; Fig. 6B). The percentage of M. glareolus males 

in LCC was different among the colony (41.1%) and control (52.4%) zones 

(χ2=5.2, p<0.05; Fig. 6C). The shares of adult M. glareolus males in control 

and colony were similar (respectively 41.1% and 40.7%). The percentage of 

immature (juvenile and subadult) males of in the control differed from that 

in the colony (41.1% and 55.9%, respectively; χ2=9.0, p<0.01). Difference 

in age structure was not significant (χ2=1.6, p=0.46) (Fig. 6D). 
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Fig. 6. Sex (A) and age (B) structure of A. flavicollis and sex (C) and age (D) 

structure of M. glareolus trapped in LCC: I – control, II-V – colony.  
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In NCC percentage of males of A. flavicollis was greater in control 

(61.5%) than in the colony (51.3%) (χ2=4.4, p<0.05; Fig. 7A). Proportion of 

adults (36.3%) in the colony was greater than in control (23.1%) (χ2=12.4, 

p<0.01; Fig. 7B). 

 In M. glareolus from NCC percentage of males significantly 

differed among the control zone (65.5%) and colony (42.5%) (χ2=23.4, 

p<0.001; Fig. 7C). In control difference from 1:1 sex ratio was significant 

(χ2=9.6, p<0.05). Most of the individuals caught in both the control zone 

(75.9%) and the colony (71.3%) were juveniles. However, proportion of 

adults  in colony (14.9%) was significantly higher, than in control zone 

(6.9%) (χ2=10.2, p<0.01) (Fig. 7D). 

 

A

24

41

15

39

0% 20% 40% 60% 80% 100%

I

II-V

♂ ♀ B

12

26

18

25

9

29

0% 20% 40% 60% 80% 100%

I

II-V

Juv. Sub. Ad.

C

19

37

10

50

0% 20% 40% 60% 80% 100%

I

II-V

♂ ♀ D

22

62

5

12

2

13

0% 20% 40% 60% 80% 100%

I

II-V

Juv. Sub. Ad.

 
Fig. 7. Sex (A) and age (B) structure of A. flavicollis and sex (C) and age (D) 

structure of M. glareolus trapped in NCC: I – control, II-V – colony. 

 

 In ECC sex ratios of M. glareolus did not differ statistically from 

1:1 in both control and colony (χ2=1.7, p=0.19). The proportion of adults in 

colony was higher (33.3%) than in control zone (14.3%) (χ2=25.8, p<0.001). 

 Paper II represents an initial investigation into sex and age structure 

of small mammal populations change in JCC. 

 Body condition index of small mammals is a proxy of the quality of 

environmental conditions. Worst average body condition of A. flavicollis in 

JCC was found in the active part of the colony (zone III, bc=3.35±0.07 

(±SE); Table 6). It was reliably less than in zones I (bc=3.58±0.05; t=2.89, 

p<0.01) and IV (bc=3.51±0.03; t=2.16, p<0.05). Body condition difference 

between zones I and V (bc=3.46±0.03) was also significant (t=2.20, p<0.05). 

 In the zone of initial exposure, body condition of A. flavicollis males 

and females was affected differently (Fig. 8A). Females had a strong 

decrease of body conditions index in zone II (bc=3.34±0.09), whereas males 
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have an increase (bc=3.65±0.11), difference significant (t=2.22, p<0.05). In 

other zones, there were no significant differences of body condition index 

between males and females. Body condition index in adult A. flavicollis 

showed no significant differences between the zones. Body condition index 

of juveniles and subadults in zone III (bc=3.32±0.10) was significantly lower 

than in zone IV (bc=3.53±0.05; t=1.99, p<0.05). 

 

Table 6. Body condition indexes, average±SE, of A. flavicollis and M. 

glareolus in the colonies of great cormorants. Sample size is given in the 

brackets. Zones: I – control, II – initial influence, III – long-term influence, 

IV – former active influence, V – ecotone. 

Colony Species Zones 

I V II III IV 

 

JCC 

A. fla 3.58 

±0.05 

(99) 

3.46 

±0.03 

(173) 

3.52 

±0.08 

(74) 

3.35 

±0.07 

(56) 

3.51 

±0.03 

(213) 

M. gla 3.09 

±0.09 

(27) 

3.28 

±0.05 

(75) 

2.94 

±0.06 

(3) 

2.85 

±0.09 

(13) 

3.43 

±0.06 

(94) 

 

LCC 

A. fla 3.30 

±0.07 

(47) 

3.30±0.11 (25) 

M. gla 3.03 

±0.05 

(74) 

3.14±0.04 (207) 

 

NCC 

A. fla 3.40 

±0.10 

(31) 

3.64±0.08 (67) 

M. gla 3.65 

±0.19 

(14) 

3.45±0.06 (73) 

ECC M. gla 3.04 

±0.08 

(21) 

3.18±0.08 (24) 

 

 The worst body condition of M. glareolus in JCC was found in zone 

II (bc=2.94±0.06) and zone III (bc=2.85±0.09). Body condition index in 

zone III was significant lower than in zone IV (bc=3.43±0.06; t=3.25, 
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p<0.01) and V (bc=3.28±0.05; t=3.36, p<0.01). There were no gender 

differences in the body condition index (Fig. 8B). This index in adult M. 

glareolus showed no differences between the zones, though in juveniles and 

subadults from the zone III (bc=2.81±0.09) index was lower than in zone IV 

(bc=3.32±0.07; t=2.67, p<0.01) and zone V (bc=3.29±0.05; t=3.91, 

p<0.001).  

 

 
Fig. 8. The influence of the zone on body condition index of A. flavicollis 

(A) and M. glareolus (B) trapped in JCC, 2011–2019.  Zones: I – control, II 

– initial influence, III – long-term influence, IV – former active influence, V 

– ecotone. 

 

 Body condition index of A. flavicollis in the NCC colony 

(bc=3.64±0.08) was insignificantly higher than in control (bc=3.40±0.10) 

(t=1.90, p=0.06). In LCC body condition index in A. flavicollis in colony 

and control was identical (Table 6) (t=0.05, p=0.95). 

 Body condition index in M. glareolus from LCC, NCC and ECC 

showed no statistically significant difference between the control and the 

colony (t=1.74, p=0.08; t=1.18, p=0.24; t=1.33, p=0.19, respectively). 

  Paper II presents results showing the influence of great cormorant 

colony into small mammal body condition in JCC.   

 The average litter size of A. flavicollis in JCC was 5.2±0.19 (±SE) 

(range 1–13), with an average of 4.7 embryos in the zone I to 6.0 in zone III 

(t=1.76, p=0.09). With the increasing influence of cormorants, the size of A. 

flavicollis litter increased (Table 7), but the differences were not statistically 

significant. The average litter size of M. glareolus in JCC was 4.2±0.27 

(range 2–8), and ranged from an average of 3.7 embryos in zone V to 5.8 in 

zone I. In the control zone (I), litter size was of M. glareolus reliably greater 

than in zone V (t=2.40, p<0.05) and IV (2.41, p<0.05), thus, cormorant 

influence was negative. Data from zone II and III are characterized with 

insufficient sample size. 
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 The average litter size of A. flavicollis in LCC was 5.0±0.47 (3–7) 

juveniles. In the colony litter size was higher (5.4±0.68) than in control 

(4.7±0.67), but difference was not significant (t=0.77, p=0.46). The same 

tendency was found in litter size of M. glareolus in LCC: in the colony 

(5.1±0.22) it was higher than in control (4.7±0.56), though the difference 

was not significant (t=0.73, p=0.47). In NCC and ECC colonies sample size 

of adult A. flavicollis and M. glareolus females was not sufficient (Table 7). 

  

Table 7. Litter size, average±SE, of A. flavicollis and M. glareolus in the 

colonies of great cormorants. Sample size given in the brackets. Zones: I – 

control, II – initial influence, III – long-term influence, IV – former active 

influence, V – ecotone. 

Colon

y 

Species Zones 

I V II III IV 

 

JCC 

A. flavicollis 4.7±0.33 

(21) 

5.4±0.4

1 (32) 

5.7±1.

45 (3) 

6.0±0.

90 (7) 

5.0±0.

28 (43) 

M. glareolus 5.8±0.63 

(4) 

3.7±0.4

5 (11) 

4.5±0.

50 (2) 

6.0±2.

00 (2) 

3.8±0.

36 (17) 

 

LCC 

A. flavicollis 4.7±0.67 

(6) 

5.4±0.68 (5) 

M. glareolus 4.7±0.56 

(10) 

5.1±0.22 (31) 

 

NCC 

A. flavicollis 5.0±0.58 

(3) 

5.2±0.44 (11) 

M. glareolus (0) 4.6±0.84 (8) 

ECC M. glareolus 3 (1) 3.5±1.5 (2) 

 

  A. flavicollis and M. glareolus are dominant small mammal 

species in the forests of Lithuania (Balčiauskienė et al., 2009). All the 

studied cormorant colonies were dominated by these species (Tables 3–5). 

The average relative abundance of small mammals in the North Lithuania 

forests reached up to 25 ind./100 trap days (Alejūnas and Stirkė, 2010; 

Balčiauskas and Alejūnas, 2011) and fluctuated from 16 ind./100 trap days 

in forest stand to 36 ind./100 trap days in forest plantation (Jasiulionis et al., 

2011). In this study, we found similar abundance in JCC zone V and IV, 

though in the active part of the cormorant colony (zones II, III), the 

abundance of these species was much lower (Table 3). Shannon’s diversity 

index in the forests usually is not very high: H=1.06–1.90 in eastern 
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Lithuania (Mažeikytė, 2002); H=1.51 in Viešvilė Nature Reserve (Juškaitis 

and Uselis, 2005); H=1.14–2.09 in Pakruojis district (Jasiulionis et al., 

2011); H=2.14 in the forests of northern part of Lithuania (Balčiauskas and 

Alejūnas, 2011). However, our study found much lower index (H=0.37) in 

the areas most affected by cormorants (JCC zone II). An earlier 

investigation indicated that forests in the Curonian Spit were extremely poor 

in species composition and abundance (Juškaitis and Ulevičius, 2002).  

 The numbers of species in the communities of small mammals are 

changing in habitats under succession (Jasiulionis et al., 2011). During 

meadow-forest succession processes, in most cases, the number of species 

decreased and dominance indexes increased (Čepukienė and Jasiulionis, 

2012). In JCC we found similar tendency: with increasing exposure of the 

habitat to cormorants, dominance of A. flavicollis increased and the number 

of species decreased (Table 3). The abundance, species composition, and 

diversity of small mammals depend on vegetation composition, litter, 

sediments, tree canopy cover (Carey and Harrington, 2001), and all these 

environmental parameters are changing due to activity of cormorants 

(Klimaszyk and Rzymski, 2016). The impact of cormorant colonies on the 

forest can be compared to the changes caused by forest fire or clear-cut. In 

North America, the diversity of small mammals during succession after 

deforestation and after fire was similar: the abundance of small mammals 

increased with tree age and peaked in mature forests (Fisher and Wilkinson, 

2005). 

 Biased sex ratio shows poor and disturbed habitat, or variation of the 

habitat quality over time (Julliard, 2000). Small mammal sex ratios 

potentially could be influenced by abundance, density, sex- dependent 

asynchronous mortality, exposure to extreme factors (Olenev and 

Grigorkina, 2011), and diet (Rosenfeld et al., 2003). An increased proportion 

of females was reported in the increase or peak phases of abundance 

(Myllymaki, 1977). Males were prevalent in both mice and voles as an 

outcome of heavy grazing (Bush et al., 2012). In disturbed habitats litters are 

male-biased (Ryan et al., 2012). Higher habitat quality is indicated with the 

higher proportion of adults (Millus and Stapp, 2008). In small sized colonies 

(LCC, NCC) we found lower proportion of adult A. flavicollis and M. 

glareolus in control than in colonies. In the biggest colony (JCC) the results 

were opposite: a smallest proportion of adult of both species was found in 

the active part of the colony, being higher in the control zone and in an 

abandoned part of the colony. In NCC higher proportion of males were 

found in the control zone than in colony for both dominant species (Fig. 7).  
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 Body condition may depend on many factors including habitat 

quality and pollution (Alcantara and Diaz, 1996; Tête et al., 2013; 

Velickovic, 2007). Body condition has been found to correlate with fitness 

parameters, reproduction and survival. Lower body conditions of small 

mammals from polluted sites are interrelated by food availability and quality 

(Tête et al., 2013). Heavier animals have better competitive opportunities 

and are able to take habitats of higher quality. Moreover, individuals 

occupying top habitats become larger due to better nutrition and may resist 

to lighter immigrants from poorer habitats (Alcantara and Diaz, 1996). Body 

condition indexes of A. flavicollis and M. glareolus in LCC, NCC and ECC 

showed no significant differences between the control and the colony. 

However, in JCC highest body condition index of M. glareolus was found in 

areas with limited exposure of cormorants (zones V and IV), while it was 

lower in the active part of the colony (zones II and III) (Table 6). Similarly, 

worst body condition of A. flavicollis in JCC was found in the zone of long-

term influence of the colony (III); body condition index was significantly 

lower than in control zone (I) or the zone of former active influence (IV). 

 Litter size of A. flavicollis we found in the cormorant colonies is 

similar to that identified across Europe: it was 5.7 in Spain (Gosalbez and 

Castian, 1995), 5.5 in Germany (Niethammer and Krap, 1978), 5.9–6.3 in 

Poland (Bobek, 1969). Litter size of M. glareolus is referenced as 4.2–6.0 

(Bobek, 1969). In Lithuania, average litter size of A. flavicollis was 

referenced as 6.4, that of M. glareolus as 5.6 young (Prūsaitė et al., 1988). It 

is known that litter size is limited by food availability (Koskela et al., 1998) 

and stress (Wiebold et al., 1986). We found the only significant difference of 

litter size of M. glareolus in JCC, where it was larger in the control than in 

zones affected by cormorants. 

 Hence we may conclude that cormorant colonies with a small 

number of breeding birds had a positive effect on small mammals: number 

of species, relative abundance, proportion of adults and litter size increased 

(although the latter was not statistically significant). However, after reaching 

a high number of breeding birds, influence turned to strongly negative: 

species diversity, number of species, relative abundance, proportion of adults 

and body condition decreased, while dominance and proportion of males 

increased. Moreover, in a biggest colony impact on mammals was positive in 

the edge of the colony (ecotone) or in the abandoned part of the colony, 

where the number of nests was limited. Species diversity, number of species, 

relative abundance, proportion of adults and body condition in these zones 

were restored and even exceeded the respective values in the control zone. 
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High loads of the nutrients in the most heavily influenced zones of the big 

colony may affect small mammals in various ways: via altered plant 

composition (Veum et al., 2019), lack of shelter, disturbance, extremely high 

concentrations of nitrogen and phosphorus. Great cormorants can lead to 

enormous ecosystem transformation (Klimaszyk and Rzymski, 2016). 

Negative impacts of the colonies are not uncommon in plants (Matulevičiūtė 

et al., 2018), lichens (Zolkos et al., 2013), myxomycetes (Adamonytė et al., 

2012). In the abandoned part of the big colony plants, shelter and food 

sources are restored. In the abandoned part of JCC diversity of myxomycetes 

had been partially restored (Adamonytė et al., 2013), and both nitrophilous 

lichens and those characteristic to mixed forests were recorded again 

(Motiejūnaitė et al., 2014).  

 As shown in other small mammals species (Velickovic, 2007; Tête 

et al., 2013), influence of the colony may be comparable to that of pollution. 

However, as soon as the disturbance factor is removed, small mammals are 

able to rapidly recover due to short generation time, intensive breeding and 

migration (Bush et al., 2012). So why influence of the small colonies are 

positive? In particular, extremely high levels of phosphorus and nitrogen do 

not accumulate in small colonies. Small amounts of cormorant faeces do not 

kill plants, they only fertilize the soil and change composition of the 

vegetation, allowing nitrophilic plants to grow. Grass cover and shrubs are 

usually more abundant in small cormorant colonies than in surrounding 

areas. They become excellent hiding places and a food source for small 

mammals. In addition, cormorants lose some of the fish brought to their 

young, thus replenishing the food resources of the mammals living there. 

Positive impacts of cormorant colonies were recorded for some species of 

insect, spider, lizard (Polis and Hurd, 1996) and herpetofauna (Kohno and 

Ota, 1991).  

 Long term data on the impact of the colonies of great cormorants on 

mammals enabled us suppose, that influence of cormorants on mammals 

depends on colony size. Topic was discussed with scientific community 

(Conference list, position 10). Unfortunately, these data we obtained are 

difficult to compare with other studies: other researchers typically select the 

largest bird colonies with extremely high environmental impacts. Further 

investigations of the small mammals in the colonies of great cormorants with 

the number of breeding pairs in the range of 300–3000 could show, what is 

the threshold in the number of birds for their influence to became negative. 
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4.2. Skull morphometry parameters change in cormorants colony 

 
 In Paper III, the skull morphometry in the two small mammal 

species (A. flavicollis and M. glareolus) trapped in different zones of the 

JCC was analysed. We found that sizes of A. flavicollis skull characters 

were significantly influenced by zone (Wilks λ=0.58, F=1.33, p<0.05). 

Differences of adult A. flavicollis in skull size between zones of the 

cormorants colony were significant for X3** (see Paper III, Material and 

methods) (ANOVA: *–p<0.05, **–p<0.01), X4*, X17* and X21* (Paper 

III, Fig. 1). In subadult A. flavicollis significant differences were found for 

the skull characters X2*, X3*, X5*, X13**, X15*, X16*, X19* and X21** 

(Paper III, Fig. 2). In juvenile A. flavicollis, there were no significant 

differences in skull measurements between zones. The size of the skull 

characters of M. glareolus did not differ significantly across the zones of the 

colony (Wilks λ=0.07, F=3.32, p=0.37). Differences in the skull size of adult 

M. glareolus between zones, however, were significant for some characters: 

X3*, X4*, X6*, X10* and X20** (Paper III, Fig. 4). No significant 

differences in skull measurements for subadult M. glareolus between zones 

were found. Contrary to the findings for A. flavicollis, the influence of the 

zone on the skull size of juvenile M. glareolus was present for many 

characters. Significant differences were found for X6*, X14*, X18*, X21* 

and X23*.  

 In general, most of the skull differences of both species were related 

to character length. Skulls tended to become longer in most active part of 

colony. The largest skull characters were recorded mostly in zone III (Paper 

III, Figs. 1–4). Mammals skull size differences may be driven by the 

gradient of pollution (Nunes et al.,  2001; Fritsch et al., 2010; Tête et al., 

2013) and also reflect the disturbance of the habitat or the influence of the 

stress level (Oleksyk et al., 2004; Velickovic, 2007; Hopton et al., 2009). By 

their influence on the environment, colonies of great cormorants may be 

considered as heavily polluted (Klimaszyk and Joniak, 2011; Klimaszyk et 

al., 2015). Moreover, in cormorant colonies small mammals are influenced 

by other stressors: the reduced amount of shelter due to damages of forest 

and grass cover, reduced food choices and the presence of predators visiting 

the colony for other items of food (Paper VIII).  

 Concluding, colony of cormorants had an influence on the skull 

morphometrics of A. flavicollis and M. glareolus. We presumed these 

differences were based on complex of factors in colony: bioaccumulation, 
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reduced amount of shelters, reduced food choices and increased risk of 

predation.  

 

4.3. Impact of cormorants on isotopic niche of small mammals 

 
 In Paper IV we show, that the highest δ15N values in M. glareolus 

were observed in the largest colony of cormorants in Juodkrantė 

(17.86±2.76‰) exceeding those in the Lukštas (10.46±3.14‰) (Tukey HSD, 

p<0.001), Elektrėnai (12.62±2.07‰) colonies (p<0.01) and Lukštas 

(5.31±1.00‰), Elektrėnai (8.86±2.91‰), Zarasai (4.74±1.03‰) and Rusnė 

(6.38±0.95‰) control territories (all with p<0.001) (Paper IV, Fig. 3; Paper 

VII, Fig. 3). The average δ15N values in the hair of M. glareolus from the 

Lukštas colony exceeded that in the Lukštas control territory (Tukey HSD, 

p=0.0002). δ15N values in M. glareolus from the Zarasai and Rusnė control 

territories were significantly lower than from any other investigated colony 

(Tukey HSD, p<0.05–0.001) (Paper IV, Table 2; Paper VII). In Juodkrantė 

the lowest δ15N values were registered in the hair of individuals trapped in 

the control zone (14.30‰), then higher in the ecotone (17.41±1.59‰) and 

highest in zone IV (18.22±0.92‰) (Paper IV). 

 The highest δ15N values in A. flavicollis were observed in Juodkrantė 

colony (16.31±3.01‰). Average of δ15N values in Juodkrantė colony were 

exceeding those in the Juodkrantė control territory (12.26±2.32‰) (Tukey 

HSD, p<0.01), Lukštas colony (5.46±0.37‰) (p<0.001) and Lukštas 

(4.06±0.71‰), Zarasai (5.04±0.95‰) control territories (both with p<0.001) 

(Paper IV, Fig. 2). In the control zones of the Juodkrantė δ15N values in A. 

flavicollis were lower than in the zones influenced by cormorants: zone II 

(17.58±0.93‰) (Tukey HSD, p<0.01), zone III (17.05±0.73‰) (p<0.001), 

zone IV (16.14±1.37‰) (p<0.001) and zone V (15.89±0.49‰) (p<0.01) 

(Paper IV, Fig. 4).  

 The distribution of δ13C values in A. flavicollis showed no 

significant differences between Juodkrantė colony (−24.19±0.48‰) and 

control zone (−24.20±0.17‰) as well as between Lukštas colony 

(−25.64±0.27‰) and control zone (−24.89±1.25‰). Average δ13C value in 

A. flavicollis from the Lukštas colony (−25.64±0.27‰) was significantly 

lower than in the Juodkrantė colony (Tukey HSD, p<0.01) and Juodkrantė 

control territory (p<0.05). The highest δ13C values were registered in the hair 

of the M. glareolus trapped in the cormorant colony in Juodkrantė 

(−24.88±0.97‰) and Juodkrantė control territory (−25.82‰), the former 

significantly higher than from all other sites (Tukey HSD, difference from 
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the Elektrėnai colony (−26.08±0.67‰) (p<0.05), Elektrėnai 

(−26.02±0.79‰) (p<0.01) and Zarasai control territories (−26.74±0.63‰) 

(p<0.001) (Paper IV, Table 2).  

 The influence of the colony on isotopic niche of small mammals was 

recorded as early as in the first year after birds appear in the territory. An 

increase in the number of breeding pairs led to increased δ15N values in A. 

flavicollis: 0.70‰ in expansion zone (p<0.05), 1.19‰ in ecotone (p<0.05) 

and 0.15‰ in active part of colony (p>0.05) (Paper V). Biogens transferred 

by great cormorants to the terrestrial ecosystem affected the potential foods 

of the small mammals and led to highly elevated and variable δ15N values 

(Paper V).  

 Results of the Paper IV proved that the values of δ15N in small 

mammals trapped in the territory of cormorant colonies were extremely high. 

These values were significantly higher than those in the individuals of the 

same species trapped in control areas. Moreover, the δ15N values in A. 

flavicollis were dependent on the intensity and time of existence of the 

colony (Paper IV, Fig. 4). There is a slight possibility that the observed 

rodent enrichment in δ15N was a result of eating cormorant tissues. Dead 

chicks, broken eggs and eggshells are constantly present on the ground 

underneath the nests in the breeding season, and so could serve as food 

source. It is known that in degraded forest ecosystems small mammals 

occupy higher trophic levels – disturbance leads to enrichment in of δ15N in 

their tissues (Nakagawa et al., 2007). The high nitrogen stable isotope ratios 

observed in small mammals in the cormorant colonies could be explained by 

the “fertilization effect” on the environment.  

 Paper V concluded that possible food objects (plants and 

invertebrates) also were characterized by increased δ15N values. We support 

the opinion of Millus and Stapp (2008) that changes on isotope niche of the 

small mammals in colonies were indirect, through influence on rodent food. 

High nitrogen stable isotopic ratios in cormorant colonies have been 

observed in other studies. For example, Kameda et al. (2006) reported 

unusually high nitrogen stable isotopic ratios in the forest floor and plant 

leaves in the abandoned colony. High nitrogen stable isotope ratios in 

seabird colonies have been explained by trophic enrichment and nitrogen 

decomposition processes (Lindeboom, 1984). Cormorants are the top 

predators in the aquatic trophic web (Bostrom et al., 2012). Nitrogen 

decomposition processes such as mineralization and nitrification also 

increase the nitrogen isotopic ratio in the soil (Nadelhoffer and Fry, 1988). 

The small range of nitrogen isotope ratios of A. flavicollis in the Lukštas 
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colony and control territory and the Zarasai control territory suggested 

smaller fertilization effects on the feeding sources of A. flavicollis, at least in 

Zarasai forest. The small colony size in Lukštas resulted in limited biogen 

pollution, hence the low values of the stable nitrogen isotope.  

 

4.4. Impact of cormorants on accumulation of chemical elements in 

small mammals 

 
 Paper VI represents the investigation into the accumulation of 

chemical elements in A. flavicollis trapped in different zones of great 

cormorants colony with different levels of impact. Zone was main factor 

determining the concentrations of chemical elements in A. flavicollis 

(MANOVA Wilks λ=0.04, F3,53=2.90, p<0.001). Concentrations of K, Mn, 

Cu, Rb and Pb differed significantly between zones (Paper VI, Fig. 2). In 

the zones with higher levels of cormorant impact the concentrations of K and 

Cu increased, while Rb and Pb decreased. The overall impact of the 

influence of cormorants was positive: increases in the essential K, Cu and 

decrease in the harmful heavy metal Pb. Decrease in the essential 

microelement Rb was negative. Because Rb and K can replace each other, 

these chemical elements usually correlate negatively (Nyholm and Tyler, 

2000).  

 Accumulation of five out of 20 investigated elements in the bodies 

of A. flavicollis inhabiting the territory of the great cormorants colony 

depended on the intensity of bird influence. However, as shown in Paper 

VI, this is hardly likely to be the sole reason for significant changes in small 

mammals (Papers I–III). Many ecological factors are changed due to the 

biological pollution in the colony, including the food base for the small 

mammals, the composition of vegetation, the presence of refuges. Chemical 

changes in the colony resulting from the transfer of materials from the 

aquatic to terrestrial ecosystem work in complex with these other changes. In 

general, the concentrations of accumulated potential harmful elements (Ni, 

Cu, Zn, Pb) in A. flavicollis from the territory of the cormorants colony were 

lower than in rodents from industrially polluted sites (Andras et al., 2006; 

Martiniaková et al., 2010; Martiniaková et al., 2015) (Paper VI, Table S3).  
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4.5. Seasonal and daily activity patterns of mammals in the colony of 

cormorants 

 
 In Paper VIII, we presented results of the analysis of seasonal and 

daily activity patterns in mammals, registered by camera traps in LCC and 

JCC. In LCC seasonal activity of Vulpes vulpes (t=4.39, p<0.001) and 

Nyctereutes procyonoides (t=3.74, p<0.001) was related to cormorant 

breeding season. Average relative shooting frequency of these carnivores in 

the breeding season (BT) was a few times higher than in non-breeding time 

(NT). Cormorant breeding season in LCC had no significant effect on 

Capreolus capreolus (t=0.76, p=0.47) and Sus scrofa (t=1.40, p=0.19) 

(Paper VIII, Fig. 3A). In JCC average relative shooting frequency of V. 

vulpes in BT was 2 times higher than in NT (t=2.31, p<0.05). Cormorant 

breeding season in JCC had no significant effect on C. capreolus (t=0.87, 

p=0.41) and S. scrofa (t=0.94, p=0.37) (Paper VIII, Fig. 3B).  

 Daily activity patterns of S. scrofa (χ2=47.7, p<0.001 in LCC and 

χ2=42.1, p<0.001 in JCC), N. procyonoides (χ2=45.2, p<0.001 in LCC) and 

V. vulpes (χ2=6.1, p<0.05 in LCC and χ2=20.0, p<0.001 in JCC) depended 

on cormorant activity (Paper VIII, Table 3). Cormorants feed the chicks 

during the daylight, and then they lose some of the prey. Consequently, more 

chicks accidentally fall out of the nests in the daytime. Daily activity patterns 

in mammals are internally regulated by external factors such as food 

accessibility (Masi et al., 2009; Diaz-Ruize et al., 2015). Predators like V. 

vulpes and N. procyonoides have to adapt to cormorant activity during the 

day.  

 N. procyonoides exhibits nocturnal activity (Akbaba and Ayas, 

2012; Zoller and Drygala, 2013; Ikeda et al., 2016). In BT N. procyonoides 

was active in daytime (58.1% of all TE) and this was significantly differing 

from expected activity patterns, calculated by the time periods (χ2=8.14, 

df=2, p<0.05). In NT N. procyonoides activity peaks were registered at 

nighttime (70.0% of all TE; χ2=2.35, df=2, p=0.31) (Paper VIII, Table 3). 



 

 

43 

CONCLUSIONS 

 

1. Small colonies of the great cormorants (80–130 breeding pairs) 

had a positive effect on ecological and biological parameters of 

small mammals: abundance, species richness, diversity and the 

proportion of adults increased.  

2. In the biggest colony of great cormorants in Juodkrantė (1500–

3800 breeding pairs) negative effects were most expressed in the 

active part of colony: abundance, species diversity, body 

condition index and proportion of females decreased, skull 

morphometry of Apodemus flavicollis and Myodes glareolus 

was affected. However, in the abandoned part and in the ecotone 

of the colony impact on small mammal ecological and biological 

parameters become positive: abundance, diversity and body 

condition index increased. 

3. Disruption of the ecosystem caused by great cormorants affected 

isotopic niche of small mammals: δ15N values were higher in 

rodents inhabiting all cormorant colonies. In the expansion zone 

of Juodkrantė colony cormorant influence was visible after the 

first year of nest appearance. 

4. In the biggest colony in Juodkrantė, concentrations of K, Cu in 

A. flavicollis enlarged in line with an increase in the influence of 

the cormorants, while the concentrations of Rb and Pb 

decreased. 

5. Eleven mammal species, including three non native ones, were 

camera-registered in great cormorant colonies of Juodkrantė and 

Lukštas. In the colony, the seasonal activity of Vulpes vulpes 

and Nyctereutes procyonoides was several times higher during 

the cormorant breeding season than at other times. In the 

breeding period of cormorants the daily activity of Nyctereutes 

procyonoides, Vulpes vulpes and Sus scrofa was altered, but no 

effects were found in Capreolus capreolus. 
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SCIENTIFIC AND PRACTICAL SIGNIFICANCE 

 

 Absence of the studies about the impact of cormorant colonies on 

mammals indicates that role of cormorants in the ecosystems is not known in 

details. Thus, results of this study allow a better assessment of the 

complexity of the environmental impact of cormorants. For the first time we 

highlighted the effect of colony size, finding that with increase of the colony 

positive effects are overweighed by the negative ones. We also find the 

immediacy of the colony impact, manifesting from the first year of nest 

appearance.  

 Our finding of the immediacy of impact of the colony has practical 

significance, showing that scaring birds from occupied areas can have a 

negative consequences. Scared cormorants make nests in other areas. 

Negative impact of an emerging new colony becomes visible in small 

mammals from the first year. Furthermore, results of the study allow 

planning of the “optimum” sizes of breeding colonies, based on the impact 

of birds to mammals. In Lithuania, cormorant abundance regulation 

activities are carried out if there are more than 100 breeding pairs in the 

colony. The results of our research showed that negative impact on the 

environment is not characteristic to the cormorant colonies not exceeding 

200 breeding pairs. 
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SANTRAUKA 

 

ĮVADAS 

 
 Darbo aktualumas. Smulkieji žinduoliai yra ekosistemų stabilumo 

indikatoriai, atliekantys svarbų vaidmenį daugelyje ekosistemų (Carey ir 

Harrington, 2001; Pearce ir Venier, 2005; Bogdziewicz ir Zwolak, 2014). Jie 

yra daugumos plėšriųjų paukščių ir žinduolių mitybinės grandinės pagrindas, 

užtikrinantis ekosistemų funkcionavimą (Jedrzejewski ir Jedrzejewska, 

1992; Malecha ir Antczak, 2013; Wilson ir kt., 2017; Grabham ir kt., 2019; 

Gryz ir Krauze-Gryz, 2019). Rūšinė smulkiųjų žinduolių sudėtis ir gausumas 

nėra atsitiktiniai dydžiai, jie priklauso nuo aplinkos poveikio (Carey ir 

Harrington, 2001; Kozakiewicz ir Kozakiewicz, 2008). Rūšinę įvairovę, 

gausumą, dominavimą, lyčių ir amžiaus struktūrą bei kitus smulkiųjų 

žinduolių bendrijos rodiklius įtakoja aplinkos sąlygos. Keičiantis augalijos 

struktūrai, pomiškio ir medžių lajų sudėčiai bei paklotės sandarai, keičiasi ir 

smulkiųjų žinduolių bendrijos (Fox, 1995; Bryja ir kt., 2002; Briani ir kt., 

2004; Čepukienė ir Jasiulionis, 2012). Dėl savo įvairiapusių ekologinių 

funkcijų smulkiesiems žinduoliams ypač svarbios yra nuokritos (Carey ir 

Harrington, 2001). 

 Neskaitant antropogeninio poveikio, didžiųjų kormoranų 

(Phalacrocorax carbo) kolonijos mūsų klimatinėje zonoje veikiausiai yra 

vienas sparčiausiai ir labiausiai aplinką keičiančių faktorių (Kameda ir kt., 

2006; Klimaszyk ir Rzymsky, 2016). Kormoranai yra svarbus energijos ir 

daugelio cheminių elementų pernešėjas iš vandens į sausumos ekosistemas 

(Ellis ir kt., 2006; Otero ir kt., 2015). Įvairiapusis kormoranų poveikis 

aplinkai lemia visos ekosistemos transformaciją (Klimaszyk ir Rzymski, 

2016). 

 Kormoranų įtaka žuvų ištekliams bei poveikis aplinkai perėjimo 

kolonijose kelia daug diskusijų visuomenėje. Žiniasklaida šiems paukščiams 

skiria daug dėmesio. Kormoranai ir jų poveikis aplinkai yra gerai žinomi, 

tačiau tyrimo, kuriame būtų nagrinėjama šių paukščių įtaka kolonijose 

aptinkamiems žinduoliams, iki šiol nebuvo. Disertacijos rengimo metu atlikti 

tyrimai prisidės vertinant kompleksinį kormoranų poveikį aplinkai. 
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DARBO TIKSLAS IR UŽDAVINIAI 

 

 Darbo tikslas buvo ištirti didžiųjų kormoranų (Phalacrocorax carbo) 

kolonijų poveikį smulkiųjų žinduolių ekologiniams ir biologiniams 

rodikliams bei įvertinti kormoranų kolonijų įtaką plėšriesiems ir 

kanopiniams žinduoliams.  

 

Tikslui pasiekti buvo iškelti šie uždaviniai: 

1. Ištirti ir įvertinti didžiųjų kormoranų kolonijų poveikį smulkiųjų 

žinduolių bendrijų sudėčiai, rūšinei įvairovei, gausumui, lyčių ir 

amžiaus struktūros kaitai, įmitimui ir morfometriniams rodikliams 

bei nustatyti, kaip šie rodikliai keičiasi priklausomai nuo kolonijos 

dydžio. 

2. Įvertinti kormoranų perneštų biogenų įtaką smulkiųjų žinduolių 

izotopinei nišai, naudojant stabiliųjų izotopų santykio analizę. 

3. Išanalizuoti sunkiųjų metalų ir kitų cheminių medžiagų kaupimąsi 

kolonijose gyvenančių smulkiųjų žinduolių audiniuose.  

4. Įvertinti kormoranų veiklos įtaką plėšriųjų bei kanopinių žinduolių 

sezoniniam ir paros aktyvumui. 
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GINAMIEJI TEIGINIAI 

 

1. Dėl kormoranų poveikio keičiasi smulkiųjų žinduolių bendrijų 

rūšinė sudėtis, gausumas, amžiaus ir lyčių struktūra, įmitimas bei 

kaukolės morfometriniai parametrai.  

2. Teigiamas nedidelių kolonijų poveikis smulkiųjų žinduolių 

ekologiniams ir biologiniams parametrams didelėse kolonijose 

tampa neigiamu. 

3. Iš vandens ekosistemų kormoranų perneštos maistinės medžiagos 

paveikia sausumos ekosistemų mitybos grandines ir smulkiųjų 

žinduolių izotopinę nišą.  

4. Kormoranų kolonijos plėtra nedelsiant padidina biogenų kiekį 

sausumos ekosistemoje. Šis poveikis padidina stabiliųjų azoto 

izotopų vertes smulkiųjų žinduolių plaukuose. 

5. Kormoranų kolonijų poveikis nėra toks stiprus kaip antropogeninės 

taršos šaltinių, tačiau įtakoja K, Cu, Rb ir Pb koncentraciją 

smulkiųjų žinduolių audiniuose.  

6. Kormoranų kolonijos yra svarbios buveinės kai kuriems 

kanopiniams bei plėšriesiems žinduoliams. Kolonijose plėšriųjų 

žinduolių sezoninis ir paros aktyvumas dėl kormoranų veiklos 

pasikeičia.  
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DARBO NAUJUMAS 

 

 Šiame darbe pirmą kartą pasaulyje buvo visapusiškai įvertintas 

didžiųjų kormoranų poveikis žinduoliams. Tyrimas atskleidė kormoranų 

kolonijų įtaką smulkiųjų žinduolių bendrijų sudėčiai ir gausumui, populiacijų 

lyčių ir amžiaus struktūrai bei individų įmitimui. Nustatyta, kad teigiamas 

nedidelių kormoranų kolonijų poveikis ekologiniams ir biologiniams 

smulkiųjų žinduolių parametrams didelėse kolonijose keičiasi į neigiamą. 

Pirmą kartą išaiškinta, kad pakito dviejų kolonijoje gyvenančių smulkiųjų 

žinduolių rūšių kaukolės morfometrija. Taip pat pirmą kartą įvertinta 

kormoranų veiklos įtaka sunkiųjų metalų ir kitų cheminių elementų 

kaupimuisi žinduolių audiniuose bei atlikta anglies (13C/12C) ir azoto 

(15N/14N) stabiliųjų izotopų santykio analizė. Fundamentinis šio tyrimo 

naujumas buvo įrodymas, kad didžiųjų kormoranų kolonijos poveikis 

smulkiesiems žinduoliams pasireiškia jau pirmaisiais kolonijos susidarymo 

metais. Tyrimo rezultatai pirmą kartą parodė, kaip greitai pernešama 

biologinė tarša ir kaip ji pakeičia smulkiųjų žinduolių ekologiją. Be to, buvo 

nustatyti kanopinių ir plėšriųjų žinduolių rūšių paros bei sezoninio aktyvumo 

pokyčiai, vykstantys kolonijose perėjimo sezono metu. 

 Šis tyrimas leidžia geriau suvokti ilgalaikį kormoranų kolonijų 

poveikį ekosistemoms. Darbo rezultatai svarbūs vertinant kormoranų poveikį 

žinduoliams ir jų populiacijų parametrų pokyčius labai greitai kintančioje 

aplinkoje. Mūsų išvados prisideda prie biologinės taršos ir trikdžių bei 

kompleksinių aplinkos pokyčių kormoranų kolonijose vertinimo. 
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MEDŽIAGA IR METODIKA 

 

Tyrimo vieta 

 

 Tyrimas buvo atliktas 4 Lietuvos didžiųjų kormoranų kolonijose: 

Juodkrantės, Lukšto, Naudžiūnų ir Elektrėnų (Table 1, Fig. 2). Juodkrantės 

kormoranų kolonijos teritorija pagal kormoranų daromo poveikio trukmę ir 

laipsnį buvo padalinta į penkias zonas (I straipsnis, Fig. 1; IV straipsnis, Fig. 

1): 

• Kontrolė (I) – zona kurioje nėra kormoranų poveikio; 

• Pradinio kormoranų poveikio zona (II) – naujausia 

kormoranų kolonijos dalis, atsiradusi plečiantis kolonijai. Šioje 

zonoje medžiai vis dar gyvi, tačiau žolinė danga skurdesnė nei 

kontrolėje; 

• Ilgalaikio kormoranų poveikio zona (III) – kormoranų 

kolonijos dalis, kurioje beveik visi medžiai nudžiūvę. Žolinė danga 

beveik išnykusi, užima iki 10% ploto. Šioje zonoje susitelkusi 

didžioji kormoranų kolonijos lizdų dalis;  

• Ankstesnio kormoranų poveikio zona (IV) – teritorija, 

kurioje visi brandūs medžiai nudžiūvę, didžioji jų dalis nuvirtusi. 

Teritorija apaugusi jaunais medžiais, krūmais, žolinė danga vešli. 

Praeityje šioje zonoje kormoranų poveikis buvo intensyvus, tačiau, 

nuvirtus išdžiūvusiems medžiams, kormoranai išsikėlė; 

• Ekotonas (V) – zona tarp kormoranų paveiktų ir nepaveiktų 

teritorijų (detaliau I straipsnyje). 

 Lukšto, Naudžiūnų ir Elektrėnų kolonijose buvo išskirtos kolonijos 

(II-V) ir kontrolės (I) zonos. Juodkrantės kormoranų kolonija perinčių 

paukščių skaičiumi yra didžiausia Lietuvoje ir viena didžiausių Europoje 

(mūsų tyrimo laikotarpiu čia perėjo nuo 1500 iki 3800 porų). Ją priskyrėme 

prie didelių kolonijų. Lukšto (iki 130 perinčių porų), Naudžiūnų (iki 80) ir 

Elektrėnų (iki 160) priskyrėme prie mažųjų kolonijų.  

 

Smulkiųjų žinduolių bendrijų tyrimai 

 

 Smulkieji žinduoliai buvo gaudomi naudojant mušamųjų spąstų 

linijas, kurių kiekvienoje buvo 25 spąstai, išdėstyti 5 metrų atstumu vienas 

nuo kito. Masalui naudotas džiovintos tamsios duonos kubelis, suvilgytas 
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nerafinuotame saulėgrąžų aliejuje. Spąstai laikyti nuo 1 iki 3 parų, tikrinami 

kiekvieną dieną (Balčiauskas, 2004). Tyrimo apimtis visose 4 kormoranų 

kolonijose – 17700 spąstų-parų (257 spąstų linijos). Tyrimas vykdytas 2011–

2019 metais, rugsėjo–lapkričio mėnesiais. Juodkrantės kormoranų kolonijoje 

2013 ir 2014 metais buvo papildomai gaudoma birželio mėnesį. Buvo 

apibūdinama žvėrelių rūšis, prieš skrodimą jie pasveriami, pamatuojami, 

skrodžiant nustatomas amžius ir lytis (II straipsnis). Santykinis smulkiųjų 

žinduolių gausumas apskaičiuotas pagal pagautų individų skaičių per pirmą 

parą su 100 spąstų (ind./100 sp. p.). Darbe naudojome Šenono (Shannon’s) 

įvairovės bei Simpsono dominavimo indeksus. Smulkiųjų žinduolių įmitimo 

indeksas buvo paskaičiuotas pagal formulę bc=(Q/L3)×105, kur Q – kūno 

svoris (gramais), L – ilgis (milimetrais) (Moors, 1985).  

 

 

Kaukolių morfometrija 

 

 Naudojant binokuliarinį mikroskopą su matavimo skale išmatuoti 

468 geltonkaklės pelės (Apodemus flavicollis) ir 151 rudojo pelėno (Myodes 

glareolus) individų 23 kaukolės matmenys (III straipsnis).  

 

Stabiliųjų izotopų analizė 

 

 Stabiliųjų izotopų analizei buvo pasirinktos dvi dažniausiai 

kolonijose pagautos smulkiųjų žinduolių rūšys: A. flavicollis (ištirti 129 

individai) ir M. glareolus (120 individų). Analizei buvo naudojami žvėrelių 

plaukai. Nuo kiekvieno individo nugaros nukirptų plaukų kuokštelis buvo 

laikomas plastikiniame maišelyje. Prieš atliekant analizę plaukai buvo 

pasverti ir sudėti į alavo kapsules. Augalų, bestuburių ir nuokritų mėginiai 

24–48 valandas džiovinami džiovinimo krosnyje 60 °C temperatūroje iki 

orasausės masės, po to homogenizuoti naudojant agato trintuvę ir maišytuvą 

Retsch MM 400. Matavimai atlikti naudojant elementinį analizatorių (Flash 

EA1112), sujungtą su izotopų santykio masių spektrometru (Thermo Delta V 

Advantage, Thermo Scientific, USA) (IV, V, VII straipsniai). Stabiliųjų 

izotopų duomenys pateikti kaip δ vertės apskaičiuotos pagal formulę: 

δX=(Rsample/Rstandard-1)*103, 

kur Rsample=13C/12C arba 15N/14N, Rstandard=13C/12C arba 15N/14N (IV, 

V, VII straipsniai).  
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Cheminių elementų tyrimas 

 

 Cheminiai elementai išanalizuoti Juodkrantės kormoranų kolonijoje 

pagautų A. flavicollis (54 individai) audiniuose. Ištirta 20 cheminių elementų 

koncentracija: Na, Mg, Al, Si, P, S, Cl, K, Ca, V, Mn, Fe, Ni, Cu, Zn, Br, 

Rb, Sr, Mo ir Pb. Audiniai buvo džiovinami 100 °C, po to deginami 240 °C 

temperatūroje. Gauti pelenai susmulkinti maišytuve Retsch MM 400 ir 

sumaišyti su rišamąja medžiaga Licowax (Fluxana) santykiu 1,25 g pelenų ir 

0,28 g rišamosios medžiagos. Po to kiekvienas pavyzdys buvo 

homogenizuojamas ir suspaudžiamas į 20 mm diametro tabletes naudojant 

15 KN (presas PP25). Analizė atlikta SPECTRO XEPOS HE spektrometru 

(VI straipsnis). 

 

Gyvūnų registravimas žvėrių stebėjimo kameromis 

 

 Žinduolių aktyvumas vertintas naudojant Ltl Acorn-5210A žvėrių 

stebėjimo kameras. Tyrimas vykdytas Juodkrantės (tyrimo apimtis 1370 

parų) ir Lukšto (1317 parų) kormoranų kolonijose. Kameros buvo 

tvirtinamos prie medžių, 40–60 cm aukštyje. Šios kameros automatiškai 

registruoja laiką ir datą. Metai buvo padalinti į du periodus: kormoranų 

veisimosi laikotarpis (balandis–liepa) (BT) ir ne veisimosi laikotarpis 

(rugpjūtis–kovas) (NT). Para padalinta į 3 dalis: diena (D), naktis (N) ir 

prieblanda (T). Prieblanda laikomas laiko tarpas 60 minučių prieš saulėtekį ir 

60 min. po saulėtekio, bei 60 min. prieš saulėlydį ir 60 min. po saulėlydžio. 

Diena – laikotarpis nuo 60 min. po saulėtekio iki 60 min. iki saulėlydžio. 

Naktis – laikotarpis nuo 60 min. po saulėlydžio iki 60 min. iki saulėtekio 

(VIII straipsnis).  

 

Statistinė analizė 

 

Statistinė analizė atlikta naudojant STATISTICA 6 programą. 

Duomenų analizėje naudotas kritinis patikimumo lygmuo p0,05. Vidurkiai 

pateikti nurodant standartinę paklaidą (±SE). Skirtumų analizei naudoti t 

testas, vienfaktorinė bei daugiafaktorinė ANOVA, neparametriniai χ2, 

Kruskal-Wallis testai. Duomenų atitikimas normaliajam skirstiniui vertintas 

Kolmogorovo-Smirnovo testu. 
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REZULTATAI IR APTARIMAS 

 

 Per 9 tyrimo metus keturiose kormoranų kolonijose pagauti 1967 

smulkiųjų žinduolių individai, priklausantys 10 rūšių: paprastasis kirstukas 

(Sorex araneus), kirstukas nykštukas (S. minutus), vandeninis kirstukas 

(Neomys fodiens), M. glareolus, pievinis pelėnas (Microtus agrestis), 

pelkinis pelėnas (M. oeconomus), naminė pelė (Mus musculus), pelė mažylė 

(Micromys minutus), dirvinė pelė (Apodemus agrarius) ir A. flavicollis. 

 Visose Juodkrantės kormoranų kolonijos poveikio zonose 

dominuojanti smulkiųjų žinduolių rūšis buvo A. flavicollis, subdominuojanti 

– M. glareolus. Daugiausia rūšių pagauta ankstesnio poveikio zonoje (IV) (7 

rūšys), kontrolėje (I) (6 rūšys) ir ekotone (V) (5 rūšys). Aktyvaus kormoranų 

poveikio zonose (II ir III) aptiktas mažesnis rūšių skaičius (atitinkamai 3 ir 

4). Aktyvaus poveikio zonose nustatytas ir mažesnis smulkiųjų žinduolių 

gausumas (II – 4,65±1,08 ind./100 sp. p.; III – 4,76±1,41) nei kontrolėje 

(10,38±1,51), ekotone (20,96±2,82) ar ankstesnio poveikio zonoje 

(22,46±1,85). Lukšto kormoranų kolonijoje sugautų žvėrelių rūšių skaičius 

buvo didesnis nei kontrolėje (atitinkamai 9 ir 6 rūšys). Santykinis gausumas 

kolonijoje (29,17±2,92 ind./100 sp. p) daugiau nei 2 kartus viršijo gausumą 

kontrolinėje zonoje (13,50±2,14; t=4,33, p<0,001). Tokia pati tendencija 

nustatyta Naudžiūnų kormoranų kolonijoje, kur rūšių skaičius buvo mažesnis 

nei kontrolėje (atitinkamai 2 ir 5 rūšys). Skyrėsi ir santykinis gausumas, 

8,50±1,36 ind./100 sp. p. kontrolėje ir 22,75±4,35 kolonijoje (t=3,13, 

p<0,01). Elektrėnų saloje esančioje kormoranų kolonijoje ir kontrolėje 

sugauta vienintelė smulkiųjų žinduolių rūšis – M. glareolus. Šioje teritorijoje 

žvėrelių gausumas kolonijoje (7,00±2,36 ind./100 sp. p.) ir kontrolėje 

(8,00±2,73) nesiskyrė (t=0,28, p=0,79).  

 Juodkrantės kormoranų kolonijoje sugautų A. flavicollis lyčių 

struktūra kontrolėje ir ekotone buvo identiška: abiejose zonose patinai sudarė 

48,9%, patelės – 51,1%. Kitose zonose dominavo patinai, nors, lyginant su 

kontrole, skirtumas ne visais atvejais buvo patikimas: IV zonoje patinų buvo 

54,5% (χ2=1,26, p=0,26), II zonoje – 55,8% (χ2=1,91, p=0,17), III zonoje – 

68,3% (χ2=15,1, p<0,01). Vienintelėje III zonoje lyčių struktūra patikimai 

skyrėsi nuo 1:1 (χ2=13,4, p<0,001). A. flavicollis amžiaus struktūra 

kormoranų paveiktose Juodkrantės kolonijos vietose skyrėsi: II zonoje 

vyravo jaunikliai (40,3%) ir lytiškai nesubrendę individai (35,0%), V zonoje 

– suaugėliai (46,8%). M. glareolus lyčių struktūra Juodkrantės kolonijos 

ilgalaikio kormoranų poveikio zonoje (III) skyrėsi nuo kontrolės (χ2=45,2, 
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p<0,001) ir nuo santykio 1:1 (χ2=28,1, p<0,001). III zonoje patinų dalis 

populiacijoje buvo beveik 2 kartus didesnė, nei kontrolėje (atitinkamai 

76,5% ir 43,2%).  

 Lukšto kolonijoje A. flavicollis lyčių struktūra kontrolėje ir 

kolonijoje buvo artima santykiui 1:1. Kolonijai buvo būdinga didesnė 

suaugėlių (52,0%) bei mažesnė jauniklių (4,0%) dalis nei kontrolėje 

(atitinkamai 42,6% ir 14,9%; χ2=10,1, p<0,01). Lytiškai nesubrendusių 

individų dalis kontrolėje (42,6%) ir kolonijoje (44,0%) buvo panaši.  

 Naudžiūnų kolonijoje A. flavicollis patinų dalis kontrolėje buvo 

didesnė nei kolonijoje (atitinkamai 61,5% ir 51,3%; χ2=4,4, p<0,05). 

Suaugusių A. flavicollis individų dalis kolonijoje buvo didesnė nei kontrolėje 

(36,3% ir 23,1%; χ2=12,4, p<0,01). Naudžiūnų kolonijoje tos pačios 

tendencijos nustatytos M. glareolus. Patinų dalis  kolonijoje buvo didesnė 

nei kontrolėje (atitinkamai 65,5% ir 42,5%; χ2=23,4, p<0,001). Kolonijoje 

suaugusių individų buvo daugiau negu kontrolėje (14,9% ir 6,9%; χ2=10,2, 

p<0,01). M. glareolus lyčių struktūros skirtumų tarp kolonijos ir kontrolės 

Elektrėnų kolonijoje nebuvo. Suaugusių individų kolonijoje buvo daugiau 

nei kontrolėje (33,3% ir 14,3%; χ2=25,8, p<0,001).  

 Mažiausias A. flavicollis įmitimo indeksas Juodkrantės kormoranų 

kolonijos ilgalaikio poveikio zonoje (III) (bc=3,35±0,07) buvo patikimai 

mažesnis nei kontrolinėje zonoje (bc=3,58±0,05; t=2,89, p<0,01). Tačiau 

Naudžiūnų kormoranų kolonijoje A. flavicollis įmitimas buvo didesnis nei 

kontrolėje (atitinkamai bc=3,64±0,08 ir 3,40±0,10), bet skirtumas 

nepatikimas (t=1,90, p=0,06). Juodkrantės kolonijoje prasčiausias M. 

glareolus įmitimas nustatytas aktyvaus kormoranų poveikio zonose (II – 

bc=2,94±0,06; III – bc=2,85±0,09). Patikimi skirtumai rasti tarp III zonos ir 

IV (bc=3,43±0,06; t=3,25, p<0,01) bei V (bc=3,28±0,05; t=3,36, p<0,01) 

zonų. Lukšto, Naudžiūnų ir Elektrėnų kolonijose M. glareolus įmitimo 

indeksas kontrolėje ir kolonijoje nesiskyrė. 

 Juodkrantės kormoranų kolonijoje M. glareolus vidutinis vados 

dydis kontrolinėje zonoje buvo patikimai didesnis nei ekotone (V) 

(atitinkamai 5,8±0,63 ir 3,7±0,45; t=2,40, p<0,05) ir buvusio poveikio 

zonoje (IV) (3,8±0,36; t=2,41, p<0,05). Kitose kormoranų kolonijose 

patikimų skirtumų tarp kolonijos ir kontrolės nenustatyta.  

 Apibendrinant galime teigti, kad nedaug perinčių paukščių turinčių 

kormoranų kolonijų poveikis smulkiesiems žinduoliams buvo teigiamas: 

padidėjo rūšių skaičius, santykinis gausumas, suaugusiųjų individų dalis 

bendrijoje bei vados dydis (nors vados dydžio pasikeitimas nėra statistiškai 

reikšmingas). Tačiau kormoranų kolonijai pasiekus tam tikrą dydį poveikis 
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tampa neigiamas: sumažėja smulkiųjų žinduolių rūšių skaičius, įvairovė, 

santykinis gausumas, suaugusių individų dalis ir įmitimas, padidėja vienos 

rūšies dominavimas bendrijoje bei patinų dalis. Tačiau netgi didelėse 

kolonijose kormoranų poveikis žinduoliams gali būti teigiamas kolonijos 

pakraštyje (ekotone) arba apleistoje kolonijos dalyje, kur lizdų skaičius 

ribotas. Šiose zonose rūšinė įvairovė, rūšių skaičius, santykinis gausumas, 

suaugusiųjų individų dalis ir įmitimo indeksas atsistato ir netgi padidėja, 

lyginant su kontroline zona.  

Labiausiai paveiktose didelių kolonijų zonose įtaka smulkiesiems 

žinduoliams galima dėl pakitusios augalijos sudėties (Veum ir kt., 2019), 

slėptuvių stokos, trikdymo, bei neįprastai didelės azoto ir fosforo 

koncentracijos. Kormoranai gali stipriai pakeisti aplinką, kurioje gyvena 

(Klimaszyk ir Rzymski, 2016). Neigiamas kolonijų poveikis nustatytas 

augalams (Matulevičiūtė ir kt., 2018), kerpėms (Zolkos ir kt., 2013), 

miksomicetams (Adamonytė ir kt., 2012). Tačiau apleistoje Juodkrantės 

kolonijos dalyje miksomicetų bei kerpių įvairovė dalinai atsistatė 

(Adamonytė ir kt., 2013; Motiejūnaitė ir kt., 2014). Atsikuriant augalijai, 

apleistose kolonijų dalyse padaugėja slėptuvių bei maisto išteklių 

smulkiesiems žinduoliams. Kai tik pašalinamas trikdžių faktorius, jų 

bendrijos dėl didelio reprodukcijos greičio bei migracijos geba greitai 

atsistatyti (Bush ir kt., 2012).  

Kodėl mažose kolonijose kormoranų poveikis smulkiesiems 

žinduoliams yra teigiamas? Pirmiausia, jose nesusikaupia ekstremaliai 

didelės azoto ir fosforo koncentracijos. Nedideli kormoranų išmatų kiekiai 

tik patręšia dirvą ir pakeičia augalijos sudėtį, bet jos nesunaikina. Mažose 

kolonijose žolinė danga ir krūmai būna vešlesni nei aplinkinėse, kormoranų 

nepaveiktose teritorijose. Suvešėję augalai tampa puikiomis slėptuvėmis ir 

maisto šaltiniu smulkiesiems žinduoliams. Be to, žinduolių mitybos racioną 

papildo kormoranų pamestos žuvys bei iš lizdų iškritę jaunikliai.    

 III straipsnyje analizuojami Juodkrantės kolonijoje sugautų A. 

flavicollis ir M. glareolus kraniometrinių rodiklių skirtumai. Nustatėme, kad 

skirtingo kormoranų poveikio intensyvumo zonose A. flavicollis 

kraniometriniai rodikliai skyrėsi patikimai (Wilks λ=0,58, F=1,33, p<0,05). 

Patikimai (ANOVA: *–p<0,05, **–p<0,01) skyrėsi šie suaugusių A. 

flavicollis kaukolių matmenys: X3** (žiūrėti III straipsnį, Material ir 

methods), X4*, X17* ir X21* (III straipsnis, Fig. 1). Taip pat patikimai 

skyrėsi ir lytiškai nesubrendusių A. flavicollis individų kaukolių X2*, X3*, 

X5*, X13**, X15*, X16*, X19*, X21** matmenų dydžiai (III straipsnis, 

Fig. 2). Jauniklių A. flavicollis kraniometriniai rodikliai tarp skirtingų 
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poveikio zonų nesiskyrė. Kolonijos zonos įtaka antros pagal gausumą rūšies 

M. glareolus kaukolės matmenims nebuvo patikima (Wilks λ=0,07, F=3,32, 

p=0,37). Tačiau kai kurie suaugusių (X3*, X4*, X6*, X10*, X20**; III 

straipsnis, Fig. 4) ir jauniklių (X6*, X14*, X18*, X21*, X23*) kaukolių 

matmenys skyrėsi patikimai. Nustatyta, kad kormoranų poveikio zonose A. 

flavicollis ir M. glareolus kaukolės pailgėja. Labiausiai kraniometriniai 

rodikliai skyrėsi ilgalaikio kormoranų poveikio zonoje  (III straipsnis, Figs. 

1–4).  

 Žinduolių kraniometriniai rodikliai gali pakisti dėl taršos (Nunes ir 

kt.,  2001; Fritsch ir kt., 2010; Tête ir kt., 2013), trikdymo ir streso (Oleksyk 

ir kt., 2004; Velickovic, 2007; Hopton ir kt., 2009). Didžiųjų kormoranų 

kolonijų teritorijos gali būti laikomos labai užterštomis (Klimaszyk ir Joniak, 

2011; Klimaszyk ir kt., 2015). Be to, jose smulkiuosius žinduolius veikia kiti 

stresoriai: dėl sunykusios žolinės dangos sumažėjęs slėptuvių kiekis, 

mažesnis maisto pasirinkimas, padidėjęs plėšrūnų skaičius (VIII straipsnis). 

Taigi, A. flavicollis ir M. glareolus morfometrinių kaukolės rodiklių 

skirtumai atsiranda dėl kompleksinio kormoranų kolonijų poveikio (III 

straipsnis).  

 IV, V ir VII straipsniuose analizuojami M. glareolus ir A. flavicollis 

stabiliųjų izotopų (δ15N ir δ13C) santykio skirtumai Juodkrantės, Lukšto, 

Elektrėnų kormoranų kolonijose bei Lukšto, Elektrėnų, Zarasų ir Rusnės 

kontrolėje. Nustatėme, kad didžiausioje Juodkrantės kormoranų kolonijoje 

M. glareolus δ15N vertės buvo patikimai didesnės, nei Lukšto kolonijoje 

(Tukey HSD, p<0,001), Elektrėnų kolonijoje (p<0,01) bei Lukšto, Elektrėnų, 

Zarasų, Rusnės kontrolinėse teritorijose (visų p<0,001; IV straipsnis, Fig. 3; 

VII straipsnis, Fig. 3). Lukšto kolonijoje sugautų M. glareolus plaukuose 

vidutinės stabiliųjų azoto izotopų (δ15N) vertės buvo didesnės negu kontrolės 

zonos individų (Tukey HSD, p=0,0002). Aukščiausios A. flavicollis δ15N 

vertės nustatytos Juodkrantės kolonijoje. Vidutinės δ15N vertės Juodkrantės 

kolonijoje buvo patikimai didesnės, nei Juodkrantės kontrolinėje zonoje 

(Tukey HSD, p<0,01), Lukšto kolonijoje (p<0,001) bei Lukšto ir Zarasų 

kontrolėje (p<0,001) (IV straipsnis, Fig. 2). A. flavicollis δ15N vertės 

Juodkrantės kontrolinėje zonoje buvo mažesnės nei kormoranų paveiktose 

zonose: II poveikio zonoje (Tukey HSD, p<0.01), III zonoje (p<0,001), IV 

zonoje (p<0,001) ir V zonoje (p<0,01) (IV straipsnis, Fig. 4). Nustatėme, jog 

kormoranų kolonijai išsiplėtus į naujas teritorijas jau pirmaisiais invazijos 

metais keičiasi stabiliųjų izotopų santykis smulkiųjų žinduolių plaukuose. 

Didėjant perinčių kormoranų skaičiui didėja δ15N ir mažėja δ13C vertės (V 

straipsnis). Millus ir Stapp (2008) teigia, kad smulkiųjų žinduolių izotopinės 
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nišos pokyčiai paukščių kolonijose yra įtakojami ne tiesiogiai, bet per 

maistą. Kormoranų perneštos biogeninės medžiagos veikia potencialų 

smulkiųjų žinduolių maistą, dėl to padidėja δ15N reikšmės. Aukštas azoto 

stabiliųjų izotopų santykis buvo nustatytas kormoranų kolonijų paklotėje bei 

augalų lapuose (Kameda ir kt., 2006). Vandens ekosistemose kormoranai yra 

mitybos grandinės viršuje (Bostrom ir kt., 2012). Azoto skilimo procesai, 

pvz., mineralizacija ir nitrifikacija, taip pat padidina azoto izotopų santykį 

dirvožemyje (Nadelhoffer ir Fry, 1988). 

 VI straipsnyje išanalizuotas cheminių elementų kaupimasis A. 

flavicollis audiniuose Juodkrantės kormoranų kolonijoje. Nustatėme, jog 

poveikio zona yra pagrindinis veiksnys, lemiantis cheminių elementų 

koncentraciją (MANOVA Wilks λ=0,04, F3,53=2,90, p<0,001). Skirtingose 

zonose pagautuose individuose K, Mn, Cu, Rb ir Pb koncentracija skyrėsi 

patikimai (VI straipsnis, Fig. 2). Intensyvesnio poveikio zonose K ir Cu 

koncentracijos buvo didesnės, Rb ir Pb – mažesnės. Kormoranų įtaka buvo 

teigiama, nes padidėjo naudingų mikroelementų (K ir Cu) koncentracijos ir 

sumažėjo kenksmingo sunkiojo metalo Pb koncentracija. Sumažėjusi Rb 

koncentracija spėjamai yra susijusi su K koncentracijos padidėjimu, kadangi 

šie 2 mikroelementai vienas kitą pakeičia; todėl organizme jų koncentracijos 

dažnai koreliuoja neigiamai (Nyholm ir Tyler, 2000). Apibendrinant, penkių 

iš 20 ištirtų cheminių elementų koncentracijos A. flavicollis audiniuose 

priklausė nuo kormoranų poveikio intensyvumo. Tikėtina, kad aukščiau 

aprašytus smulkiųjų žinduolių bendrijų sudėties, rūšinės įvairovės, gausumo, 

lyčių ir amžiaus struktūros, įmitimo bei kraniometrinių rodiklių pokyčius 

nulėmė ne vien tik cheminių elementų koncentracijos audiniuose. Dėl taršos 

kormoranų kolonijose pasikeičia augalija, nuo kurios priklauso ir slėptuvių 

skaičius bei maisto ištekliai. Šie veiksniai kartu su pertekliniu kormoranų 

atneštų medžiagų kiekiu veikiausiai ir sąlygoja pokyčius smulkiųjų žinduolių 

bendrijoje.  

 VIII straipsnio rankraštyje analizuojami žinduolių sezoninio ir paros 

aktyvumo pokyčiai Lukšto ir Juodkrantės kormoranų kolonijose. Naudojant 

žvėrių stebėjimo kameras nustatyta, kad Lukšto kolonijoje lapių (Vulpes 

vulpes) ir mangutų (Nyctereutes procyonoides) sezoninis aktyvumas 

priklausė nuo kormoranų perėjimo sezono (atitinkamai t=4,39, p<0,001 ir 

t=3,74, p<0,001). Vidutinis šių žinduolių registravimo dažnumas kormoranų 

veisimosi laikotarpiu buvo kelis kartus didesnis. Lukšto kolonijoje 

kormoranų perėjimas stirnų (Capreolus capreolus) (t=0,76, p=0,47) ir šernų 

(Sus scrofa) (t=1,40, p=0,19) aktyvumui įtakos neturėjo (VIII straipsnis, Fig. 

3A).  
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 Juodkrantės kolonijoje V. vulpes aktyvumas buvo 2 kartus didesnis 

kormoranų perėjimo laikotarpiu (t=2,31, p<0,05). Tačiau, kaip ir Lukšto 

kolonijoje, C. capreolus (t=0,87, p=0,41) ir S. scrofa (t=0,94, p=0,37) 

sezoniniam aktyvumui perėjimo laikotarpis įtakos neturėjo (VIII straipsnis, 

Fig. 3B). Lukšto kormoranų kolonijoje S. scrofa, N. Procyonoides ir V. 

vulpes paros aktyvumas priklausė nuo kormoranų aktyvumo (atitinkamai 

χ2=47,7 ir χ2=45,2, p<0,001 bei χ2=6,1, p<0,05). Juodkrantės kolonijoje nuo 

kormoranų aktyvumo priklausė S. scrofa ir V. vulpes paros aktyvumas 

(atitinkamai χ2=42,1 ir χ2=20,0, p<0,001; VIII straipsnis, Table 3).  

 Žinduolių paros ritmą keičia maisto prieinamumas (Masi ir kt., 

2009; Diaz-Ruize ir kt., 2015). Kormoranai jauniklius maitina dienos metu ir 

pameta dalį atnešto maisto. Be to, kai kurie neskraidantys jaunikliai iškrenta 

iš lizdų. Pamestos žuvys bei iškritę jaunikliai tampa lengvu grobiu 

plėšriesiems žinduoliams. N. procyonoides yra naktiniai gyvūnai (Akbaba ir 

Ayas, 2012; Zoller ir Drygala, 2013; Ikeda ir kt., 2016). Komoranams 

neperint, Lukšto kolonijoje tik 20,0% atvejų N. procyonoides buvo 

registruoti dienos metu. Pradėjus perėti, net 58,1% atvejų šie gyvūnai buvo 

registruoti dieną (VIII straipsnis, Table 3). 
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IŠVADOS 

 
1. Mažos kormoranų kolonijos (80–130 perinčių porų) darė teigiamą 

įtaką smulkiųjų žinduolių ekologiniams ir biologiniams 

parametrams: didėjo santykinis jų gausumas, rūšių skaičius bei 

suaugusių individų dalis bendrijoje.  

2. Didžiausios Lietuvoje Juodkrantės kormoranų kolonijos (1500–3800 

perinčių porų) aktyvioje dalyje neigiamas poveikis smulkiųjų 

žinduolių bendrijai buvo labiausiai išreikštas: sumažėjo gausumas, 

rūšinė įvairovė, įmitimo indeksas, patelių dalis bendrijoje, pasikeitė 

geltonkaklių pelių (Apodemus flavicollis) ir rudųjų pelėnų (Myodes 

glareolus) kaukolės morfometriniai rodikliai. Apleistoje kormoranų 

kolonijos dalyje ir ekotone nustatytas teigiamas poveikis 

smulkiesiems žinduoliams: jų gausumas, įvairovė ir įmitimo 

indeksas padidėjo.  

3. Didžiųjų kormoranų kolonijų sąlygota ekosistemos degradacija 

pakeitė smulkiųjų žinduolių izotopinę nišą – δ15N vertės jų 

plaukuose padidėjo. Šis poveikis buvo pastebimas jau pirmaisiais 

kormoranų ekspansijos į naujas teritorijas metais.  

4. Juodkrantės kormoranų kolonijoje didžiausio paukščių aktyvumo 

zonose K ir Cu koncentracija geltonkaklių pelių audiniuose buvo 

padidėjusi, o Rb ir Pb sumažėjusi.  

5. Žvėrių stebėjimo kameromis Juodkrantės ir Lukšto kormoranų 

kolonijose buvo registruoti vienuolikos (tarp jų trijų nevietinių) rūšių 

žinduoliai. Kolonijoje lapių (Vulpes vulpes) ir mangutų (Nyctereutes 

procyonoides) aktyvumas kormoranų perėjimo sezono metu buvo 

kelis kartus didesnis nei kitu laiku. Kormoranams perint mangutų, 

lapių ir šernų (Sus scrofa) paros aktyvumas keitėsi, stirnų 

(Capreolus capreolus) paros aktyvumas išliko nepakitęs.  
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MOKSLINĖ IR PRAKTINĖ REIKŠMĖ 

 

 Žinduolių tyrimų didžiųjų kormoranų kolonijose stoka parodė, kad 

šių paukščių vaidmuo ekosistemose nebuvo nuodugniai įvertintas. Šio 

tyrimo rezultatai leidžia geriau apibūdinti kormoranų poveikio aplinkai 

kompleksiškumą. Pirmą kartą išaiškinta kolonijos dydžio reikšmė ir 

nustatyta, kad didesnėje kolonijoje paukščių įtaka smulkiesiems žinduoliams 

yra neigiama. Įrodyta, kad kolonijos poveikis pasireiškia jau pirmaisiais 

metais po jos susiformavimo. Patvirtinta, kad maisto medžiagų pernešimo į 

sausumos ekosistemas įtaka yra netiesioginė, ji priklauso nuo paukščių 

išmatų biologinės taršos poveikio graužikų maisto objektams. 

 Didžiųjų kormoranų kolonijos poveikio greičio įvertinimas turi 

praktinę reikšmę. Jis parodo, kad paukščių išbaidymas iš užimamų teritorijų 

iki perėjimo gali turėti neigiamas pasekmes. Pradedant kormoranus baidyti 

per anksti, jų kolonijos fragmentuojasi ir paukščiai išplinta ir suka lizdus 

naujose buveinėse. Susidariusios kolonijos jau pirmaisiais metais pakeičia 

ekosistemą. Perinčių kormoranų baidymas nuo lizdų ribojant išsiritusių 

kiaušinių skaičių, yra naudingesnė priemonė už paukščių gąsdinimą iki 

perėjimo sezono pradžios. Lietuvoje kormoranų gausos reguliavimo darbai 

yra atliekami, jeigu kolonijoje yra daugiau, kaip 100 perinčių porų. Mūsų 

tyrimų rezultatai rodo, kad kormoranų kolonijos neviršijančios 200 perinčių 

porų nedaro neigiamo poveikio jose aptinkamiems žinduoliams. 
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Abstract:  The diversity and relative abundance of small mammals was studied in the territory occupied by the larg-
est colony of breeding great cormorants (Phalacrocorax carbo sinensis) in Lithuania. The area of 13.6 
ha with over 3800 cormorant nests, is situated in the Curonian Spit National Park in West Lithuania. The 
aim of the study was to test if the small mammal community is influenced by the presence of the colony. 
We found that in general the diversity of small mammals in the area was low. The community was domi-
nated by yellow-necked mice (73.1% of all trapped individuals), with bank voles subdominant (22.2%). 
The proportion of five other species trapped in the territory of the colony and its edge was in the range of 
0.6–1.6%. The zones of colony expansion (where influence of the colony is just started) and established 
active colony (long term influence) were found to have most negative impact on the small mammal com-
munity (only 3–4 species present, Shannon’s H = 0.55–1.10). Only two species were registered in the edge 
of these zones. The relative abundance of small mammals was lower in the territory of active zones of 
influence. In zones of the former influence of the colony, however, the abundance was higher, than in the 
zones of recent influence. 

Keywords: Phalacrocorax carbo sinensis; colony influence; voles and mice

Introduction 
The continental subspecies of great cormorant 
(Phalacrocorax carbo sinensis) forms breeding colo-
nies near inland water bodies and along the shores of 
lagoons, with the largest colonies in Europe contain-
ing up to 12-14 thousand breeding pairs (KiriKova 
et al. 2007, Nemtzov 2008, HerrmaNN et al. 2012). 
Cormorants were eradicated from the Baltic Sea re-
gion in 19th century, but returned and started breed-
ing again in 1938 (ivaNausKas 1938; Samusenko 
2008, HerrmaNN et al. 2012). By 2009, approxi-
mately 165,000 pairs of great cormorants bred in the 
basin of the Baltic Sea. In recent years, the popula-
tion of the southern part of the Baltic has been sta-
ble, whilst in central and northern parts it has been 
increasing (HerrmaNN et al. 2012).

The cormorant colony on the Curonian Spit 

of Lithuania established itself in the 19th cen-
tury, was eradicated around 1887 (Gražulevičius, 
elertas 2005) and once again re-established in1989 
(stanevičius, Paltanavičius 1997). The number of 
breeding pairs reached 2700 by 2003, stabilized at 
about 3000 from 2005 to 2010, then peaked at 3808 
in 2011 (ložys, DaGys 2008, Putys 2012). In 2011, 
the cormorant colony covered an area of 12.0 ha. 

This remains the largest cormorant colony 
in Lithuania, occupying coniferous forest habitat 
(aDamonytė et al. 2012). After trees dry from the 
excrements and finally die, new nests are built, 
thereby spatially expanding the colony (žyDelis et 
al. 2002). The Juodkrantė cormorant colony is oc-
cupied from March, when the first birds return, and 
maximum nest occupancy occurs in April. Young 
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appear at the beginning of May and stay in the nests 
till July. From mid-July, the cormorants disperse and 
in October they migrate southward.

The colony has great influence on forest stands, 
mainly due to guano increasing the nitrogen and 
phosphorus levels by 104 to 105 times, leading to 
the death of trees and formation of glades (Kameda 
et al. 2000, laiviņš, čekstere 2008, Garcia et al. 
2011). Though soil fertility is increased, plant bio-
mass is lower in the active colony (kolb et al. 2010) 
and, after the birds disappear, shrub communities 
replace the dead forest (Źółkóś, marKowsKi 2006). 
It was shown that myxomycete diversity in the 
Juodkrantė colony was lower in the active part of 
the colony with the most fresh and numerous nests 
(aDamonytė et al. 2012).

So far, there have been no investigations on 
how the cormorant colony influences mammals. 
This paper intends to present the first data on the loss 
of diversity of the small mammal community in the 
area affected by the colony of great cormorants in 
Juodkrantė.

Material and Methods
Study area
The study area is located to the south of Juodkrantė 
settlement on the Curonian Spit, West Lithuania  
55° 33’ 10’’ N, 21° 07’ 30’’ E) in the Curonian Spit 
National Park. Small mammal trapping was con-
ducted in the various zones of the great cormorant 
colony (55° 31’ N, 21° 06’ E), as well as the mar-
gin between the inhabited zones and the surrounding 
forest and at a control site located in a nearby forest. 
According to duration and degree of the impact of 
great cormorants on the habitat, five zones were in-
vestigated (Fig. 1): 

I – control zone. No influence of nesting cor-
morants on the habitat. Two habitat types dominat-
ing forests on the Curonian spit were investigated 
in the control zone – dry pine forest (Ia) and mixed 
forest (Ib). Trees in the control zone were some-
what younger than the dead trees within the colony. 
According Adamonytė et al. (2012), there are no re-
maining areas on the Curonian spit which fully cor-
respond to the colony site in vegetation composition, 
age and position on the slope.

II – zone of initial influence of the colony. This 
part of the colony is currently expanding, thus is 
the most recent and the influence is just developing. 
Trees are still alive, but with reduced vitality, shrub 
layer reduced and herb layer is scarce. Moss layer is 
thin, with bare patches.

III – zone of long term influence of the colony. 
The highest concentration of nests is recorded in this 
zone. In the former oligotrophic pine forest, the trees 
are dead or dying and the shrub layer is reduced, 
formed by mesotrophic Sorbus aucuparia as well 
as by eutrophic Sambucus nigra and S. racemosa of 
low projection cover, and sparse, dying Juniperus 
communis. The projection cover of the herb layer 
is 10 % or less of predominantly nitrophilic species 
like ruderal Chelidonium majus; moss layer is absent 
(aDamonytė et al. 2012).

IV – zone of former active influence of the col-
ony. Trees are dead, many of them rotten, fallen and 
decaying. The territory is re-growing with young trees 
and shrubs, the herbaceous layer is thick. Nitrophilic 
plant communities are establishing with sparse me-
sotrophic Calamagrostis epigeios that is supplemen-
ted by mesoeutrophic ruderal herbs and alien eutrop-
hic Sambucus nigra and S. racemosa. Moss layer is 
absent (aDamonytė et al. 2012). Abandoned part of 
the colony with only  few nests still in use.

V – zone of the ecotone between zones II and 
III and the surrounding forest that was not influenced 
by the colony.

Sampling
Small mammals were trapped with snap traps set in 
lines, each consisting of 25 traps spaced 5 m from 
each other. Traps were baited with bread and sun-
flower oil. They were left exposed for two or three 
days (one trapping session) and checked once a 
day (balčiauskas 2004). In total, 51 snap trap lines 
were operated in September-October 2011 and May-
November 2012, with total sampling effort of 3300 
trap nights (Table 1). The relative abundance of small 
mammals was expressed as the number of individu-
als per 100 trap nights.

Small mammal communities in the differ-
ent zones were characterized by their diversity 
(Shannon’s H, on the base of log2 transformed 
data) and dominance (Simpson’s c) (krebs 1999, 
balčiauskas 2004). Diversity indices were calcu-
lated from the pooled data.

Diversity assessment
Differences in small mammal diversity in different 
zones were tested using Rényi diversity numbers. 
Diversity profiles were calculated using scale pa-
rameter α between 0 and 4. Scale parameter α = 0 
shows Rényi diversity equal to the logarithm of the 
number of species, α = 1 yields Rényi diversity equal 
to Shannon’s H, α = 2 is related with Simpson’s in-
dex of dominance, while α = 3 and 4 represent grow-
ing emphasis on the dominant species (tóthmérész 
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1998). All diversity-related calculations (H±SD, 
c±SD and significance of difference) were performed 
in the freeware DOSBox ver. 0.74, running DivOrd 
program ver. 1.90 (tóthmérész 1993). Differences 
in species composition of the communities were 
tested using chi-square test. All differences with p > 
0.05 were considered non-significant. Differences in 
relative abundance were tested using non-parametric 
Kruskal Wallis H test for multiple groups and paired 
Kruskal Wallis ANOVA with Bonferroni correction. 
Calculations were done with Statistica for Windows, 
ver. 6.0 software (statsoft 2004).

Results and Discussion
In 2011-2012, seven small mammal species were 
trapped in the different zones of the great cormorant 
colony and adjacent: common shrew (Sorex araneus), 
pygmy shrew (S. minutus), bank vole (Clethrionomys 
glareolus), meadow vole (Microtus agrestis), root vole 
(M. oeconomus), yellow-necked mouse (Apodemus 
flavicollis) and harvest mouse (Micromys minutus). 
The dominant species was A. flavicollis, accounting 
for 73.1% of all trapped individuals, with C. glare-
olus subdominant (22.2%). The proportion of other 
species was negligible (Table 2).

The diversity of small mammals was very low 
in all study plots (Table 2), as compared to other hab-
itat types of the Curonian spit (Juškaitis, ulevičius 
2002). Five small mammal species were recorded 
both in the control zone and in the zone of former 
influence of the colony with abandoned nests. In the 
zones of initial and long term influence, the number 
of registered small mammal species was lower (3–4 
species), whilst in the ecotone of these zones it is 
lowest (only two dominant species were found). The 
differences between the numbers of small mammal 
species between zones is also shown in Fig. 2A. 

At α = 0, Rényi diversity equal the logarithm of 
the number of species. At α = 1 Rényi diversity num-
bers are equal to Shannon’s H, while α > 1 represents 
diversity of the higher order; α = 2 represents domi-
nance in the community (tóthmérész 1998). From Fig 
2A, it is clear that differences in diversity (Shannon’s 
H) and dominance (Simpson’s c) in small mammal 
assemblage are not well expressed between the five 
investigated zones of the great cormorant colony (val-
ues presented in Table 2). In the zone of initial influ-
ence of the colony, Shannon’s H was significantly less 
than in the control zone (t=1.96, p < 0.05), in the zone 
of long term influence (t=2.07, p < 0.05) and in the 
zone of former influence of the colony (t=2.53, p < 

Fig. 1. Trapping design in different zones of the great cormorant colony in Curonian Spit National Park in West Lithuania
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0.01). Dominance was highest in the zone of initial 
influence of the colony. Compared with the zone of 
long term influence, zone of former influence and the 
ecotone zone, differences were significant at p < 0.01 
(respectively, t=2.68. t=2.83 and t=2.78). Other dif-
ferences were not statistically significant.

Comparing the least affected (I+IV) and the 
most affected (II+III+V) zones, we found that the 
diversity of the small mammal community was 
significantly higher in the less affected zone – 
Shannon’s H respectively, was H = 1.17±0.005 and 
H = 0.98±0.005, while the difference in dominance 
was not significant – Simpson’s c, respectively, was 
c = 0.58±0.004 and c = 0.60±0.004 (Fig. 2B).

The proportions of dominant A. flavicollis and 
subdominant C. glareolus in the small mammal com-
munity between the zones of the colony differed (see 
Table 2). A significantly higher proportion of A. flavi-
collis (90.3% of small mammals trapped, χ2 = 5.19, p 
= 0.02) and lower proportion of C. glarelous (6.5%, χ2 
= 4.92, p = 0.03) was observed in zone II (the zone of 
initial influence of the expanding cormorant colony). 
In the zone V (the ecotone of zone II), the proportion 
of A. flavicollis was the lowest (67.4% of all trapped 
individuals, χ2 = 0.99, NS) and the proportion of C. 

glareolus the highest (32.7%, χ2 = 3.63, p = 0.06). 
No differences in the proportions of dominant and 
subdominant small mammal species in the commu-
nity were observed when comparing the less affected 
(I+IV) and the most affected (II+III+V) zones

The average relative abundance of small mam-
mals in the zones of the colony and surrounding 
areas was 12.00±1.50 ind. / 100 trap nights, with 
differences between the zones being statistically sig-
nificant (Kruskal-Wallis test, H4,51 =12.05 p =0.017). 
The highest relative abundance of small mammals 
was observed in zone V (ecotone). It was higher 
than in the zone of initial influence (Kruskal-Wallis 
ANOVA, H1,13 =4.97 p =0.10) and in the control zone 
(H1,21 =5.36 p =0.08). An abundance almost as high 
was also observed in the zone IV, former active in-
fluence of the colony. It was higher than in the zone 
of initial influence (H1,20 =5.85 p =0.062) and in the 
control zone (H1,28 =7.69 p =0.02).

In the control, no small mammals were trapped 
in a dry pine forest (Ia), while in a mixed forest (Ib) 
their relative abundance was 11.63±2.77 ind. / 100 
trap nightss, i.e. higher than in the zones of initial 
(II) and long term (III) influence of the cormorant 
colony (Table 2, differences not significant).

Fig. 2. Small mammal diversity in the zones of different influence of the great cormorant colony: A – differences 
between zones I-V, B – differences between the most affected (II+III+V) and the least affected (I+IV) zones, where 
I – control zone, II – zone of initial influence, III – zone of long term influence, IV – zone of former active influence 
and V – zone of the ecotone between zones II and III and the surrounding forest habitat. Scale parameter α = 0 gives 
Rényi diversity equal to the logarithm of the number of species, α = 1 yields Rényi diversity equal to Shannon’s H, 
α = 2 is related with Simpson’s index of dominance, while α = 3 and 4 represent growing emphasis on the dominant 
species (according Tóthmérész 1998)

Table 1. Trapping effort in different zones of the great cormorant colony, 2011–2012

Zone
I II III IV V

Number of trap lines 16 8 10 12 5
Number of trap nights 1075 550 600 775 300
Area trapped, ha 28 3.2 4.2 4.6 1.6
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An earlier investigation of the small mam-
mals on the Curonian Spit of Lithuania (Juškaitis, 
ulevičius 2002) indicated that small mammal assem-
blages in the three types of forests in the Spit were 
extremely poor in species composition. Only three 
species (S. araneus, A. flavicollis and C. glareolus) 
were registered in coastal pine forests, while only 
two species occurred in black alder and birch stands. 
Average relative abundances were 8.8 ind. / 100 trap 
nights in the pine stands, 12.0 in the black alder and 
only 4.0 ind. / 100 trap nights in the birch stands. 
A. flavicollis and C. glareolus were co-dominants in 
the forests (Juљkaitis, ulevičius 2002). In the conti-
nental dry pine forests in South Lithuania, the rela-
tive abundance of A. flavicollis was 4-8 ind. / 100 
trap nights, with that of C. glareolus being 0-8 ind. / 
100 trap nights. The total number of species did not 
exceed four (ulevičius, Juškaitis 2003). Thus, our 
results are in line with data of other research from 
pine forests in Lithuania.

The results of this research are valuable in sev-
eral aspects. First of all, there are no published data on 
small mammal communities in landscapes influenced 
by large colonies of great cormorants. We discovered 
that in the most heavily influenced zones, the diver-
sity and the relative abundance of the small mammal 
community decreased. The nitrogen and phosphorus 
loads in the Juodkrantė colony are extreme: in the soil 
of zones II, III and V, the quantity of nitrogen was 
1.57-1.66 g per kg of soil, with phosphorus occurring 
at 0.29-0.39 g/kg. In zone IV, the area of former influ-
ence, the respective amounts were 2.87 and 0.93 g/kg. 

At such high loads of the nutrients, small mam-
mals can be influenced in various ways: for example, 
the ground is covered by faeces and fish remains in 
the breeding period of cormorants, noisy birds cause 
disturbance, acidity is higher than usual over the 
whole territory, the plant composition is altered, shel-
ter is lacking in the zones of active influence, etc. 

Small mammals cannot play role in nutrient 
cycling, when the load by birds is so high. Even in 
grassland ecosystems, small mammals bring in 3.5-
4.0 kg/ha/year of nitrogen (Clark et al. 2005). While 
such an amount in natural ecosystems may alter ni-
trogen cycling, in the colony of great cormorants it 
is insignificant.

Nitrogen enrichment of the ecosystem, so heav-
ily expressed in the great cormorant colony, does 
not only change plant communities, a phenomenon 
well-known and not requiring further proof (odum, 
barret 2005), but also results in changes in repro-
ductive output and survival of juveniles; in the field 
ecosystem this may lead to a decrease in small mam-
mal diversity (ParsoNs et al 2005). None of these 
possible effects were studied in the colony of great 
cormorants. In the future we are going to analyze 
reproduction parameters of the small mammals in 
different zones of the colony as well as their diet. 

Conclusions
Our results showed that small mammal assemblage 
was different in the various zones of the colony of 
great cormorants. Primarily, reduction of species 

Table 2. Number of trapped small mammals, their diversity (Shannon’s H, Simpson’s c) and relative abundance (RA, 
ind./100 trap nights) in the zones of different influence of the great cormorant colony (2011-2012), where I – control 
zone, II – zone of initial influence, III – zone of long term influence, IV – zone of former active influence and V – zone 
of the ecotone between zones II and III and the surrounding forest habitat. Subscripts show differences between groups, 
statistically significant at p<0.05 or higher level (t-test for Rényi diversity profiles, Kruskall Wallis ANOWA for rela-
tive abundance)

Zones of the colony
Total (n, %)

I II III IV V
S. araneus 2 1 0 2 0 5 (1.6)
S. minutus 2 0 0 0 0 2 (0.6)
M. glareolus 10 2 15 29 16 72 (22.2)
M. agrestis 0 0 1 0 0 1 (0.3)
M. oeconomus 1 0 1 3 0 5 (1.6)
M. minutus 0 0 0 2 0 2 (0.6)
A. flavicollis 50 28 37 89 33 237 (73.1)
Total N 65 31 54 125 49 324 (100)
Number of species 5 3 4 5 2 7
Shannon’s H±SD 1.11±0.02 0.55±0.02I,III,IV 1.10±0.01 1.16±0.007 0.91±0.002 1.11±0.003
Simpson’s c±SD 0.62±0.01 0.82±0.01III,IV,V 0.55±0.01 0.56±0.006 0.56±0.009 0.59±0.002
RA±SE 8.00±2.34 7.50±2.06 10.40±4.01 18.67±3.17I 19.20±3.88 12.00±1.50
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diversity was found in the most heavily bird-influ-
enced parts of the colony. A significant impact was 
found in the zone of initial influence (expansion of 
the colony, short term impact) and in the zone of 
long term influence of the colony (colony established 
for a longer time, still active). The diversity of the 
small mammal community in these zones and their 
ecotone was lower than in the control zone and zone 
of former impact (most of the nests not used any-
more). Only two species, dominant yellow-necked 

mouse Apodemus flavicollis and subdominant bank 
vole Clethrionomys glareolus, were numerous in all 
zones. The proportion of other five small mammal 
species, trapped in the territory of cormorant colony 
and in the control area nearby, was negligible. The 
relative abundance of small mammals was also low-
er in the territory of active zones than in the zone of 
former influence of the colony.
Acknowledgements: Research was funded by Lithuanian Sci-
entific Council, grant LEK-3/2012.
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1. Introduction
Great cormorants (Phalacrocorax carbo sinensis) are able 
to form extremely large breeding colonies near water 
bodies; for example, there are 11,600 breeding pairs at 
Katy Rybackie in Poland, the largest tree-nesting colony 
in Europe (http://ec.europa.eu/environment/nature/
cormorants/numbers-and-distribution.htm). In Lithuania, 
after 100 years of eradication, great cormorants started to 
breed again in 1989 (Stanevičius and Paltanavičius, 1997). 
The number of breeding pairs in the largest colony in the 
country, located near Juodkrantė, Kuršių Nerija (West 
Lithuania), was estimated at about 3000 in 2005–2010 
(Pūtys, 2012), but was as high as 3800 breeding pairs in 
2011 (Pūtys, 2012) and 3200 in the summer of 2012 (Dagys 
and Zarankaitė, 2013).

The influence of the colony on the environment is 
mainly due to an increase in N and P levels by 104 to 105 
times, leading to death of the forest (Garcia et al., 2011). 
As the trees die, glades are formed and shrubs later replace 
the dead forest (Źółkóś and Markowski, 2006). Generally, 
in the active areas of the colony, plant biomass is decreased 
(Kolb et al., 2010).

The influence of the cormorant colony and an 
associated grey heron (Ardea cinerea) colony has already 
been shown on lichens (Źółkóś et al., 2013), fungi (Osono, 
2012), plants (e.g., Anderson and Polis, 1999), insects, 

spiders, and lizards (Polis and Hurd, 1996). Due primarily 
to increased nitrogen levels, the abundance of herbivores 
and detritivores may increase. 

In this colony of great cormorants in Lithuania, 
complex investigations into the influence of the colony 
on the ecosystem have been performed over the last 
few years as part of the National Research Programme 
“Ecosystems in Lithuania: Climate Change and Human 
Impact (2010–2014)”. It has been shown that despite a 
general increase in the abundance of myxomycetes in the 
territory (Adamonytė et al., 2013), the most active part of 
the breeding colony alters fungal diversity in a negative 
way, with fungal abundance being at its lowest. The biggest 
decrease was observed in mycorrhizal species, but at the 
same time, coprophilous fungi appeared in the forest litter 
and specialised fungi species were recorded on plants 
(Kutorga et al., 2014). Due to altered pH, as well as the 
content of N, P, and Ca, lichen diversity was also affected, 
mostly in the active zone of the great cormorant colony 
(Motiejūnaitė et al., 2014).

So far, the only research into small mammals in colonies 
of great cormorants has been from Lithuania, showing a 
reduction in species diversity and a lower abundance in 
the most active parts of the breeding colony (Balčiauskienė 
et al., 2014).

Abstract: Investigations into small mammals within the territory of a breeding colony of great cormorants (Phalacrocorax carbo sinensis), 
carried out in 2011–2014 near Juodkrantė (West Lithuania), demonstrated the colony’s impact on the dominant rodent, yellow-necked 
mouse (Apodemus flavicollis). The age and sex structure of the sampled mice (n = 432), along with body weight, body condition index, 
and residuals from the linear regression, were used to analyse data from five zones of the colony and the surrounding forest. We found 
that in the most active zones of the cormorant colony, the age structure of the population was tilted towards a prevalence of juveniles, 
while sex structure was towards a prevalence of males (P < 0.0001). Despite males being significantly longer in body and heavier, body 
condition index was the same in both sexes. The effect of the zone of the colony was confirmed for body weight and its residuals; body 
length and body condition index (main effects ANOVA) were negative in the zones where cormorants were nesting actively.  

Key words: Phalacrocorax carbo sinensis, breeding colony, Apodemus flavicollis, body condition
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The aim of the current study was to determine if 
population structure and body condition of the dominant 
small mammal species, the yellow-necked mouse 
(Apodemus flavicollis), is affected by living in the zones 
of the great cormorant colony, with various intensities of 
influence by the breeding birds.

2. Materials and methods
We investigated the small mammal community living 
in the colony of great cormorants (Phalacrocorax carbo 
sinensis) and the surrounding territory, situated near 
Juodkrantė in Kuršių Nerija National Park (55°33′10″N, 
21°07′30″E), West Lithuania. We defined five zones, each 
differing in the intensity and duration of the impact of the 
colony (Balčiauskienė et al., 2014).

The strongest and longest-lasting influence of the 
colony (Zone A, Figure 1) was recorded in the zone of 
long influence, which contained the greatest number of 
cormorant nests in 2011–2013. In Zone A, the shrub layer 
was scarce or significantly reduced, and trees were dying or 
dead (Figure 2A). Nitrophilic species of plants dominated 
in the herbage layer, the projection of which was less than 
10% (Adamonytė et al., 2013).

Quite strong influence of the colony was observed in 
the expanding part of the colony, typified by fresh nests 
(Zone B, Figure 1). Shrub and herbage layers were scarce 
and trees were dying (Figure 2B). Bare patches without 
herbage or even moss were found on the ground.

The next zone was characterised by a strong former 
influence (Zone C, Figure 1) of the colony, but with most 
nests currently already abandoned by great cormorants. 
Dead and rotten trees were characteristic (Figure 2C). Tree 
saplings and shrubs were regrowing, the herbage layer was 

reestablishing, and the moss layer was absent (Adamonytė 
et al., 2013). 

Two other zones were characterised by even lower 
impact of the colony. We investigated Zone D (Figure 
1, Figure 2D), which was the ecotone between the 
surrounding forest and Zones A, B, and C, and Zone E, 
which was a control zone, an area where the trapping of 
small mammals was performed at a distance from the 
colony. Two types of forest were characteristic of Zone E: 
dry pine forest and mixed forest.

The areas of the zones where small mammals were 
trapped were as follows: Zone A = 4.2 ha, Zone B = 3.2 
ha, Zone C = 4.6 ha, Zone D = 1.6 ha, Zone E = 28 ha 
(Balčiauskienė et al., 2014). 

Small mammals were trapped by snap traps, using 
lines of 25 traps each 5 m apart, baited with bread crust 
with sunflower oil, exposed for 3 days, and checked every 
day in the morning (Balčiauskas, 2004; Balčiauskienė et 
al., 2014). Trapping was done in September and October 
2011; May, September, and November 2012; October and 
November 2013; and June 2014. Snap-trapping effort was 
equal to 4725 trap/days. 

According to Lithuanian law, permission for small 
mammal snap-trapping is not required and thus was not 
issued by the Ministry of the Environment.

In addition, live trapping was performed in June, 
August, and September 2013; individuals found dead in 
live traps were added to the sample. Live-trapping effort 
was equal to 900 trap/days.

In total, 578 small mammal individuals (of 7 species) 
were trapped in the territory of the colony. The dominant 
species was yellow-necked mouse (Apodemus flavicollis): 
432 individuals (74.7% of all catch) were trapped in the 
great cormorant colony and the control zone (Table 1). 

Trapped small mammals were identified and weighed 
to an accuracy of 0.1 g. Standard measures were taken to an 
accuracy of 0.1 mm; the individuals were then dissected, 
with age and sex recorded. Three age categories were used, 
based on the presence and involution of the thymus gland 
and reproductive status of the animals (Prévot-Julliard et 
al., 1999). We examined the mammary glands, uteri, and 
ovaries in females; those with visible placental scars and 
corpora lutea, or who were pregnant or lactating, were 
defined as adults. Females with inactive reproductive 
organs, such as small nipples and closed vagina, were 
defined as subadults, while females with a thread-like 
vagina were classified as juveniles. Males with scrotal testes 
and full cauda epididymis were defined as adults, those 
with developed abdominal testes as subadults, and those 
with hardly visible testes as juveniles (Prévot-Julliard et al., 
1999; Balčiauskas et al., 2012).

The age and sex structures of A. flavicollis in all zones 
were compared using chi-square statistics.

Figure 1. Location of Zones A–E in the colony of great cormorants 
near Juodkrantė, West Lithuania, 2011–2013. 
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To define the body condition of the trapped individuals, 
we selected an index based on the ratio of body weight and 
body length (Drouhot et al., 2014). Such indices are used 
as indicators of animal health (Peig and Green, 2009). We 
used the body condition index C = (Q/L3) × 105, where Q 
is body weight in g and L is the body length in mm (Moors, 
1985). 

We applied GLM main effects ANOVA for body 
condition index C, body weight, and body length with year 
and month of trapping, zone, sex, and age of an individual 
as categorical predictors for testing of possible influence 
according to Tête et al. (2013).

Based on the assumption that body length is the best 
descriptor of body structure (Peig and Green, 2009; Tête 

C D

A B

Figure 2. Zones A–D, in which small mammals were trapped in 2011–2014: Zone A – strongest and longest-lasting influence of 
the colony; Zone B – expanding part of the colony, Zone C – strong former influence; Zone D – ecotone zone between colony 
and surrounding forest.

Table 1. Sample size of A. flavicollis trapped in the colony of great cormorants near Juodkrantė, West Lithuania, 2011–2014.

Year
Males Females Both sexes together

Adult Sub. Juv. Adult Sub. Juv. Adult Sub. Juv. Total*

2011 7 4 16 12 4 7 19 8 23 50

2012 32 33 23 16 27 39 48 71 63 187

2013 34 18 16 20 19 34 54 37 50 141

2014 23 2 9 19 3 39 2 12 54

Total 96 68 64 64 50 83 160 118 148 432

*: A few individuals, mainly destroyed by carnivores or insects, were not aged or sexed, and thus the total is bigger than the simple sum.
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et al., 2013), we regressed body weight against body length 
of every trapped individual, excluding pregnant females 
and individuals destroyed or eaten in traps by insects or 
carnivores from the sample. We used linear regressions 
and the least square method based on the high correlation 
between body weight and length. Due to the significant 
differences in body size, regressions for males and females 
were calculated separately. Structural body weight was 
obtained for every individual based on the regressions. 
Individuals with positive residuals were assumed to be in 
better condition as predicted by their size, and vice versa 
(Blackwell, 2002). We calculated the number of individuals 
in better and in worse condition for all five zones and 
tested their proportions using the chi-square test.

All calculations were done with Statistica 6.0 for 
Windows (www.statsoft.com). 

3. Results
The sex and age structure of trapped A. flavicollis was 
different between zones of the great cormorant colony 
(Figure 3). The percentage of males significantly differed 
among the zones (χ2 = 35.79, df = 4, P < 0.0001), being 
highest in the zone of strongest and longest-lasting 
influence (over 70%). Females prevailed insignificantly 
only in the control zone.

The age structure of the trapped A. flavicollis was also 
different between zones of the colony: in the active zones, 
Zones A and B, the percentage of adult individuals was 
the lowest, while that of juvenile individuals the highest, 
at over 40%. In the control zone, Zone E, and in the 
ecotone between the colony and the surrounding forest, 
the percentage of adult mice was the highest at about 45%, 
while juveniles were less than 30% (Figure 3). Differences 
in the proportion of adult and subadult individuals (χ2 = 

32.02) and the proportion of adult and juvenile individuals 
(χ2 = 25.29, both df = 4, P < 0.0001) between zones was 
significant, while the proportion of the subadult and 
juvenile mice was not (χ2 = 3.38, P < 0.5). 

As for size, males of A. flavicollis were larger than 
females (body mass 38.02 ± 0.70 and 31.30 ± 0.60 g, 
respectively, Student’s t = 7.09, df = 403, P < 0.0001). 
However, body condition was the same in both sexes, C = 
3.31 ± 0.03 in males and C = 3.36 ± 0.05 in females, t = 0.94, 
P = 0.34. Following this, we regressed body weight against 
body length for males and females separately. In animals 
of both sexes, body weight was significantly correlated to 
body length (Figure 4). 

Residuals of the standardised body weight of A. 
flavicollis showed that the influence of the great cormorant 
colony was negative (Table 2). Body condition in the 
control zone was balanced, i.e. there was a similar ratio of 
mice with greater and lower body weights than predicted 
by linear regression; for males it was 54% and 46% and for 
females it was 45% and 55%, i.e. 49% and 51% accordingly 
(differences not significant). In the zones influenced by 
the colony (A, B, and C), about 40% of mice had body 
weights greater than predicted, while 60% were smaller 
than predicted. This is significantly less than in Zone D, 
where the rate of A. flavicollis with body weights greater 
and smaller than predicted by linear regression was 65% 
and 35%, respectively (the difference significant for males, 
χ2 = 10.95, df = 1, P < 0.001; for females, χ2 = 5.23, P = 0.02; 
and for all individuals, χ2 = 105.73, P < 0.0001). 

We found that the body weight of mice depended on 
trapping year and month, the zone, the sex of the animal, 
and age (main effects ANOVA, F15,389 = 47.72, P < 0.0001, 
R2 = 0.63). All parameters analysed were highly significant 
for influence of the zone (Figure 5A). The body length of 

0 20 40 60 80 100
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B

C
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E

Males Females

0 20 40 60 80 100

A

B

C

D

E

Adults Subadults Juveniles

Percents Percents

A B

Figure 3. Sex (A) and age (B) structure of A. flavicollis trapped in 2011–2014 in the zones of the great cormorant colony 
(Zone A – strongest and longest-lasting influence of the colony; Zone B – expanding part of the colony; Zone C – strong 
former influence; Zone D – ecotone zone between colony and surrounding forest; Zone E – control).
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the mice was also influenced by all five parameters (main 
effects ANOVA, F15,389 = 31.95, P < 0.0001, R2 = 0.54). The 
influence of the zone was also highly significant (Figure 
5B). Variation of the body condition index was defined 
(F15,387 = 6.53, P < 0.0001, R2 = 0.17) and was influenced 
mostly by the month of trapping (F5,387 = 14.32, P < 0.0001), 
and then by zone (Figure 5C) and year of trapping (F3,387 = 
2.71, P < 0.05), but not by age or sex of the animal.

4. Discussion
In a colony of tree-nesting colonial birds, the main 
pressure on the environment is the input of nutrients, 
mainly nitrogen, phosphorus, and organic carbon 
(Breuning-Madsen et al., 2010). Depending on the N 
input from birds in nonproductive ecosystems, plants may 
be more productive (Anderson and Polis, 1999), resulting 
also in an increase in abundance of insects, spiders, and 
lizards (Polis and Hurd, 1996). Consumption of plants and 

detritus high in N may lead to an increase in the body size 
of herbivorous or detritivorous organisms (Anderson and 
Polis, 1999). However, negative impacts of the colonies 
are not uncommon in fungi (Osono, 2012; Adamonytė et 
al., 2013), lichens (Źółkóś et al., 2013; Motiejūnaitė et al., 
2014), plants (Adamonytė et al., 2013), and insects (Kolb et 
al., 2012). Positive impacts may also be recorded in some 
species of lichens (Motiejūnaitė et al., 2014) and insects 
(Kolb et al., 2012). 

Small mammal diversity in the active great cormorant 
colony is suppressed (Balčiauskienė et al., 2014). It is 
known that even small amendments of nitrogen negatively 
influence the survival of small mammals in a territory 
(Clark et al., 2005). However, not much is known about 
the underlying mechanism of the nitrogen impact; it has 
been shown that small granivores/omnivores might have 
higher N requirements than larger herbivores do (Parsons 
et al., 2005). It can only be said that landscape structure 
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Figure 4. Correlation of the body weight and length of A. flavicollis trapped in 2011–2014 in the great cormorant colony: A – 
males, B – females.

Table 2. Distribution of residuals of standardised weight according to linear regression of A. flavicollis trapped in 2011–
2014 in the zones of the great cormorant colony (Zone A – strongest and longest-lasting influence of the colony; Zone 
B – expanding part of the colony; Zone C – strong former influence; Zone D – ecotone zone between colony and 
surrounding forest; Zone E – control; positive residuals = body condition is better than predicted from body length, 
negative residuals = body condition is worse than predicted).

Zone
Males (n) Females (n) Total (n)

Positive Negative Positive Negative Positive Negative 

A 14 19 5 8 19 27

B 10 10 3 12 13 22

C 36 57 31 41 67 98

D 30 13 22 14 52 27

E 19 16 19 23 38 39
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influences long-term changes within small mammal 
communities (Schweiger et al., 2000), and thus, even after 
great cormorants stop breeding, the territory remains 
affected. In our study, this was the case in the zone of former 
strong influence (Zone C). Although the active influence 
of the colony in Zone C had already ceased, the amounts 
of N, P, and Ca in the soil of this zone in 2010–2011 were 
higher than in other zones of the colony, with a soil pH 
of 3.36 ± 0.28 (Adamonytė et al., 2013). In this zone, the 
diversity of myxomycetes had been somewhat restored 
(Adamonytė et al., 2013), and both nitrophilous lichens 
and those characteristic to mixed forests were recorded 
(Motiejūnaitė et al., 2014). As of yet, there have been no 
investigations on the time required for small mammals to 
reestablish diversity and abundance after cormorants no 
longer breed. 

We found that the negative impact of the breeding 
colony of great cormorants in 2011–2014 was still present 
in the zone of former strong influence (Zone C). Body 
weight, body condition index, and population structure 
of the dominant small mammal, A. flavicollis, in this zone 
were similar to those of the zone of active colony influence, 
not to the control or ecotone zones. The same tendency 
was shown by the distribution of residuals of standardised 
weight against linear regression. In this respect, the 
influence of the colony is comparable to that of pollution 
shown in other species of the genus Apodemus, e.g., striped 
field mouse (A. agrarius) and wood mouse (A. sylvaticus) 
(Velickovic, 2007; Tête et al., 2013; Drouhot et al., 2014). 
However, due to short generation, intensive breeding, and 
migration, small mammals are able to rapidly recover as 
soon as the disturbance factor is removed (Bush et al., 
2012).

The term “condition” or “body condition” may be used 
in quite different ways (Schulte-Hostedde et al., 2005). It 
is mainly used for the relation of the body weight to body 
size, where body length (Velickovic, 2007) or condylobasal 
skull length (Alcántara and Díaz, 1996) may be used as 
a size measure. A more sophisticated approach is to use 
residuals of standardised body weight or body condition 
index against linear regression, describing the relation 
of body size to mass (e.g., Schulte-Hostedde et al., 2005; 
Peig and Green, 2009, 2010). Linearity of relation between 
body size and weight is very important for the correct use 
of body condition indices (Schulte-Hostedde et al., 2005). 
For small mammals this relation is expected to be linear 
(Peig and Green, 2009, 2010), and so it was in our sample 
of A. flavicollis.

In small mammals, body weight and body condition 
may depend on many factors, among them animal 
sex, geographic location, habitat where the sample was 
collected, and pollution (Alcántara and Díaz, 1996; Díaz 
et al., 1999; Stevenson and Woods, 2006; Velickovic, 

Current effect: F(4.389) = 5.5399,  P = 0.0024
Vertical bars denote 0.95 confidence intervals
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Figure 5. The influence of the zone on body weight (A), body 
length (B), and body condition index (C) of A. flavicollis trapped 
in 2011–2014 in the zones of the great cormorant colony (Zone A 
– strongest and longest-lasting influence of the colony; Zone B – 
expanding part of the colony; Zone C – strong former influence; 
Zone D – ecotone zone between colony and surrounding forest; 
Zone E – control).
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2007; Peig and Green, 2010; Tête et al., 2013; Drouhot et 
al., 2014). In turn, body weight and body condition may 
impact litter size (Evsikov et al., 2008). The complexity 
of factors determining body condition may explain why 
residuals from the linear regression explain only a small 
part of the variation in the body condition index in small 
mammals (Schulte-Hostedde et al., 2005).

Our results show that life in the territory under 
the nests of the breeding colony of great cormorants 
imposes consequences on the dominant small mammal, 
A. flavicollis. In the most intensively used territory, the 
population structure of A. flavicollis is biased towards 
a higher representation of males and young individuals. 
Generally, a biased sex ratio shows poor or disturbed 
habitat, or variation of the habitat quality over time 
(Julliard, 2000). In our case all three presumptions may 
work. In another study, males were prevalent in both mice 
and voles as an outcome of heavy grazing (Bush et al., 
2012). It is quite possible that, in disturbed habitat, litters 

are male-biased due to higher cortisol level in mothers, as 
has been shown for ground squirrels (Ryan et al., 2012).

We also found that in the most intensively used zone, 
mice were characterised by smaller body weight and 
body condition indexes. Variation of the body weight 
and length was dependent on animal sex and age, but not 
the body condition index. Thus, differences in the age 
and sex structure of the mice trapped in different zones 
had no influence on results: despite a greater number of 
juvenile A. flavicollis and an insignificantly higher body 
condition index in this age group, the average body index 
was lower in the zone actively used by nesting cormorants. 
In conclusion, we confirm that the negative impact of the 
breeding colony of great cormorants was strongest in the 
most active zones of the colony.
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Abstract: We investigated the influence of a colony of great cormorants on the skull morphometry of yellow-necked mice
(Apodemus flavicollis) and bank voles (Myodes glareolus) of three age groups trapped in the territory of the colony in 2011–
2014. In general, most of the skull differences in both species were related to character length (skulls tended to become
longer). In A. flavicollis, the skull size differences between zones were most expressed in subadult and adult individuals,
while in M. glareolus they were most expressed in juveniles, with only a few characters different in adults and none in
subadult voles. For both species, the largest skull characters were found mostly in the zone characterized by both the
greatest number of cormorant nests and the longest and strongest influence by the colony. Concluding we confirm that the
great cormorant colony has an influence on the skull morphometry of A. flavicollis and M. glareolus and we hypothesize
that these differences enhance the ability of survival in specific conditions.

Key words: Apodemus flavicollis; Myodes glareolus; skull size; cormorant colony

Introduction

Great cormorants (Phalacrocorax carbo sinensis Staun-
ton, 1796) are colonial nesting birds faithful to sites for
many years. As such, they are able to alter the sur-
rounding environment, mainly due to altered soil pH
and the influx of nutrients into environment. Various
influences on the ecosystem and their components have
been shown (Klimaszyk & Joniak 2011; Osono 2012;
Źó�lkóś et al. 2013; Klimaszyk et al. 2015).
Under the National Research Programme “Ecosys-

tems in Lithuania: Climate Change and Human Impact
(2010–2014)”, the negative influence of a great cor-
morant colony was shown on the abundance of myx-
omycetes (Adamonytė et al. 2013), mycorrhizal and
coprophilous fungi (Kutorga et al. 2013) and lichen
diversity (Motiejūnaitė et al. 2014). The impact of a
studied colony on small mammal species diversity and
abundance is also negative (Balčiauskienė et al. 2014).
The population structure of the dominant small mam-
mal, namely yellow-necked mouse Apodemus flavicollis
(Melchior, 1834), is biased towards a higher represen-
tation of males and young individuals in the territory
used most intensively by great cormorants. Here, mice
are characterised by smaller body weight and body con-
dition indexes (Balčiauskas et al. 2015).
In the presented study, we tested if there are

changes in skull morphometry in the two most domi-
nant rodent species, A. flavicollis and bank vole Myo-
des glareolus (Schreber, 1780), inhabiting the territory
of a great cormorant colony. We based our study on the

presumptions that skull size differences may be found
in small spatial (Schlanbusch et al. 2011) and tem-
poral (Pergams & Lawler 2009) scales. Pollution and
other environmental disturbances may have influence
on the size of animal bones (Nunes 2001; Oleksyk et al.
2004; Velickovic 2007). Both rodent species are used for
zoomonitoring purposes (Martiniaková 2010a).
The above-mentioned studies (Balčiauskienė et al.

2014; Balčiauskas et al. 2015) are the only studies de-
voted to small mammals inhabiting the territory of a
colony of great cormorants. Our results illustrating dif-
ferences in population structure and body condition
warranted our current working hypothesis that skull
size variability may also be driven by the influence of
the colony.

Material and methods

Yellow necked mice (A. flavicollis) and bank voles (M. glare-
olus) were trapped between 2011–2014 in a colony of great
cormorants (P. carbo sinensis) situated within the Kuršių
Nerija National Park near Juodkrantė on the Curonian Spit
in western Lithuania (55◦33’10” N, 21◦07’30” E). The Cu-
rionian Spit separates a shallow lagoon from the Baltic Sea
and is 98 km long, narrow and comprised of sand dunes.

Here, related to the duration and intensity of the im-
pact of the colony, five zones were defined (Adamonytė et
al. 2013; Balčiauskienė et al. 2014; Balčiauskas et al. 2015):

1. Control zone (I): at a distance from the colony, dry
pine forest and mixed forest;

2. Zone of initial influence (II): expanding part of the
colony, characterised by scarce herb and shrub layers, dying
trees and fresh nests;

c©2015 Institute of Zoology, Slovak Academy of Sciences
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Table 1. Craniometric data of Apodemus flavicollis from cormorant-affected and adjacent territory in Juodkrantė (all measurements
in mm).

Adults (n = 111–179) Subadults (n = 85–139) Juveniles (n = 98–141)
Skull
character Avg ± SE Min–max Avg ± SE Min–max Avg ± SE Min–max

X1 13.7 ± 0.05 12.0–15.0 13.2 ± 0.05 11.8–14.6 12.6 ± 0.05 11.0–13.9
X2 12.7 ± 0.06 10.6–14.2 12.3 ± 0.05 10.5–13.7 11.6 ± 0.06 9.9–13.2
X3 4.7 ± 0.02 3.9–5.3 4.4 ± 0.02 3.8–5.1 4.2 ± 0.02 3.5–5.0
X4 6.8 ± 0.03 5.6–7.8 6.5 ± 0.03 5.6–7.5 6.2 ± 0.04 5.2–7.4
X5 7.1 ± 0.03 5.8–8.5 6.8 ± 0.03 5.7–7.5 6.5 ± 0.04 5.4–7.8
X6 4.0 ± 0.02 3.3–7.1 3.8 ± 0.02 3.3–4.3 3.6 ± 0.02 3.1–4.2
X7 3.6 ± 0.01 3.2–4.0 3.6 ± 0.01 3.2–4.0 3.6 ± 0.01 3.1–4.0
X8 1.4 ± 0.00 1.2–1.6 1.4 ± 0.01 1.2–1.6 1.4 ± 0.01 1.2–1.6
X9 9.5 ± 0.05 6.8–10.8 9.1 ± 0.05 7.1–10.8 8.4 ± 0.06 6.7–10.1
X10 11.9 ± 0.03 11.0–13.8 11.8 ± 0.03 11.1–13.3 11.6 ± 0.03 10.8–12.4
X11 14.0 ± 0.06 11.5–15.7 13.4 ± 0.06 11.3–14.6 12.6 ± 0.07 10.8–14.4
X12 7.6 ± 0.04 6.1–10.0 7.3 ± 0.04 6.0–9.9 6.8 ± 0.04 5.4–7.9
X13 8.6 ± 0.04 7.4–9.8 8.4 ± 0.06 7.3–14.5 7.9 ± 0.04 6.8–8.8
X14 5.4 ± 0.02 4.0–6.1 5.2 ± 0.02 4.2–6.3 4.9 ± 0.03 4.0–5.8
X15 4.3 ± 0.01 4.0–4.6 4.3 ± 0.01 3.9–4.7 4.2 ± 0.01 3.8–4.7
X16 1.5 ± 0.01 1.3–1.9 1.5 ± 0.01 1.2–1.7 1.4 ± 0.01 1.2–1.7
X17 2.2 ± 0.01 1.3–2.6 2.1 ± 0.01 1.7–2.5 1.9 ± 0.01 1.5–2.4
X18 27.8 ± 0.16 23.0–31.3 27.6 ± 0.18 23.8–30.4 26.3 ± 0.19 22.1–29.2
X19 14.6 ± 0.05 12.1–16.0 14.2 ± 0.05 12.3–15.7 13.4 ± 0.07 11.4–14.9
X20 12.7 ± 0.05 10.8–13.8 12.2 ± 0.05 10.6–13.5 11.6 ± 0.06 10.4–13.1
X21 4.5 ± 0.02 3.9–5.2 4.4 ± 0.02 3.6–5.0 4.3 ± 0.02 3.4–5.0
X22 4.2 ± 0.01 3.7–4.6 4.2 ± 0.01 3.7–4.7 4.1 ± 0.01 3.8–4.6
X23 9.8 ± 0.05 8.6–11.0 9.7 ± 0.06 8.6–10.8 9.5 ± 0.06 7.9–10.9

3. Zone of the longest-lasting and strongest influence
(III): held the greatest number of cormorant nests in 2011–
2013. Nitrophilic species of herbs dominated in the herb
layer, the projection of which is less than 10%. The shrub
layer was scarce or significantly reduced, trees were dying
or dead;

4. Zone of strong former influence of the colony (IV):
most nests are already abandoned. Tree saplings and shrubs
were re-growing, the herb layer re-establishing and the moss
layer absent.

5. Zone of ecotone (V): between the surrounding forest
and zones II–IV.

Small mammals were trapped with snap-traps, using
standard 25-trap lines (2 lines per zone, traps 5 m apart
each other, baited by bread crust with sunflower oil) and
3 days exposition (Balčiauskas 2004; Balčiauskienė et al.
2014). Trapping was conducted in September and October
2011, in May, September and November 2012, in October
and November 2013, and in June and November 2014. Trap-
ping effort was equal to 5335 trap/days.

Under dissection, animals were attributed to one of the
three age categories, based on the presence and involution
of the gl. thymus and reproductive status of the animals
(Balčiauskas et al. 2012).

We analyzed the skulls of 468 A. flavicollis and 151
M. glareolus. Of these, for zones I, II, III, IV and V, the
numbers of A. flavicollis individuals were 89, 38, 50, 185
and 106, and the numbers of M. glareolus individuals 18, 4,
17, 77 and 35, respectively.

The skulls were cleaned using Dermestes beetle lar-
vae. Under a binocular microscope with a micrometric eye-
piece which has an accuracy of 0.1 mm, 23 skull charac-
ters were measured. Only the characters of the right side
of the skull were used. Measurements included: X1 – total
length of mandibula at processus articularis, excluding in-
cisors; X2 – length of mandibula excluding incisors; X3 –
height of mandibula at, and including, first molar; X4 –

maximum height of mandibula, excluding coronoid process;
X5 – coronoid height of mandibula; X6 – length of mandibu-
lar diastema; X7 – length of mandibular tooth row; X8 –
length of lower molar M1; X9 – length of nasalia; X10 –
breadth of braincase, measured at the widest part; X11 –
zygomatic skull width; X12 – length of cranial (upper) di-
astema; X13 – zygomatic arc length; X14 – length of fora-
men incisivum; X15 – length of maxillary toothrow; X16 –
length of upper molar M1; X17 – incisor width across both
upper incisors; X18 – condylobasal length; X19 – length of
rostrum; X20 – length of the braincase; X21 – interorbital
constriction; X22 – postorbital constriction; X23 – height of
the braincase (according Balčiauskas & Balčiauskienė 2011).

We tested if differences in the size of skull charac-
ters were present and, if so, whether these differences were
associated with possible drivers of change – i.e. zone of
the colony, trapping year, trapping month, animal age and
animal sex. Multifactor influence was tested using GLM
(main effects ANOVA) for all skull measurements and all
above-mentioned categorical predictors (according Tête et
al. 2013). To evaluate differences in skull characters between
zones, ANOVA was used. All calculations were done with
Statistica for Windows, ver. 6.0 software (StatSoft 2004).

Results

The skull measurements of the different age groups of
A. flavicollis are presented in Table 1. We found that
sizes of these skull characters were significantly influ-
enced by zone (Wilks λ = 0.58, F = 1.33, P < 0.025),
year (Wilks λ = 0.04, F= 18.32,P< 0.0001) and month
(Wilks λ = 0.53, F = 1.25, P < 0.05) of trapping, ani-
mal sex (Wilks λ = 0.80, F = 2.30, P = 0.001) and age
(Wilks λ = 0.47, F = 4.18, P = 0.0001).
The aggregated influence of these five factors, in-

cluding zone, was of different strengths. According mul-



99

1408 L. Balčiauskienė et al.

Fig. 1. Differences in skull characters of adult Apodemus flavicollis in the zones of the great cormorant colony. I – control zone, II –
zone of initial influence, III – zone of the longest-lasting and strongest influence, IV – zone of strong former influence, V – zone of
ecotone.

tiple determination coefficient, characters X7 and X15
were not influenced (i.e., were most stable) (R2 = 0.13,
P < 0.005), while X6, X8, X10, X16, X21 and X22 were
weakly influenced (R2 = 0.15–0.30, P < 0.0001), and
X1–X5, X11–X14, X17 and X19–X20 were moderately
influenced (R2 = 0.38–0.48, P < 0.0001). X18 and X 23
were very strongly influenced (i.e. were most variable)
(R2 > 0.70, P < 0.0001).
The sizes of the skull characters of adult A. fla-

vicollis in different zones of the cormorant colony are
shown in Fig. 1. Although no significant differences were
found in body measurements of animals (body mass
highest in the zones II, III and V, smallest in zones I
and IV, the same tendency with body length), differ-
ences in skull size between zones were significant for
X3 (ANOVA, F4,173 = 3.80, P < 0.006), X4 (F4,168 =
3.31, P = 0.012), X17 (F4,172 = 3.13, P = 0.016) and
X21 (F4,166 = 3.03, P = 0.019) and almost significant
for X2 (P = 0.06), X5 (P = 0.054) and X20 (P = 0.076).
The influence of the zone on the skull size of

subadult A. flavicollis was found to be stronger (Fig. 2).
Significant size differences were found for X2 (ANOVA,
F4,133 = 3.30,P= 0.013), X3 (F4,134 = 2.88,P= 0.027),
X5 (F4,126 = 2.78, P = 0.030), X13 (F4,121 = 4.02, P <
0.005), X15 (F4,131 = 2.58, P < 0.05), X16 (F4,132 =

2.53, P < 0.05), X19 (F4,129 = 2.66, P = 0.035) and
X21 (F4,1262 = 3.59, P < 0.01), while near significant
for X14 (F4,131 = 2.15, P = 0.078) and X18 (F4,84 =
2.64, P = 0.083).
With juvenile A. flavicollis, there were no signif-

icant differences in skull measurements between zones
(Fig. 3), but near-significant differences were recorded
for X8 (ANOVA, F4,136 = 2.39, P = 0.054) and X21
(F4,126 = 2.16, P = 0.078).
The size of the skull characters ofM. glareolus (Ta-

ble 2) were most significantly influenced by the year of
trapping (Wilks λ = 0.007, F = 4.94, P < 0.0001), then
by animal age (Wilks λ = 0.09, F = 2.72, P = 0.0002)
and sex (Wilks λ = 0.26, F = 3.31, P = 0.002) and
month of trapping (Wilks λ = 0.03, F = 1.66, P =
0.006). Zone of the colony was not a significant influ-
ence (Wilks λ = 0.07, F = 3.32, P = 0.37).
Differences in the skull size of adult M. glareolus

between zones, however, were significant for some char-
acters (Fig. 4): X3 (ANOVA, F4,34 = 2.88, P = 0.037),
X4 (F4,34 = 3.25, P = 0.023), X6 (F4,34 = 3.38, P <
0.02), X10 (F4,24 = 3.37, P = 0.025) and X20 (F4,22 =
4.35, P = 0.009), also near significant for X16 (F4,35 =
2.45, P = 0.064).
No significant differences in skull measurements for
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Fig. 2. Differences in skull characters of subadult Apodemus flavicollis in the zones of the great cormorant colony. I – control zone,
II – zone of initial influence, III – zone of the longest-lasting and strongest influence, IV – zone of strong former influence, V – zone
of ecotone.



101

1410 L. Balčiauskienė et al.

Table 2. Craniometric data of Myodes glareolus from cormorant-affected and adjacent territory in Juodkrantė (all measurements
in mm).

Adults (n = 26–41) Subadults (n = 27–40) Juveniles (n = 40–66)
Skull

character Avg ± SE Min–max Avg ± SE Min–max Avg ± SE Min–max

X1 11.8 ± 0.07 10.9–12.9 11.5 ± 0.07 10.8–12.8 11.2 ± 0.04 10.4–12.0
X2 11.0 ± 0.05 10.3–11.8 10.8 ± 0.07 10.0–12.0 10.5 ± 0.05 9.5–11.3
X3 4.3 ± 0.03 4.0–4.6 4.2 ± 0.03 3.9–4.8 4.1 ± 0.02 3.6–4.5
X4 6.0 ± 0.04 5.4–6.6 5.9 ± 0.05 5.3–6.8 5.6 ± 0.03 4.9–6.2
X5 5.7 ± 0.03 5.4–6.2 5.7 ± 0.04 5.4–6.1 5.6 ± 0.04 4.6–6.1
X6 2.9 ± 0.02 2.6–3.2 2.9 ± 0.02 2.8–3.2 2.8 ± 0.02 2.5–3.3
X7 4.6 ± 0.02 4.2–5.0 4.6 ± 0.02 4.3–4.9 4.5 ± 0.02 3.7–4.8
X8 2.1 ± 0.01 1.9–2.3 2.1 ± 0.01 1.9–2.2 2.0 ± 0.01 1.6–2.4
X9 5.9 ± 0.06 5.0–6.8 5.6 ± 0.06 4.7–6.2 5.4 ± 0.05 4.2–6.4
X10 10.6 ± 0.04 10.2–11.0 10.6 ± 0.04 10.2–11.1 10.5 ± 0.03 10.1–10.9
X11 12.8 ± 0.06 12.1–13.6 12.4 ± 0.05 11.7–13.5 11.9 ± 0.05 10.8–12.7
X12 6.3 ± 0.04 5.9–7.1 6.0 ± 0.03 5.5–6.7 5.8 ± 0.03 5.1–6.3
X13 7.4 ± 0.05 6.8–8.0 7.2 ± 0.04 6.7–7.8 7.0 ± 0.04 6.2–7.5
X14 4.3 ± 0.03 3.9–4.7 4.1 ± 0.03 3.6–4.5 4.0 ± 0.03 3.3–4.9
X15 5.1 ± 0.02 4.9–5.6 5.1 ± 0.03 4.1–5.3 5.0 ± 0.02 4.2–5.3
X16 1.7 ± 0.01 1.6–1.8 1.7 ± 0.01 1.5–1.9 1.6 ± 0.01 1.5–1.8
X17 2.2 ± 0.02 2.0–2.6 2.1 ± 0.02 1.8–2.4 2.0 ± 0.02 1.6–2.3
X18 23.3 ± 0.20 21.3–24.6 22.1 ± 0.20 19.9–23.9 21.7 ± 0.15 20.1–23.3
X19 12.7 ± 0.07 11.9–13.4 12.3 ± 0.05 11.5–12.9 12.0 ± 0.05 10.5–12.7
X20 9.8 ± 0.06 9.3–10.4 9.4 ± 0.04 8.7–9.8 9.2 ± 0.05 8.4–9.8
X21 4.6 ± 0.04 4.0–5.2 4.6 ± 0.04 3.9–5.0 4.4 ± 0.02 4.0–4.9
X22 3.6 ± 0.02 3.3–3.9 3.6 ± 0.02 3.4–3.8 3.6 ± 0.01 3.3–3.8
X23 8.6 ± 0.08 7.8–9.3 8.4 ± 0.08 7.7–9.1 8.4 ± 0.08 7.7–9.3

Fig. 3. Differences in skull characters of juvenile Apodemus flavicollis in the zones of the great cormorant colony. I – control zone, II –
zone of initial influence, III – zone of the longest-lasting and strongest influence, IV – zone of strong former influence, V – zone of
ecotone.

subadult M. glareolus between zones were found, and
the only near-significant one was for X16 (ANOVA,
F3,35 = 2.80, P = 0.054). However, no subadult individ-
uals were trapped in the zone II and only one in zone III
(the two zones most strongly influenced of the colony).
Contrary to the findings for A. flavicollis, the influ-

ence of the zone on the skull size of juvenile M. glareo-
lus was present for many characters (Fig. 5). Significant
differences were found for X6 (ANOVA, F4,61 = 3.19,
P < 0.02), X14 (F4,61 = 3.00, P = 0.025), X18 (F4,32 =
3.22, P = 0.025), X21 (F4,61 = 3.55, P = 0.011) and X23
(F4,32 = 3.32, P = 0.022), while near-significant differ-
ences were found for X12 (F4,61 = 2.43, P = 0.057),

X17 (F4,60 = 2.28, P = 0.071) and X19 (F4,61 = 2.19,
P = 0.080).
Thus, in all age groups of A. flavicollis, the largest

skull characters (10 cases, see Figs 1–3) were mostly
found in zone III (i.e., the zone with the long-lasting
and strongest influence, and with greatest number of
cormorant nests), while in three cases (X17 for adult
mice, X3 and X16 for subadult ones) the largest char-
acters were found in zone V (ecotone).
In adult and juvenile M. glareolus, the largest skull

characters (7 cases, see Figs 4 and 5) were also mostly
registered in the zone III, while in two cases (X9 in
adult voles and X6 in juveniles) they were in zone I
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Fig. 4. Differences in skull characters of adult Myodes glareolus in the zones of the great cormorant colony. I – control zone, II – zone
of initial influence, III – zone of the longest-lasting and strongest influence, IV – zone of strong former influence, V – zone of ecotone.

(control) and in one case (X2 in juvenile voles) in zone
V.

Discussion

In the case of extreme disturbance, the response of small
mammals may be nearly immediate. Populations under
severe disturbance may exhibit greater-than-normal re-
sponses (Hendry et al. 1998). Life under the nests in
the big colony of cormorants is by no doubts stressful
to small mammals – in the oldest part of the colony,
the forest ecosystem is destroyed and all coniferous
trees are dead. Newly formed shrubs are mainly inva-
sive black elderberry (Sambucus nigra) and red elder-
berry (S. racemosa), while greater celandine (Chelido-
nium majus) prevails in the herb layer and small bal-
sam (Impatiens parviflora) is abundant. From the typ-
ical forest flora, only scarce hair grasses (Deschampsia)
remain (Motiejūnaitė 2014).
Apodemus flavicollis and M. glareolus were chosen

as the species for our study for several reasons. First of
all, they are the dominant small mammal species living
in the territory of the colony (Balčiauskienė et al. 2014)
and only these two species are numerous enough to pro-
vide sufficient sample size. Secondly, both A. flavicol-
lis and M. glareolus are well known as objects suitable
for biomonitoring (Martiniaková 2010a; Petkovšek et

al. 2014). These species may coexist (Grüm & Bujalska
2000) and they do not migrate (Martiniaková 2010b).
Within this very specific territory, i.e. the zones un-

der varying influences of the colony of great cormorants,
differences in the skull size of the two rodent species
(A. flavicollis and M. glareolus) were observed in our
study. In general, most of the skull differences of both
species were related to character length. Skulls tended
to become longer.
In A. flavicollis, the skull size differences between

zones were most expressed in subadult and adult indi-
viduals, while in M. glareolus it was in juveniles, with
only a few characters for adults and no differences found
in subadult voles.
The largest skull characters of M. glareolus were

recorded mostly in zone III (the long lasting and
strongest influence by the colony), while for subadult
A. flavicollis it was in zone III, and for adult A. flav-
icollis in both zone III and the ecotone zone between
the zones of strongest influence of the colony and sur-
rounding forest.
These differences accompany other differences al-

ready known at the level of the small mammal com-
munity (Balčiauskienė et al. 2014), population level
and individual level (Balčiauskas et al. 2015). Among
these, the most intensively used zones of the colony
were associated with negative impacts such as reduced
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Fig. 5. Differences in skull characters of juvenile Myodes glareolus in the zones of the great cormorant colony. I – control zone, II –
zone of initial influence, III – zone of the longest-lasting and strongest influence, IV – zone of strong former influence, V – zone of
ecotone.

species diversity, changes in sex and age composition of
the A. flavicollis population, a smaller body mass and
poorer body condition.
It is known that in polluted areas animals are

subjected to the influence of contaminants at spatial,
temporal and media scales (Talmage & Walton 1991;
Fritsch et al. 2011). Differences in the size of the animal
or the size of skull morphometry may manifest them-
selves in very short spans (Schlanbusch et al. 2011).
Host factors (sex, age, body size) also may influence ob-
served differences (Veličković 2004; Fritsch et al. 2010;
Rautio et al. 2010). For the body size of adults, it is

important how long the individual had access to high
quality food while growing (Yom-Tov et al. 2003). The
trophic level (diet) (Jakimska et al. 2011) and feeding
strategy (Johnson et al. 1996; Dayan & Simberloff 2005;
van den Brink et al. 2010) could also be of high impor-
tance.
Food resources and differences in food availability

in the various zones of the cormorant colony are among
the expected drivers of the observed differences. The
diet of M. glareolus is more variable between season
and habitat, and more herbivorous than that of A. flav-
icollis (Bergstedt 1965; Heroldová 1994; Abt & Bock
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1998). Thus it is possible that limited food resources
in the territory of the cormorant colony are not suffi-
cient to maintain high numbers of these voles. The diet
of A. flavicollis is more stable across habitats (Abt &
Bock 1998), more calorific and based on seeds and inver-
tebrates (Gliwicz & Taylor 2002). In addition, Apode-
mus is a very environmentally tolerant species (Renaud
et al. 2005). Thus, the dominance of A. flavicollis in
all zones of the cormorant colony may be explained by
the environmental tolerance of the species and its diet.
However, the observed differences in skull size between
zones may have other drivers.
By their influence on the environment, cormorant

colonies may be considered as heavily polluted (Kli-
maszyk & Joniak 2011; Klimaszyk et al. 2015). As such,
zones in the colony can be differentiated according to
their influence and load of additional biogens (Ada-
monytė et al. 2013; Motiejūnaitė et al. 2014). Body and
skull size differences may be driven by the gradient of
pollution (Nunes 2001; Fritsch et al. 2010; Tête et al.
2013) and also reflect the disturbance of the habitat or
the influence of the stress level (Oleksyk et al. 2004;
Velickovic 2007; Hopton et al. 2009).
It is known that “environmental stress can increase

phenotypic variation in populations by affecting devel-
opmental stability of individuals”; for example, veg-
etation removal influenced fluctuating asymmetry in
shrews, and their mandible traits differed in sensitivity
(Badyaev et al. 2000). Developmental instability was
different in disturbed and undisturbed habitats (Hop-
ton et al. 2009) and at different stress levels (Mooney
et al. 1985). In our case, from early spring and through
the breeding period, small mammals experience various
stressors – among them, the presence and noise of cor-
morants, their constant droppings, the reduced amount
of shelter due to forest and grass cover damage, reduced
food choices and the presence of predators visiting the
colony for other items of food (nestlings, fish remains,
etc.; Jasiulionis unpubl.).
In conclusion, we confirm that the colony of great

cormorant colony has an influence on the skull morpho-
metrics of A. flavicollis and M. glareolus and hypoth-
esize that these differences enhance the ability of sur-
vival in the local conditions. Furthermore, we suggest
further investigations to discover whether these differ-
ences depend on the bioaccumulations or on peculiari-
ties of feeding in the specific habitats in the colony.
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H I G H L I G H T S

• Cormorants transport nutrients from
water to land ecosystems and pollute
biogenically.

• We studied stable isotope composition
of small mammal hair in 3 cormorant
colonies.

• δ13C and δ15N were measured using el-
emental analyzer–isotope ratio mass
spectrometer.

• δ13C and δ15N values were higher in ro-
dents inhabiting cormorant colonies.

• Disruption of the ecosystem caused by
Great Cormorant colonies affects small
mammals.
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Studying the isotopic composition of the hair of two rodent species trapped in the territories of Great Cormorant col-
onies, we aimed to show that Great Cormorants transfer biogens from aquatic ecosystems to terrestrial ecosystems,
and that these substances reach small mammals through the trophic cascade, thus influencing the nutrient balance
in the terrestrial ecosystem. Analysis of δ13C and δ15N was performed on two dominant species of small mammals,
Apodemus flavicollis and Myodes glareolus, inhabiting the territories of the colonies. For both species, the values of
δ13C and δ15N were higher in the animals trapped in the territories of the colonies than those in control territories.
In the hair of A. flavicollis andM. glareolus, the highest values of δ15N (16.31 ± 3.01‰ and 17.86 ± 2.76‰, respec-
tively) were determined in those animals trapped in the biggest Great Cormorant colony. δ15N values were age de-
pendent, highest in adultA. flavicollis andM. glareolus and lowest in juvenile animals. For δ13C values, age-dependent
differenceswere not registered. δ15N values in both smallmammal species from the biggest Great Cormorant colony
show direct dependence on the intensity of influence. Biogenic pollution is at its strongest in the territories of the
colonies with nests, significantly diminishing in the ecotones of the colonies and further in the control zones,
where the influence of birds is negligible. Thus,Great Cormorant colonies alter ecosystem functioningby enrichment
with biogens, with stable isotope values in small mammals significantly higher in the affected territories.
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1. Introduction

Small mammals (for example rodents) represent an important eco-
logical group in terrestrial ecosystems (Bogdziewicz and Zwolak, 2014).
They provide a base for trophicwebs as they occur in great numbers and
are usual prey for carnivores (Prevedello et al., 2013). The species com-
position of small mammals is not accidental: it depends on vegetation
type and area, the food specialization of the small mammal species
and various other influences. Small rodents channel nutrients and ener-
gy up to the higher trophic levels as they mostly utilize green plant ma-
terial (Microtus spp), seeds and fruits and/or foods of animal origin
(Apodemus spp.,Micromys spp.) or feed on both low and high energetic
plant resources and animal food (e.g. Myodes glareolus) (Renaud et al.,
2005; Butet and Delettre, 2011; Čepelka et al., 2014). Information on
changes in rodent communities and their food sources in natural and al-
tered environments is key in the understanding of ecosystem
functioning.

Colonies of Great Cormorants (Phalacrocorax carbo) are one of the
factors that can most affect a terrestrial ecosystem. Cormorants deposit
a lot of excreta at their nesting sites and play an important role in
transporting nutrients from water to land ecosystems. They have a di-
rect impact on forest ecosystem and damage vegetation through their
breeding activities and excreta deposition (Ishida, 1996; Kameda et al.,
2006; Klimaszyk et al., 2015). The impact is long-lasting as nutrient en-
richment in the forest soil is significant not only in active colonies, but
also in previously occupied areas abandoned by the birds (Hobara et
al., 2001). Similarly, high nitrogen isotope ratios have been reported in
the forest floor and living plants in areas both occupied by the cormo-
rants and already abandoned (Kameda et al., 2006).

Despite recognizing cormorants as a vector of change in terrestrial
ecosystems, their effects on autotrophs and consumers (e.g. rodent
communities) are still poorly understood. Recent studies have shown
that colonies of the cormorants significantly alter their environment
by changing soil pH, nitrogen and phosphorus levels (Klimaszyk et al.,
2015) and affecting lichens (Motiejūnaitė et al., 2014), fungi (Kutorga
et al., 2013) and plants and arthropods (Kolb et al., 2010). Enrichment
of the ecosystem by biogens and destruction of the typical woody vege-
tation imposes consequences on the small mammals in the territory, in
particular a reduction in species diversity and decreased relative abun-
dance of small mammals in the most heavily bird-influenced parts of
the colony (Balčiauskienė et al., 2014). Within a cormorant colony, it
was shown that the population structure of yellow-necked mice
(Apodemus flavicollis) was biased toward a higher representation of
males and young individuals in the most intensively used nesting area
for the cormorants. Additionally, mice were characterized by smaller
body weight and a lower average body index (Balčiauskas et al.,
2015). Such a biased population structure is indicative of a poor or dis-
turbed habitat or a variation of the habitat quality over time (Panzacchi
et al., 2010; Sollmann et al., 2015). In the zones with both the highest
number of cormorant nests and the longest-standing influence of the
colony, A. flavicollis and bank voles (Myodes glareolus) also developed
skull morphometric features that enhanced their ability to survive in
specific conditions (Balčiauskienė et al., 2015).

Natural variability in the stable isotopic ratios of carbon, nitrogen
and sulfur (δ13C, δ15N, δ34S) is widely used in animal ecology, including
studies of animal migration, food webs, trophic position estimation and
food source reliance (Vander Zanden et al., 2015). Stable isotope analy-
sis (SIA) has proven to be a useful tool in reconstructing diets, character-
izing trophic relationships, elucidating patterns of resource allocation
and constructing food webs, including diet (Boecklen et al., 2011).

Distributions of stable isotopes in investigated populations of ani-
mals can be a valuable technique for estimating trophic niche width
(Bearhop et al., 2004) andfindingdifferences in resource availability be-
tween sexes and age groups (Smiley et al., 2015). Stable isotope ratios
can help to distinguish between resident animals and migrants
(Hobson, 1999) as different environments have different stable isotope

signals and this is reflected in the stable isotope ratios of the animal tis-
sues. Using shaved hairs of the animals has the potential to be an effec-
tive non-lethal method for stable isotope measurements (Caut et al.,
2008) and provides a direct technique to study feeding behavior in or
between the populations. In small mammals, SIA has been used to in-
vestigate trophic segregation between two rodent species (Selva et al.,
2012), dietary habits (Miller et al., 2008), trophic levels (Nakagawa et
al., 2007) and trophic diversity and niche packing (Dammhahn et al.,
2013).

A. flavicollis and M. glareolus are among the most common small
mammals in European forest habitats. These species are goodmodel or-
ganisms for examining nutrient and energy flow in forest ecosystems as
they occur in high densities and have wide geographic ranges
(Niedzialkowska et al., 2010). Using the SIAmethod,we studied the car-
bon and nitrogen isotope composition of A. flavicollis and M. glareolus
hair in three Great Cormorant colonies and one cormorant-free forest
in Lithuania. Stable carbon (δ13C) and stable nitrogen (δ15N) isotope ra-
tios were measured. We aimed to show that Great Cormorants transfer
biogens from aquatic ecosystems to land ecosystems, and that these
substances reach small mammals through the trophic cascade, thus
influencing the nutrient balance in the terrestrial ecosystem.

2. Material and methods

2.1. Study sites

Small mammals were trapped in 2014 in three Lithuanian colonies
of P. carbo, situated in Juodkrantė (WGS 55° 31′ 14.22″, 21° 6′ 37.74″),
Elektrėnai (54° 45′ 37.22″, 24° 40′ 41.45″) and Lukštas (55° 51′ 0.94″,
26° 12′ 6.11″). All three colonies had control zones. In addition, small
mammals were also trapped at Zarasai (55° 44′ 46.36″, 25° 45′
14.59″), a control site only with no breeding cormorants (Fig. 1).

The colony in Juodkrantėwas formed in 1989 and is one of the larg-
est in the Baltic Sea region: following a rise to 3303 pairs breeding in
2013, control measures reduced this to 1883 successful pairs in 2014
(with about the same number of unsuccessful nests). The area of the
colony covers around 12 ha and several zones of differing levels of col-
ony influence have been defined:

Zone I (the control zone with no direct influence by cormorants on
the habitat).

Zone II (the zone of initial influence by the colony – the expanding
part of the colony, thus only a recent and developing influence).

Zone III (the zone of long-term influence by the colony and with the
highest concentration of nests).

Zone IV (the zone of former active influence by the colonywith dead
trees, many of them rotten, fallen and decaying).

ZoneV (the zone of the ecotone between zones II and III and the sur-
rounding forest).

These zoneswere described indetail by Balčiauskas et al. (2015). Ad-
ditional information is given in Appendix (Fig. S1).

The two other studied colonies are much smaller and have never
exceeded 200–300 breeding pairs. In 2014, 163 pairs successfully bred
in Elektrėnai, while only 95 pairs in the Lukštas colony. The Elektrėnai
cormorant colony is the oldest in Lithuania, forming in 1985 on a
6.5 ha island, 700m from the nearest shore of the reservoir. The control
zone for this colony was a cormorant-free part of the island, a distance
N50 m from the nests. The Lukštas cormorant colony is the smallest
and youngest colony in Lithuania. It is situated on a 1.3 ha peninsula
in the northern part of Lukštas lake. The control zone of this colony
was on the lakeshore, 200 m from the nests.

Control zones of the territories were selected on the basis of long-
term knowledge of the Great Cormorant distribution and use of the sur-
roundings of the colonies. To our knowledge, use of the control terri-
tories by these birds in Juodkrantė, Elektrėnai and Lukštas in 2014 was
accidental and negligible. It is possible however that small amounts of
biogens could have been transferred with seepage of rainwater.
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The control site Zarasai is situated 400 m from Žiegelis Lake with no
cormorant colonies for a distance of at least 10 km. Small mammals
were trapped in three habitats – natural meadow, young forest and
pre-mature forest.

Additional information on the colonies is given in Appendix (Fig. S1–
S4).

2.2. Small mammal sampling

Small mammals were trapped with snap traps set in lines, each
consisting of 25 traps spaced 5 m from each other. Traps were baited
with bread and sunflower oil. Exposition of traps was three days in
Juodkrantė, Lukštas and Zarasai, one day in Elektrėnai. Total trapping ef-
fort for all colonies was equal 1600 trap days, control territories – 1000
trap days (Table 1).

In 2013, live trapping (three sessions, mid-June, end of August and
end of September, 900 live trap nights) of the small mammals in the
Juodkrantė colony for CMR (catch-mark-release) found that no move-
ments of either A. flavicollis or M. glareolus occurred between the
zones of the colony (unpubl. data).

2.3. Stable isotope analysis

Two species of small mammals, A. flavicollis andM. glareolus (domi-
nants in the territory of the colonies) were used for SIA. Hair samples
were taken from 117 individuals (41 A. flavicollis and 76 M. glareolus)
by clipping off a tuft of hair between the shoulders of each specimen.
Sampleswere placed in separate bags, labeled and stored dry for isotope
analysis. Hair samples were scissored off, weighed with a microbalance
and packed in tin capsules prior to the stable isotope analysis.

Carbon and nitrogen stable isotope ratios were measured using an
elemental analyzer (EA) (Flash EA1112) coupled to an isotope ratio
mass spectrometer (IRMS) (Thermo Delta V Advantage) via a ConFlo III
interface (EA-IRMS). A broader description of the equipment and its pa-
rameters is given by Garbaras et al. (2008).

Carbon and nitrogen isotope data are reported as δXvalues (where X
represents the heavier isotope 13C or 15N) or differences from given
standards, expressed in parts per thousand (‰) and are calculated ac-
cording to the formula:

δX ¼ Rsample=Rstandard−1
� �� 1000 ð1Þ

where Rsample = 13C/12C or 15N/14N of the sample, Rstandard= 13C/12C or
15N/14N of the standard.

Referencematerials Caffeine IAEA-600 (δ13C=−27.771± 0.043‰,
δ15N = 1 ± 0.2‰) and oil NBS-22 IAEA (δ13C = −30.031 ± 0.043‰)
provided by the International Atomic Energy Agency (IAEA) were
used as standards for calibration of the reference gases (CO2 and N2).
EMA P2 (Elemental Microanalysis, δ13C = −28 ± 0.1‰,
δ15N=−2±0.2‰) was selected as a laboratoryworking standard. Re-
peated analysis of this reference material gave a standard deviation of
b0.08‰ for carbon and 0.2‰ for nitrogen.

2.4. Statistical analysis

To describe the δ13C and δ15N values for all samples, the arithmetic
mean ± 1 SE was used.

GLMMain effects ANOVA was used to test the influence of the spe-
cies, site, territory (colony and control), animal gender and age on car-
bon and nitrogen stable isotope values, with Wilk's lambda to test the
significance of influence. The post-hoc Tukey test was used for compar-
ing multiple independent groups. Calculations were performed using
Statistica (StatSoft. Inc., 2010). The minimum significance level was
set at p b 0.05.

3. Results

Breakdown of results byMain effects ANOVA show, that distribution
of stable isotopes was influenced by several factors – site, territory (col-
ony or control), species, animal age and gender. Distribution of δ15Nwas

Fig. 1. Investigation sites in Lithuania. Great Cormorant colonies: 1 – Juodkrantė, 2 – Elektrėnai, 3 – Lukštas. Control site: 4 – Zarasai.

Table 1
Trapping effort (number of the trap/days) in theGreat Cormorant colonies and control ter-
ritories in 2014.

Site Month Colony Control

Juodkrantė September 600 150
Juodkrantė November 600 150
Lukštas September 300 300
Elektrėnai October 100 100
Zarasai November – 300
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influencedmost significantly (r2= 0.77, F10,105= 38.49), that of δ13C in
similar extent (r2=0.64, F10,105=21.76), both p b 0.0001). Distribution
of N% was influenced in much lesser extent but still significantly (r2 =
0.18, F10,101 = 3.42, p b 0.001), while distribution of C% did not depend
on thementioned factors (F10,101=0.76, NS). Univariate tests for signif-
icance revealed dependence of δ15N from territory (F3,105 = 13.30,
p b 0.0001) and species (F1,105= 9.79, p=0.002). Post hoc test showed,
that species-related differences were significant for δ13C (Tukey HSD,
p b 0.0001), δ15N (p b 0.0002), N% (p b 0.0001) but not C% (p = 0.67).
In spite of these differences, further analysis was performed for two
dominant species of small mammals, A. flavicollis and M. glareolus, sep-
arately (Table 2).

The atomic C/N ratios of all hair keratin samples measured in this
study had a mean of 3.54 and standard deviation of 0.17, which is well
within the range observed for hair samples, 3.00–3.80 (O'Connell and
Hedges, 1999).

3.1. δ13C and δ15N values in Apodemus flavicollis

The distribution of δ13C and δ15N values in A. flavicollis individuals
showed significant variation (Fig. 2). The distribution of δ15N values
were significantly different between colonies and control territories
(F2,33 = 7.30, p = 0.0012) and in animal age groups (F2,33 = 9.09,
p = 0.0008).

The highest δ15N valueswere observed in the largest colony of Great
Cormorants in Juodkrantė (Table 2), its average exceeding those in the
Juodkrantė control territory (Tukey HSD, p = 0.006), Lukštas colony
(p = 0.0001) and Lukštas and Zarasai control territories (both with
p=0.0001). The average value of δ15N in A. flavicollis individuals regis-
tered in Juodkrantė control zone also exceeded the Lukštas colony (p=
0.008), Lukštas control (p = 0.0002) and Zarasai control territories
(p = 0.004). A. flavicollis were not trapped in the Elektrėnai colony.

δ15N values in adult A. flavicollis individuals (15.43 ± 0.83‰) were
higher than those in subadults (12.84 ± 1.25‰, Tukey HSD,
p b 0.003), and stable nitrogen isotope values in subadult animals
were higher than those in juveniles (3.86 ± 0.50‰, p b 0.0002).

The distribution of δ13C values in A. flavicollis showed no significant
differences relating to animal age or gender. The average δ13C value in
A. flavicollis from the Lukštas colony was significantly lower than in
the Juodkrantė colony of Great Cormorants (Tukey HSD, p b 0.003)
and Juodkrantė control territory (p b 0.05).

The values of N% and C% in A. flavicollis did not differ between colo-
nies and control territories (Table 2) or in respect to animal age or
gender.

3.2. δ13C and δ15N values in Myodes glareolus

In M. glareolus, δ15N values differed significantly between colonies
and control territories (F3,65 = 10.36, p b 0.0001). The highest δ15N

values in the hair of M. glareolus were observed in the colony of Great
Cormorants in Juodkrantė, exceeding those in the Lukštas colony
(Tukey HSD, p = 0.0001), Elektrėnai colony (p b 0.002) and Lukštas,
Elektrėnai and Zarasai control territories (all with p = 0.0001). δ15N
values in the hair ofM. glareolus trapped in the Juodkrantė control terri-
tory was also very high (Table 2) and did not differ significantly from
Juodkrantė colony (Tukey HSD, p = 0.82). The average δ15N values in
in the hair ofM. glareolus from the Lukštas colony exceeded that in the
Lukštas control territory (Tukey HSD, p=0.0002), while the Elektrėnai
colony was insignificantly higher than the Elektrėnai control territory
(p=0.06). δ15N values inM. glareolus from the Zarasai control territory
were significantly lower than from any other investigation site, control
or colony (Tukey HSD, p b 0.02–0.0001). The average values of δ15N in
the hair of adult M. glareolus (11.72 ± 1.07‰) significantly exceeded
those in young individuals (9.90 ± 0.90‰, Tukey HSD, p b 0.05).

δ13C values in M. glareolus differed significantly between colonies
and control territories (F3,65= 3.81, p=0.014). The highest δ13C values
were registered in the hair of theM. glareolus trapped in the cormorant
colony in Juodkrantė (Table 2) and Juodkrantė control territory (Fig. 3),
the former significantly higher than from all other sites (TukeyHSD, dif-
ference from the Elektrėnai colony p b 0.05, Elektrėnai control territory
p b 0.01, other sites p = 0.0001). No differences in δ13C values in M.
glareolus hair from different age groups or between genders were
observed.

No differences of N% from the hair ofM. glareoluswere observed be-
tween colonies and control territories, between different age groups or

Table 2
Central position (mean) and spread (standard error) of stable isotope ratios of A. flavicollis and M. glareolus in the colonies of Great Cormorants and control territories.

Site Territory n δ13C, ‰ δ15N, ‰ C% N%

Apodemus flavicollis
Juodkrantė Colony 28 −24.19 ± 0.48 16.31 ± 3.01 45.73 ± 1.93 15.81 ± 0.78

Control 5 −24.20 ± 0.17 12.26 ± 2.32 45.09 ± 1.56 15.22 ± 0.2
Lukštas Colony 2 −25.64 ± 0.27 5.46 ± 0.37 48.67 ± 1.72 16.78 ± 0.34

Control 4 −24.89 ± 1.25 4.06 ± 0.71 47.81 ± 5.33 16.41 ± 1.57
Zarasai Control 2 −24.47 ± 0.69 5.04 ± 0.95 43.79 ± 4.05 15.08 ± 1.68
Myodes glareolus
Juodkrantė Colony 16 −24.88 ± 0.97 17.86 ± 2.76 47.00 ± 2.93 15.27 ± 0.98

Control 1 −25.82 14.30 35.90 13.21
Lukštas Colony 22 −26.54 ± 0.80 10.46 ± 3.14 45.76 ± 3.15 14.60 ± 1.17

Control 9 −27.48 ± 0.84 5.31 ± 1.00 45.29 ± 2.23 14.36 ± 0.57
Elektrėnai Colony 6 −26.08 ± 0.67 12.62 ± 2.07 46.28 ± 2.91 14.87 ± 0.77

Control 12 −26.02 ± 0.79 8.86 ± 2.91 46.76 ± 2.92 15.03 ± 0.99
Zarasai Control 10 −26.74 ± 0.63 4.74 ± 1.03 45.80 ± 1.80 14.85 ± 0.31

Fig. 2. Distribution of δ13C and δ15N values in A. flavicollis hair from the colonies of Great
Cormorants and control territories.
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gender groups. C% values from the hair of M. glareolus differed signifi-
cantly between colony and control territories (F3,64 = 4.74, p b 0.005),
with the lowest value registered in the Juodkrantė control territory
(Tukey HSD, p b 0.05–0.01).

3.3. δ13C and δ15N values in smallmammals depending on the influence of a
Great Cormorant colony

A breakdown of the distribution of stable isotopes in A. flavicollis hair
between different parts of the Great Cormorant colony from Juodkrantė
(Fig. 4) with respect to animal gender and age revealed significant dif-
ferences of δ15N values (main effects ANOVA, zone of the colony,
Wilks lambda = 0.17, p b 0.002; age, Wilks lambda = 0.16,
p b 0.0001). The lowest δ15N values (average 10.98± 0.99‰) were reg-
istered in the hair of individuals trapped in the control zone of the Great
Cormorant colony in Juodkrantė (Fig. 4). In the zones of the colony influ-
enced by cormorants, δ15N values in the hair of A. flavicolliswere higher
than in the control zone: zone II (average δ15N=17.58± 0.93‰, Tukey
HSD, p b 0.003), zone III (average δ15N = 17.05 ± 0.73‰, p = 0.001),
zone IV (average δ15N = 16.14 ± 1.37‰, p= 0.001) and zone V (aver-
age δ15N = 15.89 ± 0.49‰, p = 0.002). Significant differences in δ13C,
C% and N% in the hair of A. flavicollis trapped in different zones of the
Great Cormorant colony from Juodkrantė were not found.

Young A. flavicollis from Juodkrantė were characterized by lower
δ15N values in their hair than those of adult and subadult individuals
(Tukey HSD, both p b 0.0002).

In the Juodkrantė colony,M. glareoluswere not trapped in the zones
with ongoing fresh influence by Great Cormorants. The lowest δ15N
values were registered in the hair of individuals trapped in the control
zone (zone I, average 14.30 ± 3.02‰), then higher in the ecotone
(17.41 ± 1.59‰) and highest in zone IV (18.22 ± 0.92‰). These differ-
ences however were not significant. No differences were found regard-
ing animal age.

4. Discussion

The measurements of stable isotopes in various animal tissues re-
flect the diets of these animals (Smith et al., 2009; Codron et al., 2012)
and themetabolic rate of the tissue (Tieszen et al., 1983). SIA eliminates
the shortcomings of traditional dietary investigations and are based on
carbon and nitrogen isotopes (Dalerum and Angerbjörn, 2005) and
hair samples of small mammals contain information on their diet for
several months. However, this isotope method may fail to separate
granivores from insectivores (Van den Heuvel and Midgley, 2014).

Despite the possible limitations though, SIA has been widely used in
small mammals to analyze trophic interactions and/or food competition
(Robb et al., 2012; Bauduin et al., 2013), aspects of trophic niche differ-
entiation and microhabitat segregation (Dammhahn et al., 2013), ef-
fects of habitat change (Bergstrom, 2013), human influence on
habitats, such as forest logging (Nakagawa et al., 2007), and reconstruc-
tion of the former palaeoenvironmental and palaeoclimatic conditions
(Gehler et al., 2012).

We used SIA on small mammals inhabiting the territories of the cor-
morant colonies as a tool to understand how nutrients, transported by
Great Cormorants from the aquatic ecosystems (sea and lakes) to the
terrestrial ecosystems, are changing the nutrient balance and to see if
they reach small mammals through the trophic cascade. Freshwater
and marine feeding can differ in several permils and reservoir effects
occur. Stable isotope ratios in animal tissues reflect the source of the
material and can vary depending on the system fromwhich they derive.
When biogens with their isotope signals are passed by birds from one
system to the other, they are distributed in the new system and are car-
ried to the next trophic levels. It has been shown that SIAmay reflect re-
source partitioning of nutrient flows in food chains (Crawford et al.,
2008). Fromprevious studies, we know that smallmammal populations
and communities deteriorate in various ways under the influence of
Great Cormorants, including reduced abundance, a reduction in species
diversity, a biasing of the age and sex structures in populations, a lower-
ing of body weight and a lower body condition index (Balčiauskienė et
al., 2014; Balčiauskas et al., 2015; Balčiauskienė et al., 2015).

Results of the current research unambiguously show that the values
of δ13C and δ15N in small mammals trapped in the territory of Great Cor-
morant colonies were extremely high (see Table 2). These values were
significantly higher than those in the individuals of the same species
trapped in control areas. Moreover, the δ15N values in A. flavicollis
were dependent on the intensity and time of existence of the colony
(Fig. 4). The δ13C and δ15N values in the small mammals inhabiting ter-
ritories of Great Cormorant colonies are higher than the values in the
cormorants and have higher average values than other herbivores and
carnivores (Table 3). Over-estimating the reliability of data collected
from literature may be a problem in interpreting plausible differences
(Boecklen et al., 2011), however in our case the differences are
significant.

How can we interpret such unusual data? Several mechanisms may
work simultaneously. The high nitrogen stable isotope ratios observed
in small mammals in the Juodkrantė cormorant colony could be ex-
plained by the “fertilization effect” on the environment. Szpak et al.
(2012) showed that plants fertilized by seabird guano were greatly
enriched in δ15N in comparison to control plant (by 11.3 to 20‰), as or-
ganic fertilizers have the capacity to alter the nitrogen isotopic compo-
sition of plants. Also, high nitrogen stable isotopic ratios in cormorant
colonies have been observed in other studies. For example, Kameda et
al. (2006) reported unusually high nitrogen stable isotopic ratios, e.g.

Fig. 3. Distribution δ13C and δ15N values in M. glareolus hair from the colonies of Great
Cormorants and control territories.

Fig. 4. Distribution δ13C and δ15N values in the hair of A. flavicollis trapped in the zones of
Juodkrantė colony with different influence by Great Cormorants.
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16.0 ± 1.9‰ in the forest floor and 16.4 ± 4.5‰ in plant leaves in the
abandoned Isaki colony in Japan.

High nitrogen stable isotope ratios in seabird colonies have been ex-
plained by trophic enrichment and nitrogen decomposition processes
(Lindeboom, 1984). As cormorants are among the top predators in the
aquatic trophic web (Bostrom et al., 2012), their excreta (and tissue)
are likely to be relatively high in biogens. Nitrogen decomposition pro-
cesses such asmineralization and nitrification also increase the nitrogen
isotopic ratio in the soil (Nadelhoffer and Fry, 1988) because of a high
isotopic fractionation during the nitrification (Koba et al., 1998). More-
over, high nitrogen isotope ratios would be transferred to the plant tis-
sues, and consequently every next higher trophic level typically would
be enriched by 3.4 ± 1‰ (Post, 2002).

The stable nitrogen isotope ratios of small rodents in our studywere
at their highest in Juodkrantė, situated near the Baltic Sea and Curonian
Lagoon. As the marine resources are enriched in both 15N and 13C
(Hawke et al., 2013), the high stable isotope values in the hair samples
are most probably due to the impact of the cormorants in the colony
which fed onmarine and freshwater fish and fertilized the environment
with faeces with enriched nitrogen. The other cormorant colonies that
were investigated at a greater distance from marine resources had a
lower impact on the surrounding environment. Although not systemat-
ically investigated, A. flavicolliswas observed feeding on the remains of
the fish brought to nests (S. Paltanavičius, pers comm), as well as on
dead chicks of the Great Cormorants. Similar behavior was observed in
black rat (Rattus rattus) and house mice (Mus musculus) in a colony of
Thin-billed Prions (Pachyptila belcheri) – where again a marine diet
was proved to occur by using δ13C and δ15N isotope ratios (Quillfeldt
et al., 2008). Both species also fed on Cory's Shearwater (Calonectris
diomedea borealis) on the island ecosystem (Hervías et al., 2014).

In terms of diet, stable carbon isotopes reflect the dietary source(s)
and stable nitrogen isotopes show the trophic level (Post, 2002). A
wide range of carbon isotope ratios for both A. flavicollis andM. glareolus
populations inhabiting the smallest and most recent colony of cormo-
rants in Lukštas along with the control site (forest in Zarasai) suggest
that carbon in these cases were assimilated from many local sources.
This could reflect a wider availability of different dietary resources and
abundance of the resources within different microhabitats. In contrast,
the narrow ranges of carbon isotopic ratios of A. flavicollis and M.
glareolus found in the largest colony site (Juodkrantė) suggest that few
(dominant) food sources were utilized. This is consistent with recent
studies of small mammals in Juodkrantė that showed a shift in the

demographic structure of A. flavicollis toward males and young
(Balčiauskas et al., 2015) and specific morphological features of A.
flavicollis and M. glareolus (Balčiauskienė et al., 2015), both reflecting
the poor habitat conditions of this site.

The small range of nitrogen isotope ratios of A. flavicollis in the
Lukštas colony and control territory and the Zarasai control territory
suggest smaller fertilization effects on the feeding sources of A.
flavicollis, at least in Zarasai forest. It is highly unlikely that individuals
captured in the Lukštas cormorant colony were recent migrants from
the surrounding territories still bearing a signature of relatively low ni-
trogen isotope ratios, as the migration of the small mammals is limited
by the position of the colony – it's surroundings areflooded (see Appen-
dix S4).Most probably, the small colony size in Lukštas results in limited
biogen pollution, hence the low values of the stable nitrogen isotope.

In the hair ofM. glareolus from the Lukštas Great Cormorant colony,
the nitrogen ratios were higher with a relatively wide range. This could
be explained by the captured individuals being resident at the colony
site for a relatively longer period to acquire higher nitrogen isotope ra-
tios and by the wider trophic niche of M. glareolus (Butet and Delettre,
2011) enhancing their survival under harsh conditions of cormorant
colony.

Similarly, thewider range of nitrogen isotopic ratios of A. flavicollis in
Juodkrantė should indicate movement of individuals between zones
with different influence by the Great Cormorants or differing time
spent by mice individuals in these zones. However, as movement of A.
flavicollis individuals between zoneswas not observed, it should suggest
that more time spent in the zone highly affected by cormorants would
give higher nitrogen isotopic ratios due to feeding on sources enriched
with nitrogen.

It is known that in degraded forest ecosystems smallmammals occu-
py higher trophic levels – disturbance leads to enrichment in of δ15N in
their tissues (Nakagawa et al., 2007; Darling and Bayne, 2010). A posi-
tive correlation between δ15N isotope level and openness of canopy
was found in omnivorous (preferring plants) small mammals, but not
in insectivores (Nakagawa et al., 2007). Such findings are characteristic
also to other taxa, e.g. a change of ant diet may result in an increase of
the trophic position in degraded forest (Woodcock et al., 2013). In the
most cormorant-affected zones, forest disruption is very high, near to
total its elimination (Balčiauskas et al., 2015), and these zones are char-
acterized also by the highest N enrichment (Adamonytė et al., 2013).

Finally, heightened δ15N values in the hair of small mammals were
also characteristic to the control territories of the two biggest Great Cor-
morant colonies (in Juodkrantė and Elektrėnai). In the case of
Juodkrantė, the control territory may be biogenically polluted by birds
flying over. In 2014, after measures taken to reduce the number of
breeding birds, two nests were placed in the control zone, which was
cormorant-free earlier. In Elektrėnai, the position of the colony on an is-
land (see Appendix Fig. S3) and its small size supposes horizontal mi-
gration of isotopes and the possibility of animal migration between
colony and control territories elsewhere on the island.

5. Conclusions

Concluding, our results showed that stable isotope ratios of domi-
nant small mammal species differ between the ecosystems in colonies
of Great Cormorants, control territories nearby (colony control) and
control site far from any impact of Great Cormorants. However, we can-
not exclude that small mammals in the areas highly affected by cormo-
rants could be partially based on immigration of individuals from
surrounding territories where the influence of cormorants is less or ab-
sent. Coupled with recently reported changes in the small mammal
communities, populations and individual characteristics, our findings
suggest an altering of the ecosystem functioning under the disturbance
and biogen enrichment caused by the expansion of a Great Cormorant
colony in coastal forest habitat and the transferring of biogens from
the water to terrestrial ecosystem. Biogenic pollution is at its strongest

Table 3
Distribution of mean δ13C and δ15N values in various organisms, showing the position of
small mammals trapped in Great Cormorant colonies and their control territories. Data
sources for other mammals – Urton and Hobson (2005); Dekker and Hofmeester
(2014); for Great Cormorants from the Juodkrantė colony – Morkūnė (2011); for fish,
molluscs and insects – Rakauskas (2014).

Organisms Mean δ13C, ‰ ±SD Mean δ15N, ‰ ±SD

Benthi- and planktivorous fish −25.77 1.08 10.26 0.91
Ichthyosaurus fish −25.55 0.07 10.57 0.57
Insects −25.96 1.40 4.67 0.80
Molluscs −24.10 1.73 5.10 0.36
Carnivorous mammals −23.12 0.82 7.79 1.89
Herbivorous mammals −23.12 4.41 4.47 1.54
Great cormorants −26.10 15.30
A. flavicollis Juodkrantė (control) −24.20 0.17 12.26 2.32
A. flavicollis Juodkrantė (colony) −24.19 0.48 16.31 3.01
A. flavicollis Lukštas (control) −24.89 1.25 4.06 0.71
A. flavicollis Lukštas (colony) −25.64 0.27 5.46 0.37
A. flavicollis Zarasai (control) −24.47 0.69 5.05 0.95
M. glareolus Juodkrantė (control) −25.82 14.30
M. glareolus Juodkrantė (colony) −24.88 0.97 17.80 2.76
M. glareolus Lukštas (control) −27.48 0.84 5.31 1.00
M. glareolus Lukštas (colony) −26.54 0.80 10.46 3.14
M. glareolus Elektrėnai (control) −26.02 0.79 8.86 2.91
M. glareolus Elektrėnai (colony) −26.08 0.67 12.62 2.07
M. glareolus Zarasai (control) −26.74 0.63 4.74 1.03
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in the territories of the colonies with nests, significantly diminishing in
the ecotones of the colonies and further in the control zones, where the
influence of birds is negligible.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.scitotenv.2016.04.185.
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Abstract. Colonies of great cormorants (Phalacrocorax
carbo) impact terrestrial ecosystems through the transport of
nutrients from aquatic to terrestrial ecosystems. Deposited
guano overload the ecosystem with N and P, change soil pH
and damage vegetation. The ways in which small mammals
are impacted, however, are little known. We aimed to evalu-
ate the effects of an expanding great cormorant colony, test-
ing if the expansion immediately increased the input of bio-
gens into the forest ecosystem and, further, if the growing in-
fluence of the colony was reflected in basal resources (plants
and invertebrates) and the hair of small mammals. δ15N and
δ13C signatures were analyzed in granivorous yellow-necked
mice (Apodemus flavicollis), omnivorous bank voles (Myo-
des glareolus) and basal resources of animal and plant origin
from the territory of a colony of great cormorants situated
near the Baltic Sea in west Lithuania. We found that bio-
gens transferred by great cormorants to the terrestrial ecosys-
tem affected the potential foods of the small mammals and
led to highly elevated and variable δ15N values. An increase
of the size of the colony in 2015 resulted in isotopic en-
richment of the small mammals in the zone of expansion
in comparison to levels in 2014. The increase of δ15N in
A. flavicollis was 7.5 % (p < 0.05) in the ecotone and 5.7 %
in the expansion zone. The decrease in δ13C signatures in
A. flavicollis was 4.5 % (p < 0.1) in the expansion zone and
3.1 % (p < 0.001) in the colony. In M. glareolus, the decrease
in δ13C signatures was 8.5 % in the expansion zone, 3.3 %
(p < 0.1) in the control zone and 2.6 % in the ecotone. Iso-
topic niches (central ellipses) of A. flavicollis in the colony
and between the control and expansion zones were separated
in 2014 and 2015, while they partially overlapped in the eco-
tone. The isotopic niches of M. glareolus in 2014 and 2015

were separated in the ecotone and had a small overlap in the
colony. For most of the resources tested, the isotopic signa-
tures in the established colony area were significantly higher
than in the rest of cormorant-inhabited area. In the colony,
the δ15N values in plants (16.9 ± 1.1 ‰) were higher than in
invertebrates (13.6 ± 0.4 ‰). In the ecotone, the δ15N val-
ues were 12.0 ± 1.4 in plants and 14.7 ± 0.04 ‰ in inver-
tebrates, while in the expansion zone they were 7.2 ± 3.0
and 9.9 ± 3.8 ‰, respectively. δ15N-rich resources led to in-
creased δ15N values in the hair of A. flavicollis and M. glare-
olus. Thus, biogens from the great cormorant colony imme-
diately affected small mammals through their food sources.

1 Introduction

Great cormorants (Phalacrocorax carbo) have one of the
greatest impacts on the terrestrial ecosystems of all birds
breeding in colonies and transporting nutrients from aquatic
to terrestrial ecosystems (Klimaszyk et al., 2015). Cormorant
excreta change soil pH, N and P levels and damage vegeta-
tion (Kameda et al., 2006; Klimaszyk and Rzymski, 2016),
decreasing the diversity of plants (Boutin et al., 2011) and af-
fecting seed germination (Žółkoś and Meissner, 2008). Cor-
morant faeces may cover up to 80 % of vegetation, with
as many as 70 % of plant species disappearing in the es-
tablished colonies, the rest being dominated by nitrophilous
plants, such as elder (Sambucus nigra), common nettle (Ur-
tica dioica), woodland groundsel (Senecio sylvaticus) and
greater celandine (Chelidonium majus; Goc et al., 2005; Kli-
maszyk et al., 2015). The abundance and diversity of herbiv-
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orous insects also decreases, while other arthropod groups
may be abundant (Kolb et al., 2012).

With regard to great cormorant colonies and small mam-
mals, investigations are scarce. In previous studies, we have
discovered that the great cormorant colony in Juodkrantė,
Lithuania, changes the ecology of the small mammals in-
habiting the territory, decreasing their diversity and abun-
dance (Balčiauskienė et al., 2014), as well as changing popu-
lation structure and fitness (Balčiauskas et al., 2015) – these
changes indicate poor habitat and heightening values of δ13C
and δ15N in their hair (Balčiauskas et al., 2016). Unexpect-
edly, the number of breeding cormorant pairs in the colony
increased in 2015 due to the absence of deterrent measures.
Cormorants built nests in formerly uninhabited territories,
giving a unique opportunity to evaluate the immediate ef-
fect of colony formation. As a bigger number of nests should
be related to increased biological pollution, we hypothesized
that stable isotope values will also increase in small mammal
hair.

We analyzed the isotope composition in small mammal
hair during the period of cormorant colony growth, compar-
ing the isotopic signatures in samples of small mammal hair
obtained in 2014 and 2015. The aim was to evaluate the ef-
fects of the transfer of biogens from the aquatic to terres-
trial ecosystem by the expanding great cormorant colony. We
tested (i) if the expansion of the great cormorant colony im-
mediately increases the input of biogens to the forest ecosys-
tem, and (ii) if the influence of the great cormorant colony
is reflected in the basal resources (plants and invertebrates)
and the hair of small mammals. The novelty of our investi-
gation was in evaluating the immediacy of the impact of the
great cormorant colony on small mammals. The results for
the first time showed how fast biogenic pollution is trans-
ferred and what the consequences are to small mammal ecol-
ogy. The immediacy of the impact of the new nests has a
practical implication, specifically illustrating potential nega-
tive consequences if bird scaring is deployed and the colony
moves to a new territory.

2 Material and methods

2.1 Study site

In 2015, small mammals were trapped and samples of their
possible foods were collected in the territory of the biggest
colony of great cormorants (Phalacrocorax carbo) in Lithua-
nia (Fig. 1), situated near the settlement of Juodkrantė (WGS
55◦31′14.22′′ N, 21◦6′37.74′′ E). The colony is in Kuršių
Nerija National Park, which has been a UNESCO World Her-
itage site since 2000.

The colony existed in the 19th century, but due to perse-
cution disappeared in 1887. Returning only after 100 years,
breeding cormorants were again registered in 1989 and there-
after the colony rapidly expanded – reaching 1000 breeding

pairs by 1999 and 2800 pairs in 2004. In the same year,
measures to limit breeding success at the Juodkrantė great
cormorant colony were implemented (Knyva, unpublished)
with the aim of limiting colony expansion. Regardless, over
3500 nests have been recorded in the colony each year since
2010, with the exception of 2014 when, due to stringent con-
trol measures (firing petards in the nesting period), the num-
ber of successful pairs was under 2000. In 2015, measures
were not applied, resulting in colony growth. In that year,
nests appeared in an area that had been free of cormorants
in 2014 and had been used as control zone in Balčiauskas et
al. (2016).

Three zones were defined for this study, namely the
colony, ecotone and expansion zone. The colony included
the area with the highest concentration of nests and the area
of former active influence with dead trees. The ecotone (po-
sition of the trap lines shown in Fig. 1a) was situated be-
tween the colony and forest not used by cormorants (shown
in darker green in Fig. 1b). Its position did not change in
2011–2014, but a small number of nests did appear in the
ecotone in 2015. Also in 2015, the area of the colony ex-
panded by about 3 ha northward (Fig. 1b), the expansion
zone. Nests and droppings appeared in the zone, but trees
showed no visible influence of the birds. In 2013–2014, this
expansion zone was used as trapping control (Balčiauskas et
al., 2015, 2016); thus we were able to compare results to find
colony influence after a single year of cormorant breeding in
a formerly unaffected territory

2.2 Small mammal sampling

Small mammals were trapped in September 2015, using lines
of 25 snap traps placed every 5 m. The expansion and ecotone
zones had two such lines each, and six lines were located
in the great cormorant colony (Fig. 1a). Baited with bread
and sunflower oil, the traps were left for 3 days and checked
every morning. Trapping effort was equal to 750 trap days
and 125 individuals were trapped. Individuals were mea-
sured, and sex and age were recorded during dissection as de-
scribed elsewhere (Balčiauskas et al., 2015). The study was
conducted in accordance with the principles of Lithuanian
legislation for animal welfare and wildlife.

The dominant species were yellow-necked mice (Apode-
mus flavicollis) and bank voles (Myodes glareolus), while
harvest mice (Micromys minutus), root voles (Microtus oe-
conomus) and short-tailed voles (M. agrestis) were also
trapped in very low numbers. Two shrew species, com-
mon (Sorex araneus) and pygmy shrews (S. minutus), were
trapped occasionally. The trapped rodent species differ in
food preferences, ranging from herbivory in Microtus to
granivory in Apodemus and Micromys, and omnivory in My-
odes (Butet and Delettre, 2011; Čepelka et al., 2014). In gen-
eral though, small mammals are mostly omnivorous (Naka-
gawa et al., 2007), though Sorex typically consume inverte-
brates (Makarov and Ivanter, 2016).
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Figure 1. Trapping design in the great cormorant colony in Juodkrantė (a) and colony expansion in 2015 (b). (a) Position of the trap lines in
2015: 1 – expansion, 2 – ecotone, 3 – the colony. (b) Yellow line – colony area in 2014, red line – colony expansion in 2015.

Table 1. Numbers of trapped individuals of the two dominant small
mammal species in the Juodkrantė great cormorant colony in 2014
(before colony expansion) and in 2015 (the year colony expanded).

Apodemus flavicollis Myodes glareolus

Year Control/ Ecotone Colony Control/ Ecotone Colony
expansion∗ expansion

2014 13 28 64 1 7 25
2015 17 33 43 2 20 8

∗ Control zone in 2014 became expansion zone in 2015.

The numbers of rodents trapped in the different zones of
the territory (control/expansion, ecotone and the colony it-
self) in 2014 and 2015 are presented in Table 1, while the age
and sex composition of the two dominant species in 2015 are
shown in Table S1. No small mammals were trapped in the
areas of the great cormorant colony that contained the highest
concentration of nests and had experienced long-term influ-
ence. In the expansion part of the colony, only A. flavicollis
was trapped in significant numbers in 2015.

2.3 Baseline sampling

Isotopic signatures were evaluated and isotopic baselines
were established from possible dietary items. In 2015, we
collected samples of the possible food items at the locations
where the small mammals were trapped or at the closest
available place. In the most affected zones, plant diversity
was extremely restricted, with just a few nitrophilous species
present. In total, 45 plant and 9 invertebrate samples were
collected. Five litter samples and seven samples of great cor-
morant feathers and eggshells were also collected.

Plant samples included leaves of greater celandine (Che-
lidonium majus), sedges (Carex sp.), raspberry (Rubus
idaeus), rush (Juncus sp.), blackberry (Rubus fruticosus) and
bilberry (Vaccinium myrtillus), leaves and berries of elder
(Sambucus nigra), alder buckthorn (Rhamnus frangula) and
European barberry (Berberis vulgaris), and oak (Quercus
robur) acorns. Invertebrate samples included coprophagous
dung beetle (Geotrupes stercorarius), herbivorous dark bush-
cricket (Pholidoptera griseoaptera), predatory ground bee-
tle (Carabus sp.) and omnivorous land slug (Deroceras sp.).
Quantifying of the different foods by volume was not done.
Unfortunately, we have no data on the isotopic signatures in
basal resources from the pre-expansion period in 2014.

2.4 Stable isotope analysis

We used the hair of the rodents as metabolically inert sam-
ples, these preserving the isotopic record of the animal’s diet
(Crawford et al., 2008; Bauduin et al., 2013). Hair samples
were taken with scissors from between the shoulders of most
of the trapped specimens of A. flavicollis and M. glareolus
(88 and 29 individuals; see Table S1 in the Supplement). In-
dividuals contaminated by fly larvae or predators were not
sampled for stable isotopes. Each sample was placed sepa-
rately in a bag and stored dry. Samples were weighed with a
microbalance and packed in tin capsules. As few individuals
of these species survive longer than 1 year, with most over-
wintering individuals being autumn born (Bobek, 1969), our
samples thus represent the influence of the cormorants in the
year that the rodents were trapped.

Environmental samples (including plants, litter, inverte-
brates and great cormorant feathers and eggs) were stored
in a freezer at below −20 ◦C prior to preparation and anal-
ysis. Samples were dried in an oven at 60 ◦C to a constant
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weight for 24–48 h and then homogenized to a fine powder
(using mortar and pestle and a Retsch mixer mill MM 400).
Pretreatment of hair and other samples was not done, as af-
ter testing it produced no change of results. Feathers were
cleaned with acetone and deionized water prior to measure-
ments. Feather samples were clipped from the vane avoiding
the rachis.

Stable isotope ratios (δ13C and δ15N) were measured using
an elemental analyzer (EA) coupled to an isotope ratio mass
spectrometer (Flash EA1112; Thermo Delta V Advantage,
Thermo Scientific, USA). Stable isotope data are reported as
δ values, according to the formula δX = [Rsample/Rstandard −

1] × 103, where Rsample=
13C/12C or 15N/14N of the sample,

Rstandard =
13C/12C or 15N/14N of the standard.

5 % of samples were run in duplicate. The equipment pa-
rameters and measurement quality control are detailed else-
where (Balčiauskas et al., 2016).

2.5 Statistical analysis

The normality of distribution of δ13C and δ15N values was
tested using the Kolmogorov–Smirnov D. As not all values
of δ13C and δ15N were distributed normally, the influences
of species and the zone of the colony on the carbon and ni-
trogen stable isotope values in the mammal hair were tested
using nonparametric Kruskal–Wallis ANOVA. Independent
groups were compared with the same Kruskal–Wallis mul-
tiple comparisons procedure (StatSoft, 2013). Differences in
δ13C and δ15N ratios between 2014 (data from Balčiauskas
et al., 2016) and 2015 were tested by multivariate Hotelling
T 2 test. The minimum significance level was set at p < 0.05.
Calculations were performed using Statistica for Windows,
version 6.0.

Environmental samples were analyzed by object group
(cormorant, litter, invertebrates, plants) and by the zone (ex-
pansion, ecotone, colony). Isotopic baselines were calculated
using basal resources as possible foods for rodents grouped
according to their origin. Reported values are arithmetic
means with SE of the δ15N and δ13C for all basal resources
mentioned above.

The isotopic niches of species, as central ellipses, were
calculated using SIBER (Jackson et al., 2011) under R
version 3.5.0 (https://cran.r-project.org/bin/windows/base/
rdevel.html, last access: 2 June 2018) for A. flavicollis and M.
glareolus in the zones, where five or more individuals were
investigated for δ15N and δ13C.

3 Results

3.1 δ13C and δ15N values in the hair of small mammals
inhabiting the great cormorant colony

The distribution of both δ13C and δ15N values in the hair
of A. flavicollis and the distribution of δ15N values in M.
glareolus were not normal, though the distribution δ13C in

Table 2. Central position (mean ± SE, ‰) of stable isotope ratios
in the hair of Apodemus flavicollis and Myodes glareolus trapped in
the Juodkrantė colony of great cormorants. Data for 2014 recalcu-
lated from Balčiauskas et al. (2016). Significance of differences ac-
cording to the Hotelling T 2 multivariate test, ∗ p < 0.1, ∗∗ p < 0.05,
∗∗∗ p < 0.001.

Species Zone Year δ13C, ‰ ± SE δ15N, ‰ ± SE

Apodemus Control 2014 −24.20 ± 0.08 12.26 ± 1.04
flavicollis Expansion 2015 −25.30 ± 0.33∗ 12.96 ± 0.94

Ecotone 2014 −24.37 ± 0.13 15.97 ± 0.45
2015 −24.51 ± 0.10 17.16 ± 0.26∗∗

Colony 2014 −24.08 ± 0.12∗∗∗ 16.52 ± 0.90
2015 −24.82 ± 0.12 16.67 ± 0.50

Myodes Control 2014 −25.82 14.30
glareolus Expansion 2015 −28.02 ± 0.85 6.70 ± 0.91

Ecotone 2014 −24.85 ± 0.30 17.48 ± 0.64
2015 −25.49 ± 0.16 17.87 ± 0.30

Colony 2014 −24.89 ± 0.31∗ 17.99 ± 0.91
2015 −25.72 ± 0.17 18.17 ± 0.26

M. glareolus values corresponded to normal. Outliers from
the normal distribution were values registered in the ex-
pansion zone (Fig. S1 in the Supplement). Kruskal–Wallis
ANOVA demonstrated that the distribution of stable iso-
tope values was influenced not only by zone, but also by
the species of small mammal. These factors together signif-
icantly influenced the distribution of δ15N (r2

= 0.31) and
δ13C (r2

= 0.26, F both p < 0.0001).
In 2015, the influence of the zone (both species pooled)

was significant for the distribution of δ15N (Kruskal–
Wallis ANOVA, H2,119 = 18.62, p = 0.0001) and δ13C
(H2,119 = 6.30, p = 0.043). Between-species differences in
the stable isotope values in the hair of the rodents in the
colony area were highly significant for δ13C (H1,119 = 21.69,
p < 0.0001) and for δ15N (H1,119 = 6.67, p = 0.01). δ15N
values were highest in the hair of M. glareolus trapped in
the ecotone and colony zones, while highest in A. flavicol-
lis in the expansion zone. δ13C signatures in the hair of A.
flavicollis were higher than in M. glareolus in all territories,
including the expansion zone (Table 2).

With the expansion of the great cormorant colony in 2015,
the isotopic signatures of δ15N in dominant small mammal
hair grew in comparison to 2014, though not all differences
are significant (Table 2). In A. flavicollis, δ15N values in-
creased in all zones (the 7.5 % increase in the ecotone zone
is significant at p < 0.05). The increase in the colony was
∼ 1 %, while the expansion zone compared to former con-
trol zone was 5.7 %. All are correlated with colony growth
and expansion. In M. glareolus, δ15N increased by 2.3 % in
the ecotone zone and ∼ 1 % in the colony.

δ13C signatures in the hair of A. flavicollis in 2015 de-
creased in all zones. The decrease in the expansion zone com-
pared to 2014 control zone was 4.5 % (p < 0.1), in the colony
zone 3.1 % (p < 0.001) and in the ecotone zone 0.5 %. In the
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hair of M. glareolus, the decrease of δ13C signatures was
even stronger – 8.5 % in the expansion zone, 3.3 % (p < 0.1)
in the control zone and 2.6 % in the ecotone (Table 2). We
suppose that no other factor other than colony growth could
account for these changes.

Isotopic niches of A. flavicollis in 2014 and 2015 (shown
as central ellipses) were separated in the colony and between
the control and expansion zones, while they partially over-
lapped in the ecotone (Fig. S2a). The isotopic niches of M.
glareolus in 2014 and 2015 were separated in the ecotone
and had a small overlap in the colony (Fig. S2b). Insufficient
sample size did not allow analysis in the control and expan-
sion zones for this species (see Table 1).

3.2 Basal resources

Comparing average baseline data of plants and invertebrates
between the expansion zone, ecotone and colony (Table 3),
considerable differences were noted in the δ15N of plants
(Kruskal–Wallis ANOVA, H2,45 = 13.89, p = 0.001) but not
in invertebrates (H2,9 = 2.76, p = 0.25). In plants, δ15N val-
ues were highest in the colony (difference from expansion
zone, p < 0.002; difference from ecotone, p = 0.062). δ13C
values showed no significant differences between zones in
either plants or invertebrates (Table 3).

Out of ten plant species, the most 15N enriched were as
follows: Chelidonium majus, δ15N = 19.6 ± 2.0 ‰ (from 8.4
in the expansion zone to 25.7 ‰ in the colony); Sambucus ni-
gra, δ15N = 16.9 ± 2.6 ‰ (from 9.2 in the ecotone to 22.5 ‰
in the colony); Juncus sp., δ15N = 13.8 ± 4.7 ‰; and Rham-
nus frangula, δ15N = 13.2 ± 1.8 ‰ (from 8.1 ‰ in the ex-
pansion zone to 16.3 ‰ in the colony). δ15N values in Carex
sp. (average δ15N = 12.3 ± 0.9 ‰) did not differ significantly
across zones.

The most δ13C-enriched plants were Carex sp.
with δ13C = −26.7 ± 0.7 ‰ and Sambucus nigra with
δ13C = −27.5 ± 0.6 ‰, values in the expansion zone and
colony did not differ. Chelidonium majus was among the
least δ13C-enriched plants, δ13C = −29.5 ± 0.4 ‰.

Of the investigated invertebrates, the most δ15N enriched
were Carabus sp. and slugs, δ15N = 14.9 and 14.0 ‰, respec-
tively. Dung beetles showed the highest variation of δ15N,
being 2 times lower in the expansion zone than in the colony
(6.2 ‰ versus 13.3 ‰). The stable carbon isotope ratio in
slugs was about 1 ‰ higher than in arthropods.

δ15N values in the litter were highest in the colony
(δ15N = 16.3 ‰), followed by the ecotone and expansion
zones (δ15N = 8.2 and 7.3 ‰, respectively). δ15N values in
the cormorant eggshells and feathers were lower than in ro-
dent hair and did not depend on zone (Fig. S3).

3.3 Comparison of isotopic signatures in the hair of
small mammals and in possible diet resources

Comparison of isotopic signatures in the hair of A. flavicollis
and M. glareolus with baseline δ13C and δ15N values in pos-
sible food sources from the expansion, ecotone and colony
zones showed that noted differences were related to bird in-
fluence.

In the expansion and ecotone zones, invertebrate isotopic
signatures were higher than in plants in terms of both δ13C
and δ15N. In the great cormorant colony, most plants were
highly enriched in 15N due to over-enrichment and tended
to have δ15N values well above the invertebrate δ15N range
(Fig. 2).

Compared to average plant and invertebrate baseline val-
ues, the higher average δ15N and δ13C values in the hair of A.
flavicollis and M. glareolus were related to the zones where
the rodents were trapped (Table 4). For A. flavicollis trapped
in the expansion and ecotone zones, the average δ15N was
over 5 ‰ higher than the plant baseline, but the plant base-
line in the colony was higher than the δ15N value in the hair.
Compared to the invertebrate baseline, enrichment of 15N in
the rodent hair was 2.5–3 ‰. Concerning M. glareolus, 15N
enrichment was highest in the ecotone when compared to the
plant baseline, but highest in the colony zone when compared
to the invertebrate baseline. As for 13C, enrichment was high-
est in the ecotone zone for both A. flavicollis and M. glareolus
(Table 4).

4 Discussion

4.1 Immediacy of the great cormorant colony impact

Our main finding showed that great cormorants influenced
small mammals in the very first year of the appearance of
breeding colony, and possible food objects (plants and in-
vertebrates) also were subjected to increased δ15N and de-
creased δ13C concentrations. Moreover, in 2015 – the year
of colony increase and expansion – we found that the in-
creased influence of the great cormorant colony already lim-
ited small mammal distribution. Small mammals were not
trapped in the area with the highest concentration of nests.
By contrast, representatives of three small mammal species
had been trapped in the same place in earlier years when the
number of nests was lower due to scaring measures. In the
expansion part of the colony, a single individual of M. glare-
olus was trapped in 2015, while only a single species, A. flav-
icollis, was trapped in significant numbers. In 2014, before
colony expansion, four small mammal species were trapped
in the same area.
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3888 L. Balčiauskas et al.: Immediate increase in isotopic enrichment

Table 3. Isotopic signatures of basal resources (plants and invertebrates) in the Juodkrantė great cormorant colony, ecotone and expansion
zones in 2015.

Basal resources Zone n δ13C, ‰ ± SE δ13C, ‰ min–max δ15N, ‰ ± SE δ15N, ‰ min–max

Plants Expansion 9 −28.6 ± 0.9 −32.8 to −25.2 7.2 ± 3.0 −3.3–25.1
Ecotone 10 −29.1 ± 0.7 −31.6 to −25.2 12.0 ± 1.4 8.0–22.5
Colony 26 −28.1 ± 0.3 −31.4 to −25.2 16.9 ± 1.1 8.4–27.7

Invertebrates Expansion 2 −28.3 ± 0.8 −29.1 to −27.5 9.9 ± 3.8 6.2–13.7
Ecotone 2 −26.9 ± 0.1 −26.9 to −26.8 14.7 ± 0.0 14.6–14.7
Colony 5 −27.6 ± 0.3 −28.4 to −26.5 13.6 ± 0.4 12.8–14.9

Figure 2. Isotopic signatures of potential animal and plant foods compared with isotopic signatures in the hair of age groups of Apodemus
flavicollis and Myodes glareolus, trapped in the expansion (a) and ecotone (b) zones and Juodkrantė great cormorant colony (c) in 2015. Ad
– adults, sub – subadult animals, juv – juveniles.

4.2 Biogenic pollution disclosed by stable isotope
concentration in the hair of small mammals

Investigations into the influence of great cormorant colonies
have recently received more attention (see Ishida, 1996; Goc
et al., 2005; Kameda et al., 2006; Nakamura et al., 2010;
Klimaszyk et al., 2015; Klimaszyk and Rzymski, 2016).
However, the impact of such colonies on plant and animal
species has not been sufficiently investigated (see Bostrom et
al., 2012; Kolb et al., 2012). Small mammal ecology in the
colonies was recently investigated for the first time in Lithua-
nia (Balčiauskienė et al., 2014; Balčiauskas et al., 2015) and
some aspects of isotopic enrichment of small mammals in
great cormorant colonies were reviewed in Balčiauskas et
al. (2016). We found that biogenic pollution resulting from
the birds reach the dominant species of small mammals. Sta-
ble isotope ratios in their hair depend on the degree of cor-
morant influence, being strongest in the area with cormorant
nests (see data in Table 2) and also on the colony size. How-
ever, we had no data regarding stable isotopes in basal re-
sources and we were not aware how fast the influence could
be.

4.3 Stable isotopes showing small mammal diet
differences in various zones of cormorant colony

Stable isotope analysis (SIA) can be used to investigate the
trophic structure of food webs and various aspects of ani-
mal diet (Boecklen et al., 2011; Koike et al., 2016). SIA
using mammal hair is a method suitable for diet analysis
and for comparing intrapopulation groups as well as differ-
ent species. When analyzing diet, hair isotopic signatures
are compared with the signatures of possible food sources
(Bauduin et al., 2013). In identifying diet sources, carbon and
nitrogen isotope ratios are most widely used. The tissues of
animals do differ in isotopic composition as a result of dif-
ferences in their diet. Nitrogen values help in identifying the
trophic position, since these values increase by 3–5 ‰ be-
tween levels of the food chain (Kelly, 2000; Smiley et al.,
2016). The stable isotope ratio in the hair reflects the dietary
isotope composition and trophic level, depending on the in-
gested food (Cassaing et al., 2007).

As the hair of the rodents trapped in the Juodkrantė colony,
ecotone and expansion zone differed in δ15N and δ13C val-
ues, rodents obviously consumed foods with different iso-
topic signatures, the more diverse diet being in the expansion
zone as reflected by much higher variance of δ13C values.
Enrichment of plants and invertebrates was strongest in the
territory of the colony (see Fig. 2).
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Table 4. Nitrogen (�δ15N) and carbon (�δ13C) trophic fractionation between Apodemus flavicollis and Myodes glareolus and their possible
food sources in the Juodkrantė great cormorant colony.

�δ15N, ‰ �δ13C, ‰

Zone Baseline for comparison A. flavicollis M. glareolus A. flavicollis M. glareolus

Expansion Plants 5.78 −0.48 3.31 0.59
Invertebrates 3.05 −3.21 2.95 0.23

Ecotone Plants 5.15 5.86 4.58 3.60
Invertebrates 2.49 3.20 2.34 1.37

Colony Plants −0.23 1.27 3.32 2.41
Invertebrates 3.11 4.61 2.76 1.86

Species-related differences in the isotopic signatures of the
two dominant rodent species may be explained by diet dif-
ferences and microhabitat use, both supporting coexistence
(Stenseth et al., 2002; Cassaing et al., 2013). Previous ex-
perience with live-trapping and marking of A. flavicollis in
the cormorant colony (Jasiulionis, unpublished) allowed us
to conclude that movement between zones was very limited:
we did not find any marked animals using multiple zones
during the same year. In the resource-scarce territory of the
great cormorant colony, any spatial segregation could lead to
changes in the diet of the rodents. Considering the isotopic
signatures in the hair of the small mammals as dietary prox-
ies (according to Fernandes et al., 2014) reflecting the pro-
teins of the food sources (Perkins et al., 2014), we found that
diets differed in the various zones of the colony and also de-
pended on the small mammal species. Therefore, differential
exploitation of resources minimized competition (according
Bauduin et al., 2013).

4.4 Pathways of small mammal enrichment in
stable isotopes

There is a slight possibility that the observed rodent enrich-
ment in δ15N was a result of eating cormorant tissues. Dead
chicks, broken eggs and eggshells are constantly present on
the ground underneath the nests in the breeding season, and
so could serve as food source. Moreover, δ15N values in great
cormorant eggshells and feathers were lower than the δ15N
values in the hair of rodents from the same zone (see Fig. S2).
Furthermore, there are observations of Microtus and Myodes
voles eating auklets’ eggs and chicks (Drever et al., 2000).
In our case however, the difference in δ15N values between
the cormorants and rodents was not great, questioning the
possibility of consumption of cormorant tissue in any sig-
nificant amount. Thus we support the opinion of Millus and
Stapp (2008), that cormorant influence on small mammals is
not direct, but is mediated through influence on their food
resources.

The two possible pathways of marine nitrogen are
(1) through guano-fertilized plants or (2) invertebrates that

have fed on guano, guano-fertilized plants or cormorant re-
mains (Harper, 2007). According to Szpak et al. (2012), 15N
enrichment of plants may range from 11.3 to 20 ‰ after fer-
tilization by guano of seabirds. Plants enriched in guano 15N
may occur at distances exceeding 100 m from nesting sites
and colonies (Millus and Stapp, 2008). A few plant samples
(Carex and Sambucus) were highly enriched in 15N in the ex-
pansion zone of Juodkrantė colony in 2015, the first year of
the presence of cormorant nests.

Rodents usually eat foods that are most abundant (Bauduin
et al., 2013) or have preferences characteristic to the species
(Fisher and Türke, 2016; Schneider et al., 2017). However,
choices in the Juodkrantė great cormorant colony are lim-
ited to several plant species (mainly nitrophilous) and in-
vertebrates. Nitrophilous plants usually grow abundantly, be-
ing the food source for herbivores living in the territory of a
colony (Cassaing et al., 2007). Even after birds cease to use
a territory, the isotopic signatures of the litter and plants re-
main high (Kameda et al., 2006). Enrichment of plants by
15N is a result of uptake of nitrogen from bio-polluted soil
enriched by marine-derived N from great cormorant excreta.
In such a situation, δ15N is not a straightforward indicator
of the trophic level (Drever at al., 2000). On seabird islands,
herbivores often exhibit heightened δ15N signatures (Stapp
et al., 1999; Drever et al., 2000).

Typically, diet–tissue fractionation is from 2.5 to 3.4 ‰ for
nitrogen (Perkins et al., 2014). Trophic fractionation from 3
to 5 ‰ for nitrogen occurs at every trophic level in seabird
colonies (Cassaing et al., 2007). However, in Juodkrantė, it
may exceed 5 ‰ in comparison to plants. Trophic fractiona-
tion for carbon of A. flavicollis was at a predictable level, up
to 4.6 ‰ in comparison to plants, and up to 3 ‰, compared to
the invertebrate baseline. Enrichment in 13C of M. glareolus
was lower, up to 3.6 ‰ compared to plants and up to 1.9 ‰,
compared to the invertebrate baseline (see Table 4). These
values are similar to or even higher than those observed by
Sponheimer et al. (2003), with a mean diet–hair fractionation
of +3.2 ‰ and a range of +2.7 to +3.5 ‰ in mammalian
herbivores.
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5 Conclusions

This study seeks to understand how the influence of biologi-
cal pollution from the great cormorant colony reaches small
mammals and how fast this influence is registered after birds
appear in the territory. The general conclusion is that in Juod-
krantė, Lithuania, the great cormorant colony affected the
terrestrial ecosystem starting from the autotrophs and end-
ing with the consumers (two species of rodents). An increase
in the number of breeding pairs in 2015 led to increased δ15N
and decreased δ13C values in the hair of Apodemus flavi-
collis in the territory of the colony, ecotone and expansion
zone. In the expansion zone, the influence was visible after a
single year of nest appearance. In the resource-limited terri-
tory under the great cormorant nests, differences in isotopic
signatures were related to the species of rodent, pointing to
differences in their diet. We conclude that the influence of
the nutrient transport from water to land ecosystems by great
cormorants is indirect, resulting from the biological pollu-
tion of guano on rodent foods. Our results show that scaring
cormorants from colonies may have a negative consequence
– displaced birds may build their nest in other habitats and,
as such, a negative impact of an emerging new colony could
spread through the entire ecosystem and impact small mam-
mals in the first year. The immediacy of the impact from new
nests has practical implications, indicating the potential ben-
efit of deterring birds from the nests during the actual breed-
ing period as a management measure to limit growth in num-
bers, rather than scaring them before breeding, which may
result in colony fragmentation and the moving to new terri-
tories.
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Žółkoś, K. and Meissner, W.: The effect of grey heron (Ardea
cinerea L.) colony on the surrounding vegetation and the bio-
metrical features of three undergrowth species, Pol. J. Ecol., 56,
65–74, 2008.

www.biogeosciences.net/15/3883/2018/ Biogeosciences, 15, 3883–3891, 2018



125

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

PAPER VI 
 

Accumulation of chemical elements in yellow-necked mice under a 
colony of great cormorants. 

 
Jasiulionis, M., Balčiauskas, L., Balčiauskienė, L., Taraškevičius, R. 

 
Chemosphere 2018,  213, 156–163. 

 
doi: org/10.1016/j.chemosphere.2018.09.025 

 
Elsevier publication 

 
Reprinted with permission from Elsevier 

 
 
 
 

 
 

 
 

 
 



126

Accumulation of chemical elements in yellow-necked mice under a
colony of great cormorants

Marius Jasiulionis a, *, Linas Bal�ciauskas a, Laima Bal�ciauskien _e a, Ri�cardas Tara�skevi�cius a, b

a Nature Research Centre, Akademijos 2, LT-08412 Vilnius, Lithuania
b Marine Research Institute, Klaip _eda University, Herkaus Manto 84, LT-92294 Klaip _eda, Lithuania

h i g h l i g h t s g r a p h i c a l a b s t r a c t

� 20 chemical elements in bodies of
Apodemus flavicollis from a great
cormorant colony were studied.

� Concentrations of K, Mn, Cu, Rb, Pb
depended on the intensity of
cormorant influence.

� Gender-related differences in con-
centrations of Zn, Fe and Mo were
identified.

� Changes in the chemical environ-
ment in the cormorant colony affect
small mammals.
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a b s t r a c t

This study represents the first investigation into the accumulation of chemical elements in small
mammals inhabiting the territory of a great cormorant colony. Trapping was done in the Juodkrant _e great
cormorant colony, one of the largest colonies in Europe. The accumulation of 20 chemical elements in the
bodies (muscle and bones) of yellow-necked mice (Apodemus flavicollis) was investigated using the
energy-dispersive x-ray fluorescence equipment Spectro Xepos HE. Two groups of positively inter-
correlated chemical elements (Mg, Al, P, Ca and Al, S, Cl, K) were identified. The concentrations of five
elements differed significantly between mice trapped in different zones of the colony with differing
intensities of cormorant influence: the values of K and Cu in A. flavicollis increased in line with an in-
crease in the influence of the cormorants, while the concentrations of Rb and Pb decreased. The con-
centrations of Mn differed between zones, but were not related to the intensity of bird influence.
Differences in the concentration of Zn (ANOVA F¼ 24.38; p< 0.001), Fe (F¼ 4.60; p< 0.05) and Mo
(F¼ 4.47; p< 0.05) were related to the gender factor, all concentrations being higher in females. The
concentrations of Zn were age-dependent, being highest in adult individuals (21.7± 4.5 mg g�1) and
exceeding those in subadult (19.4± 3.4 mg g�1) individuals or juveniles (16.7± 1.3 mg g�1). In general, the
concentrations of accumulated elements in A. flavicollis from the territory of the cormorant colony were
lower than in rodents from industrially polluted sites.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Atmospheric deposition and anthropogenic activities (agricul-
ture, mining, combustion, industry) release significant quantities of
trace elements and heavy metals. Entering water ecosystems, these
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substances accumulate in hydrobionts or deposit in bottom sedi-
ments (Yi et al., 2011; Gajdo�s and Janiga, 2015; Hsu et al., 2016).
Great cormorants (Phalacrocorax carbo sinensis), like other pisciv-
orous birds breeding in colonies, play an important role in trans-
porting nutrients from water to land ecosystems (Osono et al.,
2002; Ellis et al., 2006; Gwiazda et al., 2010; Klimaszyk et al.,
2015; Otero et al., 2015). Most trees, shrubs and other plants in
the territories of cormorant colonies die after few years due to over-
fertilization (Garcia et al., 2011) and are replaced by other plant
communities (Ayers et al., 2015; Matulevi�ci�ut _e et al., 2018). Lichen
and fungal communities also change (Osono et al., 2002), as do
communities of insects, spiders and lizards (Polis and Hurd, 1996).
Most of these changes are related to N and P levels in the soil, which
can be increased by 104 to 105 times (Garcia et al., 2011). Trace el-
ements, including hazardous heavy metals, enter the soil from
cormorant excrements (Tara�skevi�cius et al., 2013). Though some
trace elements (Al, Fe, Ni, Cu, Zn, Sr, Mo) are harmful at higher
concentrations, macroelements (Na, Mg, K, Ca) may be beneficial
(Pais and Jones, 1997; Hernout et al., 2016).

Concentrations of heavy metals and trace elements have
recently been investigated in different animal taxa, including in-
sects (Aydogan et al., 2017), crustaceans (Gedik et al., 2017), fish (Yi
et al., 2011; Benzer, 2017), amphibians (Qureshi et al., 2015), reptiles
(Nasri et al., 2017), birds (Kral et al., 2017) and mammals (Lehel
et al., 2015; Neila et al., 2017). Small mammals have been (Wren,
1986) and remain a favourite object for research into metal and
trace element accumulation (Martiniakov�a et al., 2012; Gajdo�s and
Janiga, 2015; Bortey-Sam et al., 2016; Khazaee et al., 2016). Accu-
mulation of heavy metals in small mammals has been well docu-
mented in polluted areas, including near mines (Phelps and McBee,
2009; Bortey-Sam et al., 2016; Khazaee et al., 2016), power stations
(Martiniakov�a et al., 2010) and paper mills (Gajdo�s and Janiga,
2015). Small mammals serve as suitable objects to study the
accumulation of heavy metals and trace elements, as the concen-
trations of the metals in the bodies, organs or tissues of the animals
reflect the residues in the soil (Shore and Rattner, 2001; Ieradi et al.,
2003; Martiniakov�a et al., 2011 and references therein). As a
research subject, yellow-necked mouse (Apodemus flavicollis) was
chosen for several reasons. In particular, A. flavicollis is the most
abundant small mammal species in the territory of the investigated
great cormorant colony (Bal�ciauskas et al., 2016). Additionally, it is
characterized by intensivemetabolism, a granivorous/insectivorous
diet and small individual territories (Butet and Delettre, 2011;
Gajdo�s and Janiga, 2015). The home range median value for
A. flavicollis has been identified as 625m2 for males and 551m2 for
females (Vuki�cevi�c-Radi�c et al., 2006). A. flavicollis is also known as
proper biomonitor of metal pollution (Petkov�sek et al., 2014), with
increased levels of metals in the organism relating to environ-
mental pollution (Martiniakov�a et al., 2011). In our study, we ana-
lysed chemical elements in the muscles and bones of the skinned
bodies of A. flavicollis. In comparison to internal organs, bones
accumulate metals over a longer time period (Martiniakov�a et al.,
2011, 2012) and, as very few A. flavicollis individuals live longer
than a year, it can be considered to reflect the elemental load of the
year of trapping (Martiniakov�a et al., 2010; Gajdo�s and Janiga,
2015).

Various aspects of the influence of great cormorant and other
colonial bird colonies on the environment are known already
(Ayers et al., 2015; Lafferty et al., 2016). However, investigations
into the accumulation of heavy metals and trace elements in small
mammals inhabiting these colonies are lacking. The investigated
colony in Juodkrant _e is one of the biggest in Europe, with a
maximum number of breeding pairs being 3800 in 2015 (V. Knyva,
pers. com). Feeding in both marine and inland waters, including

aquaculture, great cormorants are almost purely piscivourous and
the estimated biomass of consumed fish in the Juodkrant _e colony is
ca. 700 tons per year (P�utys, 2012), with part of this biomass
thereafter reaching the ground in the colony in the form of excre-
ment and lost fish, as well as dead chicks during the breeding
season.

This study represents the first investigation into heavy metals
and trace elements in small mammals occupying the territory of a
colony of great cormorants. Research concerning the ecology of
mammals in the colonies of great cormorant is still very limited, but
decreases in the diversity of the small mammal community and a
reduction in abundance have been described in relation to the great
cormorant colony in Juodkrant _e (Bal�ciauskien _e et al., 2014), along
with alterations in the population structure and a decline in body
condition (Bal�ciauskas et al., 2015). Reductions in A. flavicollis body
weight, body length and index of body condition, as well as changes
in skull size and shape, were greatest in the most affected zones of
the colony (Bal�ciauskien _e et al., 2015; Bal�ciauskas et al., 2016).
Increased stable isotope signatures in the small mammals, related
to the intensity of cormorant influence, show the consequences of
biological pollution (Bal�ciauskas et al., 2016). We hypothesized that
such changes may be related to variations in the concentrations of
chemical elements in the tissues of the small mammals. To test the
hypothesis, we studied the concentrations of 20 elements in the
skinned bodies of A. flavicollis trapped in different zones with
different levels of impact by great cormorants. Differences in
accumulation depending on age and gender of mice were
evaluated.

2. Material and methods

2.1. Study site

Small mammals were trapped in a colony of great cormorants
situated in the western part of Lithuania near Juodkrant _e on the
Curonian Spit (WGS 55� 310 14.2200, 21� 60 37.7400). This colony is the
largest in Lithuania and one of the largest in Europe. It is also
distinguished by high biological pollution reflected even in small
mammals, encompassing all investigated aspects of their biology
and ecology (Bal�ciauskas et al., 2015). The number of breeding pairs
reached 3800 in 2015 (V. Knyva, pers. com.) and the area of the
colony covers around 12 ha. Four zones with differing levels of
colony influence have been defined in the territory (Fig. 1):

Zone Ae the control zone. This is outside the colony and there is
no direct influence by nesting cormorants on the habitat.
Zone B e the zone of the ecotone. This is located between zones
C and D and the surrounding forests that are not influenced by
the colony. There are few nests in this zone and the influence of
the cormorants is weak.
Zone C e the zone of active influence. This is the active part of
the colony with the highest concentration of nests and the
strongest influence of the colony.
Zone D e the zone of former active influence. Nests are already
abandoned and trees are dead, many of them rotten, fallen and
decaying.

2.2. Small mammal sampling

Small mammals were trapped in the middle of September 2015,
using snap-trap lines, each consisting of 25 traps spaced 5m from
each other. Traps were baited with brown bread soaked in sun-
flower oil. Exposition of traps was three days (Bal�ciauskas et al.,
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2016). Trapping effort was 750 trap-days. In total, 132 individuals of
six small mammal species were trapped: common shrew (Sorex
araneus), bank vole (Myodes glareolus), field vole (Microtus agrestis),
root vole (Microtus oeconomus), harvest mouse (Micromys minutus)
and yellow-necked mouse (Apodemus flavicollis). The dominant
species was A. flavicollis (70.5% of all trapped small mammals) and
the subdominantM. glareolus (22.7%). Other small mammal species
were insufficiently represented in the various zones of the colony.

Chemical analysis was conducted on the dominant species,
A. flavicollis. Migration of individuals between zones was investi-
gated in 2013 using live traps and the capture-mark-recapture
method. No migration cases were identified.

Before dissection, individuals were weighed (to an accuracy of
0.1 g) andmeasured with sliding callipers (accuracy of 0.1mm). The
gender and age of the animals were determined during dissection.
We used three age categories, adult (ad.), subadult (sub.) and ju-
venile (juv.), depending on the presence and involution of the gl.
thymus (involuted in adults, disappearing in subadults, functioning
in juveniles) and reproductive status (Bal�ciauskas et al., 2015).
Samples were placed in separate bags, labelled and stored in a
freezer at a temperature below �18 �C.

2.3. Study of chemical elements

Chemical elements were analysed in 54 individuals (23 males,
31 females/21 adults, 21 subadults and 12 juveniles) of the domi-
nant species A. flavicollis. We used the skinned body (muscle and
bones without intestines, hereafter “body”) to register the presence
and concentration of the following 20 elements: Na, Mg, Al, Si, P, S,
Cl, K, Ca, V, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Mo and Pb. The sampling
unit used was body of one individual.

Samples were oven dried at 100 �C for 12 h, crushed in agate
mortars and later pre-mineralized to dry ash at 240 �C to avoid
possible ignition and content loss for some volative elements
(Markova and Rustschev, 1994; Koh et al., 1999). Ashed samples
were milled using the MM 400 mill with zirconium oxide grinding
jars and grinding balls (milling time 6min, frequency 27 Hz). Milled
samples were mixed with the Licowax binder (Fluxana) in the
proportions of 1.25 g of material and 0.28 g of binder (dilution
factor 0.816, as recommended by the equipment manufacturers).

Each sample was homogenised and pressed for 3min using 15 KN
(press PP25) to produce 20mm diameter pellets (Tara�skevi�cius
et al., 2017a). The pellets were analysed by energy-dispersive x-
ray fluorescence (EDXRF) equipment Xepos HE (Kleve, Germany)
using TurboQuant (TQ) II for pellets calibration module as elabo-
rated by the manufacturers. The TQ method combines different
procedures: calculation of the mass attenuation coefficient, using
the extended Compton model, and final calibration based on
fundamental parameters method.

Samples were re-calibrated using standard bovine muscle
(BOVM-1) and the International Plant-Analytical Exchange (IPE)
program. Four extra sub-samples were taken from each of the IPE
Material Samples and from the BOVM-1. Every fifth milled sample
(10 extra sub-samples in total) of A. flavicollis was divided into two
parts to produce an additional second sub-sample of the same
primary material. The average values of the variation coefficients of
paired sub-samples (RSD) were: < 5% for Na, Mg, Al, P, S, Cl, K, Ca,
Mn, Fe, Cu, Br, Rb and Sr; 5e10% for Ni and Zn; 14% for Mo; and
20e23% for Si, V and Pb. The detection limits (mg g�1) of Na, Mg, Al,
Si, P, S, Cl, K, Ca, V, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Mo and Pb were 75,
36, 23, 1.5, 2.2, 0.6, 0.8, 1.2, 0.9, 0.3, 0.2, 0.8, 1.0, 0.5, 0.2, 0.06, 0.06,
0.07, 0.2 and 0.2 respectively. Concentrations of chemical elements
were expressed on a wet weight basis in mg g�1 (the weight loss on
average is 412%).

Preparations were made at the Nature Research Centre (Vilnius)
and the analysis of the prepared samples was carried out (Spectro
Xepos HE) at the Marine Research Institute, Klaip _eda University.

2.4. Statistical analysis

In our analysis, we utilized the mean, range (minemax) and
standard deviation of concentrations, Pearson's correlation co-
efficients and their significance. The normality of the distribution of
concentrations was evaluated using Kolmogorov-Smirnov's test (13
out of 20 elements conformed to normal distribution). Based on
conformity to normal distribution, parametric tests were used. The
influences of multifactors were tested using MANOVA. The in-
fluences of zone, gender and age were tested using two-way
ANOVA with Wilk's lambda for significance. The Tukey post-hoc
test was used to compare multiple independent groups. The

Fig. 1. Investigation site (marked by star at inlay map of Lithuania) and location of the zones in the great cormorant colony in Juodkrant _e, 2015. Zone A e control, zone B e ecotone
between the colony and surrounding forest, zone C e active influence of the colony, zone D e zone of the former influence.
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minimum significance level was set at p< 0.05. We used STATIS-
TICA 6.0 for Windows.

3. Results

3.1. Interaction of host and site factors

The concentrations of chemical elements in A. flavicollis
depended on which zone of the great cormorant colony they
inhabited (MANOVAWilks l¼ 0.04, F3,53¼ 2.90, p< 0.001) and the
gender of the animals (Wilks l¼ 0.41, F1,53¼ 2.06, p< 0.05), but in
most cases did not depend on the age of the animals (Wilks
l¼ 0.29, F2,53¼1.20, p¼ 0.262). However, animal age did have a
significant impact on the concentrations of Zn in A. flavicollis.

Differences in the concentrations of chemical elements did not
depend upon interaction of site-based and host factors: age� site
(two-way ANOVA F¼ 1.14, p¼ 0.225) and gender� site (F¼ 1.16,
p¼ 0.264). However, the interaction of two host factors, i.e.,
age� gender, did have a statistically significant influence (F¼ 1.93,
p< 0.05).

3.2. Influence of the great cormorants: the zone factor

Depending on which zone of the great cormorant colony the
mice had been trapped in, concentrations of K (ANOVA F¼ 6.45,
p< 0.001), Mn (F¼ 7.04, p< 0.001), Cu (F¼ 3.40, p< 0.05), Rb
(F¼ 14.59, p< 0.001) and Pb (F¼ 5.15, p< 0.05) differed in the

individuals of A. flavicollis (Table S1). The concentration of K was
significantly higher in mice from zone D than in zone A (Tukey HSD,
p< 0.01) and zone C (p< 0.01). The concentration of Mn was at its
highest in mice from zones A and C. The concentration of Mn in
zone Awas significantly higher than in zone B (Tukey HSD, p< 0.01)
and zone D (p< 0.001), and the concentration of Mn in zone C was
significantly higher than in zone D (Tukey HSD, p< 0.05). The
concentration of Cu was at its highest in mice from zone C
(significantly higher than in zone A, Tukey HSD, p< 0.05), though
not significantly differing from zone B (p¼ 0.09) and D (p¼ 0.71)
(Table S1).

The concentration of Rb in mice from zone Awas higher than in
zones B, C and D (Tukey HSD, all p< 0.001), while the concentration
in zone B was higher than in zone D (p< 0.05). Similarly, the con-
centration of Pb was at its highest in mice from zone A (differences
from all other zones significant at p< 0.05). Thus, the concentra-
tions of K and Cu in A flavicollis increased in line with an increased
influence of the cormorants, while the concentrations of Rb and Pb
decreased (Table S1, Fig. 2).

3.3. Differences related to the gender and age of the mice: the host
factor

Differences in the concentrations of Zn (ANOVA F¼ 24.38;
p< 0.001), Fe (F¼ 4.60; p< 0.05) and Mo (F¼ 4.47; p< 0.05) were
related to the gender factor, all concentrations being higher in fe-
males (Table 1). We also found that, for some elements, zone factor

Fig. 2. Concentrations of K, Cu, Rb and Pb (mg g�1) in the bodies of Apodemus flavicollis from the different zones of the great cormorant colony (age and gender groups pooled). Zone
A e control, zone B e ecotone between colony and surrounding forest, C e zone of active influence of the colony, D e zone of former influence.
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had a differing influence on males and females. In females, the
concentrations of K (ANOVA, F¼ 4.35, p< 0.05) and Cu (F¼ 3.12,
p< 0.05) differed according to the zone of colony, while this con-
centration did not differ in males (F¼ 1.69, p¼ 0.20 and F¼ 0.73,
p¼ 0.16, respectively). Vice versa, the concentrations of Fe signifi-
cantly differed according to the zone of the colony in males
(F¼ 3.57, p< 0.05), but not in females (F¼ 0.58. p¼ 0.64).

Age-related differences were found in the concentrations of Zn
(F¼ 10.99, p< 0.001). Zn values (21.7± 4.5 mg g�1) were highest in
the bodies of adult individuals, exceeding those in subadult in-
dividuals (Tukey HSD, p< 0.05) and juveniles (p< 0.001), while
values in subadults also exceeded juveniles (p< 0.05) (Table 1).

3.4. Inter-elemental correlations

Two groups of chemical elements that positively and signifi-
cantly correlated between each other within the group were
identified in the A. flavicollis trapped in the territory of the colony of
great cormorants - the first group comprisedMg, Al, P and Ca, while
the second group was Al, S, Cl and K (excluding K-Cl, r¼ 0.252,
p¼ 0.066) (Fig. 3). Outside these groups, strong significant positive
correlations in the concentrations were also found between the
pairs Br-Fe (r¼ 0.555, p< 0.001) and Sr-Pb (r¼ 0.568, p< 0.001).

Other correlations between the concentrations of chemical ele-
ments are presented in Table S2.

4. Discussion

Cormorants mediate the transfer of various chemical elements
from aquatic to terrestrial ecosystems. The main source of this
transfer is bird excreta (Klimaszyk et al., 2015; Otero et al., 2015).
Pedogeochemical analysis has shown that guano has a low pH, high
levels of P, K and Ca (Breuning-Madsen et al., 2010; Lafferty et al.,
2016) and raised concentrations of S, Cl, Cr, Ni, Cu, Zn and Pb
(Tara�skevi�cius et al., 2013). As was emphasized by the latter author,
“geochemical disbalance can be one of the possible reasons of
disturbance in natural ecosystems”. The other possible source of
cormorant-borne chemical elements are the fish brought to the
colony as food for chicks, some of these being lost and thus reaching
the ground (P�utys, 2012). In fish fromwater bodies in Lithuania, the
accumulation of heavy metals follows the order
Cd> Pb>Ni> Zn> Cr> Cu (Idzelis et al., 2008), with concentra-
tions of Cd and Pb frequently exceeding the Maximum Tolerable
Limit value of both Lithuania and the European Union (Staniskiene
et al., 2006).

In general, the accumulation of trace elements and heavymetals
in mammals depends on habitat, available food, season and host
factors, such as species, age and gender (Fritsch et al., 2010; Lehel
et al., 2015; Neila et al., 2017). Although almost any chemical ele-
ments can be detrimental to organisms at high doses, some of these
elements (Na, Mg, K, Ca) are not only essential at lower concen-
trations, but are also frequently lacking in organisms. Amongst
these, essential elements such as Al, Fe, Ni, Cu, Zn, Sr andMo can be
toxic in high concentrations, while Pb and Cd may be toxic even at
low concentrations (Pais and Jones, 1997; Hernout et al., 2016).

Our study was the first investigation into the accumulation of
chemical elements in small mammals inhabiting the territories of
great cormorant colonies. The main factor determining the con-
centrations of the chemical elements in A. flavicolliswas the zone of
the colony, this characterizing nest density and bird presence, thus
a proxy of bird influence on the local environment. We found a
significant increase in the concentrations of K and Cu and a
decrease in Rb and Pb in A. flavicollis trapped in the zones with

Table 1
Concentrations of chemical elements (mg g�1) in the bodies of Apodemus flavicollis trapped in various zones of the great cormorant colony, according to age and gender groups.
Significant differences between groups is presented in bold (ANOVA: * e p < 0.05, ** e p < 0.001). Superscript letters indicate pairwise age-group differences.

Element Adults (N¼ 21) Subadults (N¼ 21) Juveniles (N¼ 12) Females (N¼ 31) Males (N¼ 23)

Mean± SD MineMax Mean± SD MineMax Mean± SD MineMax Mean± SD MineMax Mean± SD MineMax

Na 708± 103 437e929 681± 86 523e852 688± 69 577e826 706± 71 558e852 676± 108 437e929
Mg 298± 43 199e366 276± 43 207e367 298± 29 255e360 298± 39 227e367 277± 41 199e366
Al 81.7± 9.3 63.9e96.4 79.8± 11.4 59.6e103.9 80.5± 10.6 69.4e100.5 80.9± 10.3 63.2e103.9 80.4± 10.5 59.6e100.5
Si 23.6± 21.5 1.5e86.1 29.4± 36.0 1.5e149.0 29.3± 23.7 2.7e70.1 27.0± 23.9 1.5e82.0 27.2± 33.5 1.5e149.0
P 4952± 528 4106e5996 4772± 564 3869e6099 4949± 322 4420e5469 4971± 496 3973e6099 4760± 501 3869e5996
S 2438± 328 1738e2977 2280± 375 1676e3084 2154± 300 1683e2551 2327± 335 1710e3084 2294± 384 1676e3021
Cl 781± 83 628e941 763± 74 643e932 761± 46 693e831 782± 70 643e941 752± 73 628e894
K 2721± 187 2300e3119 2635± 184 2184e2961 2591± 206 2242e2880 2670± 209 2184e3119 2643± 174 2300e2944
Ca 7483± 1167 5435e9933 6905± 1243 5167e9851 6965± 630 5879e7899 7364± 1071 5167e9851 6845± 1139 5207e9933
V 0.16± 0.02 0.12e0.22 0.15± 0.02 0.11e0.18 0.15± 0.02 0.11e0.18 0.16± 0.02 0.11e0.22 0.15± 0.02 0.11e0.18
Mn 0.78± 0.28 0.48e1.50 0.70± 0.34 0.42e2.03 0.88± 0.39 0.43e1.75 0.82± 0.32 0.43e1.75 0.71± 0.34 0.42e2.03
Fe* 34.7± 4.2 29.9e42.6 33.4± 6.9 22.0e54.9 35.9± 3.8 30.3e42.7 35.8± 5.5 27.9e54.9 32.7± 4.8 22.0e42.1
Ni 0.62± 0.10 0.38e0.82 0.61± 0.12 0.43e0.85 0.6± 0.12 0.36e0.78 0.61± 0.11 0.36e0.85 0.6± 0.1 0.43e0.79
Cu 1.66± 0.13 1.37e1.86 1.67± 0.12 1.47e1.95 1.74± 0.16 1.5e2.03 1.69± 0.14 1.46e2.03 1.67± 0.13 1.37e2.00
Zn** 21.7± 4.5S,J 15.3e23.2 19.4± 3.4A,J 14.5e24.3 16.7± 1.3A,S 14.7e18.6 21.3± 4.3 14.7e28.2 17.5± 2.3 14.5e23.5
Br 2.38± 0.48 1.28e3.17 2.35± 0.57 0.88e3.59 2.65± 0.37 1.99e3.23 2.41± 0.56 0.88e3.59 2.45± 0.41 1.58e3.11
Rb 6.27 ± 2.45 3.43e13.49 6.16± 2.25 3.76e12.23 6.18± 1.15 4.74e8.28 6.35± 2.26 3.76e13.49 6± 1.93 3.43e12.23
Sr 3.14± 1.26 1.91e8.03 2.78± 0.51 2.15e4.47 2.60± 0.36 2.11e3.28 3.03± 1.07 2.08e8.03 2.69± 0.49 1.91e3.89
Mo* 0.66± 0.19 0.32e1.09 0.61± 0.17 0.27e0.88 0.57± 0.19 0.24e0.88 0.66± 0.18 0.32e1.09 0.56± 0.16 0.24e0.88
Pb 0.05± 0.02 0.02e0.12 0.05± 0.02 0.02e0.08 0.04± 0.01 0.02e0.05 0.05± 0.02 0.02e0.12 0.04± 0.01 0.02e0.08

Fig. 3. Intercorrelations between the concentrations of chemical elements in Apode-
mus flavicollis trapped in the territory of the colony of great cormorants (animals from
all zones pooled). The correlation between K and Cl (r¼ 0.252, p¼ 0.066) is not shown.
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increased levels of cormorant impact (Table S1). The overall impact
of the influence of cormorants can be considered ambiguous in
terms of advantageous or disadvantageous e the increase in the
essential K and Cu is positive, as is the decrease in the harmful Pb,
but the decrease in the essential Rb is negative. A lack of K can be
compensated by heightened Rb intake, extending across all the
food web (Nyholm and Tyler, 2000), but a deficiency of Rb is re-
ported as harmful (Gajdo�s and Janiga, 2015). In fish at least, how-
ever, excess Rb in combinationwith heightened Pb, Mo and As may
act as a spermatogenesis inhibitor (Yamaguchi et al., 2007).

Concentrations of some trace elements and heavy metals in the
bodies of A. flavicollis were gender dependent: females accumu-
lated significantly higher concentrations of Zn, Fe and Mo. As for
the higher concentration of Mo in females, our results confirm
those of Gajdo�s and Janiga (2015). Higher concentrations of Zn have
also been found in female rats (Bortey-Sam et al., 2016), as well as
human females (Ziola-Frankowska et al., 2015; Tara�skevi�cius et al.,
2017b). Research by Zarrintab and Mirzaei (2017) showed opposite
results, there a significantly higher level of Zn was found in male
rats. Out of all the analysed elements, only the Zn concentration in
A. flavicolliswas age-dependent in the investigated great cormorant
colony. The concentration of Zn increasedwith age, being highest in
adult mice. As well as Zn being involved in the development of sex
organs, it is necessary for normal growth and maturation. Addi-
tionally, juveniles and pregnant or lactating females have increased
requirements for zinc (Roohani et al., 2013). However, it is known
that the Zn concentration in mammals is regulated at constant
concentrations and is mostly present within a narrow range
(Hernout et al., 2016). From this point of view, our finding of age
dependent Zn concentrations in mice from within the cormorant
colony requires further attention. Decreased body size of M glar-
eolus and common vole (Microtus arvalis) have been observed in Pb,
Fe, Cu and Zn contaminated areas of Slovakia (Martiniakov�a et al.,
2011), while similar changes in body size and body condition of
black-striped mice (Apodemus agrarius), wood mice (A. sylvaticus)
and greater white-toothed shrews (Crocidura russula) have been
observed in other polluted areas (S�anchez-Chardi et al., 2007a,
2007b; Velickovic, 2007). A decrease in body mass in A. flavicollis in
the expanding part of the colony typified by fresh nests was also
observed in the investigated colony (Bal�ciauskas et al., 2015).
Comparing heavy metal concentrations in M. glareolus from the
western part of Lithuania (Ma�zeikyt _e and Bal�ciauskas, 2003), the
average concentrations of Pb (0.34 mg g�1) and Cu (2.61 mg g�1) in
the bodies of these voles were higher than those accumulated in
A. flavicollis from the great cormorant colony, while the concen-
tration of Ni (0.61 mg g�1) did not differ (Table S1). However, these
concentrations are not directly comparable, as M. glareolus is
known to accumulate Cd, Pb, Cu and Zn in higher concentrations
than A. flavicollis (Martiniakov�a et al., 2010, 2011). In addition, we
have no data on the possible transfer of heavy metals and other
elements with dust, which may have a significant influence on
concentrations in small mammals (Metcheva et al., 2001).

Compared to other rodents from industrially polluted sites, the
concentrations of the accumulated elements in A. flavicollis from
the territory of the cormorant colony were lower. However, the
results are very inconsistent (Table S3). It is known that the accu-
mulation of heavy metals may differ by up to fivefold between
species of shrews, voles and mice in the same territory (Wijnhoven
et al., 2007). We do not discuss these differences with respect to the
species, site or organs, but it is clear that biological pollution by
cormorants is lower than that by industrial outputs. Still however,
we found differences in some element accumulations that did
depend on the level of the impact of the cormorant colony
(Table S1). Concentrations of Pb in A. flavicollis from the territory of

the great cormorant colony were lower not only than those in ro-
dents from industrially polluted sites, but also in comparison to
concentrations of various chemical elements in the tissues of the
cormorants (Goutner et al., 2011; Misztal-Szkudlinska et al., 2011).
We found two groups of chemical elements in the bodies of
A. flavicollis with concentrations correlated within the group,
namely Mg, Al, P and Ca, plus Al, S, Cl and K (Fig. 3). Interactions
between chemical elements can be related to the specific mineral
structure of the bone tissue and physiological functions of these
elements in the organism (Brodziak-Dopierala et al., 2009). Strong
correlations between Mg, P and Ca have been found in human
bones (Ziola-Frankowska et al., 2015), while Gajdo�s and Janiga
(2015) found strong correlations between S and K. Likewise in
our case, the correlation between S and K was very strong
(R¼ 0.808, p< 0.001). Moreover, we complement this group with
correlations with Cl and Al.

We may conclude that the accumulation of five out of 20
investigated elements in the bodies of A. flavicollis inhabiting the
territory of the great cormorant colony depended on the intensity
of bird influence. However, as identified by previous research, this
is hardly likely to be the sole reason for significant changes in small
mammals (Bal�ciauskien _e et al., 2014, 2015; Bal�ciauskas et al., 2015,
2016). Many ecological factors are changed due to the biological
pollution of the cormorant colony, including the food base for the
small mammals, the composition of vegetation, the presence of
refuges and disturbance by birds. Chemical changes in the colony
resulting from the transfer of materials from the aquatic to
terrestrial ecosystem work in complex with these other changes.

Themain limitation of our work is the sample size. However, the
number of small mammals inhabiting the colony is finite and can
hardly be bigger. Investigations into other cormorant colonies and
other small mammals, such as bank voles (Myodes glareolus), will
expand the results of this pilot study and may help to gain a deeper
understanding of the registered chemical changes.
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Abstract
Meadows	in	river	deltas	are	characterized	by	a	high	diversity	and	abundance	of	small	
mammals.	However,	neither	 their	 spatial	arrangement	nor	differences	 in	 their	use	of	
microhabitat	can	necessarily	explain	the	dense	co‐occurrence	of	sympatric	species.	We	
investigated	how	several	small	mammal	species	share	a	seasonally	flooded	meadow	of	
limited	size,	testing	predictions	(P1)	that	herbivore,	granivore,	insectivore,	and	omnivore	
species	are	separated	in	time	(dominant	in	different	years),	(P2)	that	sympatric	species	
undergo	isotopic	partitioning,	and	(P3)	that	there	are	intraspecific	differences	in	diet.	
Stable	carbon	and	nitrogen	isotope	signatures	in	the	hair	of	seven	synantropic	shrew,	
vole,	and	mice	species	were	used	as	a	proxy	for	their	diet.	We	found	that	the	three	most	
abundant	species	in	eight	of	the	nine	years	were	from	different	diet	groups.	However,	
based	on	the	number	of	species	 in	the	functional	groups,	the	state	of	small	mammal	
community	was	considered	unfavored	in	five	out	of	the	nine	investigation	years.	In	years	
with	the	greatest	dominance	of	Apodemus agrarius,	the	small	mammal	community	was	
characterized	by	decreased	diversity	and	Micromys minutus	was	either	in	low	abundance	
or	 absent.	 In	 2014	 and	 2016,	 years	 of	 low	 abundance	 or	 absence	 of	M. oeconomus,	
M. agrestis,	 and	M. glareolus	were	both	 recorded	 in	high	numbers.	Differences	 in	 the	
isotopic	signatures	of	the	three	most	abundant	small	mammal	species	in	the	community	
were	clearly	expressed	and	core	areas	in	the	isotopic	space	were	separated,	showing	
their	dependence	on	different	dietary	 resources.	 Intraspecific	dietary	separation	be‐
tween	young	and	adult	animals	was	observed	only	in	M. oeconomus.	Thus,	the	high	spe‐
cies	diversity	of	small	mammals	and	the	formation	of	their	community	in	this	investigated	
flooded	meadow	are	maintained	by	isotopic	partitioning	(segregation	in	dietary	space)	
and	by	changes	in	their	number	over	time	(shifting	dominance).

K E Y W O R D S

dietary	separation,	diversity,	isotopic	partitioning,	small	mammal	community,	spring	floods

1  | INTRODUCTION

Co‐occurring	species	inevitably	will	compete	for	space	and	resources,	
and	 this	 competition	 changes	 their	 distribution	 (Baltensperger,	

Huettmann,	Hagelin,	&	Welker,	2015).	While	dense	co‐occurrence	
of	sympatric	species	may	be	attributed	to	differences	in	microhabi‐
tat	use	(Jorgensen,	2004),	not	all	cases	can	be	explained	by	this	“mi‐
crohabitat	paradigm”	(Balestrieri	et	al.,	2017).	Alternative	means	to	
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coexist	can	be	through	a	spatial	arrangement	of	species	(Myllymäki,	
1977;	Wilson	 et	 al.,	 2014),	 differing	 diets	 (Shiels	 et	 al.,	 2013),	 or	
via	dietary	separation	of	species	with	similar	requirements,	that	is,	
resource	 partitioning	 (Calandra	 et	 al.,	 2015;	 Dueser	 &	 Shuggart,	
1979;	Meserve,	1981;	Schoener,	1974;	Symes,	Wilson,	Woodborne,	
Shaikh,	&	Scantlebury,	2013).	Additional	drivers	may	also	influence	
the	 temporal	 and	 spatial	 placement	 of	 resources	 and	 small	 mam‐
mals	(Balestrieri	et	al.,	2017;	Marques,	Rocha,	Mendes,	Fonseca,	&	
Ferreira,	2015;	Sozio	&	Mortelliti,	2016).

River	floodplains,	affected	by	periodic	floods,	are	productive	and	
heterogeneous	habitats	(Mathar,	Kleinebecker,	&	Hölzel,	2015),	suit‐
able	for	small	mammals	(Wijnhoven,	Smits,	Van	der	Velde,	&	Leuven,	
2006).	After	recovery	from	the	detrimental	influences	of	floods,	the	
abundance	of	small	mammals	in	river	floodplains	is	high	for	a	given	
period	of	time	(Golet,	Hunt,	&	Koenig,	2013).

Areas	subject	to	periodic	flooding	maintain	a	high	small	mammal	
diversity	(Balčiauskas,	Balčiauskienė,	&	Janonytė,	2012b;	Crnobrnja‐
Isailović	et	al.,	2015)	as	the	dynamic	hydrology	supports	a	diversity	
of	resources	(Merwe	&	Hellgren,	2016).	A	greater	number	of	species	
(Barnosky,	Hadly,	Maurer,	&	Christie,	2001;	Hallett,	1991)	or	func‐
tional	diversity	of	these	species	(Wood,	McKinney,	&	Loftin,	2017)	
enhances	 the	 stability	of	 a	 community,	 increasing	 the	potential	 to	
withstand	negative	influences	(Scheffer	et	al.,	2012).	Under	condi‐
tions	of	 increased	and	more	frequent	floods	 (prognosis	by	Reader,	
Stedmon,	&	Kritzberg,	 2014),	 ecosystems	may	 reorganize	 (Brown,	
Whitham,	Ernest,	&	Gehring,	2001).	The	arrival	of	new	species	and	
resulting	changes	in	food	webs	(Baltensperger	et	al.,	2015)	may	be	
buffered	by	compensation	from	complementary	species.

Rodent	 species	 are	 characterized	 by	 different	 diets,	 and	 thus,	
the	isotopic	niche	of	this	complex	taxonomic	group	is	broad	(Galetti,	
Rodarte,	Neves,	Moreira,	&	Costa‐Pereira,	2016).	The	diets	of	voles	
and	mice	partially	overlap,	but	fundamentally	differ	from	other	small	
mammals	such	as	marsupials	and	shrews	(Baltensperger	et	al.,	2015;	
Butet	&	Delettre,	2011;	Galetti	et	al.,	2016;	Symes	et	al.,	2013).	In	
small	 rodent	 communities	 from	 transitional	 temperate	 climates,	
three	groups	are	recognized	according	to	their	diet,	specifically	her‐
bivorous	voles	(Microtus	and	Arvicola),	granivorous	mice	(Apodemus 
and	Micromys),	 and	 the	omnivorous	M. glareolus	 (Butet	&	Delettre,	
2011;	Zub,	Jędrzejewska,	Jędrzejewski,	&	Bartoń,	2012).	All	shrews	
(Sorex	and	Neomys)	in	the	temperate	region	are	insectivorous,	with	
the	 species	 utilizing	 dietary	 separation	 and	microhabitat	 selection	
to	allow	them	to	coexist	in	the	same	habitat	(Churchfield	&	Rychlik,	
2006;	Pernetta,	1976).

Diet	 differences	 may	 favor	 coexistence	 in	 sympatric	 species	
(Kronfeld‐Schor	&	Dayan,	1999;	Luo	&	Fox,	1996;	Shiels	et	al.,	2013)	
and	are	also	characteristic	of	other	systematic	groups	of	mammals,	
for	example,	carnivores	(Kasper,	Peters,	Christoff,	&	de	Freitas,	2016).

Small	mammal	 communities	 are	 not	 randomly	 assembled,	 they	
follow	so‐called	“assembly	rule”	(Fox	&	Kirkland,	1992).	It	says	that	
“each	 species	 entering	 a	 community	will	 tend	 to	 be	 drawn	 from	 a	
different	 group	until	 each	 group	 is	 represented,	 and	 then	 the	 rule	
repeats”	 (Fox	&	Brown,	1993).	According	 to	Fox	 (1987),	we	should	
expect	a	single	species	from	each	of	the	different	dietary	groups	to	

form	the	community	in	years	with	low	small	mammal	diversity,	with	
increasing	 resources	 thereafter	 allowing	 the	 addition	 of	 a	 second	
species	from	each	group,	then	a	third,	ultimately	resulting	in	a	favor‐
able	community	structure	(see	Data	analysis).	As	these	small	mammal	
groups	reflect	dietary	separation,	isotopic	partitioning	also	should	be	
expected	(Calandra	et	al.,	2015;	Hwang,	Millar,	&	Longstaffe,	2007).

The	 aim	 of	 the	 study	 was	 to	 investigate	 the	 pattern	 of	 coex‐
istence	 of	 several	 small	 mammal	 species	 in	 a	 seasonally	 flooded	
meadow,	based	on	the	working	hypothesis	that,	in	order	to	coexist	
in	a	small	area,	species	should	be	separated	not	only	in	dietary	space	
but	also	in	time.	We	supposed	that	separation	in	dietary	space	would	
operate	 for	 a	 single	year,	while	 shifting	dominance	would	operate	
over	the	longer	periods,	this	additionally	reflecting	the	differing	re‐
silience	of	 various	 species	 to	 floods.	We	 tested	 three	predictions:	
P1—sympatric	 species	 of	 the	 same	 group	 (herbivores,	 granivores,	
insectivores,	and	omnivores)	are	separated	by	time,	that	is,	dominate	
in	 different	 years,	 P2—sympatric	 species	 are	 separated	 in	 dietary	
space,	thus	differ	in	isotopic	signatures,	and	P3—intraspecific	differ‐
ences	between	various	demographic	groups	are	present	(assuming	
intraspecific	competition	for	food).	P3	is	based	on	our	previous	and	
ongoing	 research	 (Balčiauskas,	Skipitytė,	 Jasiulionis,	Balčiauskienė,	
&	Remeikis,	2018;	Balčiauskas	et	al.,	2016),	where	we	found	some	
intraspecific	segregation	in	the	isotopic	space	in	yellow‐necked	mice	
(Apodemus flavicollis)	and	bank	voles	(Myodes glareolus)	living	in	great	
cormorant	 colonies,	 an	 environment	where	 foods	 are	 scarce,	 thus	
necessitating	competition.

2  | MATERIAL AND METHODS

2.1 | STUDY SITE

We	 studied	 the	 small	 mammal	 community	 of	 a	 flooded	 meadow	
(55°19'26.23"N,	21°20'24.15"E)	near	Rusnė	settlement	(55°20'10''N;	
21°18'54''E)	 in	 the	 Nemunas	 River	 Delta,	 situated	 in	 western	
Lithuania	(Figure	1).	The	delta	is	on	the	border	of	two	major	biogeo‐
graphical	regions	in	Europe	(European	Environment	Agency,	2002),	
namely	the	boreal	and	continental,	and	thus,	the	small	mammal	com‐
munity	encompasses	species	from	both.

The	 area	 of	 the	 site	 is	 quite	 small	 (7.05	ha,	 with	 a	 perimeter	 of	
1,070	m)	and	is	flooded	every	year	(Balčiauskas	et	al.,	2012b),	with	the	
duration	 of	 submergence	 dependent	 on	 flood	 height.	 Regardless	 of	
flood	level,	the	trapping	site	is	totally	flooded	for	only	a	short	time	each	
spring.	Spring	floods	normally	start	around	19	of	March,	and	the	aver‐
age	duration	of	flood	is	16	days	(Floods,	2018).	In	the	study	area,	spring	
floods	 effectively	 eradicate	 the	 small	 mammal	 communities	 in	 the	
meadow,	but	the	negative	effects	are	short‐term	and	high	small	mam‐
mal	diversities	are	restored	during	the	summer	period	from	enclosing	
levees,	serving	as	refugees	during	flood	(Balčiauskas	et	al.,	2012b).

The	area	consists	of	a	polder	system	with	artificially	raised	em‐
bankments	to	protect	against	high	spring	floods.	The	meadows	are	
surrounded	by	ditches,	overgrown	by	reeds	and	partially	by	shrubs	
(Figure	1).	The	main	vegetation	of	the	meadow	consists	of	Poaceae	
and	Cyperaceae	plants.	These	flooded	meadows	were	not	cut	during	
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the	 investigation	 period,	 except	 in	 2012–2013	 when	 vegetation	
from	the	central	part	of	the	site	was	cut	once	during	the	summer	of	
each	year,	though	the	surrounding	reed	belts	were	left	untouched.	
Trapping	was	performed	at	a	time	when	the	cut	surface	had	re‐grown.	
Visual	 assessment	 of	 the	 habitat	 and	measuring	 several	 variables,	
such	 as	 grass	 height,	 reedbed	 presence,	 shrub	 presence,	 distance	
to	 the	water,	main	 species	of	 the	vegetation	at	 all	of	 the	 trapping	
locations	in	2011–2016,	confirmed	its	uniformity	(unpublished data).

2.2 | Small mammal trapping

Small	 mammals	 were	 trapped	 in	 2008–2016.	 In	 2011	 and	 2013–
2016,	trapping	occurred	once	at	the	end	of	September/beginning	of	
October.	In	the	other	years,	there	were	two	or	three	trapping	ses‐
sions	(July–September).	In	the	years	with	several	trapping	sessions,	
there	were	no	shifts	in	the	numbers	of	the	two	most	numerous	small	
mammal	 species	between	 the	 trapping	 sessions,	 so	 the	data	were	

F I G U R E  1  Study	site	position	in	the	
Nemunas	River	Delta	(between	Nemunas	
(Atmata)	and	Skirvytė	river	branches)	and	
habitat	structure	of	the	site.	Red	lines	
represent	trap	setting	lines	in	2008–2016.	
The	diagonal	line	was	operational	in	2009	
only

TA B L E  1  Composition	of	the	small	mammal	community	in	a	seasonally	flooded	meadow	at	Rusnė	(western	Lithuania),	2008–2016	and	
trapping	effort

Species 2008 2009 2010 2011 2012 2013 2014 2015 2016

Total

N %

Sorex araneusa 35 42 31 2 44 9 14 9 7 193 14.2

Sorex minutusa 3 8 12 – 3 2 – 4 3 35 2.6

Neomys fodiensa 2 – – – – – – – – 2 0.1

Apodemus agrariusb 22 60 193 124 57 17 55 53 63 644 47.4

Apodemus flavicollisb – – – – 3 – – – – 3 0.2

Micromys minutusb 53 – 33 – 10 – 5 2 1 104 7.7

Microtus arvalisc – 2 – – – – 2 – – 4 0.3

Microtus agrestisc – – 1 – – – 3 10 7 21 1.5

Microtus oeconomusc 46 102 30 14 67 5 7 37 – 308 22.7

Myodes glareolusd – – 13 2 2 1 10 13 3 44 3.2

Arvicola amphibiusc – – 1 – – – – – – 1 0.1

Total,	N 161 214 314 142 186 34 96 128 84 1,359 100

No	of	species 6 5 8 4 7 5 7 7 6 11  

Shannon's	H 2.10 1.73 1.85 0.67 2.03 1.80 1.98 2.19 1.33 2.13  

Simpson's	c 0.26 0.35 0.41 0.77 0.28 0.35 0.37 0.28 0.58 0.30  

Trapping	effort,	trap	
lines

20 31 23 8 12 6 9 6 6 121  

Trapping	effort,	trap	
nights

750 1995 1525 600 750 450 681 450 450 7,651  

Notes.	Diet	preferences	marked	with	superscripts:	a—insectivores,	b—granivores,	c—herbivores,	d—omnivores	(according	to	Butet	&	Delettre,	2011;	
Churchfield	&	Rychlik,	2006;	Zub	et	al.,	2012;	Pernetta,	1976).	Shannon's	H	measures	diversity	of	the	small	mammal	community,	Simpson's	c	the	domi‐
nance.	Trapping	effort	is	expressed	in	trap	nights
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pooled.	Each	year,	we	used	6–31	lines	of	25	snap	traps,	each	set	5	m	
apart,	the	number	of	lines	depending	on	the	number	of	trapping	ses‐
sions	(Table	1).	We	positioned	the	traps	according	to	the	perimeter	
of	the	site	in	all	years,	the	trap	lines	being	close	to	drainage	ditches	
(2–10	m)	 and	 adjacent	 reed	belts.	 In	2009,	 traps	were	 additionally	
set	on	a	diagonal	transect	(Figure	1).	Traps	were	set	for	three	days,	
checked	once	a	day,	and	baited	with	bread	crust	and	sunflower	oil.	
The	total	trapping	effort	was	7,651	trap	nights,	and	1,359	individuals	
of	11	species	were	captured	(Table	1).	Presented	in	the	Supporting	
information	Table	S1,	 relative	abundance	was	expressed	as	 stand‐
ard	capture	rates	to	number	of	animals/100	trap	nights.	Most	of	the	
registered	species	were	typical	for	the	region.	In	Lithuania,	common	
vole	 (Microtus arvalis),	 common	 shrew	 (Sorex araneus),	M. glareolus,	
A. flavicollis,	 striped	 field	 mouse	 (Apodemus agrarius),	 and	 pygmy	
shrew	(Sorex minutus)	are	typical	meadow	species.

Species	 were	 identified	 morphologically,	 with	 specimens	 of	
Microtus	 voles	 identified	 by	 their	 teeth.	 Juveniles,	 subadults,	 and	
adults	were	identified	under	dissection,	based	on	body	weight,	the	
status	of	sex	organs	and	atrophy	of	the	thymus,	the	latter	of	which	
decreases	with	animal	age	(Balčiauskas,	Balčiauskienė,	&	Janonytė,	
2012a).	After	cleaning	using	Dermestes	beetles,	skulls	were	depos‐
ited	at	the	Laboratory	of	Mammalian	Ecology	of	the	Nature	Research	
Centre	(Vilnius,	Lithuania).

2.3 | Stable isotope analysis

To	test	predictions	P2	and	P3,	hair	samples	were	collected	in	2015	
from	81	 individuals	 of	 the	 seven	 small	mammal	 species	 for	 stable	
isotope	analysis	(Table	2).	We	clipped	off	a	tuft	of	hair	from	between	
the	shoulders	of	each	specimen	and	stored	it	dry	in	separate	bags.	
Scissored	 samples	were	weighed	with	 a	microbalance	 and	 packed	
in	 tin	 capsules,	 and	 stable	 isotope	 analysis	 was	 then	 carried	 out.	
Carbon	and	nitrogen	stable	isotope	ratios	were	measured	using	an	
elemental	analyzer	(EA)	(Flash	EA1112)	coupled	to	an	isotope	ratio	
mass	spectrometer	(IRMS)	(Thermo	Delta	V	Advantage)	via	a	ConFlo	
III	interface	(EA‐IRMS).

Carbon	 and	 nitrogen	 isotope	 data	 are	 reported	 as	 δ	 X	 values	
(where	X	represents	the	heavier	isotope	13C	or	15N)	or	differences	

from	given	standards,	expressed	in	parts	per	thousand	(‰),	and	are	
calculated	according	to	the	formula:

where	Rsample = 13C/12C	or	15N/14N	of	the	sample,	Rstandard = 13C/12C	
or 15N/14N	of	the	standard.

Reference	materials	Caffeine	IAEA‐600	(δ13C	=	−27.771	±	0.043‰,	
δ15N	=	1	 ±	 0.2‰)	 and	 oil	 NBS‐22	 IAEA	 (δ13C	=	−30.031	±	0.043‰)	
provided	by	the	International	Atomic	Energy	Agency	(IAEA)	were	used	
as	standards	for	calibration	of	the	reference	gases	(CO2	and	N2).	EMA	
P2	 (Elemental	Microanalysis,	 δ13C	=	−28	±	0.1‰,	 δ15N	=	−2	±	0.2‰)	
was	selected	as	a	laboratory	working	standard.	Repeated	analysis	of	
this	reference	material	gave	a	standard	deviation	of	less	than	0.08‰	
for	carbon	and	0.2‰	for	nitrogen	(Balčiauskas	et	al.,	2016).

2.4 | Data analysis

The	diversity	of	the	small	mammal	community	was	expressed	using	
the	Shannon–Wiener	diversity	index,	H,	on	the	base	of	log2	(Krebs,	
1999),	while	dominance	was	expressed	using	the	Simpson's	index	c	
(Golet	et	al.,	2013;	Krebs,	1999;	Zhang	et	al.,	2007).	Diversity	of	the	
community	was	compared	to	other	habitats	and	territories	of	dif‐
ferent	size	in	Lithuania,	data	from	Balčiauskas	and	Juškaitis	(1997).

We	 checked	 if	 there	 was	 a	 correlation	 between	 diversity	 and	
A. agrarius	dominance	(this	a	generally	uncommon	species	in	the	coun‐
try,	but	strongly	dominant	during	most	of	the	investigation).	Dominance	
was	calculated	as	a	percentage	of	the	total	number	of	trapped	individu‐
als.	Pearson's	r	was	used	as	dominance	values	were	distributed	normally.

Prediction	 P1	was	 tested	 according	 to	 the	 rule	 of	 equal	 rep‐
resentation	 of	 functional	 groups	 (insectivores,	 granivores,	 herbi‐
vores,	 and	omnivores)	 in	a	 small	mammal	community	 (Fox,	1987).	
Accordingly,	 if	 the	 difference	 between	 the	 numbers	 of	 species	
trapped	in	these	four	groups	in	any	year	is	>1,	the	state	of	the	com‐
munity	is	considered	unfavorable.	The	distribution	of	favored	and	
unfavored	 states	 of	 the	 small	mammal	 communities	 in	 the	Rusnė	
flooded	meadow	is	presented	in	Supporting	information	Table	S2.	
The	pool	of	species	in	the	area	was	insectivores	(I)	=	3,	granivores	
(G)	=	3,	 herbivores	 (H)	=	4,	 and	 omnivores	 (O)	=	1.	 Consequently,	

�X= [Rsample∕Rstandard−1]×1000.

Species N Males Females Adults Subadults Juveniles

Sorex araneus 5 2 2 – 1 –

Sorex minutus 3 – – – – –

Apodemus agrarius 12 8 4 1 5 6

Micromys minutus 1 – 1 – – 1

Microtus agrestis 11 2 9 3 3 5

Microtus oeconomus 34 14 20 15 7 12

Myodes glareolus 15 10 5 2 2 11

*In	shrews	after	trapping	with	snap	traps,	digestion	processes	do	not	stop,	thus	resulting	in	abdomi‐
nal	organs,	including	testes,	uterus,	and	ovaries,	being	unavailable	for	sex	determination.	Self‐diges‐
tion	 of	 gl. thymus	 does	 not	 allow	 for	 age	 estimation	 of	 an	 individual.	 For	 the	 other	 species,	
self‐digestion	is	not	characteristic.	

TA B L E  2  Small	mammal	samples	used	
for	stable	isotope	analysis	from	a	
seasonally	flooded	meadow	at	Rusnė,	
2015	(animal	age	and	sex	in	insectivores	
not	always	known	due	to	self‐digestion* 	of	
the	internal	organs)
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the	probability	of	 their	presence	 in	 the	community	was	 I	=	0.273,	
G	=	0.273,	H	=	0.364,	and	O	=	0.090,	respectively.	We	calculated	the	
expected	number	of	species	in	the	functional	groups	for	every	year	
of	 the	 investigation.	 The	 significance	 between	 expected	 and	 ob‐
served	numbers	was	tested	using	a	chi‐square	test.	Representation	
of	the	functional	groups	in	the	community	was	also	evaluated	using	
the	three	most	abundant	species	in	any	year	(Figure	2).

The	 δ13C	 and	 δ15N	 values	 in	 the	 samples	 were	 expressed	 as	
arithmetic	mean	±	1	SE.	Normality	of	the	δ15N	and	δ13C	values	was	
evaluated	 using	 Kolmogorov–Smirnov	 test.	 Based	 on	 conformity	
to	 normal	 distribution,	 parametric	 tests	 were	 used.	 Main‐effects	
ANOVA	was	used	to	find	the	relationship	of	dietary	group,	species,	
age,	and	sex	of	individuals	to	paired	δ15N	and	δ13C	distribution,	using	
Hotelling's	two	sample	T2	test	for	significance.

The	influences	of	species,	as	well	as	intraspecific	differences	(be‐
tween	males	and	females,	and	between	the	three	age	groups),	on	the	
carbon	and	nitrogen	stable	isotope	values	were	tested	with	paramet‐
ric	ANOVA,	 using	Wilk's	 lambda	 test	 for	 significance.	Differences	
between	groups	were	evaluated	with	post	hoc	Tukey	test.

Isotopic	 niches	 of	 species,	 as	 central	 ellipses,	 were	 calculated	
using	SIBER	(Jackson,	Inger,	Parnell,	&	Bearhop,	2011)	using	R	ver.	
3.5.0	(https://cran.r‐project.org/bin/windows/base/rdevel.html)	for	
the	five	most	numerous	small	mammal	species,	having	five	or	more	
individuals	investigated	for	δ15N	and	δ13C.	Positions	of	seven	small	
mammal	species,	including	those	with	sample	size	n	<	5,	in	the	iso‐
topic	biplot	were	shown	using	SigmaPlot	ver.	12.5.	All	other	calcula‐
tions	were	performed	using	Statistica	for	Windows	ver.	6.

3  | RESULTS

3.1 | Diversity of small mammals in the flooded 
meadow

Eleven	 species	 of	 small	 mammals	 were	 trapped	 in	 2008–2016.	
During	 the	 investigation,	 the	 granivorous	A. agrarius	 dominated	 the	

community	most	frequently	(six	out	of	nine	years),	while	the	herbivo‐
rous	root	vole	 (Microtus oeconomus)	dominated	 in	two	years	and	the	
granivorous	harvest	mouse	(Micromys minutus)	in	one	year	(Figure	2).	In	
addition	to	these,	three	further	species	had	relatively	high	abundance,	
these	 being	 the	 insectivorous	 S. araneus	 (all	 years,	 2008–2016),	 the	
omnivorous	M. glareolus	(2014	and	2015),	and	the	herbivorous	short‐
tailed	vole	(Microtus agrestis)	in	2016	(Supporting	information	Table	S1).

Diversity	of	the	small	mammal	community	was	high	(Shannon's	
H	=	2.13,	 variation	 between	 years	 from	 the	 minimum	 of	H	=	0.67	
in	 2011	 to	 the	 maximum	H	=	2.19	 in	 2015).	 Dominance	 was	 low,	
Simpson's	 c	=	0.30,	 with	 a	 maximum	 in	 2011	 when	 A. agrarius 
was	 absolute	dominant	 in	 the	 community,	 comprising	87.3%	of	 all	
trapped	individuals	(Table	1).

An	 increasing	 dominance	 of	A. agrarius	 was	 negatively	 related	
to	 the	 diversity	 of	 the	 small	mammal	 community	 (r	=	−0.74,	 n	=	9,	
p	=	0.02).	In	the	years	of	the	strongest	dominance	of	A. agrarius,	the	
small	mammal	community	consisted	of	4–5	species,	with	a	low	abun‐
dance	 or	 absence	 of	M. minutus,	 a	 species	 belonging	 to	 the	 same	
granivorous	group	(Table	1).

3.2 | Temporal changes

Throughout	the	 investigation,	the	composition	of	the	small	mam‐
mal	community	followed	the	expected	numbers	of	species	in	func‐
tional	 groups	 (differences	 from	 the	 expected	 numbers	 were	 not	
significant).	However,	in	five	out	of	the	nine	years,	the	state	of	the	
small	 mammal	 community	 was	 unfavored.	 Favored	 states	 were	
found	 in	 2011,	 2013,	 2015,	 and	2016,	when	numbers	 of	 species	
with	similar	dietary	preferences	were	present	according	to	the	as‐
sembly	 rule	 (Supporting	 information	 Table	 S2).	 Unfavored	 states	
were	registered	when	high	numbers	of	 insectivores	were	present	
in	2008,	granivores	in	2012,	and	herbivores	in	2010	and	2014—that	
is,	three	functional	groups	had	chances	to	be	over‐rich	in	species.

In	eight	out	of	the	nine	study	years,	the	three	most	abundant	species	
were	characterized	by	different	diet	preferences.	Only	 in	2010	were	

F I G U R E  2  Temporal	changes	in	the	
numbers	of	small	mammal	species	in	the	
Rusnė	flooded	meadow	(less	numerous	
species	pooled).	Dietary	groups	indicated	
by	hatching	(vertical—herbivores,	
diagonal—granivores,	horizontal—
insectivores)	and	pattern	(stars—
omnivores)
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two	granivorous	rodents	 (A. agrarius, M. minutus)	dominant	(Figure	2).	
In	2014	and	2016,	years	of	low	abundance	or	absence	of	M. oeconomus,	
M. agrestis,	and	M. glareolus	were	both	recorded	in	high	numbers.	The	
herbivores	M. arvalis	and	the	water	vole	(Arvicola amphibius),	as	well	as	
the	granivorous	A. flavicollis,	occurred	in	low	abundances	(Table	1).

Thus,	based	on	the	frequent	deviations	from	the	species	assembly	
rule,	P1	prediction	was	not	fully	confirmed,	but	a	change	in	small	mam‐
mal	numbers	over	time	(shifting	dominance)	was	clearly	demonstrated.

3.3 | Isotopic partitioning

Both	δ15N	and	δ13C	values	 in	S. araneus,	A. agrarius,	M. oeconomus,	
M. agrestis,	and	M. glareolus	were	distributed	normally	(Kolmogorov–
Smirnov	 test,	 NS).	MANOVA	 revealed	 that	 small	mammal	 species	
had	a	significant	effect	(Hotelling's	T2	=	0.13,	p	=	0.022)	on	the	paired	
δ15N	and	δ13C	distribution,	but	not	dietary	group	or	age	or	sex	of	in‐
dividuals	(T2	=	0.00,	T2	=	0.07,	T2	=	0.003,	all	NS,	respectively).	Such	
model	 explained	 34%	 of	 variation	 of	 δ15N	 (r2	=	0.34,	 F6,65	=	7.00,	
p	<	0.0001)	 and	 48%	 of	 variation	 of	 δ13C	 (r2	=	0.48,	 F6,65	=	11.78,	
p	<	0.0001).

Performing	 species‐based	 analysis,	 we	 found	 significant	 differ‐
ences	in	the	distribution	of	stable	isotopes	in	the	hair	of	small	mammals	
of	 different	 species	 in	 2015	 (Wilk's	 lambda	=	0.24,	 F12,146	=	12.74,	
p	<	0.0001).	 Species	 had	 a	 significant	 effect	 on	 the	 differences	 of	
δ15N	and	δ13C	(F6,74	=	16.64	and	F6,74	=	15.38,	both	p	<	0.0001).

3.4 | Interspecific differences in dietary space

The	 range	 of	 stable	 isotope	 values,	 though	 overlapping,	 showed	
a	 separation	 of	 several	 species	 (Figure	 3,	 Supporting	 information	

Table	S3)	and	functional	groups	(Supporting	information	Table	S4).	
According	to	δ15N,	three	groups	were	identified:	the	highest	average	
isotope	values	being	in	the	insectivorous	shrews,	with	medium	val‐
ues	in	granivorous	rodents	(28.9%	less	than	shrews)	and	the	lowest	
values	in	herbivorous	voles	(30.2%	less	than	granivorous	mice).	The	
omnivorous	M. glareolus	 in	 this	 respect	was	closer	 to	 the	group	of	
granivores	species	(difference	5.1%).

According	to	δ13C,	 lower	values	were	registered	in	herbivorous	
voles	 and	 omnivorous	M. glareolus,	 with	 higher	 values	 in	 shrews	
and	mice	 (Figure	3a).	The	difference	between	average	δ13C	values	
in	 granivores	 and	herbivores	was	5.6%,	while	 between	granivores	
and	omnivores	it	was	5.9%	and	between	omnivores	and	insectivores	
4.3%.	However,	the	difference	between	herbivores	and	omnivores	
was	just	0.3%	(Supporting	information	Table	S4).

The	dietary	niches	of	the	most	abundant	species	(core	ellipses	in	
the	isotopic	space)	were	separated	and	did	not	intersect	(Figure	3b),	
the	only	exception	being	M. oeconomus	and	A. agrarius,	these	having	
overlap	 in	core	ellipses	of	<2%.	Thus,	 in	 this	 limited	area,	 sympat‐
ric	species	of	small	mammals	are	separated	dietary,	confirming	P2	
prediction.

3.5 | Intraspecific differences in dietary space

Differences	 in	the	stable	 isotopes	in	the	hair	of	male	and	female	
small	mammals	were	not	significant	in	general	for	δ15N	(F1,10	=	1.36,	
p	=	0.27)	or	δ13C	(F1,10	=	1.51,	p	=	0.31),	nor	in	some	separate	spe‐
cies	(Supporting	information	Figure	S1).	No	significant	differences	
between	stable	isotope	values	were	found	between	age	groups	in	
A. agrarius,	M. glareolus,	 and	M. agrestis	 (Figure	 4a–c).	 Thus,	 pre‐
diction	 P3	 for	most	 of	 the	 analyzed	 species	was	 not	 confirmed.	

F I G U R E  3  Distribution	of	small	mammal	species	from	the	seasonally	flooded	meadow	in	Rusnė	according	to	isotopic	values	(a)	and	
central	ellipses	of	species	(b)	in	the	isotopic	space,	representing	fundamental	niches.	Bars	represent	1	SD	of	the	mean.	Insectivorous	species	
are	shown	by	circles,	granivorous	by	triangles,	herbivorous	by	squares,	and	omnivorous	species	by	stars.	Central	ellipses	include	1	SD	of	
the	mean,	or	~40%	of	data.	The	central	ellipse	of	Sorex araneus	is	shown	in	red,	Apodemus agrarius	in	magenta,	Microtus agrestis	in	yellow,	
Microtus oeconomus	in	green,	and	that	of	Myodes glareolus	in	blue.	The	polygon	(black	line)	represents	the	central	isotopic	niche	of	the	small	
mammal	community

(a) (b)
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In	M. oeconomus,	differences	in	the	stable	 isotopes	in	the	hair	of	
young,	subadult,	and	adult	small	mammals	were	significant	for	δ13C	
(F2,31	=	3.34,	p	=	0.048)	and	near‐significant	for	δ

15N	(F2,31	=	3.21,	
p	=	0.054)	(Figure	4d).	However,	the	difference	expressed	in	per‐
centage	was	not	large:	juveniles	of	M. oeconomus	were	character‐
ized	by	1.4%	lower	δ13C	than	adult	animals	and	10.5%	higher	δ15N.

4  | DISCUSSION

We	analyzed	how	several	small	mammal	species,	representing	insec‐
tivores,	 granivores,	 herbivores,	 and	 omnivores,	 share	 a	 seasonally	
flooded	meadow	of	limited	size.	With	the	re‐occupation	of	the	habi‐
tat	 after	 the	 spring	 flood,	 spatial	 arrangement	may	 “pack”	 species	
of	small	mammals	tightly,	high	floods	giving	chances	to	uncommon	
species	to	establish	(Balčiauskas	et	al.,	2012b).	We	identified	separa‐
tion	of	dominant	species	by	time	and	by	isotopic	partitioning	of	sym‐
patric	species,	but	not	by	intraspecific	differences	in	diet	(with	one	
exception).	 Because	 flooded	meadows	 are	 a	 resource‐rich	 habitat	
(Marques	et	al.,	2015;	Wijnhoven,	Van	Der	Velde,	Leuven,	&	Smits,	
2005),	 unfavored	 small	mammal	 community	 states	with	 increased	

competition	of	several	species	from	the	same	group	were	possible	
in	five	out	of	the	nine	years.	Core	areas	of	the	three	most	abundant	
species	in	the	isotopic	space	were	separated,	showing	their	depend‐
ence	on	different	dietary	resources.

4.1 | Small mammal diversity in the flooded areas

In	general,	higher	species	diversities	are	characteristic	of	larger	areas	
(Balčiauskas	&	Juškaitis,	1997),	but	similar	patterns	are	also	found	in	
seasonally	flooded	sites.	For	example,	in	the	floodplains	of	the	Sava	
River,	23	small	mammal	species	were	registered	(Crnobrnja‐Isailović	
et	 al.,	 2015),	 and	 in	 a	 much	 bigger	 area	 of	 the	 flooded	 Narewka	
River	valley	 in	Poland,	 the	diversity	was	higher,	with	H	=	2.46	and	
11	 species	 registered	 (Zub	 et	 al.,	 2012).	 The	 small	mammal	 diver‐
sity	in	Rusnė	did	not	differ	from	the	bigger	floodplains	of	the	Vltava	
(H	=	2.18,	8	species)	and	Danube	(H	=	2.21,	9	species)	rivers	(Bohdal,	
Navratil,	&	Sedlaček,	2016;	Miklós,	Žiak,	&	Hulejová,	2015).

Our	diversity	index	(H	=	2.13)	was	greater	than	that	found	in	95	
out	of	125	small	mammal	trapping	sites	across	Lithuania,	regardless	
of	the	size	of	these	territories,	which	were	in	most	cases	significantly	
larger.	Only	 in	eight	territories	was	the	number	of	registered	small	

F I G U R E  4   Intraspecific	differences	in	the	stable	isotope	values	in	the	hair	of	young,	subadult,	and	adult	small	mammals:	a—Apodemus 
agrarius,	b—Myodes glareolus,	c—Microtus agrestis,	d—Microtus oeconomus,	black	circles—adult,	gray	circles—subadult,	white	circles—young	
animals.	Differences	between	young	and	adult	animals	in	M. oeconomus	were	significant	for	δ13C	and	had	a	trend	for	δ15N	(p	=	0.054)

(a) (b)

(d)(c)
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mammal	species	larger	than	in	the	flooded	meadow	at	Rusnė	(re‐cal‐
culated	from	Balčiauskas	&	Juškaitis,	1997).

Of	note	is	a	new	small	mammal	species	for	the	Baltic	countries.	
Mediterranean	 shrew	 (Neomys anomalus)	 was	 found	 in	 flooded	
meadows	at	Rusnė	 (<100	m	from	the	 investigated	site)	 living	sym‐
patrically	with	three	other	shrew	species,	water	shrew	(Neomys fo‐
diens),	S. araneus,	and	S. minutus	(Balčiauskas	&	Balčiauskienė,	2012).	
Two	other	small	mammal	species	 that	are	uncommon	 in	Lithuania,	
namely	M. oeconomus	and	M. minutus,	may	also	reach	high	densities	
in	the	Rusnė	meadows	(Balčiauskas	et	al.,	2012b).	These	species	are	
not	common	in	Lithuania	(Balčiauskas	&	Juškaitis,	1997;	Balčiauskas,	
2005;	Balčiauskas,	Čepukienė,	&	Balčiauskienė,	2017	and	references	
therein),	 but	 are	not	 rare	 in	 flooded	meadows	 and	 river	 valleys	 in	
other	European	countries	 (Ambros	et	al.,	2016;	Crnobrnja‐Isailović	
et	al.,	2015;	Tast,	1966;	Zub	et	al.,	2012).

4.2 | Temporal changes in the dominant species

In	the	flooded	meadow	at	Rusnė,	high	numbers	of	species	sympatri‐
cally	shared	an	area	of	 limited	size.	Three	species	dominated	during	
the	nine	years	of	investigation:	the	herbivorous	M. oeconomus	during	
two	years,	the	granivorous	M. minutus	in	one	year	and	the	granivorous	
A. agrarius	in	six	years.	An	increase	in	M. oeconomus	numbers	was	ob‐
served	every	fourth	year	(see	Table	1),	while	A. agrarius	dominated	in	
the	community	for	the	last	four	years	of	the	study	period	(2013–2016).

It	 has	 to	 be	 noted	 that	 floods	 are	 extreme	 environmental	
phenomena,	 not	 only	 causing	 small	 mammal	 mortality,	 but	 also	
changing	 the	dominant	 species	and	 the	 resulting	organization	of	
the	entire	community	 (Thibault	&	Brown,	2008).	Seasonal	floods	
do	not	only	have	negative	or	even	catastrophic	effects	on	 small	
mammal	 communities	 (Andersen,	Wilson,	Miller,	&	 Falck,	 2000),	
but	can	also	influence	the	diversity	of	such	communities	positively	
(Golet	 et	 al.,	 2013).	Generally,	 an	 increase	 in	 diversity	 after	 dis‐
turbance	is	observed,	though	such	a	relationship	is	not	always	lin‐
ear	and	straightforward	 (Mackey	&	Currie,	2001).	We	previously	
found	that	flood	height	was	a	key	factor	influencing	diversity	and	
dominance	in	the	small	mammal	community	in	the	Rusnė	flooded	
meadows.	 After	 low‐level	 floods,	 A. agrarius	 was	 the	 dominant	
species,	while	 high‐level	 floods	 increased	 the	 chances	 for	 other	
species	to	dominate	the	meadow	(Balčiauskas	et	al.,	2012b).	This	
corresponds	 to	 the	 situation	 described	 by	 Brown	 et	 al.	 (2001),	
where	 environmental	 perturbations	 can	 fully	 reorganize	 ecosys‐
tems,	exceeding	the	ecological	tolerances	of	dominant	or	keystone	
species;	though	changes	may	be	buffered	due	to	the	compensatory	
dynamics	of	complementary	species.	In	the	investigated	area,	the	
2010	flood	in	particular	was	very	high	(Balčiauskas	et	al.,	2012b),	
and	it	was	 in	this	year	that	the	two	most	abundant	species	were	
granivores	A. agrarius	and	M. minutus. A. agrarius	was	shown	to	be	
the	best	colonizer	of	previously	flooded	areas	within	agricultural	
land	(Zhang	et	al.,	2007).

However,	 in	 an	 earlier	 (1981–1990)	 long‐term	 study	 of	 small	
mammals	in	eastern	Lithuania,	a	different	pattern	of	dominance	was	
observed.	In	meadows,	different	dominant	species	were	observed,	

namely	 M. glareolus,	 M. arvalis,	 and	 S. araneus,	 while	 A. agrarius 
numbers	were	always	 low	 (3.2%	out	of	2,346	 individuals	 trapped)	
(Balčiauskas,	2005).

Thus,	 our	 recorded	 dominance	 of	 A. agrarius	 in	 the	 flooded	
meadow	in	six	out	of	the	nine	years	is	not	typical	for	Lithuania.	There	
is	no	previous	record	of	such	dominance	during	earlier	decades	 in	
various	 investigated	 habitats	 in	 the	 country	 (Balčiauskas,	 2005;	
Balčiauskas	et	al.,	2017;	Balčiauskas	&	Juškaitis,	1997;	Šinkūnas	&	
Balčiauskas,	2006).

4.3 | Diet differences and favored states

Diet	differences	of	small	mammals	form	the	basis	of	their	commu‐
nity	structure.	Insectivores,	granivores,	herbivores,	and	omnivores	
may	 form	 “favored	 states”	 if	 “each	 species	 entering	 a	 community	
will	be	drawn	from	a	different	functional	group...	until	each	group	
is	represented	before	the	cycle	repeats”	 (Fox,	1987;	Kelt,	Taper,	&	
Meserve,	1995).	This	pattern	has	been	observed	in	different	com‐
munities	of	small	mammals	(Belyea	&	Lancaster,	1999;	Brown,	Fox,	
&	Kelt,	2000;	Eccard	&	Ylönen,	2003;	Fox	&	Brown,	1993;	Fox	&	
Kirkland,	1992;	Kelt	et	al.,	1995;	Rodríguez	&	Ojeda,	2013)	and	 in	
various	habitats	(i.e.,	Zub	et	al.,	2012;	Golet	et	al.,	2013;	Balestrieri	
et	 al.,	2017;	Ambros	et	al.,	2016;	Luza,	Gonçalves,	Pillar,	&	Hartz,	
2016;	Ważna,	Cichocki,	Bojarski,	&	Gabryś,	2016).	Exceptions	how‐
ever	are	also	known	(Jánová,	Heroldová,	&	Čepelka,	2016;	Marques	
et	al.,	2015).

Several	 previous	 investigations	 have	 also	 confirmed	 favored	
states	of	 small	mammal	 communities	 in	 Lithuania	 (i.e.,	Balčiauskas	
&	Juškaitis,	1997;	Balčiauskas,	2005;	Šinkūnas	&	Balčiauskas,	2006;	
Balčiauskas	 et	 al.,	 2017).	 However,	 in	 our	 flooded	 meadow,	 the	
community	of	small	mammals	was	in	an	unfavored	state	(sensu	Fox,	
1987)	 in	 five	of	 the	nine	years,	and	 in	one	year,	 the	 two	most	nu‐
merous	species,	namely	A. agrarius	and	M. minutus,	were	both	grani‐
vores.	 According	 to	 Tulis	 et	 al.	 (2016),	 the	 negative	 interaction	 of	
A. agrarius	 occurs	mostly	with	A. flavicollis,	M. glareolus,	 S. araneus, 
and	M. minutus.	Hence,	 it	 is	 unusual	 to	 observe	 a	 high	 number	 of	
A. agrarius	and	M. minutus	simultaneously.

One	possible	 explanation	 at	 this	 locality	 lies	 in	 the	 abundance	
of	a	prevailing	lush	herbaceous	vegetation	(Wijnhoven	et	al.,	2005)	
and	 of	 reed	 seeds	 at	 the	 flooded	 sites	 (Marques	 et	 al.,	 2015).	
Alternatively,	the	changing	structure	of	the	small	mammal	commu‐
nity	as	it	reoccupied	the	vacant	area	after	a	particularly	high	flood	
may	also	explain	this	unusual	co‐occurrence.

4.4 | Isotopic partitioning

We	expected	that	the	tight	packing	of	sympatric	species	and	their	
segregation	 in	 dietary	 space	would	be	 reflected	by	 stable	 isotope	
values.	 Testing	 two	 predictions,	 we	 found	 that	 isotopic	 partition‐
ing	may	have	helped	maintain	a	high	diversity	of	small	mammals	in	
the	seasonally	flooded	meadow.	Species	were	segregated	in	dietary	
space	 (confirming	prediction	P2),	as	was	shown	by	analysis	of	sta‐
ble	 isotopes	 from	their	hair.	We	 interpret	nearly	 full	 separation	of	
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the	central	ellipses	as	separation	in	dietary	space.	The	only	overlap	
in	central	ellipses,	being	less	than	2%,	was	that	between	A. agrarius 
(dominant	species	in	most	years)	and	M. oeconomus.

Diversity	 (but	 not	 abundance)	 of	 resources	 in	 a	 limited	 area	
presumably	should	also	be	limited,	putting	constraint	on	the	differ‐
ences	 in	δ15N	and,	even	more,	 in	δ13C	values.	While	differences	 in	
δ15N	between	insectivores,	herbivores,	and	granivores	were	nearly	
30%,	differences	 in	δ13C	were	a	mere	5%.	Thus,	we	have	to	 inter‐
pret	dietary	separation	with	caution,	possibly	because	of	territorial	
limitation.

The	widest	trophic	niche	among	the	small	mammals	was	occu‐
pied	by	A. agrarius,	as	the	variance	of	stable	isotope	values	in	their	
hair	was	highest	(see	Figure	3a	and	Supporting	information	Table	S3)	
and	the	core	area	largest	(Figure	3b).	A	wider	trophic	niche	supports	
stability	in	a	species	(Bearhop,	Adams,	Waldron,	Fuller,	&	MacLeod,	
2004;	Wood	et	al.,	2017),	enabling	the	domination	of	A. agrarius	 in	
the	area	of	investigation.	We	did	not	find	intraspecific	differences	of	
stable	isotope	values	in	most	of	the	investigated	species	(prediction	
P3	not	confirmed),	with	some	trend	in	M. oeconomus	age	groups	only.

Isotopic	partitioning	of	small	mammal	species	is	characteristic	in	
other	cases	of	limited	space,	such	as	under	snow	cover	(Calandra	et	
al.,	2015;	Merwe	&	Hellgren,	2016).	The	segregation	of	the	isotopic	
niche	 spaces	 of	 small	 mammals,	 minimizing	 interspecific	 competi‐
tion,	allows	sympatric	species	to	coexist	(Baltensperger	et	al.,	2015),	
especially	 in	 grasslands,	where	 small	mammals	 are	more	plastic	 in	
their	dietary	preferences	(Symes	et	al.,	2013).

However,	we	found	no	other	studies	for	comparison	with	regard	to	
isotopic	partitioning	in	small	mammal	species	in	a	small	area	equivalent	
to	the	Rusnė	flooded	meadow.	Although	intraspecific	dietary	separa‐
tion	was	found	in	A. flavicollis	and	M. glareolus	living	in	the	territory	of	
a	great	cormorant	colony,	we	interpret	this	as	competition	for	scarce	
food	resources	and	as	adults	feeding	in	the	best	habitats	(Balčiauskas	
et	al.,	2016	and	references	therein).	We	suppose	that	abundant	and	
diverse	food	in	the	cyclic	habitat	of	the	flooded	meadow	allows	most	
species	to	avoid	intraspecific	competition.	As	for	M. oeconomus,	it	is	a	
relatively	new	species	in	Lithuania,	arriving	only	about	half	a	century	
ago	(Balčiauskas,	Balčiauskienė,	&	Baltrūnaitė,	2010),	and	thus,	it	may	
have	a	different	strategy	of	habitat	use.

5  | CONCLUSIONS AND SIGNIFICANCE

We	found	that	the	small	mammal	community	in	the	restricted	area	
of	 flooded	meadow	maintained	 a	 high	 species	 diversity	 despite	 a	
cyclic	 stressor	 (flood)	 due	 to	 isotopic	 partitioning	 (segregation	 in	
dietary	 space)	 and	 by	 changes	 in	 their	 number	 over	 time	 (shifting	
dominance).	 The	 shifting	of	dominant	 species	maintains	 long‐term	
diversity,	reflecting	the	differing	resilience	of	various	species	to	the	
floods,	while	separation	in	dietary	space	most	probably	only	works	at	
the	level	of	the	current	year.	In	most	years,	the	three	most	abundant	
species	represented	each	of	the	different	functional	groups,	insecti‐
vores,	granivores,	herbivores,	and	omnivores.	However,	in	five	of	the	
nine	years,	 the	community	was	 in	an	unfavored	state.	Segregation	

of	species	 in	dietary	space	was	confirmed	by	stable	 isotopes	from	
their	hair,	with	the	only	overlap	in	central	ellipses	occurring	between	
A. agrarius	 (dominant	 in	most	 years)	 and	M. oeconomus.	 The	 domi‐
nant	species,	A. agrarius,	was	characterized	by	the	widest	diet.

In	the	future,	with	respect	to	climate	change	and	the	resultant	
expected	 increases	 in	 extreme	 flood	 events	 in	 northern	 Europe	
(Reader	et	al.,	2014)	and	the	arrival	of	new	species	due	to	changes	
in	distribution	ranges	and	consequent	changes	to	communities	and	
food	webs	(Baltensperger	et	al.,	2015),	knowledge	of	the	formation	
of	small	mammal	communities	may	help	in	the	prognosis	of	ecosys‐
tem	changes	and	predicting	at‐risk	species.
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Abstract 

Despite extreme changes of ecosystems made by breeding colonies of great cormorants 

(Phalacrocorax carbo), these territories are still used by mammals. We present results of the 

analysis of mammal seasonal and daily activity patterns, registered by camera traps in two colonies 

of the great cormorants in Lithuania.  

Red foxes and raccoon dogs mainly visited colonies in the cormorant breeding time, April to 

July. In the inland colony of great cormorants in Lukštas Lake, average red fox relative shooting 

frequency in cormorant breeding time considerably exceeded that in non-breeding time (on average, 

41.8 and 5.9 photos/100 days respectively). In the peninsular colony of great cormorants in 

Juodkrantė average relative shooting frequency of red fox in the breeding time was 6.2 versus 2.9 

photos/100 days in non-breeding time, relative shooting frequencies of raccoon dog were 50.0 

versus 1.3 photos/100 days, respectively. All these differences are significant. 

Daily activity patterns of wild boar and red fox in both colonies, as well as activity patterns 

of raccoon dog in Lukštas were significantly related to the activity of cormorants. 

 

Keywords: 

Camera traps, cormorant colony, mammals, activity differences 

 



Seasonal and daily activity patterns of mammals in the colony of great cormorants 

Marius Jasiulionis, Linas Balčiauskas 

Nature Research Centre, Akademijos 2, LT 08412 Vilnius, Lithuania  

Corresponding author:  

Marius Jasiulionis (e–mail: marius.jasiulionis@gamtc.lt) 

Abstract 

Despite extreme changes of ecosystems made by breeding colonies of great cormorants 

(Phalacrocorax carbo), these territories are still used by mammals. We present results of the 

analysis of mammal seasonal and daily activity patterns, registered by camera traps in two colonies 

of the great cormorants in Lithuania.  

Red foxes and raccoon dogs mainly visited colonies in the cormorant breeding time, April to 

July. In the inland colony of great cormorants in Lukštas Lake, average red fox relative shooting 

frequency in cormorant breeding time considerably exceeded that in non-breeding time (on average, 

41.8 and 5.9 photos/100 days respectively). In the peninsular colony of great cormorants in 

Juodkrantė average relative shooting frequency of red fox in the breeding time was 6.2 versus 2.9 

photos/100 days in non-breeding time, relative shooting frequencies of raccoon dog were 50.0 

versus 1.3 photos/100 days, respectively. All these differences are significant. 

Daily activity patterns of wild boar and red fox in both colonies, as well as activity patterns 

of raccoon dog in Lukštas were significantly related to the activity of cormorants. 

 

Keywords: 

Camera traps, cormorant colony, mammals, activity differences 

 



148

Introduction 

Great cormorants are able to induce drastic changes of the ecosystem in the territory of the 

breeding colonies (Kameda et al. 2006). A single bird consumes 400 g fish per day and deposits 20–

50 g of faeces. Great cormorants spent about 20 h daily in breeding colonies and about 80% of 

faeces are deposited there (Klimaszyk and Rzymsky 2016). Deposited faeces overload the 

ecosystem with N and P by 104 to 105 times (Garcia et al. 2011). Nutrients transported by breeding 

birds from water to land ecosystems transform the composition of vegetation, thereby changing 

hiding and feeding conditions of mammals. Changed chemical properties of soil affect plants 

(Anderson and Polis 1999), lichens (Zolkos et al. 2013), myxomycetes (Adamonytė et al. 2012), 

fungal communities (Kutorga et al. 2013), herpetofauna (Kohno and Ota 1991), insects and lizards 

(Polis and Hurd 1996). Previous studies disclosed how cormorant colonies are reducing relative 

abundance, diversity and body condition of small mammals, as well as changing their population 

structure (Balčiauskienė et al. 2014, Balčiauskas et al. 2015). Influence of a great cormorant colony 

on skull morphometry (Balčiauskienė et al. 2015), stable isotope signatures (Balčiauskas et al. 

2016, Balčiauskas et al. 2018) and accumulation of chemical elements (Jasiulionis et al. 2018) in 

small mammals also were observed.  

Camera trap based methods are financially cost-effective, they save time resources and are 

non-invasive (Wearn and Glover-Kapfer 2019). Data collected by camera traps are comparable 

between different places and in time (Silveira et al. 2003, Bondi et al. 2010). Furthermore, this 

method enables to record many individual animals. For comparison, tag-based methods can only 

cover by a small percentage of animals in territory (Rowcliffe et al. 2014). None of the other 

terrestrial mammal investigation methods (track counts, fecal counts, questionnaire surveys, hunting 

statistics) could be applied in every ecosystem and for all species bigger than 1 kg weight (Akbaba 

and Ayas 2012). Camera traps have become a powerful and widely used tool in ecology and 

conservation. Gysel and Davis began exploring of camera traps as scientific tools in 1956 (Wearn 

and Glover-Kapfer 2017). In last decades the number of publications is rapidly increasing, from a 

few per year in 1995–2000 (Rovero et al. 2010) to almost 300 in 2016 (Wearn and Glover-Kapfer 

2017). First of all, the camera traps have been used to big animals like bear (Zarzo-Arias 2019), big 

cat (Jackson et al. 2006, Karanth et al. 2006, Garrote et al. 2011, Cheyne et al. 2013) or ungulate 

(Rovero and Marshall 2009) monitoring. The tool was also used in the studies of medium size 

mammals like red fox (Sarmento et al. 2010, Diaz-Ruiz et al. 2015), pine marten (Manzo et al. 

2011) and even for the small mammals (Bondi et al. 2010). Camera trap data were used to estimate 

species richness and site occupancy (Tobler et al. 2008, Rovero et al. 2010, Bowler et al. 2017, 

Hedwig  et al. 2017), in the population ecology (Cheyne et al. 2013), for density estimation using 

capture-recapture sampling (Karanth et al. 2006, Garrote et al. 2011), and for analysis of the  

seasonal and daily activity (Ribout and Linkie 2009, Rowcliffe et al. 2014, Diaz-Ruiz et al. 2015, 

Caravaggi et al. 2018, Ogurtsov et al. 2018).  

Seasonal and daily activity of free-living mammals is poorly known as it difficult to 

quantify activity in the field. There are few ways to study activity of mammals: direct visual 

observation, radio-collar or GPS telemetry (Ogurtsov et al. 2018). Different methods of testing 

animal activity give similar results to the camera method (Rovero and Marshall 2009, Bondi et al. 

2010, Rowcliffe et al. 2014, Bowler et al. 2016, Lashley et al. 2018). 

Therefore, we used camera traps as a tool to monitor mammals in the breeding colonies of 

great cormorants. The aim of our study was to find what species of mammals visit colonies and to 

analyse temporal patterns of their visits. We tested working hypothesis that cormorants are affecting 

seasonal and daily activity of all mammals. Such studies were not done before. 

 

2. Material and methods 

2.1 Study sites  

2.1.1 The great cormorant colony in Juodkrantė 

Great cormorant colony in Juodkrantė (further JCC) is located on the Curonian Spit, Kuršių 

Nerija National Park (WGS 55° 31' 13.82", 21° 6' 32.57", altitude 5–35 m) (Fig. 1). After 100 years 

of eradication, great cormorants (Phalacrocorax carbo sinensis) in JCC started to breed again in 

1989. In 2015 the number of breeding pairs in this largest colony in Lithuania was estimated at 

about 3800 breeding pairs of great cormorants and 340 breeding pairs of grey herons (Ardea 

cinerea) (Knyva, unpublished). The colony is established in the mature pine forest. Most of the 

cormorant nests are twisted in pine, occasionally in spruce and oak. The area of the colony covers 

around 14 ha. The active part of the colony, with the highest concentration of nests and the 

strongest influence of birds, is characterized by scarce herb layer and dying or dead trees. 

Nitrophilic species of herbs dominate the herb layer, the projection of which is less than 10%. 

Oldest part of colony is already abandoned by cormorants. Trees in it are dead, many of them 

rotten, fallen and decaying. Trees and shrubs started re-growing, the herb layer is re-establishing. 

Among re-growth deciduous trees (Quercus robur, Betula pubescens, Alnus glutinosa) dominate 

(Matulevičiūtė et al. 2018). 
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Fig. 1. Distribution and size of breeding colonies of the great cormorants (black circles) in 

Lithuania. Investigated sites marked by arrows: JCC – the great cormorant colony in Juodkrantė, 

LCC – the great cormorant colony in Lukštas Lake. 

 

2.1.2 The great cormorant colony in Lukštas  

Great cormorant colony in Lukštas Lake (further LCC) is located in East Lithuania, Zarasai 

district (WGS 55° 51' 0.41", 26° 12' 4.67", altitude 140 m) and situated in peninsula at the northern 

part of lake (Fig. 1). 130 breeding pairs were counted in 2016. Most nests are twisted in black alder, 

pine and birch trees. Grey herons are not present in the colony. The area of the colony covers 

around 1 ha.  

 
2.2 Camera trapping  

The activities of mammals were evaluated using camera traps (system with a motion 

trigger/sensor that activates a camera to take a photograph when an animal is present). We deployed 

camera traps in three points (one camera per point) in the JCC and one point in LCC. 

Camera trapping in JCC lasted from November 2014 to September 2015 and from June 

2017 to October 2018 involving 1376 trap days of effort. Camera trapping in LCC lasted from 

February 2015 to February 2016 and from November 2016 to July 2019 involving 1317 trap days of 

effort (Table S1). 

In this study we used Ltl Acorn-5210A cameras. Sensors were set to the maximum 

sensitivity. The trigger interval was set at 0 sec. We used trail–targeted (passive camera) trapping 

design with no attractants. Cameras were mounted on the trees 40–60 cm above ground and 

checked (replacing batteries and SD memory cards) 3–4 times during the year. Time and date were 

automatically recorded on each picture. Pictures taken with at least 1–hour interval were treated as 

independent observations (trap events). Camera day lasted from 00:00 to 23:59. Year was divided 

into periods of the cormorant breeding time (BT) and non-breeding time (NT). BT lasted from April 

(when chicks begin to hatch from eggs) to July (when chicks finally leave the cormorant area). 

Non-breeding time was the period from August to March.  

Each day was divided into three periods: daytime, nighttime and twilight. Twilight (T) was 

defined as a 60 minutes period before and after sunrise/sunset, so that each day had four twilight 

hours. Daytime (D) was a period between 60 minutes after sunrise and 60 minutes before sunset. 

Night (N) was a period between 60 minutes after sunset and 60 minutes before sunrise. Time of 

sunset and sunrise were estimated using the website www.day.lt. 

Some devices failed to record time; for this reason we lost information about day activity in 

117 trap events from JCC. 

 

2.3 Diversity assessment and statistical analysis 

In this study we used data on relative animal registrations independently of the fact that 

individuals may be registered several times in the same colony. Relative shooting frequency (RSF, 

photos/100 days) was calculated by formula: RSF = (TE / TD) * 100, where TE (trap events) = 

number of independent photographs; TD (effort of trapping days) = number of camera trapping 

days. For average values, SE, and 95% confidence interval (further – CI) were used. This way we 

override possible bias in registering the same animals several times or by different cameras. 

Significance of differences was evaluated using ANOVA, pairwise comparisons according 

Student’s t. Daily activity patterns were compared using chi–square statistics. Theoretical expected 

activity patterns were calculated based on the length of time of day periods in BT and NT. The 

minimum significance level was set at p<0.05. We used STATISTICA 6.0 (StatSoft 2004) for 

Windows. Mammal diversity in the cormorant colonies was evaluated using Shannon’s diversity 

index H (log2 base), according to (Krebs 1999).  

 

3. Results 

3.1 Diversity of mammals in the great cormorant colonies 

During 1317 trap days 668 independent photographs (trap events) were taken and 9 species 

of mammals were detected in LCC: red fox (Vulpes vulpes), raccoon dog (Nyctereutes 

procyonoides), roe deer (Capreolus capreolus), moose (Alces alces), wild boar (Sus scrofa), hare 
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152

(Lepus sp.), red squirrel (Sciurus vulgaris), marten (Martes sp.) and European badger (Meles 

meles). In JCC 895 independent photographs were taken during 1376 trap days and 9 species of 

mammals were registered: S. scrofa, C. capreolus, A. alces, V. vulpes, N. procyonoides, S. vulgaris, 

Lepus sp., raccoon (Procyon lotor), and sika deer (Cervus nippon) (Table 1, Fig. 2). Last three 

species are non-native to Lithuania. Shannon’s diversity index in LCC and JCC were similar (Table 

2). 

Table 1. Relative shooting frequency (photos/100 days) and diversity indexes in the great 

cormorant colonies in Lukštas Lake (LCC) and Juodkrantė (JCC).  

 Species LCC, mean±SE (CI 
95%) 

JCC, mean±SE (CI 95%) 

A. alces 0.08±0.08 (0.19–0.47) 8.14±2.76 (6.77–16.23) 
C. capreolus 7.82±1.77 (4.35–10.44) 23.18±2.37 (5.83–13.96) 
C. nippon – 1.16±0.82 (2.01–4.82) 
S. scrofa 4.40±1.33 (3.27–7.84) 25.94±13.30 (32.64–78.23) 
V. vulpes 18.60±6.50 (15.95–38.22) 4.94±1.03 (2.54–6.08) 
N. procyonoides 18.53±8.95 (21.96–52.64) 0.29±0.15 (0.38–0.91) 
P. lotor – 0.51±0.43 (1.06–2.53) 
Lepus sp. 0.84±0.45 (1.11–2.67) 0.15±0.09 (0.22–0.53) 
S. vulgaris 0.15±0.14 (0.34–0.82) 0.73±0.23 (0.55–1.33) 
Martes sp. 0.46±0.15 (0.36–0.86) – 
M. meles 0.08±0.07 (0.16–0.40) – 
Shannon’s H 1.99 2.00 
 

Table 2. Frequency of trap events (%) of S. scrofa, V. vulpes and N. procyonoides at the great 

cormorant colonies in Lukštas Lake (LCC) and Juodkrantė (JCC) throughout periods of the day in 

cormorant breeding time (BT) and non-breeding time (NT). T – Twilight, D – Daytime, N – Night. 

Season Time LCC JCC 

S. scrofa V. vulpes N. procyonoides S. scrofa V. vulpes N. procyonoides 

BT N 22.6 22.8 19.2 37 16.7 – 

T 16.1 18.0 22.7 39.1 33.3 – 

D 61.3 59.2 58.1 23.9 50.0 – 

NT N 100 30.8 70.0 25.4 28.6 100 

T 0 23.1 10.0 28.5 9.5 – 

D 0 46.2 20.0 46.1 61.9 – 

 

 
Fig. 2. Mammals registered by camera traps in great cormorants colonies (A: A. alces; B: C. 

capreolus; C: C. nippon; D: S. scrofa; E: V. vulpes; F: N. procyonoides; G: P. lotor; H: S. vulgaris). 

 

3.2 Seasonal activity of mammals in cormorant colonies 

Seasonal activity of mammals in LCC was dependent on breeding season (ANOVA F=29.7, 

p<0.001), in JCC differences between seasons were not found (F=0.21, p=0.65). The RSF 

differences were significant between species in both LCC (F=11.1, p<0.01) and JCC (F=2.6, 

p<0.05). 

Moose in LCC was registered only once in February (Table S2). JCC in wintertime was not 

attractive for moose, however, from April onwards, moose registration frequencies increased with 

the peak of activity in August (28.3 photos/100 days) (Table S3).  
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Roe deer registration frequencies did not differ between seasons in both cormorant colonies. 

In LCC roe deer RSF was 6.2±2.5 (CI 2.83–18.62) photos/100 days in BT and 8.7±2.4 (CI 4.46–

13.72) photos/100 days in NT (t=0.76, p=0.47), while in JCC respective values were 21.5±4.7 (CI 

5.37–35.32) and 19.6±2.8 (CI 5.14–15.82) photos/100 days (t=0.87, p=0.41). 

Wild boars visited LCC mainly in July, 12.7 photos/100 days and December, 12.9 

photos/100 days (average – 2.5 photos/100 days in other months). RSF of wild boar in BT was 

6.7±2.1 (CI 2.44–16.02) and 3.2±1.6 (CI 2.92–8.99) photos/100 days in NT (t=1.40, p=0.19) (Table 

S2; Fig. 3A).  In JCC wild boars were most active in June, August and September: 21.0, 87.5 and 

153.5 photos/100 days, respectively, while average RSF was 7.1 photos/100 days in other months 

(Table S3; Fig. 3B). In JCC wild boar relative shooting frequency in BT was 9.9±3.9 (CI 4.45–

29.27), and in NT 34.8±19.5 (CI 36.44–112.17) photos/100 days. Though difference of RSF not 

significant (t=0.94, p=0.37), confidence intervals were not overlapping. 

Red fox RSF in LCC was high from April (40.0 photos/100 days) to August (23.7 

photos/100 days) with peak of activity in July (75.5 photos/100 days) (Table S2; Fig. 3A). Average 

ref fox RSF in BT was 41.8±11.1 (CI 12.60–82.92) photos/100 days compared to 5.9±2.7 (CI 5.11–

15.75) photos/100 days in NT (t=4.39, p<0.05). Highest red fox RSF in JCC was in June, 13.8 

photos/100 days, compared to 3.8 photos/100 days in other months (Table S3; Fig. 3B). Differences 

due to breeding were also significant, 6.2±2.3 (CI 2.65–17.47) photos/100 days in BT, compared to 

2.9±0.7 (CI 1.29–3.96) in NT (t=2.31, p<0.05). 

In LCC raccoon dog RSF was highest in breeding time, April (9.2 photos/100 days) to July 

(50.0 photos/100 days) with peak of activity in June (100.0 photos/100 days) (Table S2; Fig. 3A). 

Average raccoon dog RSF in BT was 50.0±18.8 (CI 21.31–140.27) photos/100 days, but just 

1.3±1.4 (CI 0.87–2.68) photos/100 days in NT (t=3.74, p<0.05). In JCC raccoon dogs were 

photographed only 4 times (Table S3; Fig. 3B). 
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Fig. 3. Seasonal activity of S. scrofa (black column), V. vulpes (grey) and N. procyonoides (white) 

at great cormorant colonies in Lukštas Lake (LCC) and Juodkrantė (JCC). 

 

3.3 Daily activity patterns of mammals 

Without respect of the cormorant presence, moose (JCC χ2=4.49, p=0.11), roe deer (LCC 

χ2=8.7; JCC χ2=7.19, p<0.05) and red fox (LCC χ2=13.38, p<0.01; JCC χ2=17.89, p<0.001) in both 

colonies were mostly active by day. Wild boar in LCC was mostly active by night (χ2=12.68, 

p<0.01), and in JCC by day (χ2=15.66, p<0.001). Raccoon dog in LCC was mostly active by day 

(χ2=17.05, p<0.001; Table 2; df=2 in all cases above and below). Distribution of the hourly 

activities of mammals in LCC and JCC are given in Tables S3 and S4. 

Breeding of the cormorants, however, brought radical changes in the daily activity patterns 

of most of the species (Table 2). In LCC wild boar during NT was active only at night (100%) 

(χ2=31.9, p<0.001)). However, during the BT highest frequency of registrations of the wild boar 

was in the daytime (61.3% of all TE). Difference in the activity of wild boar between BT and NT 

was significant (χ2=47.7, p<0.001). 

In JCC activity peak of wild boar during NT was at daytime (46.1%) (χ2=57.3, p<0.001). 

During BT activity switched to twilight (39.1%) and nighttime (37.0%) (χ2=25.9, p<0.001; Table 

2). Difference in the activity of wild boar between BT and NT was also significant (χ2=42.1, 

p<0.001). 

A similar trend was found in red fox activity in LCC, where daytime red fox activity was 

higher during BT (59.2%) than in NT (46.2%). Difference in activity patterns of red fox was 

significant between BT and NT (χ2=6.1, p<0.05). 

In JCC, on the contrary, daytime red fox activity was higher during NT (61.9% of all TE; 

χ2=5.34, p=0.07) than in BT (50.0%; χ2=7.43, p<0.05) (Table 2). Difference in activity patterns of 

red fox was significant between BT and NT (χ2=20.0, p<0.001). 

Raccoon dog daily activity peaks in LCC were also related to cormorant breeding time. In 

BT raccoon dog was active in daytime (58.1% of all TE) and this statistically significant from 

expected activity patterns, calculated by the time periods (χ2=8.14, p<0.05). In NT raccoon dog 

activity peaks were registered at nighttime (70.0% of all TE; χ2=2.35, p=0.31) (Table 2). In LCC 

raccoon dog activity patterns among BT and NT differed significantly (χ2=45.2, p<0.001). In JCC, 

raccoon dog was registered in the nighttime only (Table 2).  

 
4. Discussion  

Following global development of the population of the great cormorants in the last decades, 

ecological impacts were investigated by many authors (Hobara et al. 2005, Goc et al. 2005, 

Gwiazda et al. 2010, Klimaszyk et al. 2015, Klimaszyk and Rzymsky 2016). Cormorants not only 

overload territory with nutrients and transform the environment. Part of fish brought to the colony 
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as food for chicks is being lost (Pūtys 2012). Furthermore, during the cormorants breeding season, 

some chicks fall out of their nests. Lost fish and dropped chicks becoming easy prey for predator 

mammals. Changed environment affects nearly all aspects of the small mammals (Balčiauskienė et 

al. 2014, Balčiauskas et al. 2015), however changes in mammalian activity were not investigated. 

We present here first results of investigation of activity patterns of mammal in the colonies of great 

cormorants.  

In the cormorant breeding season the intensity of the predator visits was greatly altered. We 

found, that in BT red fox visit frequency increased 2–7 times, compared to NT. In July, fox RSF 

was 75.5 photos/100 days, which is 12.5 times more frequent than in NT (see Table S2). In LCC, 

raccoon dog activity in BT increased 38.5 times (see Table S2, Fig. 3B). 

Activity of the omnivorous wild boar was also affected by cormorants in JCC, visits to the 

area increased almost 3 times in BT (June), being, however, less intensive as in August and 

September, when wild boars were coming for acorns (see Table S3; Fig. 3B). In LCC with no oak 

trees, wild boar visits were over two times more frequent in BT (see Table S2; Fig. 3A). 

Daily activity patterns in mammals are regulated by external factors such as food 

accessibility (Masi et al. 2009, Diaz Ruize et al. 2015). Cormorants feed their chicks in the daylight 

(Coleman and Richmond 2007), so it is time when they lose some of the prey. We found, that 

predators (foxes and raccoon dogs) and omnivores (wild boars) adapted to the cormorant activity 

during the day. 

Other authors (Marques et al. 2018, Ogurtsov et al. 2018, Lee et al. 2019) pointed out that 

most mammals are mostly active at twilight and nighttime. Carnivore mammals are mainly 

characterised as nocturnal, as the nighttime is more successful time to find prey and avoid contact 

with people (Georgiev et al. 2015, Lee et al. 2019). Raccoon dog also exhibits nocturnal activity 

(Akbaba and Ayas 2012, Zoller and Drygala 2013, Ikeda et al. 2016). Ogurtsov et al. (2018) 

reported 64% trap events of raccoon dog at nighttime. Raccoon dog activity in NT was in 

agreement with these findings, as 85.7% of all TE in cormorant colonies were recorded in 

nighttime. However, availability of easy prey switched raccoon dogs to daytime activity: during BT 

58.1% of registrations were in the daytime. 

In England, Northern Ireland and Spain red foxes are categorized as a nocturnal (Doncaster 

and Macdonald 1997, Diaz-Ruiz et al. 2015, Caravaggi et al. 2018). In Turkey red fox was 

randomly active during the day and frequently active from 20:00 to 02:00 (Akbaba and Ayas 2012). 

Also, this predator categorized as a nocturnal in Bulgaria with a small activity peak in the daytime 

from 7:00 to 9:00 and from 12:00 to 14:00 (Georgiev et al. 2015). Servin et al. (1991) suggested 

that fox females are more active during the night than during the day then males are active during 

both day and night. However red fox has great behavioral plasticity in activity patterns which 

allows them to adapt to prey availability or other environmental changes (Diaz Ruize et al. 2015). In 

Japan red fox was categorized as a cathemeral (active throughout the day) animal (Ikeda et al. 

2016).  

Findings of our study support this view as in both investigated cormorant colonies fox was 

active in daytime (see Table 2). Differences were related to cormorant breeding season: in BT fox 

was more active at daytime in LCC (see Table 2). On the contrary, in JCC, fox was less active in 

daytime in BT compared to NT. We see here human–induced disturbance as a factor, influencing 

fox behavior. Curonian Spit, where JCC is situated, is one of the most visited territories in 

Lithuania. The cormorant colony is a popular tourist destination and has a viewing tower. At day, 

nearly all time tourists are present and disturbing foxes. On the contrary, LCC is difficult to access, 

so people do not visit it. Changes in animal activity patterns under human disturbance are confirmed 

by other authors (Doormal et al. 2015, Lee at al. 2019).  

Wild boar activity is characterised as nocturnal (Caruso et al. 2018, Ogurtsov et al. 2018). In 

the cormorant colonies activity changes were observed: in LCC wild boar was more active at 

daytime (61.3% of all TE) in BT, while in NT at nighttime (see Tables 2, S4). In JCC activity 

patterns of wild boar were additionally influenced by human disturbance. In BT, when many 

visitors are registered, wild boar was active at nighttime and at twilight. In NT, when the number of 

visitors is minimal, wild boar was active at daytime (see Tables 2, S5). 

Thus, colonies of great cormorants were influencing seasonal and daily activity of 

mammals, mostly predators (raccoon dog and red fox) and omnivorous wild boar. These behavioral 

changes make it possible to replenish foods with lost fish and nesting cormorant juveniles. 

Cormorant activity did not affect roe deer activity in both investigated colonies. In conclusion: 

• Breeding activity of cormorants is most likely to alter the daily activity of raccoon dog, red 

fox, wild boar. 

• In LCC average relative shooting frequency of these carnivores in the breeding season was a 

few times higher than in non-breeding time. 

• In JCC average relative shooting frequency of red fox in BT was 2 times higher than in NT. 
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