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ABBREVIATIONS

Ad. — adult

BT — breeding time of the cormorants

D — daytime

ECC — great cormorant colony in Elektrénai
JCC — great cormorant colony in Juodkranté
Juv. — juvenile

LCC — great cormorant colony in Lukstas
NCC — great cormorant colony in Naudzitinai
N — night

NT — non-breeding time of the cormorants
Sub. — subadult

T — twilight



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; éepukiené 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 (Patys, 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.



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.



STATEMENTS TO BE DEFENDED

Diversity and abundance of small mammal communities, sex and
age structure, body condition and skull morphometry were changed
under the influence of cormorant colonies.

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.

Nutrients, transported by cormorants from the aquatic to the
terrestrial ecosystems are influencing the nutrient balance and
shifting isotopic niche of small mammals.

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.

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.

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 (**C/*2C) and nitrogen
(*>N/**N) 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 (Putys, 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 10* to 10°
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
(NHs) (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 (Taraskevicius 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
(Juodkranté, 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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several years after colony settlement. In 10 years pine forest ecosystem
became destroyed: all trees in the territory were dead, characteristic plant
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 (Adamonyté 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 Juodkranté cormorant colony with the highest nest
density (Motiejunaité 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 (Dominguez 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 Rumbultis,
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 Zarankaité, 2013). Most of the nests
in the cormorant colony in Juodkranté are twisted in pines, occasionally in
spruce and oak trees. In the cormorant colony in Lukstas most nests are
twisted in black alder, pine and birch trees. In colonies of Elektrénai and
NaudziGinai 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 Zarankaite, 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 Juodkranté, 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 Juodkranté colony was abandoned by the cormorants in 1887
(Grazulevi¢ius and Elertas, 2005). After more than 100 years of eradication,
great cormorants started to breed again there in 1989 (Stanevicius and
Paltanavi¢ius, 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 Juodkranté 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 Juodkranté (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 (1) with no influence of cormorants on the habitat.
the zone of initial influence (I1) 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 (111) 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 Lukstas (further LCC), Naudzitinai

(NCC) and Elektrénai (ECC) only two zones were defined: those with
colony influence (colony (I1-V)) and with no influence on the habitat
(control (I)). Distance between colonies and controls ranged from 50 m
(Elektrénai) to 200 m (Lukstas).

17



Table 1. Main characteristics of investigated colonies in the study period.

Colony and LKS Predominant  Area, Breeding
location coordin  tree species ha pairs of great
ates cormorants*
(grey herons)
Juodkranté 317462,  pine, spruce, 14 1500-3800
shore of the 6157742 birch, oak (230-340)
Curonian
Lagoon
Lukstas 637836, black alder, 1 90-130
peninsula of the 6192828 pine, birch 0)
Lukstas Lake
NaudZiianai 499837, pine, spruce 0.3 80
shore of the 6050225 (40)
Nemunas River
Elektrénai 543661, pine, birch, 15 120-160
island of the 6069593 oak (40-90)
Elektrénai
Lagoon

*_ after the regulation of abundance
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Fig. 2. Investigation sites (cormorant colonies marked by dots, investigated
colonies marked by arrows): JCC — Juodkranté cormorant colony, NCC —
Naudzitinai cormorant colony, ECC— Elektrénai cormorant colony, LCC —
Lukstas cormorant colony (map according Dagys and Zarankaité, 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 Juodkranté cormorant colony. Traps were exposed for 1-3 days
and checked once a day (Baléiauskas, 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 Il1). 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)x10°, 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 (Balciauskas 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 Juodkrant¢ 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 I11). 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 I11).
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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 Juodkranté Lukstas Naudziuinai Elektrénai
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 Juodkranté,
Elektrénai and LukS$tas 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 1V, V) and Rusné (Paper VII).
Altogether, hair samples were taken from 129 individuals of A. flavicollis
and from 120 individuals of M. glareolus (Papers 1V, 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 8°C and §°N) 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 ¢ values, according to formula:

5X:(Rsample/Rstandard‘1)*1031

where Rsample="C/*2C or ™N/“N of sample, Rstndars="C/**C or ®*N/*N of
standard (Paper 1V, 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 Juodkranté 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) Il for
pellets calibration module as elaborated by the manufacturers.
Concentrations of chemical elements were expressed on a wet weight basis
inmg g* (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

22



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.It (Paper VIII).

3.6. Statistical analysis

STATISTICA for Windows, ver. 6.0 software (StatSoft 2004) was
used for the statistical analyses (Paper I-VI1I1). 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
I11). The 6N and 8*°C values in the samples were expressed as arithmetic
mean+SE (standard error) (Paper 1V, 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 1V). The
normality of the distribution 3"°N and 8C values was evaluated using
Kolmogorov-Smirnov test. As not all values of 8N and &82C 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 VII1).
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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 1V) to 94.0% (zone I1) 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 (l11) 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 Il 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 Il (t=3.04, p<0.01) and Il
(t=2.72, p<0.01). Also, relative abundance in zones IV and V was
significantly higher than in zones 11 and 111 (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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¢=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 | 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, ¥2=1.26, p=0.26), 55.8% in zone II (as in control, ¥2=1.91,
p=0.17) and 68.3% in zone III (more than in control, ¥2=15.1, p<0.01). Only
in zone I1I difference from 1:1 sex ratio was significant (}2=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 (11 and 11) the proportion of males was 68.4% in zone Il (more
than in control, ¥2=5.45, p<0.05) and 66.7% in zone Il (more than in
control, ¥2=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, ¥2=2.48, p=0.12), 69.2% in zone III (more
than in control, ¥2=26.1, p<0.01) and 51.9% in zone IV (as in control,
x2=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 (¥2=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
¥2=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 Juodkranté, 2011-2019. Zones: | — control, Il —

initial influence, 111 — long-term influence, IV — former active influence, V —
ecotone.
Zones of the colony
Species | V 1 1 v 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 0369 0.918 1.33 1.149
Simpson's ¢ 0.612 0556 0.887 0.634 0.502 0.561

RA+SE 10.38+ 20.96+ 4.65+ 476+ 2246+ 12.54+
151 2.82 1.08 141 1.85 0.99
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Fig. 3. The relative abundance (RA) of small mammals in different zones of the
great cormorant colony in Juodkranté. Zones: | — control, Il — initial influence,
111 — 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 (11-V) of the
great cormorants in Lukstas, 2014-2019.

Species | -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 (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 ¢ 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
(11-V) of the great cormorants in Naudzitinai, 2016-2019.

Species I 1-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 ¢ 0.511 0.39 0.414

RA+SE 8.50+1.36  22.75+4.35 15.63+2.58

A Dow. Esub. WA B

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

Fig. 4. Sex (A) and age (B) structure of A. flavicollis trapped in different
zones of JCC. Zones: | — control, Il — initial influence, Il — long-term
influence, IV — former active influence, V — ecotone.

Sex ratios of M. glareolus in JCC was significantly shifted towards
males in zone 111 (76.5%) (more than in control zone, x2=45.2, p<0.001). As
in the case described above only in zone Il the difference from 1:1 sex ratio
was significant (¥2=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 IlI
(x2=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 I,
IV and V sex ratios were near 1:1. In the zone Il the proportion of males
was significantly higher 84.6% (compared to control, ¥2=86.1, p<0.001).
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Fig. 5. Sex (A) and age (B) structure of M. glareolus trapped in different
zones of JCC. Zones: | — control, Il — initial influence, Il — long-term
influence, IV — former active influence, V — ecotone.

In LCC sex ratio of A. flavicollis was 1:1 both in the control
(x2=0.41, p=0.52) and the colony (¥2=0.16, p=0.69) (Fig. 6A). Colony was
characterized by greater proportion of adults (52.0%) than control zone
(42.6%) (x2=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
(x2=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; ¥2=9.0, p<0.01). Difference
in age structure was not significant (x2=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: | — control, I1-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%) (y2=4.4, p<0.05; Fig. 7A). Proportion of
adults (36.3%) in the colony was greater than in control (23.1%) (y2=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%) (x2=23.4,
p<0.001; Fig. 7C). In control difference from 1:1 sex ratio was significant
(x2=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%) (x2=10.2, p<0.01) (Fig. 7D).
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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, 11-V — colony.

In ECC sex ratios of M. glareolus did not differ statistically from
1:1 in both control and colony (x2=1.7, p=0.19). The proportion of adults in
colony was higher (33.3%) than in control zone (14.3%) (¥2=25.8, p<0.001).

Paper 11 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 Ill, bc=3.35+0.07
(£SE); Table 6). It was reliably less than in zones | (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 | 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 Il (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 111 (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: | — control, Il — initial influence, 111 — long-term influence,
IV — former active influence, V — ecotone.
Colony  Species Zones
I \ I i v
A. fla 3.58 3.46 3.52 3.35 3.51
JCC +0.05 +0.03 +0.08 +0.07 +0.03
(99) (a73) (74) (56) (213)
M. gla 3.09 3.28 2.94 2.85 3.43
+0.09 +0.05 +0.06 +0.09 +0.06
(27) (75) ©) (13) (94)
A. fla 3.30 3.30+0.11 (25)
LCC +0.07
(47)
M. gla 3.03 3.14+0.04 (207)
+0.05
(74)
A fla 3.40 3.64+0.08 (67)
NCC +0.10
(31)
M. gla 3.65 3.45+0.06 (73)
+0.19
(14)
ECC M. gla 3.04 3.18+0.08 (24)
+0.08
(21)

The worst body condition of M. glareolus in JCC was found in zone
Il (bc=2.94+0.06) and zone Il (bc=2.85+0.09). Body condition index in
zone Il 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 111 (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).
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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: | — control, Il
— initial influence, Il — long-term influence, 1V — 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 Il 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 | to 6.0 in zone Il
(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 1. In the control zone (1), 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 Il and Il 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: | —

control, Il — initial influence, 111 — long-term influence, IV — former active
influence, V — ecotone.
Colon Species Zones
y | V I Il v
A. flavicollis  4.7+0.33 5.4+04 5.7£1. 6.0+£0. 5.0+0.
JCC (21) 1(32) 45(3) 90(7) 28(43)

M. glareolus  5.8+0.63 3.7£0.4 4.5+0. 6.0£2. 3.8+0.
4 5(11) 50(2) 00(2) 36(17)

A. flavicollis  4.7+0.67 5.4+0.68 (5)
LCC (6)
M. glareolus  4.7+0.56 5.1+0.22 (31)
(10)
A. flavicollis  5.0+0.58 5.2+0.44 (11)
NCC (3)
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 (BalCiauskiené 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 (Alejanas and Stirké, 2010;
Baléiauskas and Alejiinas, 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, IlI), 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 (Mazeikyté, 2002); H=1.51 in Vie$vilé Nature Reserve (Juskaitis
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 (Bal¢iauskas and
Alejunas, 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 (Juskaitis and Ulevicius, 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 (Cepukien¢ 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).

35



Body condition may depend on many factors including habitat
quality and pollution (Alcantara and Diaz, 1996; Téte 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
(Téte 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 1V), while it was
lower in the active part of the colony (zones Il and I11) (Table 6). Similarly,
worst body condition of A. flavicollis in JCC was found in the zone of long-
term influence of the colony (lI); body condition index was significantly
lower than in control zone (1) or the zone of former active influence (1V).

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 (Prusaité 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 (Matulevicitité
et al., 2018), lichens (Zolkos et al., 2013), myxomycetes (Adamonyté 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 (Adamonyté et al., 2013), and both nitrophilous
lichens and those characteristic to mixed forests were recorded again
(Motiejunaité et al., 2014).

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

37



4.2. Skull morphometry parameters change in cormorants colony

In Paper Ill, 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 A=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 111, Material and
methods) (ANOVA: *—p<0.05, **—p<0.01), X4*, X17* and X21* (Paper
I11, Fig. 1). In subadult A. flavicollis significant differences were found for
the skull characters X2*, X3*, X5*, X13** X15*, X16*, X19* and X21**
(Paper Il1I, 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 A=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 Ill, 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 Ill (Paper
I, Figs. 1-4). Mammals skull size differences may be driven by the
gradient of pollution (Nunes et al., 2001; Fritsch et al., 2010; Téte 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 1V we show, that the highest 3*°N values in M. glareolus
were observed in the largest colony of cormorants in Juodkranté
(17.86+2.76%0) exceeding those in the Lukstas (10.46+3.14%o) (Tukey HSD,
p<0.001), Elektrénai (12.62+2.07%0) colonies (p<0.01) and Lukstas
(5.31+1.00%0), Elektrénai (8.86+2.91%0), Zarasai (4.74+1.03%0) and Rusné
(6.38+0.95%0) control territories (all with p<0.001) (Paper 1V, Fig. 3; Paper
V11, Fig. 3). The average 5'°N values in the hair of M. glareolus from the
Lukstas colony exceeded that in the Lukstas control territory (Tukey HSD,
p=0.0002). 3®°N values in M. glareolus from the Zarasai and Rusné control
territories were significantly lower than from any other investigated colony
(Tukey HSD, p<0.05-0.001) (Paper 1V, Table 2; Paper VII). In Juodkranté
the lowest 3'°N values were registered in the hair of individuals trapped in
the control zone (14.30%o), then higher in the ecotone (17.41+1.59%o) and
highest in zone IV (18.22+0.92%0) (Paper 1V).

The highest 3*°N values in A. flavicollis were observed in Juodkranté
colony (16.31+3.01%0). Average of 8'°N values in Juodkranté colony were
exceeding those in the Juodkranté control territory (12.26+2.32%0) (Tukey
HSD, p<0.01), Luks$tas colony (5.46+0.37%0) (p<0.001) and Lukstas
(4.060.71%o), Zarasai (5.04+0.95%o0) control territories (both with p<0.001)
(Paper 1V, Fig. 2). In the control zones of the Juodkranté 6*°N values in A.
flavicollis were lower than in the zones influenced by cormorants: zone Il
(17.58+0.93%o0) (Tukey HSD, p<0.01), zone Il (17.05+0.73%0) (p<0.001),
zone IV (16.14+1.37%0) (p<0.001) and zone V (15.89+0.49%0) (p<0.01)
(Paper 1V, Fig. 4).

The distribution of &%C values in A. flavicollis showed no
significant differences between Juodkranté colony (—24.19+0.48%.) and
control zone (—24.20+0.17%0) as well as between Lukstas colony
(—25.64+0.27%0) and control zone (—24.89+1.25%o). Average 6C value in
A. flavicollis from the Lukstas colony (—25.64+0.27%.) was significantly
lower than in the Juodkranté colony (Tukey HSD, p<0.01) and Juodkranté
control territory (p<0.05). The highest 5!*C values were registered in the hair
of the M. glareolus trapped in the cormorant colony in Juodkranté
(—24.88+0.97%0) and Juodkranté control territory (—25.82%o), the former
significantly higher than from all other sites (Tukey HSD, difference from
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the  Elektrénai  colony  (—26.08+0.67%)  (p<0.05),  Elektrénai
(—26.02+0.79%0) (p<0.01) and Zarasai control territories (—26.74+0.63%o)
(p<0.001) (Paper 1V, 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 §'°N values in A.
flavicollis: 0.70%o in expansion zone (p<0.05), 1.19%o. in ecotone (p<0.05)
and 0.15%o 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 6*°N values
(Paper V).

Results of the Paper IV proved that the values of §°N 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 5°N values in A.
flavicollis were dependent on the intensity and time of existence of the
colony (Paper 1V, Fig. 4). There is a slight possibility that the observed
rodent enrichment in 3N 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 6°N 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 6°N 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 Lukstas
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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 Lukstas 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 A=0.04, F353=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-I11). 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;
Martiniakova et al., 2010; Martiniakova 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 (x2=47.7, p<0.001 in LCC and
x2=42.1, p<0.001 in JCC), N. procyonoides (x2=45.2, p<0.001 in LCC) and
V. vulpes (32=6.1, p<0.05 in LCC and %2=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 Avyas,
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 (y2=S8.14,
df=2, p<0.05). In NT N. procyonoides activity peaks were registered at
nighttime (70.0% of all TE; x2=2.35, df=2, p=0.31) (Paper VIII, Table 3).
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CONCLUSIONS

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.

In the biggest colony of great cormorants in Juodkranté (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.

Disruption of the ecosystem caused by great cormorants affected
isotopic niche of small mammals: §°N values were higher in
rodents inhabiting all cormorant colonies. In the expansion zone
of Juodkranté colony cormorant influence was visible after the
first year of nest appearance.

In the biggest colony in Juodkranté, 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.

Eleven mammal species, including three non native ones, were
camera-registered in great cormorant colonies of Juodkranté and
Lukstas. 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
IVADAS

Darbo aktualumas. Smulkieji zinduoliai yra ekosistemy stabilumo
indikatoriai, atlickantys svarby vaidmenj daugelyje ckosistemy (Carey ir
Harrington, 2001; Pearce ir Venier, 2005; Bogdziewicz ir Zwolak, 2014). Jie
yra daugumos plésriyjy paukséiy ir zinduoliy mitybinés grandinés pagrindas,
uztikrinantis ekosistemy funkcionavimg (Jedrzejewski ir Jedrzejewska,
1992; Malecha ir Antczak, 2013; Wilson ir kt., 2017; Grabham ir kt., 2019;
Gryz ir Krauze-Gryz, 2019). Rasiné smulkiyjy Zinduoliy sudétis ir gausumas
néra atsitiktiniai dydziai, jie priklauso nuo aplinkos poveikio (Carey ir
Harrington, 2001; Kozakiewicz ir Kozakiewicz, 2008). RisSing jvairove,
gausumg, dominavimg, lyéiy ir amziaus struktiirg bei kitus smulkiyjy
zinduoliy bendrijos rodiklius jtakoja aplinkos salygos. Keiciantis augalijos
strukttirai, pomiskio ir medziy lajy sudéciai bei paklotés sandarai, keiciasi ir
smulkiyjy zinduoliy bendrijos (Fox, 1995; Bryja ir kt., 2002; Briani ir kt.,
2004; Cepukiené ir Jasiulionis, 2012). D¢l savo jvairiapusiy ekologiniy
funkcijy smulkiesiems Zinduoliams ypa¢ svarbios yra nuokritos (Carey ir
Harrington, 2001).

Neskaitant  antropogeninio  poveikio, didziyjy = kormorany
(Phalacrocorax carbo) kolonijos misy klimatinéje zonoje Vveikiausiai yra
vienas sparCiausiai ir labiausiai aplinkg kei¢ianciy faktoriy (Kameda ir kt.,
2006; Klimaszyk ir Rzymsky, 2016). Kormoranai yra svarbus energijos ir
daugelio cheminiy elementy perne$éjas i§ vandens j sausumos ekosistemas
(Ellis ir kt., 2006; Otero ir kt., 2015). Jvairiapusis kormorany poveikis
aplinkai lemia visos ekosistemos transformacija (Klimaszyk ir Rzymski,
2016).

Kormorany jtaka zuvy istekliams bei poveikis aplinkai peréjimo
kolonijose kelia daug diskusijy visuomenéje. Ziniasklaida §iems pauk$éiams
skiria daug démesio. Kormoranai ir jy poveikis aplinkai yra gerai Zinomi,
taiau tyrimo, kuriame bty nagrinéjama Siy pauksciy jtaka kolonijose
aptinkamiems zinduoliams, iki $iol nebuvo. Disertacijos rengimo metu atlikti
tyrimai prisidés vertinant kompleksinj kormorany poveikj aplinkai.

45



DARBO TIKSLAS IR UZDAVINIAI

Darbo tikslas buvo istirti didziyjy kormorany (Phalacrocorax carbo)
kolonijy poveiki smulkiyjy Zzinduoliy ekologiniams ir biologiniams
rodikliams bei jvertinti kormorany kolonijy jtakg plésriesiems ir
kanopiniams zinduoliams.

Tikslui pasiekti buvo iskelti Sie uzdaviniai:

1. I8tirti ir jvertinti didziyjy kormorany kolonijy poveikj smulkiyjy
zinduoliy bendrijy sudédiai, rtsinei jvairovei, gausumui, ly¢iy ir
amziaus struktiiros kaitai, jmitimui ir morfometriniams rodikliams
bei nustatyti, kaip Sie rodikliai keiiasi priklausomai nuo kolonijos
dydzio.

2. Jvertinti kormorany perneSty biogeny jtaka smulkiyjy Zinduoliy
izotopinei nisai, naudojant stabiliyjy izotopy santykio analizg.

3. ISanalizuoti sunkiyjy metaly ir kity cheminiy medziagy kaupimasi
kolonijose gyvenanciy smulkiyjy zinduoliy audiniuose.

4. Ivertinti kormorany veiklos jtaka plésriyjy bei kanopiniy Zinduoliy
sezoniniam ir paros aktyvumui.
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GINAMIEJI TEIGINIAI

Dél kormorany poveikio keiCiasi smulkiyjy zinduoliy bendrijy
rasiné sudétis, gausumas, amziaus ir ly¢iy struktoira, jmitimas bei
kaukolés morfometriniai parametrai.

Teigiamas nedideliy kolonijy poveikis smulkiyjy zinduoliy
ekologiniams ir biologiniams parametrams didelése kolonijose
tampa neigiamu.

IS vandens ekosistemy kormorany perneStos maistinés medziagos
paveikia sausumos ekosistemy mitybos grandines ir smulkiyjy
zinduoliy izotoping nisa.

Kormorany kolonijos plétra nedelsiant padidina biogeny kiekj
sausumos ekosistemoje. Sis poveikis padidina stabiliyjy azoto
izotopy vertes smulkiyjy Zinduoliy plaukuose.

Kormorany kolonijy poveikis néra toks stiprus kaip antropogeninés
tarSos Saltiniy, taciau jtakoja K, Cu, Rb ir Pb koncentracija
smulkiyjy zinduoliy audiniuose.

Kormorany kolonijos yra svarbios buveinés kai kuriems
kanopiniams bei plésriesiems zinduoliams. Kolonijose plésriyjy
zinduoliy sezoninis ir paros aktyvumas dél kormorany veiklos
pasikeiéia.
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DARBO NAUJUMAS

Siame darbe pirma karta pasaulyje buvo visapusiskai jvertintas
didziyjy kormorany poveikis zinduoliams. Tyrimas atskleid¢ kormorany
kolonijy jtaka smulkiyjy zinduoliy bendrijy sudéciai ir gausumui, populiacijy
ly¢iy ir amziaus struktiirai bei individy jmitimui. Nustatyta, kad teigiamas
nedideliy kormorany kolonijy poveikis ekologiniams ir biologiniams
smulkiyjy Zinduoliy parametrams didelése kolonijose keiciasi | neigiama.
Pirmg kartg iSaiskinta, kad pakito dviejy kolonijoje gyvenanciy smulkiyjy
zinduoliy risiy kaukolés morfometrija. Taip pat pirma karta jvertinta
kormorany veiklos jtaka sunkiyjy metaly ir kity cheminiy elementy
kaupimuisi zinduoliy audiniuose bei atlikta anglies (**C/*?C) ir azoto
(®*N/*¥N) stabiliyjy izotopy santykio analizé. Fundamentinis $io tyrimo
naujumas buvo jrodymas, kad didziyjy kormorany kolonijos poveikis
smulkiesiems Zinduoliams pasireiSkia jau pirmaisiais kolonijos susidarymo
metais. Tyrimo rezultatai pirmg kartg parodé, kaip greitai perneSama
biologiné tarsa ir kaip ji pakeicia smulkiyjy zinduoliy ekologija. Be to, buvo
nustatyti kanopiniy ir plésriyjy zinduoliy riSiy paros bei sezoninio aktyvumo
pokyciai, vykstantys kolonijose peréjimo sezono metu.

Sis tyrimas leidzia geriau suvokti ilgalaikj kormorany kolonijy
poveikj ekosistemoms. Darbo rezultatai svarbiis vertinant kormorany poveikj
zinduoliams ir jy populiacijy parametry pokycius labai greitai kintancioje
aplinkoje. Misy iSvados prisideda prie biologinés tarSos ir trikdziy bei
kompleksiniy aplinkos poky¢iy kormorany kolonijose vertinimo.
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MEDZIAGA IR METODIKA
Tyrimo vieta

Tyrimas buvo atliktas 4 Lietuvos didziyjy kormorany kolonijose:
Juodkrantés, Luksto, Naudziiiny ir Elektrény (Table 1, Fig. 2). Juodkrantés
kormorany kolonijos teritorija pagal kormorany daromo poveikio trukme ir
laipsnj buvo padalinta j penkias zonas (I straipsnis, Fig. 1; IV straipsnis, Fig.
1):

o Kontrolé (I) — zona kurioje néra kormorany poveikio;

o Pradinio kormorany poveikio zona (I1) — naujausia

kormorany kolonijos dalis, atsiradusi ple¢iantis kolonijai. Sioje

zonoje medziai vis dar gyvi, taciau Zoliné danga skurdesné nei
kontroléje;

o llgalaikio kormorang poveikio zona (111) — kormorany

kolonijos dalis, kurioje beveik visi medziai nudzitive. Zoliné danga

beveik isnykusi, uzima iki 10% ploto. Sioje zonoje susitelkusi
didZioji kormorany kolonijos lizdy dalis;

o Ankstesnio kormorany poveikio zona (IV) — teritorija,

kurioje visi brandiis medziai nudzitve, didzioji jy dalis nuvirtusi.

Teritorija apaugusi jaunais medziais, kriimais, Zoliné danga vesli.

Praeityje $ioje zonoje kormorany poveikis buvo intensyvus, taciau,

nuvirtus i§dzitvusiems medZziams, kormoranai i$sikélé;

o Ekotonas (V) — zona tarp kormorany paveikty ir nepaveikty

teritorijy (detaliau | straipsnyje).

Luksto, Naudzitiny ir Elektrény kolonijose buvo i$skirtos kolonijos
(11-V) ir kontrolés (1) zonos. Juodkrantés kormorany kolonija perinCiy
paukséiy skai¢iumi yra didziausia Lietuvoje ir viena didziausiy Europoje
(misy tyrimo laikotarpiu ¢ia peréjo nuo 1500 iki 3800 pory). Ja priskyréme
prie dideliy kolonijy. Luksto (iki 130 perinéiy pory), Naudzitiny (iki 80) ir
Elektrény (iki 160) priskyréme prie mazyjy Kolonijy.

Smulkiyjy Zinduoliy bendrijy tyrimai

Smulkieji zinduoliai buvo gaudomi naudojant musSamyjy spasty
linijas, kuriy kiekvienoje buvo 25 spastai, iSdéstyti 5 metry atstumu vienas
nuo kito. Masalui naudotas dziovintos tamsios duonos kubelis, suvilgytas
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nerafinuotame saulégrazy aliejuje. Spastai laikyti nuo 1 iki 3 pary, tikrinami
kiekvieng dieng (BalCiauskas, 2004). Tyrimo apimtis visose 4 kormorany
kolonijose — 17700 spasty-pary (257 spasty linijos). Tyrimas vykdytas 2011—
2019 metais, rugséjo—lapkri¢io ménesiais. Juodkrantés kormorany kolonijoje
2013 ir 2014 metais buvo papildomai gaudoma birzelio ménesj. Buvo
apibudinama zvéreliy rusis, prie$ skrodimg jie pasveriami, pamatuojami,
skrodziant nustatomas amzius ir lytis (Il straipsnis). Santykinis smulkiyjy
zinduoliy gausumas apskaiciuotas pagal pagauty individy skaiciy per pirma
parg su 100 spasty (ind./100 sp. p.). Darbe naudojome Senono (Shannon’s)
jvairovés bei Simpsono dominavimo indeksus. Smulkiyjy zinduoliy jmitimo
indeksas buvo paskai¢iuotas pagal formule bc=(Q/L%)x10° kur Q — kiino
svoris (gramais), L — ilgis (milimetrais) (Moors, 1985).

Kaukoliy morfometrija

Naudojant binokuliarinj mikroskopg su matavimo skale iSmatuoti
468 geltonkaklés pelés (Apodemus flavicollis) ir 151 rudojo peléno (Myodes
glareolus) individy 23 kaukolés matmenys (III straipsnis).

Stabiliyju izotopy analizé

Stabiliyjy izotopy analizei buvo pasirinktos dvi dazniausiai
kolonijose pagautos smulkiyjy zinduoliy rasys: A. flavicollis (istirti 129
individai) ir M. glareolus (120 individy). Analizei buvo naudojami Zvéreliy
plaukai. Nuo kiekvieno individo nugaros nukirpty plauky kuokstelis buvo
laikomas plastikiniame maiselyje. Prie§ atliekant analiz¢ plaukai buvo
pasverti ir sudéti j alavo kapsules. Augaly, bestuburiy ir nuokrity méginiai
2448 valandas dziovinami dziovinimo krosnyje 60 °C temperatiiroje iKi
orasausés maseés, po to homogenizuoti naudojant agato trintuve ir maiSytuva
Retsch MM 400. Matavimai atlikti naudojant elementinj analizatoriy (Flash
EA1112), sujungta su izotopy santykio masiy spektrometru (Thermo Delta V
Advantage, Thermo Scientific, USA) (IV, V, VII straipsniai). Stabiliyjy
izotopy duomenys pateikti kaip J vertés apskaiCiuotos pagal formule:

5)(:(Rsample/Rstandard'1)*1031

kur Rsamp|e=13C/12C arba 15N/14N, Rstandard:13C/12C arba 15N/14N (IV,
V, VII straipsniai).
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Cheminiy elementy tyrimas

Cheminiai elementai iSanalizuoti Juodkrantés kormorany kolonijoje
pagauty A. flavicollis (54 individai) audiniuose. Istirta 20 cheminiy elementy
koncentracija: Na, Mg, Al, Si, P, S, Cl, K, Ca, V, Mn, Fe, Ni, Cu, Zn, Br,
Rb, Sr, Mo ir Pb. Audiniai buvo dziovinami 100 °C, po to deginami 240 °C
temperatiiroje. Gauti pelenai susmulkinti maiS§ytuve Retsch MM 400 ir
sumai$yti su riSamaja medziaga Licowax (Fluxana) santykiu 1,25 g peleny ir
0,28 g riSamosios medziagos. Po to kiekvienas pavyzdys buvo
homogenizuojamas ir suspaudziamas j 20 mm diametro tabletes naudojant
15 KN (presas PP25). Analiz¢é atlikta SPECTRO XEPOS HE spektrometru
(VI straipsnis).

Gyviiny registravimas Zvériy stebéjimo kameromis

Zinduoliy aktyvumas vertintas naudojant Ltl Acorn-5210A Zvériy
stebéjimo kameras. Tyrimas vykdytas Juodkrantés (tyrimo apimtis 1370
pary) ir LukSto (1317 pary) kormorany kolonijose. Kameros buvo
tvirtinamos prie medziy, 40-60 cm aukstyje. Sios kameros automatigkai
registruoja laikg ir data. Metai buvo padalinti | du periodus: kormorany
veisimosi laikotarpis (balandis—liepa) (BT) ir ne veisimosi laikotarpis
(rugpjutis—kovas) (NT). Para padalinta j 3 dalis: diena (D), naktis (N) ir
prieblanda (T). Prieblanda laikomas laiko tarpas 60 minu¢iy prie$ saulétekj ir
60 min. po saulétekio, bei 60 min. prie§ saulélydj ir 60 min. po saulélydzio.
Diena — laikotarpis nuo 60 min. po saulétekio iki 60 min. iki saulélydzio.
Naktis — laikotarpis nuo 60 min. po saulélydzio iki 60 min. iki saulétekio
(VI straipsnis).

Statistiné analizé

Statistiné analizé atlikta naudojant STATISTICA 6 programa.
Duomeny analizéje naudotas kritinis patikimumo lygmuo p<0,05. Vidurkiai
pateikti nurodant standarting paklaidg (+SE). Skirtumy analizei naudoti t
testas, vienfaktoriné bei daugiafaktorineé ANOVA, neparametriniai 2,
Kruskal-Wallis testai. Duomeny atitikimas normaliajam skirstiniui vertintas
Kolmogorovo-Smirnovo testu.
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REZULTATAI IR APTARIMAS

Per 9 tyrimo metus Kketuriose kormorany kolonijose pagauti 1967
smulkiyjy zinduoliy individai, priklausantys 10 rasiy: paprastasis kirstukas
(Sorex araneus), kirstukas nykstukas (S. minutus), vandeninis Kirstukas
(Neomys fodiens), M. glareolus, pievinis pelénas (Microtus agrestis),
pelkinis pelénas (M. oeconomus), naminé pelé (Mus musculus), pelé mazylé
(Micromys minutus), dirviné pelé (Apodemus agrarius) ir A. flavicollis.

Visose Juodkrantés kormorany kolonijos poveikio zonose
dominuojanti smulkiyjy zinduoliy rtsis buvo A. flavicollis, subdominuojanti
— M. glareolus. Daugiausia rtsiy pagauta ankstesnio poveikio zonoje (1V) (7
rasys), kontroléje (I) (6 rusys) ir ekotone (V) (5 rasys). Aktyvaus kormorany
poveikio zonose (11 ir 111) aptiktas mazesnis rasiy skaicius (atitinkamai 3 ir
4). Aktyvaus poveikio zonose nustatytas ir mazesnis smulkiyjy zinduoliy
gausumas (Il — 4,65+1,08 ind./100 sp. p.; Il — 4,76+1,41) nei kontroléje
(10,38+1,51), ekotone (20,96+2,82) ar ankstesnio poveikio zonoje
(22,46+1,85). Luksto kormorany kolonijoje sugauty zvéreliy riisiy skaicius
buvo didesnis nei kontroléje (atitinkamai 9 ir 6 rasys). Santykinis gausumas
kolonijoje (29,17+2,92 ind./100 sp. p) daugiau nei 2 kartus vir§ijo gausuma
kontrolingje zonoje (13,50+2,14; t=4,33, p<0,001). Tokia pati tendencija
nustatyta Naudzitiny kormorany kolonijoje, kur raisiy skai¢ius buvo mazesnis
nei kontroléje (atitinkamai 2 ir 5 raSys). Skyrési ir santykinis gausumas,
8,50+1,36 ind./100 sp.p. kontroléje ir 22,75+4,35 kolonijoje (t=3,13,
p<0,01). Elektrény saloje esancioje kormorany kolonijoje ir kontroléje
sugauta vienintelé smulkiyjy Zinduoliy rasis — M. glareolus. Sioje teritorijoje
zvéreliy gausumas kolonijoje (7,00+2,36 ind./100 sp. p.) ir kontroléje
(8,00+2,73) nesiskyreé (t=0,28, p=0,79).

Juodkrantés kormorany kolonijoje sugauty A. flavicollis lyciy
struktiira kontroléje ir ekotone buvo identiska: abiejose zonose patinai sudaré
48,9%, patelés — 51,1%. Kitose zonose dominavo patinai, nors, lyginant su
kontrole, skirtumas ne visais atvejais buvo patikimas: 1V zonoje patiny buvo
54,5% (x2=1,26, p=0,26), II zonoje — 55,8% (y2=1,91, p=0,17), 11l zonoje —
68,3% (x2=15,1, p<0,01). Vieninteléje III zonoje lyciy struktiira patikimai
skyrési nuo 1:1 (y2=13,4, p<0,001). A. flavicollis amziaus struktiira
kormorany paveiktose Juodkrantés kolonijos vietose skyrési: II zonoje
vyravo jaunikliai (40,3%) ir lytiskai nesubrende individai (35,0%), V zonoje
— suaugéliai (46,8%). M. glareolus ly¢iy struktira Juodkrantés kolonijos
ilgalaikio kormorany poveikio zonoje (III) skyrési nuo kontrolés (y2=45,2,
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p<0,001) ir nuo santykio 1:1 (32=28,1, p<0,001). IIT zonoje patiny dalis
populiacijoje buvo beveik 2 kartus didesné, nei kontroléje (atitinkamai
76,5% ir 43,2%).

Luksto kolonijoje A. flavicollis ly¢iy struktira kontroléje ir
kolonijoje buvo artima santykiui 1:1. Kolonijai buvo budinga didesné
suaugéliy (52,0%) bei mazesné jaunikliy (4,0%) dalis nei kontrolgje
(atitinkamai 42,6% ir 14,9%; %2=10,1, p<0,01). Lytiskai nesubrendusiy
individy dalis kontroléje (42,6%) ir kolonijoje (44,0%) buvo panasi.

Naudzitiny kolonijoje A. flavicollis patiny dalis kontroléje buvo
didesné nei kolonijoje (atitinkamai 61,5% ir 51,3%; y2=4,4, p<0,05).
Suaugusiy A. flavicollis individy dalis kolonijoje buvo didesné nei kontroléje
(36,3% ir 23,1%; y2=12,4, p<0,01). Naudzitiny kolonijoje tos pacios
tendencijos nustatytos M. glareolus. Patiny dalis kolonijoje buvo didesné
nei kontroléje (atitinkamai 65,5% ir 42,5%; x2=23,4, p<0,001). Kolonijoje
suaugusiy individy buvo daugiau negu kontroléje (14,9% ir 6,9%; x2=10,2,
p<0,01). M. glareolus ly¢iy struktaros skirtumy tarp kolonijos ir kontrolés
Elektrény kolonijoje nebuvo. Suaugusiy individy kolonijoje buvo daugiau
nei kontrol¢je (33,3% ir 14,3%; x2=25,8, p<0,001).

Maziausias A. flavicollis jmitimo indeksas Juodkrantés kormorany
kolonijos ilgalaikio poveikio zonoje (II) (bc=3,35+0,07) buvo patikimai
mazesnis nei kontrolingje zonoje (bc=3,58+0,05; t=2,89, p<0,01). Taciau
Naudzitiny kormorany kolonijoje A. flavicollis jmitimas buvo didesnis nei
kontroléje  (atitinkamai  bc=3,64+0,08 ir 3,40+0,10), bet skirtumas
nepatikimas (t=1,90, p=0,06). Juodkrantés kolonijoje prasCiausias M.
glareolus jmitimas nustatytas aktyvaus kormorany poveikio zonose (Il —
bc=2,94+0,06; III — bc=2,85+0,09). Patikimi skirtumai rasti tarp Il 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)
zony. Luk$to, Naudzitiny ir Elektrény kolonijose M. glareolus jmitimo
indeksas kontroléje ir kolonijoje nesiskyre.

Juodkrantés kormorany kolonijoje M. glareolus vidutinis vados
dydis kontrolingje 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 kormorany kolonijose
patikimy skirtumy tarp kolonijos ir kontrolés nenustatyta.

Apibendrinant galime teigti, kad nedaug perin¢iy pauks¢iy turinéiy
kormorany kolonijy poveikis smulkiesiems zinduoliams buvo teigiamas:
padidéjo risiy skaiCius, santykinis gausumas, suaugusiyjy individy dalis
bendrijoje bei vados dydis (nors vados dydzio pasikeitimas néra statistiskai
reikSmingas). Taciau kormorany kolonijai pasiekus tam tikra dydj poveikis
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tampa neigiamas: sumazéja smulkiyjy zinduoliy risiy skai¢ius, jvairove,
santykinis gausumas, suaugusiy individy dalis ir jmitimas, padidéja vienos
rasies dominavimas bendrijoje bei patiny dalis. Taciau netgi didelése
kolonijose kormorany poveikis zinduoliams gali buti teigiamas kolonijos
pakraStyje (ekotone) arba apleistoje kolonijos dalyje, kur lizdy skaicius
ribotas. Siose zonose rii§iné vairove, rusiy skaiCius, santykinis gausumas,
suaugusiyjy individy dalis ir jmitimo indeksas atsistato ir netgi padidéja,
lyginant su kontroline zona.

Labiausiai paveiktose dideliy kolonijy zonose jtaka smulkiesiems
zinduoliams galima dél pakitusios augalijos sudéties (Veum ir kt., 2019),
sléeptuviy  stokos, trikdymo, bei nejprastai didelés azoto ir fosforo
koncentracijos. Kormoranai gali stipriai pakeisti aplinka, kurioje gyvena
(Klimaszyk ir Rzymski, 2016). Neigiamas kolonijy poveikis nustatytas
augalams (Matulevicitté ir kt., 2018), kerpéms (Zolkos ir kt., 2013),
miksomicetams (Adamonyté ir kt., 2012). Taciau apleistoje Juodkrantés
kolonijos dalyje miksomicety bei kerpiy jvairové dalinai atsistaté
(Adamonyté ir kt., 2013; Motiejunaité ir kt., 2014). Atsikuriant augalijai,
apleistose kolonijy dalyse padaugéja sléptuviy bei maisto iStekliy
smulkiesiems zinduoliams. Kai tik paSalinamas trikdziy faktorius, jy
bendrijos dél didelio reprodukcijos grei¢io bei migracijos geba greitai
atsistatyti (Bush ir kt., 2012).

Kodél mazose kolonijose kormorany poveikis smulkiesiems
zinduoliams yra teigiamas? Pirmiausia, jose nesusikaupia ekstremaliai
didelés azoto ir fosforo koncentracijos. Nedideli kormorany iSmaty kiekiai
tik patresia dirva ir pakeicia augalijos sudétj, bet jos nesunaikina. Mazose
kolonijose zoliné danga ir kriimai biina veslesni nei aplinkinése, kormorany
nepaveiktose teritorijose. Suveséje augalai tampa puikiomis sléptuvémis ir
maisto $altiniu smulkiesiems Zinduoliams. Be to, zZinduoliy mitybos raciong
papildo kormorany pamestos Zuvys bei i§ lizdy iskritg jaunikliai.

Il straipsnyje analizuojami Juodkrantés kolonijoje sugauty A.
flavicollis ir M. glareolus kraniometriniy rodikliy skirtumai. Nustatéme, kad
skirtingo kormorany poveikio intensyvumo zonose A. flavicollis
kraniometriniai rodikliai skyrési patikimai (Wilks A=0,58, F=1,33, p<0,05).
Patikimai (ANOVA: *—p<0,05, **-p<0,01) skyrési Sie suaugusiy A.
flavicollis kaukoliy matmenys: X3** (ziaréti III straipsnj, Material ir
methods), X4*, X17* ir X21* (Il straipsnis, Fig. 1). Taip pat patikimai
skyrési ir lytiSkai nesubrendusiy A. flavicollis individy kaukoliy X2*, X3*,
X5*, X13**, X15*, X16*, X19*, X21** matmeny dydziai (lll straipsnis,
Fig. 2). Jaunikliy A. flavicollis kraniometriniai rodikliai tarp skirtingy
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poveikio zony nesiskyré. Kolonijos zonos jtaka antros pagal gausumg riisies
M. glareolus kaukolés matmenims nebuvo patikima (Wilks A=0,07, F=3,32,
p=0,37). Taciau kai kurie suaugusiy (X3*, X4*, X6*, X10*, X20**; Il
straipsnis, Fig. 4) ir jaunikliy (X6*, X14*, X18*, X21*, X23*) kaukoliy
matmenys skyrési patikimai. Nustatyta, kad kormorany poveikio zonose A.
flavicollis ir M. glareolus kaukolés pailgéja. Labiausiai kraniometriniai
rodikliai skyrési ilgalaikio kormorany poveikio zonoje (Il straipsnis, Figs.
1-4).

Zinduoliy kraniometriniai rodikliai gali pakisti dél tarSos (Nunes ir
kt., 2001; Fritsch ir kt., 2010; Téte ir kt., 2013), trikdymo ir streso (Oleksyk
ir kt., 2004; Velickovic, 2007; Hopton ir kt., 2009). Didziyjy kormorany
kolonijy teritorijos gali biiti laikomos labai uzter§tomis (Klimaszyk ir Joniak,
2011; Klimaszyk ir kt., 2015). Be to, jose smulkiuosius zinduolius veikia Kiti
stresoriai: dél sunykusios zolinés dangos sumazéjgs sléptuviy kiekis,
mazesnis maisto pasirinkimas, padidéjes plésriny skaicius (VIII straipsnis).
Taigi, A.flavicollis ir M. glareolus morfometriniy kaukolés rodikliy
skirtumai atsiranda dél kompleksinio kormorany kolonijy poveikio (III
straipsnis).

IV, V ir VII straipsniuose analizuojami M. glareolus ir A. flavicollis
stabiliyjy izotopy (8*°N ir §'°C) santykio skirtumai Juodkrantés, Luksto,
Elektrény kormorany kolonijose bei Luksto, Elektrény, Zarasy ir Rusnés
kontroléje. Nustatéme, kad didZiausioje Juodkrantés kormorany kolonijoje
M. glareolus 8N vertés buvo patikimai didesnés, nei Luksto kolonijoje
(Tukey HSD, p<0,001), Elektrény kolonijoje (p<0,01) bei Luksto, Elektrény,
Zarasy, Rusnés kontrolinése teritorijose (visy p<0,001; IV straipsnis, Fig. 3;
VII straipsnis, Fig. 3). Luksto kolonijoje sugauty M. glareolus plaukuose
vidutinés stabiliyjy azoto izotopy (8*°N) vertés buvo didesnés negu kontrolés
zonos individy (Tukey HSD, p=0,0002). Auks3&iausios A. flavicollis 6°N
vertés nustatytos Juodkrantés kolonijoje. Vidutinés 3*°N vertés Juodkrantés
kolonijoje buvo patikimai didesnés, nei Juodkrantés kontrolinéje zonoje
(Tukey HSD, p<0,01), Luksto kolonijoje (p<0,001) bei Luksto ir Zarasy
kontroléje (p<0,001) (IV straipsnis, Fig. 2). A.flavicollis 6N vertés
Juodkrantés kontrolinéje zonoje buvo mazesnés nei kormorany paveiktose
zonose: Il poveikio zonoje (Tukey HSD, p<0.01), Il zonoje (p<0,001), IV
zonoje (p<0,001) ir V zonoje (p<0,01) (IV straipsnis, Fig. 4). Nustatéme, jog
kormorany kolonijai i$siplétus | naujas teritorijas jau pirmaisiais invazijos
metais keiciasi stabiliyjy izotopy santykis smulkiyjy zinduoliy plaukuose.
Didéjant perinéiy kormorany skai¢iui didéja 3°N ir mazéja 3°C vertés (V
straipsnis). Millus ir Stapp (2008) teigia, kad smulkiyjy zinduoliy izotopinés
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niSos pokyciai pauks¢iy kolonijose yra jtakojami ne tiesiogiai, bet per
maistg. Kormorany pernestos biogeninés medziagos veikia potencialy
smulkiyjy zinduoliy maistg, dél to padidéja 8'°N reik§més. AukStas azoto
stabiliyjy izotopy santykis buvo nustatytas kormorany kolonijy paklotéje bei
augaly lapuose (Kameda ir kt., 2006). Vandens ekosistemose kormoranai yra
mitybos grandinés virsuje (Bostrom ir kt., 2012). Azoto skilimo procesai,
pvz., mineralizacija ir nitrifikacija, taip pat padidina azoto izotopy santykj
dirvozemyje (Nadelhoffer ir Fry, 1988).

VI straipsnyje iSanalizuotas cheminiy elementy kaupimasis A.
flavicollis audiniuose Juodkrantés kormorany kolonijoje. Nustatéme, jog
poveikio zona yra pagrindinis veiksnys, lemiantis cheminiy elementy
koncentracija (MANOVA Wilks A=0,04, F35:=2,90, p<0,001). Skirtingose
zonose pagautuose individuose K, Mn, Cu, Rb ir Pb koncentracija skyrési
patikimai (VI straipsnis, Fig. 2). Intensyvesnio poveikio zonose K ir Cu
koncentracijos buvo didesnés, Rb ir Pb — maZesnés. Kormorany jtaka buvo
teigiama, nes padidéjo naudingy mikroelementy (K ir Cu) koncentracijos ir
sumazgjo kenksmingo sunkiojo metalo Pb koncentracija. Sumazéjusi Rb
koncentracija spéjamai yra susijusi su K koncentracijos padidéjimu, kadangi
Sie 2 mikroelementai vienas kitg pakei¢ia; todél organizme jy koncentracijos
daznai koreliuoja neigiamai (Nyholm ir Tyler, 2000). Apibendrinant, penkiy
i§ 20 istirty cheminiy elementy koncentracijos A. flavicollis audiniuose
priklausé nuo kormorany poveikio intensyvumo. Tikétina, kad auksCiau
aprasytus smulkiyjy Zinduoliy bendrijy sudéties, rusinés jvairovés, gausumo,
ly¢iy ir amziaus struktiiros, jmitimo bei kraniometriniy rodikliy pokycius
nulémé ne vien tik cheminiy elementy koncentracijos audiniuose. Dél tar§os
kormorany kolonijose pasikeicia augalija, nuo kurios priklauso ir sléptuviy
skaiGius bei maisto istekliai. Sie veiksniai kartu su pertekliniu kormorany
atneSty medziagy kiekiu veikiausiai ir saglygoja pokyc¢ius smulkiyjy zinduoliy
bendrijoje.

VIII straipsnio rankrastyje analizuojami zinduoliy sezoninio ir paros
aktyvumo poky¢iai Luksto ir Juodkrantés kormorany kolonijose. Naudojant
zvériy stebéjimo kameras nustatyta, kad Luksto kolonijoje lapiy (Vulpes
vulpes) ir manguty (Nyctereutes procyonoides) sezoninis aktyvumas
priklausé nuo kormorany peréjimo sezono (atitinkamai t=4,39, p<0,001 ir
t=3,74, p<0,001). Vidutinis $iy Zinduoliy registravimo daznumas kormorany
veisimosi laikotarpiu buvo kelis kartus didesnis. Luksto kolonijoje
kormorany peréjimas stirny (Capreolus capreolus) (t=0,76, p=0,47) ir Serny
(Sus scrofa) (t=1,40, p=0,19) aktyvumui jtakos neturéjo (VI straipsnis, Fig.
3A).
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Juodkrantés kolonijoje V. vulpes aktyvumas buvo 2 kartus didesnis
kormorany peréjimo laikotarpiu (t=2,31, p<0,05). Taciau, kaip ir Luksto
kolonijoje, C. capreolus (t=0,87, p=0,41) ir S. scrofa (t=0,94, p=0,37)
sezoniniam aktyvumui peréjimo laikotarpis jtakos neturéjo (VIII straipsnis,
Fig. 3B). Luksto kormorany kolonijoje S. scrofa, N. Procyonoides ir V.
vulpes paros aktyvumas priklausé nuo kormorany aktyvumo (atitinkamai
2=47,7 ir x2=45,2, p<0,001 bei y2=6,1, p<0,05). Juodkrantés kolonijoje nuo
kormorany aktyvumo priklausé S. scrofa ir V. vulpes paros aktyvumas
(atitinkamai x2=42,1 ir x2=20,0, p<0,001; VI straipsnis, Table 3).

Zinduoliy paros ritmg kei¢ia maisto prieinamumas (Masi ir Kt.,
2009; Diaz-Ruize ir kt., 2015). Kormoranai jauniklius maitina dienos metu ir
pameta dalj atneSto maisto. Be to, kai kurie neskraidantys jaunikliai iskrenta
i§ lizdy. Pamestos zuvys bei iskrite jaunikliai tampa lengvu grobiu
plésriesiems zinduoliams. N. procyonoides yra naktiniai gyviinai (Akbaba ir
Ayas, 2012; Zoller ir Drygala, 2013; lkeda ir kt., 2016). Komoranams
neperint, Luk$to kolonijoje tik 20,0% atvejy N. procyonoides buvo
registruoti dienos metu. Pradéjus peréti, net 58,1% atvejy Sie gyvinai buvo
registruoti dieng (V111 straipsnis, Table 3).
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ISVADOS

Mazos kormorany kolonijos (80—130 perin¢iy pory) daré teigiamag
itaka  smulkiyjy zinduoliy ekologiniams ir biologiniams
parametrams: didéjo santykinis jy gausumas, risiy skaicius bei
suaugusiy individy dalis bendrijoje.

Didziausios Lietuvoje Juodkrantés kormorany kolonijos (1500-3800
perin¢iy pory) aktyvioje dalyje neigiamas poveikis smulkiyjy
zinduoliy bendrijai buvo labiausiai iSreikStas: sumazgjo gausumas,
rusiné jvairové, jmitimo indeksas, pateliy dalis bendrijoje, pasikeité
geltonkakliy peliy (Apodemus flavicollis) ir rudyjy pelény (Myodes
glareolus) kaukolés morfometriniai rodikliai. Apleistoje kormorany
kolonijos dalyje ir ekotone nustatytas teigiamas poveikis
smulkiesiems zinduoliams: jy gausumas, jvairové ir jmitimo
indeksas padidéjo.

Didziyjy kormorany kolonijy salygota eckosistemos degradacija
pakeit¢ smulkiyjy Zinduoliy izotoping niSg — &N vertés jy
plaukuose padidéjo. Sis poveikis buvo pastebimas jau pirmaisiais
kormorany ekspansijos j naujas teritorijas metais.

Juodkrantés kormorany kolonijoje didziausio pauks¢iy aktyvumo
zonose K ir Cu koncentracija geltonkakliy peliy audiniuose buvo
padidéjusi, o Rb ir Pb sumazéjusi.

Zvériy stebéjimo kameromis Juodkrantés ir Luksto kormorany
kolonijose buvo registruoti vienuolikos (tarp jy trijy nevietiniy) rasiy
zinduoliai. Kolonijoje lapiy (Vulpes vulpes) ir manguty (Nyctereutes
procyonoides) aktyvumas kormorany peréjimo sezon0 metu buvo
kelis kartus didesnis nei kitu laiku. Kormoranams perint manguty,
lapiy ir Serny (Sus scrofa) paros aktyvumas keitési, stirny
(Capreolus capreolus) paros aktyvumas isliko nepakites.
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MOKSLINE IR PRAKTINE REIKSME

Zinduoliy tyrimy didZiyjy kormorany kolonijose stoka parodé, kad
§iy pauks¢éiy vaidmuo ekosistemose nebuvo nuodugniai jvertintas. Sio
tyrimo rezultatai leidzia geriau apibiidinti kormorany poveikio aplinkai
kompleksiskumg. Pirmg kartag iSaiSkinta kolonijos dydzio reikSmé ir
nustatyta, kad didesnéje kolonijoje pauks¢iy jtaka smulkiesiems zinduoliams
yra neigiama. Irodyta, kad kolonijos poveikis pasireiSskia jau pirmaisiais
metais po jos susiformavimo. Patvirtinta, kad maisto medziagy pernesimo |
sausumos ekosistemas jtaka yra netiesioging, ji priklauso nuo pauksciy
iSmaty biologinés tarSos poveikio grauziky maisto objektams.

Didziyjy kormorany kolonijos poveikio grei¢io jvertinimas turi
prakting reikSme. Jis parodo, kad pauksc¢iy iSbaidymas i$ uzimamy teritorijy
iki peréjimo gali turéti neigiamas pasekmes. Pradedant kormoranus baidyti
per anksti, jy kolonijos fragmentuojasi ir pauksc¢iai iSplinta ir suka lizdus
naujose buveinése. Susidariusios kolonijos jau pirmaisiais metais pakeicia
ekosistema. Perinéiy kormorany baidymas nuo lizdy ribojant iSsiritusiy
kiauSiniy skaiCiy, yra naudingesné priemoné uz pauksciy gasdinima iki
peréjimo sezono pradzios. Lietuvoje kormorany gausos reguliavimo darbai
yra atliekami, jeigu kolonijoje yra daugiau, kaip 100 perin¢iy pory. Misy
tyrimy rezultatai rodo, kad kormorany kolonijos nevirsijanc¢ios 200 perinCiy
pory nedaro neigiamo poveikio jose aptinkamiems zinduoliams.
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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, NEm1Zov 2008, HERRMANN ef 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 ef al. 2012).

The cormorant colony on the Curonian Spit

*Corresponding author: linasbal@ekoi.lt
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of Lithuania established itself in the 19th cen-
tury, was eradicated around 1887 (GRAZULEVICIUS,
ELERTAS 2005) and once again re-established in1989
(Stanevicius, PALtaNaviCius 1997). The number of
breeding pairs reached 2700 by 2003, stabilized at
about 3000 from 2005 to 2010, then peaked at 3808
in 2011 (Lozys, 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
(ADAMONYTE et al. 2012). After trees dry from the
excrements and finally die, new nests are built,
thereby spatially expanding the colony (ZyDELIS et
al. 2002). The Juodkranté cormorant colony is oc-
cupied from March, when the first birds return, and
maximum nest occupancy occurs in April. Young

229



Balciauskieneé L., M. Jasiulionis, L. Balciauskas

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 10* to 10° times, leading to
the death of trees and formation of glades (KaMEDA
et al. 2000, Laving, CEkSTERE 2008, GARCIA et al.
2011). Though soil fertility is increased, plant bio-
mass is lower in the active colony (KoLs et al. 2010)
and, after the birds disappear, shrub communities
replace the dead forest (ZOLko$, MarRKOWsKI 2006).
It was shown that myxomycete diversity in the
Juodkranté colony was lower in the active part of
the colony with the most fresh and numerous nests
(ADAMONYTE 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
Juodkrante.

Material and Methods

Study area

The study area is located to the south of Juodkranté
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 Adamonyté 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.

I1 — 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.
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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
(ADAMONYTE 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 (ADAMONYTE et al. 2012). Abandoned part of
the colony with only few nests still in use.

V — zone of the ecotone between zones I 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 (BaLciauskas 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¢) (Kress 1999,
Barciauskas 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 o between 0 and 4. Scale parameter o = 0
shows Rényi diversity equal to the logarithm of the
number of species, o= 1 yields Rényi diversity equal
to Shannon’s H, o = 2 is related with Simpson’s in-
dex of dominance, while a = 3 and 4 represent grow-
ing emphasis on the dominant species (TOTHMERESZ
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100 m

Fig. 1. Trapping design in different zones of the great cormorant colony in Curonian Spit National Park in West Lithuania

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 (TotumErEsz 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 (Juskartis, ULEVICIUS
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 a =0, Rényi diversity equal the logarithm of
the number of species. At a = 1 Rényi diversity num-
bers are equal to Shannon’s H, while o > 1 represents
diversity of the higher order; o = 2 represents domi-
nance in the community (ToTHMERESZ 1998). From Fig
2A, it is clear that differences in diversity (Shannon’s
H) and dominance (Simpson’s ¢) 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 <
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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+1V) and the
most affected (II+I1I+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 ¢, respectively, was
¢ =0.58+0.004 and ¢ = 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, x> = 5.19, p
=0.02) and lower proportion of C. glarelous (6.5%, y*
=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, y* = 0.99, NS) and the proportion of C.
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glareolus the highest (32.7%, x> = 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+1V) and the most affected (II+111+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, H, ;; =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, H, |,=4.97 p=0.10) and in the control zone
(H,,, =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 (H, ,) =5.85 p =0.062) and in the
control zone (H, ,; =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).
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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+I1I+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 o = 0 gives
Rényi diversity equal to the logarithm of the number of species, a = 1 yields Rényi diversity equal to Shannon’s H,
o = 2 is related with Simpson’s index of dominance, while a = 3 and 4 represent growing emphasis on the dominant
species (according Tothmérész 1998)

Table 1. Trapping effort in different zones of the great cormorant colony, 2011-2012

Zone
1 11 111 v \4
Number of trap lines 16 8 10 12 5
Number of trap nights 1075 550 600 775 300
Area trapped, ha 28 32 4.2 4.6 1.6
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Table 2. Number of trapped small mammals, their diversity (Shannon’s H, Simpson’s ¢) 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 I1T 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 11 I 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+0.02MLV 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+0.01"™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+£3.17" | 19.20+3.88 | 12.00£1.50

An earlier investigation of the small mam-
mals on the Curonian Spit of Lithuania (JUSKATITIS,
Utevicius 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 (Jusmkarris, ULEviCius 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 (ULevicius, Juskartis 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 Juodkranté colony are extreme: in the soil
of zones I, 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 1V, 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 (Opuwm,
BARrreT 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
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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
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Abstract: Investigations into small mammals within the territory of a breeding colony of great cormorants (Phalacrocorax carbo sinensis),
carried out in 2011-2014 near Juodkranté (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

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 (Stanevi¢ius and Paltanavicius, 1997).
The number of breeding pairs in the largest colony in the
country, located near Juodkranté, Kur$iy Nerija (West
Lithuania), was estimated at about 3000 in 2005-2010
(Patys, 2012), but was as high as 3800 breeding pairs in
2011 (Patys, 2012) and 3200 in the summer of 2012 (Dagys
and Zarankaiteé, 2013).

The influence of the colony on the environment is
mainly due to an increase in N and P levels by 10* to 10°
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 (Z61ké$ 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 (Z6tkés et al., 2013), fungi (Osono,
2012), plants (e.g., Anderson and Polis, 1999), insects,

* Correspondence: linasbal@ekoi.lt
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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 (Adamonyté 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
(Motiejunaiteé 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 (Bal¢iauskiené
etal., 2014).
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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
Juodkranté in Kursiy 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 (Bal¢iauskiené 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% (Adamonyté 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

Figure 1. Location of Zones A-E in the colony of great cormorants
near Juodkranté, West Lithuania, 2011-2013.
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reestablishing, and the moss layer was absent (Adamonyté
etal., 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
(BalCiauskiené 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 (Bal¢iauskas, 2004; Balc¢iauskiené 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; Balciauskas et al., 2012).

The age and sex structures of A. flavicollis in all zones
were compared using chi-square statistics.
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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 Juodkranté, West Lithuania, 2011-2014.

Males Females Both sexes together
Year

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.

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/L%) x 10°, where Q
is body weight in g and L is the body length in mm (Moors,
1985).

90

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 Téte et al. (2013).

Based on the assumption that body length is the best
descriptor of body structure (Peig and Green, 2009; Téte
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etal,, 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 (x*= 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 (x*=

32.02) and the proportion of adult and juvenile individuals
(x* = 25.29, both df = 4, P < 0.0001) between zones was
significant, while the proportion of the subadult and
juvenile mice was not (x*=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,
x*=10.95,df = 1, P < 0.001; for females, x*= 5.23, P = 0.02;
and for all individuals, x*= 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, F ., = 47.72, P < 0.0001,
R?=0.63). All parameters analysed were highly significant
for influence of the zone (Figure 5A). The body length of

_A @ Males [ Females B B Adults @ Subadults [ Juveniles

A | , | |
. | g | |
¢ | ¢ | |
P | v | |
: | | - | |
0 20 40 60 80 100 0 20 40 60 80 100

Percents Percents

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).

944

91



BALCIAUSKAS et al. / Turk ] Zool

70 A 60 B
Correlation: r = 0.89564 ° Correlation: r =0.84173
60
50
50
40 40
= CJ
o o
30 30
20
20
10
0 o, 95% confidence . o, 95% confidence
- 10 L—=
60 70 80 90 100 110 120 130 140 60 70 80 90 100 110 120 130
L (mm) L (mm)

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).

Males (n) Females (n) Total (n)
Zone
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

the mice was also influenced by all five parameters (main
effects ANOVA, F s = 31.95, P <0.0001, R?=0.54). The
influence of the zone was also highly significant (Figure
5B). Variation of the body condition index was defined
(Fb)387 = 6.53, P < 0.0001, R?>= 0.17) and was influenced
mostly by the month of trapping (F, , = 14.32, P <0.0001),
and then by zone (Figure 5C) and year of trapping (F
2.71, P < 0.05), but not by age or sex of the animal.
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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
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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; Adamonyté et
al., 2013), lichens (Z6tko$ et al., 2013; Motiejiinaiteé et al.,
2014), plants (Adamonyté et al., 2013), and insects (Kolb et
al,, 2012). Positive impacts may also be recorded in some
species of lichens (Motiejunaité et al., 2014) and insects
(Kolb et al., 2012).

Small mammal diversity in the active great cormorant
colony is suppressed (Balc¢iauskiené 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 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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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 (Adamonyté et al., 2013). In this zone, the
diversity of myxomycetes had been somewhat restored
(Adamonyté et al., 2013), and both nitrophilous lichens
and those characteristic to mixed forests were recorded
(Motiejunaité 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; Téte 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 (Alcantara and Diaz, 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 (Alcantara and Diaz, 1996; Diaz
et al, 1999; Stevenson and Woods, 2006; Velickovic,
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2007; Peig and Green, 2010; Téte 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
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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;
76tkos 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 (Adamonyté et al. 2013), mycorrhizal and
coprophilous fungi (Kutorga et al. 2013) and lichen
diversity (Motiejunaité et al. 2014). The impact of a
studied colony on small mammal species diversity and
abundance is also negative (Bal¢iauskiené 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 (Balciauskas 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
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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 (Martiniakova 2010a).

The above-mentioned studies (Baléiauskien¢ et al.
2014; Balciauskas 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 Kursiy
Nerija National Park near Juodkranté 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 (Adamonyté et
al. 2013; Bal¢iauskiené et al. 2014; Balciauskas 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;
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Table 1. Craniometric data of Apodemus flavicollis from cormorant-affected and adjacent territory in Juodkranté (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 4+ 0.01 1.3-2.6 2.1 4+ 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 (BalGiauskas 2004; Balciauskiené 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
(Balé¢iauskas 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 —
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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 Bal¢iauskas & Balciauskiené 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 Téte 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 A\ = 0.58, F = 1.33, P < 0.025),
year (Wilks A = 0.04, F'=18.32, P < 0.0001) and month
(Wilks A = 0.53, F = 1.25, P < 0.05) of trapping, ani-
mal sex (Wilks A = 0.80, F = 2.30, P = 0.001) and age
(Wilks A = 0.47, F = 4.18, P = 0.0001).

The aggregated influence of these five factors, in-
cluding zone, was of different strengths. According mul-
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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
ecotone.

tiple determination coefficient, characters X7 and X15
were not influenced (i.e., were most stable) (R? = 0.13,
P < 0.005), while X6, X8, X10, X16, X21 and X22 were
weakly influenced (R? = 0.15-0.30, P < 0.0001), and
X1-X5, X11-X14, X17 and X19-X20 were moderately
influenced (R? = 0.38-0.48, P < 0.0001). X18 and X 23
were very strongly influenced (i.e. were most variable)
(R? > 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, IIT 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 < 0006)7 X4 (F4’163 =
3.31, P = 0.012), X17 (F4,172 = 3.13, P = 0.016) and
X21 (Fy,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,
Fy133 = 3.30, P=0.013), X3 (F4,134 = 2.88, P=0.027),
X5 (Fy106 = 2.78, P = 0.030), X13 (Fy,121 = 4.02, P <
0005), X15 (F4’131 = 2.58, P < 005)7 X16 (F4=132 =

zone of the longest-lasting and strongest influence, IV
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zone of strong former influence, V — zone of

2.53, P < 0.05), X19 (Fy129 = 2.66, P = 0.035) and
X21 (Fy1262 = 3.59, P < 0.01), while near significant
for X14 (Fy13 = 2.15, P = 0.078) and X18 (Fyg4 =
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, Fy136 = 2.39, P = 0.054) and X21
(Fy126 = 2.16, P = 0.078).

The size of the skull characters of M. glareolus (Ta-
ble 2) were most significantly influenced by the year of
trapping (Wilks A = 0.007, F = 4.94, P < 0.0001), then
by animal age (Wilks A = 0.09, F = 2.72, P = 0.0002)
and sex (Wilks A = 0.26, F = 3.31, P = 0.002) and
month of trapping (Wilks A = 0.03, F = 1.66, P =
0.006). Zone of the colony was not a significant influ-
ence (Wilks A = 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, Fy 34 = 2.88, P = 0.037),
X4 (Fy34 = 3.25, P = 0.023), X6 (Fy34 = 3.38, P <
0.02), X10 (Fy,24 = 3.37, P = 0.025) and X20 (Fy 22 =
4.35, P = 0.009), also near significant for X16 (Fy 35 =
2.45, P = 0.064).

No significant differences in skull measurements for
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Table 2. Craniometric data of Myodes glareolus from cormorant-affected and adjacent territory in Juodkranté (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 4+ 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
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Fig. 3. Differences in skull characters of juvenile Apodemus flavicollis in the zones of the great cormorant colony. I — control zone, IT —
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 II1
(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, Fy6; = 3.19,
P < 0.02), X14 (Fy 6 = 3.00, P = 0.025), X18 (Fy 30 =
3.22, P=0.025), X21 (Fy 61 = 3.55, P=0.011) and X23
(Fy,30 = 3.32, P = 0.022), while near-significant differ-
ences were found for X12 (Fy61 = 2.43, P = 0.057),

X17 (Fy60 = 2.28, P = 0.071) and X19 (Fy61 = 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 magjus) 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 (Motiejiinaité 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 (Bal¢iauskiené 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 (Martiniakova 2010a; Petkovsek et

al. 2014). These species may coexist (Griim & Bujalska
2000) and they do not migrate (Martiniakova 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 IIT 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 (BalGiauskiené et al. 2014), population level
and individual level (Bal¢iauskas 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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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 (Velickovié¢ 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; Heroldova 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-
monyté et al. 2013; Motiejunaité et al. 2014). Body and
skull size differences may be driven by the gradient of
pollution (Nunes 2001; Fritsch et al. 2010; Téte 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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ABSTRACT

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 6'>C and 6'°N 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
6'3C and 6'°N were higher in the animals trapped in the territories of the colonies than those in control territories.
In the hair of A. flavicollis and M. glareolus, the highest values of §'°N (16.31 + 3.01% and 17.86 + 2.76%, respec-
tively) were determined in those animals trapped in the biggest Great Cormorant colony. &'°N values were age de-
pendent, highest in adult A. flavicollis and M. glareolus and lowest in juvenile animals. For §'*C values, age-dependent
differences were not registered. 5'°N values in both small mammal 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 functioning by 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 trophic webs 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; 5epell<a 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 (Motiejanaité et al., 2014), fungi (Kutorga
etal, 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 (Balciauskiené 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 (BalCiauskas 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 (BalCiauskiené et al., 2015).

Natural variability in the stable isotopic ratios of carbon, nitrogen
and sulfur (6'3C, 6'°N, 6>4S) 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) and finding differences 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 good model 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 SIA method, 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 (6'C) and stable nitrogen (5'°N) 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 Juodkranté (WGS 55° 31" 14.22", 21° 6’ 37.74"),
Elektrénai (54° 45’ 37.22", 24° 40’ 41.45") and Lukstas (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 Juodkranté was 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 colony with dead
trees, many of them rotten, fallen and decaying).

Zone V (the zone of the ecotone between zones Il and I1l and the sur-
rounding forest).

These zones were described in detail by BalCiauskas 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 Elektrénai, while only 95 pairs in the Lukstas colony. The Elektrénai
cormorant colony is the oldest in Lithuania, forming in 1985 on a
6.5 haisland, 700 m from the nearest shore of the reservoir. The control
zone for this colony was a cormorant-free part of the island, a distance
>50 m from the nests. The LukStas cormorant colony is the smallest
and youngest colony in Lithuania. It is situated on a 1.3 ha peninsula
in the northern part of Lukstas 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 Juodkranté, Elektrénai and Lukstas 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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Fig. 1. Investigation sites in Lithuania. Great Cormorant colonies: 1 - Juodkranté, 2 - Elektrénai, 3 - Lukstas. Control site: 4 - Zarasai.

The control site Zarasai is situated 400 m from Ziegelis 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
Juodkranté, Lukstas and Zarasai, one day in Elektrénai. 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
Juodkranté 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 and M. 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.
Samples were 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.

Table 1
Trapping effort (number of the trap/days) in the Great Cormorant colonies and control ter-
ritories in 2014.

Site Month Colony Control
Juodkranté September 600 150
Juodkranté November 600 150
Luk3tas September 300 300
Elektrénai October 100 100
Zarasai November - 300

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 6X values (where X
represents the heavier isotope '>C or '°N) or differences from given
standards, expressed in parts per thousand (%.) and are calculated ac-
cording to the formula:

6X = [Reample/Rytandara—1] x 1000 (1)

where Reymple = >C/12C or '°N/"N of the sample, Rytandara = >C/"*C or
15N/"N of the standard.

Reference materials Caffeine IAEA-600 (5'>C = —27.771 + 0.043%.,
6"°N = 1 + 0.2%.) and oil NBS-22 IAEA (6'C = —30.031 + 0.043%.)
provided by the International Atomic Energy Agency (IAEA) were
used as standards for calibration of the reference gases (CO, and N;).
EMA P2 (Elemental Microanalysis, 6°C = —28 =+ 0.1%,
6'°N = —2 + 0.2%,) was selected as a laboratory working standard. Re-
peated analysis of this reference material gave a standard deviation of
<0.08%. for carbon and 0.2%. for nitrogen.

2.4. Statistical analysis

To describe the 6'>C and &'°N values for all samples, the arithmetic
mean =+ 1 SE was used.

GLM Main 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 < 0.05.

3. Results
Breakdown of results by Main 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 §'°N was
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influenced most significantly (> = 0.77, Fyg,105s = 38.49), that of 6'>Cin
similar extent (r* = 0.64, F 0,105 = 21.76), both p <0.0001). Distribution
of N% was influenced in much lesser extent but still significantly (1> =
0.18, Fi9,101 = 3.42, p < 0.001), while distribution of C% did not depend
on the mentioned factors (Fg10; = 0.76, NS). Univariate tests for signif-
icance revealed dependence of 6'°N from territory (F3 105 = 13.30,
p<0.0001) and species (F; 105 = 9.79, p = 0.002). Post hoc test showed,
that species-related differences were significant for 5'>C (Tukey HSD,
p<0.0001), 6N (p < 0.0002), N% (p < 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).

3.1.8"3C and 6'°N values in Apodemus flavicollis

The distribution of 5'3C and 6'°N values in A. flavicollis individuals
showed significant variation (Fig. 2). The distribution of 5'°N values
were significantly different between colonies and control territories
(F233 = 7.30, p = 0.0012) and in animal age groups (F,33 = 9.09,
p = 0.0008).

The highest 6'°N values were observed in the largest colony of Great
Cormorants in Juodkranté (Table 2), its average exceeding those in the
Juodkranteé control territory (Tukey HSD, p = 0.006), Lukstas colony
(p = 0.0001) and Lukstas and Zarasai control territories (both with
p = 0.0001). The average value of 6'°N in A. flavicollis individuals regis-
tered in Juodkranté control zone also exceeded the Lukstas colony (p =
0.008), Lukstas control (p = 0.0002) and Zarasai control territories
(p = 0.004). A. flavicollis were not trapped in the Elektrénai colony.

6'°N values in adult A. flavicollis individuals (15.43 + 0.83%.) were
higher than those in subadults (12.84 + 1.25%., Tukey HSD,
p < 0.003), and stable nitrogen isotope values in subadult animals
were higher than those in juveniles (3.86 + 0.50%., p < 0.0002).

The distribution of §'C values in A. flavicollis showed no significant
differences relating to animal age or gender. The average 6'>C value in
A. flavicollis from the Lukstas colony was significantly lower than in
the Juodkranté colony of Great Cormorants (Tukey HSD, p < 0.003)
and Juodkranté control territory (p < 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.

3.2.6"C and 6"°N values in Myodes glareolus

In M. glareolus, 8"°N values differed significantly between colonies
and control territories (F35 = 10.36, p < 0.0001). The highest 6'°N
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Fig. 2. Distribution of 6'C and 6'°N values in A. flavicollis hair from the colonies of Great
Cormorants and control territories.

values in the hair of M. glareolus were observed in the colony of Great
Cormorants in Juodkranté, exceeding those in the LukStas colony
(Tukey HSD, p = 0.0001), Elektrénai colony (p < 0.002) and Lukstas,
Elektrénai and Zarasai control territories (all with p = 0.0001). §'°N
values in the hair of M. glareolus trapped in the Juodkranté control terri-
tory was also very high (Table 2) and did not differ significantly from
Juodkranté colony (Tukey HSD, p = 0.82). The average &'°N values in
in the hair of M. glareolus from the Lukstas colony exceeded that in the
Lukstas control territory (Tukey HSD, p = 0.0002), while the Elektrénai
colony was insignificantly higher than the Elektrénai control territory
(p = 0.06). 5"°N values in M. glareolus from the Zarasai control territory
were significantly lower than from any other investigation site, control
or colony (Tukey HSD, p < 0.02-0.0001). The average values of 5'°N in
the hair of adult M. glareolus (11.72 + 1.07%.) significantly exceeded
those in young individuals (9.90 + 0.90%., Tukey HSD, p < 0.05).

6'3C values in M. glareolus differed significantly between colonies
and control territories (F3 g5 = 3.81,p = 0.014). The highest 6'C values
were registered in the hair of the M. glareolus trapped in the cormorant
colony in Juodkranté (Table 2) and Juodkranté control territory (Fig. 3),
the former significantly higher than from all other sites (Tukey HSD, dif-
ference from the Elektrénai colony p < 0.05, Elektrénai control territory
p <0.01, other sites p = 0.0001). No differences in 6'>C values in M.
glareolus hair from different age groups or between genders were
observed.

No differences of N% from the hair of M. glareolus were 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 61°C, %o 6N, %o % N%
Apodemus flavicollis
Juodkrante Colony 28 —24.19 + 048 1631 + 3.01 4573 +1.93 15.81 £ 0.78
Control 5 —24.20+0.17 1226 +2.32 45.09 + 1.56 1522+ 0.2
Lukstas Colony 2 —25.64 +0.27 5.46 + 037 48.67 + 1.72 16.78 + 034
Control 4 —2489+ 125 4.06 + 0.71 4781+ 533 16.41 + 1.57
Zarasai Control 2 —24.47 £+ 0.69 5.04 + 095 43.79 + 4.05 15.08 + 1.68
Myodes glareolus
Juodkranté Colony 16 —24.88 +£0.97 17.86 + 2.76 47.00 +2.93 1527 £ 0.98
Control 1 —25.82 14.30 35.90 13.21
Lukstas Colony 22 —26.54 £+ 0.80 10.46 + 3.14 4576 + 3.15 14.60 + 1.17
Control 9 —27.48 +£0.84 531+ 1.00 4529 +2.23 1436 + 0.57
Elektrénai Colony 6 —26.08 £+ 0.67 12,62 + 2.07 46.28 + 291 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 + 0.63 474 +1.03 45.80 + 1.80 14.85 + 031
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gender groups. C% values from the hair of M. glareolus differed signifi-
cantly between colony and control territories (F3 g4 = 4.74, p < 0.005),
with the lowest value registered in the Juodkranté control territory
(Tukey HSD, p < 0.05-0.01).

3.3.6"Cand 6"°N values in small mammals depending on the influence ofa
Great Cormorant colony

A breakdown of the distribution of stable isotopes in A. flavicollis hair
between different parts of the Great Cormorant colony from Juodkranté
(Fig. 4) with respect to animal gender and age revealed significant dif-
ferences of 6'°N values (main effects ANOVA, zone of the colony,
Wilks lambda = 0.17, p < 0.002; age, Wilks lambda = 0.16,
p<0.0001). The lowest 5'°N 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 Juodkranté (Fig. 4). In the zones of the colony influ-
enced by cormorants, 5'°N values in the hair of A. flavicollis were higher
than in the control zone: zone II (average §'°N = 17.58 + 0.93%., Tukey
HSD, p < 0.003), zone III (average 6'°N = 17.05 + 0.73%, p = 0.001),
zone IV (average §'°N = 16.14 4 1.37%., p = 0.001) and zone V (aver-
age §'°N = 15.89 + 0.49%., p = 0.002). Significant differences in 6'°C,
C% and N% in the hair of A. flavicollis trapped in different zones of the
Great Cormorant colony from Juodkranté were not found.

Young A. flavicollis from Juodkranté were characterized by lower
6"°N values in their hair than those of adult and subadult individuals
(Tukey HSD, both p < 0.0002).

In the Juodkranté colony, M. glareolus were not trapped in the zones
with ongoing fresh influence by Great Cormorants. The lowest 6'°N
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%0) 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 the metabolic 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 Angerbjorn, 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).
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Fig. 3. Distribution 6'>C and '°N values in M. glareolus hair from the colonies of Great
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Fig. 4. Distribution 6'>C and 6'°N values in the hair of A. flavicollis trapped in the zones of
Juodkranté colony with different influence by Great Cormorants.

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 (Dammbhahn 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 from which 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 SIA may reflect re-
source partitioning of nutrient flows in food chains (Crawford et al.,
2008). From previous studies, we know that small mammal 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 (BalCiauskiené et
al., 2014; BalCiauskas et al., 2015; Balciauskiené et al., 2015).

Results of the current research unambiguously show that the values
of 6"3C and 6'°N 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 6'°N values in A. flavicollis
were dependent on the intensity and time of existence of the colony
(Fig. 4). The 6'>C and 6'°N 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 Juodkranté 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 §'°N 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.
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Table 3

Distribution of mean 6'C and 6'°N 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 Juodkranté colony - Morkiiné (2011); for fish,
molluscs and insects - Rakauskas (2014).

Organisms Mean 6"°C, % 4+SD Mean 6N, % +SD
Benthi- and planktivorous fish —25.77 1.08 1026 091
Ichthyosaurus fish —25.55 007  10.57 0.57
Insects —25.96 1.40 4.67 0.80
Molluscs —24.10 173 5.10 0.36
Carnivorous mammals —23.12 0.82 7.79 1.89
Herbivorous mammals —23.12 441 4.47 1.54
Great cormorants —26.10 15.30

A. flavicollis Juodkranté (control) — —24.20 017 1226 232
A. flavicollis Juodkranté (colony) — —24.19 048 1631 3.01
A. flavicollis Luk3tas (control) —24.89 125 4.06 071
A. flavicollis Lukstas (colony) —25.64 027 5.46 0.37
A. flavicollis Zarasai (control) —24.47 0.69 5.05 0.95
M. glareolus Juodkranté (control) —25.82 14.30

M. glareolus Juodkranté (colony)  —24.88 097 17.80 2.76
M. glareolus Luk3tas (control) —27.48 0.84 531 1.00
M. glareolus Luk3tas (colony) —26.54 0.80 1046 3.14
M. glareolus Elektrénai (control) — —26.02 0.79 8.86 291
M. glareolus Elektrénai (colony) —26.08 067 12.62 2.07
M. glareolus Zarasai (control) —26.74 0.63 474 1.03

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 as mineralization 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 4 1%, (Post, 2002).

The stable nitrogen isotope ratios of small rodents in our study were
at their highest in Juodkranté, situated near the Baltic Sea and Curonian
Lagoon. As the marine resources are enriched in both N and '*C
(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 on marine 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. flavicollis was observed feeding on the remains of
the fish brought to nests (S. Paltanavicius, 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 6'>C and 6'°N isotope ratios (Quillfeldt
et al., 2008). Both species also fed on Cory's Shearwater (Calonectris
diomedea borealis) on the island ecosystem (Hervias 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 and M. glareolus
populations inhabiting the smallest and most recent colony of cormo-
rants in Lukstas 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 (Juodkranté) suggest that few
(dominant) food sources were utilized. This is consistent with recent
studies of small mammals in Juodkranté that showed a shift in the

demographic structure of A. flavicollis toward males and young
(Balciauskas et al.,, 2015) and specific morphological features of A.
flavicollis and M. glareolus (BalCiauskiené et al., 2015), both reflecting
the poor habitat conditions of this site.

The small range of nitrogen isotope ratios of A. flavicollis in the
Lukstas 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 Lukstas 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 are flooded (see Appen-
dix S4). Most probably, the small colony size in Lukstas results in limited
biogen pollution, hence the low values of the stable nitrogen isotope.

In the hair of M. glareolus from the Lukstas 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, the wider range of nitrogen isotopic ratios of A. flavicollis in
Juodkranté 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 zones was 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 small mammals occu-
py higher trophic levels - disturbance leads to enrichment in of 5'°N in
their tissues (Nakagawa et al., 2007; Darling and Bayne, 2010). A posi-
tive correlation between 6'°N 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 (BalCiauskas et al., 2015), and these zones are char-
acterized also by the highest N enrichment (Adamonyté et al., 2013).

Finally, heightened 6'°N values in the hair of small mammals were
also characteristic to the control territories of the two biggest Great Cor-
morant colonies (in Juodkranté and Elektrénai). In the case of
Juodkranté, 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 Elektrénai, 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
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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. §'°N and
813C 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 §'°N 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 N in
A. flavicollis was 7.5 % (p <0.05) in the ecotone and 5.7 %
in the expansion zone. The decrease in 8'3C 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 §'3C 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 81°N values in plants (16.9 % 1.1 %c) were higher than in
invertebrates (13.6 0.4 %o). In the ecotone, the §'°N val-
ues were 12.0+ 1.4 in plants and 14.7 +0.04 %o in inver-
tebrates, while in the expansion zone they were 7.2 +3.0
and 9.9 = 3.8 %o, respectively. §'IN-rich resources led to in-
creased 8'°N 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 (Z(’){koé 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 Juodkrante,
Lithuania, changes the ecology of the small mammals in-
habiting the territory, decreasing their diversity and abun-
dance (BalCiauskiene et al., 2014), as well as changing popu-
lation structure and fitness (BalCiauskas et al., 2015) — these
changes indicate poor habitat and heightening values of §'3C
and 89N in their hair (Balgiauskas 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 Juodkranté (WGS
55°31'14.22" N, 21°6/37.74” E). The colony is in KurSiy
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
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pairs by 1999 and 2800 pairs in 2004. In the same year,
measures to limit breeding success at the Juodkranté 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 BalCiauskas 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 (Bal¢iauskas 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 (BalCiauskas 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; éepelka etal., 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 Juodkranté (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 Juodkranté 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.
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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 24-48h 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 (§'3C and §'N) 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
& values, according to the formula § X = [ Rsample/ Rstandard —
11 x 103, where Rsample:13C/12C or N/N of the sample,
Randard = C/12C or PN/YN of the standard.

5 % of samples were run in duplicate. The equipment pa-
rameters and measurement quality control are detailed else-
where (BalCiauskas et al., 2016).

2.5 Statistical analysis

The normality of distribution of §'3C and §'°N values was
tested using the Kolmogorov—Smirnov D. As not all values
of §'3C and §'5N 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
513C and 8'5N ratios between 2014 (data from Bal&jauskas
et al., 2016) and 2015 were tested by multivariate Hotelling
T2 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 8'°N and §'3C 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 8N and §'3C.

3 Results

3.1 $'3C and §'5N values in the hair of small mammals
inhabiting the great cormorant colony

The distribution of both §'3C and §'3N values in the hair
of A. flavicollis and the distribution of §' N values in M.
glareolus were not normal, though the distribution §'3C in
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Table 2. Central position (mean + SE, %) of stable isotope ratios
in the hair of Apodemus flavicollis and Myodes glareolus trapped in
the Juodkranté colony of great cormorants. Data for 2014 recalcu-
lated from BalCiauskas et al. (2016). Significance of differences ac-
cording to the Hotelling 72 multivariate test, * p <0.1, ** p<0.05,
*** p<0.001.

Species Zone Year 8 13C, %o+SE 8§ 15N, %0+ 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 15.974+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 6.704+0.91
Ecotone 2014 —24.85+£0.30 17.48 +0.64

2015 —2549+0.16 17.87+£0.30

Colony 2014 —24.89 £0.31* 17.994+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 SN (2 =0.31) and
813C (2 =0.26, F both p <0.0001).

In 2015, the influence of the zone (both species pooled)
was significant for the distribution of 8N (Kruskal—
Wallis ANOVA, Hj 119 =18.62, p=0.0001) and §'3C
(Ha,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 §13C (H; 119 = 21.69,
p<0.0001) and for 8N (Hj 119 =6.67, p=0.01). N
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. 8'3C signatures in the hair of A.
Sfavicollis 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 §"°N in dominant small mammal
hair grew in comparison to 2014, though not all differences
are significant (Table 2). In A. flavicollis, §'°N 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, §'*N increased by 2.3 % in
the ecotone zone and ~ 1 % in the colony.

813C 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 sB3¢c 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 §'"°N of plants
(Kruskal-Wallis ANOVA, H 45 = 13.89, p =0.001) but not
in invertebrates (Hp 9 =2.76, p =0.25). In plants, §15N val-
ues were highest in the colony (difference from expansion
zone, p <0.002; difference from ecotone, p =0.062). si3c
values showed no significant differences between zones in
either plants or invertebrates (Table 3).

Out of ten plant species, the most SN enriched were as
follows: Chelidonium majus, SN =19.6+2.0%o (from 8.4
in the expansion zone to 25.7 %o in the colony); Sambucus ni-
gra, 8N =16.9 & 2.6 %o (from 9.2 in the ecotone to 22.5 %o
in the colony); Juncus sp., 8N = 13.8 £ 4.7 %q; and Rham-
nus frangula, 8" 'N=13.2+1.8%o (from 8.1 %o in the ex-
pansion zone to 16.3 %o in the colony). 815N values in Carex
sp. (average 8N = 12.3 4 0.9 %o) did not differ significantly
across zones.

The most &'3C-enriched plants were Carex sp.
with 83C=-26.7+£0.7%0 and Sambucus nigra with
813C=—27.540.6%0, values in the expansion zone and
colony did not differ. Chelidonium majus was among the
least 8'3C-enriched plants, '3C = —29.5 % 0.4 %o.

Of the investigated invertebrates, the most 815N enriched
were Carabus sp. and slugs, "N = 14.9 and 14.0 %o, respec-
tively. Dung beetles showed the highest variation of §'°N,
being 2 times lower in the expansion zone than in the colony
(6.2%o versus 13.3%o). The stable carbon isotope ratio in
slugs was about 1 %o higher than in arthropods.

85N values in the litter were highest in the colony
(8" N'=16.3%o), followed by the ecotone and expansion
zones (8N =8.2 and 7.3 %o, respectively). §'5N values in
the cormorant eggshells and feathers were lower than in ro-
dent hair and did not depend on zone (Fig. S3).
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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 §'3C and §'°N 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 §'3C
and 8'5N. In the great cormorant colony, most plants were
highly enriched in >N due to over-enrichment and tended
to have §'°N values well above the invertebrate §'°N range
(Fig. 2).

Compared to average plant and invertebrate baseline val-
ues, the higher average §'°N and §'3C values in the hair of A.
Sfavicollis 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 5'°N was
over 5 %o higher than the plant baseline, but the plant base-
line in the colony was higher than the 8N value in the hair.
Compared to the invertebrate baseline, enrichment of I5N in
the rodent hair was 2.5-3 %o. Concerning M. glareolus, >N
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 §'°N and de-
creased 8'3C 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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Table 3. Isotopic signatures of basal resources (plants and invertebrates) in the Juodkranté great cormorant colony, ecotone and expansion

zones in 2015.

Basal resources  Zone n 5'3C, %0+ SE 813C, %o min—max SISN, %o+ SE 515N, %0 min—max
Plants Expansion 9 —28.6+0.9 —32.8t0 —25.2 72+£3.0 —3.3-25.1
Ecotone 10 —29.14+0.7 —31.6t0 —25.2 120+£1.4 8.0-22.5
Colony 26 —28.1+0.3 —31.41t0—-25.2 169+1.1 8.4-27.7
Invertebrates Expansion 2 —283+0.8 —29.1to0 —-27.5 99+38 6.2-13.7
Ecotone 2 —26.940.1 —26.9to0 —26.8 147+£0.0 14.6-14.7
Colony 5 —27.64+03 —28.4to0 —26.5 13.6+0.4 12.8-14.9
8 20 @) 820 (®) 8 20 (©)
&£ - &£ £ 2
%f, 15 'z 15 =) ! 'f, 15
%10 — { 2’.10 % 10
§ — § 5
g 5 - g 5 g 5
0 0 0
32 30 28 26 24 22 32 30 26 24 22 32 30 28 26 24 22

Mean (+SD) 5°C, %o

O Baseline invertebrates
® Baseline plants

Mean (+SD) 5°C, %o

u A flavicollis ad
M. glareolus ad

Mean (+SD) 5°C, %o

u A. flavicollis juv
M. glareolus juv

u A flavicollis sub
# M. glareolus sub

Figure 2. Isotopic signatures of potential animal and plant foods compared with isotopic signatures in the hair of age groups of Apodemus
favicollis and Myodes glareolus, trapped in the expansion (a) and ecotone (b) zones and Juodkranté 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 (BalCiauskiené et al., 2014; BalCiauskas et al., 2015) and
some aspects of isotopic enrichment of small mammals in
great cormorant colonies were reviewed in BalCiauskas 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.

Biogeosciences, 15, 3883-3891, 2018

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 %o 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 Juodkrante colony,
ecotone and expansion zone differed in §'"°N and §'3C 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 §'3C values.
Enrichment of plants and invertebrates was strongest in the
territory of the colony (see Fig. 2).
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Table 4. Nitrogen (A8'9N) and carbon (as'30) trophic fractionation between Apodemus flavicollis and Myodes glareolus and their possible

food sources in the Juodkrante great cormorant colony.

ASN, %o | AS13C, %o
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 249 3.20 234 1.37
Colony Plants —-0.23 1.27 332 241
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 §">N 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, §'°N values in great
cormorant eggshells and feathers were lower than the §'°N
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 §'3N 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
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have fed on guano, guano-fertilized plants or cormorant re-
mains (Harper, 2007). According to Szpak et al. (2012), 5N
enrichment of plants may range from 11.3 to 20 %o after fer-
tilization by guano of seabirds. Plants enriched in guano SN
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 "N in the ex-
pansion zone of Juodkranté 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 Tiirke, 2016; Schneider et al., 2017). However,
choices in the Juodkranté 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
I5N is a result of uptake of nitrogen from bio-polluted soil
enriched by marine-derived N from great cormorant excreta.
In such a situation, §'°N is not a straightforward indicator
of the trophic level (Drever at al., 2000). On seabird islands,
herbivores often exhibit heightened §' N signatures (Stapp
et al., 1999; Drever et al., 2000).

Typically, diet-tissue fractionation is from 2.5 to 3.4 %o for
nitrogen (Perkins et al., 2014). Trophic fractionation from 3
to 5 %o for nitrogen occurs at every trophic level in seabird
colonies (Cassaing et al., 2007). However, in Juodkrante, it
may exceed 5 %o in comparison to plants. Trophic fractiona-
tion for carbon of A. flavicollis was at a predictable level, up
t0 4.6 %o in comparison to plants, and up to 3 %o, compared to
the invertebrate baseline. Enrichment in '3C of M. glareolus
was lower, up to 3.6 %o compared to plants and up to 1.9 %o,
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%o and a range of +2.7 to +3.5 %o 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-
kranté, 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 § SN
and decreased §'3C 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.

Data availability. Data used in this paper are available upon re-
quest from the corresponding author.

The Supplement related to this article is available online
at https://doi.org/10.5194/bg-15-3883-2018-supplement.

Author contributions. MJ, LiB and LaB trapped small mammals
and collected baseline data. MJ and RS analyzed stable isotopes.
LiB analyzed data statistically. LiB and LaB wrote the first draft.
All authors provided substantial input to the design of the study and
discussion of the results.

Competing interests. The authors declare that they have no conflict
of interest.

Acknowledgements. We thank Associate Editor Sébastien Fontaine
and all reviewers for helpful comments, which greatly improved the

Biogeosciences, 15, 3883-3891, 2018

L. Bal¢iauskas et al.: Immediate increase in isotopic enrichment

quality of the paper. We also thank Gintautas Vaitonis for help with
graphics, Andrius Kucas for help with SIBER and Jos Stratford for
polishing the language of the manuscript.

Edited by: Sébastien Fontaine
Reviewed by: two anonymous referees

References

Balciauskas, L., Bal¢iauskiené, L., and Jasiulionis, M.: Mammals
under the colony of great cormorants: population structure and
body condition of the yellow-necked mice, Turk. J. Zool., 39,
941-948, https://doi.org/10.3906/z00-1407-27, 2015.

Balciauskas, L., Skipityte, R., Jasiulionis, M., Trakimas, G., Bal¢i-
auskiené, L., and Remeikis, V.: The impact of Great Cormorants
on biogenic pollution of land ecosystems: Stable isotope sig-
natures in small mammals, Sci. Total Environ., 565, 376-383,
https://doi.org/10.1016/j.scitotenv.2016.04.185, 2016.

BalCiauskiené, L., Jasiulionis, M., and BalCiauskas, L.: Loss of Di-
versity in a Small Mammal Community in a Habitat Influenced
by a Colony of Great Cormorants, Acta Zool. Bulgar., 66, 229—
234,2014.

Bauduin, S., Cassaing, J., Issam, M., and Martin, C.: Interactions
between the short-tailed mouse (Mus spretus) and the wood
mouse (Apodemus sylvaticus): diet overlap revealed by stable
isotopes, Can. J. Zool., 91, 102-109, https://doi.org/10.1139/cjz-
2012-0286, 2013.

Bobek, B.: Survival, turnover and production of small ro-
dents in a beech forest, Acta Theriol., 14, 191-210,
https://doi.org/10.4098/AT.arch.69-15, 1969.

Boecklen, W. J., Yarnes, C. T., Cook, B. A., and James, A. C.: On
the use of stable isotopes in trophic ecology, Annu. Rev. Ecol.
Evol. S., 42, 411-440, https://doi.org/10.1146/annurev-ecolsys-
102209-144726, 2011.

Bostrom, M. K., Ostman, O., Bergenius, M. A. J., Mikaela, A.
J., and Lunneryd, S. G.: Cormorant diet in relation to tempo-
ral changes in fish communities, ICES J. Mar. Sci., 69, 175-183,
https://doi.org/10.1093/icesjms/fss002, 2012.

Boutin, C., Dobbie, T., Carpenter, D., and Hebert, C. E.: Ef-
fect of Double Crested Cormorant on island vegetation, seed-
bank and soil chemistry: evaluating island restoration poten-
tial, Restor. Ecol., 19, 720-727, https://doi.org/10.1111/1.1526-
100X.2010.00769.x, 2011.

Butet, A. and Delettre, Y. R.: Diet differentiation between Euro-
pean arvicoline and murine rodents, Acta Theriol., 56, 297-304,
https://doi.org/10.1007/s13364-011-0049-6, 2011.

Cassaing, J., Derré, C., Moussa, 1., and Cheylan, G.: Diet variabil-
ity of Mediterranean insular populations of Rattus rattus studied
by stable isotope analysis, Isot. Environ. Healt. S., 43, 197-213,
https://doi.org/10.1080/10256010701562919, 2007.

Cassaing, J., Riviere, B. L. P. D. L., Donno, F. D., Marlinez-Garcia,
E., and Thomas, C.: Interactions between 2 Mediterranean ro-
dent species: Habitat overlap and use of heterospecific cues, Eco-
science, 20, 137-147, https://doi.org/10.2980/20-2-3560, 2013.

Cepelka, L., Heroldovd, M., Janovd, E., and Suchomel,
J.: The dynamics of nitrogenous substances in rodent
diet in a forest environment, Mammalia, 78, 327-333,
https://doi.org/10.1515/mammalia-2013-0017, 2014.

www.biogeosciences.net/15/3883/2018/

123



L. Bal¢iauskas et al.: Immediate increase in isotopic enrichment 3891

Crawford, K., Mcdonald, R. A., and Bearhop, S.: Applica-
tions of stable isotope techniques to the ecology of mam-
mals, Mammal Rev., 38, 87-107, https://doi.org/10.1111/j.1365-
2907.2008.00120.x, 2008.

Drever, M. C., Blight, L. K., Hobson, K. A., and Bertram, D. F.:
Predation on seabird eggs by Keen’s mice (Peromyscus keeni):
using stable isotopes to decipher the diet of a terrestrial omnivore
on a remote offshore island, Can. J. Zool., 78, 2010-2018, 2000.

Fernandes, R., Millard, A. R., Brabec, M., Nadeau, M. J., and
Grootes, P.: Food reconstruction using isotopic transferred sig-
nals (FRUITS): a Bayesian model for diet reconstruction, PloS
One, 9, 87436, https://doi.org/10.1371/journal.pone.0087436,
2014.

Fischer, C. and Tiirke, M.: Seed preferences by rodents in the agri-
environment and implications for biological weed control, Ecol.
Evol., 6, 5796-5807, https://doi.org/10.1002/ece3.2329, 2016.

Goc, M., Iliszko, L., and Stempniewicz, L.: The largest European
colony of great cormorant on the Vistula spit (N Poland)—an
impact of the forest ecosystem, Ecological Questions, 6, 93-103,
2005.

Harper, G. A.: Detecting predation of a burrow-nesting seabird by
two introduced predators, using stable isotopes, dietary anal-
ysis and experimental removals, Wildlife Res., 34, 443-453,
https://doi.org/10.1071/WR07037, 2007.

Ishida, A.: Effects of the common cormorant, Phalacrocorax carbo,
on overgreen forests in two nest sites at Lake Biwa, Japan, Ecol.
Res., 11, 193-200, https://doi.org/10.1007/BF02347685, 1996.

Jackson, A. L., Inger, R., Parnell, A. C., and Bearhop, S.: Com-
paring isotopic niche widths among and within communities:
SIBER-Stable Isotope Bayesian Ellipses in R, J. Anim. Ecol.,
80, 595-602, https://doi.org/10.1111/j.1365-2656.2011.01806.x,
2011.

Kameda, K., Koba, K., Hobara, S., Osono, T., and Terai, M.: Pat-
tern of natural SN abundance in lakeside forest ecosystem af-
fected by cormorant-derived nitrogen, Hydrobiologia, 567, 69—
86, https://doi.org/10.1007/s10750-006-0052-0, 2006.

Kelly, J. E.: Stable isotopes of carbon and nitrogen in the study of
avian and mammalian trophic ecology, Can. J. Zool., 78, 1-27,
https://doi.org/10.1139/299-165, 2000.

Klimaszyk, P. and Rzymski, P.: The complexity of ecological im-
pacts induced by great cormorants, Hydrobiologia, 771, 13-30,
https://doi.org/10.1007/s10750-015-2618-1, 2016.

Klimaszyk, P., Brzeg, A., Rzymski, P., and Piotrowicz, R.: Black
spots for aquatic and terrestrial ecosystems: impact of a perennial
cormorant colony on the environment, Sci. Total Environ., 517,
222-231, https://doi.org/10.1016/j.scitotenv.2015.02.067, 2015.

Koike, S., Nakashita, R., Kozakai, C., Nakajima, A., Nemoto,
Y., and Yamazaki, K.: Baseline characterization of the diet
and stable isotope signatures of bears that consume natu-
ral foods in central Japan, Eur. J. Wildlife Res., 62, 23-31,
https://doi.org/10.1007/s10344-015-0969-6, 2016.

Kolb, G., Jerling, L., Essenberg, C., Palmborg, C., and Hambick, P.
A.: The impact of nesting cormorants on plant and arthropod di-
versity, Ecography, 35, 726740, https://doi.org/10.1111/1.1600-
0587.2011.06808.x, 2012.

www.biogeosciences.net/15/3883/2018/

Makarov, A. M. and Ivanter, E. V.: Dimensional characteristics of
prey and their role in the diet of shrews (Sorex L.), Russ. J. Ecol.,
47, 315-319, https://doi.org/10.1134/S1067413616030073,
2016.

Millus, S. A. and Stapp, P.: Interactions between seabirds and en-
demic deer mouse populations on Santa Barbara Island, Califor-
nia, Can. J. Zool., 86, 1031-1041, https://doi.org/10.1139/Z08-
081, 2008.

Nakagawa, M., Hyodo, E., and Nakashizuka, T.: Effect of forest use
on trophic levels of small mammals: an analysis using stable iso-
topes, Can. J. Zool., 85, 472-478, https://doi.org/10.1139/Z07-
026, 2007.

Nakamura, M., Yabe, T., Ishii, Y., Kido, K., and Aizaki, M.: Ex-
treme eutrophication in a small pond adjacent to a forest colo-
nized by great cormorant (Phalacrocorax carbo), Jap. J. Limnol.,
71, 19-26, https://doi.org/10.3739/rikusui.71.19, 2010.

Perkins, M. J., McDonald, R. A., van Veen, F. F., Kelly, S.
D., Rees, G., and Bearhop, S.: Application of nitrogen and
carbon stable isotopes (815N and 813C) to quantify food
chain length and trophic structure, PloS One, 9, €93281,
https://doi.org/10.1371/journal.pone.0093281, 2014.

Schneider, S., Steeves, R., Newmaster, S., and MacDougall, A. S.:
Selective plant foraging and the top-down suppression of native
diversity in a restored prairie, J. Appl. Ecol., 54, 1496-1504,
https://doi.org/10.1111/1365-2664.12886, 2017.

Smiley, T. M., Cotton, J. M., Badgley, C., and Cerling, T. E.: Small-
mammal isotope ecology tracks climate and vegetation gradi-
ents across western North America, Oikos, 125, 1100-1109,
https://doi.org/10.1111/0ik.02722, 2016.

Sponheimer, M., Robinson, T., Ayliffe, L., Passey, B., Roeder, B.,
Shipley, L., Lopez, E., Cerling, T., Dearing, D., and Ehleringer,
J.: An experimental study of carbon-isotope fractionation be-
tween diet, hair, and feces of mammalian herbivores, Can. J.
Zool., 81, 871-876, https://doi.org/10.1139/203-066, 2003.

Stapp, P., Polis, G. A., and Pifero, F. S.: Stable isotopes reveal
strong marine and El Nino effects on island food webs, Nature,
401, 467-469, https://doi.org/10.1038/46769, 1999.

StatSoft, Inc.: Electronic Statistics Textbook, available at: http:
/Iwww.statsoft.com/textbook/ (last access: 20 July 2017), 2013.

Stenseth, N. C., Vljugrein, H., Jedrzejewski, W., Mysterud, A.,
and Pucek, Z.: Population dynamics of Clethrionomys glareo-
lus and Apodemus flavicollis: seasonal components of density
dependence and density independence, Acta Theriol., 47, 39-67,
https://doi.org/10.1007/BF03192479, 2002.

Szpak, P, Millaire, J. F, White, C. D., and Longstaffe,
F. J.: Influence of seabird guano and camelid dung fer-
tilization on the nitrogen isotopic composition of field-
grown maize (Zea mays), J. Archaeol. Sci., 39, 3721-3740,
https://doi.org/10.1016/j.jas.2012.06.035, 2012.

7Z6tko$, 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.

Biogeosciences, 15, 3883-3891, 2018

124



PAPER VI

Accumulation of chemical elements in yellow-necked mice under a
colony of great cormorants.

Jasiulionis, M., Bal¢iauskas, L., Bal¢iauskiené, L., Taraskevicius, R.
Chemosphere 2018, 213, 156-163.
doi: org/10.1016/j.chemosphere.2018.09.025
Elsevier publication

Reprinted with permission from Elsevier

125



Chemosphere 213 (2018) 156—163

Contents lists available at ScienceDirect

Chemosphere

Chemosphere

journal homepage: www.elsevier.com/locate/chemosphere

Accumulation of chemical elements in yellow-necked mice under a R)
colony of great cormorants s

Marius Jasiulionis **, Linas Bal¢iauskas , Laima Bal¢iauskiené ?, Ricardas Taraskevi¢ius *°

2 Nature Research Centre, Akademijos 2, LT-08412 Vilnius, Lithuania
Y Marine Research Institute, Klaipeda University, Herkaus Manto 84, LT-92294 Klaipéda, Lithuania

HIGHLIGHTS GRAPHICAL ABSTRACT

© 20 chemical elements in bodies of
Apod: icollis fi P, Ca,K, S, Cu, Cl, Cr, Zn, Ni, Pb,... Gickahaliion B
podemus  flavicollis from a great - cormorant

cormorant colony were studied. SO
« Concentrations of K, Mn, Cu, Rb, Pb gizmine
depended on the intensity of influence
D — former.

cormorant influence. - i)
« Gender-related differences in con- Transporting hiichce
centrations of Zn, Fe and Mo were

08
identified. ;z ZD 2 o
. . . ,oe .
e Changes in the chemical environ- L ‘ = J ' D ‘ ' ‘ fg . J I B
ment in the cormorant colony affect 2 14 il b

small mammals.

40 24

ARTICLE INFO ABSTRACT
Article history: This study represents the first investigation into the accumulation of chemical elements in small
Received 2 May 2018 mammals inhabiting the territory of a great cormorant colony. Trapping was done in the Juodkranté great

Received in revised form

22 August 2018

Accepted 4 September 2018
Available online 5 September 2018
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substances accumulate in hydrobionts or deposit in bottom sedi-
ments (Yi et al., 2011; Gajdos 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
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 10 to 10° times (Garcia et al., 2011). Trace el-
ements, including hazardous heavy metals, enter the soil from
cormorant excrements (Taraskevicius 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
etal,, 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 (Martiniakova et al., 2012; Gajdos 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
(Martiniakova et al., 2010) and paper mills (Gajdos 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; leradi et al.,
2003; Martiniakova 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 (Balciauskas et al., 2016). Additionally, it is
characterized by intensive metabolism, a granivorous/insectivorous
diet and small individual territories (Butet and Delettre, 2011;
Gajdos and Janiga, 2015). The home range median value for
A. flavicollis has been identified as 625 m? for males and 551 m? for
females (Vukicevic-Radic et al., 2006). A. flavicollis is also known as
proper biomonitor of metal pollution (Petkovsek et al., 2014), with
increased levels of metals in the organism relating to environ-
mental pollution (Martiniakova 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 (Martiniakova 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 (Martiniakova et al., 2010; Gajdos 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 Juodkranté 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 Juodkranté colony is
ca. 700 tons per year (Putys, 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 Juodkranté (Balciauskiene et al., 2014), along
with alterations in the population structure and a decline in body
condition (Balciauskas 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 (BalCiauskiené et al., 2015; BalCiauskas et al., 2016).
Increased stable isotope signatures in the small mammals, related
to the intensity of cormorant influence, show the consequences of
biological pollution (Balciauskas 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 Juodkranté on the
Curonian Spit (WGS 55° 31’ 14.22", 21° 6’ 37.74"). 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 (Balciauskas 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 A — the control zone. This is outside the colony and there is
no direct influence by nesting cormorants on the habitat.

Zone B — 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 — 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 — 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 (Balciauskas et al.,
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Fig. 1. Investigation site (marked by star at inlay map of Lithuania) and location of the zones in the great cormorant colony in Juodkranté, 2015. Zone A — control, zone B — ecotone
between the colony and surrounding forest, zone C — active influence of the colony, zone D — zone of the former influence.

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 subdominant M. 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) and measured with sliding callipers (accuracy of 0.1 mm). 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 (Balciauskas 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 6 min, frequency 27 Hz). Milled
samples were mixed with the Licowax binder (Fluxana) in the
proportions of 1.25g 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 3 min using 15 KN
(press PP25) to produce 20 mm diameter pellets (Taraskevicius
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; 5—-10% for Ni and Zn; 14% for Mo; and
20—23% for Si, V and Pb. The detection limits (ug g~ ') 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, 23,1.5,2.2,06,0.8,1.2,0.9,0.3,0.2, 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 ug g~ (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, Klaipéda University.

2.4. Statistical analysis

In our analysis, we utilized the mean, range (min—max) 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
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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 (MANOVA Wilks A = 0.04, F3 53 = 2.90, p <0.001) and the
gender of the animals (Wilks A = 0.41, Fy53 = 2.06, p < 0.05), but in
most cases did not depend on the age of the animals (Wilks
A=0.29, F253=1.20, p=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 x site
(two-way ANOVA F=1.14, p=0.225) and gender x site (F=1.16,
p=0.264). However, the interaction of two host factors, i.e.,
age x gender, did have a statistically significant influence (F = 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 F = 6.45,
p<0.001), Mn (F=7.04, p<0.001), Cu (F=3.40, p<0.05), Rb
(F=14.59, p<0.001) and Pb (F=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 A was 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 (p=0.09) and D (p=0.71)
(Table S1).

The concentration of Rb in mice from zone A was 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 F=24.38;
p <0.001), Fe (F=4.60; p <0.05) and Mo (F =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

K Cu
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Fig. 2. Concentrations of K, Cu, Rb and Pb (ug g ') in the bodies of Apodemus flavicollis from the different zones of the great cormorant colony (age and gender groups pooled). Zone
A — control, zone B — ecotone between colony and surrounding forest, C — zone of active influence of the colony, D — zone of former influence.
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Table 1

Concentrations of chemical elements (ug g~') 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: * — p < 0.05, ** — p < 0.001). Superscript letters indicate pairwise age-group differences.

Element  Adults (N=21) Subadults (N=21) Juveniles (N =12) Females (N=31) Males (N =23)

Mean +SD Min—Max Mean +SD Min—Max Mean +SD Min—Max Mean +SD Min—Max Mean +SD Min—Max
Na 708 +103 437-929 681+86 523-852 688 +69 577-826 706 +71 558-852 676 +108 437-929
Mg 298 +43 199-366 276 +43 207-367 298 +29 255-360 298 +39 227-367 277 +41 199-366
Al 81.7+9.3 63.9-96.4 79.8+114 59.6-103.9 80.5+10.6 69.4—-100.5 80.9+10.3 63.2—-103.9 80.4+10.5 59.6—100.5
Si 23.6+215 1.5-86.1 294 +36.0 1.5-149.0 293+237 2.7-70.1 27.0+239 1.5-82.0 27.2+335 1.5-149.0
P 4952 +528 4106-5996 4772 + 564 3869—-6099 4949 +322 4420-5469 4971 + 496 3973-6099 4760+ 501 38695996
S 2438 +328 1738-2977 2280 +375 1676—-3084 2154 +300 16832551 2327 +335 1710-3084 2294 +384 1676—-3021
c 781+83 628-941 763+74 643-932 761 +46 693831 782 +70 643-941 752+73 628894
K 2721+187 2300-3119 2635+ 184 2184-2961 2591 +206 2242-2880 2670209 2184-3119 2643 +174 2300-2944
Ca 7483 +1167  5435-9933  6905+1243  5167-9851 6965 + 630 5879-7899 7364 +1071 5167-9851  6845+1139  5207-9933
v 0.16 +0.02 0.12-0.22 0.15+0.02 0.11-0.18 0.15+0.02 0.11-0.18 0.16 +0.02 0.11-0.22 0.15+0.02 0.11-0.18
Mn 0.78 +0.28 0.48—1.50 0.70 +0.34 0.42-2.03 0.88+0.39 0.43-1.75 0.82+0.32 0.43-1.75 0.71+0.34 0.42-2.03
Fe* 347+42 29.9-42.6 334+69 22.0-54.9 359+38 30.3-42.7 35.8+55 27.9-54.9 32.7+48 22.0-42.1
Ni 0.62+0.10 0.38-0.82 0.61+0.12 0.43-0.85 0.6+0.12 0.36-0.78 0.61+0.11 0.36-0.85 06+0.1 0.43-0.79
Cu 1.66+0.13 1.37-1.86 1.67+0.12 1.47-1.95 1.74+0.16 1.5-2.03 1.69+0.14 1.46-2.03 1.67+0.13 1.37-2.00
Zn** 21.7+45%  153-232 194+34Y  145-243 167+£13%  147-186  21.3+43 14.7-282 17.5+23 14.5-235
Br 2.38+048 1.28-3.17 235+0.57 0.88-3.59 2.65+037 1.99-3.23 2.41+0.56 0.88—3.59 245+041 1.58-3.11
Rb 6.27 +2.45 3.43-13.49 6.16+2.25 3.76-12.23 6.18+1.15 4.74-8.28 6.35+2.26 3.76-13.49 6+1.93 3.43-12.23
Sr 3.14+1.26 1.91-8.03 2.78 £0.51 2.15-4.47 2.60+0.36 2.11-3.28 3.03+1.07 2.08-8.03 2.69 +0.49 1.91-3.89
Mo* 0.66 +0.19 0.32-1.09 0.61+0.17 0.27-0.88 0.57+0.19 0.24-0.88 0.66 +0.18 0.32-1.09 0.56 +0.16 0.24-0.88
Pb 0.05 +0.02 0.02—0.12 0.05 +0.02 0.02—0.08 0.04 +0.01 0.02—-0.05 0.05+0.02 0.02-0.12 0.04+£0.01 0.02—0.08

had a differing influence on males and females. In females, the
concentrations of K (ANOVA, F=4.35, p<0.05) and Cu (F=3.12,
p <0.05) differed according to the zone of colony, while this con-
centration did not differ in males (F=1.69, p=0.20 and F=0.73,
p = 0.16, respectively). Vice versa, the concentrations of Fe signifi-
cantly differed according to the zone of the colony in males
(F=3.57, p<0.05), but not in females (F = 0.58. p = 0.64).
Age-related differences were found in the concentrations of Zn
(F=10.99, p <0.001). Zn values (21.7 + 4.5 ugg~") 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 comprised Mg, Al, P and Ca, while
the second group was Al S, Cl and K (excluding K-Cl, r =0.252,
p =0.066) (Fig. 3). Outside these groups, strong significant positive
correlations in the concentrations were also found between the
pairs Br-Fe (r=0.555, p<0.001) and Sr-Pb (r =0.568, p <0.001).

r=0.583
<0.001 S

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 (r = 0.252, p = 0.066) is not shown.

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
(Taraskevicius 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 (Putys, 2012). In fish from water 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 heavy metals
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 and Mo 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. flavicollis was 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
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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 — 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 (Gajdos and Janiga, 2015). In fish at least, how-
ever, excess Rb in combination with 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 Gajdos 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; Taraskevicius 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. flavicollis was age-dependent in the investigated great cormorant
colony. The concentration of Zn increased with 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 (Martiniakova 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 (Sanchez-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 (Balciauskas et al., 2015).
Comparing heavy metal concentrations in M. glareolus from the
western part of Lithuania (Mazeikyté and Balciauskas, 2003), the
average concentrations of Pb (0.34pugg ") and Cu (2.61pgg ') 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 ug ¢~ 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 (Martiniakova 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
etal., 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 Gajdos and Janiga
(2015) found strong correlations between S and K. Likewise in
our case, the correlation between S and K was very strong
(R=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 (Balciauskiené et al., 2014, 2015; Balciauskas 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.

The main 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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1 | INTRODUCTION

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).

KEYWORDS
dietary separation, diversity, isotopic partitioning, small mammal community, spring floods

Huettmann, Hagelin, & Welker, 2015). While dense co-occurrence
of sympatric species may be attributed to differences in microhabi-

Co-occurring speciesinevitably will compete for space and resources, tat use (Jorgensen, 2004), not all cases can be explained by this “mi-
and this competition changes their distribution (Baltensperger, crohabitat paradigm” (Balestrieri et al., 2017). Alternative means to
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coexist can be through a spatial arrangement of species (Myllymaki,
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, & Holzel, 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 (Bal¢iauskas, Bal¢iauskiené, & Janonyté, 2012b; Crnobrnja-
Isailovi¢ 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, Jedrzejewska, Jedrzejewski, & Barton, 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 asmall 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 (Bal&iauskas, Skipityté, Jasiulionis, Balciauskiene,
& Remeikis, 2018; Bal¢iauskas 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 | STUDYSITE

We studied the small mammal community of a flooded meadow
(55°19'26.23"N, 21°20'24.15"E) near Rusné 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 (Balciauskas 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 (Bal¢iauskas 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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FIGURE 1 Study site position in the
Nemunas River Delta (between Nemunas
(Atmata) and Skirvyteé 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

“WILEY-®

TABLE 1 Composition of the small mammal community in a seasonally flooded meadow at Rusné (western Lithuania), 2008-2016 and

trapping effort

Species 2008 2009 2010 2011
Sorex araneus® 35 42 31 2
Sorex minutus® 3 8 12 -
Neomys fodiens® 2 - - -
Apodemus a,grariusb 22 60 193 124
Apodemus flavicollis® - - - -
Micromys minutus® 53 - 98 -
Microtus arvalis® - 2 - -
Microtus agrestis® - - 1 -
Microtus oeconomus® 46 102 30 14
Myodes glareolus® - - 13 2
Arvicola amphibius® - - 1 -
Total, N 161 214 314 142
No of species 6 5 8 4
Shannon's H 2.10 1.73 1.85 0.67
Simpson's ¢ 0.26 0.35 0.41 0.77
Trapping effort, trap 20 31 23 8
lines
Trapping effort, trap 750 1995 1525 600

nights

Total
2012 2013 2014 2015 2016 N %
44 9 14 9 7 193 14.2
3 2 = 4 3 35 2.6
- - - - - 2 0.1
57 17 55 53 63 644 47.4
3 - - - - 3 0.2
10 = 5 2 1 104 77
- - 2 - - 4 0.3
= = 8 10 7 21 1.5
67 5 7 37 - 308 227
2 1 10 13 3 44 3.2
- - - - - 1 0.1
186 34 96 128 84 1,359 100
7 5 7 7 6 11
2.03 1.80 1.98 2.19 1.33 213
0.28 0.35 0.37 0.28 0.58 0.30
12 6 9 6 6 121
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 ¢ the domi-

nance. Trapping effort is expressed in trap nights

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
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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 (Balciauskas, Balciauskiené, & Janonyteé,
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
Il interface (EA-IRMS).

Carbon and nitrogen isotope data are reported as § X values
(where X represents the heavier isotope **C or °N) or differences

Species N Males Females Adults
Sorex araneus 5 2 2 -
Sorex minutus 3 = = =
Apodemus agrarius 12 8 4 1
Micromys minutus 1 - 1 -
Microtus agrestis 11 2 9 3
Microtus oeconomus 34 14 20 15
Myodes glareolus 15 10 5 2

from given standards, expressed in parts per thousand (%o), and are
calculated according to the formula:

6X=[Rsample/Rstandara — 11% 1000.

_ 13
standard

where R, . = **C/*2C or ®N/"N of the sample, R c/t*c
or ®N/*N of the standard.
ReferencematerialsCaffeinelAEA-éOO(é“C =-27.771 + 0.043%o,
5N =1 + 0.2%0) and oil NBS-22 IAEA (5**C = -30.031 + 0.043%o)
provided by the International Atomic Energy Agency (IAEA) were used
as standards for calibration of the reference gases (CO, and N,). EMA
P2 (Elemental Microanalysis, 5'*C = -28 + 0.1%o, 5N = -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%o

for carbon and 0.2%. for nitrogen (Balciauskas 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 log, (Krebs,
1999), while dominance was expressed using the Simpson's index ¢
(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 Bal¢iauskas and Juskaitis (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 Rusné
flooded meadow is presented in Supporting information Table S2.
The pool of species in the area was insectivores (/) = 3, granivores
(G) = 3, herbivores (H) =4, and omnivores (O) = 1. Consequently,

TABLE 2 Small mammal samples used

Subadults Juveniles . .
for stable isotope analysis from a
1 - seasonally flooded meadow at Rusné,
_ _ 2015 (animal age and sex in insectivores
not always known due to self—digestion' of
5 6 .
the internal organs)
= 1
3 5
7 12
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.
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the probability of their presence in the community was | = 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 5'°C and §'°N values in the samples were expressed as
arithmetic mean + 1 SE. Normality of the 5°N and §*°C 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 5'°N and 6*°C 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 5*°N and 5'3C. 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

2009

Other species
W Microtus agrestis
Myodes giareolus

M

\

2012

It
7=l

| |
P

2010 2011 2013

2014

2015 2016

W Micromys minutus
W Sorex araneus

Apodemus agrarius

W Microtus oeconomus

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 ¢ =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
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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 6*°N and 5'3C 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
5N and 5'°C distribution, but not dietary group or age or sex of in-
dividuals (% = 0.00, T = 0.07, T = 0.003, all NS, respectively). Such
model explained 34% of variation of SN (r2 =0.34, Févé5 =7.00,
p <0.0001) and 48% of variation of 6'°C (* = 0.48, F, ., = 11.78,
p < 0.0001).

Performing species-based analysis, we found significant differ-
encesin 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
6N and 5"*C (F ,, = 16.64 and F ,, = 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
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A Apodemus agrarius
A Micromys minutus

O Microtus agrestis
B Microtus oeconomus

Table S3) and functional groups (Supporting information Table S4).
According to 5N, 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 513C, lower values were registered in herbivorous
voles and omnivorous M. glareolus, with higher values in shrews
and mice (Figure 3a). The difference between average 513C 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 51N (F1.1o =1.36,
p=0.27)or s8¢ (F1,1o =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.
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FIGURE 3 Distribution of small mammal species from the seasonally flooded meadow in Rusné 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
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FIGURE 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 5°C and had a trend for 5'°N (p = 0.054)

In M. oeconomus, differences in the stable isotopes in the hair of
young, subadult, and adult small mammals were significant for 5'°C
(F, 5, = 3.34, p = 0.048) and near-significant for §"°N (F, ,, = 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 6**C than adult animals and 10.5% higher 5"°N.

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 (Bal¢iauskas 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
(Bal¢iauskas & Juskaitis, 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-lIsailovi¢
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 Rusné did not differ from the bigger floodplains of the Vitava
(H = 2.18, 8 species) and Danube (H = 2.21, 9 species) rivers (Bohdal,
Navratil, & Sedlacek, 2016; Miklés, Ziak, & Hulejovd, 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
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mammal species larger than in the flooded meadow at Rusné (re-cal-
culated from Bal€iauskas & Juskaitis, 1997).

Of note is a new small mammal species for the Baltic countries.
Mediterranean shrew (Neomys anomalus) was found in flooded
meadows at Rusné (<100 m from the investigated site) living sym-
patrically with three other shrew species, water shrew (Neomys fo-
diens), S. araneus, and S. minutus (Bal¢iauskas & Bal¢iauskiené, 2012).
Two other small mammal species that are uncommon in Lithuania,
namely M. oeconomus and M. minutus, may also reach high densities
in the Rusné meadows (Bal¢iauskas et al., 2012b). These species are
not common in Lithuania (Bal€iauskas & Juskaitis, 1997; Baliauskas,
2005; Bal¢iauskas, Cepukiené, & Balciauskiené, 2017 and references
therein), but are not rare in flooded meadows and river valleys in
other European countries (Ambros et al., 2016; Crnobrnja-Isailovi¢
et al., 2015; Tast, 1966; Zub et al., 2012).

4.2 | Temporal changes in the dominant species

In the flooded meadow at Rusné, 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 Rusné 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 (BalCiauskas 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 (Bal¢iauskas 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)
(Bal¢iauskas, 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 (Balciauskas, 2005;
Bal¢iauskas et al., 2017; Bal¢iauskas & Jukaitis, 1997; Sinkanas &
Balciauskas, 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 & Ylénen, 2003; Fox & Brown, 1993; Fox &
Kirkland, 1992; Kelt et al., 1995; Rodriguez & 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, Gongalves, Pillar, & Hartz,
2016; Wazna, Cichocki, Bojarski, & Gabrys, 2016). Exceptions how-
ever are also known (Janova, Heroldova, & Cepelka, 2016; Marques
etal., 2015).

Several previous investigations have also confirmed favored
states of small mammal communities in Lithuania (i.e., BalCiauskas
& Juskaitis, 1997; Bal¢iauskas, 2005; Sinkinas & Bal¢iauskas, 2006;
Balciauskas 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 | lIsotopic 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 6°N and, even more, in 513C values. While differences in
5'°N between insectivores, herbivores, and granivores were nearly
30%, differences in 513C 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 Rusné 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 (Bal¢iauskas
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 (BalCiauskas, Bal¢iauskiené, & Baltranaité, 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 Lukstas 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
Juodkranté 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 Lukstas were significantly related to the activity of cormorants.

Keywords:

Camera traps, cormorant colony, mammals, activity differences



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 10* to 10° 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 (Adamonyté 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 (BalCiauskiené et al. 2014, Balciauskas et al. 2015). Influence of a great cormorant colony
on skull morphometry (BalCiauskiené et al. 2015), stable isotope signatures (BalCiauskas et al.
2016, Balciauskas 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
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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 Juodkranté

Great cormorant colony in Juodkranté (further JCC) is located on the Curonian Spit, Kursiy
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

(Matulevicitité 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 Juodkranté,

LCC — the great cormorant colony in Lukstas Lake.

2.1.2 The great cormorant colony in Lukstas

Great cormorant colony in Lukstas 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
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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.It.

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 (logz 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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(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 Lukstas Lake (LCC) and Juodkranté (JCC).

Species LCC, mean+SE (CI JCC, mean+SE (CI 95%)
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) 23.1842.37 (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 Lukstas Lake (LCC) and Juodkranté (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 39.1 333 -
D 61.3 59.2 58.1 239 50.0 -
NT N 100 30.8 70.0 254 28.6 100
T 0 23.1 10.0 28.5 9.5 -
D 0 46.2 20.0 46.1 61.9 -
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Fig. 2. Mammalg_res‘terea by camera t"aps in great cormorants 'olonles (A: 4. 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 6.242.5 (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 19.642.8 (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 (CI12.44-16.02) 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 Lukstas Lake (LCC) and Juodkranté (JCC).
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3.3 Daily activity patterns of mammals

Without respect of the cormorant presence, moose (JCC y=4.49, p=0.11), roe deer (LCC
1?=8.7; JCC ¥*=7.19, p<0.05) and red fox (LCC ¥*=13.38, p<0.01; JCC ¥*=17.89, p<0.001) in both
colonies were mostly active by day. Wild boar in LCC was mostly active by night (3’>=12.68,
p<0.01), and in JCC by day (x>=15.66, p<0.001). Raccoon dog in LCC was mostly active by day
(*>=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%)
(¥*=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 (y*=47.7, p<0.001).

In JCC activity peak of wild boar during NT was at daytime (46.1%) (¥>=57.3, p<0.001).
During BT activity switched to twilight (39.1%) and nighttime (37.0%) (x*=25.9, p<0.001; Table
2). Difference in the activity of wild boar between BT and NT was also significant (y*=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 (y?=6.1, p<0.05).

In JCC, on the contrary, daytime red fox activity was higher during NT (61.9% of all TE;
¥*=5.34, p=0.07) than in BT (50.0%; ¥*=7.43, p<0.05) (Table 2). Difference in activity patterns of
red fox was significant between BT and NT (x>=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 (x*=8.14, p<0.05). In NT raccoon dog
activity peaks were registered at nighttime (70.0% of all TE; ¥*=2.35, p=0.31) (Table 2). In LCC
raccoon dog activity patterns among BT and NT differed significantly (x*=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 (Piitys 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 (Bal¢iauskiené et
al. 2014, Balciauskas 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
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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:

e Breeding activity of cormorants is most likely to alter the daily activity of raccoon dog, red
fox, wild boar.

e In LCC average relative shooting frequency of these carnivores in the breeding season was a
few times higher than in non-breeding time.

e In JCC average relative shooting frequency of red fox in BT was 2 times higher than in NT.
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