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CONFIRMATION OF THE OCCURRENCE OF THYRIS
FENESTRELLA (SCOPOLI, 1763) (LEPIDOPTERA: THYRIDIDAE)
IN POLAND AND REMARKS ABOUT ITS BIOLOGY

Lukasz Dawipowicz!

! Department of Zoology, Maria Curie-Sklodowska University, Lublin, Poland
e-mail: mori666@02.pl

Abstract: This paper presents the first data about the presence of Thyris fenestrella (Sco-
poli, 1763) in Poland after a few decades of the absence of any records and suggests the
opportunity of a second generation occurrence under the Polish conditions. The species was
found in the Lublin Region, SE Poland. The locality is situated within the Vistula Valley on
a sunny slope overgrown by Clematis vitalba L. and C. recta L.

Key words: rare species, Clematis, conservation, red list, the Vistula Valley, new record

INTRODUCTION

Thyris fenestrella (Scopoli, 1763) is a thermophilous species frequently oc-
curring on sunny slopes (very often with calcareous subsoil) overgrown by Cle-
matis spp. assemblages. Thus, the species is most abundant in the southern part
of Europe. In Central Europe, T. fenestrella is quite rarely encountered and pra-
ctically restricted to the warmest regions (Buszko 1979; THIELE 1986; TOROK
2012). Despite its rarity, the biology and developmental stages of the species in
question are well described. Imagines are predominantly encountered from mid-
-May till mid-August (with a flight peak in June). Moths have black and dusky
brown wings with a few yellowish or orange dots and two transparent areas sepa-
rated by a dark narrow stripe on each wing. Wingspan ranges from 12 to 15 mm
(Fig.1a, b). Pupa are stubby and reddish brown with a typical lepidopteran shape.
Caterpillars are also quite stubby with a brown head and a dark yellow body colour.
The whole larva is covered by numerous black verrucae. Ovum can vary from red-



6 L. DAWIDOWICZ

dish-brown to dark brown and measure about 1 mm high (Fig.1c) (Buszko 1979,
ForSTER and WOHLFART 1960; HASENFUSS 1980; THIELE 1983).

Fig. 1. Thyris fenestrella (Scopoli, 1763): a — male (caught in the wild 08.05.2015); b - female
(obtained by rearing 28.06.2015); ¢ — ovum on Clematis vitalba (photographed in the labo-
ratory 12.05.2015); d - feeding trace on C. vitalba (photographed in the wild 27.07.2015).

MATERIALS AND METHODS

All the materials examined were the male and female of Thyris fenestrella caught
feeding on a blooming hawthorn Crataegus sp. during the day, the ovum found on
Clematis recta L. and the feeding traces of caterpillars observed on Clematis vitalba L.
leaves (Fig.1 d). The pair of moths were reared in conditions similar to the natural
ones for this species, providing them with nectar plants and a source of mineral salts
as feed to create suitable conditions for mating and ovipositing. During the rearing
period, the host plant for the larvae constituted only of sprigs of C. vitalba due to
the fact that C. recta is a legally protected plant species in Poland. The depicted pho-
tographs of the imagines, ovum and feeding trace were taken with a Nikon D5100
camera + Nikon Nikkor Micro 105 mm lens.
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RESULTS

All the collected material came from one locality situated on a steep sunny slope
with calcareous subsoil having a southern exposure (within the Vistula Valley). The
site is lushly overgrown by Clematis recta L. and C. vitalba L. (especially by the lat-
ter) which are the host plants of the species in question.

The presented data confirm the occurrence of T. fenestrella in Poland after a few
decades of the absence of any data and constitute the first record from the eastern
part of Poland.

The information are as follows:

UTM: EB68, ad. Janowiec (xerothermophilous slope with calcareous subsoil):

- 08.05.2015 - male and female on a blooming hawthorn Crataegus sp. (first ge-
neration), leg. L. Dawipowicz

- 13.05.2015 - one ovum on C. recta, leg. L. DAwipDOWICZ

- 28.06.2015 (ex. cult.) - one female reared from the pair caught in the wild (se-
cond generation), cult. & leg. L. Dawipowicz

- 27.07.2015 - two fresh feeding traces on C. vitalba (probable second genera-
tion), leg. L. Dawipowicz

The reference material is deposited in the author’s collection.

DISCUSSION

Thyris fenestrella is a commonly known species to European lepidopterologists
but it is rarely encountered, mainly owing to its small size and rarity, especially
within Central Europe (Buszko and Nowackr 2002; FAZEKAS 1992; PAWLOW-
sKI 2003; TOROK 2012). Information about the presence of this species in Poland
is quite limited and dated. The most recent records of its occurence are from se-
veral decades ago, and these were only from the Mazovia and Swietokrzyskie
Province (Buszko and Nowackr 2000). This species limited occurrence in Po-
land may result from its climatic requirements (this is a thermophilous species)
and required host plants. The primary and most preferred host plant species of
T. fenestrella is Clematis vitalba, however, the species has also been occasionally
recorded from an array of other congeneric representatives (THIELE 1986). The
finding of an ovum on Clematis recta in the wild may constitute an indirect con-
firmation of this information. Unfortunately, no caterpillars were directly ob-
served. In Poland, only C. vitalba and C. recta occur in the wild. The former is
a neophyte which is rarely encountered in nature, mainly on sunny slopes within
large river valleys in the western part of the country, but the later may form large,
dense fields in the occurrence areas. The Vistula Valley has suitable conditions for
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C. vitalba which is common in places. On the other hand, C. recta is a native spe-
cies, however, it is rarely encountered and mainly limited to the Lublin Region (SE
Poland) (Zajac and Zajac 2001). The caterpillars feed in a characteristic way of
wrapping leaf tips what may facilitate searches of the species (Fig.1d). The larvae are
not very active and their main defence strategy is the secretion of a stinkbug-like-
-scented substance (HASENFUSS 1980; THIELE 1983).

In past studies, T. fenestrella has been reported to be univoltine (Buszko 1979).
However, through rearing (female of a second generation emerged 28.06.2015) and
quite late field observations of fresh feeding traces — 27.07.2015 (especially taking
into account a relatively early flight period in the considered locality in 2015) may
suggest that in proper habitats and under suitable weather conditions, the species
may have two generations per year. In all probability, this second generation is me-
rely partial. Only one specimen of the second generation emerged out of seven pu-
pae obtained through rearing. The remaining pupae overwintered in the normal
way. The year 2015 was very hospitable for many thermophilous moths owing to the
very long and hot summer in Poland. Undoubtedly, this fact may have had a cru-
cial impact on the phenology of this species (i.e. quite early appearance of the first
generation individuals). Many recent studies have mentioned the possible effects of
climate change on the biology and phenology of Lepidoptera which this study may
corroborate (Kocsis and HUFNAGEL 2011; Roy and Sparks 2000).

The fact remains that T. fenestrella is a rare and endangered species in Central
Europe which figures, inter alia, in the red lists of Poland, the Carpathians and Ro-
mania (Buszko and Nowacki 2002; PaAwrowski 2003; TOROk 2012). Every locality
of this species is remarkable and worth protecting within Central Europe.

POTWIERDZENIE WYSTEPOWANIA W POLSCE THYRIS FENESTRELLA
(SCOPOLI, 1763) (LEPIDOPTERA: THYRIDIDAE) I UWAGI NA TEMAT
JEGO BIOLOGII

STRESZCZENIE

Niniejsza praca prezentuje pierwsze dane na temat wystepowania Thyris fenestrella (Sco-
poli, 1763) w Polsce po kilku dekadach braku jakichkolwiek doniesien z kraju oraz sugeruje
mozliwo$¢ wystepowania drugiego pokolenia w warunkach polskich. Gatunek zostat od-
naleziony na terenie wojewddztwa lubelskiego, pid.-wsch. Polska. Stanowisko znajduje si¢
w obrebie doliny Wisly na nastonecznionym zboczu obficie porosnigtym przez powojnika
pnacego (Clematis vitalba L.) i powojnika prostego (C. recta L.).
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BRACHYCHTHONIUS HIRTUS (MoriTz, 1976) AND SUBIASELLA
(LALMOPPIA) EUROPAEA (MAHUNKA, 1982) - TWO NEW SPECIES
OF ORIBATID MITES (ACARI: ORIBATIDA) TO POLISH FAUNA
AND TWO OTHER SPECIES NEW TO THE MAZOVIAN REGION
WITHIN POLAND

GRZEGORZ GRYZIAK", GRZEGORZ MAKULEC?

! National Centre for Plant Genetic Resources, Plant Breeding and Acclimatization
Institute — National Research Institute in Radzikdw, Poland

2 Institute of Ecology and Bioethics, Cardinal Stefan Wyszynski University in Warsaw,
Poland

* Corresponding author: e-mail: g.gryziak@ihar.edu.pl

Abstract: Two oribatid mite species Brachychthonius hirtus and Subiasella (Lalmoppia)
europaea (Mahunka, 1982) new to Poland and two species of which were previously unreported in
the Mazovian region within Poland (Acrogalumna longipluma and Metabelba (M.) pulverulenta) are
recorded from a soil mesocosm study conducted in 2004-2006, in Lomianki near Warsaw, Mazovia,
Poland.

Key words: Oribatida, mesocosm study, new records, Poland

INTRODUCTION

About 11,000 species of oribatid mites have already been described and it is be-
lieved that there are 2 to even 9 times more extant species worldwide (WALTER and
PrRocCTOR 2004). Almost half of all European oribatid species (i.e. ca. 500) occur
in Poland (OLszaNowsKI et al. 1996). Recognition of oribatid mites” distribution
and ecology is still incompletely recorded (N1EDBAEA 2015). Long-term studies on
oribatid mites’ ecology brings an opportunity for new discoveries of these mites,
because in such studies, samples are taken periodically from the same habitats (e.g.
SkuBALA 2004), noticeably increasing the chance of finding rare species.

The aim of this paper was to communicate the finding of new species to Poland
and Mazovia reported during a mesocosm study conducted between June 2004 and
September 2006.
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MATERIAL AND METHODS

Mites were extracted from soil samples taken from a mesocosm experiment con-
ducted in Dziekanéw Le$ny near Warsaw, Poland (52°20°45.4”N 20°51'21.3”E). In
June 2004, 600 plastic containers (mesocosms, capacity: 10 L) were placed into the
ground, and filled with soil (sandy loam) taken from a nearby, cultivated field and
sown with grass. One half of the mesocosms were sown with one grass species (Fes-
tuca rubra, Linnaeus) — monoculture, and the second half were sown with a mixture
of eight grass species (among them E rubra). After one growing season, six individ-
ual earthworms (Aporrectodea caliginosa) (Savigny) were introduced into half of
the mesocosms in each treatment — monoculture and mixture. To analyse oribatid
mite communities, soil samples were taken four times a year until September 2006.
A MacFadyen extractor was used to collect the mites (KrRanTz 1978). Individuals
(adults only) were cleared in lactic acid before determination and examined under
a compound microscope using the half-covered cavity-slide method of Grandjean
(N1EDBALA 1980). Keys to oribatid mites by GiLyaArov and KrivoruTskii(1975)
and WEIGMANN (2006) were used for species identification.

RESULTS

A total of 12,090 individuals of oribatid mites were extracted. Among these, two
new species to Poland and two new species to the Mazovian region within Poland
were found:

Brachychthonius hirtus MORITZ, 1976, Brachychthonioidea: Brachychthoniidae

Material: 715 specimens from all treatments, i.e. monoculture, mixture, as well
as with and without earthworms, September 2005 - September 2006.

Distribution: the species has been noted in Spain and Ukraine (NIEDBAEA 2015).
It typically inhabits beech forest litter (MoRriTz 1976). SuBIAS (2004, updated in
2015) notes this species as occurring in South-Central Europe and Mongolia. It has
also been found in Iran, in soil from alfa alfa fields (MIRZAIE et al. 2011).

Subiasella (Lalmoppia) europaea (MAHUNKA, 1982), Oppioidea: Oppiidae

Material: 29 specimens from all treatments, i.e. monoculture, mixture, as well as
with and without earthworms, June 2004 - September 2006.

Distribution: S. europaea was first recorded in Hungary (Subias and BALOGH
1989, NieDBAEA 2015). WEIGMANN (2006) claims that this species also occurs in
Czech Republic. Susias (2004, updated in 2015) generally notes that this species
inhabits South-Central Europe. The ecology of S. europaea is still largely unknown
(WEIGMANN 2006).
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Acrogalumna longipluma (Berlese, 1904), Galumnoidea: Galumnidae

Material: one specimen from monoculture without earthworms, September
2006.

Distribution: this species is semi-cosmopolitan, it occurs in Holartica, South Af-
rica, India, Southeast China and New Zealand (SuBias 2004, updated in 2015). It is
widely distributed in Europe (NIEDBAEA 2015), including Poland (OLszZANOWSKI et
al. 1996) but it is has never been recorded in Mazovia. It dwells mainly in forest soil
(WEIGMANN 2006), decaying wood, humus, organic remains and bird guano from
tree hollows (ZBIKOWSKA-ZDUN et al. 2006).

Metabelba (M.) pulverulenta (KocH,1839), Damaeoidea: Belbidae

Material: two specimens from monoculture and mixture, both without earth-
worms, September 2006

Distribution: M. pulverulenta occurs in Holarctica, frequently in Palearctica
(Susias 2004, updated in 2015). In Europe, it appears in Austria, Denmark, Fin-
land, Germany, Hungary, Romania, Slovakia and Ukraine (NIEDBALA 2015). It is
widely distributed in Poland (OLszANOWSKI et al. 1996) but it is new for Mazovia. It
occupies different habitats: damp decaying wood, rotting leaves (ZBIKOWSKA-ZDUN
et al. 2006), forest litter, mosses, lichens, peat-bogs (WEIGMANN 2006), stumps and
tree hollows (SKUBAEA and MARZEC 2013).

BRACHYCHTHONIUS HIRTUS Moritz, 1976 1 SUBIASELLA (LALMOPPIA)
EUROPAEA (MAHUNKA, 1982) - DWA NOWE DLA POLSKI GATUNKI ME-
CHOWCOW (ACARI: ORIBATIDA) ORAZ NOWE STANOWISKO DLA MA-
ZOWSZA DWOCH INNYCH GATUNKOW

STRESZCZENIE

Praca zawiera doniesienie o wystepowaniu Brachychthonius hirtus oraz Subia-
sella (Lalmoppia) europaea, gatunkéw nowych w faunie Polski oraz stwierdzenie
wystepowania dwdch innych, nowych dla Mazowsza gatunkéw mechowcéw: Acro-
galumna longipluma i Metabelba(M.) pulverulenta.

ACKNOWLEDGEMENTS

This research was supported by Polish Ministry of Science and Higher Education
grant no. N30403131/1155.



14 G. GRYZIAK, G. MAKULEC
REFERENCES

GiLyArROv M.S., KrivoruTskii D.A. (reds.) 1975. Opredelitel’ obitayushchikh v
poch’ve kleshchei (Sarcoptiformes). Nauka, Moscow, 491 pp.

Karg W. 1978. Milben als Indikatoren zur Optimierung von pflanzenschutzmaf3-
nahmen in apfelintensivanlagen. Pedobiologia 18: 415-425.

KraNTZ G.W. 1978. A manual of acarology. Oregon State University Book Stores
Inc., Corvallis, 509 pp.

Mirzaie M., IRANI-NEjaD K.H., AkrRaM1 M.A.2011. New records of primitive
oribatid mites (Acari: Oribatida) from the Shendabad region (East Azerbaijan
province), Iran. Zool. Middle East 53(1): 137-139.

Moritz M. 1976: Revision der Europiischen Gattungen und Arten der Familie
Brachychthoniidae (Acari, Oribatei). Mitteilungen aus dem Zoologischen Mu-
seum in Berlin 52: 227-319.

NIEDBAELA W. 1980. Mechowce - roztocze ekosystemoéw ladowych. Panstwowe Wy-
dawnictwo Naukowe, Warszawa 255 pp.

NiepBArA W. 2015. Fauna Europaea: Brachychthoniidae, Oppiidae, Galumnidae,
Belbidae. In Magowsk1 W. (ed.) 2015. Fauna Europaea: Oribatida. Fauna Euro-
paea version 2.6.2; http://www.faunaeur.org (accessed 8 July 2015).

OLSZANOWSKI Z., RAJSKI A., NIEDBALA W. 1996. Catalogus faunae Poloniae. Acari.

Oribatida. PAN, Muzeum i Instytut Zoologii. SORUS, Poznan 34(9). 243 pp.

SkuBArA P. 2004. Colonization and development of oribatid mite communi-
ties (Acari: Oribatida) on post-industrial dumps. Wydawnictwo Uniwersytetu
Slaskiego, Katowice, 208 pp.

SkuBArA P, MARZEC A. 2013. Importance of different types of beech dead wood for
soil microarthropod fauna. Pol. J. Ecol. 61: 545-560.

SuBias L.S. 2004. Listado sistematico, sinonimico y biogeografico de los acaros
oribatidos (Acariformes: Oribatida) del mundo (Excepto f6siles). Graellsia, 60
(ndméro extraordinario): 3-305 (2004) (Updated in 2015). Available from:
http://www.ucm.es/info/zoo/ Artropodos/Catalogo.pdf (accessed 8 July 2015).

SuBias L.S., BALoGH P. 1989. Identification keys to the genera of Oppiidae Grand-
jean, 1951 (Acari, Oribatei). Acta Zool. Hung. 35: 355-412.

WALTER D., PROCTOR H. 2004. Mites: ecology, evolution and behaviour. CABI Pub-
lishing, Wallingford, 322 pp.

WEIGMANN G. 2006. Hornmilben (Oribatida). Die Tierwelt Deutschlands, 76. Teil.
Goecke & Evers, Keltern, 520 pp.

ZBIKOWSKA-ZDUN K., Piksa K., WATRAK L. 2006. Diversity of mites (Acari: Ori-
batida) in selected microhabitats of the Bug River Protected Landscape Area.
Biologic. Lett. 43(2): 277-286.



Zoologica Poloniae (2015) 60/1. 15-33

SPECIMENS OF SPIDER FAUNA FROM UKRAINE IN THE
COLLECTION OF THE MUSEUM OF NATURAL HISTORY,
WROCLAW UNIVERSITY (ACCORDING TO THE COLLECTION
OF STANISLAW PILAWSKI AND KAZIMIERZ PETRUSEWICZ)
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Abstract: The Collection of Spiders of Podillya (Museum of Natural History, Wroclaw University)
hasbeen processed. It originated from theaccession of collections by Stanistaw Pilawskiand Kazimierz
Petrusewicz (1937-1938) as well as the personal collections of Stanistaw Pilawski (1933-1935,
1939-1940, 1954-1956). It represents the fauna of the territory of modern Ukraine, including Lviv,
Ternopil, Rivne, Ivano-Frankivsk and Zakarpattia regions. During the collection review, attention
was paid to processing the toponyms used on the labels of specimens. A list of these names was
created; their compliance with the current names of settlements and the administrative and physical
geographic regions was established.

Key words: Collection of Spiders of Podillya, Ukraine, Museum of Natural History, Wroclaw
University, S. Pilawski, K. Petrusewicz

INTRODUCTION

The spider fauna of Ukraine has been studied unevenly. Some territories, includ-
ing those of Western Ukraine, still remain unexplored. Therefore, the Collection of
Spiders of Podillya is essential for creating lists of regional fauna and is the founda-
tion for the development of environmental measures.

Most specimens of the collection were collected from deciduous forests in what
is now West Podolian, Mid-Podolian, and Roztochchya-Opillya uplands, particu-
larly in Holohory-Kremenets Ridge, as well as adjacent parts of Small Polissya (see
MARYNYCH et al., 2007), which is also considered to be Northern Podillya. These
collections were created by Polish arachnologists Stanistaw Pilawski and Kazimierz
Petrusewicz (1937-1938s) and S. Pilawski (1939-1940, 1954-1956).Until 1937, the
date of publication of The Catalogue of spiders of Poland by PETRUSEwWICZ (1937),
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Podillya was the least explored region of the Polish Republic. Partial information
about the spiders this region was concentrated in a few works by the Physiograp-
hic Commission (KocH 1870, 1871; LomNIcKkI 1870; NowIickr 1870; 1874; WAJ-
GIEL 1867, 1868, 1874, 1895) and in some separate publications (EicHWALD 1830;
KunTtzE and NoskiEwicz, 1938). In 1937-1938 S. Pilawski and K. Petrusewicz,
taking part in a commission created by the Copernicus Society of Naturalists ex-
ploring Northern Podillya, conducted joint research in this area. Using the 1937
collection as their basis, they published a work entitled Badania pajgkéw na pot-
nocnej Krawedzi Podola which examined the ecological and faunistic features of
the distribution of Pisauridae, Lycosidae, and Argiopidae families (PETRUSEWICZ
1938) and Theridiidae, Linyphiidae, and Agelenidae families (PrLAwsk1 1938). From
1938 to 2006, no araneologic studies in Holohory-Kremenets Ridge were conducted
(HirnaA 2011).

A small number of specimens in the Collection of Spiders of Podillya was collect-
ed in the Carpathians (S. Pilawski’s materials, 1933-1935), in the massifs of Chor-
nohora, Gorgany, Chyvchyny, and Rebrovach-Dil, as well as two localities in the
Ivano-Frankivsk region.

MATERIALS AND METHODS

This article was written on the basis of a partial review of the Collection of Spiders
of Podillya (Natural History Museum, University of Wroclaw), in particular a study
of the exhibits labels. The collection was processed in accordance with the rules of
the Museum collections usage and the conventional methods of arachnology. The
nomenclature of taxa is given according to PLATNICK (2014).

RESULTS AND DISCUSSION

When assessing the scientific value of Stanistaw Pilawski’s and Kazimierz
Petrusewicz’s collection (1937-1938), and Stanistaw Pilawski’s collections (1933-
1935, 1939-1940, 1954-1956), it should be first taken into account that the knowl-
edge of spiders in Ukraine’s Podillya and the Carpathians is insufficient.

The Collection of Spiders of Podillya covers two historical periods of Ukraine,
the first before September of 1939, when the territory of Northern Podillya and the
Carpathians was part of Galicia, a territorial entity of Poland, and the second after
October of 1939, when Western Ukraine was officially annexed by the Soviet Union.

The main merit in forming the collection as a complete araneological one is un-
doubtedly due to Stanistaw Pilawski who, despite the Second World War and the
difficult political situation in the country, managed not only to preserve the collec-
tion but to supplement it with new specimens.
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Stanistaw Pilawski (01/01/1909 - 24/12/1978). Born in Sanok (Poland). In
1927-1932 he studied at the Faculty of Mathematics and Natural Sciences of the Jan
Kazimierz University in Lviv. From 1930 he worked in the Department of Zoology
at Lviv University. In 1933 he was promoted to senior assistant of the Department of
Zoology and Anatomy of Domestic Animals of the Lviv Polytechnic. In May of 1939
he submitted a Ph.D. thesis to the Board of the Faculty of Mathematics and Natural
Sciences; however, he could not defend his thesis due to the beginning of the Second
World War. From 1940 he served as an assistant professor and was promoted to as-
sociate professor in 1941. During the war and German occupation (1941-1944) he
worked in the R. Weigl Institute of typhus (spotted fever) research. In July of 1944
S. Pilawski resumed work at the Lviv Polytechnic in the position of the Zoology
Department head. From December of 1946 he worked at the Agricultural Institute
in Dubliany as assistant professor of zoology and entomology. In May of 1958 he
moved to Wroclaw (Poland) where he joined the Zoological Museum of Wroclaw
University; in 1959 he became an assistant professor of the General Zoology De-
partment. From 1963 he was the head of the Department of Animal Systematics and
Zoogeography of the Zoological Institute of Wroclaw University (Instytut Zoolog-
iczny, Katedra Systematyki Zwierzat i Zoogeografii) which he headed till his death.
The main focus of his research after returning to Polish territory were ecological
and faunistic studies of spiders. From 1970 to 1972 he served as acting head of the
Department of General Parasitology of the Microbiological Institute of the Wroclaw
University. He was a member of many scientific societies in Poland, headed the
Wroclaw branch of the Polish Entomological Society, edited the Zoological works of
the ,,Acta Universitatis Wratislaviensis™; above all, he was a teacher. In 1973 he was
awarded with a Golden Cross of Merit (Ztoty Krzyz Zastugi). He published over 30
scientific papers, ten of which were dedicated to the fauna and ecology of spiders.
Stanistaw Pilawski died in Wroclaw in 1978 (BEDNARZ, 1979).

In 1993, after the death of the researcher, the collection was processed (refilled,
structured and preserved, and certain types redefined) and transferred for preserva-
tion to the Museum of Natural History of Wroclaw University by Dr. Marek Wozny,
a Polish arachnologist (then a worker for the Department of Animal Systematics
and Zoogeography of the Zoological Institute of Wroclaw University). The scientist
also made an inventory description of the collection which eventually became the
basis for the materials presented in this article.

The collection is properly structured (in terms of methodology) and kept in
good condition (although there are a small number of refilled, previously dried
specimens). It contains 164 species of spiders belonging to 18 families. The most
numerous are Linyphiidae (53 species), Theridiidae (24), Lycosidae (24), Araneidae
(19), Tetragnathidae (11).

The territory, where the materials were collected, covers five administrative regions
of Ukraine. Lviv region is represented in the fullest measure (four districts, vicinities
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of 23 settlements). Its fauna is represented by 110 species of spiders. Ternopil region
(four regions; vicinities of seven localities) is represented by specimens of 56 species;
Rivne (one district, vicinities of four settlements) is represented by 30 species. Some
of the exhibits, according to localities and dates of collection, are the material which
served as the basis for the works on the fauna of Northern Podillya S. Pilawski and K.
Petrusewicz published in 1938 (PETRUSEWICZ 1938; PILAWSKI 1938; table).

The materials from the Ivano-Frankivsk region represent the spider fauna of the
Carpathians. In particular, the collection regards the town of Yaremche (Vorohta
and Voronenko; three species) and the village of Verkhovyna (one species). Five
species were collected in the massif of Gorgany; two species in the Chyvchyny; one
species in the Rebrovach Dil. The Chornohora is represented in the collection by 12
species. Some of the mountains, namely Breskul, Dantsir, and Hoverla, are located
on the border of the Ivano-Frankivsk and Zakarpattia regions. Therefore, it is im-
possible to undoubtedly speak of collecting the materials in one of these areas.

The spider collection in the Museum of Natural History of Wroclaw University
contains species which are typical of the fauna of western Ukraine. It supplements
the information about spiders that can be found in certain administrative and phys-
iographic units of the state and is invaluable as one of the few arachnological collec-
tions from Ukraine which has been preserved from the middle of the last century.
The collection is a good resource and a basis for the further work of arachnologists
and faunists of Europe.

TABLE

Description of the the Collection of Spiders of Podillya of the Museum of Natu-
ral History, Wroclaw University (based on the inventory description by M. WozZny
(1993), with some clarifications in accordance with Stanistaw Pilawski’s labels)

Taxon (according to Platnick, 2014) dzcif; tlizze?ltg;); ) Place name* Z(act:l;;?ijsz
Atypidae
Atypus muralis (Bertkau, 1890) Gologory 1938
Lysa Goéra 1938
Swieta Géra 1938
Gora Kamusik 1938
Gora Strachowa 1938
Atypus piceus (Sulzer, 1776) Tredowacz 1937
Pholcidae
Pholcus opilionoides (Schrank, 1781) Lackie Mate 1938
Krzemieniec 1939
Eresidae
Eresus kollari (Rossi, 1846) E. cinnaberinus Lysa Gora 1940
(Olivier)
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Taxon (according to Platnick, 2014) dgslct::; tli;l:,e?;g;}; ) Place name* f)j’act:l;c?ilszj
Uloboridae
Hyptiotes paradoxus (C. L. Koch, 1834) Hyptiotes Lasy Lackie 1938
paradoxuys
Theridiidae
Asagena phalerata (Panzer, 1801) Steatoda phalerata | Géra Maélatyn 1938
Tredowacz 1938; 1940
Lackie Male 1938
Majdan 1938
Gotogorski
Lysa Géra 1938
Cryptachaea riparia (Blackwall, 1834) Achaearanea riparia | Mlynowce 1937
Swieta Géra 1938
Dipoena braccata (C. L. Koch, 1841) Goéra Zulicka 1938
Dipoena inornata (O.P.-Cambridge, 1861) Gora Strachowa 1938
Dipoena melanogaster (C. L. Koch, 1837) Gora Kamusik 1938
Dipoena torva (Thorell, 1875) Lackie 1938
Enoplognatha ovata (Clerck, 1757) - Goéra Maslatyn 1938
Buszcza 1938
Géra Kamusik 1938
Lysa Gora 1938
Enoplognatha thoracica (Hahn, 1833) Géra Maslatyn 1938
Lysa Gora 1938
Tredowacz 1938
Euryopis flavomaculata (C. L. Koch, 1836) Lysa Gora 1938
Lasaeola tristis (Hahn, 1833) Gora Strachowa 1938
Krzemieniec 1938
Neottiura bimaculata (Linnaeus, 1767) Theridion Lysa Géra 1938
bimaculata Swieta Géra 1938
Scianki 1937
Goéra Wysoka 1938
Parasteatoda lunata (Clerck, 1757) Achaearanea lunata | Lackie Mate 1938
Lackie 1938
Buszcza 1938
Goéra Zulicka 1938
Gora Strachowa 1938
Lasy Lackie 1938
Krzemieniec 1937
Goéra Boratyniska 1938
Parasteatoda simulans (Thorell, 1875) Achaearanea Scianki 1937
simulans Buszcza 1938
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Taxon (according to Platnick, 2014) dgslct::; tli;l:,e?;g;}; ) Place name* f))fact:l;c?ilszj
Phylloneta impressa (L. Koch, 1881) Theridion Lysa Gora 1938; 1955
impressum Gora Strachowa 1938
Kamienica 1938
Wolynska
Buszcza 1938
Gora Maslatyn 1938
Swieta Gora 1938
Phylloneta sisyphia (Clerck, 1757) Buszcza 1938
Platnickina tincta (Walckenaer, 1802) Theridion tinctum | Buszcza 1938
Lackie 1938
Poczopy 1938
Gliniany 1937
Robertus arundineti (O. P.-Cambr., 1871) Lackie Mate 1938
Ozydow 1956
Steatoda albomaculata (De Geer, 1778) Gora Maslatyn 1938
Lackie Male 1938
Steatoda bipunctata (Linnaeus, 1758) Poczopy 1938
Nikiticze 1939
Steatoda castanea (Clerck, 1757) Poczopy 1938
Krasne 1938
Theridion mystaceum (L. Koch, 1870) Kniaze 1938
Goéra Wysoka 1938
Theridion pictum (Walckenaer, 1802) Buszcza 1938
Przejazdy 1937
Theridion pinastri (L. Koch, 1872) Gliniany 1937
Buszcza 1938
Theridion varians (Hahn, 1833) Kniaze 1938
Buszcza 1938
Goéra Maslatyn 1938
Swieta Gora 1938
Scianki 1937
Tredowacz 1938
Lysa Géra 1938
Gora Kamusik 1938
rz. Ikwa 1938
Gora Strachowa 1938
Theridiosomatidae
Theridiosoma gemmosum (L. Koch, 1877) | Buszcza 1938
Linyphiidae
Anguliphantes angulipalpis (Westring, Lepthyphantes Gora Maslatyn 1937
1851) angulipalpis

(Wider)
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Taxon (according to Platnick, 2014) dgslct::; tli;l:,e?;g;}; ) Place name* f))fact:l;c?ilszj
Araeoncus humilis (Blackwall, 1841) Lackie 1937
Bathyphantes gracilis (Blackwall, 1841) Lasy Lackie 1938
Bathyphantes nigrinus (Westring, 1851) Lasy Lackie 1938
Gora Maslatyn 1937
Centromerita bicolor (Blackwall, 1833) Gora Maslatyn 1937
Ceratinella brevis (Wider, 1834) Majdan 1937
Gotogorski
Ceratinella scabrosa (O. P.-Cambr., 1871) Lysa Géra 1938
Diplocephalus cristatus (Blackwall, 1833) Gora Strachowa 1938
Drapetisca socialis (Sundevall, 1833) Zaro$lak 1934
Krzemieniec 1937
Entelecara acuminata (Wider, 1834) Gora Strachowa 1938
Gora Kamusik 1938
Lasy Lackie 1938
Lysa Géra 1937
Buszcza 1938
Erigone atra (Blackwall, 1833) Majdan 1937
Gotogorski
Erigone dentipalpis (Wider, 1834) Gora Loskotowa 1938
Lackie Mate 1938
Kamienica 1938
Wolynska
Kniaze 1937
Gora Kamusik 1938
Floronia bucculenta (Clerck, 1757) Zeniow 1940
Boniszyn 1940
Gnathonarium dentatum (Wider, 1834) Lysa Géra 1937
Gonatium paradoxum (L. Koch, 1869) Lysa Géra 1955
Gongylidiellum murcidum (Simon, 1884) Buszcza 1938
Gongylidium rufipes (Linnaeus, 1758) Kniaze 1937; 1938
Gora Kamusik 1938
rz. Tkwa 1938
Buszcza 1938
Helophora insignis (Blackwall, 1841) Lepthyphantes Lasy Lackie 1939
insignis O.P.-
Cambridge
Hypomma cornutum (Blackwall, 1833) Buszcza 1938
Lepthyphantes leprosus (Ohlert, 1865) Podlesa 1940
Lepthyphantes minutus (Blackwall, 1833) Czugale 1937
Linyphia hortensis (Sundevall, 1830) Krzemieniec 1938
Lysa Gora 1937
Lasy Lackie 1938
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Taxon (according to Platnick, 2014) dgslct::; tli;l:,e?;g;}; ) Place name* f))fact:l;c?ilszj
Linyphia tenuipalpis (Simon, 1884) Zaleszczyki 1939
Linyphia triangularis (Clerck, 1757) Zaleszczyki 1939
Worochta 1935; 1938
Lysa Géra 1955
Macrargus rufus (Wider, 1834) Buszcza 1938
Maso gallicus (Simon, 1894) Maso gallica Buszcza 1938
Maso sundevalli (Westring, 1851) Goéra Zulicka 1937
Megalepthyphantes nebulosus (Sund., 1830) | Lepthyphantes Gotogory 1940
nebulosus
Megalepthyphantes collinus (L. Koch) Lepthyphantes Krzemieniec 1937
collinus (L. Koch)
Meioneta rurestris (C. L. Koch, 1836) Zoloby 1938
Lackie Male 1938
Lysa Géra 1937
Majdan 1938
Lasy Lackie 1938
Krzemieniec 1937
Meioneta saxatilis (Blackwall, 1844) Lysa Géra 1938
Microlinyphia pusilla (Sundevall, 1830) Worochta 1938
Gora Zulicka 1938
Lysa Gora 1938
Lackie Male 1938
Swieta Gora 1938
Gora Wysoka 1937
Microneta viaria (Blackwall, 1841) Scianki 1937
Neriene clathrata (Sundevall, 1830) Kniaze 1938
Krzemieniec 1938
Neriene emphana (Walckenaer, 1841) Tredowacz 1937
Neriene montana (Clerck, 1757) Worochta 1934
Lackie Male 1938
Kniaze 1938
Boniszyn 1940
Neriene peltata (Wider, 1834) Gorgany 1933
Krzemieniec 1935
Woronienka 1935
Kukul 1935
Lasy Lackie 1938
Tredowacz 1937
Neriene radiata (Walckenaer, 1841) Buszcza 1938
Smyha 1939
Tredowacz 1938
Swieta Géra 1938




SPECIMENS OF SPIDER FAUNA FROM UKRAINE... 23
. X%
Taxon (according to Platnick, 2014) dzct:; tll.z;e?ltg;); ) Place name* f))fact:llec?ilszj

Oedothorax retusus (Westring, 1851) Gologéry 1937
Pelecopsis parallela (Wider, 1834) Lysa Gora 1938
Poeciloneta variegata (Blackwall, 1841) Howerta 1934
Porrhomma convexum (Westring, 1851) Tredowacz 1937
Porrhomma pygmaeum (Blackwall, 1834) Buszcza 1938
Stemonyphantes lineatus (Linnaeus, 1758) Tredowacz 1937
Tapinocyboides pygmaeus (Menge, 1869) Swieta Géra 1938
Tapinopa longidens (Wider, 1834) Czugale 1937
Tenuiphantes flavipes (Blackwall, 1854) Lepthyphantes Tredowacz 1937
flavipes
Tenuiphantes mengei (Kulczynski, 1887) Lepthyphantes Krzemieniec 1937
mengei Czugale 1937
Tenuiphantes tenebricola (Wider, 1834) Lepthyphantes Tredowacz 1937
tenebricola Lasy Lackie 1937
Dolina Szypuchy 1937
Lysa Géra 1937
Lackie Male 1938
Gora Strachowa 1937
Tenuiphantes zimmermanni (Bertkau, Lepthyphantes Lasy Lackie 1938
1890) zimmermanni
Trematocephalus cristatus (Wider, 1834) Buszcza 1938
Trichoncus hackmani (Millidge, 1955) Lysa Gora 1938
Walckenaeria cuspidata (Blackwall, 1833) Buszcza 1938
Tetragnathidae
Metellina mengei (Blackwall, 1870) Zeniow 1940
Ozydow 1956
Metellina merianae (Scopoli, 1763) Wotkowce 1939
Metellina segmentata (Clerck, 1757) Lysa Géra 1955
Pachygnatha clercki (Sundevall, 1823) Przejazdy 1940
Buszcza 1939
Pachygnatha degeeri (Sundevall, 1830) Kniaze 1937
Pachygnatha listeri (Sundevall, 1830) Tredowacz 1940
Gliniany 1937
Tetragnatha extensa (Linnaeus, 1758) Przejazdy 1940
Chmiele 1940
Tetragnatha montana (Simon, 1874) Kutakowce 1939
?Tetragnatha nigrita (Lendl, 1886) Kulakowce 1939
Tetragnatha obtusa (C. L. Koch, 1837) Fedkowce 1939
Tetragnatha pinicola ( L. Koch, 1870) Zarwanica 1940
Araneidae
Aculepeira ceropegia (Walckenaer, 1802) Breskut 1938
Agalenatea redii (Scopoli, 1763) A. redii (Schenkel) |Krawska Géra 1940
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Taxon (according to Platnick, 2014) dgslct::; tli;l:,e?;g;}; ) Place name* f))fact:l;c?ilszj
Araneus alsine (Walckenaer, 1802) Foreszczenka 1935
Przejazdy 1940
Araneus angulatus (Clerck, 1757) Lackie Mate 1940
Araneus diadematus (Clerck, 1757) Lysa Gora 1955
Araneus marmoreus (Clerck, 1757) Lysa Gora 1955
Araneus nordmanni (Thorell, 1870) Zaro$lak 1934
Araneus quadratus (Clerck, 1757) Lysa Géra 1955
Araneus sturmi (Hahn, 1831) Czarnohora 1934
Araniella cucurbitina (Clerck, 1757) Boryszkowce 1939
Tredowacz 1940
Cyclosa conica (Pallas, 1772) Nowosiotki 1940
Hypsosinga albovittata (Westring, 1851) Lysa Gora 1938
Lackie Male 1940
Mangora acalypha (Walckenaer, 1802) Zaro$lak 1935
Gora Strachowa 1939
Lysa Géra 1955
Neoscona adianta (Walckenaer, 1802) Zaleszczyki 1938
Nuctenea umbratica (Clerck, 1757) Zabie-Stupejka 1934
Gologéry 1940
Parazygiella montana (C. L. Koch, 1834) Tetragnathidae: Zaroslak 1934
Zilla montana
Singa hamata (Clerck, 1757) Lysa Gora 1940
Ozydow 1956
Singa nitidula (C. L. Koch, 1844) - Przejazdy 1940
Stroemiellus stroemi (Thorell, 1870) Tetragnathidae: Nowosiotki 1940
Zygiella stroemi
Lycosidae
Alopecosa aculeata (Clerck, 1757) Gajek 1934
Rebrowacz 1938
Alopecosa cuneata (Clerck, 1757) Gajek 1934
Ozydow 1956
Alopecosa fabrilis (Clerck, 1757) Czolakin 1935
Alopecosa pulverulenta (Clerck, 1757) Dancerz 1934
Alopecosa solitaria (Herman, 1879) Ozydow 1956
Arctosa leopardus (Sundevall, 1833) Nikiticze 1939
Gliniany 1937
rz. Ikwa 1937
Arctosa maculata (Hahn, 1822) Dolina Prutu 1934
Aulonia albimana (Walckenaer, 1805) Szpyn 1934
Smyha 1939
Pardosa amentata (Clerck, 1757) Ozydow 1956
Pardosa bifasciata (C. L. Koch, 1834) Lysa Gora 1937; 1940




SPECIMENS OF SPIDER FAUNA FROM UKRAINE... 25
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Taxon (according to Platnick, 2014) dzct:; tll.z;e?ltg;); ) Place name* f))fact:llec?ilszj

Pardosa lugubris (Walckenaer, 1802) Lysa Gora 1940
Ozydow 1956
Pardosa nebulosa (Thorell, 1872) Bielowce 1939
Pardosa prativaga (L. Koch, 1870) Nikiticze 1939
Pardosa pullata (Clerck, 1757) Scianki 1937
Ozydow 1956
Pardosa saltuaria (L. Koch, 1870) Szpyn 1934
Przetecz 1935
Czywczynu
Breskut 1934
Rozszybenyk 1934
Pardosa wagleri (Hahn, 1822) Bielowce 1939
Pirata piraticus (Clerck, 1757) Olszanica 1937
Piratula hygrophila (Thorell, 1872) Pirata hygrophilus | Podlesa 1940
Tredowacz 1937
Piratula latitans (Blackwall, 1841) Pirata latitans Lackie 1937
Buszcza 1939
Piratula uliginosa (Thorell, 1856) Pirata uliginosus Kniaze 1937
Buszcza 1939
Trochosa spinipalpis (E O. P.-Cambr., 1895) Podlesie 1940
Gajek 1934
Trochosa terricola (Thorell, 1856) Smyha 1939
Xerolycosa miniata (C. L. Koch, 1834) Gora Maslatyn 1938
Lysa Géra 1937
Xerolycosa nemoralis (Westring, 1861) Syniak 1934
Czugale 1937
Pisauridae
Pisaura mirabilis (Clerck, 1757) | Woszczetowka 1939
Agelenidae
Agelena labyrinthica (Clerck, 1757) Tredowacz 1938
Lysa Géra 1955
Allagelena gracilens (C. L. Koch, 1841) Agelena gracilens Krzemieniec 1937
Coelotes atropos (Walckenaer, 1830) Amaurobiidae Tredowacz 1937
Inermocoelotes inermis (L. Koch, 1855) Amaurobiidae: Goéra Zoloby 1937
Coelotes inermis Las 1938
Pankowczyzna
Tegenaria campestris (C. L. Koch, 1834) Gora Suhilia 1937
Tegenaria domestica (Clerck, 1757) Lackie Male 1938
Ponikowice 1938
Podlesa 1940
Tegenaria ferruginea (Panzer, 1804) Lackie Male 1938
Gologory 1938




26 A. HIRNA
Taxon (according to Platnick, 2014) dzct::; tli;l:,e?;g;}; ) Place name* f))fact:l;;‘c?ilszj
Cybaeidae
Cybaeus angustiarum (L. Koch, 1868) Krzemieniec 1937
Cybaeus tetricus (C. L. Koch, 1839) Goéra Zoloby 1937
Hahniidae
Cryphoeca silvicola (C. L. Koch, 1834) | Krzemieniec 1937
Dictynidae
Argenna subnigra (O. P.-Cambridge, 1861) Gora Maslatyn 1938
Lysa Géra 1938
Cicurina cicur (Fabricius, 1793) Goéra Zoloby 1937
Dictyna arundinacea (Linnaeus, 1758) Lasy Lackie 1938
Lysa Gora 1937
Goéra Zulicka 1938
Gora Maslatyn 1938
Swieta Géra 1938
Dictyna major (Menge, 1869) - Zoloby 1938
- rz. Ikwa 1938
Dictyna uncinata (Thorell, 1856) Gora Strachowa 1938
Géra Kamusik 1938
rz. Ikwa 1938
Lackie Male 1938
Lysa Géra 1938
Lasy Lackie 1938
Gologoéry 1938
Bialy Kamien 1938
Lathys humilis (Blackwall, 1855) Zloczéw 1938
Nigma flavescens (Walckenaer, 1830) Lysa Goéra 1938
Lasy Lackie 1938
Liocranidae
Apostenus fuscus (Westring, 1851) | | Lasy Lackie 1938
Thomisidae
Ebrechtella tricuspidata (Fabricius, 1775) | Misumenops Lysa Gora 1955
tricuspidatus Ozydéw 1956
Misumena vatia (Clerck, 1757) Lysa Géra 1955
Korczyn 1954
Xysticus audax (Schrank, 1803) Lysa Gora 1956
Xysticus bifasciatus (C. L. Koch, 1837) Lysa Gora 1956
Xysticus striatipes (L. Koch, 1870) Lysa Gora 1956
Salticidae
Evarcha falcata (Clerck, 1757) Evarcha flammata | Lysa Gora 1955
(Clerck) Buszcza 1939
Ozydéw 1956
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Taxon (according to Platnick, 2014) dgslcl:;tlizzeztgg; ) Place name* Z’act:l;;c(t}ijsz
Evarcha laetabunda (C. L. Koch, 1846) Evarcha laetabunda | Lysa Gora 1955
(L.C. Koch)
Sitticus dzieduszyckii (L. Koch, 1870) Zaleszczyki- 1939
Woészczetowka

* The localities listed in the table.
** The exact date of collection (day, month, year) and the number of specimens of each species are
indicated on the labels of the collection’s specimens and in the inventory description (1993).

Bialy Kamien (c. bimmit Kaminp) - vill. Bilyi Kamin’ [49°54’'N 24°51’E; = 250 m],
Zolochiv district, Lviv region;

Bielowce (c. bimipii) - vill. Bilivtsi [48°31’N 26°22’E; =~ 250 m], Borshchiv district,
Ternopil’ region;

Boniszyn (c. bornmmn) - vill. Bonyshyn [49°49°N 24°50’E; = 140 m], Zolochiv dis-
trict, Lviv region;

Boryszkowce [Boryszowce] (c. bopumkisii) - vill. Boryshkivtsi [48°33’N 26°21’E;
~ 190 m], Borshchiv district, Ternopil’ region;

Breskut (r. Bpeckyn, Yoproripcopkuit ripcpkuit Macus) — Breskul Mt. [48°09°04”N
24°30’43”E; 1911 m], mountain massif - Chornohora (Carpathians), Nadvirna
district, Ivano-Frankivsk region — Rakhiv district, Zakarpattia region;

Buszcza (c. byma) - vill. Bushcha [50°15°N 25°50°E; = 225 m], Dubno district,
Rivne region;

Chmiele (c. Crinka, yp. Xmeni) - vill. Stinka (Khmeli) [49°47'N 24°43’E; = 265 m],
Zolochiv district, Lviv region;

Czarnohora (YopHoripcekuit ripcbkmit Macu) — mountain massif — Chornohora
(Carpathians), Verkhovyna, Nadvirna district of the Ivano-Frankivs’k region,
Rakhiv district of the Zakarpattia region;

Czolakin [Czelokin] (r. YomakiH, ripcekuit MmacuB UmpumHu) — Cholakin Mt.
[47°52°36”N 24°43’24”E; 1450 m], mountain massif - Chyvchyny (Carpathians),
Verkhovyna district, Ivano-Frankivsk region;

Czugale (c. Yyrani) - vill. Chuhali [50°06’N 25°48’E; = 360 m], Kremenets’ district,
Ternopil’ region;

Dancerz (r. Hauuip, Yopuoripcekuit macuB) — Dancer Mt., mountain massif —
Chornohora (Carpathians) [48°08'06”N 24°31°52”E; 1850 m], Nadvirna district,
Ivano-Frankivsk region — Rakhiv district, Zakarpattia region;

Dolina Prutu (zonmuua p. IIpyT) - flood plain of r. Prut [48°10’40”N 24°34°27E; =~
990 m], (it originates on the eastern slope of Mount Hoverla, in the mountain
massif - Chornohora; Carpathians), Nadvirna district, Ivano-Frankivsk region;

Dolina Szypuchy (c. Criuka, gonuna r. Cunyxu) — vill. Stinka (valley of Sypukha
hill) [49°47°27”N 24°43°32”E; = 320 m], Zolochiv district, Lviv region;
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Fedkowce (c. ®enpkibii) — vill. Fed’kivtsi [49°53’N 25°44’E; ~ 340 m], Zbarazh dis-
trict, Ternopil’ region;

Foreszczenka (ypounme Ha p. @opemanka, npuroka p. IIpyr) - the tract on the
riv. Foreshchanka, tributary of the r. Prut [48°11’20"N 24°33’34”E; =~ 980 m],
Verkhovyna district, Ivano-Frankivsk region;

?Gajek-Gorgan - (ripcpkumit Macus [oprann) — mountain massif — Gorgany, Ivano-
Frankivs’k region, Zakarpattia region.

Gliniany (c. Dmmusann) - vill. Hlyniany [49°49°N 24°31’E; = 225 m], Zolochiv dis-
trict, Lviv region;

Gologory (c. Tomoropu) - vill. Holohory [49°45°N 24°43’E; = 355 m], Zolochiv dis-
trict, Lviv region;

Gora Boratynska [Gora Boruszynska](c. boparnn, boparnnceka ropa) - vill. Boratyn,
Boratyns'ka hill [50°00’16”N 25°09’55”E; = 355 m], Brody district, Lviv region;

Gora Kamusik [Gora Kanusik] (M. Kpemenens, r. Kaminna) — Kremenets, Kaminna
hill [50°06’50”N 25°45°51”E; =~ 392 m], Kremenets’ district, Ternopil region;

Gora Loskotowa (c. Iligmumui, r. JlockotoBa) — vill. Pidlyptsi, Loskotova hill
[49°46’52"N 25°02’54”E; ~ 383 m], Zolochiv district, Lviv region.

Gora Maslatyn (c. ’Komobu, . Macnarun) - vill. Zholoby, Masliatyn hill [50°04'40”N
25°38’54”E; = 400 m], Kremenets’ district, Ternopil’ region;

Gora Strachowa (c. JKomobmu, r. Crpaxosa) - vill. Zholoby, Strachowa hill
[50°05’17”N 25°40’56”E; =~ 415 m], Kremenets’ district, Ternopil’ region;

Gora Suhilia [Goéra Suhilla] (c. Yyrani, r.Cyxinia) - vill. Chuhali, Sukhiliya hill
[50°06’45”N, 25°48°29”E; = 370 m], Kremenets’ district, Ternopil’ region;

Gora Wysoka (c. binuit Kamins, 1. Bucoka) - vill. Bilyi Kamin’ (Vysoka hora: hill)
[49°52’37”N 24°51’53”E; 360 m], Zolochiv district, Lviv region;

Goéra Zotoby (c. XKono6bwn, r. Komo6mu) - vill. Zholoby, Zholoby hill [50°04’19”N
25°41’00”E; = 380 m], Kremenets’ district, Ternopil’ region;

Gora Zulicka (c. Bimuit Kaminb, r. JKymnupka) - vill. Bilyi Kamin’, Zhulyts'ka hill
[49°52°45”N 24°50’51”E; 364 m], Zolochiv district, Lviv region;

Gorgany (ripcpkuit Macus Iopraun) — mountain massif - Gorgany, Ivano-Franki-
vs’k region, Zakarpattia region;

Howerla [Howerka] (r. ToBepna, YopHoripcpkuii ripcpkuit macus) — Howerla Mt.
[48°09°40”N 24°30°00”E; 2061 m], mountain massif - Chornohora (Carpathians),
Nadvirna district, Ivano-Frankivsk region — Rakhiv district, Zakarpattia region;

Ikwa (p. IxBa, mpuroka p. Ctup, 6aceitn [JHinpa) — riv. Ikwa, tributary of the r. Styr
(basin of the Dnipro), Brody district Lviv region, Kremenets’ district Ternopil’
region, Dubno-Mlyniv district Rivne region;

Kamienica Wolynska (3\n c1. Kam’sinuns Bommucbka, c. ITigmyxoks) — railway
station Kam’yanytsia Wolyns’ka, vill. Pidluzhzhia [50°21’03"N 25°42°02”E; =~
200 m], Dubno district, Rivne region;
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Kniaze (c. Kusoke) — vill. Kniazhe [49°50°N 24°48’E; =~ 235 m], Zolochiv district,
Lviv region;

Krasne (cmt. Kpache) - urban-type settlement Krasne [49°55'N 24°37’E; = 220 m],
Bus’kyi district, Lviv region;

Korczyn (c. Kopunn) - vill. Korchyn [50°20°N 24°24’E; ~ 210 m], Radekhiv district,
Lviv region;

Krawska Gora [Krowska Goéra] (c. Jlyxka, r. Kpacbka) — vill. Luka (Kravs’ka hora:
hill) [49°47°03”N 24°59’11”E; 325 m], Zolochiv district, Lviv region;

Krzemieniec (M. Kpemenenp) - Kremenets' [50°06'N 25°44°E; =~ 315 m], Kremenets’
district, Ternopil’ region;

Kukul (r. Kykynb, Yoproripcpkuit ripcpkuit MacuB) — Kukul' Mt. [48°12°56"N
24°32’43”E; 1539 m], mountain massif - Chornohora (Carpathians), Nadvirna
district, Ivano-Frankivsk region;

Kulakowce [Kutakowce] (c. KymaxiBui, 3amimmupkmit p-u) - vill. Kulakivtsi
[48°38'18”N 25°52’30”E; = 175 m], Zalishchyky district, Ternopil’ region;

Lysa Gora (c. YepBowne, JIuca ropa) — vill. Chervone, Lysa hora: hill [49°48'N
24°43’E; = 375 m], Zolochiv district, Lviv region;

Lackie (c. YepBone) — vill. Chervone [49°48'10"N 24°45’56”E; =~ 270 m], Zolochiv
district, Lviv region;

Lackie Male (c. YepBone, xyt. Mane JIsaubke) — vill. Chervone, small vill. Male
Liats’ke [49°48 14N 24°46°31”E; = 270 m], Zolochiv district, Lviv region;

Las Paitkowczyzna [Las Pankowszczyzna] (c. IlanbkiBui, yp. Jlic [TanbkiBunsHa)
— vill. Pan’kivtsi (Lis Pan’kivchyzna) [49°56’43”N 25°15’30”E; = 345 m], Brody
district, L’viv region;

Lasy Lackie (c. YepBowe, yp. JLampkuit mic) — vill. Chervone (Liats’kyj Lis) [49°48'N
24°45’E; = 340 m], Zolochiv district, L'viv region;

Majdan Gotogorski (c. Maitpan-Tonoripcokmit) - vill. Maidan-Holohirs’kyi
[49°46'N 24°47’E; = 360 m], Zolochiv district, Lviv region;

Majdan (c. Maiigan-Tonoripcekuit, yp. Maitgan) - vill. Maidan-Holohirs’kyi
(Maidan) [49°47'N 24°48’E; ~ 430 m], Zolochiv district, Lviv region;

Mtynowce (c. Bemnki Miunisii) - vill. Velyki Mlynivtsi [50°07°N 25°40’E; = 230
m], Kremenets’ district, Ternopil’ region;

Nikiticze [Nikiticze] (c. Muxurtnui) - vill. Mykytychi [50°20°'N 25°39’E; = 200 m],
Dubno district, Rivne region;

Nowosiétki (c. Hoocinkn) — vill. Novosilky [49°47°N 24°39’E; = 255m], Zolochiv
district, Lviv region;

Olszanica (c. Benuka Bimpuranuns) — vill. Velyka Vil’shanytsia [49°48’'N 24°40’E;
~245 m], Zolochiv district, Lviv region;

Ozydow (m. Oxupis) — Ozhydiv [49°58'N 24°49°E; =~ 235m], Bus’kyi district, Lviv
region;
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Poczopy (c. IToyamnn) - vill. Pochapy [49°51°N 24°50’E; = 245 m], Zolochiv district,
Lviv region;

Podlesa [Podlewa, Podlysa] (c. Yepsowne, yp. ITigmuca) — vill. Chervone (Pidlysa)
[49°48'N 24°44’E; ~ 390 m], Zolochiv district, L’viv region;

Podlesie (c. ITignuces) - vill. Pidlyssia [49°56'N 24°49’E; =~ 240m], Zolochiv district,
Lviv region;

Ponikowice (c. ITonnxosuus) - vill. Ponykovytsia [50°03’N 25°03’E; ~ 230 m], Bro-
divs'kyi district, Lviv region;

Przejazdy (c. YepBowne, yp. Ilepeizan) — vill. Chervone (Pereyizdy) [49°50°03"N
24°43’29”E; =~ 240 m], Zolochiv district, Lviv region;

Przelecz Czywczynu [Pszelecz Czywczynu](mepesan YmBumH) — mountain pass
Chyvchyn, massif - Chyvchyny (Carpathians) [47°51’12”N 24°42°09”E; 1570
m], Verkhovyna district, Ivano-Frankivsk region;

Rebrowacz (r. PebpoBau, ripcekmit macuB PebpoBau-Ilinm) - Rebrovach Mt.
[48°18’°00”N 24°36’04”E; 1222 m], mountain massif ~Rebrovach-Dil (Carpa-
thians), Verkhovyna district, Ivano-Frankivs'k region;

Rozszybenyk (xpe6er Posumbennx, YopHoripcbkuii Tipcbkmit MacuB) — moun-
tain chain Rozshybenyk [48°06’00”N 24°36’28”E; ~ 1720 m], mountain massif
- Chornohora (Carpathians), Verkhovyna district, Ivano-Frankivs’k region;

Scianki (c. Crinka) - vill. Stinka [49°47’N 24°44’E; = 295 m], Zolochiv district, Lviv
region;

Smyha (c. Cmura) - vill. Smyha [50°14'N 25°46’E; = 230 m], Dubno district, Rivne
region;

Syniak (r. Cunsx, ripcoknit macus lopranu) — Syniak Mt. [48°23’17”N 24°27°36”E;
1665 m], mountain massif — Gorgany(Carpathians), Nadvirna district, Ivano-
Frankivsk region;

Szpyn (r. IInuui, YopHoripcpkuit ripcekmit macus) — Shpytsi Mt. [48°07°32"N
24°34°05”E; 1863 m], mountain massif - Chornohora (Carpathians), Verkhovy-
na district, Ivano-Frankivs’k region;

Swieta Gora (c. Bimuit Kaminb, Cesara ropa) - vill. Bilyi Kamin, Sviata hora: hill
[49°53’57”N 24°52’40”E; 387 m], Zolochiv district, Lviv region;

Tredowacz (c. Tpymosau) — vill. Trudovach [49°46’N 24°41’E; = 390 m], Zolochiv
district, Lviv region;

Wotkowece (c. Boskisni) — vill. Vovkivtsi [48°46’08”N 26°05°34”E; = 215 m], Borsh-
chiv district, Ternopil’ region;

Worochta (cmt. BopoxTa) — urban-type settlement Vorokhta (Yaremche / Munici-
pality) [48°17’N 24°33’E; =~ 785 m], Nadvirna district, Ivano-Frankivsk region;

Woronienka [Woronieczka](c. Boponenko) - vill. Voronenko (Yaremche / Munici-
pality) [48°17'N 24°30’E; = 875 m], Nadvirna district, Ivano-Frankivsk region;

Woszczetdwka (m. 3amimukm, yp. BomeniBka) - Zalishchyky (Voshczelivka)
[48°39°34"N 25°43’59”E; = 215 m], Zalishchyky district, Ternopil’ region;
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Zaleszczyki (M. 3amimmxu) — Zalishchyky [48°38°35”N 25°43’59”E; ~ 180 m], Za-
lishchyky district, Ternopil’ region;

Zaro$lak (Typuctnyuna 6asa “3apociak”, YopHoripchbKuii ripcbKuit MacuB) — tourist
base “Zarosliak” [48°09°52”N 24°32’12”E; = 1270 m], mountain massif - Chor-
nohora (Carpathians), Nadvirna district, Ivano-Frankivsk region;

Zarwanica (c. 3apBauniyi) — Zarvanytsia [49°46’N 24°59'E; = 310 m], Zolochiv dis-
trict, Lviv region;

Zloczéw (M. 3omouiB) — Zolochiv [49°48'N 24°54°E; = 270 m], Zolochiv district,
Lviv region;

Zabie-Stupejka (cmT. BepxoBuna) - urban-type settlement Verkhovyna [48°09'N
24°49’E; = 610 m], Verkhovyna district, Ivano-Frankivsk region;

Zeniéw (c. XKenis) - vill. Zheniv [49°51’N 24°30’E; = 225 m], Zolochiv district, Lviv
region;

Zoloby [Zatoby] (c. XKono6u) - vill. Zholoby [50°04°25”N 25°41°33”E; = 300 m],
Kremenets’ district, Ternopil” region.

The author wishes to thank the management of the Museum of Natural History, Uni-
versity of Wroclaw, and Dr. Jolanta Jurkowska for comprehensive assistance in the pro-
cessing of the collection.

MATERIALY DO FAUNY PAJAKOW UKRAINY W KOLEKCJI
MUZEUM PRZYRODNICZEGO UNIWERSYTETU
WROCEAWSKIEGO (NA PODSTAWIE ZBIOROW STANISEAWA
PILAWSKIEGO I KAZIMIERZA PETRUSEWICZA)

STRESZCZENIE

Opracowano “Kolekcje pajagkéw Podola” Muzeum Przyrodniczego Uniwersy-
tetu Wroclawskiego, ktéra utworzono na podstawie wspoélnych zbioréw Stanista-
wa Pilawskiego i Kazimierza Petrusewicza) (1937/38 gg.) i osobistych Stanistawa
Pilawskiego (1933/35, 1939/40, 1954/56 gg.). Reprezentuje ona faune terytorium
wspolczesnej Ukrainy, w tym regionéw: Lwowskiego, Tarnopolskiego, Réwienskie-
go, Iwano-Frankowskiego i Zakarpackiego. Podczas rewizji kolekcji opracowano
toponimy, uzyte na etykietach eksponatéw. Stworzono ich liste, ustalono zgodnosé¢
stosownie aktualnych nazw miast, wiosek, regionéw administracyjnych i fizjogra-
ficznych.
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MATEPIAJIM TO ®AYHU ITABYKIB YKPATHU B KOJIEKIIIT
MY3EIO ITPPOOHMNYOIO BPOII/TABCBbKOTO YHIBEPCUTETY
(3A MATEPIAJIAMMU 350PIB CTAHICJIABA ITUIIBCBKOI'O TA
KA3VIMUPA ITETPYCEBUYA)

PE3IOME

OmnparnpoBano «Konekiiro nmaBykis Ilopinns» Myseto npupogandoro Bpoiyias-
CbKOTO YHiBepcurteTy. BraHOBIEeHO, 1[0 KO/Mekuia chOpMOBaHa Ha OCHOBI CIiJIb-
H1x 360pi Cranicnasa Ilinascpkoro Ta Kasummpa Ilerpycesuya (1937-1938 pp.),
a TakoX ocobuctux Cranicnasa ITinascpkoro (1933-1935, 1939-1940, 1954-1956
pp.). Bona penpesentye dayHy Tepuropii cydacHoi YKpainu, 3okpema JIbBiBCbKOI,
TepHominbcpkoi, PiBHeHCBKOI, a Takok IBaHO-PpaHKiBCbKOI Ta 3akapHaTCbKOi
obnacreit. Ilig yac peBisii KomekIii yBara mpujiieHa OIpAIfOBAaHHIO TOIOHIMIB,
YKUTUX Ha eTMKeTKaX eKcIoHaTiB. CTBOpeHo ixXHill IepeiK, yCTaHOBJIEHO BifIo-
BiffHICTP TemepilIHiM Ha3BaM HacCeleHMX ITYHKTIB Ta afMiHicTpatuBHUM i ¢i3u-
KO-reorpadiyH1M perioHaM.
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OF THE ALIMENTARY CANAL OF MONKEY GOBY NEOGOBIUS
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Running heading: Alimentary canal of monkey goby

Abstract: Structural and histochemical analysis of the alimentary canal of juvenile monkey
goby Neogobius fluviatilis was performed.

It was found that anatomically, the alimentary canal of N. fluviatilis is a straight tube without
a distinct stomach and short intestine, forming two loops. Based on histological analysis, the
following segments of the alimentary canal were distinguished: esophagus, residual stomach, small
intestine and rectum. Between the small intestine and other segments there are two well-developed
sphincters: pyloric and ileorectal. The esophagus is characterized by a large number of goblet cells
secreting both acidic and neutral mucopolysaccharides. A smaller number of mucous cells is present
in the small intestine and rectum where they secrete predominantly acidic mucopolysaccharides.
Located directly behind the esophagus is a short section with walls having a structure characteristic
for a stomach. Mucosa of this region holds many compound alveolar gastric glands which, over
a distance of 247.00 + 97.83 um, form small clusters. The gastric gland cells, as well as the cells
of surface epithelium, do not give a positive reaction for the presence of mucus. Histochemical
properties of surface and glandular epithelium and small size of the gastric segment indicate that
the stomach in N. fluviatilis is a residual organ.

Key words: morphology, histometry, histochemical properties, gut
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INTRODUCTION

The monkey goby (Neogobius fluviatilis) is a Gobiidae fish natively distributed
throughout the Ponto-Caspian region (NEILSON and STEPIEN 2011). In recent deca-
des, the monkey goby together with other Ponto-Caspian fish of the Gobiinae subfa-
mily (i.e. Neogobius melanostomus, Babka gymnotrachelus, Proterorchinus semilunaris)
have spread through Central European waters, including Polish rivers (KOoSTRZEwa
et al. 2004, GRABOWsKA et al. 2010). The opportunistic feeding strategy of this fish is
reported in both its natural range and in Poland. Generally, the diet of monkey goby
can vary depending on age, season and habitat (PINCHUK et al. 2003, KAKAREKO et
al. 2005, GRABOWSKA et al. 2009). In the majority of habitats in its natural range,
monkey goby primarily consume mollusk, while in the Vistula River they feed mainly
on chironomid larvae (PINCHUK et al. 2003, KAKAREKO et al. 2005, GRABOWSKA et
al. 2009). Their proven feeding flexibility must undoubtedly be reflected in the stru-
cture of their alimentary canal. So far, no studies related to the morphological and
histological structure of the alimentary canal of N. fluviatilis or attempts to associate it
with dietary plasticity of this species, both in invasive areas and in their natural range,
have been published. Such studies have only been performed for B. gymnotrachelus
(JAROSZEWSKA et al. 2008). Due to the fact that feeding habits and distribution range
of N. fluviatilis are similar to those of B. gymnotrachelus, as well as because of the
close taxonomical relationship of both species (NEiLsoN and STEPIEN 2009), it can
be expected that the alimentary canal of N. fluviatilis will have many of the features
previously described by JaArRoszEwska et al. (2008) in B. gymnotrachelus. In the pre-
sent study, the alimentary canals of juvenile individuals were used just as in the work
by JAROSZEWSKA et al. (2008). It should be noted, however, that the alimentary canal
of juvenile fish is fully developed and is not different from the alimentary canal of an
adult fish (GovonT et al. 1986; DOMENEGHINI et al. 1998; BANAN KHOJASTEN 2012).
In precocial fish, which include monkey goby, the alimentary canal is formed very
early in ontogenesis and is well-developed at the start of exogenous feeding (Govont
et al. 1986; CAPOVA et al. 2008).

The aim of this study was to describe the structure of the alimentary canal of
juvenile specimens of N. fluviatilis. This description is an important supplement to
the poor information about the structural organization and physiology of the ali-
mentary canal of Gobiidae fish.

MATERIALS AND METHODS

The materials employed in this study consisted of eight juvenile (according to
PLACHA et al. 2010), one year old (age determined by scales) individuals of mon-
key goby Neogobius fluviatilis (51.17 £ 6.01 mm total body length, 39.00 + 3.81mm
standard body length and 0.85 + 0.30 g body weight). Specimens were collected
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from Wiloctawek Reservoir, associated with the lower Vistula River, Poland. The
fishes were fixed in 4% buffered formalin and then the alimentary canals were dis-
sected and weighted using an analytical balance (with an accuracy of 0.0001 g).
The length of alimentary canal was determined using a stereoscopic microscope
with a specialized eyepiece. Images of alimentary canals were projected on paper,
and their lengths were traced. Lengths of copied alimentary canals were measured
using an electronic curvimeter and calculated to actual values, dividing the results
by the linear magnification (14x). The length of the alimentary canal was measured
for determining relative length of the gut (RLG) which was calculated as the ratio of
alimentary canal length to total body length.

The paraffin method was employed to prepare tissue sections. The tissue was dehy-
drated in a series of increasing ethanol concentrations, cleared in xylene and embedded
in paraffin. Wax blocks were serially cut using a rotary microtome for 5 or 6 um tissue
sections. Alimentary canals of six individuals were cut transversely along the long axis,
and two were cut longitudinally. Tissue sections were mounted on glass slides, and stai-
ned with Delafield’s hematoxylin and eosin (H-E), or histochemically with the combi-
ned alcian blue - periodic acid Schiff technique (AB-PAS) for the presence of mucus.
Alcian blue (AB, Polyscience Inc.) pH 2.5 stains the acid mucopolysacharides blue while
the Schift’s reagent (PAS, Merc Millipore) stains the neutral mucopolysacharides pink to
red (BANCROFT and GAMBLE 2008). After staining, the tissue sections were dehydrated,
cleared in xylene and embedded in synthetic resin Entellan (Merc Millipore).

Alimentary canals from the two specimens cut longitudinally were used in hi-
stological analysis and to distinguish regions and parts of the alimentary canal, whe-
reas specimens of the remaining six individuals were used to measure the thickness
of tissue layers composing the alimentary canal wall in particular regions. The fol-
lowing segments of the alimentary canal were distinguished: esophagus, stomach,
small intestine and large intestine. Within the esophagus and small intestine, the
proximal and distal parts were investigated. For every region, ten measurements
of thickness of epithelium, lamina propria, muscularis (with distinction to longi-
tudinal and circular muscle layer) and serosa both in folds and between them were
taken. Additionally, in the stomach, height and width of singular glands (ten mea-
surements) as well as the length of the glandular zone were measured. The length of
the glandular zone was calculated by counting tissue sections, on which glands were
visible, and multiplying the results by thickness of a single tissue section (5 pm). In
each region of the alimentary canal, the height of mucosal folds (with a distinction
between large and small) was also measured. In each region of the alimentary canal,
measurements were made at ten points (ten selected cross-sections) designated by
length of the individual region. The measurements were performed using a light
microscope Olympus CX21 with calibrated eyepiece.
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RESULTS

Anatomical structure of the alimentary canal

The alimentary canal is a straight tube, which forms two loops. There are no ana-
tomical borders between the sections (Figure 1). The mass of the alimentary canal
is 5.61 + 0.78 g, whereas its lengths is on average 16.52 + 7.59 mm. The ratio be-
tween the length of the alimentary canal and total body lengths (RLG) is on average
0.32 +0.13 (Table 1).
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Figure 1. Schematic view of the alimentary canal of juvenile individuals of monkey goby Neo-
gobius fluviatilis: E-esophagus, S-stomach, PS-pyloric sphincter, PI-proximal small intesti-
ne, DI-distal small intestine, IS-ileorectal sphincter, R-rectum.

Table 1. The morphometric characteristic of the alimentary canal in the juvenile individuals
of monkey goby Neogobius fluviatilis (means+SD)

Parameter

Alimentary canal mass (mg) 5.61+0.78
Alimentary canal length (mm)  16.52+7.59
Relative length of gut (RLG) 0.32+0.13

Histological structure of the alimentary canal

Esophagus

The wall of the esophagus of N. fluviatilis is made up of mucosa (epithelium
and lamina propria), muscularis and serosa. The epithelium is formed by the stra-
tified squamous epithelium. Numerous large goblet cells occur in the surface layer
of epithelium (Fig. 2a, b). Most of the goblet cells produce mixed mucus - both



ANATOMICAL, HISTOLOGICAL AND HISTOCHEMICAL STUDIES OF THE... 39

Figure 2. Histology of the alimentary canal regions of juvenile individuals of monkey goby
Neogobius fluviatilis: a) cross section of proximal esophagus b) cross section of distal esop-
hagus c) longitudinal section of transitional zone between esophagus and stomach d) cross
section of stomach e) cross section of pyloric sphincter of the stomach f) cross section of
small intestine g) longitudinal section of ileorectal sphincter h) cross section of rectum. AB-
-PAS staining: E-epithelium, El-esophageal epithelium, E2-gastric epithelium, G-gastric
gland, GC-goblet cell, CM-circular muscle layer, LM- longitudinal muscle layer, LP-lamina
propria, S-serosa.
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acidic and neutral. Less numerous are the cells with only acidic or only neutral mu-
copolysaccharides. The lamina propria is made up of loose connective tissue. In
the lateral walls of the proximal part of the esophagus, connective tissue is inter-
woven with bundles of longitudinal striated muscle fibers which can be observed
in the tissue section as two crescents (Fig. 2a). In the distal part of esophagus, the
lamina propria is made up exclusively of loose connective tissue (Fig. 2b). The mu-
cosa forms folds of different heights and, in the proximal part of esophagus, has
a characteristic arrangement. Smaller folds are located on the dorsal and ventral
sides of the esophagus, usually in threes next to each other and their height is on
average 105.67 + 45.78 um (Table 2). Large folds occur in places where the lamina
propria bundles of striated muscle fibers (crescents) are located. They are on average
264.42 + 45.78 pum in height (Table 2). On the other hand, in the distal part of the
esophagus, small folds are in between the large ones. Small folds reach a height of
109.17 + 22.85 um, whereas large ones are 225.35 + 39.85 um (Table 2). The number
of folds, both small and large, are from five to nine. Muscularis in the proximal part
of the esophagus is made up of a singular layer of circular striated muscles. In the
distal part of esophagus, two layers of striated muscles can be distinguished: inner
longitudinal and outer circular. In the transition zone between the esophagus and
stomach, in the muscularis, smooth muscles can be observed. From the outside, the
esophagus wall is covered by a thin layer of serosa.

Table 2. The sizes (um) of mucosal structures of the alimentary canal regions in the juvenile
individuals of monkey goby Neogobius fluviatilis (means+SD)

Region Height of mucosal folds Gastric glands

Length of glan-

Large folds Small folds Heigth Width
dular zone

Proximal esophagus 105.67+45.78  264.42+22.32
Distal esophagus 109.17422.85  225.35%39.85
Stomach 106.38+13.86 246.65£9.13  27.45x5.55  26.24+£3.97  247.00+97.83
Proximal small intestine  170.74+54.89  308.33+£53.64
Distal small intestine 105.05+14.64  243.85+21.70
Rectum 109.50+18.24 226.20+27.80

The thickness of individual layers forming the esophagus’ wall as well as a per-
centage of individual layers in overall thickness of the esophagus wall of N. the flu-
viatilis are presented in Table 3.
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Table 3. The thickness of tissue layers forming the wall of the alimentary canal regions (um)
and the percentage (%) of the layers in the wall thickness of alimentary canal regions in the
juvenile individuals of monkey goby Neogobius fluviatilis (means+SD)

) Epithe- Mucosa Muscularis
Region . Serosa
lium Epithelium Lamina propria Inner layer Outer layer
a 20.96+3.17 203.96+32.72 94.54+13.65  5.00+0.98
Proximal % 6.51+0.96 62.73+2.67 29.2242.66 1.54+0.30
esophagus b 22.58+3.11 60.33+16.30 84.50+16.73  4.98+0.84
% 13.39+1.92 34.67+3.77 49.36+2.34 2.59+0.53
a 32.81+4.25 255.96+43.44  48.17+18.27  54.46+18.57  3.38+0.26
Distal % 10.59+1.38 56.07+6.22 15.06+3.55 17.16+3.83 1.1240.30
1stal
esophagus b 22.67+4.96 12.7942.95 39.58+15.97  52.08+17.62  3.33%0.63
% 18.49+3.34 7.15+2.33 30.62+5.08 40.98+4.35 2.77+0.70
a 29.54+6.20 216.30+24.14  29.58+13.18  38.67+13.75  4.15+1.15
% 9.40+2.59 68.5143.60 8.93+3.15 11.87+3.37 1.2940.31
Stomach
b 27.7146.14 11.95+3.62 27.04+11.95  35.71+18.77  3.71+0.77
% 28.06+12.49 13.7242.35 24.2247.48 30.439.74 3.57+0.84
a 24.63+4.69 175.96+33.20 17.38+4.81 20.92+8.49  2.63+0.38
Pm’dfﬁal % 7.91+2.47 79.4742.52 5.37+1.04 6.42+2.10 0.83+0.16
sma.
intestine b 23.8316.37 8.54+1.81 11.29+4.41 16.88+7.07 2.79+0.29
% 35.89+10.80 18.80+1.24 16.51+4.67 24.5749.27  4.23+0.77
a 21.4542.56 218.54+17.03 20.75+5.84 35.20+13.76  2.75+0.50
DiStTll % 7.83+1.16 78.49+4.47 7.48+1.58 5194272 1.02+0.26
sma
intestine b 23.10+3.81 14.21+0.93 15.65+6.79 26.85+11.13  2.50+0.66
% 36.94+7.59 18.44+0.93 23.756.29 16.90+2.60 3.98+1.11
a  23.60+4.82 194.10+28.62 35.75+7.85 23.35+9.40 2.45+0.21
N %  8.66+1.71 69.1145.88 12.92+3.38 8.42+3.67 0.88+0.12
ectum
b 23.60+4.82 13.90+2.93 26.65+3.70 19.30+7.32 2.65+0.49
%  27.5145.05 16.28+3.52 31.23+4.88 21.91+6.51 3.07+0.37

a-the thickness of the layers within the folds
b- the thickness of the layers between the folds

Stomach

The stomach wall, similar to the esophagus, consists of mucosa, muscularis and
serosa. On the border of esophagus and stomach, striated squamous epithelium
with a large number of goblet cells suddenly transits into columnar epithelium wit-
hout mucous cells (Fig.2c). In the stomach epithelium there are many rodlet cells
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containing PAS-positive inclusions. The remaining epithelium cells are not mucus
positive. Lamina propria is made of loose connective tissue in which few alveolar
gastric glands occur (Fig. 2d). They are present over a distance of 247.0 + 97.83 pm
(Table 2). They do not occur in the transitional zone between the esophagus and
stomach and in the area of the pyloric sphincter. They are located at the base of
large folds, in a cluster of four to six glands, less often two. Their height is on avera-
ge 27.45 £ 5.55 pm and width is 26.24 + 3.97 um (Table 2). Cells in the wall of the
glands do not give a positive reaction for the presence of mucus.

The mucosa consists of numerous large (7-8) and small folds (2-6) with a height
of 246.65 + 9.13 um and 106.38 + 3.86 pm, respectively (Table 2). Muscularis consists
of two layers of smooth muscles. In the transitional zone, between esophagus and
stomach, they have the same arrangement as in distal part of the esophagus. A little
way further, the arrangement of the two layers changes, the inner layer has a circular
arrangement and the outer layer has a longitudinal arrangement. At the end of the
stomach, the circular muscle layer thickens significantly and forms the pyloric sphinc-
ter (Fig. 2e). The outside of the stomach is covered with a thin layer of serosa. The
thickness of the layers forming the stomach wall and a percentage of individual layers
in overall thickness of the stomach wall in N. fluviatilis are shown in Table 3.

Small intestine

The wall of the small intestine of N. fluviatilis, similar to the esophagus and
stomach, consists of mucosa, muscularis and serosa.

The mucosa is lined with columnar epithelium, in which mucous cells and rodlet
cells occur. In comparison to the esophagus, mucous cells are smaller and less nu-
merous. They secrete mainly acidic mucopolysaccharides. Cells containing mixed
mucopolysaccharides, or neutral mucopolysaccharides are in low numbers. The
epithelium, along with lamina propria underneath it, form very large folds with
a zigzag arrangement. Proximal intestine large folds (10-17) reach 308.33 + 73.64
um, while small folds are (4-8) 170.74 + 54.89 um. In the distal intestine, the folds
are smaller (Table 2). Muscularis consists of two layers of smooth muscles: thinner
internal arrangement of circular muscle and thicker external arrangement of lon-
gitudinal muscle. Only in the distal parts of the small intestine does the circular
muscle layer thicken and forms ileorectal sphincter separating the small intestine
from the rectum (Fig. 2g).

The thickness of individual layers creating the intestine’s wall as well as their
percentage in total thickness of the wall are presented in Table 3.

Rectum

The wall of the rectum is made up of mucosa, muscularis and serosa. The mu-
cosa is covered with columnar epithelium which contributes a smaller percentage
in the composition of the wall compared to the intestine (Table 3). In this region of
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the alimentary canal, similar to the esophagus and small intestine, mucous cells are
present in the epithelium. In comparison to the small intestine, they occur in greater
density (Fig. 2g, h). Most of mucus cells contain acidic mucopolysaccharides. Cells
containing mixed mucopolysaccharides are less numerous, and cells producing
neutral mucopolysaccharides are the least abundant.

Below the epithelium, there is lamina propria which consists of loose connective
tissue. Along with epithelium, it forms folds with heights similar to those of the
esophagus (Table 2). The muscularis is well developed and significantly thicker than
in the small intestine (Table 1). But, unlike in the small intestine, the rectum’s inner
layer of circular muscles is thicker than outer longitudinal one (Table 3).

Detailed data regarding thickness of layers creating the wall of the rectum, as
well as their percentage in overall thickness of the wall is presented in Table 3.

DISCUSSION

Anatomical structure

The present study demonstrated that the alimentary canal of N. fluviatilis is
poorly differentiated and it has no anatomically separated stomach, similarly to the
alimentary canal of B. gymnotrachelus investigated by JAROSZEwsKA et al. (2008).
As reported by KoBEGENOVA and DZHUMALIEV (1991), GEEVARGHESE (1983) and
WorczUk et al. (2015), poor anatomical differentiation is a feature of the alimenta-
ry canal of most goby fish.

In addition to the poor differentiation of the alimentary canal of N. fluviatilis,
it is also characterized by a short length. As demonstrated by numerous studies,
the length of the alimentary canal of fish is closely related to the type of ingested
food, and the parameter which describes this dependency in the best way is the
RLG coeflicient (length of the gut relative to the length of the body). Based on the
value of this coefficient, GEEVARGHESE (1983) distinguished among the Gobiidae
three trophic types including: herbivores, whose relative length of the alimentary
canal is above 1.25, omnivores with a tendency to herbivory, whose relative length
of the alimentary canal is 1.0-1.25 and omnivores with a tendency to carnivory,
whose relative length of the alimentary canal is below 1.0. In the investigated speci-
mens of N. fluviatilis the RLG coefficient is 0.32 + 0.13, which indicates that juvenile
specimens are carnivorous. This is consistent with the results of studies of dietary
preferences of N. fluviatilis (KAKAREKO et al. 2005, GRABOWSKA et al. 2009). How-
ever, as evidenced by the work of POGOREUTZ and AHNELT (2014), in fish of the
Gobiidae family the morphology of the alimentary canal is not always reflected by
the absorbed food. An example is a herbivorous goby Austrolethops wardi, which
has a short and simple alimentary canal which does not reflect its high degree of
digestion of food having a low nutrient content (POGOREUTZ and AHNELT 2014).
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According to BANAN KHOJASTEH (2012) intestinal length is influenced by a number
of other factors apart from diet, which include fish size (mass and length) and body
shape, recent feeding history, ontogeny, and phylogeny. In the case of A. wardi, the
length of the alimentary canal most probably reflects the evolutionary history of the
species (POGOREUTZ and AHNELT 2014).

Histological structure

The general structure of the alimentary canal wall in juvenile specimens of N. flu-
viatilis coincides with the description presented in the studies by KOBEGENOVA and
DzHUMALIEV (1991) and JAROSZEWSKA et al. (2008) for other Benthophilinae fish.
In the esophagus, whose role is to transport food, attention is drawn to the partic-
ular structure of the mucosa and the muscularis. As evidenced by the studies, lon-
gitudinal muscles do not form a continuous layer and are located only in the lateral
walls of the esophagus, and their fibers penetrate into the lamina propria and high
folds of the mucosa. Thanks to such a structure, the mucosa is extremely thick and
constitutes up to 63% of the thickness of the esophageal wall. A similar organization
of the mucosa was observed in the esophagus of Pseudopleuronectes amaricanus,
Limanda ferruginea and B. gymnotrachelus (MURRAY et al. 1994, JAROSZEWSKA et al.
2008). It is assumed that such an arrangement of the muscles allows for the rejection
of undesirable substances (OLIVIERA-RIBEIRO and FaANTA 2000) and provides high
elasticity of this section (Worczuk et al. 2015).

In the esophageal mucosa of N. fluviatilis, similarly to other fish, there are nu-
merous mucous cells, whose secretion protects the mucosa against mechanical
and chemical injuries (HUR et al. 2005, PETRINEC et al. 2007, WiLsoN and CASTRO
2011). In juvenile specimens of N. fluviatilis, there are three types of goblet cells,
cells secreting only acidic or neutral mucopolysaccharides and mixed, secreting
both types of mucopolysaccharides. The main population of goblet cells comprises
cells that produce mixed mucus which has also been observed in other fish of the
Gobiidae family (KoBEGENOVA and DzHUMALIEV 1991, HUR et al. 2005, Worczuk
et al. 2015). The exception is B. gymnotrachelus, which has only cells secreting acid
mucus in the epithelium of the esophagus (JAROSZEWSKA et al., 2008). According
to many researchers, the production of mucopolysaccharides serves to moisten and
protect the epithelium (PEDINT et al. 2005; JAROSZEWSKA et al. 2008). Mixed mu-
cous cells most likely allow for the activity of the alimentary canal of fish under
changing environmental conditions (ABDULHADI 2005; BANAN KHOJASTEH 2012).
In contrast, LEKNES (2011) suggests that a wide range of goblet cell staining may be
associated with their various functions such as moistening, immunological barrier,
absorption or even digestion.

Histological passage of the esophagus into the stomach in N. fluviatilis can be
observed only based on the changes in the type of surface epithelium from the strat-
ified squamous to the simple columnar cells, which was also described in other goby
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fish (KoBEGENOVA and DZHUMALIEV 1991, JAROSZEWSKA et al. 2008, WOLCZUK et
al. 2015). An important feature of the surface epithelium of the stomach of N. flu-
viatilis and many other species of goby fish (KoBEGENOvVA and DzHUMALIEV 1991,
Hur et al. 2005, JAROSZEWSKA et al. 2008, WorczUK et al. 2015) is the lack of goblet
cells. These species also include B. gymnotrachelus, wherein in B. gymnotrachelus
this region of the alimentary canal has been called a secretory oesogaster (JARO-
SZEWSKA et al. 2008). Mucus in N. fluviatilis is also not produced by the cells of the
surface epithelium, as indicated by a negative result of the AB-PAS reaction. Below
the epithelium, in the lamina propria of the gastric mucosa of N. fluviatilis, there are
multicellular glands gathered in groups of 4-6 glands. Similarly as in P. semilunaris,
R. giurinus, M. batrachocephalus, B. gymnotrachelus, N. melanostomus and N. ratan
they are alveolar structures. They occur within a small section of a length of 247.0
+97.83 um. To compare, the glandular zone in P. semilunaris is 1870 + 264 um long
(Worczuk et al. 2015). In contrast to B. gymnotrachelus and P. semilunaris (JARO-
SZEWSKA et al. 2008; WorczuK et al. 2015), no mucosubstances were found in the
lumen of gastric glands in N. fluviatilis. Their presence was also found in neither the
cytoplasm of the cells forming the wall of the glands, nor in the cytoplasm of surface
epithelial cells. Because, according to many researchers, the presence of mucus in
the stomach is associated with the protection of the mucosa against aggressive ac-
tion of hydrochloric acid and pepsin (AL-HuUssAINI 1949, BARRINGTON 1957, REITE
2005), it can be supposed that hydrochloric acid is not produced in the stomach of
N. fluviatilis. To sum up, the small size of the glandular portion combined with the
lack of evidence for the functionality of the glands may indicate the regression of the
gastric segment of N. fluviatilis to the residual form. It is possible that the lack of the
stomach is compensated by the presence of pharyngeal teeth that can fragment the
relatively hard food which is consumed by N. fluviatilis. As evidenced by the study
of Bogaczyk (1967), pharyngeal teeth in N. fluviatilis are developed well enough to
allow for crushing food characterized by a fairly high degree of hardness, including
crustaceans, insect larvae and mussels.

In the anterior part of the stomach of N. fluviatilis, a replacement of striated
muscles into smooth muscles takes place. The circular and longitudinal layers of the
muscularis change their position relative to the arrangement present in the esopha-
gus. From this point to the anus, the circular layer of the muscles is situated internal-
ly, while the longitudinal one is situated externally. A similar structure of the mus-
cularis has been described in other Gobiidae fish (KoBEGENOVA and DZHUMALIEV
1991, JAROSZEWSKA et al. 2008, WorCczUK et al. 2015). In the posterior part of the
stomach, the inner layer of the muscles is considerably thicker, forming a sphincter.
It is also present in B. gymnotrachelus (JAROSZEWSKA et al. 2008). JAROSZEWSKA et
al. (2008) in their study assume that the oesogastro-intestinal sphincter of B. gym-
notrachelus can be functionally associated with the pyloric sphincter described in
fish having a stomach. Among the agastric fish, the sphincter was observed only
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in Gibelion catla (KAPOOR 1958). Based on the presence of the sphincter, it can be
excluded that this short gastric segment is an extension of the intestine called an in-
testinal bulb. In the alimentary canal of B. gymnotrachelus, there is also no intestinal
bulb (JAROSZEwsKA et al. 2008) as is often observed in other stomachless fish, e.g.
in Cyprinidae (RoGick 1931, SINHA 1976, WALLACE et al. 2005).

The boundary between the stomach and the intestine can also be determined
based on the structure of the epithelium. In the epithelium of the small intestine,
there are goblet cells which are not present in the epithelium of the stomach. The
intestine of N. fluviatilis contains few goblet cells, as in the intestine of B. gymnotra-
chelus (JAROSZEWSKA et al. 2008), and is dominated by cells producing acid secre-
tions while the cells producing mixed and neutral mucus are less numerous. This is
different from the study by KoBEGENOvVA and DzHUMALIEV (1991) who reported
that in the intestinal epithelium of Gobiidae, there are goblet cells producing mainly
mixed mucus. These differences can be related to the habitat, diet and age of the
studied fish. These studies demonstrated that the quality of gut mucosubstances
is directly related to environmental conditions which in turn indirectly affect the
function of the alimentary canal, and additionally the properties of the mucous se-
cretions change during the development of the fish (DOMENEGHINI et al. 1998).
Therefore, the predominance of mucous cells with acid secretions in juvenile spec-
imens of N. fluviatilis can indicate the need to protect the intestinal mucosa against
adverse environmental conditions. According to BANAN KHOJASTEN (2012) the
acidic (sulfated) mucosubstances in the intestine probably regulate the transfer of
proteins or a fragment of them. This would explain their large number in the intes-
tine of juvenile N. fluviatilis.

In addition to enterocytes and mucous cells in the intestinal epithelium of the
study specimens of N. fluviatilis, there are also rodlet cells. As evidenced by the
study, large numbers of these cells are present in the intestinal wall of Cyprynidae
and Labridae (AL-HUSSAINI 1949, BARRINGTON 1957, REITE 2005). It should be
noted that these are stomachless fish, which do not secret pepsin and hydrochlo-
ric acid. It is known that the low pH of the gastric content protects the mucosa
against microorganisms and prevents the introduction of pathogens into the intes-
tine. Therefore, the intestine of stomachless fish can be more exposed to them as
compared to fish having a stomach. As suggested by MANERA and DEzFULI (2004),
REITE (2005), and DEZFULI et al. (2008), the population of rodlet cells can have
a protective function, especially because their number increases significantly during
parasitic infections.

The epithelium with the underlying connective tissue forms prominent zigzag
folds increasing the digestion and absorption surface of the intestine of N. fluviatilis.
The present study demonstrated that in N. fluviatilis, the largest folds are present in
the proximal part of the small intestine and their height decreases along the intestine.
Given such a development of the mucosa, the muscularis in the intestine is relatively
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thin and in the folds of the proximal and distal part, it constitutes 12% and 13%,
respectively, while in the large intestine it is 21% of the total wall thickness. It should
be noted that in all parts of the intestine, the epithelial lamina has a large contribu-
tion to building the wall in the area between the folds (35% in the proximal part of
the small intestine, 36% in its distal part and 28% in the rectum). This may indicate
that in the small intestine, in its proximal part in particular, where enterocytes and
mucosal folds are the largest, the digestion and absorption processes are most inten-
sive. In turn, in the rectum, the elasticity and peristalsis of this section, which are ex-
tremely important for the process of collection of indigested residues and formation
and removal of fecal mass, seem more vital. Functional separation of two intestinal
regions in N. fluviatilis is possible thanks to the presence of a prominent ileorectal
sphincter. A distinct differentiation of the intestine was also observed in R. giurinus
(Hur et al. 2005) and B. gymnotrachelus (JAROSZEWSKA et al. 2008), while there is no
information whether a sphincter or ileorectal valvae are present in R. giurinus. How-
ever, this kind of sphincter was well described in B. gymnotrachelus (JAROSZEWSKA
et al. 2008) and it is also briefly mentioned in the publication by KoBEGENOwA and
DzHUMALIEV (1991) relating to several species of goby fish from the Black Sea.

To summarize, the alimentary canal of N. fluviatilis has very strong similarities to
the alimentary canal of B. gymnotrachelus, which is probably related to the type of food
ingested and indicates a close relationship between these two species. It is a straight
and short tube, which indicates that this species is carnivorous. The alimentary canal
has no anatomically separated stomach. This segment can be identified histologically
based on: the type of epithelium, the presence of gastric glands and the presence of
a pyloric sphincter. However, the stomach has a residual nature, as indicated by: its
small size, a small area of occurrence of gastric glands and lack of features indicating
the functional activity of the gastric glands. The lack of a functional stomach can be
compensated by the presence of pharyngeal teeth that allow for the fragmentation
of hard food (crustaceans, insect larvae). In the epithelium of the alimentary canal,
mainly in the esophagus, goblet cells are present which produce three types of mucous
secretions: mixed, acid and neutral. Production of various types of mucus can favor
adaptation to changing environmental conditions and food.

STRESZCZENIE

Badania anatomiczne, histologiczne i histochemiczne przewodu pokarmowego
babki szczuptej Neogobius fluviatilis (PALLAS, 1814)

Przeprowadzono analiz¢ strukturalng i histochemiczng przewodu pokarmowego miodych
osobnikdw babki szczuplej Neogobius fluviatilis.

Stwierdzono, ze pod wzgledem anatomicznym przewod pokarmowy N. fluviatilis ma postaé
prostej rury, bez wyraznie odcinajacego si¢ zoladka, a krotkie jelito tworzy dwie petle.
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Na podstawie analizy histologicznej w przewodzie pokarmowym wydzielono przelyk,
szczatkowy zoladek, jelito cienkie i jelito grube. Pomiedzy jelitem i pozostalymi odcinkami
wystepuja dwa dobrze rozwiniete zwieracze: odzwiernikowy i ileorektalny. Przetyk charakteryzuje
sie obecnoécig duzej liczby komorek kubkowych produkujacych jednocze$nie kwasne i obojetne
mukopolisacharydy. Mniejsza liczba komorek $luzowych wystepuje w obrebie jelita cienkiego
i grubego, gdzie wydzielaja gtéwnie kwasne mukopolisacharydy. Bezposrednio za przelykiem
wystepuje krétki odcinek, ktérego $ciana ma budowe typowa dla zoladka. W blonie sluzowej
tego odcinka obecne sa wielokomérkowe gruczoty zoladkowe typu pecherzykowego. Tworza one
niewielkie skupiska na odcinku o dtugosci 247,0 + 97,83 pm. Komorki tworzace $ciang gruczolow,
podobnie jak komorki nablonka powierzchniowego, nie daja pozytywnego wyniku reakcji na
obecno$¢ $luzéw. Wiasciwosci histochemiczne komorek nablonka powierzchniowego oraz
gruczolowego w polaczeniu z niewielkimi rozmiarami tego odcinka wskazuja na to, ze zoladek
N. fluviatilis jest narzadem szczatkowym.
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Abstract: A census of booming Eurasian Bittern males at all 61 natural lakes of Leczna-Wtlodawa
Lakeland (Lublin Region, eastern Poland) was conducted in the years 2010-2011. A maximum
number of 34 Eurasian Bittern territories at 15 lakes was recorded (as a sum of maximum number
of territories during both seasons at each lake). A comparison with the historical data indicates
relative stability of the local population. The analysis of some morphometric and environmental
parameters of lakes with reference to their occupation by Bitterns showed the species preference for
large lakes characterised by low values of bottom slope angle, considerably covered by vegetation
beds.

Key words: Botaurus stellaris, habitat preferences, lakes, population dynamics, Poland

INTRODUCTION

The Eurasian Bittern Botaurus stellaris is an ecologically flexible heron species in-
habiting a wide range of wetland habitats. The bird occupies widespread and rather
uniform emergent vegetation patches of various types, preferably flooded by quite
shallow water pools (PuGLisI et al. 2003, ADAMO et al. 2004, GILBERT et al. 2005,
PoULIN et al. 2005, POLAK et al. 2008, POULIN et al. 2009). The lack of such habitats
constitutes the main factor limiting its occurrence (KLoskowsk1 et al. 2010). The
species is an opportunistic predator foraging on the most abundant prey in each eco-
system. Its diet consists mainly of fish, amphibians, crustaceans and insects, but also
small mammals, reptiles and birds (PoLak 2007, POULIN et al. 2007). The Eurasian
Bittern’s polygynous mating system and lack of any paternal chicks care (GAUCKLER
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and Kraus 1965, KasprzykowskI and PoLAK 2013) constitute an exception among
generally monogamous herons with biparental care. Due to its uniqueness, intrigu-
ing secretive habits and remarkable population declines, the species has recently
attracted attention of researchers. However, owing to degradation of natural biotops
of Eurasian Bittern, occurring especially in Western Europe, most studies on biol-
ogy, ecology and habitat preferences of this species were conducted in semi-natural
habitats of anthropogenic origins, such as fish ponds, polders, retention basins and
rice fields (PucList et al. 2003, ADAMO et al. 2004, GILBERT et al. 2005, POULIN et
al. 2005, POLAK et al. 2008, POULIN ef al. 2009). Habitat selectivity in such substi-
tutive environments could not reflect the species’ real preferences due to a lack of
complex habitat diversity and limited gradient of parameters. The investigation of
original preferences in historical or only slightly altered conditions can be very im-
portant for effective conservation of existing habitats, as well as for proper wetland
management in Eurasian Bittern’s habitat restoration programs, conducted mainly
in Western Europe.

Dramatic declines of the European population caused by habitat loss in the 20"
century, which has not ceased yet, resulted in the species’ high protection status
(SPEC 3, BIRDLIFE INTERNATIONAL 2004). While in many Western European
countries, populations of the species are only residual (WHITE et al. 2006), Poland
with a stable population of 3300-4200 booming males constituting 7.5% of the
European population and even 26% of EU population (CHODKIEWICZ et al. 2015)
appears to be a Eurasian Bittern stronghold. The maintenance of this positive state,
however, demands both proper conservation and regular population monitoring.

The aim of this study was to establish the number and distribution of Eurasian
Bitterns on natural lakes of L¢czna—Wlodawa Lakeland (Lublin Region, eastern Po-
land). This region is an area where a booming males census was conducted about 15
years ago (P1skoRrskI1 1999), which gives the opportunity to assess local population
strength and to discover potential threats against its stability. We also analysed some
parameters of lakes to detect their influence on species’ occurrence in such biotops.

STUDY AREA

The Leczna-Wlodawa Lakeland, covering 1,300 km?* of Western Polesie, is lo-
cated in the Lublin Region in eastern Poland (KoNDRACKI 2013). The area is char-
acterized by the shallow levels of groundwater what results in the presence of many
lakes, marshes and bogs.

Among the 67 lakes located in the study area, 61 could be recognized as natu-
ral or close to a natural state. The remaining six lakes have been technologi-
cally enlarged, bordered, converted into storage reservoirs or included into the
Wieprz-Krzna Canal system since 1950s and 1960s (HARASIMIUK et al. 1998), thus
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they are excluded from the analyses. The natural lakes can be defined as small, since
the area of the biggest one equals 284.1 ha and the total area of the 61 lakes sums up to
about 2,128 ha. Shore lines are not complicated so the shapes of these lakes are close
to oval. Most of the lakes are shallow, however depths vary much with one reaching
a depth of 38.8 m (Piaseczno Lake). The diversity of bottom slope angles results in
different extents of emergent vegetation between lakes. The lakes are also diverse in
terms of their trophy, however eutrophic ones outnumber mesotrophic and distrophic
examples. The current eutrophication process is mainly caused by agriculture inten-
sification and increasing use of lakes for recreation, and is additionally enhanced by
the dense drainage system supporting biogenes transport from even distant sources
leading to their allocation in the lakes (HARASIMIUK et al. 1998).

The lakes qualified as natural or quasi-natural are generally not modified by hy-
dro-engineering treatment. However, at some of them, strong human pressure can
be observed. Lakes, such as Biale Wlodawskie, Krasne, Lukcze, Piaseczno, Bialskie,
Rotcze and Zaglebocze, constitute locally popular recreation centres which have
resulted in the creation of resorts in the close proximity to the water bodies. Around
these particular lakes high noise levels are generated, especially during summer.
Moreover, the natural state is violated by people swimming, canoeing, windsurfing
and yachting. The use of motorboats at Biale Wlodawskie Lake seems to constitute
the most aggressive form of recreation. Many lakes, like Glebokie Uscimowskie,
Uscimowskie, Masluchowskie, Krasne, Sumin, Glebokie and Zienkowskie are adja-
cent to villages. At the majority of inspected lakes, many piers are disuniting previ-
ously uniform vegetation beds. Most of the lakes are used by amateur anglers, to
various extents.

Lakes undisturbed by people due to their impenetrability are also present in
Leczna-Wlodawa Lakeland. Some of them are partially covered by floating car-
pets of vegetation which greatly increases the risk of drowning, e.g. Nadrybie Lakie.
Others are fringed with dense willow bushes or marshy birch forests, e.g. Brzezic-
zno Lake, or surrounded by water meadows or peat bogs, e.g. Kleszczéw Lake and
Hanskie Lake. Many lakes are located in protected areas, four of which are in Poleski
National Park (Lukie, Karasne, Moszne and Dlugie) and even more in nature re-
serves (e.g. Orchowe, Brzeziczno, Wspolne, Lukietek, Obradowskie). The whole
study area is located in the borders of the International Biosphere Reserve “Polesie
Zachodnie (Western Polesie).”

Lowering of surface water levels due to meliorations has a great impact on
changes in the vegetation of lakes. In most of them, the extension of the littoral zone
and acceleration of overgrowth with emergent vegetation has been observed. The
emergent vegetation is composed mainly by Phragmites australis, Typha latifolia and
T. angustifolia, and to a lesser extent by Schoenoplectus lacustris, Acorus calamus,
Equisetum fluviatile, Carex spp. and Sparganium sp. (Marysz 2007, CHMIELEWSKI
2009).
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In the last decade of the 20" century, the lakes in the study area were inhabited by
35 fish species, 28 of which were native, represented by roach Rutilus rutilus, tench
Tinca tinca, crucian carp Carassius carassius, common bream Abramis brama and
pike Esox lucius in the highest numbers (HARASIMIUK et al. 1998). During last dec-
ades, two invasive species, the prussian carp Carassius gibelio and the brown bull-
head Ameiurus nebulosus, have become dominant in the majority of water bodies in
the region (CHMIELEWSKI 2009). In Poleski National Park, 23 fish and 13 amphibian
species were recorded (GRADZIEL et al. 2008).

METHODS

Due to the considerable size of the study area, we concentrated on the distribu-
tion of territorial Eurasian Bittern males only, thus nests and breeding females were
not investigated. The presence and number of territories at each lake was established
on the basis of booming male records. The methodology was developed with re-
marks of PISKORSKI (1999), PouLiN and LEFEBVRE (2003), PoLAK (2006) and CHY-
LARECKI et al. (2009) taken under consideration.

The study took place from 15™ April to 22™ May 2010 and from 31 March to 6™
June 2011. In each season all of the lakes were surveyed, the vast majority of them at
least two times, the first time before the end of April and second after the beginning
of May. At those lakes where more than two territories were recorded, up to four
surveys were conducted to minimize the risk of inaccurate assessment of male num-
bers. In the case of small lakes (up to 20 ha) each listening session was lead from one
location at the shore, while the bigger ones were walked around or surveyed from
several locations. Some particularly big and inaccessible lakes (Usciwierz, Sumin,
Bikcze) were explored with the use of a pontoon boat.

Four lakes located in Poleski National Park (Lukie, Dlugie, Moszne, Karasne)
were surveyed by Grzegorz Grzywaczewski and his team in 2010, but they were
not surveyed in 2011, thus those lakes are excluded from the analysis of popula-
tion trends. However, the results from 2010 were included to the analyses of habitat
preferences. Four lakes, Laskie, Orzechéwek, Hanskie and Maczolki, were excluded
from the analyses of habitat preferences due to shallowing and total overgrowth by
vegetation, or considerable discrepancy between area obtained from the literature
data and observed in current satellite photos.

With reference to the research by PouLiN and LEFEBVRE (2003) pointing out
increased booming activity at dawn and dusk, mid-day controls were avoided. Each
control lasted for at least 25 minutes, thus their duration was prolonged comparing
to indications by CHYLARECKI et al. (2009), what probably compensated the lack of
recommended third control in terms of male detectability.
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Precise location of single booming male was marked on satellite picture of each
lake. The crossing azimuths method was used to establish accurate locations and
numbers of birds at lakes with high Eurasian Bittern densities.

Data on lakes morphometry was taken from the study by HARAsIMIUK (1998).
For some small and shallow lakes in cases where data was lacking, the average depth
of 1 m and the bottom slope angle of 0.8 were assumed. Five environmental para-
meters of each lake (the total area, shoreline development, average depth, average
bottom slope angle and the ratio of vegetation beds area to open water area was
calculated using orthophoto maps from http://www.geoportal.gov.pl/) were taken
under consideration in statistical analysis of habitat preferences of Eurasian Bit-
tern. Due to the strong correlation between average bottom slope angle and average
depth (r=0.80, p<0.05) the latter parameter was excluded from the multiple regres-
sion model. The computations were performed using Statistica 12.0.

RESULTS

Distribution of territories

During the two seasons at 57 natural lakes of Leczna-Wlodawa Lakeland (4
lakes in Poleski National Park were excluded) the maximum number of 27 Eurasian
Bittern territories at 14 lakes was recorded (as a sum of maximum number of ter-
ritories during both seasons at each lake; 22 territories at 12 lakes in 2010 and 26
territories at 13 lakes in 2011). Additionally, out of four lakes located in Poleski NP
which were surveyed in 2010, Lukie Lake was occupied by 7 booming males. The
maximum density of booming males calculated for the total area of 61 lakes was
1.6 males / 100 ha. The area of occupied lakes ranged from 10.6 to 284.1 ha and the
density at each occupied lake varied between 0.7 and 9.4 males / 100 ha. The distri-
bution of territories is shown in Figure 1.

Habitat preferences

The Mann-Whitney test used for comparison of occupied and unoccupied lakes
in terms of five environmental parameters showed that only two, the area of the lake
and the average bottom slope angle, were significantly different between the two
groups. The occupied lakes were bigger and were characterized by lower bottom
slope angle values. They were also more strongly covered by vegetation beds, the
difference being nearly significant (Table 1).
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Table 1. Comparison of environmental parameters of inhabited and uninhabited lakes of Lecz-
na-Wiodawa Lakeland.

Inhabited lakes (n=15) Unlnh(a:ll:;;(; lakes Mann—
Parameter Mean < SD ' Mean < SD ' Whitney p value
Median Median Test
(range) (range)
81.62 + 68.728 20.73 £22.730 _ p <0.001
Area (ha) (10.60-28410) 3 229-10640) !0 U740
Average bottom 1.33+1.299 1.94 + 1.427 = _
slope angle (0.50-4.92) 0.75 (0.80-5.67) 121 U=I81.5  p=0.014
Ratio of vegetation
0.24+0.171 0.17+£0.156 _ _
beds area to open (0.09-0.74) 0.20 (0.00-0.54) 0.13 U=213.0 p=0.065
water area
Shoreline deve- 1.15+£0.129 1.11 +£0.093 » _
lopment (1.02-1.45) 110 (1.00-1.45) 109 U=264.0 p=0364
2.89 +2.730 2.85+2.87 _ _
Averae depth (m) (1.0-10.8) 1.60 (0.5-14.1) 1.75 U=283.0 p=0.572

The multiple regression model with the number of males considered as a de-
pendant variable showed that three parameters: lake area, ratio of reedbeds area to
open water area and average bottom slope angle, significantly influenced the distri-
bution of Eurasian Bitterns at natural lakes of Leczna—-Wlodawa Lakeland. Territo-
rial males preferred bigger lakes considerably covered by vegetation beds, with low
bottom slope angle values (Table 2).

Table 2. The results of multiple regression model with the number of males considered as a de-
pendant variable, showing the influence of each environmental parameter on the lake oc-
cupancy by Eurasian Bitterns.

Parameter B SE p value

Area 0.025193 0.002158 p <0.001

Ratio of vegetation beds area to open water area 2.838749 0.601137 p <0.001

Average bottom slope angle -0.169798 0.069072 p=0.017

Shoreline development -0.402224 1.002006 p=0.690
DISCUSSION

The historical data on Eurasian Bittern population numbers at lakes of the region
dates back to the 1970s. The study by DyRrcz et al. (1973) indicates the occurrence
of four territories at four lakes. However, these results seem to be much underes-
timated and due to different methods applied for population survey they were not
taken under consideration in the population trends analysis. The Lublin Ornitho-
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logical Society files point out the occurrence of at least 13—14 males at 11 lakes in the
years 1983-1994, but for many lakes any data is lacking. The first complex investiga-
tion to focus on the Eurasian Bittern population in the studied region was done by
P1skoRsKI (1999), who recorded 30 males at 15 natural (or semi-natural) lakes out
of Poleski NP (and additionally 7-8 males at Lukie Lake). The author surveyed the
majority of lakes in the region, at least those which comprised suitable habitats for
the species. In the present study, during 2010-2011 we recorded a maximum num-
ber of 27 males at 14 lakes (and additional 7 males at Lukie Lake in 2010). These
results indicate a 10% decline, but considering normal fluctuations documented for
the species (PoLak and KasprzyKowskI 2009) together with the short duration
of the present study, the population seems to be quite stable. Although the numbers
of both territories and inhabited lakes in both studies are similar, the distribution of
males is a little different (Table 3).

Table 3. Eurasian Bittern population dynamics at historically occupied natural lakes of Lecz-
na-Wilodawa Lakeland (“-“ means, that no data is available)

1968-1971 1983._1994 1995-1998 2007-2009 2010-2011
No. Lake (DYRCZ et al. 1(1];:}111:)1113 1Oc1;;_1 (P1skorRskl  (CHMIELEW- (present
1973) Socicty 1%11es) 1999) SKI 2009) study)
1 Kleszczéw - 1 0 1 1
2 Miejskie - 1 1 - 1
3 Sciegienne - - 1 - 0
! lsg(l)frfowickie - h 2 B !
: g(fjrrlzfvickie N ! 0 B 0
6 Czarne B ~ 1 ~ )
Uscimowskie
7 Glebokie ~ ~ 0 ~ ]
Uscimowskie
8  Uscimowskie - - 0 - 2
9  Krasne - - - - 1
10  Zaglebocze - - 1 - 1
11 Nadrybie 1 1 1 - 2
12 Bikcze - 1 1 2 2
13 Usciwierz 1 3-4 12 7 8
14  Rotcze 1 1 0 - 0
15  Sumin 1 - 4 - 4

16  (Lukie)* - - (8-9)* - (7
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1968-1971 1983._1994 1995-1998 2007-2009 2010-2011
(Lublin Or-
No. Lake (DyYRcz et al. nithological (P1skorski  (CHMIELEW- (present
1973) Society files) 1999) sK1 2009) study)
Plotycze k.
17 Urszulina B ! ! ! !
18  Laskie - 1 1 - 0
19  Hanskie - 1 0 - 0
20  Czarne - - 1 - 0
21 Biale - 1 1 0 0
Wspodlne
. - - 0 - 1
22 (Spilno)
23 Syczynskie - - 1 - 0
24 Tarnowskie - - 1 - 0
Total 4 13-14 30 (38-39)* 11 27 (34)*

* - data including Lukie Lake, in the present study surveyed only in 2010

In 2010-2011 Eurasian Bittern territories were recorded at five lakes, not oc-
cupied in the 1990s, these are: Uscimowskie (2 &), Kleszczéw (1 &), Krasne (1 &),
Glebokie Uscimowskie (1 &, only in 2011) and Wspdlne (1 &, only in 2010). The
reasons for this may be complex. The first is the ongoing eutrophication and shal-
lowing of lakes leading to the expansion of the litoral area, which results in increas-
ing Eurasian Bittern habitat. It is also possible that feeding conditions at some lakes
have improved due to stocking with some fish species for anglers and, paradoxically,
due to the expansion of two small invasive fish species (the Brown Bullhead and the
Prussian Carp) which form part of the diet of Eurasian Bitterns at fish ponds and
may appear to be appropriate prey for them (Polak 2007). It is also worth noticing
that Krasne Lake was one of those not surveyed by P1skorsk1 (1999) and might
have been inhabited in the 1990s.

We did not record booming males at six lakes occupied previously: Biale
Wtodawskie, Czarne Wlodawskie, Laskie, Syczyniskie, Sciegienne and Tarnowskie.
In each case the abandonment might have been caused by different factors. At Biale
Wilodawskie Lake, the progressing human pressure seems to be the main reason.
This mesotrophic lake with its clear water constitutes the most popular recreation
centre in the whole region. In contrast to other lakes visited by tourists from the
late June, at Biale Wlodawskie the holiday season starts in early May and the pres-
sure of tens of thousands of people, including the use of numerous motorboats,
yachts and canoes, generate very high noise levels during day and night around
the lake. It is possible that this increased pressure also led the Eurasian Bittern to
retreat from Czarne Wlodawskie, a lake located only a few hundred meters from
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Biate Wlodawskie Lake. The reason for forsaking the Laskie Lake by Eurasian Bit-
ters is most likely the fact of advanced shallowing and overgrowth by the vegetation,
which have lead to the total disappearance of open water. Such a hydroseral succes-
sion was identified as a main determinant of Eurasian Bittern population decrease
in England (TYLER et al. 1998). Reasons for abandonment of the other three lakes
are hard to assess. However, due to their small size, these lakes may constitute only
sub-optimal habitats and may be occupied only in the years of population peaks
when the competition for high—quality habitats is greater. Comparison of the pre-
sent results with those from the 1990s suggests that in 2010-2011 the Eurasian Bit-
tern population was not reaching its peak and thus some low-quality habitats might
have remained unused.

We observed some inter-seasonal changes in the number of territories at six
lakes. In the case of five of them, the number of males was higher in 2011 than in
2010 resulting in the total number of territories being 14% greater in 2011. Such
fluctuations can be explained by weather conditions during the preceding winter,
which many authors point out to be the determinant of the Eurasian Bittern num-
bers in the breeding season (CrRaMP and SIMMONS 1977, POLAK and KASPRZYKOW-
SKI 2009). The species is partially migratory and the sedentary fraction is obviously
more prone to hard winter impact, however its proportion in the whole population
is unknown. In the study area, such an influence was observed by Piskorski1 (1999)
who noticed that many territories unoccupied in 1996 after a tough winter were
inhabited in the following two successive years after mild winters. The present study
seems to confirm those observations as the mean temperature of first quarter of year
was lower in 2010 than in 2011 (-2.9° C and -1.0° C, respectively) corresponding
with lower numbers of males in 2010 (22 4'J) compared to 2011 (26 JJ). The
same parameter in 1996 reached -5.4° C confirming particularly hard conditions,
and increased to -1.1° C and +1.0° C in 1997 and 1998, thus even higher than in
2011 which could partially explain the lower number of territories detected in the
present study in comparison to late 1990s (http://en.tutiempo.net/ — data from Lub-
lin Radawiec meteorological station). It is worth pointing out that two small lakes
uninhabited in 2010 and providing probably lower-quality habitats were occupied
in 2011, the season when the competition in optimal habitats was probably stronger
due to the higher total numbers of males in the study area. A slight increase in the
number of territories in 2011 was also observed in the Eurasian Bittern “hotspots”
- Usciwierz (7 vs. 8 males) and Sumin Lake (3 vs. 4 males).

Despite the fact that Usciwierz is still the most inhabited lake in the region, the
33% decrease in Eurasian Bittern males numbers at this lake comparing to the 1990s
is alarming. It is much more puzzling considering the clearly irregular territories
distribution among rather uniform and much widespread reed beds of the lake (four
males concentrated in SE, two males in NE, and single males in the S and W part
of the lake). This distribution might be due to unequal spatial availability of food
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resources or varied pressure of predators. However, changes causing the decrease
must have occurred a few years before as data from 2007 revealed the presence of
only seven territories (CHMIELEWSKI 2009).

Nevertheless, lakes occupied by the largest numbers in the 1990s have still main-
tained their importance for Eurasian Bitterns. Three lakes, Usciwierz, Lukie (con-
sidering results from 2010) and Sumin, constitute a stronghold for 56% of the popu-
lation in natural lakes (64% in 1990s). The above confirms that those lakes comprise
proper habitats and demand adequate conservation as Eurasian Bittern population
hotspots.

The Eurasian Bittern is known to be an ecologically eclectic species and oppor-
tunistic predator (WHITE et al. 2006). The main factor limiting its occurrence is the
presence of large, uniform patches of emergent vegetation beds. The present study
shows the species’ strong preference for bigger lakes. This preference is predictable
since an average home range of a male Eurasian Bittern covers an area of tens of
hectares (PuaGList et al. 2003, GILBERT et al. 2005).

Another parameter that appeared to be important for booming males was the pro-
portion of emergent vegetation to open water area. The birds preferred lakes covered
more intensively by vegetation beds. This parameter affects the abundance of suitable
habitat as well as the abundance of prey and was found to be significant in some pre-
vious studies of the species’ preferences. It influenced the nesting pattern of Eurasian
Bittern at fish ponds where females tended to nest in clusters at ponds with a higher
ratio of vegetation area to open water area comparing to ponds where females nested
solitarily (0.71 and 0.36, respectively) (KasprzykowskI and PoLak 2013), however
the values of this parameter differ strongly between the two habitats (mean value at
inhabited lakes equals 0.24). The proportion of open water was also important for
Eurasian Bitterns in French Mediterranean seasonally flooded reed-marshes where
the birds preferred areas with no open water (POULIN et al. 2005). The area of reeds
positively affected the number of booming males in modelling the species population
numbers at various sites in England (TYLER et al. 1998).

In some previous studies, the water depth appeared to be one of the most signifi-
cant determinants of Eurasian Bittern occurrence, important for nesting females, as
well, as for territorial males (POULIN ef al. 2005, GILBERT et al. 2005). The present
study indicates that Bitterns prefer lakes characterised by low values of bottom slope
angle. Such a shape of basin results in the presence of shallow water far away from
the lakeside, thus a widespread littoral zone with an extensive reach of emergent
vegetation creating a large area of Eurasian Bittern habitat. Moreover, such a con-
struction generates a wide belt isolating foraging and breeding areas from ground
predators, as Eurasian Bitterns prefer to occupy the reed beds zone 30 m from open
water (GILBERT et al. 2005). Generally, the low value of bottom slope angle provides
a full gradient of water depths in a useful zone of reed beds, creating patches of op-
timal microhabitats.
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The results of the present study conducted at lakes are similar to those obtained at
fish ponds, where the occurrence of Eurasian Bitten territories were positively related
to the amount of emergent vegetation and pond size (KLoskowskI et al. 2010).

SUMMARY

The study shows, that the Lublin Region population of Eurasian Bitterns living
in natural habitats is still quite stable. Lakes of Leczna-Wtodawa Lakeland seem to
comprise appropriate habitats, especially large, eutrophic ones, considerably cov-
ered by emergent vegetation and characterised by low values of bottom slope angle.
This flexible species tolerates human encroachment, at least activities of moderate
impact like extensive fishing, occurring at nearly all lakes occupied by Eurasian Bit-
terns. However, concerning increasing anthropogenic pressure that becomes more
and more intrusive, continued monitoring of the population is required.
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ROZMIESZCZENIE I PREFERENC]E SIEDLISKOWE BAKA BOTAURUS
STELLARIS NA NATURALNYCH JEZIORACH POJEZIERZA LECZYNSKO-
-WLODAWSKIEGO

STRESZCZENIE

W latach 2010-2011 przeprowadzono cenzus buczacych samcéw bgka na
wszystkich 61 naturalnych jeziorach Pojezierza Leczynsko-Wlodawskiego, gdzie
stwierdzono wystepowanie 34 terytoriéw na 15 jeziorach (suma maksymalnych
liczebnosci dla kazdego jeziora z dwoch lat badan). Zestawienie z danymi histo-
rycznymi wskazuje na wzgledng stabilnos¢ badanej populacji. Analiza wybranych
parametrow morfometrycznych i §rodowiskowych jezior w odniesieniu do ich
zajecia przez baki wykazala, iz gatunek ten preferuje jeziora o duzej powierzchni,
charakteryzujace si¢ tagodnie nachylonym dnem, w znacznym stopniu porosénigte
ro$linno$cig szuwarows.
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Fig. 1. Distribution of Eurasian Bittern territories at natural lakes of Leczna-Wlodawa
Lakeland in 2011 (additionally: territories at Lukie Lake (16) surveyed only in 2010 and
Wspélne Lake (22) occupied only in 2010).
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Abstract: Research on the composition of the bat fauna in the Poleski National Park was carried
out in the summer seasons of 2013-2014. Mist netting, ultrasound detection, and inspections of
summer roost sites were conducted. Thirteen bat species were recorded in the study area: Myotis
nattereri, Myotis dasycneme, Myotis daubentonii, Myotis brandtii, Myotis mystacinus, Eptesicus
serotinus, Eptesicus nilssonii, Pipistrellus nathusii, Pipistrellus pygmaeus, Pipistrellus pipistrellus,
Nyctalus noctula, Nyctalus leisleri, Plecotus auritus. The most widely distributed among mist netted
bats were: N. noctula, M. daubentonii and P. nathusii; these species were also the most numerous
(ca. 25%, 17% and 15%, respectively). Ultrasound detection showed very common occurrence of
M. daubentonii, P. pygmaeus, P. nathusii, N. noctula and E. serotinus. Only at one site, Wytyckie
Lake (outside of the Park borders), was Myotis dasycneme detected. Additionally, sparse flights of
Eptesicus nilssonii and Nyctalus leisleri were recorded. Comparison of species composition among
different habitats revealed that in natural forest communities, bats were twice as numerous (68.8%),
than at sites in “altered forest communities” (31.2%). Moreover, species richness was higher in
natural forest communities than in “altered forest communities” (10 and 7 species respectively).

Key words: Bats, species composition, Poland, Poleski National Park.

INTRODUCTION

Poleski National Park is a part of the Polesie physiogeographical region in east-
ern Poland. It is linked to similar Polesie regions in Belarus and Ukraine and con-
sidered a very valuable area in respect to zoology as well as botany. The Park was
established to protect wetland ecosystems of Polesie that survived after most of the
wetlands in the region were drained which began in the 1950s and intensified in
the 1960s. Intensive meliorations of this area have led to a total land drainage and
devastation of huge areas of marshes and wet meadows (e.g. Laki Pociagi, Krowie
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Bagno, etc.). This resulted in complete changes in the environment. It was planned
to improve agriculture ability of the area and all the wetland drainage was carried
out through a project creating the “Wieprz — Krzna Canal”. This drained the area
drastically but did not result in land improvement (RApwaN 2002). Drainage works
stopped and restoration efforts were undertaken since the Poleski National Park was
established in 1990 (RADwAN 2002).

Exceptional and extraordinary flora is represented here with at least 107 rare,
protected or threatened species, mainly of boreal, but also of atlantic and pontic
origin (FjatkowskI 1993; RADWAN 2002). Wetlands also make the Park a perfect
refuge for many animals. At least 290 species of the inhabiting animals are rare, pro-
tected or threatened, and listed in a Polish Red Data Book of Animals (GEOWACINS-
KI 2001; RADWAN 2002; RakowsKkI 2002).

Investigations of bat fauna in Poleski National Park have not previously been
undertaken. Little information on the mammal groups of this region are available in
just a few publications. The “Atlas of Mammals of Poland” (PucEk and RACZYNSKI
1983) contains information about five species of bat inhabiting the park, but the
data is based on bone material extracted from owl pellets or museum exhibits and
all data is derived from 1977. The mentioned atlas lists the following species as being
recorded within the Park: Natterer’s bat Myotis nattereri, serotine Eptesicus seroti-
nus, common pipistrtrelle Pipistrellus pipistrellus, Nathusius’s pipistrelle Pipistrellus
nathusii and brown long-eared bat Plecotus auritus. The record of Nathusius’s pipis-
trelle comes from Zatucze, but all other species were recorded in the Durne Bagno
Reserve. Similar information is replicated in the “Environmental Monography of
the Park” (RADWAN 2002), listing four of the above mentioned species. It is based
on a study by Pucek and RaczyNskr (1983) and omits serotine. Additionally, in a
popular science book “Poleski National Park — Environmental Guide” (ROZycKI et.
al. 2002), it is said that park personnel stated the presence of four species apart from
the mentioned serotine, common pipistrelle and brown long-eared bat, they also
claim noctule Nyctalus noctula.

In conclusion it was assumed that there is very incomplete or misleading data on
bat fauna for the area of the Park. Hence, it was very important to conduct a study
on species composition and occurrence of bats inhabiting the discussed region.

STUDY AREA

The research was carried out in the area of the Park that is situated in the northeast
part of Lublin voivodeship. The investigated area covered the park administrative
borders with an area of ca. 10 000 ha. Some adjoining grounds were also incorpo-
rated into the study area: Wytyckie Lake, Urszulin village and Wola Wereszczynska
village. The study area belongs to the East Baltic-Belorussian Lowlands ecoregion,
subprovince Polesie, macroregion West Polesie, mesoregion Leczna-Wlodawa Plain
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(KoNDRACKI 2000). The landscape has a glacio-fluvial and riverine origin and is
poorly diversified.

Soils of the study area are hydrogenic or sandy and are chalky only in the south-
ern portions of the park (TurskI et al. 1993). That’s why predominating habitats in
the whole Park are oligotrophic or dystrophic due to low soil fertility and only small
patches are characterized by higher richness. In addition eutrophication proceeds
as a result of agriculture pressure and water drainage related to the Wieprz — Krzna
canal system (RADWAN 2002).

Hydrogeographically, the area belongs to the watershed of the Bug River. At
present only three small streams which have been reformed into channels go thrugh
the study area: Wlodawka, Piwonia and Mietiulka, but there are additional smaller
canals that feed into these channels (RADWAN 2002). There were five lakes in the
study area, four within the park borders (Lukie — 137 ha, eutrophic; Moszne - 17
ha, dystrophic; Dlugie - 30 ha, dystrophic; Karasne - 3 ha, eutrophic) and Wytyckie
Lake which has been altered into a storage reservoir (487 ha, eutrophic). Further-
more there were an additional two pond complexes in Pieszowola (121 ha) and
partially Brus Stary (81 ha), (WILGAT 1998; RADwWAN 2002). All these waters were
predominately boggy with inaccessible banks. Additionally, there were numerous
small peat bog ponds that remain from peat excavations (RADWAN 2002). Marshes
and peat bogs in the study area are of all types (low, raised, alkaline) their flora is
represented mainly by bulrush or meadow alternatively bodge or mossy vegetation
(RADWAN 2002).

Forests cover ca. 49% of the park area (4948 ha). Forests growing on drained or
meliorated peat-bogs are “altered forest communities” and constitute about half of
the entire woodland area (2627 ha) (RApDwWAN 2002). The most dominant species
within these forest are downy birch Betula pubescens is (39.5%), common Scots pine
Pinus sylvestris (32.3%) and black alder Alnus glutinosa (20.3%). Other tree spe-
cies that contribute a lesser proportion of these forest include European white birch
Betula pendula (3.5%), pedunculate oak Quercus robur (3.0%), European aspen
Populus tremula (1.3%) and common spruce Picea abies (0.1%) (RADWAN 2002).
Natural forest communities cover less than half of entire woodland area (1,836 ha).
These stands consist of continental mixed coniferous forest Querco roboris-Pine-
tum (30.1%), birch bog wood Betuletum pubescentis (23.2%) and alder forest Ribo
nigri-Alnetum (14.6%). Very small areas are covered with forest of European horn-
beam Carpinus betulus (2.2%) (RADWAN 2002). A majority of the forest stands are
of young age classes, up to 47% represent young stands up to 50 years old, a further
35% are ripening stands (early phase of maturing up to 80 years old), 12% are ma-
ture stands over 80 years of age, and only 5% are old growth forest stands over 100
years of age (RADWAN 2002). The remaining ground surfaces are mainly various
types of marshes, meadows and pastures, which cover approximately 40% of the
Park (RADWAN 2002).
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Climate of the region is temperate exhibiting a number of oceanic features mixed
with some continental characteristics (HARASIMIUK et al. 1998; RADWAN 2002).
Mean yearly temperature is 7.3°C but the seasonal variation is large — approximately
22°C(-4.1°Cin January and 17.9°C in July). The mean yearly precipitation is rath-
er low ca. 575 mm, which makes this region of considerable continental influence
(Kaszewski 2002).

Human settlements are numerous in the study area (Fig. 1) but are mainly lo-
cated outside of the park borders and consist of different types of buildings. Houses
and livestock buildings in villages (ex: Pieszowola, Wola Wereszczynska, Zalucze
Stare etc.) and also a few schools, with blocks of flats and churches in larger villages.
In additional, there are many recreational summer houses located outside the bor-
ders of the park.
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Figure 1. Map of the study area with mist-netting and detector monitoring sites.
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MATERIAL AND METHODS

The research was conducted during 2013-2014. Data from 2013 was obtained
during work on the Protection Plan of Poleski National Park and NATURA 2000
protected areas (within the park borders). Mist-netting of bats and investigation
of buildings was carried out in order to find breeding roosts. During the summer
season of 2013 between July 25 to August 15 at 12 sites within the Park, night mist
netting of bats was carried out. Mist nets were set on forest roads, forest edges, over
peat bog pits, or canals depending on the specific site, and four to six nets were used
at each site. Mist netting sites were chosen in a way to be spread evenly throughout
the park area and to be representative of protected habitats.

Collection sites:

Pieszowola — Dobry Las Forest adjacent to ponds (A.1)

Pieszowola - forest roads between ponds on the east end of the park (A.2)
Forest Lowiszow — forest cross roads (A.3).

Dominik Oak - forest cross roads on a nature educational trail (A.4)

Lake Dlugie - forest cross roads (A.5)

Lipniak - forest cross roads and canal on "Obéz powstanczy” educational trail (A.6)
Mietiutka — Forest Tatarski — forest cross roads (A.7)

Wolka Wytycka — Forest Zielone Grady - forest cross roads (A.8)

Jamniki — peat-bog pits on a nature educational trail to Moszne Lake (A.9)
10 Forest Brzeziny - forest cross roads (A.10)

11. Lake Lukie — Sptawy - forest cross roads and canal (A.11)

12. Bagno Bubnéw - forest road adjacent to a peat-bog (A.12)

A survey of some roost sites was conducted which encompassed investigations
in three buildings in Zalucze Stare (park buildings and chapel), three in Urszulin
(school and block of flats), two in Wola Wereszczynska (church and school) and one
church in Wytyczno. In addition, 10 bat boxes and 16 bird blinds and raised hides
used by hunters were checked. Survey of roost sites was undertaken on a small scale
as most of the villages were outside the borders of the park.

Acoustic monitoring was conducted both in 2013 and in 2014. For this, two de-
tectors recording unprocessed ultrasound (Batlogger and EchoMeter 3+), and two
frequency division detectors (Petterson 230D connected to digital sound recorders
Roland R06 or Zoom H1 recording ultrasound as WAV files) were used. This en-
abled continuous recording of echolocation signals and social calls of bats in real
time. Species were identified based on the spectral analysis of the signal structure,
frequency, length of pulses, duration, rate of emission, and rhythm using the bio-
acoustic program BatSound 4.01 (Pettersson Elektronik AB, Sweden) or BatScan
ver. 9 (Batbox LTD, Great Britain). Night detector monitoring was conducted at 16
sites chosen in a way to be spread evenly throughout the park area and to be repre-
sentative of protected habitats.

VRNV W
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Collection sites:

Pieszowola — Dobry Las Forest along forest roads (B.1)
Dominik Oak - forest roads on a nature educational trail (B.2)
Mietiutka — Forest Tatarski along forest roads (B.3)

Lowiszow Forest — along forest roads (B.4)

Wolka Wytycka - Zielone Grady along forest roads (B.5)
Forest Brzeziny - along forest roads (B.6)

Lake Moszne — on the banks of the lake (B.7)

Lake Lukie - on the banks of the lake, forest and peat bog (B.8)
9. Lake Dlugie - along forest roads (B.9)

10. Lake Wytyckie - on the banks of the lake (B.10)

11. Pieszowola - on the banks of the ponds and along dikes (B.11)
12. Lipniak - forest roads on "Obdz powstanczy” nature educational trail (B.12)
13. Bagno Bubnoéw - north-west parts of the peatbog (B.13)

14. Meadows Pociagi — along Mietiutka river (B.14)

15. Urszulin - village buildings (B.15)

16. Wola Wereszczynska - village buildings (B.16)

SN

RESULTS

In total, during the entire study period, 13 bat species were recorded at the study
area (Tables 1 and 2): Myotis nattereri, Myotis brandtii, Myotis mystacinus, Myo-
tis daubentonii, Myotis dasycneme, Eptesicus serotinus, Eptesicus nilssonii, Nyctalus
noctula, Nyctalus leisleri, Pipistrellus nathusii, Pipistrellus pipistrellus, Pipistrellus
pygmaeus, and Plecotus auritus.

As a result of mist netting, 93 individuals of 10 bat species were caught (Table
1): M. nattereri, M. brandtii, M. mystacinus, M. daubentonii, E. serotinus, N. noctula,
P. nathusii, P. pipistrellus, P. pygmaeus, and P. auritus. The most frequently occurring
and most widely distributed species were: N. noctula (23 ind.), P. nathusii (14 ind.),
P auritus (12 ind.) and M. daubentonii (16 ind.). Other species were less numerous
or netted only at a few localities. Adult lactating females or the current year’s juve-
niles were caught for all of the above mentioned 10 species which confirms their
reliable reproduction.
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Comparison of species composition among different habitats revealed that in
natural forest communities, bats were twice as numerous (68.8%), than on sites in
“altered forest communities” 31.2%. Moreover, species richness was higher in nat-
ural forest communities than in “altered forest communities” (10 and 7 species re-
spectively).

Detector monitoring carried out at 16 sites showed the presence of 9 species:
M. daubentonii, M. dasycneme, E. serotinus, E. nilssonii, N. noctula, N. leisleri, P.
nathusii, P. pipistrellus, and P. pygmaeus. Most frequently recorded were N. noctula,
P. pygmaeus, P. nathusii, but also M. daubentonii and E. serotinus (16 and 12 sites
respectively). Moreover P. pipistrellus were recorded at seven localities. E. nilssonii
and N. leisleri were recorded only at a single site each (Table 2). The occurrence of
M. dasycneme was not confirmed within the park, but was recorded only at Wyty-
ckie Lake in the buffer zone near the park. Despite the fact that this species was not
recorded in the park in this study, it may still occur at the water bodies within the
park.

Table 2. Results of detector monitoring of bats in Poleski National Park in 2013-2014. Acro-
nyms of species names and sites as stated in the description to table 1.

Locality Species
MDA MDS ESE ENI NYN NYL PIN PIP PIG
B.1  Pieszowola - forest roads + + + + + +
B.2  Dgb Dominik forest roads + + + +
B3 Mietiutka - Forest . . . N . . .
Tatarski
B.4  Forest Lowiszéw + + +
B.5  Forest Zielone Grady + + + +
B.6  Forest Brzeziny + + + + +
B.7 Lake Moszne + + + + +
B.8  Lake Lukie + + + + +
B.9  Lake Dlugie + + + + +
B.10  Lake Wytyckie + + + + + +
B.11  Pieszowola - ponds + + + + + + +
B.12  Lipniak - forest roads + + + + +
B.13  Bagno Bubnéw + + + + +
B.l4 ﬁ;}:ii;)lzz Pociagi along N . . . N
B.15  Urszulin - buildings + + + +

Wola Wereszczynska

B16 buildings

Razem
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The survey of roost sites was undertaken on a small scale and revealed little in-
formation as most of the villages were located outside the borders of the park. Only
two small colonies of E. serotinus (11 ind. in a chapel in Zalucze Stare and 14-16 ind.
in a small block of flats and 3-4 in an adjacent school in Urszulin). All other roost
sites checked were not occupied.

DISCUSSION

Polish bat fauna is currently composed of 26 species (SAcHANOWICZ et. al. 2006;
UHRIN et. al. 2015), thus the 13 species reported from the study area consists of
50% of the national bat fauna. Some species, such as the greater horseshoe bat Rhi-
nolophus ferrumequinuum, greater noctule Nyctalus lasiopterus, Kuhl’s pipistrelle
Pipistrellus kuhlii, lesser mouse-eared bat Myotis oxygnatus, and Savi’s bat Hypsugo
savii, were reported in Poland by only single records. Other species such as the less-
er horseshoe bat Rhinolophus hipposideros, Geoftroy’s bat Myotis emarginatus, and
greater mouse-eared bat Myotis myotis do not have distribution ranges in the study
area (SaAcHANowICZ and CIECHANOWSKI 2005; SACHANOWICZ et. al. 2006). Thus,
the bat fauna of lowland Poland presently consists of 18 species (SAcHANOWICZ
et. al. 2006). Therefore, the study area is represented by 13 out of the 18 species,
which is about 70% of the possible bat fauna for the region. Potential bat fauna of
a particular region reflected in the local inventory research in approximately 70%
were manage to access in only few studies. Furthermore there is also the possibility
to indicate a few new species for this area (e.g.: M. bechsteinii, M. alcathoe, Plecotus
austriacus, Vespertilio murinus and Barbastella barbastellus), however determined
by intensifying research. The species listed above may only form small populations
or visit the park only periodically.

Among the species representing Polish lowland bat fauna, the investigation
failed to confirm M. bechsteinii, although it is strictly silvan and sedentary species
requiring old growth and differentiated forests which are prominently deciduous
(BAAGoE 2001). However summer localities in Sobibor and Wlodawa Forests, but
also winter sites in Rdzanka near Wiodawa are the most northeastern for the spe-
cies range in east Poland (P1sKORsKI et. al. 2000; P1skorsk1 2008). Even though it is
classified as “near threatened” in Poland (Woroszyn 2001) and listed in Appendix
IT of Habitats Directive in can sometimes be relatively numerous locally in the forest
of southeastern Poland, and regularly has been reported as breeding regularly in
some woodland areas reaching a significant share and high representation among
mist-netted bats (PISKORsKI 2008; PISKORSKI et al. 2009). Some parts of the park
are characterized by richer soil and covered with old stands of hornbeam forests e.g.
near Pieszowola village and there this species can be expected.

An analogous situation exist with Barbastella barbastellus. Additionally appro-
priate environmental conditions exist in the nearby Wlodawa Forests where both
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species are know to be present (PISKORSKI et al. 2008; P1skorsk1 2009) providing
access to good foraging habitats may increase the possibility of this species occuring
in the park.

A similar situation also exist for M. alcathoe, a species that has recently been
reported from some areas of southeastern Poland (BASHTA et al. 2011, PISKORSKI
unpublished data).

The discovery of M. dasycneme in the area of the Park is broadly plausible be-
cause that region has abundant water bodies such as lakes, rivers and ponds that are
favored by this species as feeding sites (LIMPENS et al. 2000). STYKA (2000) report-
ed this species in neighboring Sobibor Forests based on skeletal remains from owl
pellets, a small colony of males was found there and has regularly been identified
from detector findings (P1skorsk1 2008). Thus it is a permanently present species
in this part of Polish Polesie. Moreover this bat has been recorded from the Lublin
region several times (SKURATOWICZ 1939; SKURATOWICZ 1948; JURCZYSZYN 1994)
and during recent years was regularly observed in winter shelters or acoustically de-
tected (P1SKORSKI et al. 2001; PISKORSKI ef al. 2002; P1skorskI unpublished data).

With some probability Myotis myotis can be expected to occur in the study area.
Nevertheless detection of this species is rather unlikely because the northeastern
limits of its range encompasses Lublin Upland and Roztocze, but does not include
Polesie or Western Volyn (SacmaNowicz and CiECHANOWSKI 2005), has never
been detected, at present from the Leczna-Wlodawa Lakeland due to lack of opti-
mal wetland habitats. It has been detected from single sites in the Podlasie region,
but has not been confirmed as a breeding species (PUCEK and RAaczyNXsk1 1983,
SACHANOWICZ et al. 2007).

The discovery of Vespertilio murinus is also very likely. This species is quite com-
mon in the Lublin region (towns and cities), even including areas directly surround-
ing the park, such as the Wlodawa Forests or in the vicinity of Chetm (P1skorsk1 and
URrBAN 2003; P1skoRrsk1 2008; P1sKORsKI et al. 2009, P1skorsk1 unpublished data).

Similar numbers of species are reported from other regions of Poland, e.g.: 8
species from Tenczyn Landscape Park (Garosz and LABocHA 2000), 9 species from
the Lower Silesian Forests (WOJTASZYN et al. 2002), 12 species from Czestochowa
and Wielun Upland, forests in the area of Plonsk on Mazovia, Strzeleckie Forests,
Krotoszyn Oak Forests (Gas and Postawa 2000; IGNACZAK 2002; LESINSKI et. al.
2007; P1SKORSKI et al. 2009; GOTTERIED et. al. 2014), 13 species from L6dz Hills
Landscape Park (HEJDUK et al. 2000) and Bialowieza primeval forest (RACHWALD
et. al. 2001, CIECHANOWSKI et. al. 2007). However species composition of some
areas is different because R. hipposideros and M. emarginatus are present in west
Poland. Similar species numbers although not the same species composition in bat
assemblages were shown from the eastern parts of Poland - Bialowieza, Mazovia
and Strzelce Forests (RACHWALD et. al. 2001, LESINSKI et. al. 2007, PISKORSKI et al.
2009).
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More than in Poleski National Park — up to 17 species of bats have been report-
ed from Middle Roztocze (SKURATOWICZ 1939; SKURATOWICZ 1948; JURCZYSZYN
1994), 16 species from Kozienice Forest (KOwWALSKI ef al. 1996), 15 species from
Przedborski Landscape Park (HEJDUK et al. 2002), and 16 species from Janowskie
forests (P1skoRrsk1 2007).

Other studies have foun very similar species composition (11 species) have
been found in Wigierski National Park (Postawa and Gas 2003), the Briansk re-
gion (Sitnikova et. al. 2009), the vicinity of Moscow (ALBOV et. al. 2009), in eastern
Ukrainian forests (Gukasova and VLASCHENKO 2011), and in western Russia in
Smolensk Lakeland National Park (GukasovA et. al. 2011). This fact makes Poleski
National Park bat fauna refering to eastern European and boreal ones.

The fairly wide distribution of M. daubentonii (12/15 sites), proven on detector
monitoring seems to be linked to high abundance of water bodies, that are preferred
as foraging habitats of this species (BogpaNowICZ 1994). It was recorded both on
lakes, channels and ponds. The high abundance of M. daubentonii , compared to
other forest complexes of south-east Poland is probably related to the exceptional
abundance of various types of open water (mainly lakes and ponds) in the entire
Leczna-Wlodawa Lakeland.

Very similar distributions, but more numerous when netting,were found for N.
noctula, a dominant species also indicated in many other forest complexes of east
Poland in other studies (JurczyszyN 1994, KOWALSKI et al. 1996, RACHWALD et al.
2001, P1skorsKI et al. 2009,). Five of the other most numerous species indicated
during mist-netting are largely associated with human settlements using different
building’s cervices for day and breeding roosts (e.g.: house timbering, lofts etc.) in
addition to tree holes. This applies mainly to the most frequently caught in the dis-
cussed area, pipistrelles, serotines and long eared bats. Survey of roost places were
undertaken on small scale as most of the villages are outside the borders of the park
and were later omitted.

Species composition if compared with other regions of southeast Poland shows
quite a poor level. For example, the percentage structure of bats in Strzeleckie and
Janowskie Forests shows quite a high frequency of M. bechseinii and B. barbastellus
(4-18% and 6-10% respectively) which has not been indicated in Poleski Park as of
yet. More numerous species like N. noctula or P. auritus had lower or alternatively
similar frequencies similar to Janowskie Forests or Sobibor Forests (4-20.7% and 33-
42% respectively) (PISkORSKI 2007, PISKORSKI 2008, PISKORSKI et al. 2009).

Among the rare or threatened species listed in Polish Red Data Book of Animals
(WoroszyN 1992) the northern bat Eptesicus nilssonii and Leisler’s bat Nyctalus leis-
leri were recorded . Although their determination based on ultrasound recordings
alone is difficult or in some cases even impossible, some details observed, allowed us
to determine signals recorded with the Batlogger full spectrum detector.

E. nilssonii was detected at three sites. FM (frequency modulated) signals that were
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identified as belonging to this species had a peak frequency of about 28-30khz (bats
were foraging over the ponds in Pieszowola) or around 30-32khz (when detected on
the wide forest’s roads in Tatarski and Brzeziny Forests). These FM calls were repeated
in blocks of a few pulses in a quite regular rhythm, whereas E. serotinus at the same
sites and conditions emitted lower frequency FM calls of irregular rhythm. Addition-
ally bats in Tatarski Forest were also observed at dusk foraging over a forest clearing
not far away from the netting site (but unfortunately weren’t caught).

Nyctalus leisleri was identified based on typical for all noctules an alternating
rhythm in which 25-28khz FM calls interchanges with 22-24khz qCF calls (quasi
Constant Frequency). In addition a few times these bats were simultaneously ob-
served over Pieszowola ponds at sunrise or dusk while foraging together with N.
noctula which reveled visible difference in the size of the two species. Sonograms
of both species were later compared to descriptions in the literature (RYDELL 1990,
Russ 2012, BARATRAUD 2015).

The conducted research revealed a medium level of bat species diversity but with
a quite interesting assemblage. The specificity of the study area as the combination
of the habitats, soil and climatic conditions which characterize the park in relation
to its geographical origin is obviously influenced the obtained results. Our result
are very similar to north-east Poland e.g.: Wigierski National Park - (Postawa and
Gas 2003), or in west Russia e.g.: Briansk region, vicinity of Moscow or Smolensk
Lakeland (SrTNIKOVA et. al. 2009, ALBOV et. al. 2009, GUKASOVA et. al. 2011), and in
east Ukrainian forests (GukAsova and VLASCHENKO 2011). This facts makes Poles-
ki National Park bat fauna refering to eastern European and boreal ones.

It appears therefore that forests of the park are very poorly inhabited by bats. The
main reason for that is caused largely by the young stage of forests age and low tree
species diversity (main forests composed of species of pine, birch and alder) but also
by the high percentage of “altered forest communities” (RADWAN 2002).

The results of these omissions are a small number of hollow and decayed trees,
that are essential to provide suitable roosts for bats (D1eTZ et. al. 2009). This pri-
marily concerns typically forest species such as barbastelle Barbastella barbastellus,
Bechstein’s bat M. bechsteinii or Alcathoe whiskered bat M. alcathoe, that weren’t
recorded in the study area.

Therefore, future efforts should be made to improve the attractiveness of the
park by preserving appropriate forests conditions and creating artificial roost sites
for bats. The first of these aims is possible to achieve in the long term, with the
assumption of maintaining hollow and decayed trees and to allow forests stands
to reach mature stages. But, until that happens, it is necessary to create alternative
roosts by building bat boxes, adjusting hunter’s shooting stands, etc. as these do
not currently meet the relevant criteria for bats currently, but can be achieved with
relatively small effort.
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STRESZCZENIE

FAUNA NIETOPERZY POLESKIEGO PARKU NARODOWEGO
I NIEKTORYCH TERENOW PRZYLEGLYCH

Badany obszar niemal w calo$ci pokrywat si¢ z administracyjng Poleskiego Par-
ku Narodowego, ponadto do badan wlaczono jezioro Wytyckie oraz okolice miej-
scowo$ci Wola Wereszczynska. Omawiany teren charakteryzuje sie¢ matym zrézni-
cowaniem rzezby. Wystepujace tu réwniny sa pochodzenia lodowcowo-rzecznego,
rzecznego oraz jeziornego. Dominuja gleby hydrogeniczne oraz piaski, z przewaga
ubogich siedlisk oligotroficznych lub dystroficznych (RApwan 2002).

Badania byty prowadzone w latach 2013-2014. W sezonie letnim 2013 roku ba-
dania prowadzono od 25 VII do 15 VIII na 12 stanowiskach na terenie PPN przy
uzyciu sieci chiropterologicznych przeprowadzono nocne odlowy nietoperzy. Byly
one ustawiane na drogach lesnych, liniach oddziatowych, nad torfiankami lub ka-
natami.

Nastuchy detektorowe przeprowadzono na 16 stanowiskach zaréwno w 2013 jak
iw 2014 roku. W tym celu wykorzystywano 2 detektory rejestrujace nieprzetworzo-
ne ultradzwigki (Batlogger oraz EchoMeter 3+ ), a takze przy uzyciu 2 detektorow
Petterson 230D pracujacych w systemie ,,frequency division”. Do ktérych podtaczo-
no rejestratory (Roland R06 lub Zoom H1 zapisujace nagrania jako pliki WAV).
Umozliwialo to rejestracje sygnatéw echolokacyjnych i gloséw socjalnych nietope-
rzy w sposob ciagly (w czasie rzeczywistym).

Lacznie w ciagu calego okresu badan stwierdzono wystepowanie 13 gatunkéw
nietoperzy na calym badanym terenie (Tab. 1 i 2). Byly to: nocek Natterera Myotis
nattereri, nocek Brandta Myotis brandtii, nocek wasatek Myotis mystacinus, nocek
rudy Myotis daubentonii, nocek tydkowlosy Myotis dasycneme, mroczek pdzny Ep-
tesicus serotinus, mroczek pozlocisty Eptesicus nilssonii, borowiec wielki Nyctalus
noctula, borowiaczek Nyctalus leisleri, karlik wiekszy Pipistrellus nathusii, karlik
malutki Pipistrellus pipistrellus, karlik drobny Pipistrellus pygmaeus, gacek brunatny
Plecotus auritus.

W czasie odlowdw nocnych schwytano 93 osobniki nietoperzy z 10 gatunkéw
(Tab. 1) Najliczniej wystepujacymi i jednoczesnie najszerzej rozmieszczonymi
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gatunkami byty: borowiec wielki (230s.), karlik wigkszy (140s.), gacek brunatny
(120s.) i nocek rudy (160s.). Pozostate gatunki byly mniej liczne lub odfawiano je
na pojedynczych stanowiskach. Dla wszystkich powyzszych 10 gatunkéw stwier-
dzono pewny rozréd - odtowiono doroste karmigce samice badz tegoroczne mltode
osobniki.

Nastuchy detektorowe przeprowadzono na 16 stanowiskach. Na tej podstawie
wykazano obecnos¢ 9 gatunkow. Najczesciej stwierdzano zerujace borowce wielkie,
karliki wieksze, karliki drobne a takze nocki rude i mroczki pézne (odpowiednio po
16 i 12 stanowisk). Ponadto na 7 stanowiskach stwierdzono karliki malutkie. Pro-
wadzac nastuchy nad jeziorem Wytyckie stwierdzono kilkakrotnie przeloty nocka
tydkowlosego. Jedynie na pojedynczych stanowiskach wystepowaty mroczki pozto-
ciste i borowiaczki (Tab. 2).

Mimo podjetych staran wystepowania nocka tydkowlosego udato si¢ potwier-
dzi¢ jedynie nad jeziorem Wytyckim w otulinie PPN, gdzie zarejestrowano poje-
dyncze stwierdzenia tego gatunku. Wskazuje to na mozliwo$¢ pojawienia sie tego
nietoperza réwniez nad wodami w granicach parku.

Spodréd innych gatunkéw rzadkich i narazonych na wyginigcie, wymienianych
min. w Polskiej Czerwonej Ksigdze Zwierzat (WOLOSZYN 1992) zanotowano wyste-
powania mroczka poztocistego Eptesicus nilssonii oraz borowiaczka Nyctalus leisleri.
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