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Abstract. The present paper gives new records of pseudoscorpions from cemeteries in Slovakia, living in tree
hollows, compost heaps and soil. The samples were collected in cemeteries at 13 localities during the years
2013 — 2015. Altogether 111 pseudoscorpions belonging to 10 species and three families were examined. The
specimens of the genus Lamprochernes Tomosvary, 1882 were identified only to genus level. The families
Chthoniidae and Chernetidae were the most abundant. The largest numbers of specimens were found in histo-
ric cemeteries, and the most species in rural cemeteries. Pseudoscorpions from the families Chthoniidae and
Neobisiidae occurred mainly in soil samples and in compost heaps. Chernetids were found in tree hollows and
in the soil samples. From a faunistic point of view, a rare species Chthonius ressli Beier, 1956 was recorded
in soil samples and compost.

INTRODUCTION

The urban environment is constantly modified by human activities, especially housing con-
struction and ongoing degradation of ecosystems. Cities or villages preserve some greenery,
in the form of city parks, gardens, lanes and cemeteries.

Only marginal attention has been paid to pseudoscorpions living in the urban environment
in Slovakia. Christophoryova (2010) identified the species Chernes hahnii (C. L. Koch,
1839), Dinocheirus panzeri (C. L. Koch, 1837) and Allochernes wideri (C. L. Koch, 1843)
from tree hollows in parks and botanic gardens in the cities of Banska Stiavnica, Kosice
and Stupava. The species C. hahnii and Neobisium sylvaticum (C. L. Koch, 1835) were
collected under tree bark and Dactylochelifer latreillii (Leach, 1817) in the nests of Turdus
merula Linnaeus, 1778 in the cities of Bratislava and Stupava (Christophoryova 2010).
Christophoryova (2013) recorded six species from the families Chthoniidae, Neobisiidae,
Cheliferidae and Chernetidae in fragmented forest and parks in Bratislava. Krajéovi¢ova
& Christophoryova (2014) recorded seven species in tree hollows and under the tree bark
in parks at seven localities in Slovakia. The discovery of the species Mesochelifer ressli
Mahnert, 1981 under Pinus bark at two new localities for Slovakia, as well as in a new
microhabitat type — in a Salix hollow (Kraj¢ovicova & Christophoryova 2014), was of in-
terest. Krajcovicova et al. (2015) found D. latreillii, C. hahnii and A. wideri in open nests
of T. merula in urban habitats in Bratislava and Stupava. Chernes hahnii, D. panzeri and
A. wideri were found in bat guano collected from boxes and tree hollows situated in parks
in Nitra (Krajcovicova et al. 2015).
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Cemeteries represent specialized greenery without extensive cutting and cultivation. That
is why some species that cannot survive in urban build-up areas can often be found in ceme-
teries. Cemeteries have even yielded some rare or new invertebrate species for the fauna of
Slovakia (Fend’a 2011, Holecova et al. 2015, Klesniakova & Holecova 2015).

The present paper gives new reports of pseudoscorpion species from cemeteries in Slovakia,
living in tree hollows, compost heaps and soil.

MATERIALS AND METHODS

Different researchers collected the studied material in cemeteries situated at 13 localities in Slovakia during the
years 2013 — 2015 (Figs 1, 2; Table 1). Three cemetery types were visited during the research — rural cemeteries
(Cuﬁovo, Devin, Dubravka, Cubore¢, Matuskovo, Pribelce, Sokol’), historic cemeteries (Kozia brana, Mikulassky
cintorin, Ondrejsky cintorin) and urban cemeteries (Martinsky cintorin, Slavi¢ie udolie, Kosice). The rural ceme-
teries with active burials are situated at the edge of villages in contact with nature and their greenery is managed
in a standard way. Historic cemeteries are a style of burial grounds that use landscaping in a park-like setting, and
have no active burials. They are situated directly within the city territory and used as parks. The greenery is well
developed and consists mainly of old trees. Urban cemeteries are burial grounds located in the city interior, with
active burials and with a constantly increasing area. The graves are placed close together, and therefore surrounded
with scarcely any vegetation.

Samples of compost, wood mould from tree hollows and soil (containing soil, leaf litter and dead wood) were
collected by hand, using polyethylene bags. The specimens were heat extracted from the samples in Tullgren
funnels. Some specimens were collected using formalin pitfall traps or using the flagging method. The sampling
flag consisted of 1 m? piece of white cotton flannel. Flag was dragging on vegetation on transects oriented in one
direction on area 100 m* The majority of pseudoscorpions were studied as permanent slide mounts, mounted
using ‘Liquido de Swann’ (Swann’s medium). The remainder were deposited in 70% ethanol and studied as
temporary slide mounts using lactic acid. Pseudoscorpions were identified using the key in Christophoryova
et al. (2011). The identification of some Chthoniidae species was checked and confirmed by Dr. Giulio Gardini
(Italy). Nomenclature for all taxa follows Harvey (2013). The material is deposited in the zoological collections
of Comenius University, Bratislava.

Table 1. List of localities.
Tabul’ka 1. Zoznam lokalit.

Code Locality N E a.s.l. (m)
Kod Lokalita S \% m n. m.
1 Bratislava, Cuiiovo 48°01'57.80" 17°11'57.80" 130
2 Bratislava, Devin 48°10'43.99" 16°58'49.36" 140
3 Bratislava, Diibravka 48°11'06.90" 17°01'20.29" 330
4 Bratislava, Kozia brana 48°08'50.09" 17°05'54.56" 174
5 Bratislava, Martinsky cintorin 48°09'47.35" 17°09'40.61" 140
6 Bratislava, Mikulassky cintorin 48°08'33.75" 17°0524.12" 170
7 Bratislava, Ondrejsky cintorin 48°08'53.18" 17°07'21.01" 140
8 Bratislava, Slavicie udolie 48°09'23.59" 17°04'07.00" 165
9 Kosice 48°41'39.98" 21°15'13.58" 225
10 Lubore¢ 48°18'48.03" 19°31'03.61" 274
11 Matuskovo 48°09'43.56" 17°43'39.80" 115
12 Pribelce 48°11'55.61" 19°15'40.33" 256
13 Sokol’ 48°48'53.64" 21°13'31.69" 252
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Fig. 1. Locations of the studied cemeteries in Slovakia with detail of the Bratislava Region — rural cemeteries (tri-
angles), historic cemeteries (squares), urban cemeteries (circles). For the locality code see Table 1.

Obr. 1. Rozmiestnenie §tudovanych cintorinov na Slovensku s detailom Bratislavského kraja — dedinské (ruralne)
cintoriny (trojuholniky), historické cintoriny (§tvorce), mestské (urbanne) cintoriny (kruhy). Kody lokalit st uvedené
v tabulke 1.

RESULTS AND DISCUSSION

Altogether 111 pseudoscorpion specimens of 10 species from three families were identified
(Tables 2, 3). The families Chthoniidae and Chernetidae were the most abundant. The lowest
species and specimen number were recorded from the family Neobisiidae (Table 2). The
species Chthonius tetrachelatus and Dinocheirus panzeri were the most abundant. Only one
specimen of Chthonius fuscimanus was collected. The largest numbers of specimens were
found in soil samples and in tree hollows (Table 2). The largest numbers of specimens were
collected on historic cemeteries and the most species in rural cemeteries (Table 3). From the
faunistic point of view, a rare species Chthonius ressli was recorded, for which only a few
records are known so far, from mole nests, leaf litter, under stones and from caves: Austria
(Beier 1956), Italy (Inzaghi 1981), France (Judson 1990), Slovakia (Mock et al. 2004), the
Czech Republic (Stahlavsky 2006) and Hungary (Novak & Kutasi 2014).

Alist of the taxa collected is given below with locality code, sample type, date and number
of developmental stages (female: ¢, male: &, tritonymph: Tn, deutonymph: Dn, protonymph:
Pn) and collector’s name.

The list of the collected taxa
Chthoniidae Daday, 1888

Chthonius (Chthonius) ressli Beier, 1956
2: soil sample, 10.vi.2014, 1 ¢, Igt. P. Fend’a, M. Kocakova, checked by G. Gardini;
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Table 2. Pseudoscorpions collected from different microhabitat types in cemeteries in Slovakia. Abbreviations:
CO — compost heaps, FM — flagging method, FT — formalin pitfall traps, SS — soil samples, TH — tree hollows.
Tabulka 2. Sturiky zbierané z roznych typov mikrohabitatov na cintorinoch Slovenska. Skratky: KO — komposty,
V — vlajkovanie, FP — formalinové zemné pasce, PV — podne vzorky, DU — dutiny.

Taxon/ Microhabitat (6] FM FT SS TH Total
Taxén/ Mikrohabitat KO \% FP PV DU Spolu
Chthonius ressli 1 6 7
Chthonius fuscimanus 1 1
Chthonius tetrachelatus 12 1 29 2 44
Neobisium carcinoides 2 1 4 7
Neobisium sylvaticum 2 2
Chernes hahnii 5 5
Dinocheirus panzeri 1 21 22
Allochernes wideri 8 4 12
Lamprochernes sp. 2 2
Pselaphochernes scorpioides 4 4 1 9
Total/ Spolu 21 2 2 58 28 111

6: soil sample, 22.vi.2013, 1 9, Igt. M. Holecova; 10.vi.2014,2 99, Igt. P. Fend’a, M. Kocakova;
9.x.2014, 2 99, Igt. M. Kocédkova;
6: compost heap, 10.vi.2014, 1 &, 1gt. M. Holecova, checked by G. Gardini.

The species had not previously been recorded in urban environments in Slovakia. During
the present study, seven specimens were found, mainly in soil samples (Table 2).

Chthonius (Ephippiochthonius) fuscimanus Simon, 1900
3: soil sample, 3.vii.2013, 1 &, lgt. M. Holecova.

The species was collected in the fragmented forest at Mlynské dolina, Bratislava surrounded
by roads and urban agglomeration, intensively affected by humans. The specimens were
collected there by the quadrat method combined with sifting (Christophoryova 2013).

Chthonius (Ephippiochthonius) tetrachelatus (Preyssler, 1790)

: soil sample, 2.vii.2013, 1 ¢, 1 4, 1gt. M. Holecova;

: soil sample, 10.vi.2014, 2 Dn, Igt. P. Fend’a, M. Kocakova;

: soil sample, 3.vii.2013, 2 34, lgt. M. Holecova;

s soil sample, 21.vi.2013,2 99,2 44, 1gt. M. Holecova; 11.vi.2014, 1 Dn, 1gt. M. Kocékova;
: pitfall trap, 17.vii.2013, 1 3, Igt. M. Holecova;

: tree stump hollow, 11.vi.2014, 2 Tn, Igt. J. Christophoryova;

: soil sample, 11.vi.2014, 2 Tn, 1gt. M. Kocakova;

: soil sample, 22.vi.2013, 1 ¢, 2 34, 1 Tn, lgt. M. Holecova;

:soil sample, 1.vii.2013,1 ¢, 5 33,2 Tn, 1gt. M. Holecové; 25.iv.2014, 1 ¢, Igt. M. Holecova;
10.vi.2014, 1 Dn, lgt. M. Kocakova; 9.x.2014, 1 ¢, 1 3, Igt. M. Kocékova;

11: compost heap, 21.ix.2013,2 92, 6 43, 2 Tn, Igt. D. Grul’a, K. Krajcovi¢ova, vid. Gardini
(two females);

13: compost heap, 28.x.2013, 1 &, 1 Dn, lgt. J. Rudy, vid. Gardini (one male).
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Fig. 2. Studied cemeteries with examples of their microhabitats. A: Kozia brana cemetery, B: Tree hollows in Kozia
brana cemetery, C: Devin cemetery, D: Slavicie tdolie cemetery. Photos A, B by J. Christophoryova, photos C, D
by P. Fend’a.

Obr. 2. Studované cintoriny a priklad ich mikrohabitatov. A: Cintorin Kozia brana, B: Dutiny na cintorine Kozia
brana, C: Cintorin Devin, D: Cintorin Slavic¢ie tdolie. Fotky A, B fotografovala J. Christophoryova, fotky C, D
fotografoval P. Fend’a.

Until now, the species has not been recorded in urban environments in Slovakia. In the
present study, 44 specimens were found, mainly in soil samples (Table 2).

Neobisiidae Chamberlin, 1930
Neobisium (Neobisium) carcinoides (Hermann, 1804)
2: soil sample, 3.vii.2013, 1 Dn, Igt. M. Holecova; 10.vi.2014, 1 Pn, Igt. P. Fend’a, M. Kocakova;
6: soil sample, 22.vi.2013, 1 Dn, Igt. M. Holecova;
6: pitfall trap, 3.1.2015, 1 @, Igt. O. Majzlan;
8: soil sample, 25.iv.2014, 1 &, Igt. M. Holecova;
13: compost heap, 28.x.2013, 1 ¢, 1 Dn, Igt. J. Rudy.

The species occurred in leaf litter and soil in the fragmented forest of Horsky Park and the
fragmented forest Mlynska dolina in Bratislava; both localities are intensely used by humans
(Christophoryova 2013).

Neobisium (Neobisium) sylvaticum (C. L. Koch, 1835)
9: flagging method, 22.vii.2013, 1 Dn, lgt. J. Kraljik; 23.x.2013, 1 ¢, Igt. J. Kraljik.
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One female was individually collected under Platanus hispanica bark in the park in the
city of Stupava (Christophoryova 2010). Five specimens of N. sylvaticum were found in
leaf litter and soil in the fragmented forest of Horsky Park in Bratislava (Christophoryova
2013).

Chernetidae Menge, 1855

Chernes hahnii (C. L. Koch, 1839)

2: soil sample, 3.vii.2013, 1 &, 1gt. M. Holecov4;

5: soil sample, 6.vii.2013, 1 ¢, 3 34, Igt. M. Holecova.

The species was found under Platanus orientalis bark near a bus stop in Karlova Ves,
Bratislava and in tree hollows in parks and in a hospital surrounding in Kosice (Christophoryova
2010). Later, the species was recorded under tree bark, in open nests of 7. merula and in
guano from bat boxes in urban environments in other cities in Slovakia (Krajéovicova &
Christophoryova 2014, Kraj¢ovicova et al. 2015).

Dinocheirus panzeri (C. L. Koch, 1837)
4: hollow of Aesculus hippocastanum (100cm above the ground), 11.vi.2014, 3 29, 1 &,
2 Tn, 1 Dn, lgt. J. Christophoryova; hollow of A. hippocastanum (77 cm above the ground),
11.vi.2014, 1 ¢, 2 Tn, Igt. J. Christophoryova;
4: hollow of Robinia pseudoacacia (140 cm above the ground), 11.vi.2014,2 99,2 33,4 Tn,
2 Dn, Igt. J. Christophoryova;
6: soil sample, 10.vi.2014, 1 Dn, Igt. P. Fend’a, M. Kocakova;
7: hollow of Acer pseudoplatanus (situated on the ground), 11.vi.2014, 1 ¢, lgt. J. Christo-
phoryova.

The species occurred in tree hollows in a park and in a hospital surrounding in KoSice
(Christophoryova 2010) and one female occurred in bat guano from alder hollow in a park
in Nitra (Krajcovicova et al. 2015).

Table 3. Pseudoscorpions collected in different cemetery types in Slovakia.
Tabul’ka 3. Sturiky zbierané na roznych typoch cintorinov na Slovensku.

Taxon/ Cemetery type Historic Rural Urban
Taxon/ Typ cintorinu Historicky Dedinsky Mestsky
Chthonius ressli 6 1

Chthonius fuscimanus 1

Chthonius tetrachelatus 12 18 14
Neobisium carcinoides 2 4 1
Neobisium sylvaticum 2
Chernes hahnii 1 4
Dinocheirus panzeri 22

Allochernes wideri 5 7
Lamprochernes sp. 2

Pselaphochernes scorpioides 1 8

Total/ Spolu 48 35 28
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Allochernes wideri (C. L. Koch, 1843)

4: hollow of A. hippocastanum (100 cm above the ground), 11.vi.2014, 1 Tn, lgt. J. Chris-
tophoryova;

5: soil sample, 6.vii.2013, 4 Tn, 3 Pn, Igt. M. Holecova;

6: soil sample, 10.vi.2014, 1 Tn, Igt. P. Fend’a, M. Kocakova;

7: hollow of Tilia cordata (30 cm above the ground), 11.vi.2014, 2 43, 1 Dn, lgt. J. Chris-
tophoryova.

The species was collected in tree hollows in parks and in a hospital surrounding in
Kosice (Christophoryova 2010) and in tree hollows in two village parks (Krajcovi¢ova &
Christophoryova 2014). One female was found in open nest of 7. merula in Bratislava and
several specimens in bat guano in two parks in Nitra (Kraj¢ovi¢ova et al. 2015).

Lamprochernes sp.
10: compost heap, 22.ix.2013, 1 ¢, 1gt. D. Grul'a, K. Kraj¢ovicova;
12: compost heap, 22.ix.2013, 1 Tn, Igt. D. Grul’a, K. Kraj¢ovic¢ova.

The specimens of Lamprochernes were identified only to genus level. Until now, the
species L. chyzeri (Tomosvary, 1882) and L. nodosus (Schrank, 1803) were recorded in Slo-
vakia, but the majority of characters used to distinguish them overlap (Christophoryova et
al. 2011, 2012). The adult specimen collected is currently the subject of detailed molecular
and taxonomic analysis.

Pselaphochernes scorpioides (Hermann, 1804)
3: soil sample, 3.vii.2013,1 2,1 &, 1 Tn, 1 Dn, Igt. M. Holecova;
4: hollow of R. pseudoacacia (140 cm above the ground), 11.vi.2014, 1 Dn, lgt. J. Christo-
phoryova;
10: compost heap, 22.ix.2013, 1 ¢, 1 Dn, lIgt. D. Grul'a, K. Kraj¢ovicova;
13: compost heap, 28.x.2013, 1 ¢, 1 &, Igt. J. Rudy.

One male of P. scorpioides was found in soil and leaf litter in the fragmented forest of
Horsky Park, Bratislava (Christophoryova 2013). Several specimens were collected in Quercus
and Salix hollows in city and village parks (Krajcovicova & Christophoryova 2014).
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SUHRN

Mestske prostredie je Specifické tym, Ze je trvalo pozmenené 'udskou ¢innost'ou. Mesta
si Ciastoéne zachovavaju zelen v podobe parkov, stromoradi alebo cintorinov. Cintoriny
predstavujt Specificki mestski zelen, ktora nie je extenzivne udrziavana, preto sa tu mozu
nachadzat’ aj druhy, ktoré by v mestskej zastavbe nemali $ancu prezit. Predlozena praca
sa zaoberd vyskumom $ttrikov Zijucich na cintorinoch Slovenska. Stiriky zbierali via-
ceri zberatelia na 13 lokalitach pocas rokov 2013 — 2015. Zbery pochadzaji z troch typov
cintorinov. Dedinské (rurdlne) cintoriny su situované na dedinach a aktivne sa na nich
pochovava (Cufiovo, Devin, Dibravka, Duboreé, Mattikovo, Pribelce, Sokol’). Historické
cintoriny prechadzaju ¢asto parkovou upravou a aktivne sa na nich nepochovava (Kozia
brana, Mikulassky cintorin, Ondrejsky cintorin). Mestské (urbanne) cintoriny sa aktivne
vyuzivaju na pochovévanie, ich rozloha sa neustale zviacsuje (Martinsky cintorin, Slavicie
udolie, Kosice).

Na cintorinoch boli odoberané vzorky pody (vratane hrabanky a mftveho dreva), kompo-
stov a prachna z dutin stromov. Striky boli nésledne extrahované pomocou Tullgrenovych
aparatov a spracované na trvalé alebo docasné preparaty.
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Celkovo bolo ziskanych 111 jedincov patriacich ku 10 druhom a do troch ¢el’adi. V sucasnej
dobe prebieha morfologicka a molekuldrna analyza druhov z rodu Lamprochernes Tomosvary,
1882, preto neboli jedince identifikované na troven druhu. Najpocetnejsie boli zastipené St'tri-
ky z ¢el'adi Chthoniidae a Chernetidae. Najnizsi pocet druhov aj jedincov bol zaznamenany
u ¢el'ade Neobisiidae. Najviac jedincov bolo nazbieranych u druhov Chthonius tetrachelatus
(Preyssler, 1790) a Dinocheirus panzeri (C. L. Koch, 1837). Druh C. ftetrachelatus nebol
doteraz na Slovensku zaznamenany v mestskom prostredi, druh D. panzeri uz bol v tomto
type prostredia zbierany, a to najmé z dutin stromov. Po¢as vyskumu bol ndjdeny len jeden
jedinec druhu Chthonius fuscimanus Simon, 1900 na cintorine v Bratislave.

Stariky sledovanych cintorinov boli najpoéetnejsie zastipené v podnych vzorkach
a v prachne dutin stromov. Najviac jedincov bolo ziskanych v arealoch historickych cintorinov
anajviac druhov vo vzorkach z dedinskych cintorinov. Zaujimavy bol nalez vzacneho druhu
Chthonius ressli Beier, 1956 v podnych vzorkach a komposte z historickych a dedinskych
cintorinov.
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