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The study represents a biogeographic survey over world distribution of the entomo-
pathogenic nematodes (EPN) according to current borders of countries. The distribution
of countries where entomopathogenic nematodes were presented including their be-
longing to biogeographic regions were analyzed. The World Geographical Scheme for
Recording Plant Distributions and land area with using of the Bray-Curtis method of
cluster analysis were also included. The analysis demonstrates simple of regularities in
the EPN distribution. According to the analysis of published data, 120 species of EPN
are presented in 72 countries that have the highest number of species in the Palaearctic
and Oriental biogeographic regions. Presence of the EPN species in the studied coun-
tries and their belonging to the biogeographic regions was inherent for the distribution
of countries in the calculated tree. The performed analysis revealed that countries
grouped by regions and biogeographic botanical continents have similar fauna of the
entomopathogenic nematodes. We assume that finding and character spreading of
ENP species depend on the research level in different countries, as well as the biologi-
cal characteristics of nematodes and certain conditions in different countries.

Keywords: entomopathogenic nematodes, Steinernematidae, Heterorhabditi-
dae, distribution.

INTRODUCTION

The entomopathogenic nematodes (EPN) is an ecological group of invertebrates
consisting of nematode parasitoids of insects from Steinernematidae and Heterorhab-
ditidae (Nematoda: Panagrolaimida and Rhabditida) families. The study of EPN is im-
portant for developing a perspective biological method [6]. Every year, new species of
the entomopathogenic nematodes are described in the arithmetic progression due to
a progress of the molecular technique. It is interesting to study the distribution of EPN
on the Earth in connection with climatic and biogeographic factors, plant distribution
etc. [10, 11].

This study has proved a necessity of fundamental studies in different countries to
fill in the gaps in the EPN distribution through the world.
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MATERIALS AND METHODS

The study is based on data obtained from publications on distribution of the ento-
mopathogenic nematodes in different countries. Part of the reports on EPN'’s distribution
until 2002 was included in the performed analysis according to Hominick [10].

In a statistical analysis the cluster analysis from PAleontological STatistics v.2.17
program [9] was applied. The Bray—Curtis model was chosen for tree construction. In
the analysis the presence/absence of Steinernema Travassos, 1927, and Heterorhab-
ditis (Poinar, 1976) species were included in the studied countries. The area of each
country in square kilometers (five groups, 0-1,000; 1,000-100,000; 100,000-1,000,000;
1,000,000-5,000,000; >5,000,000) belonging to the biogeographic regions (Palearctic:
Western and Eastern; Oriental; Afrotropical; Nearctic; Neotropical; Australasian), and
botanical continents according to the World Geographical Scheme for Recording Plant
Distributions definition (Europe; Asia-Temperate; Asia-Tropical; Africa; Northern Ameri-
ca; Southern America; Australasia) were used. For countries with an unidentified state
of discovered EPN (e.g., Steinernema sp.), only the identified species were accepted as
‘1’ value.

ISO 3166-1 alpha-3 codes [12] were applied for the abbreviated names of the
countries (including the updated RUS1 for the European part of Russian Federation and
RUS2 — for the Western part).

The world distribution map (Fig. 1) on the high resolution blank map of the world
from the Wikimedia [19] was created.

RESULTS AND DISCUSSION

The entomopathogenic nematodes are distributed in all biogeographic regions ex-
cluding the Arctic, Antarctic and Subantarctic islands. According to recent studies, 120
species of the entomopathogenic nematodes (Steinernema and Heterorhabditis) were
found in 72 countries (see Table).

The entomopatogenic nematodes are widely spread in the Oriental (46 species from
three genera) and Palaearctic regions (32 species of Steinernema and 5 species of Het-
erorhabditis) (see Table). EPN are scarcely presented in the Australasian region — 2 spe-
cies of Steinernema and 4 of Heterorhabditis.

Number of species of the entomopathogenic nematodes in the biogeographic regions
MpeacTaBneHicTb eHTOMONATOreHHMX HemaTtop y 6ioreorpacpiuHnx obnacTax

Number of species in biogeographic regions

Famil Genus
4 WP EP NA AT AU NT oL Number

of species
Neosteinernema - - 1 — = = - 1
Steinernematidae
Steinernema 26 8 13 16 2 19 39 123
Heterorhabdlitis 5 1 7 6 4 9 5 37
Heterorhabditidae
Heterorhabditidoides - - = = = = 2 2
> 31 9 21 22 6 28 46 -

Biogeographic regions: AT — Afrotropical; AU — Australasian; EP — East Palaearctic; NA — Nearctic;
NT — Neotropical; OL — Oriental; WP — West Palaearctic.
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Fig. 1. Data on the distribution of Stein-
ernema (A) and Heterorhabditis
(B) in the world. The right col-
umn shows a relation between
colors on map and number of
species per country; “n/a” mean- B
ing: information is not available
or research has not been car-
ried out

Puc. 1. Po3nogin pogis Steinernema (A)
Ta Heterorhabditis (B) y cBiTi. Ko-
TIOHKa cnpasa AEMOHCTPYE 3B'S-
30K MK KOfbOpaMu Ha KapTi Ta
KINbKICTIO BUAIB Y KpaiHax, “n/a”
o3Havae: iHdopmaLlii Hemae abo
[OOCNIIXEHHS LLie HE NPOBOAMIN

The highest rate of distribution of Steinernema species has been registered in Chi-
na (19 species) and the highest rate of distribution of Heterorhabditis (7 species) —in the
United States of America. The highest number of EPN’s of both genera has been found
in China, that is 23 species in total.

The most common EPN species are: S. feltiae (Filipjev, 1934) Wouts, Mracek, Ger-
din et Bedding, 1982 (37 countries), H. bacteriophora Poinar, 1976 (32 countries) and
S. carpocapsae (Weiser, 1955) Wouts, Mracek, Gerdin et Bedding, 1982 (31 countries).
More rare are H. indica Poinar, Karunakar et David, 1992 (20 countries), H. megidis
Poinar, Jackson et Klein, 1987 (17 countries), S. affine (Bovien, 1937) Wouts, Mracek,
Gerdin et Bedding, 1982 and S. kraussei (Steiner, 1923) Travassos, 1927 (14 and 13
countries). 96 species of Steinernema and Heterorhabditis have been found only in one
country per species.

The distribution of entomopathogenic nematodes depends on different abiotic and
biotic factors: temperature [13, 16], density, humidity [18] and chemical composition of
substrate [3, 14, 15]; composition of phytocenosis [2, 7]; climatic factors of a region;
host finding strategy [4, 8] and climatic preferences of nematodes [5], etc.

Genera’s resistance to the influence of all those factors is different [13, 17] and can
influence their distribution.

As discussed by Adams, Peat and Dillman [1], such differences in number of Stein-
ernema and Heterorhabditis species and their distribution can be associated with differ-
ent time of origin of these species. According to the age of symbiotic organisms Xe-
norhabdus spp., molecular and morphological evidences, the Steinernematidae family
had appeared 350 million years ago opposite to the Heterorhabditidae family which is
younger and had less time to produce species.

The calculated tree for Steinernema and Heterorhabditis distribution shows the
nominal division of the represented countries into two big clusters A (Fig. 2, A) and B
(Fig. 2, B). Cluster A is divided into two sub-clusters: A1, with the European countries in
96 % of cases and A2 with a mixed composition.
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Biogeographic regions: Western Palaearctic, Eastern Palaearctic, Nearctic
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Fig. 2, A. The calculated tree for the distribution of countries with presence of Steinernema and Heterorhab-
ditis. The grid shows the level of similarity with a step of 10 %. In the right column, the presence of
S. feltiae was noticed (abbreviated as ‘S.1.)

Puc. 2, A. ObuucneHe gepeBo NpPeACTaBNEHOCTI KpaiH i3 HasBHICTIO poaiB Steinernema Ta Heterorhabditis.
CiTka 306paxye piBeHb noaibHocTi 3 kpokom y 10 %. Y npasiit KOMOHLI BiAMIYEHO HAsBHICTb BUAY
S. feltiae (ckopoyeHo sk ‘S.1.’)

A1 sub-cluster is divided into two groups:

e a1-1: Western Palaearctic countries and Europe with pure EPN fauna, in some
countries the general presence of H. bacteriophora and H. megidis is shown.
a1-2, divided into four sub-groups:

o a1-2-1: most common species are H. megidis and S. affine;

o a1-2-2: common species are S. affine, S. carpocapsae, S. intermedium (Poinar,
1986) Mamiya, 1988 and S. weiseri Mracek, Sturhan et Reid, 2003. Besides, in
Czech Republic and Germany, S. kraussei, S. silvaticum Sturhan, Spiridonov et
Mracek, 2005, H. bacteriophora and H. megidis normally occurr. S. feltiae is
general for the whole sub-group.
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o a1-2-3 with common species of H. bacteriophora, S. affine and S. carpocapsae,
and a1-2-4 in the most of medium-sized countries. The medium size of coun-
tries and the presence of S. feltiae are general for both sub-groups.

A2 sub-cluster is divided into two groups, both with countries of the Palaearctic

region and Asia-Temperate botanical continent:

e a2-1, with S. feltiae, in Canada and Japan, the presence of S. carpocapsae and
S. kraussei is similar;

e a2-2, with most common species of H. bacteriophora, S. carpocapsae, and rare-
ly — H. indica and S. feltiae.

b2-1

b2-2-1

b2-2-2
b2-2 :

B1

Biogeographic regions: Afrotropical, Oriental, Nearctic, ,

Australasian

Botanical continents: Europe, Africa, , )
Northern America, BAustralasial

Fig. 2, B. The calculated tree for the distribution of countries with presence of Steinernema and Heterorhab-
ditis. The grid shows the level of similarity with a step of 10 %. In the right column the presence of
S. feltiae was noticed (abbreviated as ‘S.1.)

Puc. 2, B. O6uncneHe gepeBo NpeacTaBneHoCTi KpaiH i3 HasBHICTIO poaiB Steinernema Ta Heterorhabditis.
CiTka 306paxye piBeHb noAibHocTi 3 kpokom y 10 %. Y npasiit KOMOHLI BiAMIYEHO HasBHICTb BUAY
S. feltiae (ckopo4eHo sk ‘S.1.)
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Cluster B is divided into two sub-clusters, B1 and B2. B1 sub-cluster has countries
with big territory and highly endemic EPN fauna.

B2 sub-cluster is characterized by a spread of H. indica and is divided into the fol-
lowing parts:

e b2-1, mostly for countries of the Afrotropical region. H. bacteriophora, H. indica

and S. carpocapsae are distributed here almost equally.

o b2-2, a mixed group which is also divided into two sub-groups and Indonesia

and Vietnam:
o b2-2-1, consists of Brazil and Argentina with similar S. carpocapsae, S. glaseri
(Steiner, 1929) Wouts, Mracek, Gerdin et Bedding, 1982, H. bacteriophora.

o b2-2-2 sub-group, consists of b2-2-2*—b2-2-2*** and Mexico.

= b2-2-2* contains only countries of the Neotropical region. The core of the group
has similarities H. indica in fauna; other countries have similar H. bacteriophora.

= b2-2-2** consists of Australia and New Zealand which have mostly similar fau-
na of EPN and common H. bacteriophora, and H. zealandica Poinar, 1990.

= b2-2-2*** contains only countries of the Oriental region.

It is clear that presence of the EPN species in the studied countries and their be-
longing to biogeographic regions were inherent for the tree construction. In the cases of
low diversity of EPN fauna, the belonging to botanical continents and land area is of
prime importance. For example, Spain, France and Italy are classified as medium-sized
countries in the Western Palaearctic region, all belonging to the European botanical
continent. All these countries have similar species of EPN in fauna: obvious S. affine,
S. carpocapsae, S. feltiae, H. bacteriophora and partly S. arenarium (Artyukhovsky,
1967) Wouts, Mracek, Gerdin et Bedding, 1982. Besides, forming of mutual diversity of
EPN species contributes to France bordering with Spain and Italy overland.

Since some countries possess huge land areas, the intensive process of describing
new species stands apart (Republic of China, South Africa, United States of America,
India and Vietnam).

Unfortunately, the analysis is indirectly related to national borders, temperature and
moisture conditions, landscape relief and the level of studying of EPN, and, thus cannot
be claimed as completely objective. However, it was shown indirectly by the land size
(which could be a perspective for complete study) of countries and their belonging to the
botanical continents and biogeographic regions (depending on climatic features, phyto-
cenose compositions and indirectly to fauna of insect hosts).

According to current study, the level of investigation of EPN presence on different
territories is of great importance. Information about the distribution of EPN’s or related
studies in 127 countries are not available. High number of gaps in distribution of the
main genera of EPN’s nearby or within the densely populated countries was noted.

Taking into consideartion all studied countries having EPN according to the group-
ing factor, it might be concluded that most of countries in the same biogeographic re-
gions show similar distribution of the entomopathogenic nematodes.
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Loao NownPEHHA EHTOMOMNATOINEHHUX HEMATOA POAUH
STEINERNEMATIDAE TA HETERORHABDITIDAE
(NEMATODA, PANAGROLAIMIDA ET RHABDITIDA) Y CBITI

€. B. Slkoenes, B. O. Xap4eHkKoO

IHecmumym 3oonoeii im. I.1. LLimanbeayseHa HAH YkpaiHu
syn. b. XmenbHuybkozo, 15, Kuie 01601, YkpaiHa
e-mail: nadfh2@gmail.com

Y ctatTi gocnimxkeHo BioreorpadivyHe nowmpeHHs eHTomonaTtoreHHnx Hematog, (EMH)
y CBITi BigNoBiAHO OO CyYacHUX MeX KpaiH. Mu npoaHanisyBanu 3a JONOMOroo Knac-
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TepHoro aHanisy (metog bpes—KbopTica) po3nogin kpaiH, ae 6ynu BUSBMEHi eHToMona-
TOrEHHI HeMaToau, 3a NpuHanexHicTio go GioreorpadiuHmx obractewn, CBiTOBOI reorpa-
ivHOT cxemu 3anucy NOLUMPEHHS POCAMH i nnowi X cyxogony. JocnigpkeHHa 4eMOH-
CTpYE NPOCTUIA aHari3 3akoHOMipHocTen nowwmperHs EMNH. 3rigHo 3 aHanizom nitepatyp-
Hux ganumx, 120 sugie EMH nowmpeHi y 72 kpaiHax CBiTy 3 HanbIiNbLUO KinbKICTIO BUAIB
y ManeoapkTnyHrin Ta IHoo-Managsincekin GioreorpadiyHin obnactsax. HasBHiCTb BUaiB
ElNMH y pocnimkeHnx kpaiHax Ta ix npuHanexHicTb 0o GioreorpadiyHmx obnacren Bu3Ha-
YyarnbHi Ans po3noginy KpaiH y BUYMCNEHOMY AepeBi. AHanizaoM 3'COBaHO, WO KpaiHu,
3rpynoBaHi 3a GioreorpadiyHmMmu obnactssMm Ta OOTaHIMHUMKU KOHTMHEHTaMK, MakTb
CXOXy payHy eHTOMOMAaTOreHHWX HemaTtod. Mu npunyckaemo, Lo BMSBNIEHHS Ta Xapak-
Tep nowmpeHHs Buaie EMNH 3anexatb Big 4ocnig)KeHOCTi pidHMX KpaiH HapiBHi 3 Gionoriy-
HUMK OCOBIMBOCTAMUN HEMATOA | OKPEMMMU YMOBAMM Y PI3HUX KpaiHax.

Knrouyoei crnoea: eHTOMonaTtoreHHi Hematoau, Steinernematidae, Heterorhabdi-
tidae, nowmpeHHs.

K PACNPOCTPAHEHUIO 3HTOMONATOIMEHHbLIX HEMATO[, CEMEUCTB
STEINERNEMATIDAE N HETERORHABDITIDAE
(NEMATODA, PANAGROLAIMIDA ET RHABDITIDA) B MUPE

E. b. Slkoenes, B. A. Xap4eHKo

WHcmumym 30onozuu um. U.U. LlimanseayseHa HAH YkpauHbl
yn. b. XmenbHuukoezo, 15, Kues, 01601, YkpauHa

e-mail: nadfh2@gmail.com

B cratbe nccnegosaHo Groreorpadmyeckoe pacnpocTpaHeHWe S3HTOMOMATOMNEHHbIX
HemaTog (OlNH) B MMpe B COOTBETCTBUM C COBPEMEHHBLIMY FpaHuLaMm cTpaH. Mbl npoa-
HanM3npoBanu C NOMOLLBIO KNacTepHoro aHanmaa (Metog bpes-Képtuca) pacnpenene-
HWe CTpaH, rae Obiny 0B6HapyKeHbl 3HTOMONATOreHHbIE HEMATOAbI, MO NPUHAANEXHOCTU
K Guoreorpadmyeckum obnactam, MupoBol reorpadmyeckon cxeme 3anvcu pacrnpo-
CTpPaHEeHVs1 pacTeHU M Nnowaan Mx CyxomnyTHow 4Yactu. VccrnegoBaHue nokasbiBaeT
NpOCTON aHanM3 3akoHoMepHocTeln pacnpocTpaHeHust AMH. CornacHo aHanuay nutepa-
TYpHbIX AaHHbIX, 120 BuaoB JIH npeactasneHbl B 72 cTpaHax MyMpa ¢ HaMbomMbLUUM KO-
nnyecTeoM B1AoB B lNaneoapktnyeckon n MHao-Manasunckon Guoreorpadmyeckmx o6-
nactax. Hannune Bngoe 3lMH B MccnegoBaHHbIX CTpaHax U X NPUHAOSIEXHOCTb K O1o-
reorpadpmyecknum obnactam SBMASOTCA OnpeaensiownMn ans pacnpeaeneHus ctpaH B
BbIYMCIIEHHOM AepeBe. AHanmM3 nokasar, YTo CTpaHbl, CrpynnuMpoBaHHbIe Mo broreorpa-
dmyeckum obnactam n 60TaHNYECKMM KOHTMHEHTaM, MMEIOT CXO4HYH bayHy SHTOMonNa-
ToreHHbIx Hematod. Mbl npeanonaraem, YTo obHapy)XeHWE U XapakTep pacnpocTpaHe-
HMs BMaoB JIH 3aBuCAT OT MccnegoBaHHOCTM pasHbIX CTPaH HapaBHe ¢ Bronorn4eckum-
MW OCOBEHHOCTAMU HEMATOA U OTAENbHBIMU YCIIOBUSIMU B Pa3HbIX CTPaHax.

Knrouyessie croea: sHTOMoONaToreHHble Hemartodbl, Steinernematidae, Hetero-
rhabditidae, pacnpoctpaHeHue.
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