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Abstract. Main approaches for estimating local species
richness of parasitoid Hymenoptera, i.e. methods of classical
taxonomy, certain modern techniques as well as surveys of
regional faunas are discussed and compared. Additions of
newly recorded species to local inventories due to faunistic
studies usually exceed those resulting from taxonomic revi-
sions either fully based on morphological characters or also
using chromosomal, molecular and/or similar ones. Neverthe-
less, the use of DNA barcoding and other modern techniques
will undoubtedly revolutionize both local and global studies
of parasitoid faunas.

Pesrome. B paboTe 00CYXKIAIOTCS U CPAaBHUBAKOTCS OC-
HOBHEIE ITOJIXO/IBI K OIIEHKE JIOKAJBFHOTO BHIOBOTO OOTaTCTBA
MapasUTUYECKHUX MTePEeNOHYaTOKPBUIBIX: METO/IbI KJIaCCHYeC-
KO TAKCOHOMUH, Pa3JINYHbIC COBPEMEHHBIC METOIUKH, a TaK-
ke 0030pBI pernoHaNbHEIX (ayH. [lonmoTHeHHe JTOKaIbHBIX
CIIMCKOB BHOBB 3apErUCTPUPOBAHHBIMU BUIaMH 32 cUeT day-
HUCTHYECKUX MCCIIEOBaHUI OOBIYHO MPEBHIIIACT TAKOBOE,
SIBIIIFOLIIEECS] PE3yIbTaTOM TaKCOHOMHYECKUX PEBH3HIA, KO-
TOpBIE [IETTMKOM OCHOBAHBI Ha MOP(OJIOrnueCcKUX 0COOEHHOC-
TAX, @ TaKXKe HMCIOJB3YIOT HapsAy C 3THUM XPOMOCOMHEIE,
MOJICKYJIAPHO-TEHETUIECKIUE H/MIIA UM TTOJOOHBIC IPU3HAKH.
Tem He MeHee, ucnonas3zoBanue JJHK-6apkonunra u npyrux
COBPEMEHHBIX METOZ0B, HECOMHEHHO, PEBOJIIOIIMOHU3UPYET
KaK JIOKaJbHbIC, TaK U INI00aNbHBIC UCCIeIOBaHUs (ayH Ima-
Pa3UTOUIOB.

Introduction

Parasitic wasps are one of the most diverse, taxo-
nomically complicated and economically important
groups of insects, which currently includes far more
than 70 thousand described species [Rasnitsyn, 1980;
Aguiar et al., 2013]. However, various estimates of local
species richness of parasitoid Hymenoptera can strongly
differ in terms of the number of recorded species both in
the temperate zone and in the tropics [Rodriguez et al.,
2013; Tselikh, 2014]. Moreover, these estimates are of-
ten based on external morphology [Quicke, 1997] de-

spite an increasing advent of the so-called modern meth-
ods in systematics, i.e. molecular, chromosomal and
analogous approaches [Heraty, 2003; Gokhman, 2009].

As far as newly described species are concerned,
additions of these taxa can result from taxonomic stud-
ies, including generic revisions and descriptions of sep-
arate species. In turn, these works are either entirely
based on morphology or can include data obtained by
modern techniques. On the other hand, extensive re-
search using contemporary methods in systematics (e.g.
DNA barcoding) as well as detailed surveys of regional
faunas also can substantially increase the number of
recorded species [Quicke, 2015]. In the present paper, |
am going to review and compare these sources of local
species estimates in more detail.

This paper is dedicated to the 70th anniversary of an
outstanding Russian entomologist, Professor Arkadiy
S. Lelej, who has made an enormous contribution to the
taxonomic and faunistic study of the order Hy-
menoptera in many territories including the Russian Far
East [Lelej, 2012].

Methods of classical taxonomy

Taxonomic treatments can change the existing spe-
cies estimates in a number of ways. For example, my
restricted experience of worldwide taxonomic revisions
of a few relatively small parasitoid genera shows that
most of these studies can only moderately increase, if
at all, the number of known species [Gokhman, 1994;
Baur et al., 2014]. However, a revision of another moder-
ate-sized genus, Trachyarus Thomson (Ichneu-
monidae), has approximately doubled the number of its
species in the Palaearctic region [Gokhman, 2007]. Nev-
ertheless, many of them were mostly or entirely restrict-
ed to less studied territories, such as the mountain
ranges of Central Europe or the Russian Far East, from
which many other parasitoid species were described
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during the last few decades (see e.g. [Kostjukov, 1995;
Belokobylskij, Tobias, 2007]). In addition, Elzinga et al.
[2011] showed that molecular data obtained from indi-
viduals of several Trachyarus species did not confirm
morphology-based species borderlines, although no
formal taxonomic change was made since that publica-
tion. The data presented in this chapter, together with
many analogous studies, therefore suggest that gener-
ic revisions and descriptions of separate species usual-
ly lead to a relatively slow increase in the amount of
local species records.

At first glance, this continuous accumulation of
species numbers due to taxonomic treatments must be
the predominating source of addition to local species
lists, because, at least in theory, only these studies can
adequately and reliably describe the existing biodiver-
sity. However, in reality we usually observe the reverse
pattern (at least in the better-studied temperate zone),
i.e. a strong increase in the number of previously de-
scribed species due to faunistic research [Quicke, 2015],
as opposed to any recent taxonomic study. This can be
explained by the fact that revision of a poorly studied
but potentially speciose taxon is usually very difficult,
time-consuming and subject to obvious flaws, and there-
fore studies of that kind are relatively rare (but see e.g.
[Kostjukov, 1995]).

Studies using modern techniques

Since «host races» or «strains» are widespread in
parasitoid Hymenoptera [Clarke, Walter, 1995], it is par-
ticularly important to know whether these «races» rep-
resent either subpopulations of the same species or
different, although often cryptic, species. To distin-
guish between these possibilities, environmentally in-
dependent characters (e.g. DNA and/or karyotype struc-
ture) must be studied. For example, a few years ago
[Baur et al., 2014] we were able to describe a cosmopol-
itan synanthropic species, Anisopteromalus quinarius
Gokhman et Baur, 2014 (Pteromalidae), which was ini-
tially differentiated on the basis of karyotypic study
from a presumably well-known and also cosmopolitan
A. calandrae (Howard, 1881) with a similar biology.
Moreover, as soon as the presence of the two separate
species was established, many interspecific differences
in morphology, DNA structure, life-history strategies
etc. immediately began to come to light (reviewed in
[Baur et al., 2014]). Furthermore, an analogous situation
was later revealed in Lariophagus distinguendus
(Forster, 1841) complex from the same family, in which
two separate species were initially detected on the ba-
sis of molecular study [K6nig et al., 2015], also support-
ed by differences in the chromosome number and other
karyotypic features of those parasitoids [Gokhman,
2015]. Moreover, since chromosomal characters can be
treated as morphological in a broad sense [Gokhman,
2009], the latter data are crucial because a thorough
study of external morphology failed to distinguish be-
tween different species of the L. distinguendus complex

[Konig et al., 2015]. In this case, karyotypic information
therefore provided the first direct morphological sup-
port of the presence of cryptic species. It is also worth
noting that even crossing experiments are not always
able to reveal the true nature of the taxa under analysis,
because, for example, members of some populations
that belong to different species of the L. distinguendus
complex can produce hybrid offspring under certain
circumstances. Nevertheless, hybrid individuals will be
immediately recognized due to their intermediate chro-
mosome number and specific karyotype structure.

Both above-mentioned complexes of cryptic species,
i.e. A. calandrae and A. quinarius as well as L. dis-
tinguendus s.1., were supposed to have relatively broad
host ranges. However, a detailed investigation has shown
that each of these complexes contained different species,
which preferred to attack either beetles of the family
Dryophthoridae and a few similar taxa, or members of the
family Anobiidae [Baur et al., 2014; Koénig et al., 2015].
Recently, a rapidly increasing amount of analogous pa-
pers mainly based on the results of molecular research
[Zhang et al., 2011; Chesters et al., 2012; Derocles et al.,
2016] also demonstrates that many examined parasitoid
species with wide host ranges are in fact complexes of
cryptic species. These results suggest that situations of
this kind can be far more widespread than it was sup-
posed before. This is especially true for endoparasitoids
and/or tropical groups which generally tend to have
narrower host ranges [Quicke, 2015]. Specifically, DNA
barcoding along with information on bionomics of differ-
ent populations of apparently the same polyphagous
morphospecies, Apanteles leucostigmus (Ashmead,
1900) (Braconidae), from a particular area of Costa Rica
showed that their studied individuals actually belonged
to at least 36 putatively undescribed monophagous or
strictly oligophagous species [Smith et al., 2008]. Fur-
thermore, another molecular and bionomic study [Kenyon
etal., 2015] demonstrated that each of the three examined
morphospecies of the genus Horismenus Walker (Eu-
lophidae) in the southern USA and Mexico also har-
boured at least one cryptic species.

An approach based on extensive molecular research
and subsequent morphological description of taxa re-
vealed during that study (the main components of the
so-called turbo-taxonomy [Riedel et al., 2013]; also see
below) therefore can substantially increase the number
of described species, especially in tropical regions, which
are heavily understudied in this respect despite their
high biodiversity. For example, 176 and 186 new species
of the braconid genera Aleiodes Wesmael and Apan-
teles Forster were respectively described during two
recent studies of that kind [Butcher et al., 2012; Fernan-
dez-Triana et al., 2014]. On the other hand, a relatively
low sampling effort followed by a DNA barcoding study
has recently led to the discovery of 177 likely unde-
scribed morphospecies of tropical orthocentrine Ich-
neumonidae [Veijalainen et al., 2012], thus putting into
doubt the presumed prevalence of icheumonid species
in the temperate zone. Nevertheless, molecular research,
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together with morphological and bionomic information,
can reveal and delimit new species within taxonomically
difficult groups inhabiting temperate regions as well, as
in the Eupelmus urozonus Dalman, 1820 complex (Eu-
pelmidae), in which eleven new species were described
[Al khatib et al., 2014].

DNA studies also help establishing identity of con-
specific individuals collected in different geographical
areas. This is also of considerable significance because
situations of that kind seem to be relatively frequent. For
example, Petrovi¢ et al. [2013] discovered that an effec-
tive aphid parasitoid, Lysiphlebus orientalis Stary et
Rakhshani, 2010 (Braconidae), which has been recently
described from northwest China, was also found in Eu-
rope, presumably due to an accidental introduction; the
taxonomic identity of European specimens of L. orienta-
lis was confirmed by DNA barcoding. What is perhaps
more important, molecular data can help matching males
and females or different forms of the same parasitoid;
however, in these cases the overall number of recorded
species can slightly decrease. For instance, both mor-
phological and molecular data were successfully used to
match males and females of different Philotrypesis Forster
species (Pteromalidae) [Zhou et al., 2012]. Futhermore,
molecular evidence confirmed that both Scambus plana-
tus (Hartig, 1838) and S. ventricosus (Tschek, 1871) (Ich-
neumonidae) were in fact seasonal forms of S. calobatus
(Gravenhorst, 1829) [Shaw et al., 2011]. A similar study
has also shown that morphologically different speci-
mens from a few locations in North Finland belonged to
the same newly described species, Meteorus acerbia-
vorus Belokobylskij, Stigenberg et Vikberg, 2011 (Bra-
conidae) [Stigenberg et al., 2011].

Surveys of regional faunas

Interestingly, both above-mentioned complexes of
cryptic species of the family Pteromalidae found in the
genera Anisopteromalus Ruschka and Lariophagus
Crawford, represent cosmopolitan synanthropic taxa.
In each case, additional species could be either newly
described or restored from synonyms. This situation
indicates our insufficient ability to recognize cryptic
taxa even within apparently well-known groups of para-
sitoids. Moreover, both Anisopteromalus and Larioph-
agus are absent from the recent catalogue of insects of
the Russian Far East [Tselikh, 2012] which is supposed
to have the best studied Hymenoptera fauna of Russia
[Lelej et al., 2015] despite worldwide distribution and
synanthropic way of life of the most widespread mem-
bers of these genera. Nevertheless, two Lariophagus
species (but not L. distinguendus itself) were included
into the subsequent list of Pteromalidae of the above-
mentioned territory [Tselikh, 2014]. Furthermore, only
91 species that belonged to 56 genera of Pteromalidae
were recorded in the preceding study [Tselikh, 2012].
Surprisingly enough, as much as 105 genera and 260
species of this family were found in the Russian Far
East just two years later [Tselikh, 2014]. Moreover,

about 160 species from this list were recorded for the
first time in Russia. However, only nine species were
already described or going to be described as new to
science in the latter study. An analogous situation was
reported by Fernandez-Triana [2010] who added 50%
species to the list of the subfamily Microgastrinae (Bra-
conidae) of Canada and Alaska which now contains 225
species; again, only eight new species were described.
Furthermore, several independent estimates suggested
that the real number of species in the latter case would
be at least doubled in the future [Fernandez-Triana,
2010]. Nevertheless, similar estimates indicate that the
global species richness of this subfamily (which, of
course, includes tropical regions) is probably 8 to 20
times more than the current number of described spe-
cies [Rodriguez et al., 2013]. Anyway, curves display-
ing accumulation of the number of species based on
DNA barcoding (or, to be precise, the number of MO-
TUs, i.e. molecular operational taxonomic units) of Mi-
crogastrinae versus an increase in the number of sam-
pled specimens show no sign of saturation for all listed
regions, both tropical and temperate [ Smith et al., 2013].
These data demonstrate that regional studies of parasi-
toid faunas (as opposed to taxonomic descriptions)
remain the principal source of newly recorded species
within local inventories, at least in the temperate zone.
On the other hand, considerable amounts of originally
described species of parasitic wasps also can be in-
cluded into regional surveys of certain temperate fau-
nas in some exceptional cases (see e.g. [Kostjukov,
1995; Belokobylskij, Tobias, 2007]).

Conclusion

All accumulated information suggests that amounts
of newly recorded species added to local inventories
due to faunistic studies usually exceed those resulting
from taxonomic revisions either fully based on morpho-
logical characters or also using chromosomal, molecu-
lar and/or similar ones. Nevertheless, the use of DNA
barcoding and other modern techniques will undoubt-
edly revolutionize both local and global studies of par-
asitoid faunas in the future due to high resolution and
reliability of these methods, although these techniques
do have certain restrictions [Klopfstein et al., 2016].
Turbo-taxonomy can therefore rapidly increase the num-
ber of species discovered in the tropics, but morpho-
logically distinct new species still can be revealed with-
in temperate faunas as well (see e.g. [Baur, 2015]).
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