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ABSTRACT. Main pathways of karyotype evolu-
tion in the superfamily Chalcidoidea are reviewed in
the light of the recent phylogenetic reconstruction [Her-
aty et al., 2013]. A chromosome set with n =11 and all
subtelocentric and/or acrocentric chromosomes could
represent an ancestral character state for the Chalci-
doidea. The most frequent haploid karyotypes in the
superfamily, i.e. these having five metacentrics and/or
submetacentrics of similar size (n = 5) and analogous
chromosome sets with n = 6 and an additional small
subtelocentric or acrocentric chromosome are supposed
to have arisen independently within several major clades
of the superfamily Chalcidoidea.

PE3IOME. OcHoBHBIE HaIpaBICHUS YBOIOINH Ka-
puotuna HagcemeiictBa Chalcidoidea paccMoTpeHbI B
CBETE MOCIeAHel (HUIOreHeTHIEeCKONH PEKOHCTPYKIINT
[Heraty et al., 2013]. XpomocomHBIi Habop cn=11u
BCEMH aKPOIICHTPUICCKAMH U/¥UTH CYyOTEIOICHTpHYEC-
KAMH XpPOMOCOMaMH, BEPOSTHO, MPEACTABISET COO0H
npenkoBoe coctossuue Mt Chalcidoidea. OgeBumgHO,
HaunboJiee YacTo BCTPEYarolluecs B HaJICEMEHUCTBE rar-
JIOW/IHBIE KApPUOTHIIBL, T.€. IMEIOIINE B CBOEM COCTaBE
[STh METAIIEHTPUKOB H/MJIH CyOMETaIlleHTPUKOB CXO/I-
HOro pa3Mmepa (n = 5) U aHAIOTHYHBIE XPOMOCOMHbBIE
HA0O0PEI ¢ N = 6 ¥ JOMOTHUTEIHHOH HeOOBIOH cyOTe-
JIOLIEHTPUYECKOH W1 aKPOLEHTPUUECKON XPOMOCOMOH,
HE3aBUCHMO BO3HHMKJIHM B HECKOJIBKUX KPYITHBIX (prio-
TeHETHYECKUX BeTBIX HajceMmeiictBa Chalcidoidea.

The superfamily Chalcidoidea is an extremely di-
verse, taxonomically complicated and economically
important group of parasitic wasps with an estimated
species number of about 500000 [Munro et al., 2011;
Heraty et al., 2013]. However, chromosomes of only
about 170 chalcid species (i.e. far less than 0.1%) are
studied up to now. Nevertheless, these species belong
to 14 families (about 2/3 of more than twenty currently
recognized ones [Heraty et al., 2013]), therefore allow-

ing for certain general conclusions. This paper is dedi-
cated to the famous Russian chalcidologist, Dr. Vladimir
A. Trjapitzin, who celebrates his 85th birthday in July
2013.

Chromosome number in the superfamily varies from
n =3 ton =12 (see [Gokhman, 2009] for review). For
a certain period in the past, all chalcid families were
subdivided into the so-called “low-numbered” and
“high-numbered” ones having n = 3—7 and n = 8-12
respectively (except for the family Aphelinidae with n =
3—11 [Gokhman & Gumovsky, 2009]). However, sub-
sequent research demonstrated a substantially more
complex pattern. Specifically, lower chromosome num-
bers (n = 5-7) were found in the families Eurytomidae
and Encyrtidae that were initially regarded as “high-
numbered” [Gokhman & Mikhailenko, 2008; Gokh-
man, 2010]. Moreover, karyotypes of “low-numbered”
species tend to contain metacentric and/or submetacen-
tric chromosomes (M/SM), whereas subtelocentrics and/
or acrocentrics (ST/A) usually predominate in chromo-
some sets of “high-numbered” groups.

Certain (mostly indirect) evidence suggests that a
chromosome set with n =11 and all ST/A could repre-
sent an ancestral character state for the superfamily
Chalcidoidea. Specifically, n = 11 can be found in
more basal Microhymenoptera, i.e. in the superfamilies
Cynipoidea (Figitidae) and Diaprioidea (Diapriidae)
[Gokhman, 2009, 2011]. Among Chalcidoidea, n= 11
with all ST/A was found only in the family Encyrtidae;
a minimally derived condition (n = 10 with all but one
ST/A that could represent a single centric fusion) was
also detected in the Encyrtidae and Eurytomidae [Gokh-
man & Gumovsky, 2009]. The latter character state can
also be found in the Cynipoidea (Cynipidae) and Platy-
gastroidea (Scelionidae) [Gokhman, 2009; Fusu et al.,
2013]. However, karyotypes with n = 10 in the genus
Podagrion Spinola, 1811 can again reflect a condition
minimally derived from the preceding one (contrary to
Fusu [2008]).
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Fig. 1. Phylogenetic tree of karyotypically studied families/subfamilies of the superfamily Chalcidoidea (simplified from Heraty et al.
[2013] with variation ranges of haploid chromosome numbers and some ancestral/derived character states of chromosomal sets superim-
posed onto it. Modal chromosome numbers are given in parentheses.

Puc. 1. dunoreHernyeckoe IpeBO KapHOTHIIMYESCKH U3YYEHHBIX ceMelcTB/moaceMeilicTB HanceMeiictBa Chalcidoidea (mo [Heraty et
al., 2013], ynpomuieHo) ¢ yka3aHHeM MPEAeIOB H3MEHUYHNBOCTH TAIIOMIHBIX XPOMOCOMHBIX YHCET M HEKOTOPBIX 0a3albHBIX/IPOIBHHYTHIX
COCTOSIHMI IPH3HAKOB XPOMOCOMHEIX Ha00poB. MozalbHbIe XPOMOCOMHEIE YHCIIA IPUBEJCHBI B CKOOKaX.
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As far as haploid karyotypes with lower chromo-
some numbers are concerned, these having five M/SM
of similar size are the most widespread among differ-
ent groups of the superfamily Chalcidoidea. Specifi-
cally, they can be found in 10 out of 14 studied fami-
lies, i.e. in the Eulophidae, Trichogrammatidae, Aphe-
linidae, Agaonidae, Encyrtidae, Eupelmidae, Euryto-
midae, Ormyridae, Torymidae and Pteromalidae (Fig.
1). In addition, similar karyotypes with n = 6 and an
additional small ST/A that are likely to represent the
preceding stage of the process of consecutive centric
fusions, were found in the Eulophidae, Agaonidae,
Ormyridae and Torymidae.

In the family Eulophidae alone, where the latter
character state should be considered as ancestral, tran-
sitions to the above mentioned one with n = 5 took
place at least three times (see [Gokhman, 2009] for
review). Analogous transitions also occurred in the
families Ormyridae and Torymidae (at least once and
twice respectively) that are only distantly related to the
Eulophidae. These data confirm that the karyotype with
five large M/SM and an additional small ST/A could
be ancestral for many “low-numbered” families.

Recent phylogenetic analysis [Heraty et al., 2013]
indicates that multiple parallel chromosomal fusions
took place in a number of lineages of the superfamily
Chalcidoidea, i.e. in the Spalangiinae + Leucospidae +
Chalcididae as well as in the Eulophidae, Trichogram-
matidae, Agaonidae, Ormyridae and within the Aphe-
linidae, Encyrtidae and Eupelmidae, and possibly also
in the Perilampidae + Eucharitidae + Pteromalidae and
within the family Torymidae (Fig. 1; see also [Gokh-
man & Gumovsky, 2009]). Karyotype evolution in the
Chalcidoidea therefore represents an excellent exam-
ple of parallel evolution and karyotypic orthoselection
[White, 1973] in particular.

The analysis by Heraty et al. [2013] also defined a
few chalcid families as non-monophyletic. It may ap-
pear tempting to speculate that this feature can account
for relatively high variation in the chromosome number
within at least some of these distantly related groups
(e.g. Eupelmidae with n = 5-10 and Aphelinidae with n
= 3-11). However, this conclusion seems incorrect at
least in respect to certain apparently monophyletic gen-
era, such as Eurytoma Illiger, 1807 and Metaphycus
Mercet, 1917 (both have n = 5-10) that belong to the
families Eurytomidae and Encyrtidae respectively
[Gokhman & Mikhailenko, 2008; Gokhman, 2010].

Recent cytogenetic data could also provide new
insights into the phylogenetic analysis of the superfam-
ily Chalcidoidea. For example, number of nucleolus
organizing regions (NORs) can vary within this group
(see [Gokhman, 2009] for review, as well as [Van Vugt
etal., 2005, 2009; Bolsheva et al., 2012]). Specifically,
members of the families Eulophidae, Aphelinidae and
Pteromalidae carry only one paired NOR, whereas two
out of the five A chromosomes in the haploid karyo-
type of Trichogramma kaykai Pinto et Stouthamer,
1997 (Trichogrammatidae) bear NORs, not to mention

an additional NOR on the B chromosome [Van Vugt et
al., 2005, 2009]. Nevertheless, these data do not pro-
vide phylogenetically important information, since all
studied families (except for the Pteromalidae) belong
to the same major clade of Chalcidoidea [Heraty et al.,
2013].

Authors of the recent phylogenetic analysis [Heraty
et al., 2013] also suggest that certain clades of soft-
bodied Chalcidoidea that come out at the base of the
resulting phylogenetic tree, are in fact more distantly
related than it was shown in the cited paper. Given this
information, chromosomal study could shed more light
on relationships of these groups. However, karyotype
structure is unknown for many families and their sub-
ordinate taxa that belong to this clade.
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