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Abstract The taxonomy of free-living adults and hetero-
morphic parasitic larvae of Parasitengona mites has in
the past been treated independently resulting in a double
classification. Correct linkage of names still remains un-
known for many species. A holistic understanding of
species is imperative for understanding their role in eco-
systems. This is particularly true for groups like
parasitengone mites with a radically altered lifestyle
during development—parasitic to predatory. Here, we
infer linkages of three nominal species of Erythraeus,
using matching with 28S DNA sequence data from
field-collected specimens and through laboratory rearing.
The general mixed Yule coalescent method (GMYC)
was used to explicitly test if field-collected specimens
representing heteromorphic life instars were conspecific.
The field-collected larvae were allocated to adults of
Erythraeus cinereus and Erythraeus regalis, respective-
ly. Laboratory rearing of the same two species con-
firmed the matching done by DNA. Rearing was also
successful for Erythraeus phalangoides after eggs were
treated to an imitated winter diapause. This integrative

taxonomic approach of molecular, morphological, and
rearing data resulted in the following synonyms:
E. phalangoides (De Geer, 1778) [= Erythraeus
adrastus (Southcott, 1961), syn. nov.], E. cinereus
(Dugès, 1834) [= Erythraeus jowitae Haitlinger, 1987,
syn. nov.], and E. regalis (C.L. Koch, 1837) [=
Erythraeus kuyperi (Oudemans, 1910), syn. nov., =
Erythraeus gertrudae Haitlinger, 1987, syn. nov.]. The
molecular evidence confirmed the separate identity of
three further members of the genus. We provide rede-
scriptions of E. phalangoides, E. cinereus, and E.
regalis after modern standards, and neotypes are
designated.

Keywords Biology . GMYC .Molecular species
delimitation .Morphology . New synonyms . Parasitengona

Introduction

Few organisms look like small exact copies of the sex-
ually mature adult already at birth, that is, some chang-
es other than just isometric growth are commonly asso-
ciated with the development from juvenile to adult or-
ganism. With great change, e.g., through metamorpho-
sis, species-level identification will rely on completely
different sets of morphological or anatomical characters
for different life history forms. For the huge diversity of
arthropods, with vast numbers still to be discovered and
described (Erwin 1982; Basset et al. 2012), it is not
surprising that most are known exclusively from a sin-
gle life history form. For arthropods in general, this is
commonly the adult but for various groups it can be the
larval form (e.g., vertebrate parasitizing Trombiculidae).
Connecting a species’ life history forms, especially
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when biology changes substantially through develop-
ment, is of course immensely important for understand-
ing a species function in its ecosystem. As an example,
malaria control efforts would look very different today
if the life history forms of its vector were not connect-
ed. A particular problem arises if separate scientific
schools, or scientists during different time periods, name
life history forms in isolation of each other’s work. This
results in a Bdouble classification^—many of the sepa-
rate adult and larval names must be conspecific since
they are based on the same regional fauna but to infer
the correct linkage is non-trivial (Łaydanowicz and
Mąkol 2010). Such is the current situation for erythraeid
mites where in the past the taxonomy was largely based
on adults but more recently has been based on the par-
asitic larval forms (Mąkol and Wohltmann 2012).

One of the most speciose terrestrial parasitengone
genera, Erythraeus Latreille, 1806 (Actinotrichida:
Parasitengona, Erythraeidae), comprises over 100 (121)
nominal species. However, the number of nominal spe-
cies assigned to the genus today might differ substan-
tially from the true number. A vast majority has been
described either from larvae or active postlarval forms
(deutonymph and/or adult). Hitherto, 43 larval and 50
postlarval names have been accommodated in the sub-
genus Erythraeus, whereas all 26 species in the subge-
nus Zaracarus Southcott, 1995 are solely known from
larvae (Kamran et al . 2011, 2013; Mąkol and
Wohltmann 2012, 2013; Kamran and Alatawi 2014;
Mahmoudi et al. 2014; Haitlinger and Šundić 2015;
Šundić et al. 2015a, b). Only two species, namely
Erythraeus nipponicus Kawashima, 1961 and Erythraeus
styriacus Turk, 1981, are known from both larvae and adults.

Until recently, the only available method to match
larvae and postlarval forms of parasitengone mites was
experimental rearing of field-collected ovigerous females
or of parasitic larvae (Southcott 1961). Because of sam-
pling effort, captivity stress, and the complexity of fac-
tors influencing parasitengone life cycles, such attempts
have been rarely performed for Erythraeidae in the past
(Mąkol and Wohltmann 2012, 2013).

Molecular methods for species identification now of-
fer alternative ways to both study trophic interactions
and to correlate life history forms of species (see
Kress et al. 2015 for a recent review). Since the seminal
paper by Hebert et al. (2003), this is broadly referred to
as DNA barcoding, although in its strict sense, this term
only applies to when certain standard genetic markers
are being used (mitochondrial COI in animals). Larval-
adult matching using DNA has been successfully ap-
plied to fish (Hubert et al. 2010; Baldwin and Johnson
2014 and references therein), amphibians (Vences et al.
2005), various invertebrate groups (Jousson et al. 1999;

Locke et al. 2011; Okassa et al. 2012; Alcántar-Escalera
et al. 2013) including crustaceans (Feller et al. 2013),
and a range of insect groups such as beetles (Miller
et al. 2005; Caterino and Tishechkin 2006; Ahrens
et al. 2007; Levkanicova and Bocak 2009; Lefort
et al. 2012), Lepidoptera (Prado et al. 2011), Diptera
(Pfenninger et al. 2007; Sutou et al. 2011), caddisflies
(Johanson 2007; Zhou et al. 2007; Waringer et al.
2008), mayflies (Gattolliat and Monaghan 2010),
stoneflies (Mynott et al. 2011; Avelino-Capistrano
et al. 2014), and hemipterans (Zhang et al. 2008;
Zhang and Weirauch 2011) to name a few. The main
challenge is the unavailability of reference sequences of
adults (Pfenninger et al. 2007) or insufficient field sam-
pling of both life instars. Limited amount of DNA that
can be obtained from relatively small specimens re-
quires DNA extraction from the entire specimen.
However, non-destructive methods of DNA extraction
make it possible to retain the exoskeleton for voucher
slide preparation (Cruickshank 2002; Dabert et al.
2008). Another challenge can be that the selected mo-
lecular marker is not variable enough for species-level
identification. This can be due to that the marker itself
is conservative with a slow substitution rate or that the
species group is relatively young (Hickerson et al. 2006;
Bergsten et al. 2012). Mitochondrial genes, like the an-
imal COI barcode, can also portray false species identi-
fications (and false adult-larval linkages) due to hybrid-
ization among species and introgression (Whitworth et
al. 2007). Despite these challenges, and along with the
relatively low cost and time expense, the technique of-
fers an alternative to rearing and is indeed one of the
most useful applications of DNA barcoding (Hebert and
Gregory 2005; Kress et al. 2015).

In the present study, we test the validity of different
Erythraeus species described independently as larvae
and adult instars. Two separate methods are used to
increase the accuracy in adult-larval linkage and to eval-
uate the applicability of molecular analysis compared
with experimental rearing in terrestrial parasitengone
mites. As a consequence of the results, we provide re-
descriptions for Erythraeus phalangoides (De Geer,
1778), Erythraeus cinereus (Dugès, 1834), and
Erythraeus regalis (C.L. Koch, 1837), along with a list
of new junior synonyms and neotype designations.

Material and methods

Collecting, mounting, and morphological studies

Larvae and adults of Erythraeus spp. were collected at differ-
ent localities throughout Sweden, Germany and Poland. Data
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on localities, sampling time, method and frequency of sam-
pling, collectors’ name, and taxon ID, along with the data on
material that underwent successful rearing and material dedi-
cated for molecular studies, including Curteria episcopalis
(C.L. Koch, 1837) selected as an outgroup, are provided in
Table 1. For morphological analyses, larvae and adults select-
ed randomly from each sample period were used. Alcohol-
preserved, non-extracted specimens were cleared in potassium
hydroxide or in lactic acid prior to mounting. The orcein dye
was used in order to stain the exoskeletons of DNA-extracted
larvae. The material was mounted on permanent slides in
polyvinyl-lactophenol (material from Germany), euparal (ma-
terial from Sweden), or in Faure’s medium (material from
Poland). Measurements and drawings were made using
Nikon Eclipse 80i, Nikon Eclipse E600, or BB-2^ Olympus
microscope, equipped with differential interference contrast
(DIC) and drawing tube. All measurements are given in mi-
crometers (μm). The total length of legs includes coxae.
Terminology, abbreviations applied to morphological
structures, and measurement standards follow Wohltmann et
al. (2007) and Mąkol (2010), with the following modifica-
tions: N = non-specialized, nude seta (may have minute
setules) on palps and legs and B = non-specialized, barbed,
or setulated seta on palps and legs. Data on deutonymphs, due
to their overall similarity to adults but also due to unrecog-
nized intraspecific variation of metric and meristic data, apply
only to the life instar behavior.

As the type material of E. phalangoides, E. cinereus, and
E. regalis was unavailable for studies, we referred to original
descriptions and complementary data published in an array of
papers (De Geer 1778; Dugès 1834; Koch 1837; Oudemans
1910, 1929; Southcott 1961; Haitlinger 1987; Wohltmann
et al. 2007), supplemented with reference material from au-
thors’ collections. Three further members of the genus
(Erythraeus sp. 1, E. sp. 2, E. sp. 3) for which the separate
identity was confirmed by means of molecular analyses were
considered in the present study in order to strengthen the ev-
idence on the applicability of molecular methods in separation
of specific level taxa. The comprehensive characteristics of
these species will constitute the subject of a separate study.
DNA extractions are stored at the Swedish Museum of
Natural History (NHRS), whereas voucher specimens, apart
from neotypes (see: type material in systematic part of
BResults and discussion^), are at the author’s collections.
Sequences (E. phalangoides, E. cinereus, and E. regalis) are
deposited in GenBank under accession numbers KU892288–
KU892385.

Molecular analyses

A non-destructive method of DNA isolation was applied
to specimens used for molecular analysis (Table 1),
which allowed the exoskeletons to be slide mounted

post-extraction (Cruickshank 2002; Dabert et al. 2008).
The molecular work was carried out at the Molecular
Systematics Laboratory (MSL), Swedish Museum of
Natural History, Stockholm. Four legs from one side
of mite’s body or the whole mite, depending on the size
of specimen, were subject to extraction. The extraction
method followed the Cell and Tissue DNA Kit protocol
of the KingFisher™ Duo (Thermo Scientific). Lysis
(56 °C) of larvae included 3–4 h and 15–16 h
(overnight) for adults. The D2 region of nuclear 28S
rDNA (28S) was amplified using primers D2F forward
5′-AGTCGTGTTGCTTGATAGTGCAG-3′ and D2R re-
v e r s e 5 ′ -TTGGTCCGTGTTTCAAGACGGG-3 ′
(Campbell et al. 1993; Goolsby et al. 2006). PCR cycle
and sequencing protocols followed Stålstedt et al.
(2013).

The primers amplifying the D2 region of 28S gave a
sequence length of 582–587 bp with 116 variable char-
acters, of which 51 were parsimony informative.
Sequences with more than 10 % missing data were ex-
cluded. The average nucleotide composition were
A= 28 %, G= 27 %, T= 26 %, and C= 19 %.

Raw sequence data were assembled using Sequencher
v. 4.10.1 (2008). Primer sequences were removed from
the beginning and end of each sequence. The 28S se-
quences were aligned using FFT-NS-i in MAFFT v.7
(Katoh and Standley 2013) which resulted in an align-
ment length of 591 bp. In total, 98 samples, including
C. episcopalis (C.L. Koch, 1837), taxon included as an
outgroup, were used to reconstruct a gene tree with
Bayesian analysis, using MrBayes v.3.2.4 (Ronquist
et al. 2012). The substitution model GTR + Γ was se-
lected with MrModeltest v. 2.3 (Nylander 2004). The
prior on branch lengths was set to an exponential dis-
tribution with a mean of 0.01 to prevent the exploration
of artificially long trees (Brown et al. 2010). Markov
chain Monte Carlo (MCMC) ran for 20 million genera-
tions, sampled every 500 generations and with the first
25 % of samples discarded as burn-in. The standard
deviation of split frequencies between runs was below
0.01 (=0.0016). The generalized mixed Yule coalescent
model (GMYC) (Pons et al. 2006; Fujisawa and
Barraclough 2013) was used as a method of molecular
species delimitation on the single-locus gene tree. The
GMYC analysis requires an ultrametric tree which was
inferred with a clock model in BEAST v.2.1.3
(Bouckaert et al. 2014). Duplicate haplotypes were re-
moved from the matrix using DNAcollapser (Villesen
2007) since identical sequences can cause problems
with the GMYC model (Fujisawa and Barraclough
2013). The outgroup was excluded as the clock model
roots the tree. The analysis contained 45 haplotypes and
the settings were GTR + Γ, strict clock, coalescent
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constant population tree prior, and 20 million genera-
tions (MCMC) with 25 % burn-in. The GMYC analysis
was performed in R version 3.1.3 with the Bsplits^
package (Ezard et al. 2014; R Core Team 2015).
Nucleotide composition statistics, genetic intra- and in-
terspecific distances (Kimura 1980), and parsimony in-
formative characters were obtained using MEGA v.6.06
(Tamura et al. 2013).

Experimental rearing

Experimental rearing aimed at obtaining larvae from
field-collected females and recognition of the diapausing
instar of particular species. Live specimens were kept in
laboratory in polystyrene boxes (25 × 25 × 20 mm)

(material from Germany) or glass vials (24 × 34 mm)
covered with semi-transparent lid (material from
Poland) and filled to ca 2/3 with charcoaled Plaster-of-
Paris. The material was kept at controlled temperature
(20 °C, ±1 °C tolerance) and light (12 h dark, 12 h
light) in environmental chambers. In case of successful
development of eggs into larvae, the recorded rearing
success was >90 %. When development stopped at a
certain instar, specimens were exposed to 5 °C for
about 90 days and subsequently re-exposed to 20 °C
in order to imitate winter conditions and to break dia-
pause. Saturated air humidity and humidity of the sub-
stratum (indicated by changes in color of charcoaled
Plaster-of-Paris) were attained by the addition of water
to the vial. Test on the influence of humidity followed

Fig. 1 Majority-rule consensus
from the non-clock Bayesian
phylogenetic analysis of 28S from
Erythraeus larvae and postlarval
instars sampled in the field.
Numbers above branches denote
posterior probability values. The
clusters of Erythraeus cinereus,
E. regalis, E. sp. 1, and E. sp. 2
have both larvae (gray) and adults
(black) included. Curteria
episcopalis was used as outgroup
to root the tree

Fig. 2 Ultrametric clock tree
from Beast showing the
maximum likelihood solution of
the generalized mixed Yule
coalescent model (GMYC). Red
lines (thinner lines on the right
side of the graph) indicate
within-species branches, and
black lines (thicker lines on the
left side of the graph) represent
between-species branches as
inferred by the GMYC model
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procedures described in Wohltmann (1998). Aphididae
were offered as hosts to all three Erythraeus species,
while larvae of E. cinereus were also given the imma-
ture forms of Formicidae as well as deutonymphs and
adults of Miridae. Active postlarval forms of E. cinereus
and E. regalis were offered larvae and pupae of
Brachycera (Diptera) and Formicidae (Hymenoptera) as
prey.

Results and discussion

Field data

Erythraeus spp. was sampled at various locations in Sweden,
Poland, and Germany (Table 1). Seasonal abundance of in-
stars (Table 2) did not differ within a particular species

sampled at various localities. Postlarval mobile instars were
active on soil surface and in the litter layer. Larvae were col-
lected either as free-living, during host search, or attached to
aphid host during parasitic phase (Table 2). Only few of the
immobile instars were collected in crevices. Edaphic occur-
rence as reported for other Parasitengona (Wohltmann 2000
and references therein) was not observed in any of the
Erythraeus spp. In case of syntopic occurrence of
Erythraeus sp. (10 % of studied cases—see Table 1), species
usually differed in the annual abundance of instars. Data on
habitat preferences and details concerning life history patterns
of Erythraeus spp. are provided in systematic part of BResults
and discussion^ and in Tables 1 and 2. Patterns concerning
phenology and biology of Erythraeus spp., observed during
present study, confirm earlier reports on European members of
the genus (Beron 1982; Wohltmann 2000, 2001) and fit also
general data provided by Southcott (1961, 1988).

Fig. 3 Erythraeus phalangoides,
adult. a Palp, medial view. b
Crista metopica and eyes. c
Dorsal opisthosomal setae. d
Serratala on genu I. e Serratala on
genu IV. f Diversity of serratalae
on telofemora, genua, and tibiae
of legs I–IV
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Molecular data

The gene tree from the Bayesian analysis grouped the
sequences into five distinct clusters and one singleton
(Fig. 1). Four clusters contained sequences from both
larvae and adults (n = 87) (Fig. 1). All clusters had
strong support (>0.95 posterior probability). The
GMYC model delimited six to nine entities within a 2
log likelihood unit confidence interval. The maximum
likelihood solution was six entities and had a signifi-
cantly better fit than the null model of a single species
(logL = 400.5 versus 383.4, df= 2, p value = 0.0008). The
six separate units matched the five distinct clusters and
the one singleton observed in the non-clock analysis
(Figs. 1 and 2). Larvae identified as Erythraeus kuyperi
and Erythraeus gertrudae was inferred to be conspecific
with adults identified as E. regalis . Larvae of
Erythraeus jowitae were inferred to be conspecific with
adults identified as E. cinereus. Species-level taxonomic
identification of specimens used for the molecular anal-
yses was unambiguous for E. cinereus and E. regalis,
whereas E. sp. 1 and sp. 2 require further taxonomic
study. E. phalangoides (studied with larvae identified
as Erythraeus adrastus) and E. sp. 3 were represented
by one instar only (larvae and nymph, respectively);
thus, no DNA-based life history form linkage could be
inferred for these. The genetic variation within the
GMYC-delimited species was very low (0–0.5 %). The
genetic divergence between clusters was much larger,
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between 2.8 and 5.5 %. E. cinereus was separated from
E. regalis, E. phalangoides and from Erythraeus sp. 1
with 2.8 %. A genetic distance of 4.5 % separated
E. cinereus from E. sp. 2 and 5.5 %—from E. sp. 3.
E. regalis and E. sp. 1 were separated by 3.7 %. The
outgroup C. episcopalis was separated from the ingroup
with 20 %.

The GMYC model of molecular species delimitation ana-
lytically confirmed the visual intuition of clusters from the
Bayesian analysis as separate species (Fig. 2). The genetic
distances between larvae and adults here inferred to be con-
specific were also very low (0–0.5 %). In contrast, the lowest
interspecific distance was 2.8 %. In comparison to the mito-
chondrial barcoding gene COI, nuclear D2 region of 28S is a
more conservative gene region and is expected to show less
variation (Stålstedt et al. 2013). The inter-cluster distances are

therefore too high to reflect within-species variation. Levels of
D2 28S differentiation between species were lower than ob-
served in aquatic Parasitengona of the generaHygrobatesC.L.
Koch, 1837, Piona C.L. Koch, 1842, and Unionicola
Haldeman, 1842 (Martin et al. 2010; Stålstedt et al. 2013)
but similar to those recorded for the majority of currently
recognized congeneric species, including other actinotrichid
mites (Skoracka and Dabert 2010; Skoracka et al. 2013). The
intraspecific variation was within the range found for other
Parasitengona species (Stålstedt et al. 2013).

Rearing data

Successful laboratory rearing was carried out for each of the
three Erythraeus spp. sampled in the field (Tables 1 and 2).
Eggs were ovoid and orange just after deposition but turned

Fig. 5 Erythraeus phalangoides,
larva. a Gnathosoma (and
scutum), dorsal view. b Odontus.
c Gnathosoma, ventral view. d
Palp tarsus
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black within 24 h. Larvae hatched about a month later in
E. cinereus and E. regalis, while eggs of E. phalangoides
underwent obligatory diapause and developed into prelarvae
and subsequently into larvae only when kept at 5 °C for the
period amounting to about 6–10 months, followed by re-
exposure to 20 °C. After hatching, larvae displayed positive
phototactic response. Unfed larvae survived without hosts for
a few days only (Table 2). When kept together with aphids,
larvae readily started parasitism. Fully engorged larvae moved
comparably fast but did not display positive phototactic re-
sponse. Instead, they tried to hide in crevices, where they
became motionless and entered the calyptostatic protonymph.
Deutonymphs and adults were fed with larvae and pupae of
brachyceran flies and ants. In E. regalis, the deutonymphs

displayed obligatory diapause and continued development in-
to subsequent instars only after chilling at 5 °C for about
100 days. For E. cinereus, the obligatory diapause was record-
ed in adults, before the onset of reproduction. Additional lab-
oratory data on E. phalangoides, E. cinereus, and E. regalis
are provided under respective species description and in
Table 2. Data on biology and life history patterns confirm
earlier reports by Wendt (1996) and Wohltmann (2000,
2001), applying to Erythraeus spp.

Systematic part

Two-way linkage of larvae and postlarval forms—DNA anal-
ysis of field-collected specimens and/or laboratory rearing of

Fig. 6 Erythraeus phalangoides,
larva. a Gnathosoma and
idiosoma, dorsal view. b Dorsal
opisthosomal setae. c
Gnathosoma and idiosoma,
ventral view. d Seta ps

772 J. Stålstedt et al.



larvae from ovigerous females—resulted in the following syn-
onyms: E. phalangoides (De Geer, 1778) [= E. adrastus
(Southcott, 1961), syn. nov.], E. cinereus (Dugès, 1834)
[= E. jowitae Haitlinger, 1987, syn. nov.], and E. regalis
(C.L. Koch, 1837) [= E. kuyperi (Oudemans, 1910), syn.
nov., = E. gertrudae Haitlinger, 1987, syn. nov.]. The follow-
ing redescriptions include variation of morphological and life
history traits between different populations (Sweden, Poland,
and Germany) of the particular species. In order to maintain
the stability of nomenclature, we are of the opinion that the
names of species described in the eighteenth and nineteenth
century with an insufficient set of characters in the original
descriptions should nevertheless be retained due to their ex-
tensive usage and, since they do not contradict the present
knowledge of the taxa in question, be supported by much
more extended characteristics.

Erythraeidae Robineau-Desvoidy, 1828
Erythraeinae Robineau-Desvoidy, 1828

Other subfamilies: Abrolophinae Witte, 1995, Balaustiinae
Grandjean, 1947, Callidosomatinae Southcott, 1957, Leptinae
Billberg, 1820, Myrmicotrombiinae Southcott, 1957,
Phanolophinae Southcott, 1946a

Type genus: Erythraeus Latreille, 1806

Erythraeus Latreille, 1806
For synonymy, see Southcott (1961) and Beron (2008).

Diagnosis

Adult (after Southcott (1961), with modifications, after
Wohltmann et al. (2007)): Crista metopica set on indis-
tinct scutum, with two sensillary areas set apart, close to
extreme parts of crista; each sensillary area with a pair
of trichobothria; two pairs of eyes, each pair inserted in
ocular plate; genital plates located at the level of coxae
III–IV, distinctly larger than anal sclerites; on medial

Fig. 7 Erythraeus phalangoides,
larva. a Leg I. b Leg II. c Leg III.
d Tarsus I. e Tarsus II. f Tarsus III
(d–f, only specialized setae
shown)

Resolving the double classification in Erythraeus 773
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face of palp tibia and sometimes also on palp genu,
ventrally, a row of cone-like, serrate setae (conalae),
accompanied by more slender semi-conalae; leg segmen-
tation formula 7-7-7-7; legs with modified stout setae—
serratalae

Deutonymph: Similar to adult but smaller and with
sparser setation; urvulva (external genital plate of
deutonymph, after Southcott (1961)) of comparable size
to anal sclerite or smaller; conalae and semi-conalae of
palp genu and palp tibia, if present, more weakly devel-
oped (both, with respect to the number and size)

Larva (after Wohltmann et al. (2007); Southcott (1988)):
Scutum oval or trapezoidal in outline, with two pairs of
trichobothria and two pairs of non-sensillary setae; eyes, each
composed of double lens, placed laterally to scutum; leg seg-
mentation formula 7-7-7; fnCx = 1-1-1, fnTr = 1-1-1, and
fnbFe=2-2-2 or 3-3-3

Remarks: Southcott (1961), in the generic diagnosis
of Erythraeus, listed the lack of serratalae on legs, con-
trary to their presence in the Australian Erythroides
Southcott, 1946b; for the latter genus, the tentative, sep-
arate generic affiliation can be confirmed by the lack of
conalae in active postlarval forms and presence of three
pairs of scutal setae in larvae

Type species: Acarus phalangoides De Geer, 1778
Distribution: Worldwide
Erythraeus phalangoides (De Geer, 1778)
Acarus phalangoides De Geer, 1778
Bochartia adrastus Southcott, 1961, syn. nov.
Type material: Neotype (NHRS-ACAR 000000095), male

(for the place of origin, see Table 1, locality 5, collection date:
18 June 2011), mounted on one slide, is deposited in the
Swedish Museum of Natural History, Stockholm, Sweden

Diagnosis (data for neotype given in parentheses)
Adult: Palp genu: 2–6 (2) conalae, 0–3 (1) semi-conalae;

palp tibia: 3–6 (4) conalae, 0–1 (1) semi-conalae; anterior
sensillary area of crista metopica (ASA) with indistinct ante-
rior process and with 15–30 (20) non-sensillary setae; dorsal
opisthosomal setae uniform, robust, cone-like, with stout
setules; serratalae moderately developed, present on all legs
(see Fig. 3 for comparison)

Larva: AL not inflated basally, ASens short (14–32),
fD=34–36, fnbFe=2-2-2, Ti III 145–200

Description

Adult: Fig. 3; metric data: Table 3; meristic data: Table 5
Color in life reddish-brown with black setae, eyes bright

red
Gnathosoma: Chelicerae typical for the genus; palps with

relatively sparse setation; normal, setulated setae present on
palp trochanter and palp femur; palp genu with strong, serrate
setae dorsally, smooth, and more slender setae laterally, two toT
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six conalae and zero to three spine-like semi-conalae (i.e.,
setae with rough, serrated surface, not more than twice as long
as conalae, pointed); palp tibia with normal, sparsely barbed
setae and with three to six conalae and zero to one semi-
conalae; odontus hook-like; palp tarsus hemispherical, with
the apical part overreaching the termination of odontus, dense-
ly covered with eupathidia and solenidia

Idiosoma: Scutum roughly limited to crista metopica; an-
terior process of ASA, weakly sclerotized, indistinct; posterior
process of posterior sensillary area (PSA) absent; ASens and
PSens covered with very tiny barbs; on ASA—15–30 setae
AL; ocular plates (75–90×100–120), located laterally to cris-
ta, at ca half of its length; dorsal setae uniform in shape, short
(22–70), cone-like, rounded at tip, covered with stout setules;
ventral setae (VS) slender, covered with short setules; GOP
surrounded by paired sclerites (genital plates: epivalves and

centrovalves), located at the level of coxae III–IV; setae cov-
ering valves shorter than VS, slender, with delicate barbs;
AOP surrounded by indistinct paired valves, and of those,
the external valves more sclerotized; setae covering valves
similar to those covering genital plates but shorter

Legs: Serratalae present on basifemora, telofemora,
genua, and tibiae of all legs; the most stout ones occur
on leg IV; other setae of normal shape; setulated setae
present on all leg segments (on genua and tibiae—in
minority); specialized setae distributed on bFe–Ta; tarsi
I–IV terminated in paired claws, each claw covered with
fimbriae

Larva: Figs. 4, 5, 6, and 7, habitus as in Fig. 4; metric data:
Table 4; meristic data (including leg chaetotaxy): Table 5

Color in life light orange, with distinct yellowish rings on
legs I–III

Fig. 8 Erythraeus cinereus,
adult. a Palp, medial view. b
Crista metopica and eyes. c
Dorsal opisthosomal setae. d
Serratala on genu I. e Serratala on
genu IV. f Diversity of serratalae
and setae of non-serratalae type
on telofemora, genua, and tibiae
of legs I–IV
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Gnathosoma (Fig. 5): Cheliceral claw, with distinct sub-
terminal hook on the blade; a pair of smooth, pointed
adoral setae (cs) (32–44), located distally; paired, club-
shaped, supracoxal setae (elcp, 4–6) placed dorsally, in
antero-lateral position; on ventral side of gnathosoma—a
pair of smooth, pointed subcapitular (hypostomal,
tritorostral) setae (bs) (50–70) and, in more anterior posi-
tion—a pair of spine-like oral setae (as) (10–14); pedipalp
formula: 0-B-B-BBB-NNNNNNωζz; palp femur and
genu, each with one setulated seta dorsally, palp femoral
seta (40–50) always shorter than palp genual seta (60–80);
palp tibia with three setae covered with indistinct setules;
odontus with dorsal, splinter-like branch, arising at half
length of claw and not reaching claw termination; palp
tarsus with one distinctly elongated and five shorter,
smooth normal setae, one solenidion (ω) and one promi-
nent distal eupathidium (ζ); the latter associated with tiny
companion seta (z)

Idiosoma (Fig. 6): Scutum oval in outline; anterior bor-
der almost straight, lateral, and posterior borders rounded;
AL not widened at base; AL and PL serrate, ASens much
shorter than PSens; paired eyes located postero-laterally of
scutum, anterior lens (10–18) slightly larger than the pos-
terior lens (8–16); dorsal setae short (25–60), thick, ser-
rate; NDV(total number of setae on idiosoma, excl. setae
on scutum and intercoxalae) =42–52; coxa I with serrate
seta 1b (80–100), seta 1a (71–104) located outside coxal
plate I; coxa II with serrate seta 2b (25–38); coxa III with
serrate seta 3b (28–40); seta 3a (28–38) located outside
coxa III; posterior to coxae III four pseudanal setae, ps
(24–55), distinctly thinner than dorsal idiosomal setae

Legs (Fig. 7): Segmentation formula: 7-7-7; solenidia
on genu I and tibia I short (20–30); solenidion (σ) on
genu located about half length of the segment, solenidia
(φ) on tibia I located in distal half of the segment,
distal solenidion with companala da; solenidion (ω) on

Fig. 9 Erythraeus cinereus,
larva. a Chelicera. b Gnathosoma
(and scutum), dorsal view. c
Gnathosoma, ventral view. d Palp
tibia. e Palp tarsus

778 J. Stålstedt et al.



tarsus I prominent (40–45), famulus (ε) (4–5) small,
inconspicuous; subterminal eupathidium on tarsus I long
(60–70) and with accompanying seta z (10–20),
Bpretarsal^ eupathidium shorter (25–27), without z; all
solenidia on leg II short (15–20); solenidia on tibia II
arise at proximal and distal margin of the segment, re-
spectively; subterminal eupathidium on tarsus II long
(40–50) and with companala z (7–15), Bpretarsal^
eupathidium shorter (20–25), without z. Solenidion on
tibia III short (15–20), located proximally, Bpretarsal^
eupathidium short (20–25), without z ; median
empodium of pretarsi I–III claw-like, with small lateral
barbs; anterior claw with terminal hook, posterior claw
without hook; both claws aliform

Distribution: Western Palaearctic
Remarks on taxonomy

Larvae of E. phalangoides fit the description of E. adrastus
(Southcott, 1961). The specimens upon which Southcott
(1961) based his description had been sampled in Denmark,
on the sides of ant hills by Haarløv (1957), who reported the
larvae to represent E. phalangoides. Southcott (1961) as-
sumed that E. adrastus constitutes the larva of E.
phalangoides; however, in the lack of correlation confirmed
by rearing, he refrained from synonymization. Present labora-
tory rearing of E. phalangoides eggs, obtained from field-
collected females, confirms the supposition of Haarløv
(1957) and Southcott (1961); thus, E. adrastus should be
regarded a junior synonym of E. phalangoides.

Biology
Field data and laboratory data are provided in

Table 2. E. phalangoides is associated with a wide
range of habitats, from sandy dunes close to marine

Fig. 10 Erythraeus cinereus,
larva. a Gnathosoma and
idiosoma, dorsal view. b Dorsal
opisthosomal setae. c
Gnathosoma and idiosoma,
ventral view. d Seta ps
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coasts over forested biotopes in lowlands to xeric
meadows. In late May to July, deutonymphs and adults
were observed to move quickly on the surface of litter
layer and to feed on adult ants. Moreover, a single case
of preying of adult E. phalangoides on a small beetle
was observed. Larvae parasitized aphids in the field and
in the laboratory.

During laboratory experiments, eggs underwent fur-
ther development only after obligatory chilling, which
provided a basis to consider the egg a diapausing and
hibernating instar. In parasitism experiments, it was ob-
served that unfed larvae attached to conspecifics which
already had fed on a host. Such behavior was not ob-
served when unfed larvae were kept together, without
aphids. Spermatophore deposition was observed short
time after collection in June. Spermatophores were

deposited at subsaturated humidity conditions, only in
the manner described by Witte (1991). Each spermato-
phore consisted of a whitish stalk (about 1200 μm) and
a spherical sperm droplet (about 440 μm).

E. cinereus (Dugès, 1834)
Rhyncholophus cinereus Dugès, 1834
Erythraeus jowitae Haitlinger, 1987, syn. nov.
Erythraeus sp.: Wohltmann 1998
Erythraeus sp. A.: Wohltmann (2001)
Type material: Neotype (NHRS-ACAR 000000096),

male (for the place of origin, see Table 1, locality 15,
collection date: 28 July 1997), mounted on one slide, is
deposited in the Swedish Museum of Natural History,
Stockholm, Sweden

Diagnosis (data for neotype given in parentheses)

Fig. 11 Erythraeus cinereus,
larva. a Leg I. b Leg II. c Leg III.
d Tarsus I. e Tarsus II (d, e, only
specialized setae shown)
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Adult: Palp genu: 0–4 (2) semi-conalae; palp tibia:
4–6 conalae (5), 0–1 (0) semi-conalae; anterior
sensillary area of crista metopica with anterior process
and with 7–15 (11) non-sensillary setae; dorsal
opisthosomal setae differentiated into two types, either
straight or slightly bent, with husk-like setules; longer
setae parallel sided or slightly narrowing apically,
shorter—more distinctly narrowing towards termination;
serratalae present on all legs, the most robust ones—on
leg IV (see Fig. 8 for comparison)

Larva: AL not inflated basally, ASens long (60–90),
fD=34–44, fnbFe=3-3-3, Ti III 416–485

Description
Adult: Fig. 8; metric data: Table 3: meristic data: Table 5
Color in life reddish-brown, eyes bright red
Gnathosoma: Chelicerae typical for the genus; palps

with relatively sparse setation; normal, setulated setae
present on palp trochanter and palp femur; palp genu

with strong, serrate setae dorsally, smooth and more
slender setae laterally, zero to four semi-conalae (i.e.
setae with rough, serrated surface, not more than twice
as long as conalae, pointed); conalae absent from palp
genu; palp tibia with normal, sparsely barbed setae and
with four to six conalae and zero to one semi-conalae;
odontus hook-like; palp tarsus hemispherical, with the
apical part overreaching the termination of odontus,
densely covered with eupathidia and solenidia

Idiosoma: Scutum roughly limited to crista metopica; an-
terior process of ASA distinct, posterior process of PSA ab-
sent; ASens and PSens covered with very tiny barbs; on ASA,
7–15 setae AL; ocular plates (70–80×100–125), located lat-
erally to crista, at about half of its length; dorsal setae (ca 40–
215) of two types (the most striking differences apply to the
extreme forms); longer setae parallel sided or slightly
narrowing apically, shorter—more distinctly narrowing to-
wards termination, all covered with relatively stout setules;

Fig. 12 Erythraeus regalis,
adult. a Palp, medial view. b
Crista metopica and eyes. c
Dorsal opisthosomal setae. d
Serratala on genu I. e Serratala on
genu IV. f Diversity of serratalae
and setae of non-serratalae type
on telofemora, genua, and tibiae
of legs I–IV
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ventral setae much more slender than dorsal ones, covered
with short setules. GOP surrounded by paired sclerites (genital
plates: epivalves and centrovalves), located at the level of
coxae III–IV; setae covering valves shorter than VS, slender,
with delicate barbs; AOP surrounded by indistinct paired
valves, and of those, the external valves are more sclerotized;
setae covering valves similar to those covering genital plates
but shorter

Legs: Serratalae present on basifemora, telofemora, genua,
and tibiae of all legs; on legs I–II, more weakly developed
than on legs III–IV; the most stout serratalae occur on tibia
IV; of other setae—normal, setulated ones, present on all leg
segments (on genua and tibiae—in minority); specialized se-
tae distributed on bFe–Ta; Tarsi I–IV terminated in paired
claws, each claw covered with fimbriae

Larva: Figures 9, 10, and 11; metric data: Table 4; meristic
data (including leg chaetotaxy): Table 5

Color in life orange to reddish
Gnathosoma (Fig. 9): Cheliceral claw, with distinct subter-

minal hook on the blade; a pair of smooth, pointed adoral setae

(cs) (31–48), located distally; paired, club-shaped, supracoxal
setae (elcp, 4–6) placed dorsally, in antero-lateral position; on
ventral side of gnathosoma—a pair of smooth, pointed
subcapitular (hypostomal, tritorostral) setae (bs) (50–74)
and, in more distal position, a pair of spine-like oral setae
(as) (8–16); pedipalp formula: 0-B-B-BBB-BNNNNNωζz;
palp femur and genu, each with one setulated seta dorsally,
palpal femoral seta (70–87) of similar length as palpal genual
seta (70–95); setae on palp tibia covered with indistinct
setules; odontus with dorsal, splinter-like branch, arising at
half length of claw and not reaching claw termination; palp
tarsus with one distinctly longer and five shorter, normal setae,
one solenidion (ω) and one prominent distal eupathidium (ζ),
the latter associated with tiny companion seta (z)

Idiosoma (Fig. 10): Scutum hexagonal in outline,
widening postero-laterally; anterior border almost
straight, lateral and posterior borders rounded; AL not
widened at base, both AL and PL serrate; ASens slight-
ly shorter than PSens; paired eyes located postero-
laterally of scutum, anterior lens (22) slightly larger

Fig. 13 Erythraeus regalis,
larva. a Gnathosoma, ventral
view. b Palp tarsus
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than the posterior lens (20); dorsal setae variable in
length (59–143), serrate; NDV=46–58; coxa I with ser-
rate seta 1b (120–140), seta 1a (70–95) located outside
coxal plate I; coxa II with serrate seta 2b (40–60) (in
one larva setae 2b extraordinarily long, 100–105); coxa
III with serrate seta 3b (48–68); seta 3a (42–56) located
outside coxa III; posterior to coxae III six pseudanal
setae (55–60), distinctly thinner than dorsal idiosomal
setae

Legs (Fig. 11): Segmentation formula: 7-7-7; solenidion on
genu I (33–38) and solenidia on tibia I (30–40) of similar
length; solenidion on genu (σ) arising at ca half length of the
segment; both solenidia on tibia (φ) located in distal half of
the segment, distal solenidion with companala da; solenidion
(ω) on tarsus I relatively short (25–32), famulus (ε) (4–5)
small, inconspicuous; subterminal eupathidium on tarsus I

also relatively short (30–40) and with accompanying seta z
(8–12), Bpretarsal^ eupathidium shorter (24–30), without z;
all solenidia on leg II moderately short (20–30); solenidia on
tibia II arise at proximal and distal margin of the segment,
respectively; subterminal eupathidium on tarsus II (35–40)
with companala z (7–10), Bpretarsal^ eupathidium shorter
(21–28), without z; solenidion on tibia III short (21–25), lo-
cated proximally, Bpretarsal^ eupathidium (25–32), without z;
median empodium of pretarsi I–III claw-like, with small lat-
eral barbs; anterior claw with terminal hook, posterior claw
without hook; both claws aliform

Distribution: Western Palaearctic
Remarks on taxonomy
Considering the set of morphological traits but also the

ecological preferences and frequency of occurrence, larvae
of E. cinereus match E. jowitae Haitlinger, 1987. The latter

Fig. 14 Erythraeus regalis,
larva. a Gnathosoma and
idiosoma, dorsal view. b Dorsal
opisthosomal seta. c Gnathosoma
and idiosoma, ventral view
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species was described based on two specimens and since then
has been recorded from several European countries (see dis-
tribution). Here, it is considered as junior synonym of E.
cinereus.

Biology
Field data and laboratory data are provided in Table 2. E.

cinereus was collected at forests, forest margins, at flooded
valleys and the reed belts on the ponds, at one locality part
of the habitat was exposed to annual flooding by a nearby
creek in winter and in spring. The maximum abundance of
larvae was observed in July. Deutonymphs were found in litter
layer. Adults were active at sunny days in August and
September but remained motionless preferably at the under-
side of rotting leaves when temperatures were below 10 °C. In
January and February, diapausing adults were sometimes
found frozen but became active when exposed to 20 °C in
the laboratory. In the field, adults became active again in
spring, when they searched the surface of the litter layer for
prey and mates.

In the laboratory, only adults collected in spring deposited
eggs (n=31), while females collected in autumn or winter
never did so (n=40). E. cinereus eggs remained viable at
76–100 % relative air humidity and survived even permanent
submersion in tap water. Partially fed larvae became attractive
as host to unfed conspecifics, which in turn started parasitism.
These larvae could again become attractive to other unfed
larvae, and in several cases, chains of up to four E. cinereus
larvae parasitizing each other were found, which votes for the
phenomenon of hyperparasitism existing in Erythraeus spp.
In a few cases, both the larva parasitizing the aphid host as
well as another larva parasitizing its conspecific reached the
next life instar. However, in majority of cases, the uptake of
nutrients from conspecifics was not sufficient and, after de-
tachment, larvae continued to display host searching behavior,
sometimes leaving larvae dead and sucked empty. Parasitism
on unfed larvae of the same species was observed exception-
ally (n=3), 7 days after hatching, and none of the parasitic
larvae reached the subsequent life instar. Larvae of ants,
nymphs, and adults of plant bugs were not accepted by E.
cinereus larvae as potential hosts. Deutonymphs and adults
fed on larvae and pupae of ants and brachyceran flies.
Adults kept at constant 20 °C moved around and fed on prey;
however, neither spermatophores nor eggs were deposited.
Exposure to 5 °C for 71 days again did not induce reproduc-
tive behavior after re-exposition to 20 °C (n=15). However,
when chilled for 105 days, males deposited spermatophores
5–7 days after re-exposition to 20 °C (n=3), which points at
adult as an hibernating instar.

E. regalis (C.L. Koch, 1837)
Rhyncholophus regalis C.L. Koch, 1837
Bochartia kuyperi Oudemans, 1910, syn. nov.
Erythraeus gertrudae Haitlinger, 1987, syn. nov.

Erythraeus sp. A.: Wendt (1996)
Erythraeus nivalis (sic!): Wohltmann (2001)
Type material: Neotype (NHRS-ACAR 000000097),

female (for the place of origin, see Table 1, locality 23,
collection date: 24 May 2015), mounted on one slide, is
deposited in the Swedish Museum of Natural History,
Stockholm, Sweden.

Diagnosis (data for neotype given in parentheses)
Adult: Palp genu: 0–3 (2) conalae, 0–2 (0) semi-

conalae; palp tibia: 2–5 (5) conalae, 0–2 (0) semi-
conalae; anterior sensillary area of crista metopica with
anterior process and with 8–12 (12) non-sensillary setae;
dorsal opisthosomal setae uniform in shape, straight or
only slightly bent, narrowing apically, with slender,
husk-like setules; serratalae on legs I–II slender, on legs
II I– IV moderate ly developed (see Fig. 12 for
comparison)

Larva: AL not inflated basally, ASens relatively long (50–
76), fD=30–42, fnbFe=3-3-3, Ti III 310–385

Description
Adult: Fig. 12; metric data: Table 3; meristic data: Table 5
Color in life reddish-brown
Gnathosoma: Chelicerae typical for the genus; palps with

relatively sparse setation; normal, setulated setae present on
palp trochanter and palp femur; palp genu with almost
smooth, slender setae (slightly thicker at dorsal side of the
segment), zero to three conalae and zero to two semi-
conalae; palp tibia with normal, sparsely barbed setae and with
two to five conalae and zero to two semi-conalae; odontus
hook-like; palp tarsus rounded at termination, with the apical
part overreaching the termination of odontus, densely covered
with eupathidia and solenidia

Idiosoma: Scutum indistinct, not extended beyond
crista metopica; anterior process of ASA relatively nar-
row, posterior process of PSA absent; ASens and PSens
covered with very tiny barbs; on ASA—8–12 setae AL;
ocular plates (73–88 × 108–127), located laterally to cris-
ta, behind the half of its length; dorsal setae (50–175)
uniform in shape, only slightly narrowing apically,
densely covered with husk-like setules (more delicate
than in E. cinereus); setules adnate in proximal part of
the stem, become more outstanding towards stem termi-
nation; ventral setae much more slender than dorsal
ones, needle-like, covered with short bristles; GOP
surrounded by paired sclerites (genital plates: epivalves
and centrovalves), located at the level of coxae III–IV;
setae covering valves similar to VS, slender, with deli-
cate barbs; AOP surrounded by indistinct paired valves,
and of those, the external valves were more sclerotized;
setae covering valves similar to those covering genital
plates but shorter

Legs: Serratalae present on basifemora, telofemora, genua,
and tibiae of all legs; on legs I–II serratalae slender than on
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legs III–IV; the most stout serratalae occur on tibia IV; of other
setae—normal, setulated ones, present on all leg segments (on
genua and tibiae—in minority); specialized setae distributed
on bFe–Ta; tarsi I–IV terminated in paired claws, each claw
covered with fimbriae

Larva: Figs. 13, 14, 15, and 16; metric data: Table 4; me-
ristic data (including leg chaetotaxy): Table 5

Color in life bright red
Gnathosoma (Fig. 13): Cheliceral claw, with distinct

subterminal hook on the blade; a pair of smooth, point-
ed adoral setae (cs) (33–46), located distally; paired,
club-shaped, supracoxal setae (elcp, 5–7) placed dorsal-
ly, in antero-lateral position; on ventral side of
gnathosoma, a pair of smooth, pointed subcapitular
(hypostomal, tritorostral) setae (bs) (56–69) and, in
more distal position, a pair of spine-like oral setae (as)
(6–15); pedipalp formula: 0-B-B-BBB-BNNNNNωζz;
palp femur and genu, each with one setulated seta dor-
sally, palpal femoral seta (60–71), slightly shorter than
palpal genual seta (79–91); the most proximal seta on
palp tibia with short setules, the most distally placed
seta (in ventral position) almost smooth; odontus with
dorsal, splinter-like branch, arising at half length of
claw and not reaching claw termination; palp tarsus
with one elongated, barbed seta, and five to six shorter,
normal setae (two—with minute setules), one solenidion
(ω) and one prominent distal eupathidium (ζ), the latter
associated with tiny companion seta (z)

Idiosoma (Figs. 14 and 15): Scutum oval to trapezoidal in
shape; AL not widened at base, both AL and PL serrate;

ASens shorter than PSens; paired eyes located postero-
laterally of scutum, at the level of posterior margin of the
sclerite (in unengorged specimens); anterior lens (18–19)
and posterior lens (17–19) comparable in size; dorsal setae
variable in length (58–127), serrate; NDV=42–52; seta 1a
(60–70) located outside coxal plate I; coxa I with serrate seta
1b (106–120), coxa II with serrate seta 2b (43–44), coxa III
with serrate seta 3b (49–53); seta 3a (38–43) located outside
coxa III; posterior to coxae III six pseudanal setae (50–58),
distinctly thinner than dorsal idiosomal setae

Legs (Fig. 16): Segmentation formula: 7-7-7; solenidion on
genu I (25–27) located at ca half length of the segment; prox-
imal solenidion on tibia I (28–30) slightly shorter than the
distal solenidion (32–36); both solenidia on tibia located in
distal half of the segment, distal solenidion with companala
da; solenidion (ω) on tarsus I relatively short (24–28), famu-
lus (ε) (3) small, inconspicuous; subterminal eupathidium on
tarsus I also relatively short (32–35) and with accompanying
seta z (9), Bpretarsal^ eupathidium markedly shorter (17–20),
without z; solenidia on tibia II arise at proximal and distal
margin of the segment, respectively; proximal solenidion
(21–24) longer than the distal one (15); subterminal
eupathidium on tarsus II (34–38) with companala z (9),
Bpretarsal^ eupathidium shorter (23–25), without z; solenidion
on tibia III short (22–25), located proximally, Bpretarsal^
eupathidium (19–27), without z; median empodium of pretarsi
I–III claw-like, with small lateral barbs; anterior claw with
terminal hook, posterior claw without terminal hook; both
claws aliform

Distribution: Western Palaearctic
Remarks on taxonomy
E. kuyperi and E. gertrudae fall within the range of mor-

phometric characters as measured for larvae of E. regalis.
Haitlinger (2003), in the key to larvae of Erythraeus spp.,
pointed to differences between E. kuyperi and E. gertrudae
expressed in the shape of scutum (oval in E. kuyperi, trape-
zoidal in E. gertrudae). Examination of larvae obtained by
experimental rearing allowed to attribute the differences to
intraspecific variation, thus constitutes the background for
species synonymization.

Biology
Field data and laboratory data are provided in

Table 2. E. regalis was collected close to water reser-
voirs, both in meadows and in forested areas, however
not at inundated places. A single protonymph was col-
lected in the litter layer in August. Deutonymphs were
active at sunny days in August–September and again in
March moved around on the litter layer. Outside the
time of increased activity, they hid in crevices of the
bark of Betula 1–3 m above ground level. In May 16,
tritonymphs were found in crevices, most in the bark of
birch trees and only few in the litter layer. Adults were
active in May–June.Fig. 15 Erythraeus regalis, larva. Scutum
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In the laboratory, eggs were deposited by females collected
in early summer. Larvae hatched a month later and survived
for up to 13 days without hosts (n=60, 20 °C).When exposed
to Aphis sp., larvae attached to the host at first contact. Further
development stopped when reaching the deutonymph instar.
Although deutonymphs moved and fed on larvae and pupae of
ants and brachyceran flies, none entered the tritonymph when
kept at constant 20 °C. However, of ten deutonymphs cap-
tured in September and chilled at 5 °C and darkness for
102 days, one entered the tritonymph when subsequently ex-
posed to 20 °C and 16/8 light/darkness. The latter constitutes
an evidence for deutonymph being a diapausing and hibernat-
ing instar.

Concluding remarks

For E. regalis and E. cinereus, the results of the molec-
ular analysis were confirmed by laboratory rearing. In

case of E. phalangoides, matching of larvae and active
postlarval forms was based on the results of experimen-
tal rearing, whereas the distinct ID of the species was
confirmed by molecular data. Both molecular analyses
and experimental rearing allowed for unambiguous cor-
relation of heteromorphic instars and, in consequence,
subsequent morphological investigations of specimens
collected at different geographical areas.

The correlation of heteromorphic, metamorphosed in-
stars through DNA analysis and laboratory rearing has
been infrequently applied up to date in relation to var-
ious non-parasitengone arthropods (Grutter et al. 2000;
Barros-Battesti et al. 2007; Kumar et al. 2007; González
et al. 2015). As application of both methods led to the
same results, we are convinced that DNA barcoding is a
highly cost-effective alternative or complement to exper-
imental rearing practice, especially when it comes to
problematic species (Hebert et al. 2003; Kress et al.
2015). The plethora of studies now using solely DNA-

Fig. 16 Erythraeus regalis,
larva. a Leg I. b Leg II. c Leg III.
d Genu-tarsus I. e Genu-tarsus II.
Tibia-tarsus III (d–f, only
specialized setae shown)
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based species identification to link life history stages
and to study trophic interactions is a convincing testi-
mony (see references in BIntroduction^). In both cases,
the sampling effort is comparable, however, with slight-
ly different approach. While the collecting of active
postlarval forms for the purpose of molecular delimita-
tion does not need to focus on ovigerous females, the
arthropod-parasitizing larvae require complementary
collecting methods.

Although rearing gives a vital insight in the species biolo-
gy, the disadvantage is the time. The faster genetic matching
has its flaws in laboratory costs and requires access to molec-
ular facilities. On the other hand, the per base pair sequencing
cost has plummeted in the last 10 years, thanks to high-
throughput Sanger sequencing workflows as well as next-
generation sequencing techniques. DNA-based species iden-
tification also has a number of challenges in the need of a
representative reference library and can be misled by hybrid-
ization, introgression, incomplete lineage sorting, or young
species radiation (see BIntroduction^). Species delimitation
using the GMYC model can be sensitive to low sampling,
both at population level and at taxonomic scale (Lohse
2009). In our case, the inclusion of additional species of the
same genus resulted in increased support in the gene tree and
gave better performance in the species delimitation
(narrowing the confidence interval). Also the possibility of
contamination (gut content from host/prey) is harder to detect
with fewer samples. As we observed, conspecific parasitism
under laboratory conditions, it is not impossible that parasit-
ism can occur in the wild between closely related species.
DNA contamination from gut contents in such case could be
very difficult to detect. Of several molecular species delimita-
tion models, the GMYC model has the advantage of not re-
quiring any predefined units. It is a so-called discovery meth-
od of species delimitation in contrast to validation methods
that require a predefined hypothesis of species limits (Ence
and Carstens 2011; Carstens et al. 2013). In this study, the
combination of experimental rearing and molecular matching
contributed to the knowledge of intraspecific variation of met-
ric data and strengthened the conclusions resulting in formal
synonymization of several nominal species names. This is a
first step on the way towards resolving the double classifica-
tion in Erythraeus and other parasitengone mites. As stated by
de Queiroz (2007), assemblingmorphological, biological, and
molecular data, gives multiple lines of evidence to species
hypotheses in a unified species concept framework.
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