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Abstract. Ant-like stone beetles (Coleoptera: Scydmaenidae) include more than 4,850 described species in about 90 genera main-
tained as a separate cosmopolitan family since 1815. Recent authors have hypothesised that Scydmaenidae might be rooted deep
inside rove-beetles (Staphylinidae). To test this hypothesis we analysed 206 parsimoniously informative larval and adult morpho-
logical characters scored for 38 taxa. Strict consensus topologies from the shortest trees in all 12 analyses consistently placed Scyd-
maenidae as sister to (Steninae + Euaesthetinae) in a monophyletic Staphylinine Group (with or without Oxyporinae). The single
fully resolved and most consistently supported topology maintains a monophyletic Staphylinine Group consisting of Oxyporinae +
(Megalopsidiinae + ((“Scydmaenidae” + (Steninae + Euaesthetinae)) + (Leptotyphlinae + (Pseudopsinae + (Paederinae + Staphylini-
nae))))); Solierius lacks larval data and is ambiguously placed within the Group. Eight analyses of variably aligned 18S rDNA data
for 93 members of Staphylinoidea under parsimony, neighbour-joining and Bayesian approaches were markedly inconsistent,
although partly congruent with the Scydmaenidae + (Steninae + Euaesthetinae) hypothesis. Our results strongly suggest that ant-like
stone beetles do not form an independent family, but are morphologically modified members of Staphylinidae and, consequently,
should be treated as a 32nd recent subfamily within the megadiverse Staphylinidae sensu latissimo. Formal taxonomic acts are:
Scydmaeninae Leach, 1815, status novus (= Scydmaenidae Leach, 1815); Scydmaenitae Leach, 1815, status novus (= Scydmaeninae
Leach, 1815); Mastigitae Fleming, 1821, status novus (= Mastiginae Fleming, 1821); Hapsomelitac Poinar & Brown, 2004, status
novus (= Hapsomelinae Poinar & Brown, 2004). The family Staphylinidae sensu latissimo becomes the largest in Coleoptera and in
the whole of the Animal Kingdom, with 55,440 described species (extant plus extinct), thus surpassing Curculionidae with an esti-
mated 51,000 described species.

INTRODUCTION ceridae and Pselaphidae were nested within the “Omali-
ine Group” of Lawrence & Newton (1982), as those
authors had suggested, and formally recognized those
families as subfamilies of Staphylinidae to resolve the
paraphyly of Staphylinidae.

In the case of the Staphylinine Group, such subsequent
work has indicated that two staphylinid taxa should be
added to it: Pseudopsinae and Solieriinae. Pseudopsinae
were redefined by Newton (1982) to include several
genera usually placed in Piestinae or Oxytelinae in addi-
tion to Pseudopsis Newman, 1834, but at that time he
placed this subfamily in the “tachyporine group” (Law-
rence & Newton, 1982). Subsequent discovery and
description of pseudopsine larvae and phylogenetic
analysis of larval characters have corroborated the mono-
phyly of Pseudopsinae and provided strong evidence for a
sister-group relationship of Pseudopsinae to Paederinae +
Staphylininae (Grebennikov, 2005). The genus Solierius
Bernhauer, 1921, was generally placed in the subfamily
Omaliinae until Newton & Thayer (1992) established a
subfamily for it and excluded it from the Omaliine Group,
and subsequently (1995) placed it in the Staphylinine

The beetle family Staphylinidae, or rove beetles, is one
of the largest families of beetles and, indeed, of animals,
passing the 50,000 described species mark in 2007 (New-
ton, 2007). The monophyly of the family, and its internal
phylogeny and classification, have been the subject of
intensifying research in the past three decades. Lawrence
& Newton (1982) summarized the classification at that
time and proposed that the 22-odd staphylinid subfamilies
recognized then could be organized into four main line-
ages or informal groups, with several small allied families
being probably or possibly related to one or another of
these lineages (making Staphylinidae paraphyletic with
respect to these other families). The largest such lineage,
termed by them the “staphylinine group”, included the
staphylinid subfamilies Oxyporinae, Megalopsidiinae,
Steninae, FEuaesthetinae, Leptotyphlinae, Paederinae,
Staphylininae “and possibly Scydmaenidae and Silphi-
dae”. Subsequent studies by many authors have tested and
in some cases supported or refuted their suggestions, e.g.,
Newton & Thayer (1995) provided strong phylogenetic
evidence that the former families Micropeplidae, Dasy-
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Figs 1-10. Adult dorsal habitus representing each of ten rove-beetle subfamilies belonging to Staphylinine Group. 1 — Oxyporus
occipitalis Fauvel, 1864 (Oxyporinae); 2 — Megalopinus sanguinitriguttatus (Scheerpeltz, 1972) (Megalopsidiinae); 3 — Solierius
obscurus (Solier, 1849) (Solieriinae); 4 — Veraphis sp. (Scydmaeninae); 5 — Alzadaesthetus furcillatus Saiz, 1972 (Euaesthetinae);
6 — Dianous nitidulus LeConte, 1874 (Steninae); 7 — Eutyphlops sp. (Leptotyphlinae); 8 — Zalobius spinicollis LeConte, 1874 (Pseu-
dopsinae); 9 — Pinophilus latipes Gravenhorst, 1802 (Paederinae); 10 — Platydracus maculosus (Gravenhorst, 1802) (Staphylininae).

Scale bar 1 mm.

Group without further analysis. More recent studies
involving subsets of the taxa of the Staphylinine Group
have provided further support for monophyly of or rela-
tionships among some of the included subfamilies based
on adult and larval morphology, including monophyly of
the largest subfamilies, Staphylininae and Paederinae, and
their sister-group relationship (Solodovnikov & Newton,
2005); monophyly of Euaesthetinae and Steninae and
their sister-group relationship (Leschen & Newton, 2003;
Clarke & Grebennikov, 2009); and, based on larvae only,
monophyly of Leptotyphlinae (Grebennikov & Newton,
2008). The three remaining subfamilies attributed to the
Staphylinine Group (Oxyporinae, Megalopsidiinae, Soli-
eriinae) are monogeneric, and monophyly of the two
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“possible” members (Silphidae and Scydmaenidae) has
been supported in various recent studies (including those
cited in the following paragraph) and not questioned in
recent times.

Several broader studies have sought to determine rela-
tionships among many or all of these subfamily- or
family-level taxa, in a larger context but with more lim-
ited within-group sampling. Hansen (1997), based on
adult and limited larval morphology, found weak support
for a group including most of the Staphylinine Group
subfamilies but excluding Leptotyphlinae and Solieriinae
(nested in another clade of Staphylinidae) and Silphidae
and Scydmaenidae (placed just outside his Staphylinidae,
which also excluded three staphylinid subfamilies).



TaBLE 1. List of 38 terminals included in the phylogenetic analysis of the Staphylinine Group of the rove-beetle subfamilies
(Coleoptera: Staphylinidae). Larva of Solierius is unknown and not studied. Subfamilies in bold represent members of the Staphy-

linine Group.

Family/subfamily Genus Adults Larvae Family/subfamily Genus Adults Larvae
LEIODIDAE Neopelatops Jeannel, 1936 X x  STENINAE Stenus Latreille, 1797 X X
AGYRTIDAE Necrophilus Latreille, 1829 X x  STENINAE Dianous Leach, 1819 X X
SILPHINAE Thanatophilus Leach, 1815 X x  EUAESTHETINAE Euaesthetus Gravenhorst, 1806  x x
SILPHINAE Necrodes Leach, 1815 x x  EUAESTHETINAE Edaphus Motschulsky, 1857 x x
SILPHINAE Nicrophorus Fabricius, 1775 X x  EUAESTHETINAE Octavius Fauvel, 1873 x x
APATETICINAE Nodynus Waterhous, 1876 X x  EUAESTHETINAE Alzadaesthetus Kistner, 1961 X X
TRIGONURINAE Trigonurus Mulsant, 1847 X x  LEPTOTYPHLINAE MexLeptotyphlinae X X
OMALIINAE Acrolocha Thomson, 1858 X x  LEPTOTYPHLINAE ChiLeptotyphlinae X X
TACHYPORINAE Tachinus Gravenhorst, 1802 x x  LEPTOTYPHLINAE AusLeptotyphlinae x x
PIESTINAE Siagonium Kirby & Spence, 1815 X x  PSEUDOPSINAE Zalobius LeConte, 1874 X X
OXYPORINAE Oxyporus Fabriciaus, 1775 X x  PSEUDOPSINAE Pseudopsis Newman, 1839 X X
MEGALOPSIDIINAE Megalopinus Eichelbaum, 1915 X x  PSEUDOPSINAE Nanobius Herman, 1977 X X
SOLIERIINAE Solierius Bernhauer, 1921 X — PAEDERINAE Pinophilus Gravenhorst, 1802 X x
SCYDMAENINAE Scydmaenus Latreille, 1802 x x  PAEDERINAE Achenomorphus Motsch., 1858 x x
SCYDMAENINAE Veraphis Casey, 1987 X x  PAEDERINAE Hyperomma Fauvel, 1878 x x
SCYDMAENINAE Cephennodes Reitter, 1884 X x  STAPHYLININAE  Arrowinus Bernhauer, 1935 X X
SCYDMAENINAE Palaeostigus Newton, 1982 x x  STAPHYLININAE  Xanthopygus Kraatz, 1857 x x
SCYDMAENINAE Stenichnus Thomson, 1859 X x  STAPHYLININAE  Nudobius Thomson, 1860 x X
SCYDMAENINAE Euconnus Thomson, 1859 X x  STAPHYLININAE  Platydracus Thomson, 1858 X X

Beutel & Molenda (1997), based on larval morphology
only, found a monophyletic Staphylinine Group including
Scydmaenidae, and also including Pselaphinae, but
excluding Silphidae as a sister group to all Staphylinidae.
Caterino et al. (2005), using 18S rDNA and a morpho-
logical data set extracted from Hansen (1997), did not get
strong resolution of staphylinid taxa but Silphidae and
Scydmaenidae were mixed in with a group including most
Staphylinidae. Beutel & Leschen (2005), based on adult
and larval morphology, also found Staphylinidae, Sil-
phidac and Scydmaenidae consistently grouped as a
monophyletic unit in partitioned and combined analyses,
but did not attempt to resolve relationships within Staphy-
linidae. Finally, two recent strictly molecular analyses did
not support a close relationship of these three groups:
Korte et al. (2004), based on 18S and 28S rDNA of a lim-
ited number of taxa, found support for a monophyletic
Staphylinidae, and for Scydmaenidae as sister group to
Ptiliidae, with Silphidae weakly related to Hydraenidae or
Hydrophilidae, while Hunt et al. (2007), based primarily
on 18S rDNA, included seven subfamilies of the Staphy-
linine Group + Silphidae (as Silphinae) scattered within a
monophyletic Staphylinidae, but Scydmaenidae well
removed from these and nearer the base of Polyphaga as
sister group to Histeroidea.

The purpose of the current study is to provide a new
phylogenetic analysis based on a robust sample of all sub-
family- and family-level taxa recently suggested as mem-
bers of the Staphylinine Group, based mainly on adult
and larval morphology but supplemented with inclusion
of 18S rDNA molecular data available for a subset of
taxa, with the intention of evaluating the monophyly of
the Staphylinine Group and the relationships among the

included subfamilies. We focus especially on two groups
that have not been included in the more detailed recent
studies within the Staphylinine Group mentioned in the
second paragraph above: Solieriinae, suggested but not
yet demonstrated as a member of the group, and Scyd-
maenidae, whose placement has varied wildly in recent
studies that have included it. Scydmaenids have been uni-
versally maintained as a distinct beetle family since 1815,
and placed near other families of what is now the super-
family Staphylinoidea, but have long been shadowed by
disagreements over possible relationships to other staphy-
linoid families. As reviewed in detail by Newton &
Thayer (1995) and Newton & Franz (1998), this large
group of more than 4,850 species placed in about 90
genera and three subfamilies has at various times been
considered related to the family Leiodidae and to various
groups now included within Staphylinidae, including Pse-
laphinae, Scaphidiinae and the Staphylinine Group of
subfamilies. The broader phylogenetic studies cited in the
previous paragraph, and some recent phylogenetic studies
of specific groups, have provided no suggestion of a rela-
tionship of scydmaenids to Leiodidae (Newton, 1998),
Pselaphinae (Newton & Thayer, 1995), or Scaphidiinae
(Leschen & Lobl, 1995), and the suggested possible rela-
tionship to the Staphylinine Group is addressed here.

MATERIAL AND METHODS

Project design, choice of taxa, outgroup, and data sources
for analyses

Representatives of all rove-beetle subfamilies currently
assigned to the Staphylinine Group (Oxyporinae, Megalopsidi-
inae, Solieriinae, Steninae, Euaesthetinae, Leptotyphlinae, Pseu-
dopsinae, Paederinae, Staphylininae; see Thayer, 2005) were
included in the analysis (Table 1). We also included representa-
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tives of Silphidae and Scydmaenidae, two taxa forming a clade
with the family Staphylinidae (Beutel & Leschen, 2005) and
conventionally treated as independent families. Both “families”,
however, were suspected to be a part of the Staphylinine Group
of subfamilies (Lawrence & Newton, 1982), which implies their
origin within the rove beetle radiation and, therefore, not
deserving their current “family” status. Whenever possible, the
morphological matrix included three or more representatives
from different genera of each in-group family/subfamily, thus
allowing a partial test of their monophyly. Exceptions to this
rule were Steninae containing only two genera (both included),
monogeneric Oxyporinac and Megalopsidiinae (each genus
included), and monogeneric Solieriinae, for which the larvae are
still unknown and, therefore, not scored in the larval matrix. In
order to rigorously test monophyly of the Staphylinine Group,
we included representatives of some rove-beetle subfamilies
maintained outside of the Staphylinine Group (Thayer, 2005),
such as Omaliinae, Tachyporinae, Piestinae, Apateticinae and
Trigonurinae (Table 1). To test monophyly of the in-group
clades, we included representatives of the families Leiodidae
and Agyrtidae, which belong to a sister-group of Staphylinidae
+ Silphidae + Scydmaenidae (Beutel & Leschen, 2005). All
obtained trees were rooted at Neopelatops Jeannel, 1936 (Leio-
didae).

This project was originally planned to test monophyly of the
Staphylinine Group of rove-beetle subfamilies using newly
scored larval and adult morphological characters for as many
taxa as realistically possible. As our work progressed we found
a stream of publications addressing, or touching upon, phy-
logeny of our target group using genomic data, thus increasing
the number of available relevant sequences. Thus we decided to
compare our morphology-based phylogenetic hypotheses with
the results obtained from the 18S rDNA nuclear gene, which
arguably is the most widely sequenced gene across the order.
This decision was prompted by the recent findings by Hunt et
al. (2007), which increased the number of relevant 18S sequen-
ces in GenBank from 53 to 88 taxa (sequences for Silphidae,
Ptiliidae, Hydraenidae, Leiodidae, Agyrtidae and Staphylinidae
including Scydmaeninae; from this point on we consistently use
the subfamily name Scydmaeninae status novus for the tradi-
tional “family” of ant-like stone beetles). No attempt was made
to merge the morphological and DNA data into a single matrix
because of incompatibility of terminals. For the analysis, we
employed the 18S DNA sequences for all 88 taxa currently
available from GenBank (March 2008), supplemented with five
new sequences prepared for this project aimed at introducing
previously unrepresented rove-beetle subfamilies (Apateticinae,
Leptotyphlinae; for the latter subfamily a specimen of an unde-
scribed Australian genus and species was sequenced; referred to
as “Australian genus” in Grebennikov & Newton, 2008), or
sampling more densely the Staphylinine Group (Steninae,
Euaesthetinae). GenBank accession numbers for all 93
sequences are listed in Figs 12, 13.

Sources of specimens, their identification, preparation and
illustrations

Lists of larval and adult specimens used in this work and their
label data are in Appendix 2 and 3, respectively. Most speci-
mens studied originated from the collection of the Division of
Insects, Field Museum of Natural History (FMNH, Chicago); a
few larval specimens were from the Canadian National Collec-
tion of Insects, Arachnids and Nematodes (CNC, Ottawa). Iden-
tifications were done by A. Newton. In most cases larvae were
not reared from eggs in a laboratory, but collected in the field
and identified using a combination of two main factors: (1)
repeated association records with the presumably conspecific
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adults and (2) underlying knowledge on larval morphology of
Staphylinoidea, their distribution, biology, and habitat prefer-
ences. Preparation of the adult and larval specimens for morpho-
logical study included macerating and clearing non-sclerotized
tissue in hot 10% solution of KOH and, for some specimens,
subsequent staining with chlorazole black. Specimens were
mounted in Euparal on microscope slides and studied under dis-
secting and compound microscopes. Some adult specimens were
partly disarticulated, allowing for free manipulation and rotation
of the body parts, and stored in glycerol on microscope slides.
Photo images were taken with a Microptics ML Macro XLT
digital system at Division of Insects, FMNH. Line drawings
were prepared using a camera lucida from slide-mounted larvae.

DNA extraction, amplification, alignment, and preparation
of DNA matrix

DNA was extracted from 95% ethanol-preserved specimens
using the “DNeasy Protocol for Animal Tissues” (May 2002
edition of the DNeasy Tissue Handbook distributed with Qia-
gen’s DNeasy Tissue Kit, pp. 17-19). Specimens were partially
dissected for enhanced proteinase K digestion but maintaining
the integrity of the specimens. Four overlapping fragments of
complete 18S rDNA were targeted by using the four primer
pairs 18S5°-18Sb5.0, 18Sai—18Sb0.5, 18Sal.0-18Sbi, and
18Sa2.0-18S3°I (Shull et al., 2001). The PCR program used to
amplify all four fragments consisted of an initial denaturation at
94°C for two min, followed by 39 cycles of 94°C for 30 s, 50°C
for 30 s, and 72°C for one min; elongation at 72°C for five min-
utes; final hold at 4°C until removed from thermocycler. PCR
products were cleaned using the QIAquick PCR Purification Kit
(Qiagen, Valencia, CA). Automated fluorescent sequencing was
performed by the DNA Sequencing Facility at the University of
California-Berkeley, using an Applied Biosystems 96 capillary
3730x] DNA Analyzer. Both strands were sequenced for all
fragments. Ninety three sequences were assembled from dif-
ferent sources (Figs 12, 13) in Fasta file and were aligned in
ClustalX (Thompson et al., 1997) using the default gap
opening/gap extension settings (15/6.66). This alignment
formed a matrix 2095 character long (including gaps). A second
alignment was performed using MAFFT (Multiple Alignment
using Fast Fourier Transform) algorithm (Katoh et al., 2005)
implemented in MAFFT version 6 (Katoh et al., 2005), with a
L-INS-i strategy and default parameters (gap opening penalty
1.53; offset value 0.00). The MAFFT alignment had 2130 char-
acters (including gaps). These two matrixes were used for eight
subsequent analyses.

Morphological datasets and analysis

Two hundred and eleven morphological characters were
selected for the analysis; their description and state definition
are given in Appendix 1. The combined larval and adult mor-
phological matrix included 38 terminals and all 211 characters
(Table 3); since the larvae of Solierius are still unknown, it was
not scored for the present analysis. Characters 1-89 are of larval
morphology; characters 90-211 are of adult morphology. No
polymorphic characters were present in the matrix. Five charac-
ters (54, 101, 176, 193 and 195; marked with “N” in the bottom
row of Table 3) are parsimoniously uninformative and were
deactivated before analyses. Eleven multi-state characters (5, 6,
19, 20, 31, 35, 98, 108, 114, 117, 126, 132, 133; marked with
“O” in the bottom row of Table 3) were analysed as being either
ordered (analyses 3, 4, 7, 8, 11, 12; Table 2) or unordered
(analyses 1, 2, 5, 6, 9, 10; Table 2); all other multi-state charac-
ters were treated as unordered in all analyses.

Each co-author was responsible for scoring one dataset (larval
by VVG and adult by AFN), thus minimizing possible bias. The



TaBLE 2. Results of 12 phylogenetic analyses of the Staphylinine Group of rove-beetle subfamilies (Coleoptera: Staphylinidac)
(columns 1-12). “Dataset” row indicates three datasets used in the analysis (larvae, adults, and their combination). “Ordered/unor-
dered” row indicates whether multistate characters (5; 6; 19; 20; 31; 35; 98; 108; 114; 117; 126; 132; 133) were ordered or not.
“Successive weighting” row indicates whether successive approximation was used for character weighting. Next three rows indicate
tree length, consistency index (ci) and retention index (ri) indexes, and the number of the shortest (= most parsimonious) trees
obtained. Taxonomic abbreviations used in the left column are: Eua — Euaesthetinae; Lep — Leptotyphlinae; Meg — Megalopsidi-
inae; Oxy — Oxyporinae; Pae — Paederinae; Pse — Pseudopsinae; Scy — Scydameninae; StGr — Staphylinine Group (inclusive Scyd-
maeninae); Sol — Solieriinae; Sta — Staphylininae; Ste — Steninae. Cell values: majority rule consensus tree value (if higher than
50%) followed by bootstrap value. Cell color: black (branch highly supported: present on the strict consensus tree and boostrap
value 50% and higher; scored 2 for both “support value” and “resolution value™); grey (branch moderately supported: present on the
majority rule consensus tree and bootstrap value less than 50% OR absent on majority rule tree, but bootstrap value 50% and higher;
scored 1 for both “support value” and “resolution value™); white (branch not supported: absent on the majority rule consensus tree
and bootstrap less than 50%; scored 0 for both “support value” and “resolution value™).

Column SV/RSV (Support Value/Relative Support Value) is designed to demonstrate how strongly a given clade was supported
throughout all 12 analyses; SV value as a sum of horizontal cell scores (0 for white cells; 1 for grey cells, 2 for black cells) with the
maximum of 24 for clades fully supported in all 12 analyses; RSV value is a ratio of actual SV to the maximum value of 24 (16 for
the clade of Ste+Eua+Scy+Sol, because lack of Solierus larval data preventing us from testing monophyly of the clade in the
analyses 1-4); expressed in %. Lowest row RV/RRYV (Resolution Value/Relative Resolution Value) is designed to demonstrate how
effective each of 12 analyses was to resolve phylogeny of the Staphylynine Group; RV value as a sum of vertical cell scores (0 for
white cells; 1 for grey cells, 2 for black cells) with the maximum of 32 for an analysis giving fully resolved and strongly supported
Staphylynine Group and all its internal branches of the level of subfamily and higher (not obtained in any of actual analyses); RRV
value is a ratio of RV to the maximum value of 32 (30 for the analyses 1-4, because lack of Solierus larval data is preventing us
from testing monophyly of the Ste+Eua+Scy+Sol clade in the analyses 1-4); expressed in %.

Analysis ## SV/RSV 1 2 3 4 5 6 7 8 9 10 11 12
Dataset larvae larvae larvae larvae adults adults adults adults combin. combin. combin. combin.
Ordered/unord. unord. unord. ordered ordered unord. unord. ordered ordered unord. unord. ordered ordered
Successive weighting no yes no yes no yes no yes no yes no yes
Tree length 255 699 259 712 590 725 594 728 874 1375 882 1393
ci/ri 41/78  71/92  40/78 70/92  27/62 54/83 26/63 53/83 30/66 61/87 30/67 60/87
# of shortest trees 77 3 54 3 8 2 1 3 1 1 3 1

Ste PZANZY 100/100 100/99 100/100 100/100 100/100 100/100 100/100 100/100 100/100 100/100 100/100 100/100
Eua PZRNPZY 100/82 100/79 100/80 100/79 100/83 100/83 100/83 100/81 100/97 100/96 100/96 100/95
Ste+Eua PERNRZY 100/83 100/84 100/84 100/84 100/90 100/92 100/93 100/92 100/98 100/98 100/99 100/99
Scy 18/75% |RKUUELE 100/<50 mUIUAIR 100/<50 0/<50 [100/<50 0/52 PICVEEEIOL IO I OGYAm
Ste+Eua+Scy 16/67% [100/<50 100/<50 100/<50 100/<50 100/<50 100/<50 100/<50 100/<50 RIS (VLT IRYUUAT
Ste+Eua+Scy+Sol 6/38% n/a n/a n/a n/a [87/<50 100/<50 100/<50 100/<50 0/<50 [100/<50 0/<50 100/<50

Sta 18/75% RUEZESTVCESVC/ARVLCYE 0/<50 0/<50 [100/<50 100/<50 YLz Tk I (R T}

Pae VO 100/83 100/85 100/82 100/84 BUNESUIVASIIOVAIRTIUESD] 100/75 100/76 100/79 100/79
Sta+Pae BTGRP 100/89 100/90 100/91 100/92 [KURRNOVESISOVESVESIN 100/97 100/97 100/97 100/97
Pse 13/54% 0/<50 75153 UESES]] 100/61  100/60 100/52 100/54
Pse+Pac+Sta IWRAN 100/99 100/99 100/98 100/98 KRR EASIRUASIN 100/80 100/81 100/78 100/78
Lep PIRINEA 100/99 100/99 100/99 100/99 100/99 100/99 100/99 100/99 100/100 100/100 100/100 100/100

Pse+Pae+StatLep 13/54% RUTURSTIVSYARTIVSCIBVREE 0/<50 0/<50 [100/<50 0/<50 [100/<50 100/<50 100/<50 100/<50

(S)tgr&n;;g; 18/75% IV VZZ Sk VAR 100/<50 0/<50 [100/<50 0/<50 RYC0/A I Y0Vk: I (0/07{V IR Y00Vl
StGr minus Oxy 12/50%  0/0  [100/<50 0/<50 [100/<50 0/<50 [100/<50 0/<50 [100/<50 Ryt /=) Ee Ve U/a1
SG 7/29% 0/0 [100/<50 0/0 [100/<50 0/<50 0/<50 0/<50 [100/<50 100/<50 100/<50 100/<50 100/<50
RV/RRV 23/76% 24/80% 23/76% 24/80% 13/40% 15/47% 17/53% 17/53% 28/88% 29/90% 28/88% 29/90%
exact wording of all characters was then reviewed by both co- 12 separate analyses of morphological data were implemented,
authors and changes were made to reach a consensus. as summarized in Table 2.

Both larval and adult morphological data were scored, in most Three software packages were applied to the morphological

of the cases, for the same species. In cases when this was impos-  data. Hennig86 (Farris, 1988) was used to search for the shortest
sible because of material limitation, different congeneric species (= most parsimonious) trees (single heuristic search; commands

were used, creating a few “chimera” terminals. It is assumed, “mh*” and “bb*”) and then to perform successive approxima-
however, that in such cases these species are more closely  tions (Farris, 1969; executed by a string of commands “xs w”,
related to one another than to any other terminal in the same  “mh*” and “bb*” repeated in cycles until the tree statistics stabi-

matrix and, therefore, larval and adult datasets might be merged  lised). Branch support was assessed using Nona 2.0 (Goloboff,
without creating a phylogenetic conflict of incompatible termi-  1999) through bootstrapping 1000 randomly generated trees.
nals. Winclada (Nixon, 2002) was used as a shell program to con-
We analysed three separate morphological datasets: larval  struct the matrix and to communicate with both Hennig86 and

(characters 1-89), adult (characters 90-211), and combined  Nona.
(characters 1-211) using for each of them four possible combi- To make an unambiguous judgement on the strength of the
nations of ordering and weighting parameters (Table 2). In total,  clade support and to compare the capacity of each of the 12
morphological analyses to consistently resolve the Staphylinine
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tical measures “Relative Support Value” (for clades) and
“Relative Resolution Value” (for analyses). Both values are

expressed as a percentage and are explained in Table 2.

Group and its subordinate clades, we introduced the statis-
18S rDNA datasets and analysis
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using ClustalX- and MAFFT-based alignments, respectively;
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thus in total eight DNA-based analyses were run. The first
ClustalX-based 18S analysis searched for the shortest trees
utilizing 612 parsimoniously informative characters (in
analysis utilized the same 612 character matrix, in which
three groups of characters with the highest number of
insertions/deletions were visually selected and removed
(characters 62-96, 208-266 and 422-479; characters num-
bered from 1); the resulting matrix contained 454 characters
and was analysed with Hennig86 using commands mh* and
bb*. The third ClustalX-based analysis utilized the complete

Nona; commands “hold = 1000”
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aligned matrix (93 taxa, 2095 characters) and the neighbour-
joining algorithm implemented in PAUP for Windows ver-

sion 4.0b1 (Swofford, 2000) by using command “nj”. The
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fourth ClustalX-based analysis utilized the same complete
aligned matrix using Bayesian topology-building algorithm
implemented in MrBayes version 3.1.1 (Ronquist & Huelsen-
beck, 2003) with a general time reversible model with pro-
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Setting the number of generations in both Bayesian analyses
20,000 (representing first 2,000,000 generations;

executed by commands “Iset nst = 6 rates = invgamma”’) and

the following settings: “mcmc ngen

burnin = 2000”
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topology is saved every 100 generations) we selected the last
1,000,000 generations (or last 10,000 topologies) to be used
for the resulting majority-consensus tree. The obtained
“.con” file with the resulting topologies was visualised in
Dendroscope (Huson et al., 2007), exported as an image and
edited in CorelDraw.
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A further four similarly designed analyses used MAFFT-
based matrix. The first MAFFT-based analysis was imple-
mented identically to the first ClustalX-based one (see

above), although the number of parsimoniously informative
characters was 591. The second MAFFT-based analysis util-

ized the 591 character matrix, in which three groups of char-
acters with the highest number of insertions/deletions were
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characters numbered from 1)
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visually selected and removed (characters 62-96, 211-247

and 411-449
as ClustalX-based analysis 2 (described above). Third and

matrix contained 478 characters and was analysed similarly
fourth MAFFT-based analyses used neighbour-joining and
Bayesian algorithms, respectively, and were executed as cor-
responding ClustalX-based analyses (described above).

RESULTS OF THE CLADISTIC ANALYSIS
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based on the source and comprehensiveness of data used:
larval (analyses 1-4), adult (analyses 5-8) and combined
(analyses 9—12); the former two are also called “partial”.
For convenience, the Staphylinine Group of rove-beetle
subfamilies as defined in Material and methods (including
Scydmaeninae as a subfamily) will be referred to as sensu
lato; the same group, excluding Oxyporinaec and Mega-
lopsidiinae, will be sensu stricto.

Within the scope of our morphology-based analysis, all
non-monogeneric subfamilies were recovered as mono-
phyletic in most of analyses. Statistical support for mono-
phyly of individual subfamilies was predominantly
consistent and sometimes very high, as in Steninae (two
genera included), Euaesthetinae (three genera included)
and Leptotyphlinae (three genera included). These three
clades were invariably found on strict consensus trees in
all 12 analyses. Moreover, these clades were strong
enough to withstand bootstrapping and possessed rela-
tively very high bootstrap values (99—-100% for Steninae
and Leptotyphlinae; 79—97% for Euaesthetinae); in com-
bined analyses these values were the highest. The Rela-
tive Support Value for each of these clades is 100%
(Table 2).

Three other subfamilies, Scydmaeninae, Staphylininae
and Paederinae, represented by six, four and three genera,
respectively, were recovered as monophyletic. These sub-
families were more strongly supported in larval analyses
than in adult ones, where each of them was recovered as
non-monophyletic at least once on the majority-rule con-
sensus tree (Table 2). Combined analyses, however, con-
sistently maintained each of these subfamilies as a clade
on either strict consensus or bootstrap trees with the rela-
tively high bootstrap values varying between 66 and 89%.
Relative Support Values for these clades are 75%, 75%
and 79%, respectively (Table 2).

Pseudopsinae, with three genera included in the analy-
sis, is the only remaining non-monogeneric in-group sub-
family, and was the least supported (Relative Support
Value 54%). All larval analyses invariably failed to main-
tain it as a clade; instead, it was shown as paraphyletic
with respect to Staphylininae + Paederinae. The adult
analyses, on the other hand, moderately to strongly sup-
ported monophyly of Pseudopsinae. The combined analy-
ses invariably recognized Pseudopsinae as a clade on all
four strict consensus trees and, furthermore, this clade
was consistently able to withstand bootstrapping with
moderate bootstrap value varying between 52 and 61%.

The most consistently supported and fully resolved tree
of the Staphylinine Group (Fig. 14) includes two clades
formed by two individual subfamilies. One clade, consti-
tuted by Steninae and Euaesthetinae, is the most strongly
supported group above the subfamily level recovered in
our analysis. This clade was consistently detected on
strict consensus of all shortest trees found in all 12
analyses and, moreover, its bootstrap support was always
high to very high, varying between 83 and 99% (com-
bined analyses having the highest bootstrap values). The
Relative Support Value for this clade is 100%.

Another two-subfamily clade is formed by Staphylin-
inae and Paederinae, with a Relative Support Value of
75%. This clade was consistently recovered on strict con-
sensus and bootstrapped trees in the larval analyses, but
became paraphyletic with respect to the rest of Staphy-
linine Group sensu stricto in half of the adult analyses.
Combined analyses, however, consistently supported
Staphylininaec and Paederinae as a clade with bootstrap
values even higher than those in separate larval analyses
(Table 2).

Two other in-group clades on the most consistently
supported and fully resolved tree of Staphylinine Group
(Fig. 14) include three individual subfamilies. One clade
was the consistently resolved monophylum of Scydmaen-
inae + (Steninae + Euaesthetinae), which was always re-
covered on the strict consensus of all shortest trees in all
eight partial analyses with different combinations of
assumptions (character ordering and weighting) and
based on either larval or adult morphological data. Statis-
tical support of Scydmaeninae being a sister to Steninae +
Euaesthetinae in either larval or adult analyses was mod-
erately high, and this clade was invariably lost after boot-
strapping the trees. Combined analyses also consistently
placed Scydmaeninae as a sister to Steninae and Euaes-
thetinae on all four strict consensus trees and, unlike the
partial datasets, this clade was strong enough to always
withstand bootstrapping (Table 2). This clade’s Relative
Support Value is 67%.

The second three-subfamily clade is that of Pseu-
dopsinae + Paederinac + Staphylininae, which was
strongly supported in larval and combined analyses, but
the adult analyses invariably showed it as paraphyletic
either to the rest of Staphylinine Group sensu stricto or, in
one case, to Leptotyphlinae. These conflicting results are
the main discrepancy between the larval and adult data-
sets found in the present analysis, however, the combined
analyses resulted in detection of a strong and clear phylo-
genetic signal corroborating that from the larval dataset
(see Discussion below). The Relative Support Value for
this clade is 67%, which is equal to that of Scydmaeninae
+ (Steninae + Euaesthetinae).

The only four-subfamily clade recovered on the most
consistently supported topology consists of Lepto-
typhlinae + Pseudopsinae + Paederinae + Staphylininae.
This clade was invariably recovered and strongly sup-
ported in all larval analyses, but was lost all but once in
the adult analyses. The combined analyses always recov-
ered this clade on all strict consensus trees, but invariably
lost it after bootstrapping (Table 2). The Relative Support
Value for this clade is 54%, which is equal to that of sup-
posedly monophyletic Pseudopsinae.

Moving further down the most consistently supported
tree (Fig. 14), the Staphylinine Group sensu stricto
(excluding Oxyporinae and Megalopsidiinae) was consis-
tently and strongly supported as monophyletic in all
larval and combined analyses. Only half of the adult
analyses recovered it on their strict consensus trees but it
was lost after bootstrapping (Table 2). The Relative Sup-
port Value for this clade is 75%. The same clade, but with

281



102 122 148 167 177

o—o— Neopelatops Leiodidae

[ 1 1
s s 131 1 13 e tm ) <
S5 —o— Necrophilus Agyrtidae : s w w n e e w
% S 9 14 eze[z 1 0 0 2 1 ¢ Nicrophorus . _ .
TP T ¢ |» n w s w o o w— Thanatophilus Silphidae
32 141 200
15 16 21 24 32 36 40 76 90 141 146 183 201 204 N A R T R o—o— Necrodes

1 1 1 0 0 1 0 0 1 2 1 1 0 1
45 84 129 140 154 191

@ 13 152 15 102 104 106 [o—o—o—o—o—o— Nodynus
15 e e a2 20 21 31 32 47 S5 77 133 167 178 162 104 Tﬂ onurus
o
D B OB Al e T A N G g
o

Staphy” n |dae Sensu faﬁssfmo ! 5 35 84 107 111 112 124 141 149 152 163 163 160 188

® 88 07T W [y 0 1 0 6 0 1 3 1 0 1 2 0 O
10 1 6 0

Siagonium

e e mm e ms
[ ] 111 2 0 3 3 achinus

5 15202782899084 111 118129149180 162194 197 205
72111111001 11 11 1 0

T

16 2 35 65 g9 13| 2

Acrolocha

218452178

Staphylinine Group ——>

~

Staphylinine Group Iy Y

- 0xypoms| Oxyporinae
20, 20: Wa0 107016 140: 10106, 10 22 20 B4 82 103 104 111 113 119 123 136 145 158 163 188 . I H™ HH
o000 Megalopinus | | W/ Megalopsidiinae

4 14 T7 128 134 151 167 181 200 211
at

R R R RSk

98 100 117 128 141 203

Solierius | Solieriinae

g
e S Scydmaeninae, Steninae, ﬁ
Euaesthetinae

L2484 228 My Leptotyphlinae, Pseudopsinae a
Paederinae, Staphylininae

H

2

4 106 116 122 125 142 152 161 196 205

T 6 z 2 1 1 0 1 1 0

28 77 107 128 180 189 209

Stenichnus Scydmaeninae

113 133 156 002101 0

g
k=]
3
@
3
3
2
i)
0

w
2 6 2 3 4 68 79 %0 a1 0 o1 56 120 128 120 1 18 16 07 200 s Stenus Steninae
IS S EEEE R e Sne iRl 5 e s
25 58 60 61 65 82 83 108103 110 113 117 135 136 165 175 182 168 190 o A . -
I T R I I I R T B S N R I R T R | I“D.‘anous ]
5 e n2 e
Edaphus -
Euaesthetinae| &
Euaesthetus
i \
o—o—o—o—o—o—o—o—0—o— NeoOctavius ) \
B 20 50 145183 155 150 171 172 185 207
o—o—c—o—0—c—c—e—e—o—0 Alzadaesthetus
w0 :
l—?—g—ChlLeptotyphhnae H
126 134 158
MexLeptotyphlinae / I n
S 3137 77 78 84 8 55 59 113 117 118 120 135 15 153 168 171 172 173 175 177 187 188 106 202 205 208 E:, =% [
20101000 2 1 2011 11 133311112130 22133 HLeptOtyphllnae
108 116 120 124 128 205 .
o—o—o—o—o—o—AusLeptotyphlinae g
5 100 105 117 130 186 189 192 197 211 D, o E
FREmmy rrer et ‘ﬂ‘gi?t‘,e‘jo!ﬁsl.:f'shel
e nem s e [5 0 ¢ ¢ ¢ 2alobius | Pseudopsinael
133 134 142 180 177 ;
o—o—o—o—o— Nanobius
5 7 8 10 12 58 53 61 62 125134 161
65 93 124 166 186 190 203 206 210 " 4
O S B Pinophilus
3 e 107 108 151 152 s Wi o 5
m o [P0 T e 5T o1 Sonenomompits Paederinae

118 30 B0 B1 106 115 116 139 150 163 168
22 80 122 145 177 186 201

T 12117107101 132

Hyperomma

6 06 0 1 2 1 0

57 TO 98 124 128 158 184 196 205 210 .
Nudobius

Y1 2 21 216 1 1 Staphyllnlnae

62 53 94 120 130 131 145 177 196

23 26 27 64 73 77 95 122 189 201

Em e e OO i
T002 101000 o—0—0—0—0—0—0—0—0— AITOWINUS
8 74 89 90 107 111 207 210 57 10 108
01002000 1 10152159168 184205 | 2 1 1 1 Xanrhopygus
O—0—0—0—0—0— 12 151 203
o—o—o— Platydracus

Fig. 11. Single most parsimonious tree from combined analyses of larval and adult morphological data with all characters unor-
dered and not weighted (analysis 9) and with unambiguously optimized evolutionary events plotted along internodes. Character
numbers are above circles; newly acquired character states are below circles. Black circles indicate unique evolutionary events;
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addition of Megalopsidiinae, was recovered on strict con-  analyses this clade was invariably recovered on either

sensus trees in half of either larval or adult analyses and  strict consensus or on bootstrap trees with a Relative Sup-
not maintained in the bootstrap analysis; in combined port Value of 50%.
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The Staphylinine Group of rove-beetle subfamilies
(sensu lato including Oxyporinae and Megalopsidiinae
branching off basally to the rest of the clade) was consis-
tently recovered on all shortest topologies from analyses

9-12 (combined larval and adult data). The bootstrap
value of this clade, however, was always below 50%.
Analyses of the separate larval or adult datasets were less
consistent, recovering this clade twice and once, respec-
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Fig. 13. Strict consensus (A) and 50% majority rule consensus bootstrap (B) trees for MAFFT-based parsimony analysis (18S
analysis #5). Members of Staphylinine Group are in bold; clade of Scydmaeninae + (Steninae + Euaesthetinae) is boxed. Bootstrap
values are marked above internodes. First four letters in terminal name indicate family (or subfamily for Staphylinidae), followed by
the generic name and by GenBank accession number.

tively. This clade is the most weakly supported of all 16
in-group clades (Table 2) having the lowest Relative Sup-
port Value of 29%. Monophyly of the Staphylinine
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Group, however, is still the most parsimonious hypothesis
resulting from our morphology-based analysis, which is
only disrupted occasionally on the shortest trees by one of
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Fig. 14. Single fully resolved and most consistently supported topology of the Staphylinine Group of rove-beetle subfamilies.
Width of internodes is proportional to the Relative Support Value for each clade. Phylogenetic position of Solierius is uncertain.

the outgroup genera being inconsistently absorbed into it
and branching off at the first or second most basal node.

Parsimony, neighbour-joining, and Bayesian analysis
of 18S rDNA data

Besides morphological, eight DNA-based analyses
were implemented, none of which resulted in either
Staphylinidae (sensu latissimo) or Staphylinine Group
(either sensu lato or sensu stricto) being strictly mono-
phyletic. The first ClustalX-based analysis (parsimony;
93 taxa and 612 characters) produced eight shortest trees
4,331 steps long, with a consistency index of 27 and a
retention index of 58. Strict consensus of the shortest
trees (not illustrated) showed the monophyletic Euaes-
thetinae as a sister to the dichotomy of monophyletic
Ptiliidae + a clade containing the paraphyletic remainder
of the Staphylinidae sensu latissimo and the monophyletic
Silphidae and Hydraenidae. Within that latter branch,
non-monophyletic Scydmaeninae formed a clade together
with Leptotyphlinae and Osoriinae. Bootstrapping of this
tree resulted in a large polytomy of all taxa minus Leio-

didae and Agyrtidae, and with the following groups main-
tained as clades (bootstrap values in brackets): Euaesthet-
inae (95%), Steninae (82%), Staphylininae (55%),
Scydmaeninae (54%), Silphidae without Nicrophorus
(100%), Hydraenidae (63%) and Ptiliidae (92%).

The second ClustalX-based parsimony analysis of the
18S sequence data (93 taxa and 454 characters) resulted
in eight shortest trees 3,091 steps long (consistency index
= 27; retention index = 42). Strict consensus of the
shortest trees (not illustrated) shows monophyletic Euaes-
thetinae and single Oxyporinae nested within Steninae
with this combined clade being a sister to monophyletic
Scydmaeninae. Bootstrapping of this tree (not illustrated)
created a large polytomy overall similar to the one
obtained in the previous analysis, but without monophy-
letic Staphylininae and with a monophyletic clade of
Euaesthetinae + Steninae (bootstrap value 53%).

The single fully-resolved topology resulting from the
third ClustalX-based neighbour-joining analysis (not
illustrated) shows a grade of Leiodidae with the following
lineages branching subsequently off: (01.) Agyrtidae;
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then (02.) Silphidae paraphyletic with respect to Palaeo-
stigus (Scydmaeninae) and Leptotyphlinae; then (03.)
Euaesthetinae and Steninae; then (04.) Hydraenidae +
Ptiliidae; then (04.) Aleocharinae paraphyletic with
respect to Oxyporus and without Paraconosoma; leaving
the rest of Staphylinidae sensu latissimo, including a
clade of Scydmaeninae minus Palaeostigus.

Consensus topology obtained as a result of the
Bayesian analysis [fourth ClustalX-based analyses; Fig.
12; standard deviations for the last (the third) million of
generations decreased from 0.032909 to 0.012169] shows
a branch of all analysed taxa minus Leiodidae with the
following lineages branching subsequently off (posterior
probability multiplied by 100 for the mentioned clade is
indicated in square brackets followed by that of its
respective sister-group): (01.) Agyrtidae [100/71]; then
(02.) Hydraenidae [98/76]; then (03.) unresolved tri-
chotomy of (A.) Leptotyphlinae + Euaesthetinae + Sten-
inae [71]; (B.) Scydmaeninae [100]; (C.) the rest of ana-
lysed taxa [98]; then within branch C (04.) ((Silphidae +
Tachyporinae) + Phloeocharinae) + (Osoriinae + Oxy-
porinae) + Megalopsidiinae [89/99]; then (05.) Ptiliidae +
Aleocharinae [100/98]; then the rest of the analysed taxa.

The first MAFFT-based analysis (parsimony; 93 taxa
and 591 characters) produced 73 shortest trees 3,547
steps long, with consistency index of 29 and retention
index of 49. Strict consensus of the shortest trees (Fig.
13A) shows the monophyletic Scydmaeninae as a sister to
a clade of Steninae + Euaesthetinae (both monophyletic).
Bootstrapping of this tree resulted in a large polytomy
(Fig. 13B) with the following groups maintained as clades
(bootstrap values in brackets): Euaesthetinae (88%), Sten-
inae (88%), Oxytelinae without Synfomium (63%), Pae-
derinae (72%), Scydmaeninae (54%), Silphidae without
Nicrophorus (100%), Hydraenidae (81%) and Ptiliidae
(87%).

The second MAFFT-based analysis of the 18S
sequence data (parsimony, 93 taxa and 478 characters)
resulted in an overflow of at least 1,031 shortest trees
2,623 steps long, consistency index 30, retention index
49. Strict consensus of the shortest trees and the bootstrap
tree (both not illustrated) are markedly similar is shape
and have a large polytomy of all taxa excluding Leiodidae
and Agyrtidae with the following groups maintained as
clades (bootstrap values in brackets): Staphylininae
(53%) paraphyletic with respect to a clade (69%) of
Euaesthetinae (88%) and Steninae (93%), Oxytelinae
without Syntomium (70%), Paederinae (90%), Scydmaen-
inae (85%), Silphidac without Nicrophorus (100%),
Aleocharinae (67%) paraphyletic with respect to Lepto-
typhlinae, Hydraenidae (68%) and Ptiliidae (88%).

The single fully-resolved topology resulting from the
third MAFFT-based analysis (neighbour-joining; not
illustrated) shows a grade of Leiodidae with the following
lineages branching subsequently off: (01.) Agyrtidae;
then (02.) Ptiliidae + Palaeostigus (Scydmaeninae),
Nicrophorus (Silphidae) and single member of Lepto-
typhlinae; then (03.) Euaesthetinae and Steninae; then
(04.) Hydraenidae; then (05.) Aleocharinae without Para-
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conosoma; leaving the rest of Staphylinidae sensu latis-
simo, including a clade of Scydmaeninae minus Palaeo-
stigus.

Consensus topology obtained as a result of the
Bayesian analysis [fourth MAFFT-based analysis; not
illustrated; standard deviations for the last (the third) mil-
lion of generations decreased from 0.103797 to 0.059271]
shows a branch of all taxa except Leiodidae and Agyr-
tidae (posterior probability multiplied by 100 for the men-
tioned clade is indicated in square brackets) further split-
ting into a trichotomy of Hydraenidae [81], Ptiliidae [100]
and Silphidae + Staphylinidae (sensu latissimo) [100].
The latter branch includes the basal polytomy of 18
branches, among them a branch of Leptotyphlinae + Sten-
inae + Euaesthetinae [74], as well as a branch consisting
of all five included genera of Scydmaeninae [100].

DISCUSSION

On predominantly consistent morphology-based
topologies versus inconsistent DNA-based topologies

Comparison of topologies obtained in 12 morphology-
based parsimony analyses demonstrates that most of the
clades are consistently recovered with a few notable
exceptions (see below). Conversely, eight 18S rDNA-
based analyses utilizing the principle of parsimony (four
analyses), neighbour-joining clustering and Bayesian
approach (two analyses each, respectively) demonstrate
remarkable inconsistency when compared (a) among
themselves; (b) with the results of morphology-based
analyses, such as monophyly of Steninae + Euaesthetinae;
(c) with some strongly-supported pre-existing hypotheses
on the relationships within Staphylinoidea, such as mono-
phyly of Ptilildae + Hydraenidae, or monophyly of indi-
vidual subfamilies such as Staphylininae. Previous
authors have already noted this limitation of the small
ribosomal subunit (18S rDNA) in providing strong and
clear phylogenetic signals at the subfamily/family level of
relationships in Coleoptera (Maddison et al.,, 1999),
attributing it to the inconsistent rate of divergence among
taxa (Caterino et al., 2005). Another seemingly signifi-
cant factor is the apparent inadequacy of any alignment
not based on the information of the secondary structure of
length-variable non-coding genes, such as 18S rDNA, to
correctly insert the relatively high number of gaps, and
thus to maintain character homology in the fully aligned
matrix (Kjer, 2004). We conclude that the results of our
eight DNA-based analyses are too inconsistent to be
included in our phylogeny and we base our conclusions
almost entirely on our morphological results. In one case
(Fig. 12), however, the sequence data strongly supported
the grouping of Scydmaeninae with Steninae + Euaesthet-
inae, which is fully consistent with the morphology-based
results.

On limitations and overall degree of monophyly
confidence for recovered clades

In discussing our morphology-based analysis, it is
important to stress that the confidence in the presented
results must be judged within the limitations imposed on



our ability to infer subfamily-level phylogeny of such a
megadiverse group as the rove-beetles, which is currently
the most speciose clade of animals conventionally
accepted as a family. The Staphylinine Group itself, as
presently accepted, includes 21,679 species and 1,702
genera. It was necessary, therefore, to restrict ourselves to
only a few terminal taxa to represent each of these clades
in order to address our target question with the realistic
prospect of achieving meaningful results in a reasonable
time frame.

The single most consistently and fully resolved
topology presented on Fig. 14 has Relative Support
Values from Table 2 plotted against each clade. The pro-
posed statistical measure is the single best value we can
offer to judge the relative support for each clade. This
support has its maximum of 100% in Leptotyphlinae,
Steninae, Euaesthetinae and a clade of the two latter sub-
families. This indicates that any of these four clades was
present on every strict consensus tree in 12 morphology-
based analyses, and this clade withstood bootstrapping.
Medium-strong support with Relative Support Values
between 67 and 79% was found in seven clades: Scyd-
maeninae; Steninae + Euaesthetinae + Scydmaeninae;
Staphylininae; Paederinae; Staphylininae + Paederinae;
Pseudopsinae + Staphylininae + Paederinae; and for the
whole of Staphylinine Group (excluding Oxyporinae and
Megalopsidiinae). Three other clades showing medium
Relative Support Values are: Pseudopsinae (54%); Lepto-
typhlinae + Pseudopsinae + Staphylininae + Paederinae
(54%); and the entire Staphylinine Group except Oxy-
porinae (50%). The lowest support value of 29% was
found for the whole of the Staphylinine Group. The most
parsimonious (although still considered as too ambiguous
because of the lack of larval data) position of Solieriinae
is that of a sister to Scydmaeninae + Steninae + Euaes-
thetinae. With the single exception of the entire Staphy-
linine Group sensu lato, all discussed clades have Rela-
tive Support Values of 50% and more. Even the Staphy-
linine Group sensu lato, the least supported clade with
only 29%, is still the most consistently recovered
hypothesis compared to any alternatives (see Results
above). These considerations suggest that the overall sup-
port obtained in our analysis for the fully resolved
topology of the Staphylinine Group of rove-beetle sub-
families is significant enough not to reject it.

On relative contribution of larval versus adult
morphological characters and on conflicting results
within morphology-based analyses

The Relative Resolution Value (expressed as a percent-
age; the last row of Table 2) offers a possibility to com-
pare the strength of each among 12 individual
morphological analyses in resolving topologies at and
above subfamily level within the Staphylinine Group in a
way consistent with the fully resolved most parsimonious
topology (Fig. 14). The first four analyses based on larval
morphology were consistently more powerful (RRV
76-80%) in detecting clades within Staphylinine Group,
when compared to the four adult-based analyses (RRV
40-53%). The four combined datasets analyses, as it

would be expected, were able to resolve all (analyses 10
and 12) but one clade (analyses 9 and 11) in a manner
consistent with the fully resolved most parsimonious
topology of the Staphylinine Group (as shown on Fig.
14). We therefore conclude that the analyses based on
larval morphological data were more informative in
detecting phylogenetic signal within the Staphylinine
Group of rove-beetle subfamilies than those based on
adult morphology, and merging both datasets resulted in
significantly better resolution power when compared to
individual partial analyses.

The main inconsistency in our morphology-based
results is the failure of the adult analyses to detect the
monophylum Pseudopsinae + Paederinae + Staphylininae
(one of the most strongly supported pre-existing hypothe-
ses: Grebennikov, 2005; Solodovnikov & Newton, 2005)
and, consequently, the more inclusive clade including
Leptotyphlinae as a sister to these three subfamilies (Fig.
14). Both clades are strongly supported by the larval
analyses, but in the adult analyses are almost always
shown as variably paraphyletic to some other in-group
taxa (see Results). None among these unexpected adult-
based topologies has been previously considered as a
viable phylogenetic hypothesis and, moreover, the
merging of adult and larval characters firmly settles this
inconsistency in favour of the larval dataset. We con-
clude, therefore, that this inconsistency reflects an artefact
embedded in the set of adult characters which is not
strong enough to significantly overshadow a consistent
phylogenetic signal remaining within the adult matrix and
further strengthened by a corroborating signal from the
larval dataset. A similar phenomenon was detected with
Pseudopsinae, a subfamily which was not recovered in
the larval analyses, but became moderately supported in
the adult analyses, and emerged as a strongly supported
clade in the combined dataset. Such results reinforce our
earlier observation that merging both partial datasets into
a single combined source of data allowed us to recover a
single fully resolved and consistently supported topology
(Fig. 14), in spite of the occasional lack of clear phyloge-
netic signals detected in both partial datasets.

On the position of Scydmaeninae, the ant-like stone
beetles, and a revised status and classification of the
group

The most significant feature of our morphology-based
results is that the consistently resolved clade Scydmaen-
inae + (Steninae + Euaesthetinae) is invariably included
within the monophyletic Staphylinine Group (either sensu
stricto or sensu lato). This result is neither consistently
supported nor excluded (Fig. 12) in the molecular analy-
sis, while the overall results of our 18S rDNA-based
analysis are judged as “inconclusive” to address phy-
logeny of our target group (see above). Our results
strongly and consistently support the initial hypothesis
that the Staphylinine Group is paraphyletic with respect
to “Scydmaenidae”, a result consistent with several earlier
studies (see Introduction). Consequently, in order to
resolve this paraphyly, we conclude that it is now time
that “Scydmaenidae” be formally included in Staphy-
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linidac sensu latissimo and constitute yet another, the
32nd, Recent subfamily of this megadiverse family of
rove-beetles, Scydmaeninae status novus. This action
necessitates modifying the internal classification of the
former “Scydmaenidae”, which included three subfami-
lies and numerous tribes. This is most easily accom-
plished by downgrading the three previously recognised
subfamilies to the supertribes Scydmaenitae, Mastigitae
and Hapsomelitae status novus, in a manner consistent
with similar taxonomic action towards the former “sub-
families” of Pselaphinae (Newton & Thayer, 1995), and
leaving the classification at the tribal and lower levels as
is. The classification above the generic level of the former
“Scydmaenidae” resulting from these actions can then be
represented as follows, modified from the recent world
classification of Newton & Franz (1998) and incorpo-
rating other recent changes and additions (most imple-
mented in Newton & Thayer, 2005):

STAPHYLINIDAE Latreille, 1802, sensu novo et latis-
simo: 32 Recent and one extinct subfamilies (Herman,
2001; Thayer, 2005), including:

SCYDMAENINAE Leach, 1815, stat. n.

SCYDMAENITAE Leach, 1815, stat. n.
EUTHEIINI Casey, 1897
CEPHENNIINI Reitter, 1882
CYRTOSCYDMINI Schaufuss, 1889
PLAUMANNIOLINI Costa Lima, 1962
CHEVROLATIINI Reitter, 1882
LEPTOSCYDMINI Casey, 1897
SCYDMAENINI Leach, 1815

MASTIGITAE Fleming, 1821, stat. n.
CLIDICINI Casey, 1897
LEPTOMASTACINI Casey, 1897
MASTIGINI Fleming, 1821

tHAPSOMELITAE Poinar & Brown, 2004, stat. n.

Note that a complete catalog of genus- and family-
group names of Scydmaeninae stat. n., with full refer-
ences, was provided in Newton & Franz (1998) and
Newton & Thayer (2005). O’Keefe (2005) also provided
a generic summary as well as a concise description of
larvae and adults of the group, and summarized the
results of his still-unpublished phylogenetic analysis
within the group that suggested that Scydmaenitac are
paraphyletic with respect to Mastigitae, and that Eutheiini
and Cephenniini branch off first.

On the position of Solierius

The single significant uncertainty depicted on the most
consistently supported topology is the position of the
genus Solierius, the sole member of the subfamily Solieri-
inae (Fig. 14). Larvae of Solierius are still unknown and
this is the only terminal in our analysis lacking larval
morphological data and, consequently, a phylogenetic
placement on the trees obtained in the larval analyses
1-4. Analysis of adult morphological characters (5-8)
and two analyses of combined datasets (10 and 12) con-
sistently placed Solierius as a sister to the clade of Scyd-
maeninae + (Steninae + Euaesthetinae) on the strict
consensus trees, but this grouping was invariably lost
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after bootstrapping. Two other combined analyses (9 and
11) moved Solierius one internode towards the base,
making it a sister to (Scydmaeninae + Steninae + Euaes-
thetinae) + (Leptotyphlinae + Paederinae + Staphylininae
+ Paederinae). The former hypothesis on Solierius is sup-
ported, consequently, three times more than the latter. At
present we conclude that Solierius most likely belongs to
the Staphylinine Group sensu stricto (i.e., excluding Oxy-
porinae and Megalopsidiinae), however, its more resolved
sister-group relationships will be better understood once
its larva is known.

On the position of Silphidae

All recent phylogenetic studies mentioned in the Intro-
duction except Hunt et al. (2007) have Silphidae coming
out at the base of, or more often just outside of, Staphy-
linidae sensu lato, and our results placing this family as a
sister group to Staphylinidae are consistent with this
placement. No studies, including Hunt et al. (2007), have
linked Silphidae specifically to any members of the
Staphylinine Group as defined here. Thus the hypothesis
of Lawrence & Newton (1982) that Silphidae might be
members of the Staphylinine Group can be considered
rejected. Silphidae may instead be a sister group to
Staphylinidae, or an isolated basal lineage within it, and
its exact relationship to Staphylinidae sensu latissimo is in
our opinion the most difficult remaining issue concerning
the monophyly of Staphylinidae.

Age of the Staphylinine Group based on the fossil
record

According to Grimaldi & Engel (2005), the earliest
known Staphylinidae sensu lato (considered by them as
“the oldest definitive polyphagan beetle”) is a still-
unnamed genus and species with relatively short elytra
from the Late Triassic of Virginia, dated approximately
230-220 mya. After a gap, the mid- to late Jurassic period
(ca. 180-150 mya) has yielded a diverse assemblage of
more than two dozen named extinct genera of Staphylin-
idae, all with short elytra and all but two of them placed
in or resembling members of the modern subfamilies
Omaliinae, Tachyporinae, Oxytelinae, Trigonurinae,
Olisthaerinae and Piestinae (Herman, 2001; Newton &
Thayer, 1995), and evidently not attributable to the
Staphylinine Group. The exceptions are two extinct
genera of probable Staphylininae from upper Jurassic
compression fossils in China (Zhang, 1988). Further
named and unnamed genera attributable to Staphylininae
are known from the Cretaceous period (e.g., Grimaldi &
Engel, 2005, Fig. 10.8; Herman, 2001), and an extinct
genus of Euaesthetinae is known from Cretaceous amber
(Lefebvre et al., 2005). Scydmaeninae appear at this time
also, represented by two extinct genera, Palaeolepto-
chromus O’Keefe (O’Keefe et al., 1997) and Hapsomela
(Poinar & Brown, 2004), from Cretaceous ambers from
Canada and Burma, respectively. The latter genus, dated
at about 100-110 mya, was originally placed in its own
extinct subfamily Hapsomelinae, based on the apparent
presence of a “patella” (otherwise unknown in modern
Insecta) between the femur and tibia of the prolegs.



Although their proposed homology of this structure may
be debatable (possibly it is a rare, bilaterally symmetrical
teratology), Hapsomela is clearly a scydmaenine, and
establishes a minimal age for Scydmaeninae that is con-
sistent with the placement of this subfamily in the Staphy-
linine Group. Numerous additional fossils of Scyd-
maeninae, Staphylininae, Paederinae and some other
subfamilies of the Staphylinine Group are known from
the Tertiary period, especially from Baltic and other
ambers of about Oligocene age, and include many species
attributed to modern genera (e.g., Herman, 2001; Spahr,
1982). These data together suggest an origin of the
Staphylinine Group by the Upper Jurassic and its diversi-
fication into recognizable modern subfamilies, including
Scydmaeninae, by the Cretaceous.

Leptotyphlinae, the Cretaceous clade of blind and
wingless endogean beetles

Our results strongly support the hypothesis that the
minute soil-dwelling Leptotyphlinae with 525 named spe-
cies from all continents except Asia (Grebennikov &
Newton, 2008) originated in the Cretaceous to form a
sister-group to the major worldwide radiation of Pseu-
dopsinae + Paederinae + Staphylinidae consisting of 54,
6,101 and 6,876 species, respectively (Thayer, 2005).
Though no fossil data are available to additionally test
this hypothesis, it is still most parsimonious to assume
that the obligatory endogean way of life with such associ-
ated morphological traits as complete blindness and lack
of hind wings were attributes of the Leptotyphlinae stem
species. Such an assumption is rather remarkable, as it
identifies Leptotyphlinac as one of the oldest, most
widely distributed and simultaneously most speciose
clades of blind and wingless soil-dwelling pterygote
insects.

It is plausible to assume that the morphological ultra-
specialization accompanied by losing eyes and severely
reducing dispersal capacity, as found in Leptotyphlinae, is
achieved at great cost for the organism’s ability to adapt
to environmental changes. It is also plausible to assume
that such ultra-specialization may permit rapid utilization
of previously inaccessible vacant ecological niches such
as caves or deep soil layers, which, in turn, may lead to
rapid allopatric speciation. This hypothesis agrees with
the observation that when adequately studied, endogean
or troglobiont beetles occur in clusters of closely related
and narrowly distributed allopatric forms. We would fur-
ther reason that this ultra-specialization may be counter-
productive for the long-term evolutionary success of the
group, because these blind, poorly dispersing (although
see Peck 1990 for notable exceptions) and narrowly dis-
tributed species are highly vulnerable to sudden changes
in their environment. This implies that the majority of
obligatory blind and secondarily wingless clades are
expected to be short-lived in comparison to their eyed and
winged relatives. The relatively young age of such ultra-
specialized clades can be deduced from their geographical
distribution being relatively restricted and formed by a
group of allopatric taxa. This pattern can be seen in clades
of endogean or troglobiont beetles (within Carabidae,

Dytiscidae, Leiodidae, Ptiliidae, Staphylinidae, Anthici-
dae, Curculionidae) having no significant (= interconti-
nental) distributional gaps among their members. Some
taxa seemingly disagreeing with this pattern, like Rei-
cheina and Anillini in Carabidae or Raymondionyminae
in Curculionidae, have never been adequately demon-
strated as monophyletic. Primarily wingless diplurans
with some eight hundred extant blind species do not nec-
essarily share the same blind ancestor, as implied by the
discovery of the fully eyed Carboniferous Testajapyx tho-
masi (Kukalova-Peck, 1987). These considerations high-
light the uniqueness of the likely monophyletic Lepto-
typhlinae consisting of blind and wingless soil-dwellers
from as early as the Cretaceous, with presently some five
hundred species disjunctly distributed on different conti-
nents. If these suppositions hold true, Leptotyphlinae then
potentially exemplify how far in time and space such
“evolutionarily committed” groups might reach.

Staphylinidae, or rove beetles, the largest family of
Animalia

The addition of the former “Scydmaenidae” to the
already huge family Staphylinidae makes this family the
largest in Coleoptera, with 55,440 described species
(extant plus extinct) recognized as valid through the end
of 2007 (Newton, 2007, slightly updated), thus surpassing
its only rival (Gaston, 1991), the Curculionidae, with an
estimated 51,000 described species (Oberpricler et al.,
2007). This makes Staphylinidae, or rove beetles, the
most diverse family of Animalia.

CONCLUDING REMARKS

Our conclusion that Scydmaeninae, with relatively long
elytra that cover much or all of the abdomen, are nested
well within the Staphylinine Group, whose other mem-
bers all have short or very short elytra exposing most
abdominal segments from above (as in most other Staphy-
linidae), implies that long elytra in this group are a secon-
dary development and not a retained feature of more
“typical”, non-staphylinid beetles with entire elytra.
Indeed, the single most parsimonious tree in our com-
bined analysis of morphological data (Fig. 11) shows
short elytra (141/3) as a derived feature of the entire
Staphylinine Group and longer elytra (141/1) as a synapo-
morphy for Scydmaeninae within that group. Scyd-
maenines are usually illustrated with their elytra
completely covering the abdomen (e.g., O’Keefe, 2005),
although when alive or preserved in liquid specimens
typically have one to as many as three abdominal terga
exposed (e.g., Fig. 4). Other hints that scydmaenines with
long elytra may be derived from ancestors with shorter
elytra include the usual sclerotization of three or more
apical abdominal terga; presence of a pair of paratergites
on abdominal segment VII in some taxa (e.g., Veraphis
and Scydmaenus in our analysis), a characteristic staphy-
linid adaptation to uncovered abdominal terga; and a
wing-folding pattern including a costal hinge of the type
unique to Staphylinidae and closely allied groups
(including Silphidae), which has been interpreted as
facilitating the folding of the wings tightly under short-
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ened elytra (e.g.,, Hammond, 1979; Newton & Thayer,
1995). Scydmaenine larvae are also atypical among
staphylinid larvae in having urogomphi that are unarticu-
lated or completely absent, rather than articulated as in
most staphylinids and staphylinoids. However, Newton &
Thayer (1995), focusing on the Omaliine Group of
staphylinid subfamilies, noted multiple examples of the
secondary development of long elytra and fixed or absent
larval urogomphi in Staphylinidae. Those authors also
noted that the known fossil record of Staphylinidae (see
discussion above) is consistent with the very early pres-
ence of short elytra (including all of the ca. 30 genera of
Triassic and Jurassic age), and the subsequent appearance
of forms with longer elytra, first represented by Scyd-
maeninae in the mid-Cretaceous. The functional signifi-
cance of such apparent reversals in elytral length and loss
of urogomphi has yet to be demonstrated, and is espe-
cially intriguing in the former case given the often-
assumed advantages of short elytra for exploitation of
forest leaf litter and other cryptic microhabitats (e.g.,
Hammond, 1979).

Although the biology of scydmaenines is still poorly
known overall, available evidence indicates that at least
four tribes of Scydmaenitae are specialized predators of
armored mites as adults and larvae, and feed by preoral
digestion after penetrating the prey in diverse ways (e.g.,
Schmid, 1988; Molleman & Walter, 2001). Mastigini
(Mastigitae) also use preoral digestion but on softer prey,
at least as larvae (De Marzo, 1983). Such predatory
habits, and especially the feeding mode including preoral
digestion of soft tissues of the prey followed by ingestion
of the resulting liquid, are consistent with what is known
of the biology of other members of the Staphylinine
Group (e.g., Leschen & Newton, 2003; Thayer, 2005),
and indeed this feeding mode was cited as a common
characteristic of the group when it was first proposed
(Lawrence & Newton, 1982). Oxyporinae, unique in the
group in being mycophagous rather than carnivorous, also
use preoral digestion of soft fungi in an exactly analogous
(and probably homologous) manner (Lipkow, 1997). In
contrast, adults and larvae of other Staphylinidae and
other families of Staphylinoidea generally ingest solid
food, although preoral digestion is known or suspected to
occur within some groups including some Omaliinae,
Pselaphinae and some adult Silphidae (e.g., Thayer,
2005).
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ArpEnDIX 1. List of 211 morphological characters used in the
analysis.

Abbreviations used for the initial sources of characters (not
necessarily identically stated, but noted as modified (“mod.”) if
significantly re-worded): B&M: Beutel & Molenda (1997);
C&G: Clarke & Grebennikov (2009); G: Grebennikov (2005);
H: Hansen (1997); L&N: Leschen & Newton (2003); N:
Newton (1982); N&T: Newton & Thayer (1995); S&N: Solo-
dovnikov & Newton (2005); T: Thayer (2000).

Larvae, body and head

1. Frayed setae [S&N: 99]: absent = 0 (Fig. 15); present = 1.

2. Relative length of setae on cranium and terga: setae of vari-
able length: long, medium and short = 0 (Fig. 15); setae either
long or short; almost no medium setae present = 1; all setae
relatively short = 2.

. Trichobothria [S&N: 100]: absent = 0 (Fig. 17); present = 1.

4. Relatively large pore-like opening dorsally on epicrania, all
thoracic and abdominal terga: absent = 0 present = 1 (Fig.
15).

5. Presence, number and size of stemmata: present, six, fully
developed = 0; present, less than six or partly reduced in size
=1 (Fig. 15); absent = 2. [ordered].

6. Length of coronal suture (B&M: 3, mod.]: short, about as
long as width of antennomere 1 = 0; longer than 0, about
0.3-0.5 length of head capsule = 1 (Fig. 3D); as long as, or
longer than, half length of head capsule = 2 (Fig. 15).
[ordered].

7. Constricted neck region [S&N: 68, mod.]: absent = 0; present
=1 (Fig. 16).

8. Foramen occipital, width: wide, 0.7 and more times as wide
as maximum head width = 0 (Fig. 16); narrow, not wider than
0.5 times head width = 1.

9. Dorsal ecdysial lines [S&N: 69, mod.]: Y-shaped = 0; lyri-
form = 1 (Fig. 15).

10. Nuchal carina in posterior part of head: absent = 0; present =
1 (Fig. 16).

11. Ventral arms of nuchal carina: arms directed antero-
medially = 0; arms directed medially = 1 (Fig. 16).

12. Anteriorly directed large sclerotized tooth of ventral wall of
head capsule: absent = 0; present = 1 (Fig. 16).
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13. Posterior tentorial pits [S&N: 72, mod.]: much (more than 5
times) longer than wide = 0; short, rounded to elongate = 1
(Fig. 16).

14. Posterior tentorial arms: wide and short, not more that 10
times as long as wide = 0; extremely thin, thread-like and
more than 20 times as long as wide = 1 (Fig. 15).

15. Origin and shape of tentorial bridge: from posterior tentorial
pits, wide = 0; from posterior tentorial arms, very narrow or,
apparently, absent = 1 (Fig. 15).

16. Attachment of anterior tentorial arms to dorsum of head cap-
sule: indistinct and/or rounded, not transverse = 0 (Fig. 15);
markedly transverse, extending mesally from dorsal man-
dibular condyle = 1.

17. Ventral ecdysial lines [L&N: 41]: absent = 0; present = 1
(Fig. 16).

18. Shape of ventral ecdysial lines [S&N: 70]: linear, extending
from base of head to vicinity of posterior tentorial pits = 0;
Y-shaped, branching in vicinity of posterior tentorial pits and
extending between maxillary foramina = 1 (Fig. 16).

19. Oblique hypostomal ridges on ventral surface of head cap-
sule near maxillary foramina: absent = 0 (Fig. 16); short, not
longer than length of cardo = 1; long, about twice longer than
length of cargo = 2. [ordered].

20. Labrum [B&M: 7, mod.]: separated from clypeus by distinct
suture visible on all length = 0; partly fused to clypeus with
the suture visible only laterally = 1; firmly fused to clypeus
forming a nasale = 2 (Fig. 15). [ordered].

21. One or two lateral sclerites on each side of labrum near its
articulation/fusion to clypeus: absent = 0 (Fig. 15); present =
1.

22. Anterior edge of labrum/nasale [L&N: 31, mod.]: not
toothed or serrate = 0; toothed or serrate = 1 (Fig. 19).

23. Median tooth on labrum or nasale: absent = 0; present = 1
(Fig. 19).

24. Tormae (not illustrated): absent = 0; present = 1.

25. Main sensory appendage on antenna; its position with
respect to articulation of apical antennomere [S&N: 77,
mod.]: anterior/mesal = 0 (Fig. 15); ventral = 1; dorsal = 2;
posterior/lateral = 3; apical = 4.

26. Shape of the main sensory appendage of antenna [S&N: 78.
mod]: bulbous, with convex sides = 0 (Fig. 20); very elongate
and narrow, along much of its length parallel-sided = 1.

27. Length of sensory appendage: as long as or shorter than
width of penultimate antennomere = 0 (Fig. 20); longer than
the width of penultimate antennomere = 1.

28. Shape of ultimate antennomere: of regular shape or slightly
shortened, ratio length to width 1.5-2.5 = 0 (Fig. 20); absent,
deformed, or shortened, ratio length to width 1 and less = 1;
markedly elongate, ratio length to width more than 3 = 2.

29. Membrane connecting basal antennomere with head capsule:
absent or short, not much larger that membrane between
antennomeres 2 and 3 = 0 (Figs 25, 29); much larger than
membrane between antennomeres 2 and 3, about as long as
antennomere 1 =1.

30. Basal antennomere [S&N76]: not constricted or interrupted
by membrane; antennae clearly three-segmented = 0; con-
stricted by a sclerotized ring; antennae appearing four-
segmented. = 1; separated by membranous ring or constric-
tion into two pseudo-segments, antennae appearing four-
segmented = 2 (Fig. 20).

31. Length of antennae: shorter than 1/3 of length of head cap-
sule = 0; longer than half length of, but shorter than whole
length, of head capsule = 1 (Fig. 15); about as long as head
capsule = 2; markedly longer than head capsule = 3 (Fig. 22).
[ordered].
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Figs 15-20. Larva of Platydracus maculosus (Staphylininae), details. 15, 16 — head (right mandible, left antenna and left maxilla
omitted), dorsal (15) and ventral (16); 17 — right maxilla, ventral; 18 — labium, ventral; 19 — nasale, dorsal; 20 — right antenna,
dorsal. Numbered arrows correspond to character number/state in Appendix 1.

32. Seta or setae on first (basal) antennomere: absent = 0 (Fig.
28); present = 1.

33. Number of long setae in apical half of second (penultimate)
antennomere: three = 0 (Fig. 20); more than three = 1 (Fig.
28).

34. Number of long setae in apical half of third (ultimate or api-
cal) antennomere; not including a single non-articulated seta-
like sensory structure: three = 0 (Fig. 20); more than three =
1.

35. Mandibular mola: absent = 0 (Fig. 16); present, small,
maximum 2-3 times wider than mandible at middle = 1; pre-
sent, large, 5-7 times wider than mandible at middle = 2.
[ordered].

36. Mandibles, mesal dentition [S&N: 79, mod.]: absent,
without preapical teeth = 0 (Fig. 15); present, with 1-3
preapical teeth = 1.

37. Mandibles, single large tooth on mesal surface directed
markedly dorsally: absent = 0 (Fig. 15); present = 1.

38. Mandibles, symmetry [T: 51, mod.]: symmetrical or almost
symmetrical = 0 (Fig. 26); markedly asymmetrical = 1.

39. Mandibles, mesal serration (T: 53, mod.]: absent completely
=0 (Fig. 15); present, at least partly = 1 (Fig. 26).

40. Mandibles, shape: relatively straight and slightly curved,
apices when open directed anteriorly = 0; markedly curved,
apices when open directed almost mesally = 1 (Fig. 24).

41. Articulation of maxillae: through large membranous articu-
lating area = 0 (Fig. 27); through condyle, membranous
articulated area reduced or absent = 1 (Fig. 16).

42. Cardo, size of sclerotized part compared to the base of
stipes: about as wide as, or wider than, base of stipes = 0 (Fig.
16); reduced in size, markedly narrower than base of stipes =
1.
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43. Cardo, transverse ridge on its sclerotized part: absent = 0
(Fig. 16); present = 1.

44. Stipes, shape (not considering mala) whether characteristi-
cally straight-sided and narrowed apicad: not narrowed
apicad, if narrowed than not straight-sided = 0 (Fig. 27); char-
acteristically straight-sided and narrowed apicad = 1.

45. Lateral edge of stipes, whether with constriction or not:
without obvious constriction = 0 (Fig. 17); with constriction
at middle = 1.

46. Maxillary palpomere 2, shape: straight = 0 (Fig. 17); mark-
edly bent = 1 (Fig. 27).

47. Maxillary palpomere 3, length and shape [L&N34, mod.]:
relatively stout (not more than 8 times as long than wide) and
rigid = 0 (Fig. 17); very slender (10 and more times longer
than wide) with 1-2 weak deflection points = 1 (Fig. 27).

48. Galea and lacinia: fully or partly separate = 0; completely
fused forming mala =1 (Figs 17, 27).

49. Dense setal brush on outer lobe of divided mala (galea) (not
illustrated): absent = 0; present = 1.

50. Galea and lacinia (or mala), shape: wide and stout or, if
narrow apically, then widening to base = 0 (Fig. 27); finger-
like, parallel-sized along its length = 1 (Fig. 17).

51. Galea and lacinia (or mala), articulation to stipes: fused to
stipes = 0; articulated to stipes = 1 (Fig. 17).

52. Galea and lacinia (or mala), size: large, its length is equal to,
or longer than, apical width of stipes = 0 (Figs 17, 27); absent
or small, not longer than apical width of stipes = 1.

53. Galea and lacinia (or mala), position of attachment to stipes:
attached to mesal surface of stipes, clearly protruding mesally
= 0 (Fig. 17); attached to dorso-mesal surface of stipes; not
protruding mesally = 1.

54. First (basal) maxillary palpomere (one apicad of maxillary
palpifer): without setae = 0 (Fig. 17); with setae = 1 [parsimo-
niously uninformative and deactivated].

55. Second (penultimate) maxillary palpomere: with two setae =
0 (Fig. 17); with more than two setae = 1.

56. Third (apical) maxillary palpomere: without setae = 0 (Fig.
17); with setae = 1.

57. Third (apical) maxillary palpomere: entire = 0; subdivided
by membrane into two pseudosegments = 1 (Fig. 27).

58. Ventral side of head [S&N: 71, mod.]: with free submentum
= 0; with submentum fully fused to cranium = 1 (Fig. 16).

59. Ventral side of head [S&N: 71, mod.]: with free mentum =
0; with mentum fused to submentum and both fused to head
capsule = 1 (Fig. 16).

60. Mentum (not illustrated): with triangular or sub-quadrate
sclerite bearing two pairs of setae = 0; mainly membranous,
with transverse two-setose sclerite = 1.

61. Maxillary foramina anteriorly: open = 0; closed = 1.

62. Maxillary foramina mesally: open = 0; closed = 1 (Fig. 16).

63. Ligula, presence: absent = 0 (Fig. 27); present = 1 (Fig. 18).

64. Ligula, shape: variously shaped, not sclerotized or digiti-
form = 0; digitiform, sclerotized, as long as wide and articu-
lated to membranous prementum = 1; digitiform, sclerotized,
longer than wide and articulated to membranous prementum =
2 (Fig. 18).

65. Ligula, width at apex: wide, markedly wider than basal
labial palpomere = 0; narrow, as wide as, or narrower than,
basal labial palpomere = 1 (Fig. 18).

66. Ligula, whether broadly bilobed at apex: straight, pointed or
rounded, not bilobed = 0 (Fig. 18); broadly bilobed at apex =
1.

67. Ligula, length: long, about as long as basal labial palpomere
= 0 (Fig. 18); short, about as long as width of basal labial pal-
pomere = 1.
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68. Labial palpomere 2: rigid and wide; not more than 6 times
as long as its basal width = 0 (Fig. 18); narrow and elongate;
about 8 times as long as its basal width = 1.

69. Long membranous and microsetose anterior projection of
ligula: absent = 0 (Fig. 18); present = 1.

70. Apical labial palpomere: complete = 0 (Fig. 18); subdivided
by membrane into two pseudosegments = 1.

71. Ventral sclerite of prementum [L&N: 35]: entire = 0 (Fig.
18); at least partly (apically) divided along midline = 1.

Larvae, thorax

72. Pronotum [S&N: 84, mod.]: without posterior carina = 0
(Fig. 21); with posterior carina = 1.

73. Cervicosternum [S&N: 87]: transverse, anterior to proepis-
terna = 0 (Fig. 23); triangular, apex extends posteriorly
between proepisterna = 1.

74. Meso- and metatergum [S&N: 85, mod.]: without posterior
carina = 0 (Fig. 21); with posterior carina = 1.

75. Longest seta on trochanter, length (not illustrated): two and
more times longer than width of trochanter = 0; one and half
times as long as, or shorter than, width of trochanter = 1.

76. Longest seta on legs, location (not illustrated): on trochanter
= 0; on femur = 1; no clearly defined longest seta = 2.

77. Tibiotarsus, shape [L&N 46, mod.]: normal (fairly stout) =
0; entirely styliform = 1 (Fig. 22); abruptly styliform in apical
half = 2.

78. Tibiotarsus, width and presence of two stout spines at mid-
dle: tibiotarsus at middle not wider than at base, without two
spines = 0 (Fig. 22); tibiotarsus at middle widened, markedly
wider than at base, with two spines = 1.

79. Setae at apex of tibiotarsus: short, as long as or shorter than
claw’s width at base = 0 (Fig. 22); long, about as long as
length of claw = 1.

Larvae, abdomen

80. Abdominal terga [S&N: 93, mod.]: undivided = 0 (Fig. 21);
medially divided by membranous area = 1.

81. Abdominal sterna [S&N: 94, mod.]: undivided = 0; medially
divided by membranous area = 1 (Fig. 23).

82. Elongate and latero-posteriroly directed tube-like process on
each side of abdominal segment IX terminated by long seta:
absent = 0 (Fig. 21); present = 1.

83. Openings of abdominal (and thoracic) spiracles: not or only
slightly elevated compared to body surface = 0 (Fig. 22);
markedly elevated and located on apices of tube-like projec-
tions = 1.

84. Abdominal laterotergites [S&N: 95, mod.]: separate latero-
sclerites absent, apparently fused with tergum encircling
spiracles = 0; one pair present = 1 (Fig. 22); two (sometimes
3) pairs present on at least segments 1I-VI = 2; absent, not
fused with tergum, spiracles not encircled = 3.

85. Urogomphi: absent = 0 (Fig. 21); present = 1.

86. Urogomphi, articulation to tergum IX (not illustrated): indis-
tinctly articulated, apparently not movable = 0; distinctly
articulated = 1.

87. Long apical seta on urogomphi (not illustrated): absent = 0;
present = 1.

88. Number of segments of urogomphi [T: 118] (not illustrated):
two=0; one = 1.

89. Urogomphi, relative length (not illustrated): about two times
as long as, or longer than, tergum VIII = 0; about as long as,
slightly longer, or shorter than, tergum VIII = 1.

Adults, head

90. Dorsal tentorial pits (or a single pit, if fused) [C&G: 1]:
absent = 0; present, visible externally as depressions or dis-
tinct pits = 1 (Fig. 33).



Figs 21-29. Larva of Palaeostigus bifoveolatus (Scydmaeninae), details. 21-23 — habitus, dorsal (21), lateral (22) and ventral
(23); 24-26 — head, dorsal (24), lateral (25) and ventral (26); 27 — maxillae and labium, ventral; 28 — left antenna, ventral; 29 — head,
frontal. Numbered arrows correspond to character number/state in Appendix 1.
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91. Interantennal pits [C&G: 2]: absent = 0 (Fig. 33); present =
1.

92. Lateral neck constriction: present = 0 (Fig. 33); absent = 1.

93. Dorsal transverse nuchal impression [C&G: 3; N: 8]: present
=0 (Fig. 34); absent = 1.

94. Epistomal (=frontoclypeal) suture [C&G: 7; L&N: 3]: pre-
sent = 0 (Fig. 33); absent = 1.

95. Antennal insertion in dorsal view [C&G: 8]: concealed
under a ridge = 0; more or less exposed = 1 (Fig. 33).

96. Compound eyes: absent = 0; present = 1 (Fig. 34).

97. Antennal insertion, location in relation to anterior margin of
eye [C&G: 9, mod.]: at, or anterior to, anterior margin of eye
= 0; posterior to anterior margin of eye = 1 (Fig. 34).

98. Gular sutures, whether present and complete [C&G: 10,
mod.; L&N: 7, mod.]: present, complete = 0; present, incom-
plete either anteriorly or posteriorly = 1 (Fig. 35); absent = 2.
[ordered].

99. Gular sutures, whether fused or separate [C&G: 10, mod;
L&N: 7, mod.]: completely separate = 0 (Fig. 35); fused for
more than half of their length = 1; fused medially (less than
1/3 length), diverging anterad and posterad = 2.

100. Ommatidia structure [C&G: 11]: facets hexagonal and flat,
eye surface smooth = 0 (Fig. 33); facets round and strongly
convex, eye surface botryoidal = 1.

101. Tentorial bridge [C&G: 13] (not illustrated): present = 0;
absent = | [parsimoniously uninformative and deactivated].
102. Corporotentorium [C&G: 15; ex N&T: 24] (not illustrated):

present, split = 0; absent = 1; present, fused = 2.

103. Antennal club [C&G: 16; L&N: 1]: absent = 0 (Fig. 30);
present = 1.

104. Number of antennomeres in antennal club (in females if
dimorphic) [C&G: 17]: zero, club absent = 0 (Fig. 30); two or
three = 1; four or more = 2.

105. Labrum, shape from above [S&N: 11, mod.]: subquadrate
to moderately transverse (up to 1.5X) = 0; strongly transverse
(2 and more X as wide as long) = 1 (Fig. 33).

106. Labrum, whether bilobed: not bilobed = 0; bilobed = 1
(Fig. 33).

107. Anterior margin of labrum [C&G: 22]: sclerotized, smooth
= 0 (Fig. 33); sclerotized, denticulate or serrate = 1; with
transparent apical membrane = 2.

108. Mandibular proportions [C&G: 25, mod.]: mandibles less
than three times as long as maximal width = 0 (Fig. 37); man-
dibles between three and five times as long as maximal width
= 1; mandibles more than five times as long as maximal width
= 2. [ordered].

109. Mandibles in apposition [C&G: 26, mod.]: apices fully
exposed = 0 (Fig. 30); apices concealed beneath labrum = 1.
110. Inner edge of mandibles [C&G: 27, mod.]: smooth = 0

(Fig. 37); serrate = 1.

111. Preapical mandibular teeth (in females, if dimorphic)
[C&G: 28; N&T: 31, mod.]: asymmetrical in number = 0;
symmetrical in number = 1 (Fig. 37).

112. Maximum number of preapical teeth on inner margin of
mandibles [C&G: 29; N&T: 32]: two and more = 0 (Fig. 37);
one = 1; zero = 2.

113. Mandibular prostheca [C&G: 31; L&N: 4]: present = 0
(Fig. 37); absent = 1.

114. Mandibular molar lobe [S&N: 13; C&G: 32, L&N: 5,
mod.]: present, contiguous, well developed, with sclerotized
microsculpture = 0; present, contiguous, weakly developed,
with microtrichiae = 1; absent (non-contiguous) = 2 (Fig. 37).
[ordered].

115. Apical unarticulated spine of lacinia [C&G: 34; N&T: 38,
mod.]: absent = 0 (Fig. 39); present = 1.
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116. Maxillary palpomere III, length [C&G: 37, mod.]: two
thirds or less than palpomere II = 0; subequal to palpomere 11
=1 (Fig. 35); longer than palpomere 11 = 2.

117. Maxillary palpomere IV [C&G: 38; L&N: 6]: well-
developed, fully sclerotized, similar in width to palpomere II1
= 0 (Fig. 35); about half the width of palpomere III = 1; min-
ute, hyaline, not more that 1/4 width of palpomere III = 2;
absent = 3. [ordered].

118. Lateral premental lobes (“paraglossae” of some authors):
absent = 0; present = 1 (Fig. 38).

119. Medial premental lobes (“glossae” of some authors; not to
confuse with lateral premental lobes or “paraglossae” of some
author: present = 0 (Fig. 38); absent = 1.

120. Insertion and proximity of labial palps [C&G: 43, mod.]:
separated by less than maximum width of basal palpomere =
0; separated by more than maximum width of basal pal-
pomere = 1 (Fig. 38).

121. Labial palpomere II [C&G: 45, mod.]: unmodified, sube-
qual in width to palpomere I = 0; strongly expanded, sub-
globular or subfusiform = 1 (Fig. 38).

122. Labial palpomere III [C&G: 46, mod.; S&N: 18, mod.]:
about as wide as penultimate palpomere, well sclerotized = 0;
about half as wide as penultimate palpomere, well sclerotized
= 1; acicular, hyaline, about third or less as wide as penulti-
mate palpomere = 2 (Fig. 38); moderately to strongly
expanded apically, subtriangular = 3.

123. Mentum [C&G: 48]: subquadrate or elongate = 0; trans-
verse (more than 1.5 times as wide as long) = 1 (Fig. 38).

124. Mentum, number of macrosetae (those two and more times
longer than surrounding ones, if any) [S&N: 19, mod.]: one
pair = 0; two pairs = 1; three pairs or more = 2 (Fig. 35);
absent = 3.

125. Submentum and gula [C&G: 50; N&T: 20, mod.]: sepa-
rated by internal ridge anterior to posterior tentorial pits = 0;
fused = 1 (Fig. 35).

Adults, thorax

126. Cervical sclerites [C&G: 52, mod.; L&N: 8, mod.]: large =
0; small and very slender = 1; absent = 2 (Fig. 33). [ordered].
127. Anteprosternal plates [S&N: 20, mod.]: absent = 0 (Fig.
40); present as pair (small and separated to large and contigu-

ous)=1.

128. Pronotal marginal carina [C&G: 53 mod.; S&N: 21, 22.
mod.]: reaching anterolateral margin without meeting
notosternal suture = 0; not reaching anterolateral margin,
fused to notosternal suture = 1; obsolete anteriorly, not
meeting anterolateral margin or notosternal suture = 2 (Fig.
3.

129. Inferior hypomeral marginal carina [C&G: 55]: present,
complete or incomplete = 0 (Fig. 40); absent = 1.

130. Pronotum, front angles [S&N: 23]: not produced anterad of
anterior margin of prosternum = 0 (Fig. 40); produced anterad
of anterior margin of prosternum = 1.

131. Pronotal hypomeron [S&N: 24]: not inflexed, visible in lat-
eral view = 0 (Fig. 31); inflexed, mostly not visible in lateral
view, except postcoxal process = 1.

132. Pronotal postcoxal process of hypomeron [S&N: 25]: well
developed and sclerotized similarly to rest of hypomeron = 0
(Fig. 40); variously developed but weakly sclerotized, translu-
cent, + flexible = 1; absent = 2. [ordered].

133. Pronotosternal suture [S&N: 26; C&G: 56; L&N: 9, mod.]:
present, complete, distinctly membranous = 0; present, +
complete as fine groove or carina, not membranous = 1;
absent, or very incomplete and evident only posteriorly near
coxal cavity = 2 (Fig. 40). [ordered].



Figs 30-40. Adult of Palaeostigus bifoveolatus (Scydmaeninae), details. 30-32 — habitus, dorsal (30), lateral (31) and ventral (32);
33-35 — head, dorsal (33), lateral (34) and ventral (35); 36 — labrum, dorsal; 37 — left mandible, dorsal; 38 — labium, ventral; 39 —
right maxilla, ventral; 40 — prothorax, ventral (legs omitted, except right coxa). Numbered arrows correspond to character
number/state in Appendix 1.
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134. Protrochantin in lateral view [C&G: 57; L&N: 10]:
exposed = 0; concealed = 1 (Fig. 31).

135. Anteprocoxal lobes of prosternum [C&G: 60]: absent = 0;
present = 1.

136. Procoxal mesial surface [C&G: 61; L&N: 11]: smooth,
without carina-delimited groove = 0 (Fig. 40); excavate, with
carina-delimited groove = 1.

137. Pronotum and/or elytra [C&G: 62; N: 1]: with longitudinal
carinae or costae = 0 (Fig. 30); without longitudinal carinae or
costae = 1.

138. Antemesosternal sclerite or sclerites [C&G: 64; N: 33]:
absent = 0 (Fig. 41); present = 1.

139. Scutellar shield in dorsal view, more than half of it [C&G:
65]: exposed = 0; concealed by pronotum (when pronotum in
retracted position) = 1 (Fig. 30).

140. Scutellum, transverse carina/ae, even if incomplete [S&N:
35, mod.]: with one transverse carina = 0; with two transverse
carinae = 1; without transverse carinae = 2 (Fig. 43).

141. Elytral length relative to abdomen, viewed from above:
entire (abdomen completely concealed) = 0; slightly truncate
(1-2 terga exposed) = 1 (Fig. 30); strongly truncate (3—5 terga
exposed) = 2; short (67 terga exposed) = 3.

142. Elytral striation, whether present or not [C&G: 66, mod.;
L&N: 22, mod.]: present, either striae, punctures, or both = 0;
absent = 1 (Fig. 30).

143. Elytral striation [C&G: 66, mod.; L&N: 22, mod.] (not
illustrated): represented by punctures only = 1; continuously
impressed and punctured = 2.

144. Elytral epipleural keel [C&G: 67; L&N: 23]: present = 0;
absent = 1 (Fig. 31).

145. Metathoracic wing: present, apparently functional = 0;
extremely reduced or absent, non-functional = 1 (Fig. 43).

146. Wing folding pattern, costal hinge [N&T: 74, mod.] (not
illustrated): absent = 0; present = 1.

147. Wing folding pattern [N&T: 74, mod.] (not illustrated):
wing folding symmetrical (with about 2/3 overlap) = 0; wing
folding asymmetrical (with full overlap) = 1.

148. Anal lobe of wing [N&T: 75, mod.] (not illustrated): pre-
sent = 0; absent = 1.

149. Anal lobe of wing [N&T: 75, mod.] (not illustrated): large
(>1/2 wing width), with small or no fringe = 0; small (<1/2
wing width), with long fringe = 1.

150. Wing venation, vein MP3 [N&T: 76, mod.] (not
illustrated): absent = 0; present = 1.
151. Wing venation, vein MP4 [N&T: 76, mod.] (not

illustrated): absent = 0; present = 1.

152. Mid-lateral elytral binding patch [C&G: 70; H: 66] (not
illustrated): absent = 0; present = 1.

153. Baso-lateral elytral binding patch binding with metepi-
meron [C&G: 71] (not illustrated): present = 0; absent = 1.

154. Transverse mesanepisternal carina, even if incomplete
(“Anepisternum” by Naomi 1988: fig. 4A) [C&G: 72, mod.]:
absent = 0; present = 1 (Fig. 42).

155. Carina delimiting prepectus (anterior part of the ventral
mesothorax delimited by a transverse carina from the main
part of the mesothorax; Naomi, 1988) from metanepisternum:
present = 0 (Fig. 42); absent = 1.

156. Mid-longitudinal carina of mesoventrite [C&G: 73; N: 34]:
absent = 0 (Fig. 41); present = 1.

157. Mesothoracic anapleural suture (Naomi 1988: fig. 4C)
[C&G: 76; L&N: 13, mod.]: present at least anteriorly and
posteriorly = 0; absent = 1 (Fig. 41).

158. Mesotrochantin in lateral view [C&G: 78; L&N: 12]:
exposed = 0; concealed = 1 (Fig. 41).
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159. Mesocoxae [C&G: 79, mod.]: contiguous = 0; narrowly
separated by third or less coxal width = 1; widely separated
by half or more coxal width = 2 (Fig. 32).

160. Mesocoxal separation formed mainly by [C&G: 79, mod.]:
mesoventral posterior process = 0; metaventral anterior
process = 1; them both (or processes fused) = 2 (Fig. 41).

161. Meso-metaventral suture dorsad of mesocoxae [C&G: 80]:
present = 0; absent = 1 (Fig. 41).

162. Mesal posterior lobes of metaventrum [C&G: 81, mod.]:
absent = 0; present = 1 (Fig. 41).

163. Mesendosternites, whether elbowed or straight [C&G: 82,
mod.]: elbowed = 0; straight = 1 (Fig. 44).

164. Mesendosternites, their apices [C&G: 82, mod.]: without
apical muscle disk, free = 0 (Fig. 44); with apical muscle disk,
free = 1; partly fused to pleural phragma = 2.

165. Stem of metendosternite [C&G: 83; L&N: 14]: present = 0
(Fig. 44); absent = 1.

166. Tibial spurs at least half as long as tibial width [C&G: 84]:
present = 0 (Fig. 51); absent = 1.

167. External protibial spines [C&G: 85]: present = 0; absent =
1 (Fig. 30).

168. Protibial internal setae, whether forming comb-like rows
(except, or in addition to, single row at tibial apex) [S&N: 37,
mod.]: not forming rows = 0 (Fig. 32); forming single longitu-
dinal row = 1; forming several to many longitudinal, oblique,
or transverse rows = 2.

169. Protarsal spatulate setae in males [S&N: 38, mod.]: absent
= 0; present = 1 (Fig. 32).

170. Protarsal spatulate setae in females [S&N: 38 mod.]: absent
= 0; present = 1 (Fig. 32).

171. Protarsi [C&G: 86]: 5-segmented, all tarsomeres articulated
= 0 (Fig. 30); 5-segmented, tarsomeres 1 and 2 connate = 1;
4-segmented = 2; 3-segmented = 3.

172. Mesotarsi [C&G: 87]: 5-segmented, all tarsomeres articu-
lated = 0 (Fig. 51); 5-segmented, tarsomeres 1 and 2 connate
= 1; 4-segmented = 2; 3-segmented = 3.

173. Metatarsi [C&G: 88, mod.]: 5-segmented, all tarsomeres
articulated = 0 (Fig. 51); 5-segmented, tarsomeres 1 and 2
connate = 1; 4-segmented = 2; 3-segmented = 3.

174. Ventral process projecting between tarsal claws [C&G:
89]: absent = 0; present, acutely rounded or somewhat frayed
apically =1 (Fig. 51).

175. Empodial setaec [C&G: 90]: present, one pair = 0 (Fig. 51);
absent = 1.

176. Tarsal claws [C&G: 91]: simple, not toothed or serrate = 0
(Fig. 51); toothed basoventrally = 1 [parsimoniously unin-
formative and deactivated].

177. Metacoxae, length measured along body’s axis [C&G: 92,
mod.]: narrowly transverse (lateral part less than half as long
as longest part) = 0; widely transverse (lateral part half or
more as long as longest part) = 1; subconical = 2 (Fig. 41).

178. Posterior face of metacoxae [C&G: 93; L&N: 16]: oblique
= 0; vertical = 1 (Fig. 41).

179. Mesal articulations of metacoxae with metaventrum [C&G:
94]: subcontiguous (less than 1/10 of metathoracic width),
close to mesal edges of metacoxae = 0; widely separated
(more than 1/10 of metathoracic width) and on ventral side of
metacoxae = 1 (Fig. 41).

180. Metacoxae, whether contiguous or not [C&G: 95]: con-
tiguous or very narrowly separated (less than 1/10 of
metaventral w = 0; widely separated (more than 1/6 of
metaventral width) = 1 (Fig. 32).

Adults, abdomen

181. Wing folding setal patches on tergite IV [C&G: 97; L&N:
18, mod.]: present = 0; absent = 1 (Fig. 43).



189/0

181 .
185/1
186/1 ., -

Figs 41-57. Adult of Palaeostigus bifoveolatus (Scydmaeninae), details. 41-43 — pterothorax and abdomen, ventral (41), lateral
(42) and dorsal (43); 44 — pterothorax dorsal showing mes- and metendosternites; 45—48 — male genital segments, ventral (45, 46)
and dorsal (47, 48); 49, 50 — aedeagus, dorsal (49) and lateral (50); 51 — hind- and middle legs; 52—57 — female genital segments, lat-
eral (52-54), dorsal (55, 56) and ventral (57). Numbered arrows correspond to character number/state in Appendix 1.
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182. Attachment of abdominal intersegmental membrane to pre-
ceding sternum [C&G: 98; L&N: 20]: apical = 0 (Fig. 42);
preapical = 1.

183. Intersegmental membrane sclerites [C&G: 99, mod.; S&N:
55, mod.]: absent = 0; present = 1 (Fig. 42).

184. Shape of intersegmental membrane sclerites [C&G: 99,
mod.; S&N: 55, mod.]: quadrangular or hexagonal, occupying
>80% membrane surface = 0; triangular or odd-angular, occu-
pying >70% membrane surface = 1; irregularly shaped,
rounded, occupying <70% membrane surface = 2 (Fig. 42).

185. Anterior transverse basal carina on most of abdominal ter-
gites [II-VII [C&G: 100, mod.]: present = 0; absent = 1 (Fig.
43).

186. Basolateral ridges of abdominal tergites [1I-V (in Solierius
IV-V) [C&G: 101, mod.; N: 37]: present = 0; absent = 1 (Fig.
43).

187. Spiracles on abdominal segment I, location [C&G: 102;
L&N: 17, mod.]: in membrane beside tergum I = 0 (Fig. 42);
in tergum [ = 1.

188. Spiracles on abdominal segment II, location [C&G: 104]:
in membrane beside tergum II = 0 (Fig. 42); in tergum I = 1.
189. Intercoxal carina on sterna II and III [C&G: 105; L&N:

21]: absent = 0 (Fig. 41); present = 1.

190. Lateral longitudinal carina on each side of sternum III
[C&G: 106]: absent = 0 (Fig. 42); present = 1.

191. Parasclerites of abdominal segment II [C&G: 108]: present
= 0; absent = 1 (Fig. 42).

192. Pairs of parasclerites of abdominal segment I1I [C&G: 109,
mod.]: two = 0; one = 1; absent = 2 (Fig. 42).

193. Tergum and sternum of abdominal segment III [C&G: 109,
mod.]: not fused, separated by suture or paratergites = 0 (Fig.
42); fused to form complete abdominal ring = 1 [parsimoni-
ously uninformative and deactivated].

194. Pairs of parasclerites of abdominal segments IV-VI: two =
0; one = 1; absent = 2 (Fig. 42).

195. Tergum and sternum of abdominal segments IV-VI [C&G:
110; S&N: 5, mod.]: not fused, separated by suture or parater-
gites = 0 (Fig. 42); fused to form complete abdominal ring = 1
[parsimoniously uninformative and deactivated].

196. Pairs of parasclerites of abdominal segment VII [C&G:
111, mod.; S&N: 53, mod.]: two, longitudinally separated =
0; two, transversely or obliquely separated = 1; one = 2;
absent, terga and sterna articulated or fused at base = 3 (Fig.
42).

197. Defensive (odoriferous) glands near abdominal apex
[S&N: 56, mod.; C&G: 111, mod.]: absent = 0 (Fig. 41); pre-
sent = 1.

198. Structure of defensive (odoriferous) glands near abdominal
apex [S&N: 56, mod.; C&G: 111, mod.] (not illustrated):
paired eversible gland reservoirs between terga VIII and IX =
0; paired noneversible gland reservoirs at anterior margin T
IX = 1; paired noneversible pygidial glands opening into
rectum = 2; unpaired gland reservoir opening externally near
anus = 3; unpaired gland reservoir opening at anterior margin
S VIII = 4.

199. Stridulatory file of lateral surface of abdominal tergite IX
[C&G: 113; N: 43]: absent = 0 (Fig. 48); present = 1.

200. Genital segment eversibility: eversible to some extent
(allowed by connecting membrane to VIII) = 0 (Fig. 41); not
eversible (dorsum tightly connected to underside of T VIII) =
1.

201. Tergite IX in male, whether divided or not [C&G: 114;
L&N: 25, mod.]: divided longitudinally = 0; entire, not
divided = 1 (Fig. 48).
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202. Tergite IX in male, whether fused with tergite X or not
[C&G: 114; L&N: 25, mod.]: not fused with tergite X = 0
(Fig. 48); fused with tergite X = 1.

203. Apex of sternum IX in male [C&G: 116]: not acutely pro-
duced (truncate, emarginate or obtusely angulate) = 0 (Fig.
46); acutely produced, not bilobed (acuminate, or with
median spiniform process) = 1; acutely produced, bilobed = 2.

204. Aedeagus, “basal bulb” [N&T: 101]: without “basal bulb”,
with large basal median foramen = 0; with “basal bulb”, with
small subbasal median foramen = 1 (Fig. 49).

205. Aedeagus, position of median foramen in repose
(“parameral” side) [S&N: 67; C&G: 117, mod.] (not illus-
trated): dorsal = 0; ventral = 1; left lateral = 2; right lateral =
3.

206. Tergite IX in females [C&G: 119; L&N: 26, mod.]: sepa-
rate from tergite X = 0 (Fig. 56); fused with tergite X = 1.

207. Lateral parts of tergite IX in female [C&G: 119; L&N: 26,
mod.]: completely separated by tergite X or connected by
threadlike strip = 0; connected by bridge at least 10% tergal
length = 1 (Fig. 56).

208. Female intergonopodal sclerite [C&G: 120; N: 52]: present
= 0; absent = 1 (Fig. 57).

209. Gonocoxites I and II [C&G: 121, mod.; L&N: 28, mod.;
S&N: 63, mod.]: distinctly separated by membrane = 0 (Fig.
57); fused = 1.

210. Gonocoxites II (or gonocoxite if only 1) [C&G: 121, mod.;
L&N: 28, mod.; S&N: 63, mod.]: separate = 0 (Fig. 57); fused
to one another = 1.

211. Gonostyle [C&G: 122; L&N: 27]: present = 0; absent = 1
(Fig. 57).

APPENDIX 2. Label data and depository information (FMNH
except CNC as noted) for the larvae used for scoring morpho-
logical characters for the phylogenetic analysis of the Staphy-
linine Group of rove-beetle subfamilies (Coleoptera: Staphylini-
dae).

Leiodidae: Neopelatops n. sp. 1, Australia, New South
Wales, Wilsons Valley, 21.ii.1993, A. Newton & M. Thayer.
Agyrtidae: Necrophilus hydrophiloides Guérin-Méneville,
1835, USA, Oregon, Polk Co., 9.i.1981, P. Johnson. Silphidae:
Thanatophilus micans (Fabricius, 1794), Kenya, Mt. Elgon, x.
2001, V.Grebennikov, CNC; Necrodes surinamensis (Fabricius,
1775), USA, Maine, Somerset Co., 14.vi.1976, L.R. Davis;
Nicrophorus orbicollis Say, 1825, Canada, Ontario, Markham
12.vi.1979, R.S. Anderson. Apateticinae: Nodynus leucofasci-
atus Lewis, 1879, Japan, Aomori Prefecture, Hachinohe,
2.vi.1957, A. Fukuda. Trigonurinae: Trigonurus caelatus
LeConte, 1874, USA, California, Mariposa Co., 18.v.1976, A.
Newton & M. Thayer. Omaliinae: Acrolocha newtoni Thayer,
2003, Mexico, Jalisco, 20.-21.ix.1973, A. Newton. Tachypori-
nae: Tachinus luridus Erichson, 1840, USA, Illinois, Cook Co.,
13.v.1991 A. Newton & M. Thayer. Piestinae: Piestus pyg-
maeus Laporte, 1835, Mexico, Veracruz, Balzapote, 7.viii.1976,
A. Newton. Oxyporinae: Oxyporus rufipennis LeConte, 1963,
USA, Michigan, Berrien Co., 6.vi.1990, A. Newton & M.
Thayer. Scydmaeninae: Palaeostigus bifoveolatus (Boheman,
1851), South Africa, W. Cape Prov., Knysna, 6.viii.2002, V.
Grebennikov (CNC); Euconnus sp., Mexico, 3 mi NE Temascal-
tepec, 14.ix.1973, A. Newton; Stenichnus turbatus Casey, 1897
(see: Wheeler & Pakaluk, 1983); Scydmaenus sp., Panama,
Canal Zone, Madden Preserve, 30.vi.1976, A. Newton; Veraphis
sp., USA, California, Fresno Co., Sierra N.F., Tamarack Ridge,
16.v.1976, A. Newton & M. Thayer; Cephennodes sp.,
Australia, New South Wales, Lord Howe 1., 23.v.1980, S. & .
Peck. Megalopsidiinae: Megalopinus sp., Mexico, Chiapas,
Palenque, 27-29.vii.1983, S. & J. Peck. Leptotyphlinae: “Mex-



Leptotyphlinae” g. sp. (see Grebennikov & Newton, 2008);
“ChiLeptotyphlinae” g. sp. (see Grebennikov & Newton, 2008);
“AusLeptotyphlinae” g. sp. (see Grebennikov & Newton, 2008).
Steninae: Stenus sp., Panama, Canal Zone, Barro Colorado
Island, 19.ii.1976, A. Newton; Dianous sp., USA, New Hamp-
shire, Coos Co., 31.vii.1982, A. Newton & M. Thayer. Euaes-
thetinae: Fuaesthetus sp., USA, Massachusetts, Bedford,
viii.1975, J.Lawrence; Edaphus sp., Australia, New South
Wales, Pole Bridge Road, 2.i.1987, A. Newton & M. Thayer;
Octavius neotropicus Puthz, 1977, Panama, Canal Zone, Barro
Colorado Island, 12.ii.1976, A. Newton; Alzadaesthetus sp.,
Chile, Osorno Province, Parque Nac. Puyehue, 20-25.xii.1982,
A. Newton & M. Thayer. Pseudopsinae: Zalobius spinicollis
LeConte, 1874 (see: Grebennikov, 2005); Pseudopsis monto-
raria Herman, 1975 (see: Grebennikov, 2005); Nanobius serri-
collis (LeConte, 1875) (see: Grebennikov, 2005). Paederinae:
?Pinophilus sp., Australia, Queensland, Kuranda, 22.vi.1971,
Taylor & Feehan; Achenomorphus corticinus Gravenhorst,
1802, USA, Massachusetts, Middlesex Co., 20.viii.1977, A.
Newton & M. Thayer; Hyperomma sp., Australia, Tasmania,
Lake Chisholm, 12.i.1993, A. Newton & M. Thayer. Staphylin-
inae: Arrowinus peckorum Solodovnikov & Newton, 2005 (see:
Solodovnikov & Newton, 2005); Xanthopygus xanthopygus
Nordmann, 1837, Mexico, Oaxaca, Totolapam, 6.ix.1973, A.
Newton; Nudobius arizonicus Casey, 1906, USA, Arizona,
Navaho Co., 31.vii.1974, K. Stephan & J. Lawrence; Platy-
dracus maculosus (Gravenhorst, 1802), Canada, Ottawa,
iv.1998, V. Grebennikov, (CNC).

ApPENDIX 3. Label data for the adults (all FMNH) used for
scoring morphological characters for the phylogenetic analysis
of the Staphylinine Group of rove-beetle subfamilies
(Coleoptera: Staphylinidae).

Leiodidae: Neopelatops n. sp. 1, Australia, New South
Wales, Dead Horse Gap vic., 19.xii.1986-14.ii.87, A. Newton
& M. Thayer. Agyrtidae: Necrophilus hydrophiloides Guérin-
Meéneville, 1835, USA, California, Belmont [no date or
collector]. Silphidae: Thanatophilus micans (Fabricius, 1794),
Tanzania, Longido West, 21.ii.1916, Loveridge; Necrodes suri-
namensis (Fabricius, 1775), USA, Arkansas, Franklin Co.,
Cherry Bend Cpgd., 18.vi.1972, A. Newton; Nicrophorus orbi-
collis Say, 1825, USA, Tennessee, 5 mi S of Gatlinburg,
17.-22.v.1972, A. Newton. Apateticinae: Nodynus leucofasci-
atus Lewis, 1879, Japan, Ehime Prefecture, Odamiyama,
15.v.1968, S. Hisamatsu. Trigonurinae: Trigonurus caelatus
LeConte, 1874, USA, California [no date or collector]. Omalii-
nae: Acrolocha newtoni Thayer, 2003, Mexico, Jalisco, 19 mi
W of Atenquique, 10.-18.ix.1971, A. Newton. Tachyporinae:
Tachinus memnonius Gravenhorst, 1802, USA, Arkansas, Polk
Co., Queen Wilhelmina St. Pk., 11.-12.x.1974, A. Newton.
Piestinae: Siagonium punctatum (LeConte, 1866), Mexico,
Nuevo Leon, Cerro Potosi, 28.v.1971, A. Newton. Solieriinae:

Solierius obscurus (Solier, 1849), Chile, Osorno Province, P.N.
Puyehue, Anticura, 19.-26.xii.1982, A. Newton & M. Thayer.
Oxyporinae: Oxyporus lateralis Gravenhorst, 1802, USA, Mas-
sachusetts, Tyngsboro [no date or collector]. Scydmaeninae:
Palaeostigus bifoveolatus (Boheman, 1851), South Africa, W.
Cape Prov., Knysna, 30.x.1949, B. Malkin; Euconnus sp., USA,
[llinois, Union Co., Little Grand Canyon, 15.x.1995, M. Thayer;
Stenichnus sp., USA, New Hampshire, Coos Co., Jefferson
Notch, 7.ix.1975, A. Newton & M. Thayer; Scydmaenus sp.,
Panama, Madden Lake area, 7.11.1959, H. Dybas; Veraphis sp.,
USA, California, Mariposa Co., Yosemite N.P. 19.v.1976, A.
Newton & M. Thayer; Cephennodes sp., Australia, New South
Wales, Lord Howe 1., 24.v.1980, S. & J. Peck. Megalo-
psidiinae: Megalopinus sp., Brazil, Santa Catarina, Nova Teuto-
nia, iv.—v.1977, F. Plaumann. Leptotyphlinae: Idahotyphlus
alleni Gusarov, 2003, USA, Idaho, Boise Co., Ten Mile Cpgd.,
20.v.1982, A.D. Allen; Eutyphlops sp., Chile, Concepcion Prov-
ince, 8.4 km W of La Florida, 2.i.1983, A. Newton & M.
Thayer; Neotyphlini g. sp., Australia, W. Australia, Walpole
N.P., 13.xii.1976, J. Kethley. Steninae: Stenus sp., USA, Mas-
sachusetts, Middlesex Co., Bedford, 2.iv.1977, A. Newton & M.
Thayer; Dianous nitidulus LeConte, 1874, USA, New Mexico,
Lincoln Co., S. Fork Bonito Creek, 7.vii.1972, A. Newton.
Euaesthetinae: Fuaesthetus americanus Erichson, 1840, USA,
Massachusetts, Middlesex Co., Bedford, 2.iv.1977, A. Newton
& M. Thayer; Edaphus sp., Australia, New South Wales, Dor-
rigo N.P., Blackbutt Tr., 28.ii-5.i1i.1980, A. Newton & M.
Thayer; Octavius neotropicus Puthz, 1977, Panama, Canal
Zone, Barro Colorado Island, 4.ii.1976, A. Newton; Alzadaes-
thetus furcillatus Saiz, 1972, Chile, Osorno Province, P.N.
Puyehue, Anticura, 19.-26.xii.1982, A. Newton & M. Thayer.
Pseudopsinae: Zalobius spinicollis LeConte, 1874, USA,
Washington, Pierce Co., Mt. Rainier N.P., 22.vii.1975, A.
Newton & M. Thayer; Pseudopsis montoraria Herman, 1975,
USA, California, Amador Co., Peddler Hill, 27.vi.1975, A.
Newton; Nanobius serricollis (LeConte, 1875), USA,
California, Amador Co., Tiger Creek, 26.vi.1975, A. Newton.
Paederinae: Pinophilus latipes Gravenhorst, 1802, USA, Flor-
ida, Duval Co., Little Talbot Island St. Pk., 14.iv.1971, A. New-
ton; Achenomorphus corticinus Gravenhorst, 1802, USA,
Arkansas, Newton Co., Lost Valley near Ponca, 23.-24.x.1974,
A. Newton; Hyperomma bryophilum Lea, 1923, Austraia, Tas-
mania, Lower Gordon River, 11.ii.1977, Howard & Hill.
Staphylininae: Arrowinus peckorum Solodovnikov & Newton,
2005, South Africa, W. Cape Prov., Knysna, 30.x.1949, B.
Malkin; Xanthopygus xanthopygus Nordmann, 1837, Mexico,
Oaxaca, 5 mi W of Tequisistlan, 6.ix.1973, A. Newton; Nudo-
bius arizonicus Casey, 1906, USA, Arizona, Apache Co.,
Chuska Mts, 31.viii.1974, K. Stephan & J. Lawrence; Platy-
dracus maculosus (Gravenhorst, 1802), USA, New Jersey, Cape
May Co., Pierce’s Point, 1.-6.ix.1969, A. Newton.
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