
Introduction
The beetle family Carabidae Latreille, 1810 comprises
~30000 (Reichardt 1977) to 40000 (Erwin 1991) known
species that occur in a diversity of habitats from between
78.93°N latitude and 55.00°S latitude and from sea-level to
above 5000 m in the Himalayas (Ball and Bousquet 2001).

Members of the genus Diplous Motschulsky, 1850 are
riparian ground beetles associated with rocky, gravelly
stream banks in North America and Asia between 25.28°N
latitude (Gaoligong Mountains in south-western China) and
68.85°N latitude (Bayas River in Russia), to 63.30°W longi-
tude (Truro in Nova Scotia) and 83.51°E longitude
(Leninogorsk in Kazakhstan), and between sea-level
(Chicagof I. in Alaska) to 4850 m (Rongpu Si in Tibet).
Diplous occur in the lacunae between and under rocks and
eat smaller invertebrates. Presumably to fit in these cracks
and crevices, members of this genus have a more dorso-
ventrally flattened body than other related ground beetles,
like Patrobus Chaudoir, 1871 species. Diplous species can be
distinguished from those of Patrobus by their depressed
shape and the following characters (that are probably linked

to this flattening): shallow occipital constriction, shallow
median longitudinal impression, and broadly triangular
mesepimeron (Darlington 1938). The centre of diversity for
this group is western China (predominately in the Sichuan
Province) and Tibet. The genus is placed in the Holarctic
tribe Patrobini, which comprises ~180 species in 15 genera,
of which 12 species and four genera occur in the Nearctic
subregion. Patrobine ground beetles can be diagnosed by the
presence of a ring sclerite on the dorsal surface of the bursal
sac in females. Though it is unclear whether this character is
a tribal synapomorphy, it is a useful diagnostic character
because it consistently appears in all female patrobines.
Maddison et al. (1999) demonstrated the monophyly of the
supertribe Trechitae including Patrobini, in a phylogeny of
ground beetles based on 18s rDNA sequence data and previ-
ous cytogenetic and morphological evidence.

Taxonomic history

The genus Diplous was first described in 1850 by
Motschulsky, based on the Palearctic species Patrobus
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sibiricus Motschulsky, 1844. In 1871, Chaudoir established
the genus Platidius based on the deeply bifid emargination
of the fourth tarsal segment of the Nearctic species, Diplous
aterrimus (Dejean, 1828), asserting its distinction from the
Diplous species of the Palearctic. Shortly after, Bates (1873),
in his description of the Palearctic species Diplous caligatus,
synonymised Platidius with Diplous. He maintained that the
characteristics used by Chaudoir were insignificant for a
generic-level distinction. Although Bates suggested this syn-
onymy, his writing was somewhat indecisive and note-like;
therefore his synonymy was not upheld. In his excellent revi-
sion of the tribe Patrobini, Darlington (1938) followed
Chaudoir by formally designating Platidius aterrimus as
type species for the genus. This was a tentative, though
formal, decision and he ‘prefer[red] to follow Chaudoir until
the synonymy [could] be settled more definitely’ (Darlington
1938: 147). Kühnelt (1941) suggested junior synonymy for
Platidius. Like Bates (1873), he maintained that the charac-
ters were not sufficient for a genus, but instead supported a
Nearctic subgenus, Platidius. In 1961: 186, Lindroth
accepted Kühnelt’s opinion and agreed that the distinguish-
ing characters used by Chaudoir (1871) ‘are not very impor-
tant’. Lindroth also agreed that ‘all North American species
belong to the subgenus Platidius’, as designated by Kühnelt
(1941), using characters of the aedeagus.

In 1941, Kühnelt published a monograph on the genus
Diplous. In this work, using no formal criteria, he apportioned
the species into three species groups: Group 1, containing
D. caligatus Bates, 1873 and D. sibiricus; Group 2, containing
D. depressus (Gebler, 1829) and D. przewalskii Semenow,
1889; and Group 3, containing D. californicus (Motschulsky,
1859), D. aterrimus, D. filicornis (Casey, 1918), and D. rugi-
collis (Randall, 1838). To date, 22 Holarctic species of
Diplous have been described. Four species occur in the
Nearctic subregion and eighteen exist in the Palearctic subre-
gion. The species are divided into five species groups:

aterrimus-group

D. californicus (Motschulsky, 1859)
D. aterrimus (Dejean, 1828)
D. filicornis (Casey, 1918)
D. rugicollis (Randall, 1838)
D. depressus (Gebler, 1829)

sibiricus-group

D. sibiricus sibiricus (Motschulsky, 1844)
D. sibiricus caligatus Bates, 1873
D. sibiricus atratus Habu, 1951
D. sibiricus yezoensis Habu, 1941
D. sterbai Jedlička, 1932
D. gansuensis Jedlička, 1932
D. yunnanus Jedlička, 1932
D. szetchuanus Jedlička, 1932

przewalskii-group

D. przewalskii Semenow, 1889
D. grummi grummi Zamotajlov & Kryzhanovskij, 1990
D. grummi bicolor Zamotajlov & Sciaky, 1996
D. tonggulensis Zamotajlov & Sciaky, 1996
D. sciakyi sciakyi Zamotajlov, 1996
D. sciakyi fedorenkoi Zamotajlov, 1996
D. sciakyi grandis Zamotajlov, 1996
D. wrasei Zamotajlov, 1996
D. petrogorbatschevi Zamotajlov, 1996
D. wulanensis Zamotajlov, 1997

davidis-group

D. davidis (Fairmaire, 1891)
D. nortoni Andrews, 1930
D. jedlickai Zamotajlov, 1996
D. julonshanensis Zamotajlov, 1993

giacomazzoi-group

D. giacomazzoi Zamotajlov & Sciaky, 1996

To date, only pairwise comparisons of morphology have
been used to explain species relationships; most of these
hypotheses have been based on overall similarity without any
reference to phylogeny.

In this study, we attempt to clarify the species relation-
ships and test the monophyly of the North American Diplous
species. By using different datasets and various phylogenetic
methods, we hoped to obtain a well corroborated and robust
phylogeny. We also describe biogeographical patterns, sum-
marise the taxonomy, and provide diagnoses and a key to
North American Diplous.

Materials and methods

Materials

A total of 595 specimens were examined in the course of this study.
Material was obtained on loan from the following institutions:

BMNH The Natural History Museum, London, England
CASC California Academy of Sciences, San Francisco,

California, USA
IOZB Institute of Zoology, Chinese Academy of Sciences,

Beijing, China

Type material referred to below is deposited in the following
institutions:

MCZ Museum of Comparative Zoology at Harvard
University, Cambridge, Massachussetts, USA

MNHN Muséum National d’Histoire Naturelle, Paris, France
USNM National Museum of Natural History, Smithsonian

Institution, Washington, USA
ZMMU Zoological Museum, Moscow State University,

Moscow, Russia

Full details of material examined are available on the Invertebrate
Systematics website in Accessory Publication – MatEx.

http://www.publish.csiro.au/?act=view_file&file_id=IS04011_AC_MatEx.pdf
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Taxon sampling

For the morphological dataset, we used both males and females of five
ingroup taxa (i.e. the four North American species and the Palearctic
species, D. depressus) and the outgroup taxa, D. sibiricus caligatus,
D. sciakyi sciakyi, D. davidis, and a species of Qiangopatrobus
Zamotajlov 2002. For the molecular, COI dataset, we used 12 ingroup
sequences spanning the four North American species and two outgroup
sequences from a species of a closely related Palearctic genus,
Qiangopatrobus (Table 1).

Dissections

We dissected male and female genitalia of all the ingroup and outgroup
taxa. Pinned and dried specimens were softened in hot water and deter-
gent for 30 min. After a beetle was sufficiently softened, we extracted
the female bursa copulatrix and the male aedeagus and all structures
associated with them. The dissected parts were then cleared in a 10%
KOH (Fisher Scientific Co., Hampton, NH, USA) solution. Females
remained in the solution for ten minutes and males for five minutes. We
then put the parts into water to dilute the KOH. The endophallus of the
aedeagus was usually retracted into the median lobe. We pushed out the
endophallus with a small pipette tip and a syringe in order to see fea-
tures of the apical accessory piece and endophallic sac. After the dis-
sected parts were no longer reacting with KOH, we stained them with
chlorazol black E (Fisher Scientific Co.). Once stained, the preparations
were examined and photographed. Ultimately, the dissected parts were
stored in microvials containing glycerin and pinned beneath their speci-
men of origin and its labels.

We assessed 97 morphological characters, which included both
quantitative (morphometric) and qualitative characters (Table 2). We
measured 33 anatomical features of the exoskeleton in males and 27 in
females using a Leica 9.5 stereomicroscope (Leica Microsystems AG,
Wetzler, Germany) equipped with an eyepiece graticule. In order to
measure each part, we placed the specimen so that the ends of the struc-
ture to be measured were in a plane perpendicular to the line of sight and
parallel to the eyepiece graticule. After we measured specimens, we
made Q-Q probability plots in SPSS ver. 11.5 (SPSS Inc., Chicago, IL,
USA) to determine if the within species measurement distributions
matched a normal distribution and to check if a transformation was nec-
essary. Of the 60 measurement distributions in both males and females,
42 were consistent with a normal distribution. Of the set of measurement
distributions, 18 were not consistent with a normal distribution. Each of
these characters contained one extreme datapoint (i.e. those cases with
values more than 3 interquartile ranges greater or less than the 1st and
3rd quartile value) that was so divergent from the distribution of the
other values that they precluded determining the nature of the distri-
bution in a Q-Q probability plot. We excluded those extreme datapoints.
We believe that these wildly divergent values were a result of measure-
ment errors or highly aberrant specimens and therefore justifiably
omitted from the specimen sample. Subsequently, all 60 measurement
distributions matched a normal distribution. We also included a set of 41
qualitative characters in our phylogenetic analysis. First, we imaged the
head (dorsum), pronotum (dorsum), elytra (dorsum), head and pronotum
(lateral), and abdomen (venter) of the specimens using a CoolPix® 995
digital camera (Nikon Co., Tokyo, Japan) mounted on a Leica 9.5 stereo-
microscope; second, we developed hypotheses of character state homol-
ogy by comparing these images of the body regions; and third we coded
41 qualitative, multistate characters based on these hypotheses.
Illustrations of character states are available for download on the
Invertebrate Systematics website in Accessory Publication – Characters.

DNA amplification and sequencing

We used thoracic wing muscle tissue cut from fresh specimens killed
and preserved in 95% ethyl alcohol. The wing muscles are large and
easily removed. Exclusive use of wing muscles avoids any foreign DNA

associated with gut parasites. Conveniently, the beetle specimen is only
slightly damaged in this process, leaving most of the specimen to be
pinned and designated as a voucher specimen.

We sequenced a portion of one mitochondrial gene: a 458 base pair
region of COI amplified by the primer pair C1-J-1751-5′ and C1-N-2191-
3′ (Simon et al. 1994). This region is a part of cytochrome oxidase that is
the last enzyme in the electron transport chain. It is responsible for reduc-
ing oxygen to water and pumping a proton across the membrane in order
to contribute to the proton gradient driving ATP synthesis.

We amplified the COI region using the following PCR steps, an
initial denaturing step, a secondary denaturing step, an annealing step,
and an extension step: 1. 94.0°C for 1:30 min; 2. 94.0°C for 0:30 min;
3. 56.0°C for 0:45 min; 4. 72.0°C for 0:45 min; 5. GOTO 2, 29×. We
cleaned the amplified DNA using Qiagen Qiaquick® (Valencia, CA)
spin tubes to remove any remaining unincorporated base pairs or extra-
neous products left over from amplification, and sequenced them using
an ABI 377 sequencing machine. The sequences were easily aligned in
Sequencher 3.1.1 (Gene Codes Co., Ann Arbor, MI, USA) and then
exported to PAUP* ver. 4.0b10 (Swofford 2002). All voucher speci-
mens for the molecular analysis were deposited at CASC.

Phylogenetic analysis of morphological data

We included all four North American species of Diplous and the
Palearctic species Diplous depressus as ingroup terminals (see
Accessory Publication –  Specimens (morphology) on the Invertebrate
Systematics website). We used three Palearctic species, Diplous -
sibiricus caligatus, Diplous davidis, Diplous sciakyi sciakyi, and one
species of a closely related genus of ground beetle in the same tribe as
Diplous to root the ingroup taxa (Watrous and Wheeler 1981). This
species belongs to the Palearctic genus Qiangopatrobus, which is
hypothesised to be the sister-group of the Holarctic species of Diplous
(Zamotajlov 2002).

We used step-matrix gap weighting (Wiens 2001), a modification of
gap weighting of Thiele (1993), to code continuous characters in our
phylogenetic analysis. Step-matrix gap weighting operates on the prin-
cipal that a character state is a frequency distribution of potentially
overlapping attributes (in our case ratios derived from morphometries)
in a sample of individuals in a taxon (Thiele 1993). This frequency
distribution of attributes, as a character in the cladistic sense, which
logically cannot overlap, is expressed as a median value (or mean value,
depending on the nature of the distribution). This median value, after
range standardisation, operates as a character state. Each species has a
different attribute distribution, a different median value, and therefore a
different character state (hence the number of character states equals the
number of species). The character state difference, the difference
between two median ratio values, acts to quantify the evolutionary cost
of transitioning from one character state to another in a phylogenetic
analysis under parsimony by inputting the cost value into a step-matrix.
From the 60 quantitative morphometries (Figs 1, 2), we calculated a set
of 56 ratios for both males and females (Appendix 1). We used these
ratios to quantify differences in the shapes and relative proportions of
the structures. These ratios consistently deviated from a normal distri-
bution when plotted against expected values in a Q-Q probability
scatterplot. Because the ratios in a given species were not normally dis-
tributed, we chose to not use the mean as a measure of central tendency.
Instead, we used the median ratio value (x) to calculate a standardised
value (xs) according to the equation:

xs = (x – min)/(max – min) × 999

In this equation ‘min’ is the minimum median ratio value across all the
species and ‘max’ the maximum median ratio value across all the
species. The value ‘999’ is the maximum cost for state transistions in
MacClade 4.0 (Maddison and Maddison 2000); such a large value
allows for precise standardisation of a range of character ratio median

Systematics of North American Diplous Motschulsky
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Fig. 1. Morphometries from which ratios were calculated. (a) Measurements of the pronotum and elytra, dorsal view (PL, pronotum length;
PW, pronotum width; EL, elytral length; EW, elytral width). (b) Measurements of the head, dorsal view (ANT3, left third antennomere length;
HL, head length; EP, left eye protuburance; APL, length between left anterior supraorbital seta to left posterior supraorbital seta; PP, length between
left posterior supraorbital seta to right posterior supraorbital seta; APL, length between left anterior supraorbital seta to left posterior supraorbital
seta; VW, vertex width; AA, length between left anterior supraorbital seta to right anterior supraorbital seta). (c) Measurements of the head and
pronotum, lateral view (MXPW, left maxillary palpomere 3 width; LABW, left labial palpomere 3 width; EYEL, left eye length; PG, left postgenae
length; PH, pronotum height).



P. E. Marek and D. H. Kavanaugh150 Invertebrate Systematics

Table 2. Characters used in the analysis

Quantitative: morphometric ratios
(1) � MXPW/VW: left maxillary palpomere 3 width / vertex width (CI = 0.600)
(2) � LABW/MXPW: left labial palpomere 3 width / left maxillary palpomere 3 width (CI = 0.588)
(3) � ANT3/HL: left third antennomere length / head length (CI = 0.494)
(4) � HL/PL: head length / pronotum length (CI = 0.674)
(5) � EP/VW: left eye protuburance / vertex width (CI = 0.682)
(6) � VW/PW: vertex width / pronotum width (CI = 0.647)
(7) � EYEL/HL: left eye length / head length (CI = 0.539)
(8) � PG/HL: left postgenae length / head length (CI = 0.806)
(9) � APL/HL: length between left anterior supraorbital seta to left posterior supraorbital seta / head length (CI = 0.491)
(10) � APR/HL: length between right anterior supraorbital seta to right posterior supraorbital seta / head length (CI = 0.500)
(11) � AA/VW: length between left anterior supraorbital seta to right anterior supraorbital seta / vertex width (CI = 0.422)
(12) � PP/VW: length between left posterior supraorbital seta to right posterior supraorbital seta / vertex width (CI = 0.645)
(13) � PL/EL: pronotum length (midline) / elytral length (CI = 0.737)
(14) � PW/EW: pronotum width / elytral width (CI = 0.768)
(15) � PH/PL: pronotum height / pronotum length (midline) (CI = 0.533)
(16) � EL/EW: elytral length / elytral width (CI = 0.571)
(17) � MTTL/MTFL: left metatrochanter length / left metafemur length (CI = 0.792)
(18) � MTFL/EW: left metafemur length / elytra width (CI = 0.474)
(19) � T1/T2: left protarsomere 1 width / left protarsomere 2 width (CI = 0.588)
(20) � T2/T3: left protarsomere 2 width / left protarsomere 3 width (CI = 0.809)
(21) � T3/T4: left protarsomere 3 width / left protarsomere 4 width (CI = 0.601)
(22) � T4/T4L: left protarsomere 4 width / left protarsomere 4 length (CI = 0.705)
(23) � T5/T4: left protarsomere 5 width / left protarsomere 4 width (CI = 0.857)
(24) � T4E/T4L: left protarsomere 4 emargination / left protarsomere 4 length (CI = 0.675)
(25) � AEL/EL: male aedeagal length / elytral length (CI = 0.393)
(26) � AEBL/AEL: male aedeagal base length / aedeagal length (CI = 0.551)
(27) � DCPL/AEL: male distal copulatory piece length / aedeagal length (CI = 0.558)
(28) � LPL/AEL: male left paramere length / aedeagal length (CI = 0.484)
(29) � RPL/AEL: male right paramere length / aedeagal length (CI = 0.589)
(30) � RSL/AEL: male ring sclerite length / aedeagal length (CI = 0.537)
(31) � RSW/RSL: male ring sclerite width / ring sclerite length (CI = 0.652)
(32) � MXPW/VW: left maxillary palpomere 3 width / vertex width (CI = 0.861)
(33) � LABW/MXPW: left labial palpomere 3 width / left maxillary palpomere 3 width (CI = 0.770)
(34) � ANT3/HL: left third antennomere length / head length (CI = 0.630)
(35) � HL/PL: head length / pronotum length (CI = 0.727)
(36) � EP/VW: left eye protuburance / vertex width (CI = 0.521)
(37) � VW/PW: vertex width / pronotum width (CI = 0.658)
(38) � EYEL/HL: left eye length / head length (CI = 0.667)
(39) � PG/HL: left postgenae length / head length (CI = 0.792)
(40) � APL/HL: length between left anterior supraorbital seta to left posterior supraorbital seta / head length (CI = 0.411)
(41) � APR/HL: length between right anterior supraorbital seta to right posterior supraorbital seta / head length (CI = 0.414)
(42) � AA/VW: length between left anterior supraorbital seta to right anterior supraorbital seta / vertex width (CI = 0.489)
(43) � PP/VW: length between left posterior supraorbital seta to right posterior supraorbital seta / vertex width (CI = 0.730)
(44) � PL/EL: pronotum length (midline) / elytral length (CI = 0.787)
(45) � PW/EW: pronotum width / elytral width (CI = 1.000)
(46) � PH/PL: pronotum height / pronotum length (midline) (CI = 0.717)
(47) � EL/EW: elytral length / elytral width (CI = 0.634)
(48) � MTTL/MTFL: left metatrochanter length / left metafemur length (CI = 0.524)
(49) � MTFL/EW: left metafemur length / elytra width (CI = 0.630)
(50) � T1/T2: left protarsomere 1 width / left protarsomere 2 width (CI = 0.861)
(51) � T2/T3: left protarsomere 2 width / left protarsomere 3 width (CI = 0.529)
(52) � T3/T4: left protarsomere 3 width / left protarsomere 4 width (CI = 0.966)
(53) � T4/T4L: left protarsomere 4 width / left protarsomere 4 length (CI = 0.432)
(54) � T5/T4: left protarsomere 5 width / left protarsomere 4 width (CI = 0.604)
(55) � T4E/T4L: left protarsomere 4 emargination / left protarsomere 4 length (CI = 0.989)
(56) � BR/EL: female bursal ring width / elytral length (CI = 0.505)

Qualitative: fixed, multistate (character states are shown in parentheses; illustrations available on the Invertebrate Systematics website in
Accessory Publication – Characters)
(57) � � Postgenal curvature: straight (0); convex (1) (CI = 0.500) Accessory Publication – Characters/Character57.pdf
(58) � � Mandible color: black with heavy red tint (0); black with light red tint (1); red with black tint (2) (CI = 1.000) Accessory Publication –

Characters/Character58.pdf
(59) � � Neck constriction: lightly impressed (0); moderately impressed (1); deeply impressed (2); very deeply impressed (3) (CI = 1.000)

Accessory Publication – Characters/Character59.pdf

(continued next page) 

http://www.publish.csiro.au/?act=view_file&file_id=IS04011_AC_Char.zip
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Table 2. (continued)

(60) � � Neck constriction macrosculpture: smooth (0); sparsely covered with small punctures dorsomedially (1); sparsely covered with
medium-sized punctures dorsomedially (2); sparsely covered with heavy punctures around the dorsal part of the neck (3) (CI = 0.600)
Accessory Publication – Characters/Character60.pdf

(61) � � Frontal furrow divergence: 15° (0); 23° (1); 30° (2) (CI = 0.400) Accessory Publication – Characters/Character61.pdf
(62) � � Frontal furrow macrosculpture: impunctate (0); punctate (1) (CI = 0.500) Accessory Publication – Characters/Character62.pdf
(63) � � Pronotal anterior margin: straight (0); excavated (1); slightly bulging anteriorly (2) (CI = 1.000) 

Accessory Publication – Characters/Character63.pdf
(64) � � Pronotal posterior margin: straight (0); slightly indented medially (1); sharply incised medially (2) (CI = 1.000) 

Accessory Publication – Characters/Character64.pdf
(65) � � Pronotal posterior margin lateral sinuation: not sinuate (0); sinuate (1) (CI = 1.000) Accessory Publication – Characters/Character65.pdf
(66) � � Pronotal basolateral setal denticle: absent (0); present (1) (CI = 1.000) Accessory Publication – Characters/Character66.pdf
(67) � � Pronotal median longitudinal sulcus: lightly impressed (0); deeply impressed (1) (CI = 0.333) 

Accessory Publication – Characters/Character67.pdf
(68) � � Pronotal basal angle: 110° (0); 115° (1); 120° (2); 135° (3) (CI = 1.000) Accessory Publication – Characters/Character68.pdf
(69) � � Pronotal lateral margin of pronotum near seta: rounded (0); flattened curve (1) (CI = 0.500) 

Accessory Publication – Characters/Character69.pdf
(70) � � Pronotal basal foveal macrosculpture: not wrinkled, sparsely covered with small, fine punctures (0); not wrinkled, densely covered

with large punctures (1); wrinkled and sparsely covered with medium-sized punctures (2); wrinkled with 3–4 medium-sized punctures
that are usually obliterated by the wrinkles (3) (CI = 0.600) Accessory Publication – Characters/Character70.pdf

(71) � � Pronotal side macrosculpture: smooth, sparsely covered with fine punctures posterolaterad (0); covered with medium-sized punctures
laterad (1); smooth, some wrinkles posterolaterad (2); smooth, some wrinkles laterad (3) (CI = 0.750) 
Accessory Publication – Characters/Character71.pdf

(72) � � Pronotal anterior transverse impression macrosculpture: impunctate (0); wrinkled (1); covered with medium-sized punctures (2);
sparsely covered with medium-sized and fine punctures (3) (CI = 0.600) Accessory Publication – Characters/Character72.pdf

(73) � � Elytral shape: ovate (0); subparallel (1); parallel (2) (CI = 1.000) Accessory Publication – Characters/Character73.pdf
(74) � � Basal region of elytra (planation/slope): elytral bases near middle convex, not forming gutter for reception of pronotum (0); elytral bases

near middle concave, forming gutter for reception of pronotum (1) (CI = 1.000) Accessory Publication – Characters/Character74.pdf
(75) � � Impression of elytral microsculpture: shallow (0); deep (1) (CI = 0.250) Accessory Publication – Characters/Character75.pdf
(76) � � Curvature of protibiae: straight (0); curved (1) (CI = 1.000) Accessory Publication – Characters/Character76.pdf
(77) � � Curvature of metatibiae: straight (0); curved (1) (CI = 1.000) Accessory Publication – Characters/Character77.pdf
(78) � � Metatrochanter shape: rounded (0); weakly pointed (1); strongly pointed (2) (CI = 0.667) 

Accessory Publication – Characters/Character78.pdf
(79) � � Profemoral armature: simple (0); dorsally angulate or dentate ~1/3 from base (1); dorsally tuberculate or angulate near middle (2)

(CI = 1.000) Accessory Publication – Characters/Character79.pdf
(80) � � Shape of metepimeron: ax-shaped (0); band-like, uniform width (1); band-like, width greater proximally (2); teardrop-shaped (3)

(CI = 0.750) Accessory Publication – Characters/Character80.pdf
(81) � � Metepisternum macrosculpture: evenly covered with large punctures (0); evenly covered with medium-sized punctures (1); smooth (2)

(CI = 1.000) Accessory Publication – Characters/Character81.pdf
(82) � Aedeagal apex shape: similar to a rounded equilateral triangle (0); tip acuminate (1); right side incurved (2); tip square (3) (CI = 0.750)

Accessory Publication – Characters/Character82.pdf
(83) � Aedeagal basal curvature: weakly curved (0); curved (1) (CI = 1.000) Accessory Publication – Characters/Character83.pdf
(84) � Aedeagal apical bend: straight (0); bent dorsally (1) (CI = 1.000) Accessory Publication – Characters/Character84.pdf
(85) � Apical copulatory piece (acp) twist: acp twisted 0× (0); acp twisted 2× (1); acp twisted 3× (2) (CI = 0.667) 

Accessory Publication – Characters/Character85.pdf
(86) � Apical copulatory piece length: endophallic sac twice the size of acp (0); endophallus sac 1.25× size of acp (1); acp subequal in length to

endophallic sac (2) (CI = 0.500) Accessory Publication – Characters/Character86.pdf
(87) � Apical copulatory piece basal shape: flat (0); pear-shaped (1) (CI = 1.000) Accessory Publication – Characters/Character87.pdf
(88) � Apical copulatory piece distal portion I: distal projection absent (0); distal projection present (1) (CI = 1.000) 

Accessory Publication – Characters/Character88.pdf
(89) � Apical copulatory piece distal portion II: not pointed distally (0); pointed distally (1); spoon-shaped distally (2) (CI = 1.000) 

Accessory Publication – Characters/Character89.pdf
(90) � Apical copulatory piece shape: flattened, tongue-shaped (0); elongate, spear-shaped (1) (CI = 1.000) 

Accessory Publication – Characters/Character90.pdf
(91) � Apical copulatory piece attachment: short, appressed to the endophallus (0); long, extended from the endophallus (1) (CI = 1.000)

Accessory Publication – Characters/Character91.pdf
(92) � Gonocoxite I: slender, lightly sclerotised (0); robust, heavily sclerotised (1) (CI = 0.500) 

Accessory Publication – Characters/Character92.pdf
(93) � Accessory gland: long, narrow, length subequal to length of spermatheca (0); medium, length equal to half the length of spermatheca (1);

super-long, narrow, length equal to 8–10× the length of the spermatheca (2); short, length approx. equal to 1/10 the length of the
spermatheca (3) (CI = 1.000) Accessory Publication – Characters/Character93.pdf

(94) � Spermatheca: elongate-bulb (0); filiform (1); moniliform (2) (CI = 0.667) Accessory Publication – Characters/Character94.pdf
(95) � Bursal sclerite (female): flat (0); domed (1) (CI = 0.500) Accessory Publication – Characters/Character95.pdf
(96) � Bursal sac: distinctly widened near opening to vestibular chamber and below ring sclerite (0); same width from near opening of vestibular

chamber to bottom of ring sclerite, or only slightly wider apically (1) (CI = 1.000) Accessory Publication – Characters/Character96.pdf
(97) � Sclerotisation of bursa copulatrix: scattered sclerotised bodies absent (0); scattered sclerotised bodies present (1) (CI = 0.500) 

Accessory Publication – Characters/Character97.pdf
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values across all the species. We calculated character state transistion
cost as the difference between the range standardised median ratio
values between species. For example, the median ratio values of males
MXPW/VW (maxillary palpus width/vertex width) for D. aterrimus (n
= 21) and D. californicus (n = 23) are 0.1086 and 0.1031, respectively.
The maximum and minimum median ratio values across all species are
0.0887 and 0.1234. Using the equation above to range standardise these
values, we get 576 and 415 (truncated to the nearest integer value),
respectively. These values are proportional to the species median ratio
value. The step matrix cost for a transition from the median ratio value
of D. aterrimus (character state ‘5’ = 576) to D. californicus (character
state ‘3’ = 415) is the difference between the values, 161—a value pro-
portional to the gap between the species median ratio values.

We combined qualitative characters with quantitative characters
using ‘between-character scaling’ (Wiens 2001). This procedure gives a
weight of 999 to all qualitative characters and a weight of one to all
quantitative characters (i.e. those characters with a maximum step-
matrix transition cost of 999) in order to confer equality between them.

We therefore treated the qualitative morphological dataset as two
independent character suites analysing them simultaneously: 1, male
quantitative characters (characters 1–31), and 2, female quantitative
characters (characters 32–56). This approach was due to sexual dimor-
phism in Diplous. For example, the ratio between the left meta-
trochanter length and the left metafemur length (male character 17 and
female character 48) in D. californicus had median values of 0.895 in
males and 0.507 in female; this is because of greatly enlarged male
metatrochanters. Because the median ratio values were sometimes quite
divergent (as the metatrochanter), we felt that treating males and
females separately provided greater resolution to character state coding
using step-matrix gap weighting. This treatment assumes independence
and an equal probability of contribution between characters. This is a
presumption of character state coding in any morphological phylo-
genetic analysis under parsimony, a model of character evolution that
incorporates no explicit predefined model.

We used MacClade 4.0 to create the morphological character matrix
(Appendix 2; see nexus file ‘Diplous_MORPHOLOGY’ in Accessory
Publication – Data on the Invertebrate Systematics website). Range
standardised species median ratio values were assigned a character state
between 0–8. After the matrix was created, we exported it to PAUP*. We
treated the characters according to step-matrix gap weighting and
between-character scaling. Missing characters were treated as
unknown. We prompted PAUP* to evaluate all possible trees in an
exhaustive search using parsimony as the optimisation criterion. We
performed a bootstrap and jackknife analysis of the data using a
‘closest’ taxon addition sequence with 1000 replicates.

Analyses of sequence data

We included at least two specimens for each of the four North American
species of Diplous (Table 1). We used two specimens of Qiango-
patrobus sp. to root the ingroup taxa (Table 1).

We used MacClade 4.0 to create a nexus matrix file of the aligned
sequences (see nexus file ‘Diplous_MOLECULES’ in Accessory
Publication – Data on the Invertebrate Systematics website). We first
evaluated the trees under a branch-and-bound parsimony search, then
sampled 1000000 trees equiprobably from the tree length–frequency
distribution of all possible trees to examine skewness. We used PAUP*-
employed maximum likelihood to evaluate tree topologies in order to
incorporate empirically derived models of nucleotide substitution
(Felsenstein 1981). In order to find the tree that best represented our
data, we used the likelihood ratio test (LRT). Using the LRT, we
rejected sequentially arranged models until we arrived at the model that
best fitted the data and initial topology, without being overly complex
(Huelsenbeck and Crandall 1997). The GTR (general time reversible) +
Γ (gamma) model was the best fit for the data and the topology (Lanave

et al. 1984; Tavaré 1986; Rodríguez et al. 1990). (The initial topology
was the most parsimonious branch-and-bound tree.) The maximum
likelihood tree was calculated from the parameters estimated from the
GTR + Γ model using a heuristic search with 10 random addition repli-
cates. We also performed a bootstrap analysis on the best-fit model of
sequence evolution through an ‘as-is’ taxa addition sequence with 1000
replicates. We also tested the molecular clock hypothesis. We compared
GTR + Γ to GTR + Γ + molecular clock using the likelihood ratio test.

Total evidence analysis

In MacClade 4.0, we combined the morphological and molecular
datasets by appending the morphological dataset, including the taxa
that we did not have sequence data for (D. depressus, D. sibiricus
caligatus, D. davidis, and D. sciakyi sciakyi) to the beginning of the
molecular dataset and filling in the empty regions with missing data
(because multiple sequences were used for each species in the mole-
cular dataset while only one terminal for each species was used in the
morphological dataset; see nexus file ‘Diplous_TE’ in Accessory
Publication – Data on the Invertebrate Systematics website). PAUP*
evaluated the trees under a heuristic parsimony search using a ‘random’
addition sequence and TBR branch swapping. The characters were
treated the same way as in the morphological analysis: step-matrix gap
weighting of the quantitative characters with between-character scaling
to give the quantitative, qualitative and sequence characters equal
weight. We gave sequence characters (translated into the states: 0, 1, 2,
3) and qualitative characters a weight of 999 and the quantitative char-
acters a weight of one. We also performed a bootstrap analysis with 369
replicates and jackknife analysis with 344 replicates using a ‘closest’
addition sequence.

Results of phylogenetic analyses

Morphology

Of 97 morphological characters examined, 90 were parsi-
mony informative. The PAUP* analysis resulted in one most
parsimonious tree, with a length of 191063 steps, CI = 0.664,
and RI = 0.527. The tree length distribution of all possible
trees (skew, g1 = –0.596) was statistically more structured
(P < 0.01) than random data when compared to g1 critical
value (Hillis and Huelsenbeck 1992). We ran bootstrap and
jackknife analyses of the data and superimposed the results
onto the most parsimonious reconstruction (Fig. 3). This tree
consisted of the following arrangement: (((Qiangopatrobus
sp.+ D. davidis) + D. sibiricus caligatus) + (D. sciakyi
sciakyi) + (D. depressus + (D. rugicollis + (D. aterrimus +
(D. filicornis + D. californicus))))).

Sequence data

COI

Of 458 sequence characters, 409 were constant, five vari-
able characters were parsimony uninformative, and 44 were
parsimony informative. Of the 44 parsimony informative
characters, 35 were localised to the 3rd position and nine to
both the 1st and 2nd positions. The sequences were A–T rich
with significant base frequency homogeneity across taxa.
With constants removed, the base composition bias (calcu-
lated: 2/3 × [|A – 0.25| + |C – 0.25| + |G – 0.25| + |T – 0.25|]
(Irwin et al. 1991)) was somewhat high (0.381 – with 0 being
no bias at all and 1 being severely biased to all one base),

http://www.publish.csiro.au/?act=view_file&file_id=IS04011_AC_Data.zip
http://www.publish.csiro.au/?act=view_file&file_id=IS04011_AC_Data.zip
http://www.publish.csiro.au/?act=view_file&file_id=IS04011_AC_Data.zip
http://www.publish.csiro.au/?act=view_file&file_id=IS04011_AC_Data.zip
http://www.publish.csiro.au/?act=view_file&file_id=IS04011_AC_Data.zip
http://www.publish.csiro.au/?act=view_file&file_id=IS04011_AC_Data.zip
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Fig. 2. Morphometries from which ratios were calculated. (a) Measurements of the left metafemur and metatrochanter, ventral view
(MTFL, left metafemur length; MTTL, left metatrochanter length). (b) Measurements of tarsomeres 1–5, dorsal view (T1, left
protarsomere 1 width; T2, left protarsomere 2 width; T3, left protarsomere 3 width; T4, left protarsomere 4 width; T5, left protarsomere
5 width; T4E, left protarsomere 4 emargination; T4L, left protarsomere 4 length). (c) Measurements of the male genitalia, lateral view
(AEL, male aedeagal length (sensu Ball 1972); AEBL, male aedeagal base length (sensu Zamotajlov 1996); LPL, male left paramere
length; RPL, male right paramere length; RSW, male ring sclerite width; RSL, male ring sclerite length; DCPL, male distal copulatory
piece length); * depiction of male ring sclerite. (d) Measurements of the female genitalia, dorsal view (BR, female bursal ring width).
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though expected with insect sequence A–T richness. Using a
branch-and-bound search algorithm, one most parsimonious
tree was obtained (L = 57; CI = 0.930; RI = 0.956). This tree
had the same topology as the maximum likelihood tree (see
below). The tree length distribution of 1000000 trees
sampled equiprobably from the set of all possible trees
(skew, g1 = –1.595558) was statistically more structured
(P < 0.01) than random data when compared to g1 critical
value (Hillis and Huelsenbeck 1992).

Likelihood ratio test

The GTR + Γ model estimated base composition,
nucleotide substitution ratios, and Γ-shape. The tree pre-
sented is a single maximum likelihood phylogram with boot-
strap values superimposed above supporting branch lengths
(Fig. 4). This tree consisted of the following arrangement:
(Qiangopatrobus sp. specimens+ (D. rugicollis specimens +
(D. californicus specimens + (D. filicornis specimens +
D. aterrimus specimens)))).

Molecular clock

In the log likelihood ratio test (Ho: GTR + Γ+molecular
clock; Ha: GTR + Γ), we failed to reject the alternate hypoth-
esis (Ha). GTR + Γ was not significantly different from the
null hypothesis, GTR + Γ +molecular clock (–2lnΛ = 5.498;

df = 12; P = 0.939). The nucleotides are thus assumed to have
evolved in a clock-like manner. Because there are no ade-
quate fossils for calibrating the clock, we could only calcu-
late a local clock, or relative divergence times.

Total evidence analysis

Of a combined total of 555 sequence and morphological char-
acters, 409 were constant, 12 were parsimony uninformative,
and 134 were parsimony informative. The PAUP* analysis
resulted in 27 most parsimonious trees, each with a length of
250999 steps, CI = 0.716, and RI = 0.686. We set PAUP* to
create a strict consensus tree to account for differences
between the 27 most parsimonious reconstructions (Fig. 5).
We also ran a bootstrap and jackknife analysis of the data and
superimposed the results onto the strict consensus of the most
parsimonious reconstructions. This tree consisted of the same
arrangement as the most parsimonious tree and the maximum
likelihood tree using the molecular dataset (excluding the
taxa that we did not have sequence data for, D. depressus,
D. sibiricus caligatus, D. davidis, and D. sciakyi sciakyi):
(Qiangopatrobus sp. + D. davidis + D. sibiricus caligatus +
D. sciakyi sciakyi + D. depressus + (D. rugicollis + (D. cali-
fornicus + (D. filicornis + D. aterrimus))))).

Discussion

Morphological and molecular trees

Though more rigorously tested in the phylogenetic analysis
derived from the morphology dataset, which included more
outgroup taxa, all the phylogenies supported a monophyletic
North American clade. In the most parsimonious tree based
on the morphology dataset, the Palearctic species, D. depres-
sus was recovered as the sister-taxon to the monophyletic
North American species. The most parsimonious morphol-
ogy tree supports the following species relationships:
(((D. filicornis + D. californicus) + D. aterrimus) + D. rugi-
collis). The maximum likelihood molecular tree supports the
following species relationships (the position of D. californi-
cus is swapped with D. aterrimus): (D. filicornis + D. ater-
rimus) + D. californicus) + D. rugicollis). The most
parsimonious morphological tree and the maximum likeli-
hood tree agree in topology, apart from the placement of
D. californicus. These dissimilar results suggest different
evolutionary histories. Although both are plausible, we are
more inclined to accept the GTR + Γ maximum likelihood
tree than the most parsimonious tree for three reasons.

First, the most distinctive species, D. californicus, may not
be accommodated well by the morphological parsimony
analysis. From a morphological standpoint, taking into
account the total number of characters that change on the
D. californicus branch in our phylogenetic tree and its radi-
cally different gestalt in relation to the other North American
Diplous, D. californicus appears to have undergone rapid
morphological divergence. Accelerated morphological diver-

Diplous aterrimus

Diplous californicus

Diplous filicornis

Diplous rugicollis

Diplous depressus

Diplous sibiricus caligatus

Diplous davidis

Diplous sciakyi sciakyi

Qiangopatrobus sp.

62 / 62

76 / 67

84 / 99

90 / 98

< 50 / 50

< 50 / 67

x / y

x = bootstrap value
y = jackknife value

branch

Fig. 3. Most parsimonious cladogram for the morphological dataset.
Length = 191063 steps; CI = 0.664; RI = 0.527.



Invertebrate Systematics 155

gence in a single terminal taxon can make the identification
of homologous structures difficult. Accelerations in morpho-
logical divergence, as in sequence divergence, often can con-
found the development of unequivocal hypotheses of
phylogenetic relationship among species (Hansen and
Martins 1996). In the most parsimonious reconstruction
derived from the morphological dataset, the total number of
characters that change on the internode shared between D. fil-
icornis and D. californicus are few (37) while those on the D.
californicus branch are many (64). Rapid morphological
divergence may have resulted in character states so different
that homologies cannot be recognised, resulting in the optimi-
sation of a large number of autapomorphic characters onto the
tree and possibly even an erroneous reconstruction.

Second, other taxa display similar geographical vicari-
ance patterns among included species. That is to say, the geo-
graphical pattern of phylogenetic relationships is not unique,
but rather a common one. See below for further discussion.

Third, D. filicornis and D. aterrimus share significant
characters. A sister-group relationship between D. filicornis
and D. aterrimus has 35 total characters that change on the
branch. Six synapomorphies on this internode are ‘good

characters’ in a classical taxonomy sense. The neck constric-
tions of this species-pair are deeply impressed (character 59:
state 2); the pronotal basal angles are 135º (c68:s3); the pro-
notal anterior transverse impression macrosculpture is
sparsely covered with medium-sized and fine punctures
(c72:s3); the profemora are dorsally angulate or dentate ~1/3
from the apex (c79:s1); the shape of the metepimera are
band-like with a width greater proximally (c80:s2); and the
metepisterna macrosculpture is evenly covered with
medium-sized punctures (c81:s1). On the internode between
D. filicornis and D. californicus in the most parsimonious
morphological tree, 37 total characters change, but only two
of these characters are synapomorphies: the pronotal baso-
lateral setal denticles are present (c66:s1) and the apical
copulatory piece distal portions are spoon-shaped distally
(c89:s2).

The morphological parsimony tree constrained to have
D. filicornis and D. aterrimus as sister-groups is 2993 steps
longer than the most parsimonious tree (191063 to 194056).
To compare the two trees, we performed a Shimodaira-
Hasegawa test (Shimodaira and Hasegawa 1999) between the
morphological and molecular topologies. The Shimodaira-
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Fig. 4. Maximum likelihood phylogram for the molecular dataset (model GTR + Γ). –LnL =
927.756; bootstrap values above the branches; specimen number and shortened locality name
beneath taxon names (see Table 1 for exact locality data).
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Hasegawa tests an optimal topology with a suboptimal
topology by examining their RELL bootstrapped log-
likelihood values and comparing them based on a known
distribution. In this test, the null hypothesis (Ho) is that both
topologies are equally good explanations of the data while
the alternate hypothesis (Ha) is that the maximum likelihood
molecular topology differs significantly with the morpho-
logical topology in explanatory power of the data (α = 0.05,
one tailed test). We failed to reject the null hypothesis with a
P value greater than 0.05 (molecular –lnL = 927.756;
morphological = 933.398; P = 0.095).

The parsimony criterion appears to recover incorrect
phylogenies when dealing with groups in which included
taxa are diverging at different rates (Hansen and Martins
1996). Diplous californicus presents this problem: severe
allometric growth (e.g. greatly enlarged metatrochanters and
bilateral asymmetry) and apparent overall rapid divergence
in the majority of its characters.

A special case that begs for more examination arises from
our study of a population of D. filicornis that occurs sym-
patrically with a population of D. aterrimus that is poly-

morphic for genitalic characters. One population of D. fil-
icornis, occurring in the Salmon River Valley in central
Oregon, bears a distal copulatory piece intermediate between
the highly sclerotised form of D. aterrimus and the lightly
sclerotised form of D. filicornis. This may be evidence of
hybridisation between D. filicornis and D. aterrimus. While
this provides further support for close relationship, if not
conspecificity, between D. aterrimus and D. filicornis,
further investigations, both from a molecular and morpho-
logical perspective, are needed.

Biogeography

Origins of Diplous in North America

As a result of comparing the phylogeny of the North
American Diplous with its distribution and with the distri-
butions of its most closely related taxa, the genus likely orig-
inated from a widespread northern ancestor. This is
consistent with other studies (Hoffman 1963, Hypochilus
spiders; Shelley 1993, Scytonotus millipedes; Wooding and
Ward 1997, Ursus bears; Wen 1999, flowering plants), which
show elements of the fauna of the Pacific north-west and
trans-North America descended from widespread northern
Laurasian warm temperate Tertiary ancestors (Fig. 6a) that
have been shaped by a series of vicariant events (mostly
glaciation and/or drying) beginning in the mid-Tertiary and
reaching its maximum during the Pleistocene (Kavanaugh
1988). The most parsimonious tree based on morphology
(Fig. 3) suggests that D. depressus is the sister taxon to the
Nearctic species. It is also geographically adjacent to the
Nearctic fauna, ranging from the Kuril Islands in the east to
the Xinjiang Province of China in the west. It also shares
important genitalic features (D. depressus shares a similar
distal copulatory piece with the North American Diplous).

Phylogenetic considerations within a biogeographical
context

According to the preferred phylogeny of North American
Diplous, three speciation events occurred. Each of these
events may have been associated with a glacial event. The
first split, between the western and eastern species, is con-
cordant with the southward expansion of glaciers in central
North America or the drying of central North America to
create the Great Plains. The disjunction between eastern and
western species is due most likely to a combination of
glaciation, absence of glacial refugia with suitable habitats
in central North America, subsequent drying to create the
Great Plains, and the absence of fast-flowing, gravelly or
rocky streams in that region. Diplous rugicollis or the ances-
tral North American Diplous in the east could have survived
in glacial refugia in the southern Adirondacks or northern
Appalachian Mountains or possibly slightly further south in
the Appalachian range. The ancestral western Diplous may
have survived in glacial refugia in the southern Rocky
Mountains and/or the Pacific coast (Fig. 6b). Although the
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Fig. 5. Maximum parsimony consensus cladogram for the total
evidence dataset. Length, 250999 steps; CI = 0.716; RI = 0.686.
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molecular clock hypothesis was not significantly different
from the null model and therefore not rejected, fossil
evidence for Diplous does not exist, so any theories about
absolute age of the speciation events and subsequently cor-
relation between glaciation events will not be attempted.
The percent difference between the eastern and western
clades in uncorrected p-distance is ~3%, which corresponds
to a relative age of ~1.3–2.0 million years (using 2.3%
(Brower 1994) and 1.5% (Quek et al. 2004) per million year
divergence rates for arthropod mtDNA respectively; the
latter, more conservative rate estimate, is probably more
accurate because it was calculated using primarily COI
sequence data whereas the former rate was calculated using

a large portion of COII sequence). After the initial glacia-
tion that isolated the eastern and western taxa started to
recede, the ancestors of D. rugicollis and the common
ancestor of D. californicus + D. aterrimus + D. filicornis
may have started to expand northward (Fig. 6c). Several
mammalian taxa with distinct eastern and western North
American clades exhibit similar divergence: martens,
2.5–3.0%, cyt b (Stone et al. 2002); and black bears, 3.3%
cyt b (Wooding and Ward 1997).

The second split may reflect the results of a second glacial
period that isolated the common ancestor of D. aterrimus
and D. filicornis in the southern Rocky Mountains and the
ancestors of D. californicus in the southern Pacific coastal

Systematics of North American Diplous Motschulsky

Warm temperate Tertiary ancestor
of North American Diplous

Ancestral
western
species

Ancestral
eastern
species

(a) (b)

(c) (d)

(e) (f )

Fig. 6. Proposed glaciation/cooling scenario for the speciation of North American Diplous. (a) Widespread
northern ancestor; (b) southward expansion of glaciers in North America resulting in disjunction between the
eastern and western ancestral species; (c) expansion of the ranges of the ancestor of D. rugicollis and the
common ancestor of D. californicus + D. aterrimus + D. filicornis northward after warming; (d) second glacial
period that isolated the common ancestor of D. aterrimus and D. filicornis in the southern Rocky Mountains
and the ancestor of D. californicus in the southern Pacific coastal region; (e) recession of early Pleistocene
glaciation and broad occupation of the western mountainous region from the Rocky Mountains to the Pacific
coastal Mountains by the common ancestor of D. aterrimus + D. filicornis; (f) isolation by glaciation of the
ancestor of D. aterrimus in the southern Rocky Mountains and the ancestor of D. filicornis in the southern
Cascade and Pacific coast Mountains.
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region. The divergence between the southern coastal and
southern Rocky Mountain elements, like the eastern and
western species, might have been reinforced by expansion of
arid regions, specifically the Columbian Plateau and other
Great Basin regions (Fig. 6d). The southern Rocky
Mountains and the Pacific coast have been identified as
potential glacial refugia based on mtDNA in the dusky
shrew, Sorex monticolus (Demboski and Cook 2001),
martens (Stone et al. 2002) and in carabid beetles
(Kavanaugh 1988). Close sister-group relationships between
coastal and Rocky Mountain elements have been shown in
animals such as the dusky shrew (Demboski and Cook
2001), other mammals (Foster 1965), and nebriine carabid
beetles (Kavanaugh 1988). With subsequent recession of this
early Pleistocene glaciation, the common ancestor of D.
aterrimus + D. filicornis may have been able to occupy the
entire western mountainous region from the Rocky
Mountains to the Pacific coastal mountains (Fig. 6e).

The third split appears to be a result of yet another glacial
period that may have isolated the ancestor of D. aterrimus in
the southern Rocky Mountains (again) and the ancestors of
D. filicornis in the southern Cascade and Pacific coast
Mountains (Fig. 6f). This relationship between Rocky
Mountain species and coast-restricted species has also been
shown in species of the ground beetle genus, Nebria, specif-
ically in the acuta-group (Kavanaugh 1988). The common
ancestor of D. aterrimus + D. filicornis was probably very
similar structurally to D. aterrimus, judging by the branch
lengths separating each from the ancestral node. Therefore,
asymmetrical divergence occurred after the speciation of
D. aterrimus + D. filicornis resulting in a longer branch
length in D. filicornis. Just as with D. californicus, this rela-
tively longer branch length in D. filicornis, may be due to
similar selective pressures at work in the same region in
which these two species are sympatric.

Divergence times estimated from the putative clock-like
substitution rate of mtDNA may be useful to date speciation
events in the Pleistocene. However, the timing of particular
speciation events with specific glacial events is difficult to
assess because: 1, a large number of glacial cycles occurred
in the Pleistocene; 2, many of these events are uncorrobo-
rated by specific evidence (e.g. spatial evidence like moraine
formation for inferring glacial boundaries), and 3, speciation
rates may be inconsistent with a 2.3% or 1.5%
divergence/1 Myr mtDNA substitution rate. Likewise, fac-
tors influencing speciation, other than allopatric speciation
by isolation/glaciation, may be operating. The appearance of
the western species, D. californicus, with its wildly divergent
morphology (64 total character states change on the terminal
branch in the morphological parsimony analysis) suggests a
scenario that is more consistent with speciation by natural or
sexual selection rather than one by genetic drift by isolation.
Therefore, relying on a speciation mechanism dependent on
glaciation-driven isolation may be overly simplistic.

Taxonomy of the North American species of Diplous

Darlington (1938) and Lindroth (1961) revised the North
American species of Diplous. See Darlington (1938) for
further information regarding synonymies.

Genus Diplous Motschulsky

Diplous Motschulsky, 1850: 71, pl. 10. 
Type species: Patrobus sibiricus Motschulsky, 1844: 128, pl. 6,

fig. 2.
Platidius Chaudoir, 1871: 51. Type species: Patrobus aterrimus

Dejean, 1828, by subsequent designation (Darlington 1938).

Diagnosis (Darlington 1938; Zamotajlov 1992)

Adults of Diplous may be differentiated from other genera
in the tribe Patrobini based on the combination of: body
shape flattened; eyes large, strongly convex; antennomere
one with single long seta; occipital constriction shallow;
postgenal length usually less than eye diameter; anterior
half of pronotal margin with single seta; pronotal median
longitudinal sulcus lightly impressed, diminished near base,
basal part of impression never excavated into a gutter; pro-
notal sides strongly punctured; tarsomeres broad; pro- and
mesotarsomere four wider than long, often bilobed.

The character used by Chaudoir (1871) for establishing
the North American subgenus Platidius, namely bifid
emargination of the fourth tarsal segment, is not a synapo-
morphy for Nearctic species in the inferred phylogeny,
however, a few aedeagal characters are synapomorphies:
e.g. apical copulatory piece pointed distally (sensu Lindroth
1961) and apical copulatory piece elongate, spear-shaped.
Although we recovered a monophyletic Nearctic Diplous, we
did not recover reciprocally monophyletic Nearctic and
Palearctic clades; the Palearctic fauna is paraphyletic with
respect to the North American species in the phylogeny
based on morphology. The Palearctic fauna is also recovered
as paraphyletic in an exemplar phylogeny of the tribe
Patrobini (Zamotajlov 2002). The Nearctic species and the
Palearctic species, Diplous depressus, are united by several
synapomorphies, e.g. pear-shaped apical copulatory piece
basal shape. Lindroth (1961) and Kühnelt (1941) supported
a natural grouping of the Nearctic species, but they did not
consider the monophyly of the Palearctic species. We feel
that taxonomic names should correspond to monophyletic
groups and not paraphyletic ones. Accordingly, we do not
recognise the subgenus Diplous and, as a consequence, the
subgenus Platidius.

Diplous aterrimus (Dejean)

Patrobus aterrimus Dejean, 1828: 32. Sex of holotype unknown,
type depository unknown. Darlington (1938) wrote that the type
was deposited in the Oberthür Collection (MNHN), although
Lindroth (1961) reported that the types of Dejean and Chaudoir
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were missing from this collection. Type locality: Norfolk Sound
near Sitka, Alaska, USA (Darlington 1938).

Patrobus fulcratus (LeConte, 1869): 374.
Platidius breviceps Casey, 1918: 402.
Platidius coloradensis Casey, 1918: 403.
Platidius reflexus Casey, 1918: 403.
Platidius tenuitarsis Casey, 1918: 403.

Material examined

Canada. British Columbia: 1�, 1�, Forwards Harbour (CASC);
1�, 1�, Queen Charlotte Is, Graham I. (CASC); 1�, 1�, Vancouver I.
(CASC); 1�, Alaska Hwy Mile 594.3, Irons Creek (CASC); 1�,
Alaska Hwy Mile 687.1, Lower Rancheria River (CASC); 1�, Nanika
Lake (CASC); North-west Territories: 1�, District of MacKenzie
County, Aklavik (CASC); Yukon Territory: 1�, 1�, Spruce Creek,
km 61.5 on Route 10 (BMNH); 1�, 1�, Route 4, Finlayson River
(BMNH); 1�, Route 5, Rock River, (BMNH). USA. Alaska: 1�,
Rudyard Bay, Nooya Lake (CASC); Colorado: 1�, 1�, Boulder
County, North Saint Vrain Creek at Hwy (CASC); 1�, Conejos County,
San Juan Mts (CASC,); 1�, San Juan County, Silverton area (CASC);
Idaho: 1�, 1�, Camas County, Soldier Range (CASC); 1�, 1�,
Clearwater County, Moose Mts (CASC); 1�, Custer County, Salmon
River Mts, Hwy (CASC); Montana: 1�, 1�, Cascade County, Little
Belt Mts (CASC); 1�, Glacier National Park, Livingstone Range
(CASC); Oregon: 1�, Union County, NW of Elgin (CASC); 1�, 1�,
Wallowa County, Wallowa Mts (CASC); Utah: 1�, 1�, Wasatch
County, Wasatch Range (CASC); Washington: 1�, Walla Walla
County, S of Walla Walla (CASC); Wyoming: 1�, 1�, Sheridan
County, Bighorn Mts (CASC); 1�, 1�, Sublette County, Gros Ventre,
(CASC). 

Diagnosis

Adults of Diplous aterrimus are distinct from those of the
other North American Diplous based on the combination of:
mandibles, palpi, legs, and antennae black with a heavy red
tint; neck constriction sparsely covered with small punctures
dorsomedially; pronotal anterior transverse impression
impunctate or sparsely covered with medium-sized and fine
punctures (Fig. 7a); pronotal basal fovea wrinkled (Fig. 7a);
elytra parallel-sided (Fig. 8a); elytra dull (elytral micro-
sculpture consisting of deeply impressed isodiametric
meshes (Fig. 8b); males with pointed and elongate meta-
trochanters, 0.425 to 0.600× the length of the metafemora
(Fig. 8c); aedeagus with square apex (Fig. 9a); aedeagal
apical copulatory piece strongly sclerotised, spear-like
(Fig. 9b); bursal sclerite in females domed (Fig. 9c).

Distribution

Found mainly in the Rocky Mountain region, from southern
Colorado and central Utah north to the North-west and
Yukon Territories, west to eastern Oregon and Washington,
and reaching the Pacific coast in British Columbia, includ-
ing the Queen Charlotte Is, and south-eastern Alaska
(Fig. 10).

Habitat

Riparian; large, moderately to fast flowing streams. Known
elevation range: sea level to 3690 m, mean: 1519 m, n = 145.

Diplous californicus (Motschulsky)

Patrobus californicus Motschulsky, 1859: 123 (also in Motschulsky,
1850: 6). Sex of holotype unknown, type depository unknown.
Darlington (1938) wrote that the type was deposited in the
Motschulsky Collection (ZMMU). Lectotype deposited in the
MCZ (Type number: 8232). Type locality: ‘near San Francisco’,
USA.

Patrobus trochantericus (LeConte, 1869): 375.
Platidius breviusculus Casey, 1918: 401.
Platidius incisus Casey, 1918: 399.
Platidius latipennis Casey, 1918: 399.
Platidius rectus Casey, 1918: 400.
Platidius sierranus Casey, 1918: 401.
Platidius strenuus Casey, 1918: 400.

Material examined

Canada. British Columbia: 1�, Princeton (CASC); 1�, Midday
Valley, Merritt (CASC); 1�, Vancouver I., Robson Bight, Tsitika River
(CASC). USA. California: 1�, 1�, Calaveras County, Mokelumne
Hill (CASC); 1�, 1�, Del Norte County, Jedediah Smith State Park
(CASC); 1�, 1�, Fresno County, S Fork of Kings River (CASC); 1�,
1�, Humboldt County, Korbel (CASC); 1�, 1�, Eel River at
Richardson Grove (CASC); 1�, Mendocino County, Eel River Ranger
Station (CASC); 1�, Middle Fork of Eel River, 0.2 km (0.3 miles)
below mouth of Black Butte River (CASC); 1�, Sonoma County,
Gualala Creek (CASC); Idaho: 1�, 1�, Custer County, Salmon River
Mts, Hwy 93, 16.1 km (10 miles) E of Lower Stanley (CASC); 1�, 1�,
Elmore County, Sawtooth Mts, Soldier Range, 4.8 km (3 miles) N of
Pine, S Fork Boise River at Dog Creek Campground (CASC); 1�,
Idaho County, Salmon River, 2.4 km (1.5 miles) N of Slate Creek
Ranger Station (CASC); 1�, Clearwater Mts, Selway River at mouth of
O'Hara Creek (CASC); 1�, 1�, Nez Perce County, Hwy 12/95, 3.2 km
(2 miles) E of Lewiston, Clearwater River (CASC); Montana: 1�, 1�,
Mineral County, St Regis River at St Regis (CASC); Nevada: 1�,
Washoe County, Verdi, Truckee River (CASC); Oregon: 1�, 1�,
Clackamas County, Molalla River at Hwy (CASC); 1�, 1�, Clatsop
County, Cannon Beach (CASC); 1�, Curry County, 3.2 km (2 miles) S
of Gold Beach, at mouth of Hunter Creek (CASC); 1�, Douglas
County, Cascade Range, Steamboat Creek at Steamboat Falls (CASC);
1�, Grant County, Blue Mts, 2.4 km (1.5 miles) E of Mt Vernon, Hwy
26, John Day River (CASC); 1�, Jackson County, Rogue River at
Touvelle State Park (CASC); 1�, 1�, I.5, 3.2 km (2 miles) E of Rogue
River City, Rogue River (CASC); 1�, Lane County, Cascade Range,
1.4 km (0.9 miles) W of Nimrod, McKenzie R. (CASC); 1�, Umatilla
County, Blue Mts, 1 mile N of Dale, North Fork of John Day River
(CASC); 1�, 1�, Wallowa County, 0.3 km (0.2 miles) SE of Minam, at
junction of Minam and Wallowa Rivers., Hwy 82 (CASC);
Washington: 1�, 1�, Clallam County, junction of Soleduck and
Bogachiel Rivers (CASC); 1�, 1�, Jefferson County (CASC); 1�,
1�, Pierce County, Cascade Range, junction of Hwys 7 706, Elbe,
Nisqually River (CASC); 1�, Whatcom County, Cascade Range, Hwy
542, 30.6 km (19 miles) W of Glacier, North Fork of Nooksack River
(CASC); 1�, Cascade Range, Hwy 542, 6.4 km (4 miles) E of Glacier,
N.F. Nooksack River (CASC).

Diagnosis

Adults of Diplous californicus are distinct from those of the
other North American Diplous based on the combination of:
palpi, legs, and antennae black with a light-red tint; neck
constriction smooth; pronotal anterior transverse impression
impunctate or sparsely covered with medium-sized and fine
punctures (Fig. 7b); sides of pronotum with wrinkles laterad

Systematics of North American Diplous Motschulsky
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(extending from anterior margin to posterior margin
(Fig. 7b)); pronotal basal fovea wrinkled, with three or four
medium punctures that are usually obliterated by the wrin-
kles (Fig. 7b); males with very large metatrochanters, 0.760
to 1.012× the length of the metafemora (Fig. 8c).

Distribution

Found mainly along the Pacific coast, from the Sierra
Nevada and northern Coast Ranges of California, north to
Vancouver I. and south-central British Columbia, east to

extreme western Nevada and across the Columbia Plateau to
central Idaho and extreme western Montana (Fig. 10).

Habitat

Riparian; larger, more slowly moving streams and rivers.
Known elevation range: 8.5 m to 1800 m; mean: 533.78 m,
n = 96.

Fig. 7. Diagnostic characters of the pronotum in North American Diplous. Pronotal anterior transverse impression macrosculpture,
sides of pronotum macrosculpture, pronotal basal fovea macrosculpture: (a) Diplous aterrimus; (b) D. californicus; (c) D. filicornis;
(d) D. rugicollis.
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Fig. 8. Diagnostic characters of the elytra and legs in North American Diplous. (a) Elytra shape; (b) elytra microsculpture; (c) male
metatrochanters shape and size.



P. E. Marek and D. H. Kavanaugh162 Invertebrate Systematics

Fig. 9. Diagnostic characters of the male and female genitalia in North American Diplous. (a) Aedeagal apex shape; (b) aedeagal
apical copulatory piece sclerotisation and shape; (c) bursal sclerite shape.
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Diplous filicornis (Casey)

Platidius filicornis Casey, 1918: 404. Female lectotype deposited at
USNM, designated by Lindroth (1975). Type locality: Redwood
Creek, Humboldt Co., California, USA.

Material examined

Canada. British Columbia: 1�, 1�, Alice Lake Provincial Park,
Cheekye River at outlet from Stump Lake (CASC). USA. California:
1�, 1�, Del Norte County, Coast Range, Hwy 199, 5.8 km (3.6 miles)
SSW of Elk Valley, Griffin Creek (CASC); 1�, Jedediah Smith State
Park, Smith River at Stout Grove (CASC); 1�, 1�, El Dorado County,
Sierra Nevada, South Fork of American River, 3.2 km (2 miles) E of
Kyburz (CASC); 1�, Plumas County, Lassen Volcanic National Park,
Cascade Range, Sulfur Works area, West Sulfur Creek (CASC); 1�,
3.7 km (2.3 miles) N of Chester, North Fork of Feather River (CASC);
1�, 1�, Trinity County, Trinity Alps, South Fork of Salmon River at Big
Flat Campground (CASC); Oregon: 1�, Douglas County, Cascade
Range, junction of Steamboat Creek and North Umpqua River at
(CASC); 1�, Lane County, Cascade Range, 1.4 km (0.9 miles) W of

Nimrod, MacKenzie R. (CASC); 1�, 1�, Cascade Range, 36.4 km
(22.6 miles) SE of Oakridge on Hwy 58, Salt Creek (CASC); 1�, 1�,
Marion County, 11.9 km (7.4 miles) W of Mill City on Hwy 22, Little
North Santiam River (CASC); Washington: 1�, Cowlitz County,
14.5 km (9 miles) W of Longview, under log along Columbia River
(CASC); 1�, 1�, Pierce County, Mt Rainier National Park, Louise Lake
(CASC).

Diagnosis

Adults of Diplous filicornis are distinct from those of the
other North American Diplous based on the combination of:
mandibles, palpi, legs, and antennae black with a heavy red
tint; neck constriction sparsely covered with small punctures
dorsomedially; pronotal anterior transverse impression
impunctate or sparsely covered with medium-sized and fine
punctures (Fig. 7c); pronotal basal fovea wrinkled (Fig. 7c);
elytra subparallel to ovoid (Fig. 8a); elytra shiny (i.e. elytral
microsculpture consisting of shallowly impressed isodia-

Systematics of North American Diplous Motschulsky

DNA specimen localities
1. Diplous aterrimus: Hoh Rainforest, Washington   
2. D. californicus: Humboldt State Redwood Park, Humboldt Co., California
3. D. californicus: Skunk Group Campground, Trinity Co., California
4. D. filicornis: Wild Plum Campground, Sierra Co., California
5. D. filicornis: Jackson State Forest, Mendocino Co., California 
6. D. filicornis: Ney Springs Creek, Siskiyou Co., California
7. D. rugicollis: Sandy River, Franklin Co., Maine
8. D. rugicollis: Austin Stream, Somerset Co., Maine
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Fig. 10. Distribution map of North American Diplous Motschulsky. Diplous aterrimus,
circles; D. filicornis, triangles; D. californicus, squares; D. rugicollis, pentagons. The
localities of DNA specimens are indicated by numbers explained at the bottom of the figure.
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metric meshes (Fig. 8b); males with pointed and elongate
metatrochanters, 0.523 to 0.665× the length of the
metafemora (Fig. 8c); aedeagus with rounded apex, with
right side incurved (Fig. 9a); aedeagal apical copulatory
piece weakly sclerotised, somewhat twisted (Fig. 9b); bursal
sclerite in females flat, not domed (Fig. 9c).

Distribution

Found exclusively along the Pacific coast, in the Coast
Ranges from northern California to the Olympic Peninsula in
Washington and in the northern Sierra Nevada and Cascade
Range of Oregon and Washington; also in extreme south-
western mainland British Columbia (Fig. 10).

Habitat

Riparian; narrow, more quickly moving streams and rivers.
Known elevation range: 22 m to 2290 m; mean: 800 m,
n = 90.

Diplous rugicollis (Randall)

Patrobus rugicollis Randall, 1838: 560 (erratum). Male neotype
deposited in the MCZ (Type number: 23357) (Darlington,
1938). Neotype locality: Groton Notch, near Bethel, Maine,
USA.

Patrobus angicollis [lapsus calami] Randall, 1838: 1, pl. 1, fig. 1; pl.
3, figs 77–79.

Patrobus longipalpus Notman, 1919: 231

Material examined

Canada. Nova Scotia: 2�, Truro (CASC); Québec: 1�, 1�,
Peninsula de Gaspe, 38.6 km (24 miles) NNW of New Richmond,
Cascapedia River at Ruisseau Marcil (CASC). USA: New Hampshire:
1�, Coos County, road rest area on Route 2, between Gorham + Shelburn
(CASC); 1�, 1�, Fabyan's Restaurant, Mount Washington Hotel
(CASC); 1�, Amonoosuc River, Base of Mt Washington (CASC); New
York: 1�, 1�, Sullivan County, Hwy 17 at Roscoe, Willowemoc Creek
(CASC); 1�, 1�, Ulster County, 27.4 km (17 miles) SW of Oliverea,
West Branch Neversink Creek (CASC); Vermont: 1�, 1�, Chittenden
County, Green Mountains, 1 mile S of North Duxbury, Ridley Brook
(CASC); 1�, Windham County, Dover, Blue Brook (CASC).

Diagnosis

Adults of Diplous rugicollis are distinct from those of the
other North American Diplous based on the combination of:
pronotal anterior transverse impression covered with
medium-sized punctures (Fig. 7d); pronotal basal fovea not
wrinkled, densely covered with large punctures (Fig. 7d);
males with apically rounded and short metatrochanters, dis-
tinctly less than 1/2 the length of the metafemora (Fig. 8c).

Distribution

Found only in north-eastern New England and extreme
south-eastern Canada, from the Adirondack Mountains of
New York, the Green Mountains of Vermont, and White
Mountains of New Hampshire north to Nova Scotia and the
Gaspé Peninsula of Quebec (Fig. 10).

Habitat

Riparian; ‘large streams in the notches or at the foot of the
larger mountains’ (Darlington 1938: 152). Known elevation
range: 60 m to 1520 m; mean: 425.74 m, n = 16.

Key to the species of North American Diplous

1. Pronotal anterior transverse impression impunctate or sparsely
covered with medium-sized and fine punctures (Fig. 7a,c);
pronotal basal fovea wrinkled (Fig. 2a); males with pointed
and elongate metatrochanters, equal to or greater than 1/2 the
length of the metafemora (Fig. 8c). (Western species) . . . . 2

Pronotal anterior transverse impression covered with medium-
sized punctures (Fig. 7d); pronotal basal fovea not wrinkled,
densely covered with large punctures (Fig. 7d); males with
apically rounded and short metatrochanters, distinctly less
than 1/2 the length of the metafemora (Fig. 8c). (Eastern
species). . . . . . . . . . . . . . . . . . . Diplous rugicollis (Randall)

2. Mandibles, palpi, legs, and antennae black with a light-red tint;
males with very large metatrochanters, equal to or greater
than 0.75× the length of the metafemora (Fig. 8c); neck con-
striction smooth; sides of pronotum with wrinkles laterad
(extending from anterior margin to posterior margin
(Fig. 7b); pronotal basal fovea wrinkled, with three or four
medium-sized punctures that are usually obliterated by the
wrinkles (Fig. 7b). . . . . Diplous californicus (Motschulsky)

Mandibles, palpi, legs, and antennae black with a heavy red tint;
males with smaller metatrochanters, less than 0.70× the
length of the metafemora (Fig. 8c); neck constriction
sparsely covered with small punctures dorsomedially; sides
of pronotum with wrinkles posterolaterad only (extending
from the middle of the lateral margins to the posterior margin
(Fig. 7a,c); pronotal basal fovea wrinkled, without three or
four medium-sized punctures (Fig. 7a,c) . . . . . . . . . . . . . . 3

3. Elytra subparallel to ovoid (Fig. 8a); elytra shiny (i.e. elytral
microsculpture consisting of shallowly impressed isodiamet-
ric meshes (Fig. 8b); aedeagus with rounded apex, with right
side incurved (Fig. 9a); aedeagal apical copulatory piece
weakly sclerotised, somewhat twisted (Fig. 9b); bursal
sclerite in females flat, not domed (Fig. 9c) . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . Diplous filicornis (Casey)

Elytra parallel-sided (Fig. 8a); elytra dull (i.e. elytral micro-
sculpture consisting of deeply impressed isodiametric
meshes (Fig. 8b); aedeagus with square apex (Fig. 9a);
aedeagal apical copulatory piece strongly sclerotised, spear-
like (Fig. 9b); bursal sclerite in females domed (Fig. 9c) . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . Diplous aterrimus Dejean

Future research

Obtaining a better understanding of the species relationships
of Diplous will require a more robust phylogeny based on
additional gene regions and additional ingroup and outgroup
taxa and specimens. Characters from different character
systems should be a priority (e.g. characters of larval and
pupal morphology). Only two species of Diplous have their
larvae described and none have described pupae.
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