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Abstract—Re-examination of the late Permian Tunguskagyrus planus Yan, Beutel et Lawrence, 2018 has shown 
that it does not belong to the family Gyrinidae (Adephaga) but should be placed in the family Triaplidae sensu n. 
(Archostemata) as a congener to “Triaplus” sibiricus Volkov, 2013 (Tunguskagyrus sibiricus (Volkov, 2013), 
comb. n.). Both these Palaeozoic species, in contrast to the Triassic members of Triaplus Ponomarenko, 1977, 
have no large metacoxal femoral plates and, therefore, would be better placed apart from the Mesozoic representa-
tives of Triaplus (in a different genus). The synonymy of the family names Triaplidae Ponomarenko, 1977 (= Ca-
tiniidae Ponomarenko, 1968, syn. n., nom. praeocc., non Catiniidae Bocquet et Stock, 1957 (Crustacaea, Cope-
poda), = Coleocatiniidae Ponomarenko et Prokin, 2015, syn. n.) is established. Thus, the family now comprises 
Avocatinus Ponomarenko, 1969, Catinius Ponomarenko, 1968, Catinoides Ponomarenko, 1969, Macrocatinius 
Ponomarenko, 1969, Triaplus Ponomarenko, 1977, Triassocatinius Ponomarenko, 1969 and Tunguskagyrus Yan, 
Beutel et Lawrence, 2018. 
DOI: 10.1134/S0013873818070084 

INTRODUCTION 
Recently, papers with descriptions and reconstruc-

tions of the Palaeozoic and Triassic coleopterous fos-
sils were published that were based on imperfect im-
prints which caused ambiguities and misinterpreta-
tions. In this paper one of these fossils with structural 
peculiarities intermixed with a certain imperfection of 
the matrix is re-described. It is Tunguskagyrus planus 
Yan, Beutel et Lawrence, 2018 from Anakit of the late 
Permian (Krasnoyarsk Territory, Siberia, Russia). This 
imprint was recently described as the oldest member 
of the whirligig beetles (Gyrinidae) (Yan et al., 2018). 
The original diagnosis of this taxon declares “Short, 
semi-oval head with completely divided compound 
eyes, dorsal ocular subunits smaller than the lateral 
ones; short antennae with enlarged, paddle-shaped 
pedicel and stout proximal flagellomeres; body 
streamlined and drop-shaped; pronotum very short, 
transverse and curved; mesoventrite small, as long as 
mesocoxae, with small anteromedian groove; meta-
coxae transverse, without coxal plates; six completely 
exposed abdominal ventrites, the terminal one 
medially divided.” (Yan et al., 2018: 2—bold ours). 

The description of this species on page 3 contains an 
important addition “terminal ventrite likely repre-
sented by medially divided gonocoxosternum VIII; 
separation along midline distinct posteriorly but not 
visible on anterior part. Paired, flat female gonocoxae 
visible posterior to terminal ventrite; with rounded 
apical part, reaching elytral apices posteriorly.” 

Our examination of the holotype has shown  
that Tunguskagyrus planus (Figs. 1–5) indeed has:  
(1) usual undivided eyes (“dorsal” eyes being absent), 
(2) basal antennomeres not enlarged, (3) five abdomi-
nal ventrites of usual shape and with usual connec-
tions, (4) abdominal ventrite 5 not divided, (5) gono-
coxites absent. Besides, the holotype has some re-
mains of each of the six legs which can be more or less 
clearly observed under oblique lighting, and also it is 
impossible to clearly observe whether the upper in-
tegument of the holotype is really completely smooth, 
although the imprint of the elytra lateral to the body 
outline and probably the lateral portion of the disc 
seem to bear distinct dense, diffuse punctures inter-
spaced with microreticulation. The epipleura of the 
holotype  are  moderately  wide,  while the reconstruc- 
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Figs. 1–4. Tunguskagyrus planus Yan, Beutel et Lawrence, 2018 (holotype, PIN 5381/32): (1) dry specimen, (2) specimen under alco-
hol, (3) abdomen under alcohol, (4) head and prothorax under alcohol. Length of specimen 9.8 mm. Scales: to Figs. 1 and 
2—2.0 mm; to Fig. 3—1.0 mm; to Fig. 4—0.5 mm. Original. 



KIREJTSHUK, PROKIN 

ENTOMOLOGICAL REVIEW   Vol.   98   No.   7   2018 

874 

tion of this beetle by Yan et al. (2018; fig. 3) shows 
wider epipleura at base, but their drawing reconstruc-
tion (Yan et al., 2018; fig. 2) demonstrates moderately 
wide epipleura. The imprint of Tunguskagyrus planus 
also possesses the remains of moderately long and 
narrow legs, as well as small mesoventrite, making 
questionable the hypothesis of the aquatic mode of life 
for this species. The pterothoracic sclerites are similar 
to those in Triaplidae sensu n. and Schizophoridae 
Ponomarenko, 1968 rather than to those in other Pa-
laeozoic and Triassic beetle families. Finally, the 
characters of “Catiniidae,” “Schizophoridae” and 
“Triaplidae” given in the original descriptions (Pono-
marenko, 1968, 1969, 1977) were re-tested and ana-
lyzed. As a result, it was established that Tunguska-
gyrus and the three above mentioned “families” be-
long to the same group named by Ponomarenko (1968) 
as the superfamily Schizophoroidea that is preliminar-
ily treated as consisting of the two families Schizo-
phoridae Ponomarenko, 1978 and Triaplidae Ponoma-
renko, 1977, sensu n. (= Catiniidae Ponomarenko, 
1968, syn. n.—see below). 

MATERIALS AND METHODS 

The holotype of Tunguskagyrus planus was studied 
under a Leica M165c stereomicroscope provided with 
digital camera Leica DFC420 in the Laboratory of 
Arthropods at the Borissiak Paleontological Institute, 
Russian Academy of Sciences (Moscow) (hereafter 
PIN). Images were generated using Helicon  
FOCUS 5.3.14 software and enhanced by using  
PHOTOSHOP CS4. Line drawings were modified for 
publication in the Autodesk AutoCAD 2015 program. 
To clarify the position of Tunguskagyrus planus the 
authors also examined many other specimens from the 
PIN collection, including several type series of the 
taxa from the families considered, and they also had an 
opportunity of examination of the collection of fossils 
in the Capital Normal University in Beijing (hereafter 
CNU).  

THE IDENTITY OF THE FAMILY  
TRIAPLIDAE SENSU N. 

The appearance of an elongate body and the tho-
racic and abdominal sclerites of Tunguskagyrus are 
strikingly similar to those of Triaplus Ponomarenko, 
1977 (Figs. 6–10) in the Triaplidae (established in the 
Adephaga), Avocatinius Ponomarenko, 1969 (Fig. 12) 
of the “Catiniidae” Ponomarenko, 1968 (Archoste-
mata), and Hadeocoleodes Ponomarenko, 1969  

(Figs. 15–19) of the Schizophoridae (Archostemata). 
Attribution of all these taxa to the suborder Ar-
chostemata is based on the characteristic structure of 
their pterothoracic sclerites with a complete set of 
sutures on the metaventrite, metepisterna (metanepis-
terna) reaching the mesocoxal cavities, contiguous 
metacoxae with more or less extended mesal parts, and 
outlines of abdominal ventrites. Ponomarenko (1977) 
assigned Triaplus to the superfamily Haliploidea 
(Adephaga) mostly because he considered that the 
additional imprint (paratype) of Triaplus macroplatus 
(PIN 2905/24) has the remains of ventrite 1 (derivative 
of sternite 2) separated from ventrite 2 (derivative of 
sternite 3). However the latter imprint has intact meta-
coxae and a curved line running parallel to the poste-
rior metacoxal edge (Fig. 9) that was erroneously 
drawn as a straight suture between “ventrites 1 and 2” 
by Ponomarenko (1977 : 18) on Fig. 1v, which actu-
ally represents the edge of the depression to receive 
the metacoxa (like that in Fig. 11). Avocatinius was 
initially placed in “Catiniidae” with correct interpreta-
tion of all the important visible sclerites. The holotype 
(PIN 2971/104) and paratype (PIN 2905/24) of Tri-
aplus macroplatus belong to different triaplid species 
both in need of re-description. Hadeocoleodes demon-
strates characters very similar to those of Triaplus but 
its head is not declined and procoxae are separated by 
the very narrow prosternal process. Ponomarenko 
(1968) considered this difference crucial for splitting 
the related groups into families (Schizophoridae and 
“Catiniidae”). The prosternal process of Hadeocoleus 
gigas Ponomarenko, 1969 (Fig. 17) is rather narrow, 
while it is markedly wider in H. pelopius Ponoma-
renko, 1969. Also, some peculiarities of fossilization, 
i. e. tension and compression of the sediments (tec-
tonic deformation), could have caused a different state 
of this character in different fossils from the same 
outcrop. In the authors’ opinion, it would be reason-
able to find additional diagnostic characters for sepa-
ration of the schizophoroid families under considera-
tion. However, a comprehensive revision is necessary 
to substantiate a new reorganization of the superfamily 
Schizophoroidea. Yet a significant similarity between 
Tunguskagyrus, Triaplus and Avocatinius should be 
interpreted as a consequence of their close relation-
ships and it is necessary to keep them together in the 
same family different from Gyrinidae. Two names, 
Catiniidae and Triaplidae, are available for this pur-
pose; one of them (Catiniidae) is a junior homonym 
recently replaced by an invalid name Coleocatiniidae 
(Ponomarenko  and  Prokin,  2015),  and Triaplidae re- 
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Figs. 5–7. Triaplidae, drawing-reconstructions: (5) Tunguskagyrus planus Yan, Beutel et Lawrence, 2018, holotype, PIN 5381/32; 
(6) Triaplus macroplatus Ponomarenko, 1977, holotype, PIN 2971/104; (7) gen. et sp. ? (T. macroplatus, paratype), PIN 2905/24. Bro-
ken lines show outlines of sclerites visible dorsally, and dotted lines show structures not clearly outlined. Scales—1.0 mm. Original. 
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Figs. 8–10. Triaplidae: (8) Triaplus macroplatus Ponomarenko, 1977, holotype, PIN 2971/104, dry specimen; (9) gen. et sp. ? 
(T. macroplatus, paratype), PIN 2905/24, dry specimen; (10) idem, dry metaventrite and metacoxae. Scales: to Figs. 8 and 9—2.0 mm; 
to Fig. 10—0.5 mm. Original. 
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Figs. 11–14. Triaplidae: (11) Macrocatinius brachycephalus Ponomarenko, 1969, holotype, PIN 2344/256, dry specimen; (12) Avo-
catinus elongatus Ponomarenko, 1969, holotype, PIN 2240/232, dry specimen; (13) Catinius pelta Ponomarenko, 1968, holotype, PIN 
2384/634, dry specimen; (14) idem, specimen under alcohol. Scales: to Fig. 11—5.0 mm; to Figs. 12–14—2.0 mm. Original. 
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Figs. 15–20. Schizophoridae: (15) Hadeocoleodes calus Ponomarenko, 1969, holotype, PIN 1361/20, dry counterpart (underside of 
body); (16) idem, dry positive imprint (dorsal side of body); (17) Hadeocoleus gigas Ponomarenko, 1969, holotype, PIN 2240/322, dry 
counterpart (underside of body); (18) idem, dry positive print (dorsal side of body); (19) gen. et sp. ? (“Hadeocoleodes calus,” additional 
specimen, PIN 1361/59), photograph of counterpart of elytra; (20) gen. et sp. ?, CNU 2009143, positive imprint of elytra. Scales: to 
Figs. 15, 16, 19—2.0 mm; to Figs. 17, 18, 20—1.0 mm. Figs. 17, 18 from the web-site “Beetles (Coleoptera) and coleopterists:” 
https://www.zin.ru/animalia/coleoptera/rus/hadcol_g.htm, Fig. 20 from Ponomarenko and Prokin, 2015, other figures original. 
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mains the only valid name for the family formerly 
named as Catiniidae. 

Thus, Triaplidae Ponomarenko, 1977 (= Catiniidae 
Ponomarenko, 1968, syn. n., nom. praeocc., non Ca-
tiniidae Bocquet et Stock, 1957 (Crustacea, Copepoda; 
type genus Catinia Bocquet et Stock, 1957), = Coleo-
catiniidae Ponomarenko et Prokin, 2015, syn. n.).  

Emended diagnosis (after Ponomarenko, 1968, 
1969, 1977). Head more or less retracted into protho-
racic segment and more or less covered by pronotum. 
Pronotum transverse, with anterior angles projecting 
anteriorly; prosternum significantly shorter than 
pronotum, propleura distinctly isolated and reaching 
anterior edge of prothorax. Procoxae transverse, con-
tiguous and projecting. Procoxal cavities open posteri-
orly. Mesocoxae closed externally and separated me-
sally. Mesothorax strongly transverse, with clearly 
isolated sclerites and anterior depressions for receipt 
of procoxae. Metepisterna widened anteriorly and 
linked with mesocoxae only by inner anterior angle. 
Metaventrite narrowed anteriorly, with both discrimen 
and parametacoxal (katepisternal) lines. Metacoxae 
strongly transverse and сontiguous, mesally more or 
less extended posteriorly and with distinct trochantin. 
Abdomen with five ventrites. Elytra with diffuse true 
punctation but without trace of venation and cells 
(window punctures).  

Notes. In the original description of Catiniidae Po-
nomarenko (1968: 130) also mentioned the microtu-
berculate integument, “ledge-catch” and indistinct 
rows of cells on elytra. Later Ponomarenko (1969: 
177) pointed out that this group is characterized by the 
inclined prothoracic segment and head, short and weak 
legs, presence of the “schiza” (see Discussion below), 
and lack of elytral cells. Nevertheless, most specimens 
examined have a more or less smoothened integument 
with simple diffuse punctures, lacking cells and longi-
tudinal rows on the elytra. Also, the head declination 
is an occurring but not characteristic feature of this 
group and elytral “schiza” is usually not visible in the 
examined specimens. Ponomarenko (1968, 1969) drew 
“schiza” in his drawing reconstructions of some 
schizophorids but never in his reconstructions of “ca-
tiniids”. Probably the occurrence of this structure as 
characteristic of the schizophoroids needs to be re-
vised (see below). 

TAXA INCLUDED 
1. Avocatinus Ponomarenko, 1969. A. elongatus Po-

nomarenko, 1969 (Dzhailyaucho, Middle–Upper Tri-
assic, Karnian, Madygen Formation) (Fig. 12). 

2. Catinius Ponomarenko, 1968. C. pelta Ponoma-
renko, 1968 (Karatau, Upper Jurassic, Karabastau 
Formation); ? C. artus Zhang, 1997 (Zhixin, Lower 
Cretaceous, Dalazi Formation);  ovatus Zhang, 1997 
(Zhixin, Lower Cretaceous, Dalazi Formation)  
(Figs. 13, 14). 

3. Catinoides Ponomarenko, 1969. C. rotundatus 
Ponomarenko, 1969 (Dzhailyaucho, Middle–Upper 
Triassic, Karnian, Madygen Formation). 

4. Macrocatinius Ponomarenko, 1969. M. brachy-
cephalus Ponomarenko, 1969 (Dzhailyaucho, Middle–
Upper Triassic, Karnian, Madygen Formation)  
(Fig. 11). 

5. Triaplus Ponomarenko, 1977. T. laticoxa Po-
nomarenko, 1977 (Dzhailyaucho, Middle–Upper Tri-
assic, Karnian, Madygen Formation); T. macroplatus 
Ponomarenko, 1977 (Dzhailyaucho, Middle–Upper 
Triassic, Karnian, Madygen Formation) (Figs. 6–10).  

6. Triassocatinius Ponomarenko, 1969. T. glabratus 
Ponomarenko, 1969 (Dzhailyaucho, Middle–Upper 
Triassic, Karnian, Madygen Formation), T. brachyno-
tus Ponomarenko, 1969 (Dzhailyaucho, Middle–Upper 
Triassic, Karnian, Madygen Formation). 

7. Tunguskagyrus Yan, Beutel et Lawrence, 2018. 
T. planus Yan, Beutel et Lawrence, 2018 (Anakit, 
Upper Permian (Changhsingian), Maltsevo Forma-
tion); T. sibiricus (Volkov, 2013), comb. n. (= Tri-
aplus sibiricus Volkov, 2013) (Babiy Kamen, Upper 
Permian, Maltsevo Formation) (Figs. 1–5)—see be-
low. 

Genus TUNGUSKAGYRUS  
Yan, Beutel et Lawrence, 2018 

Type species: Tunguskagyrus planus Yan, Beutel et 
Lawrence, 2018. 

Emended diagnosis. Body medium-sized, vary-
ingly elongate, widest in basal half of elytra. Integu-
ment with diffuse, moderately fine and moderately 
dense subuniform punctures. Head transverse, with 
rather large (not divided) eyes. Pronotum strongly 
transverse, widest at base and emarginate at anterior 
edge. Mesoventrite with excavations for receipt of 
procoxae. Metaventrite about 1.5 times as wide as 
long. Metepisterna with gently arcuate inner edge. 
Metacoxae mesally strongly projecting posteriorly and 
without femoral plate. Epipleura moderately wide. 
Abdominal ventrite 1 longer than each of ventrites  
2–4; ventrite 5 subtriangular, longest and with rounded 
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apex. Femora moderately wide. Protibia subtriangular 
and moderately wide. Meso- and metatibiae very nar-
row and long. 

Comparison. This genus is characterized by a short 
head with very large eyes, very short and strongly 
transverse prothorax with widely transverse procoxal 
cavities, well expressed anterior depressions on meso-
ventrite, short and strongly transverse metaventrite, 
arcuate inner edge of metepisterna, very long mesal 
parts of metacoxae, and comparatively narrow and 
long meso- and metatibiae. It differs from: 

—Catinius and Catinoides in a longer and larger 
body, shorter and wider pronotum, longer mesal part 
of the metacoxae, narrower epipleura, longer abdomi-
nal ventrite 5 with moderately rounded (not widely 
rounded) apex; and from Catinius also in markedly 
longer legs; 

—Avocatinus in a less elongate and larger body, 
larger eyes, much wider metaventrite, longer mesal 
part of the metacoxae, wider epipleura, abdominal 
ventrite 5 with moderately rounded (not widely 
rounded to subtruncate) apex; 

—Macrocatinius and Triassocatinius in the longer 
mesal part of metacoxae, less transverse abdominal 
ventrite 5 with moderately rounded (not widely 
rounded) apex; from Macrocatinius also in markedly 
longer legs, and from Triassocatinius also in a larger 
body; 

—Triaplus in a wider and larger body, not strongly 
declined head, excised anterior edge of pronotum, lack 
of large femoral plates of metacoxae, and wider 
epipleura. 

Taxa included. Two species: type species and  
T. sibiricus (Volkov, 2013), comb. n. 

Notes. The holotype of Triaplus sibiricus is very 
similar to the members of Triaplus in dorsal view (it 
was the reason for misinterpretation in the original 
description: Volkov, 2013: 96), but the additional 
specimen PIN 4887/348 represented by a complete 
imprint from the same outcrop makes the underside of 
the body of this species accessible to study. It was 
discovered that the metacoxal femoral plates in this 
species are not as large as in the Triassic species of 
Triaplus, and it has five exposed abdominal ventrites 
(not six as erroneously stated in the original descrip-
tion), and, therefore, its characters fit the above diag-
nosis of Tunguskagyrus. This Permian species is dis-

tinct from Tunguskagyrus planus in the shape of the 
pronotum and shorter legs and, thus, represents a dis-
tinct species T. sibiricus comb. n.  

Tunguskagyrus planus  
Yan, Beutel et Lawrence, 2018 

Figs. 1–5 

Holotype. PIN 5381/32, almost complete specimen 
preserved as an imprint in the rather hard rock matrix. 
It includes the body with broken or missing outer parts 
of the right posterior structures (distal part of elytron 
and abdominal ventrites), apparently right three basal 
antennomeres and left ultimate palpomere, both 
protibiae (right one nearly complete and left one with 
broken apical and outer portions), right middle leg, 
traceable left mesofemur, right metatrochanter and 
traceable basal part of both metafemora, traceable left 
metatrochanter, and left metatibia. 

Description. Length 9.8, width 4.5 mm. Body 
subelliptic with gentle outline, apparently rather con-
vex dorsally and moderately convex or subflattened 
ventrally. Metaventrite, epipleura and apparently 
elytra with diffuse punctures as coarse as eye facets, 
separated by about one puncture diameter. Head trans-
verse (somewhat declined downwards as in holotype 
of Triaplus macroplatus), with subpentagonal mentum 
(triple as wide as long), very large (not divided) eyes 
with moderately coarse facets, and also with trace of 
suboval left ultimate palpomere and three small 
suboval antennomeres of right antenna. Elytra widest 
at midlength, gently narrowing toward apparently 
subangular apices (length to width of elytron ratio 
apparently slightly more than 2). Prothorax very short, 
widest at base, about 3.5 times as wide as long; poste-
rior angle of pronotum (visible on right side) with 
distinct top; propleura reaching widely emarginate 
anterior edge of prothorax. Procoxae strongly trans-
verse. Mesoventrite with very distinct anterior excava-
tions and excised posterior edge (mesoventral proc-
ess). Mesocoxae moderately large, narrowly separated. 
Metaventrite with distinct discrimen along its entire 
length and with parametacoxal sutures. Metepisternum 
about 2.5 times as long as wide. Each metacoxa about 
1.5 times as wide as long mesally. Epipleura at base 
somewhat narrower than eye and gradually narrowing 
posteriorly. Abdominal ventrites seemingly somewhat 
overlapping, ventrite 1 about 1.5 times as long as 
metacoxa, ventrites 2–4 subequal in length, each 
markedly shorter than ventrite 1, ventrite 5 longest, 
about 1.4 times as wide as long, somewhat arcuate at 
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apex. Protibiae (right one with missing apical part and 
outer edge and left one with clearly crenulate outer 
edge) subtriangular, moderately widened apically. 
Profemur (traceable on left side) about 1.5 times as 
wide as protibia. Mesotibiae and right metatibia very 
narrow subparallel-sided. Mesotarsus (right one) 
nearly as wide as mesotibia. Meso- and metafemora 
somewhat wider than profemur.  

Emended diagnosis. This species differs from 
Tunguskagyrus sibiricus comb. n. in a somewhat more 
robust body with a smaller head with relatively smaller 
eyes, shorter prothorax and elytra (ratio of length to 
width of elytron in T. sibiricus comb. n. nearly 3), and 
also longer abdominal ventrite 1. Additionally, the 
elytra of T. planus are widest at midlength while those 
of T. sibiricus are so at base.  

DISCUSSION 

From the pre-Jurassic fossil record the only de-
scribed species Triadogyrus sternalis Ponomarenko, 
1977 (Adephaga incertae sedis) from Garazhovka of 
the Upper Triassic could not be considered a potential 
ancestor of whirligigs (Ponomarenko and Prokin, 
2015), although Beutel et al. (2013) and Yan et al. 
(2018) included this species in Gyrinidae without re-
description of the holotype and any supporting evi-
dence. Gyrinidae are known from the Lowermost  
Jurassic by one questionable fossil (Mesogyrus sibiri-
cus Ponomarenko, 1985 (Heterogyrinae): 189.6-182.7 
Ма). Nevertheless, according to Gustafson et al. 
(2017) the time of appearance of the family Gyrinidae 
could be estimated as the Late Permian or Lower Tri-
assic at 255 Ma (95% highest posterior density 236–
271 Ma), although this estimation is extremely prema-
ture and needs more support (in particular by fossils).  

Ponomarenko (1977) admitted the aquatic mode of 
life for species of Triaplus because of the metacoxae 
with the mesal portions extended rather far posteriorly 
and with very large femoral plates which could pre-
sumably provide efficient rowing movement in the 
water. However, one paratype of Triaplus macroplatus 
(PIN 2905/24) considered by Ponomarenko (1977) as 
missing femoral metacoxal plates apparently never had 
them because the location of its metacoxae has no 
trace of damage (Fig. 9) and, furthermore, the speci-
men belongs to a genus different from Triaplus, as, in 
addition to the lack of femoral plates, it has a different 
outline of its metaventrite. Another feature treated as 
adaptation to aquatic life is the presence of the 

“schiza” (see above). This term designating a separate 
longitudinal “short furrow” at the lateral edge of the 
elytron was introduced by Rohdendorf (1961) for cha-
racterization of the Schizocoleidae Rohdendorf, 1961 
[Greek ϭϫιζα—splinter, log, block and ϭϫιζω— 
“I split,” detach], although this term has acquired an-
other meaning in the subsequent literature (for exam-
ple, Ponomarenko and Prokin, 2015). This “schiza” is 
usually considered a short additional rib at the inner 
epipleural edge (Fig. 20), called by other coleopterists 
as “locking flange” (Crowson, 1981: 44, Fig. 39) and 
frequently found in Hydrophilidae. The inner long 
epipleural ridge or flange (not short “schiza”) is an 
apotypic structural character of Coleoptera (a part of 
the complex interlocking the abdomen and elytra). It 
was found in the most archaic representatives of  
Archostemata (Kirejtshuk et al., 2014, 2016; etc.) and 
has several kinds of congruence with sclerites of the 
abdomen (shown by Kasap and Crowson (1975) in 
Elateriformia). Although the real “schiza” could be 
present in some Jurassic-Cretaceous archostematans as 
a short groove in compression imprints. The epipleural 
ridge or flange of Schizophoroidea could have some 
association with an aquatic or semiaquatic mode of 
life, or with a life in moist environment but this char-
acter itself can scarcely be an indicator of it. Neverthe-
less, it is important for this concept that the hindwing 
venation of Triaplidae (= Catiniidae) to a great extant 
corresponds to that of Myxophaga (Ponomarenko, 
1973). Finally, it can be mentioned that the Jurassic 
Chimaerocoleus aenigma Ponomarenko, 1985 with the 
sculpture of the dorsal integument similar to that in 
Triaplus has legs with fringes of long swimming hairs 
(Ponomarenko and Prokin, 2015).  

From deposits of the Middle Permian to Upper Tri-
assic larvae are known with characters shared by rep-
resentatives of the Megaloptera and Coleoptera 
(Prokin et al., 2015). A long geological existence of 
such larvae could mean that they belonged to a wide-
spread group which should be represented in the fossil 
record. The distribution of adults of Schizophoroidea 
in time rather coincides with the distribution of these 
larvae that are comparably diverse. Thus, it can be 
provisionally assumed that Triaplidae sensu n. or 
schizophoroids as a whole had aquatic larvae, while 
their adults could live in water or in habitats near ba-
sins (like recent representatives of the Myxophaga, 
which according to Ponomarenko (1973) could be a 
derivate of the extinct group of beetles considered in 
this paper) or moist environments, e. g. decaying  
organic matter. 



KIREJTSHUK, PROKIN 

ENTOMOLOGICAL REVIEW   Vol.   98   No.   7   2018 

882 

ACKNOWLEDGMENTS 
This study was partly supported by the Russian 

Foundation for Basic Research (project no. 18-04-
00243a). The studies of the first author were carried 
out within the framework of the Russian state research 
project no. АААА-А17-117030310210-3 and the Pro-
gram of the Presidium of the Russian Academy of 
Sciences “Evolution of the organic world. Significance 
and influence of planetary processes.” The studies of 
the second author also were fulfilled within the 
framework of the Russian state project no. АААА-
А18-118012690105-0. The authors are grateful to 
A.G. Ponomarenko and E.V. Yan for their assistance 
in the study of specimens in the PIN collection,  
E. Jarzembowski for improvement of English stylistics 
and other valuable recommendations to prepare the 
manuscript of this paper, and also to A.G. Ponoma-
renko and A.V. Mazin for their help in preparation of 
the pictures of Hadeocoleus gigas. Dong Ren provided 
the authors with an opportunity of examination of the 
CNU collection. 

REFERENCES 
1. Beutel, R.G., Wang, Bo, Tan, Jing Jing, Ge Si Qin., Ren 

Dong., and Yang Xing Ke, “On the Phylogeny and Evo-
lution of Mesozoic and Extant Lineages of Adephaga 
(Coleoptera, Insecta),” Cladistics 29 (2), 147–165 
(2013). 

2. Crowson, R.A., “The Biology of the Coleoptera” (Aca-
demic Press, London, 1981). 

3. Gustafson, G.T., Prokin, A.A., Bukontaite, R., Bergsten, 
J., and Miller, K.B., “Tip-Dated Phylogeny of Whirligig 
Beetles Reveals Ancient Lineage Surviving on Mada-
gascar,” Scientific Reports 7, 8619 (2017).  

4. Kasap, H., and Crowson, R.A., “A Comparative Ana-
tomical Study of Elateriformia and Dascilloidea  
(Coleoptera),” Transactions of the Royal Entomological 
Society 126 (4), 441–495 (1975). 

5. Kirejtshuk, A.G., Poschmann, M., Prokop, J., Garrouste, 
R., and Nel, A., “Evolution of the Elytral Venation and 
Structural Adaptations in the Oldest Palaeozoic Beetles 
(Insecta: Coleoptera: Tshekardocoleidae),” Journal of 
Systematic Palaeontology 12 (5), 575–600 (on-line 
2013) (2014). 

6. Kirejtshuk, A.G., Nel, A., and Kirejtshuk, P.A., “Tax-
onomy of the Reticulate Beetles of the Subfamily Cu-
pedinae (Coleoptera, Archostemata), with a Review of 
the Historical Development,” Invertebrate Zoology 13 
(2), 61–190 (2016).  

7. Ponomarenko, A.G., “Archostematan Beetles from the 
Jurassic of Karatau (Coleoptera, Archostemata),” in Ju-
rassic Insects of Karatau (Nauka, Moscow, 1968),  
pp. 118–138 [in Russian]. 

8. Ponomarenko, A.G., “Historical Development of the 
Coleoptera Archostemata,” Proceedings of the Paleon-
tological Institute of the USSR Academy of Sciences 
125 (Nauka, Moscow, 1969) [in Russian]. 

9. Ponomarenko, A.G., “On the Division of the Beetle 
Order into Suborders,” in Lectures in Memoriam  
N.A. Kholodkovsky (Nauka, Leningrad, 1973),  
pp. 78–89 [in Russian]. 

10. Ponomarenko, A.G., “Suborder Adephaga,” in Meso-
zoic Beetles, Proceedings of the Paleontological Institute 
of the USSR Academy of Sciences 161, 17–104 (1977) 
[in Russian]. 

11. Ponomarenko, A.G. and Prokin, A.A., “Review of  
Paleontological Data on the Evolution of Aquatic  
Beetles (Coleoptera),” Paleontological Journal 49 (13),  
1383–1412 (2015). 

12. Prokin, A.A., Kirejtshuk, A.G., and Ponomarenko, 
A.G., “On Some Permian and Triassic Larvae of 
Holometabola: Beetles or Not?” Abstracts of the Imma-
ture Beetles Meeting 2015, October 1–2, Prague, Czech 
Republic, Acta Entomologica Musei Nationalis Pragae 
55 (2), 882–884 (2015). 

13. Rohdendorf, B.B., “Superorder Coleopteroidea,” in 
Palaeozoic Insects of Kuznetsk Basin, Proceedings of 
the Paleontological Institute of the USSR Academy of 
Sciences 85, 393–469 (1961) [in Russian]. 

14. Volkov, A.N., “New Species of Triaplidae from the 
Babiy Kamen locality (Kuznetsk Basin),” Paleontologi-
cal Journal 47 (1), 94–97 [original Russian text pub-
lished in Paleontologicheskii Zhurnal 2013 (1), 72–75] 
(2013). 

15. Yan, E.V., Beutel, R.G., and Lawrence, J.F., “Whirling 
in the Late Permian: Ancestral Gyrinidae Show Early 
Radiation of Beetles before Permian-Triassic Mass Ex-
tinction,” BMC Evolutionary Biology 18 (33), 1–10 
(2018).  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


