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Abstract
Three new species of Trichopeltis are described from caves in southern China: T. bellus sp. n., T. intricatus sp. 
n., and T. reflexus sp. n., all presumed troglobites. The former two come from Yunnan Province, the latter 
one from Hunan Province. An updated key to all eleven currently known species of Trichopeltis is provided.
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Introduction

The Cryptodesmidae is a relatively small millipede family that globally encompasses 
approximately 40 genera and 130 species. It is distributed from Mexico to Argentina in 
the Americas, occurring also in tropical Africa and tropical to subtropical Asia to Papua 
New Guinea and Japan in the East (Enghoff et al. 2015). In tropical or subtropical Asia 
and Australasia, Cryptodesmidae currently comprise only 12 genera (including two 
that remain dubious) and 36 species.

ZooKeys 710: 1–14 (2017)

doi: 10.3897/zookeys.710.20025

http://zookeys.pensoft.net

Copyright Weixin Liu et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

RESEARCH ARTICLE

Launched to accelerate biodiversity research

A peer-reviewed open-access journal



Weixin Liu et al.  /  ZooKeys 710: 1–14 (2017)2

At present, the Indo-Malayan genus Trichopeltis Pocock, 1894 is composed of 
eight species: T. bicolor (Pocock, 1894), the type species from Sumatra, Indonesia; T. 
cavernicola Golovatch, 2016 and T. muratovi Golovatch & VandenSpiegel, 2017, both 
from Laos; T. doriae Pocock, 1895 and T. feae Pocock, 1895, both from Myanmar; 
T. kometis (Attems, 1938) (= T. deharvengi Golovatch, Geoffroy, Mauriès & Vanden-
Spiegel, 2010) from Vietnam, Laos and Cambodia; T. latellai Golovatch, Geoffroy, 
Mauriès & VandenSpiegel, 2010 from Guizhou Province, China; and T. watsoni Po-
cock, 1895 from Myanmar and Darjeeling District, India. Trichopeltis latellai is also 
the only genus and species of Cryptodesmidae reported so far from China (Golovatch 
and VandenSpiegel 2017).

Rather recently, Trichopeltis has been reviewed and a key provided to five of its spe-
cies (Golovatch et al. 2010, Golovatch and Akkari 2016, and the references therein). 
The present paper records an additional three new species of Trichopeltis, all three of 
which are presumed to be troglobites from southern China.

Materials and methods

All specimens used in this study were collected by hand from caves in southern China 
and are preserved in 95% ethanol. The type material is deposited in the zoological col-
lection of the South China Agricultural University, Guangzhou, China (SCAU).

Observations and dissections were performed using a Leica S8 APO stereo micro-
scope. The line drawings were prepared with a Zeiss Imager Axioskop40 microscope and 
a camera lucida attached for the scope. Photographs were taken with a Canon EOS 40D 
camera, then focus-stacked with Z-stack software, or Keyence VHX-5000 digital mi-
croscope, and further edited using Adobe Photoshop CS5 and Illustrator CC software.

The terminology used here follows that of Golovatch et al. (2012) and Golovatch 
and VandenSpigel (2017).

Taxonomy

Trichopeltis bellus sp. n.
http://zoobank.org/12B62C80-9542-458B-B5BC-7420F16729CA
Figs 1–3

Type material. Holotype ♂ (SCAU), China, Yunnan Province, Qujing City, Luoping 
County, Machang Village, Shuiyuan Dong Cave, 24°49'33"N, 104°21'48"E, 1530 m, 
18.VI.2015, leg. Mingyi Tian, Weixin Liu, Xinhui Wang & Mingruo Tang.

Paratypes. 2 ♀ juv. (SCAU), same data as the holotype.
Etymology. To emphasize the very pretty appearance of this species; adjective.
Diagnosis. Differs from other species of the genus by the unusually elongate and 

densely setose gonopodal coxa. Superficially similar to T. intricatus sp. n., but distin-
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Figure 1. Trichopeltis bellus sp. n., ♂ holotype. A–B habitus, dorsal and ventral views, respectively.

guished from the latter in the longer tergal setae (Fig. 1A), and gonopodal femorite 
with a large, club-shaped, mesoventral lobe (Fig. 3). See also Key below.

Description. Length of holotype ca. 16 mm, width of midbody pro- and metazo-
nae 1.5 and 4.5 mm, respectively. Coloration in alcohol uniformly light yellow. Adults 
with 20 segments (Fig. 1). In width, head < collum < segment 2 < 3 < 4 < 5 < 7–16 < 
6 (Figs 1A, 2A); following segment 16, body rapidly tapering towards telson (Fig. 1A).

Head: vertex densely pilose and microgranulate, clypeus clearly smooth (Fig. 2B), 
epicranial suture superficial. Labrum with three teeth. Antennae short and clavate, 
reaching behind segment 2 when stretched dorsally; in length, antennomere 6 > 3 > 2 
> 5 = 4 > 1 > 7 (Fig. 2B).

Collum fan-shaped (Fig. 2A), incompletely covering the head from above, dorsal 
surface with six irregular transverse rows of small, round, setigerous tubercles (Fig. 
2A). Marginal lobules on collum: 13+13 small, microvillose, setigerous, nearly sharp 
anteriorly and 6+6 similarly small, microvillose, but squarish laterally.

Mid-dorsal regions on segments 2–16 with five more or less regular, transverse rows 
of similarly small, setigerous tubercles, 6–8 + 6–8 per row (Fig. 2A). The tubercles extend-
ing onto paraterga, but each of the latter only with three or four irregular rows of similar 
tubercles (Fig. 1A). Following metaterga with 6–8 rows of smaller tubercles (Fig. 2E).

Paraterga very strongly developed (Figs 1–2), high, only slightly declivous, but 
never extending down below level of venter (Fig. 2C), each with 6–8 small, dentiform, 
lateral and 5–7 much larger, squarish caudolateral lobules, all evident, setigerous and 
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Figure 2. Trichopeltis bellus sp. n., ♂ holotype. A collum and segments 2–3, dorsal view B head and seg-
ments 1–4, ventral view C cross-section of segment 8, caudal view D segment 7, ventral views E–F segments 
17–19 and telson, dorsal and ventral views, respectively. Abbreviations: an = antenna; co = collum; ga = 
gonopod aperture; ml = marginal lobules; ts = tergal seta; tu = tubercles.

microvillose (Figs 1–2). Caudolateral lobules on paraterga mostly oblong, relatively 
large, and well separated from one another (Figs 1–2). Caudolateral corner of paraterga 
projecting behind rear tergal margin only on segments 17–19 (Fig. 3E–F).

Integument clearly microgranulate throughout (Fig. 1A), prozonae finely alveolat-
ed. Limbus regularly crenulated. Stricture between pro- and metazonae broad, shallow 
and finely microgranulated. Tergal setae simple, very long and subfiliform (Fig. 1A). 
Ozopores invisible, pore formula untraceable.

Epiproct tip sharp, with four spinnerets apically (Fig. 2F). Hypoproct subtrapezi-
form, 1+1 caudal setigerous papillae clearly separated (Fig. 2F).

Pleurosternal carinae clearly present on segment 2 alone. Sterna modestly setose, 
cross-impressions moderate, clearly broadened between ♂ coxae 6, 7 and 9 (Figs 1B, 
2D). Gonopod aperture rhomboid (Figs 1B, 2D).
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Figure 3. Trichopeltis bellus sp. n., ♂ holotype. A–B right gonopod, lateral and mesal views, respectively. 
Abbreviations: a = lobe on acropodital process; fp = femoral process; l = apical lobe; lo = lobules; p = 
acropodital process; sg = seminal groove.

Legs very long and slender, unmodified, produced beyond paratergal lateral mar-
gin (Figs 1B, 2C), about 1.8 times as long as midbody height.

Gonopods (Fig. 3) complex. Coxa subcylindrical, unusually long, and very densely 
setose on lateral side. Prefemora densely setose, with a few particularly long setae. 
Femorite composed of extremely strong mesoventral process (fp), the latter about as 
long as telopodite, slightly curved, club-shaped. Acropodite suberect, laterally with 
a smaller, parabasal, rounded process (p) supporting a still smaller lobe (a) apically. 
Acropodite with one evident apical lobe (l) and a few very small subapical lobules (lo). 
Seminal groove (sg) entirely mesal, terminating without pulvillus at lo, forming no 
distinct solenomere.

Remark. Based on the unpigmented body and long legs, this species is probably 
a troglobite.

Trichopeltis intricatus sp. n.
http://zoobank.org/2CFBA46B-60D9-4798-B8A2-5C373BA620EF
Figs 4–6

Type material. Holotype ♂ (SCAU), China, Yunnan Province, Kunming City, Shi-
lin County, Guishan Town, Haiyi I Dong Cave, 24°38'50"N, 103°32'49"E, 1890 m, 
16.VI.2015, leg. Mingyi Tian, Weixin Liu, Xinhui Wang & Mingruo Tang.

Etymology. To emphasize the complex gonopods; adjective.
Diagnosis. Differs from all congeners except T. bellus sp. n. by the unusually dense-

ly setose gonopodal coxa, and from all species by the particularly complex gonopod 
which shows a number of peculiar processes and lobules (Fig. 4). See also the Key below.
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Figure 4. Trichopeltis intricatus sp. n., ♂ holotype. A–B anterior part of body C–D posterior part of 
body, dorsal and ventral views, respectively.

Description. Length of holotype ca. 10 mm, width of midbody pro- and metazo-
nae 1.5 and 2.5 mm, respectively. Coloration in alcohol nearly pallid. Body with 20 
segments (Fig. 4). All characters as in the previous species (Figs 1–3), except as follows. 
In width, head < collum < segment 2 < 3–4 < 5 < 6 < 7; thereafter body increasingly 
tapered towards telson (Fig. 4).

Head sparsely pilose. Antennae very short and clavate, reaching behind segment 2 
when stretched dorsally; in length, antennomere 6 > 3 > 4 = 5 = 2 = 7 = 1 (Fig. 5B).

Collum fan-shaped, inverted subtrapeziform, incompletely covering the head from 
above, with five irregular transverse rows of small, round, setigerous tubercles (Fig. 
5A). Marginal lobules on collum: 15+15 small, microvillose, nearly sharp anteriorly 
and 6+6 similarly small, but squarish laterally.

Mid-dorsal regions on segments 2–16 with five regular, transverse rows of about 
15+15 similarly small, setigerous tubercles extending onto paraterga, in frontal and 
caudal rows smaller than others (Fig. 4A & C).

Paraterga 3–5 with 4–5 small, dentiform, lateral and 5–6 much larger, squarish, 
caudal lobules. Similarly, paraterga 2 and 6–16 with 6 lateral, 6–7 caudal lobules.

Tergal setae simple, very short and mostly abraded (Fig. 4A & C).
Epiproct short, conical (Fig. 5D).
Gonopod aperture subcordiform (Figs 4B, 5D).
Legs short and robust (Figs 4–5), produced beyond paratergal lateral margin, 

about 1.2 times as long as midbody height.
Gonopods (Fig. 6) very complex. Coxa short and squarish, but unusually densely 

setose laterally, much like in the previous species. Prefemora densely setose, but with 
more numerous longer setae. Femorite only slightly curved caudally at base with a 
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Figure 5. Trichopeltis intricatus sp. n., ♂ holotype. A collum and segments 2–3, dorsal view B head and 
segments 1–4, ventral view C cross-section of segment 10, caudal view D segment 5–7, ventral views 
E–F segments 16–19 and telson, dorsal and ventral views, respectively.

clearly tripartite femoral process (p), branches p1 (mesal) and p2 (lateral) being sub-
equal, long and rounded at end, branch p3 being basalmost slender and acuminate 
at end. Acropodite longer than p, at base with a long, slender, apically mushroom-
shaped lobe (m) on lateral side, and an even longer, slender, finger-shaped, mesal, 
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Figure 6. Trichopeltis intricatus sp. n., ♂ holotype. A–B right gonopod, lateral and mesal views, respec-
tively. Abbreviations: l = apical lobe; lo = lobules; m = mushroom-shaped lobe; p = acropodital process; 
p1–3 = processes 1–3; sg = seminal groove.

apical lobe (l), as well as a group of lobules (lo) between p and m. Seminal groove (sg) 
entirely mesal, terminating without pulvillus near lo, forming no distinct solenomere.

Remark. Based on the pallid body, this species may be a troglobite.

Trichopeltis reflexus sp. n.
http://zoobank.org/63B2C168-31B7-4631-AD90-304AD18105B0
Figs 7–9

Type material. Holotype ♂ (SCAU), China, Hunan Province, Chenzhou City, Linwu 
County, Xianghualing Town, II Dong Cave, 19.VI.2009, leg. Mingyi Tian & Zhihong 
Xue (CHIhn09-LWX03).

Paratypes. 1 ♂, 3 ♀ (SCAU), same data as the holotype.
Etymology. To emphasize that most of the paraterga are upturned.
Diagnosis. Differs from all congeners except T. cavernicola Golovatch, 2016 by the 

clearly upturned paraterga, and from all congeners by the shapes of the various lobes 
which are all confined to the distal third of the gonopodal telopodite. Among conge-
ners, only T. latellai Golovatch, Geoffroy, Mauriès & VandenSpiegel, 2010, from two 
caves in Guizhou Province (Golovatch et al. 2010) strongly resembles T. reflexus sp. n. in 
showing a similarly condensed apical third of the gonopodal telopodite, but that in the 
latter species is less strongly curved, untwisted and more elaborate. See also Key below.

Description. Length of both sexes ca. 10 mm, width of midbody pro- and metazo-
nae 0.8 and 2.5 (♂) or 1.0 and 2.5 mm (♀), respectively. Coloration in alcohol nearly 
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Figure 7. Trichopeltis reflexus sp. n., ♂ paratype. A–B habitus, dorsal and ventral views, respectively.

pallid. Body with 20 segments (Fig. 7). All characters as in T. bellus sp. n. (Figs 1–3), 
except as follows. In width, head < collum < segment 2 < 4 < 3 = 5 < 6–15; thereafter 
body increasingly tapered towards telson (Fig. 7).

Collum with 3–4 irregular transverse rows of small and sharpened tubercles. Mar-
ginal lobules on collum: 13+13 small, setigerous, nearly sharp anteriorly and 3+3 simi-
larly small, dentiform laterally (Fig. 8A–B).

Mid-dorsal regions on segments 2–16 with two regular, transverse rows of 3+3 and 
4+4 tubercles similar to those on collum (Fig. 8A–B), extending onto paraterga, the 
latter with 2–3 similar tubercles; following metaterga with three rows of 3+3, 2+2 and 
3+3 tubercles (Figs 7A, 8E–F). Caudal margin of mid-dorsal region of metaterga with 
12–16 lobules (Fig. 8A–B, E).

Paraterga very strongly developed (Figs 7–8), lateral margin narrow and upturned, 
but still remaining below a regularly convex dorsum (Fig. 8D). Paraterga with 3–4 
lateral and 4–6 caudal lobules (Figs 7–8).

Tergal setae simple and short, mostly abraded (Fig. 7A).
Epiproct short, conical (Fig. 8F).
Pleurosternal carinae poorly-developed, but present on segments 2 and 3.
Sterna clearly broadened only between ♂ coxae 9. Gonopod aperture suboval (Fig. 8C).
Legs short, but slender, about 1.2 times as long as midbody height (Figs 7–8).
Gonopods (Fig. 9) complex only in apical third of telopodite. Coxa as usual, short 

and squarish, with one long seta. Prefemoral part as usual, with only a few particularly 
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Figure 8. Trichopeltis reflexus sp. n., ♂ paratype. A collum, segments 2–4, dorsal view B segments 8–9, 
dorsal view C head and segments 1–7, ventral view D cross-section of segment 9, caudal view E–F segments 
17 or 16–19 and telson, dorsal and ventral views, respectively.

long setae distally. Telopodite slightly curved caudally, without femoral processes at 
base. Acropodite strongly condensed, tripartite, with a large, subtriangular, more basal 
lobe (b) and a short, squarish, more distal lobe (d), both similar in size and lying on 
lateral side; caudal to both b and d with a few differently shaped lobules (lo); apical 
lobe (l) highest, acuminate, folded. Seminal groove (sg) entirely mesal, terminating 
without pulvillus near lo, forming no distinct solenomere.

Remark. Based on the pallid body and slender legs, this seems to be a troglobite.
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Figure 9. Trichopeltis reflexus sp. n., ♂ paratype. A–B right gonopod, lateral and mesal views, respectively. 
Abbreviations: b = acropodite basal lobe; d = acropodite distal lobe; l = apical lobe; lo = lobules; sg = seminal 
groove.

Key to species of Trichopeltis

(modified after Golovatch et al. 2010 to incorporate all five species described since the 
latest synopsis)

1 Tegument unpigmented, pallid to light yellowish; cavernicolous species .....2
– Tegument clearly pigmented, red- or grey-brown to blackish; epigean spe-

cies .......................................................................................................6
2 Central parts of metaterga with 2–4 irregular transverse rows of setigerous 

tubercles; gonopodal coxa as usual, at most with only few setae ..................3
– Central parts of metaterga with 5–6 irregular transverse rows of setigerous 

tubercles; gonopodal coxa unusually densely setose on lateral side (Figs 3, 6); 
Yunnan, China ...........................................................................................5
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3 Paraterga declivous; tergal setae very long, about half as long as body diam-
eter; gonopodal telopodite clearly twisted; Guizhou, China .......... T. latellai

– Paraterga clearly upturned; tergal setae much shorter; gonopodal telopodite 
untwisted, seminal groove running entirely on mesal side ...........................4

4 Central parts of metaterga with 3–4 irregular transverse rows of setigerous tuber-
cles; gonopodal telopodite with a pulvillus subapically; Laos ....... T. cavernicola

– Central parts of metaterga with 2–3 rather regular transverse rows of seti-
gerous tubercles (Fig. 7A); gonopodal telopodite without pulvillus (Fig. 9); 
Hunan, China ....................................................................T. reflexus sp. n.

5 Tergal setae very long (Figs 1–2); gonopods relatively simple (Fig. 3) ............
 ..............................................................................................T. bellus sp. n.

– Tergal setae very short (Figs 4–5); gonopods especially elaborate ...................
 ....................................................................................... T. intricatus sp. n.

6 Central parts of metaterga with 4–6 irregular transverse rows of setigerous 
tubercles .....................................................................................................7

– Central parts of metaterga with 2–3 irregular transverse rows of setigerous 
tubercles ...................................................................................................10

7 Gonopodal telopodite clearly 3-branched, solenomere long and slender; My-
anmar ............................................................................................ T. doriae

– Gonopodal telopodite without long branches, only more or less deeply 
notched apically; solenomere rudimentary, barely visible ............................8

8 Central parts of metaterga with 4–5 rather regular transverse rows of setiger-
ous tubercles; gonopodal telopodite with a conspicuous accessory seminal 
chamber and a pulvillus, but devoid of denticles laterally or mesally; Laos ....
 ..................................................................................................T. muratovi

– Central parts of metaterga with 5–6 rather regular transverse rows of setiger-
ous tubercles; gonopodal telopodite without accessory seminal chamber, but 
with a pulvillus, also abundantly denticulate either laterally or mesally .......9

9 Body ca. 12 mm long and 3.0 mm wide; gonopodal telopodite abundantly 
denticulate on lateral face. Vietnam, Laos and Cambodia and possibly en-
demic to the Indochina Peninsula ................................................ T. kometis

– Body ca. 16 mm long and 4.8 mm wide; gonopodal telopodite abundantly 
denticulate on mesal face. Sumatra, Indonesia ...............................T. bicolor

10 Frontal margin of paraterga abundantly lobulated. Solenomere lobe-shaped, 
tip nearly pointed .............................................................................. T. feae

– Frontal margin of paraterga entire, not lobulated. Solenomere axe-shaped, tip 
pointed ........................................................................................ T. watsoni

Conclusions and discussion

The family Cryptodesmidae was hitherto known to encompass three presumed troglo-
biont species: Peridontodesmella alba Schubart, 1957, from Brazil (Trajano et al. 2000); 
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Trichopeltis latellai, from two caves in Guizhou, China (Golovatch et al. 2010); and T. 
cavernicola, from two caves in Laos (Golovatch 2016, Golovatch and VandenSpiegel 
2017). The three new species described above show clear traits of troglomorphism, 
thereby considerably increasing the number of presumably troglobiont cryptodesmids 
known globally.

Almost all of southern China is blanketed by Earth’s most extensive karsts (Dehar-
veng and Bedos 2012). Some of them are known to be especially rich in biodiversity, 
while the Mulun and surrounding karsts in Guangxi Province host some of the richest 
cave fauna of China (Deharveng et al. 2008). This fauna encompasses millipedes as 
well (Golovatch 2015).

At present, most of the species of Trichopeltis, including both epigean and caver-
nicolous taxa, occur in Indo-Burma and Indochina. With the description of the above 
three new taxa, and with further explorations of southern China karst region, the 
southern part of the country will certainly become an important hotspot of Trichopeltis 
diversity. Due to a rapid discovery of new species, the previous key (Golovatch et al. 
2010), which is only a few years old, is already out of date. The same is likely to occur 
with the new key provided above, as there is little doubt that new taxa will be found in 
the near future at least in southern China.
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Abstract
This study describes the new species Mongolodiaptomus loeiensis sp. n. collected from a temporary pond 
nearby a cave located in Loei Province, in northeastern Thailand. Mongolodiaptomus loeiensis sp. n. is 
similar to M. calcarus (Shen & Tai, 1965) in the male but can be distinguished from its congeners by the 
following unique characteristics in the males: (1) the right caudal ramus has 3 ventral chitinous promi-
nences; (2) intercoxal plate of P5 is produced into 2 spine-like lobes on distal margin; (3) the basis of right 
P5 has a subglobular chitinous prominence on mid-distal caudal surface; and (4) the principal lateral spine 
on the right Exp-2 P5 is extremely bent at its tip. The occurrence of diaptomid copepods in the study area 
is discussed and an identification key to worldwide species of the genus Mongolodiaptomus Kiefer, 1938 
is presented herein.
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Introduction

The freshwater calanoid copepods have been intensively studied in Thailand espe-
cially in northeast Thailand. However, their study in the Loei Province in the up-
per northeast region has so far been largely neglected. According to Sanoamuang 
(2002), only three diaptomid species were previously recorded in Loei Province, 
namely Mongolodiaptomus botulifer (Kiefer, 1974), M. calcarus (Shen & Tai, 1965), 
and Phyllodiaptomus praedictus (Dumont & Reddy, 1994). During the years 2014–
2016, the first author had led sampling surveys on planktonic and cave-dwelling 
copepods in the upper northeastern region in order to fill the gap of copepod rich-
ness and distribution in this region (Watiroyram et al. 2015, 2017). As results of 
this study, Mongolodiaptomus loeiensis sp. n. and other diaptomids were discovered in 
water bodies outside the caves.

The genus Mongolodiaptomus Kiefer, 1938 was defined by Kiefer (1938) by several 
characters, especially in the male fifth leg. Nevertheless, some of these characters are 
not useful for separating the species because they are shared by certain species of Allo-
diaptomus Kiefer, 1936 and Neodiaptomus Kiefer, 1932. After the revision of Reddy et 
al. (2000), the solution on diagnosis of problematic species was well defined on generic 
characters. Based on this revision, Mongolodiaptomus is characterized by the second 
exopod of the right male P5 having 3 spines and processes on its outer margin; one 
principal spine somewhat on middle of segment, and 1–2 spinous processes proximally 
or/and distally. As a result, nine species of Allodiaptomus, Diaptomus and Neodiaptomus 
were transferred into the genus Mongolodiaptomus; namely M. birulai (Rylov, 1922), 
M. botulifer, M. calcarus, M. gladiolus (Shen & Lee, 1963), M. malaindosinensis (Lai 
& Fernando, 1978), M. mephistopheles (Brehm, 1933), M. pectinidactylus (Shen & Tai, 
1964), M. rarus (Reddy, Sanoamuang & Dumont, 1998), M. uenoi (Kikuchi, 1936) 
(for more details see Kiefer 1939; Reddy et al. 1998, 2000; Sanoamuang 1999, 2002; 
Luong et al. 2016).

To date, 37 diaptomid species are known from inland waters of Thailand (Sa-
noamuang 2002). Of these, seven species belong to the genus Mongolodiaptomus: M. 
malaindosinensis, M. botulifer, M. calcarus, M. dumonti Sanoamuang, 2001, M. pecti-
nidactylus, M. rarus, and M. uenoi. Mongolodiaptomus loeiensis sp. n., the eighth species 
from Thailand, is illustrated and described herein together with a dichotomous key to 
the worldwide species of the genus Mongolodiaptomus. Additionally, the geographical 
distribution of the recorded diaptomids in Loei Province is briefly discussed.

Material and methods

Samples were collected using a plankton net with a mesh size of 60 µm. The copepod 
samples were transferred into 120 ml plastic bottles and preserved in 70% ethanol. In the 
laboratory, samples were selected for individual adults and placed in a mixture of glycerol 
and 70% ethanol (ratio ~ 1:10 v/v) under a stereomicroscope at 40× magnification. 
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Specimens were transferred to pure glycerol and dissected at 40–100-× magnification 
under an Olympus SZ51 stereomicroscope.

All appendages and body ornamentation were examined at1000-× magnification. 
All the drawings were made at the same magnification (1000-×), with a drawing tube 
mounted on an Olympus compound microscope (CX31). The final versions of the 
drawings were made using the CORELDRAW® 12.0 graphic program. For permanent 
slides, all body parts were put in a drop of glycerol on a microscope slide, covered by a 
cover glass, and sealed with nail polish.

Specimens for a scanning electron microscopy (SEM) were dehydrated in an etha-
nol series (50%, 70%, 80%, 90%, 95%, 100%, and 100%) for 15 min each concen-
tration. After dehydration, specimens were dried in a critical point dryer using liquid 
carbon dioxide as the exchange medium. Dried specimens were mounted on stubs 
using adhesive tape under a stereomicroscope. Then, specimens were coated with gold 
in a sputter-coater. The SEM photographs were carried out using a scanning electron 
microscope (FEI Helios NanoLab G3 CX).

The following abbreviations are used throughout the text and figures

Enp endopod;
Exp exopod;
Exp/Enp-n exopodal segment n/endopodal segment n;
P1–P5 swimming legs 1–5.

The nomenclature and descriptive terminology follow Huys and Boxshall (1991), 
including analysis of caudal setae (I–VII). Specimens were deposited at the Natural 
History Museum, London, United Kingdom (NHMUK) and at the Nakhon Phanom 
University, Faculty of Science, Thailand (NPU).

Taxonomic section

Order Calanoida Sars, 1903
Family Diaptomidae Baird, 1850
Genus Mongolodiaptomus Kiefer, 1938

Mongolodiaptomus loeiensis sp. n.
http://zoobank.org/898BBF26-8F13-40B3-8A3F-EC36579FA3B1
Figs 1–7

Type locality. A temporary pond nearby the Prakaipetch Cave, Nadokkham Sub-
district, Na Duang District, Loei Province, northeastern Thailand; 17°54'23"N, 
101°54'23"E; altitude: 420 m above sea level.
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Holotype. One adult male, NHMUK 2017.134, dissected and mounted in glyc-
erol on one slide: collected on 5 August 2015 by S. Watiroyram.

Allotype. One adult female, NHMUK 2017.135, dissected and mounted in glyc-
erol on one slide: collected on same date by the same collector.

Paratypes. Ten adult females and males, NHMUK 2017.136–145, undissected 
and preserved in 70% ethanol in 1.5 ml microtube; 10 adult females and males, NPU 
2017–001, undissected and preserved in 70% ethanol in 1.5 ml microtube: collected 
on same date by the same collector.

Differential diagnosis. The right P5 Exp-2 of male in Mongolodiaptomus loeiensis 
sp. n. with principal spine slightly posterior to mid-outer margin and one spinous 
process each proximally and distally, fits the diagnostic features of the genus Mongolo-
diaptomus sensu Reddy et al. (2000).

The male of new species is most similar to M. calcarus by the segment 20 of right 
antennule with serrated spine, and the armature of P5: on right P5 (1) the presence of 
strong and stout coxal spine, (2) Exp-2 with similar shape and size, and (3) Exp-2 with 
strong and bent principal lateral spine; on left P5 (1) basis with long and narrow hya-
line membrane on inner margin, and (2) Exp-2 with row of strong spinules on inner 
margin at distal half of segment. However, M. loeiensis sp. n. differs from M. calcarus by 
following morphological characters: (1) the new species with three chitinous processes 
on ventral surface of the right caudal ramus while M. calcarus with only two chitinous 
processes, (2) intercoxal plate of the new species with outgrowth process into two-spine 
like lobes at distal margin while M. calcarus without any outgrowth process, (3) basis of 
right P5 in the new species with inner hyaline membrane and with sub-globular chitin-
ous process on caudal surface while M. calcarus without hyaline membrane, and with 
spur-like chitinous process, (4) the new species with long and slender end claw while 
it is typical short and robust in M. calcarus. Additional differences occur in female 
characteristics as follows: (1) the genital somite of M. loeiensis sp. n. with bulges on 
proximal, sub-middle, and middle region at right margin while M. calcarus is slightly 
convex on those region, (2) the right side of genital somite with spine located on out-
growth process in M. loeiensis sp. n. but it is directly inserted on somite in M. calcarus, 
(3) the left side of genital somite with slightly proximal dilated and spine inserted on 
small prominence while M. calcarus with obviously proximal rounded lobe and spine 
directly inserted on its segment.

Description of adult female. Body length (Fig. 1A), measured from anterior 
margin of rostrum to posterior margin of caudal rami, 1.0–1.3 mm. Rostral spines 
(Figs 1B, 4B) with two teeth-like process in anterior margin. Prosome (Fig. 1A) ovoid, 
with cephalosome and 5 pedigers; pediger 4 and 5 fused, partly separated at lateral 
side. Pediger 5 (Figs 1C, 4A) with symmetrical postero-lateral wings, reaching proxi-
mal part of genital somite; each wing with one inner and one posterior spine on poste-
rolateral margins (former spine smaller than later one). Urosome (Fig. 1A, D) consist-
ing of 3-somites including genital somite, urosomite 2 and anal somite, approximately 
1/2 as long as prosome. Genital somite (Figs 1C–F, 4A) exceeding in length urosomite 
2, anal somite and caudal ramus combined. Right side: with dilated laterally in three 
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Figure 1. Mongolodiaptomus loeiensis sp. n. Female: A habitus, dorsal view B rostrum, frontal view C 
lateral wings on pediger 5 and genital somite, dorsal view D urosome, ventral view (black arrow points to 
smooth region of lateral seta) E genital somite, lateral view F lateral wing on pediger 5 and genital somite, 
lateral view G antennule. Scale bar 100 µm.

regions on proximal half of segment length; with postero-laterally directed outgrowth 
(sub-conical process), extended beyond half of somite; with a short and blunt pos-
terior spine on respective outgrowth. Left side: with regular margin, with a spine on 
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dorso-lateral surface at proximal part, larger and sharper than the right spine. A pair 
of gonopores located beneath a genital operculum on mid-ventrally proximal part. 
Urosomite 2 symmetrical, shorter than latter somite. Anal somite (Figs 1A, D, 4C) 
slightly expanded at distal end, almost as long as caudal rami; anal operculum small 
and slightly concave on its posterior margin.

Caudal rami (Figs 1D, 4C) symmetrical, each ramus slightly expanded on distal 
end, about 1.6 times as long as wide; with a row of setules along inner and outer mar-
gins. Each ramus with six setae (seta II–VII): lateral (II) seta with smooth region on 
proximally outer margin; dorsal seta (VII) proximally jointed, bare, and longest.

Antennule (Fig. 1G) symmetrical, 25-segmented, reaching beyond the end of caudal 
setae. Setal formula starting from the first to the last segment (a = aesthetasc, s = spine): 1+a, 
3+a, 1+a, 1, 1+a, 1, 1+a, 1+s, 2+a, 1, 1, 1+a+s, 1, 1+a, 1, 1+a, 1, 1, 1+a, 1, 1, 2, 2, 2, 4+a.

Antenna (Fig. 2A) 11-segmented. Coxa with one seta on distal corner. Basis with 
two inner setae on distal corner. Exp-1–6 with 1, 3, 1, 1, 1, and 1 inner seta, respec-
tively. Exp-7 with one inner and three apical setae. Enp-1 with two inner setae. Enp-2 
with nine inner and seven apical setae.

Mandible (Fig. 2B) with four strongly chitinized teeth and a single seta on gnatho-
base. Basis with four inner setae. Enp 2-segmented: Enp-1 with four inner setae, Enp-2 
with nine apical setae plus tiny spinules along outer margin. Exp 4-segmented, with 1, 
1, 1, and 3 setae, respectively.

Maxillule (Fig. 2C) with seven spines and six setae on praecoxal arthrite. Coxal 
endite and coxal epipodite with three and nine setae, respectively. Proximal and distal 
endites each with four setae; basal exite with one seta. Enp reduced, represented by 
eight apical setae. Exp with six setae plus a row of setules on median margin.

Maxilla (Fig. 2D) with three setae on proximal praecoxal and coxal endites, and 
distal praecoxal and coxal endites. Allobasis with three setae. Enp reduced to two seg-
mented, each with three setae.

Maxilliped (Fig. 2E) with four endites on syncoxa: 1, 2, 3, 3 setae inserted on 
respective endites; endite 4 with tiny spinules on distal corner. Basis with three setae, 
ornamented with spinules on proximal half of segment. Enp 6-segmented, with 2, 3, 
2, 2, 2, and 4 setae, respectively.

P1–P4 (Figs 3A–D), biramous, Exp longer than Enp. P1 with 3-segmented Exp 
and 2-segmented Enp, P2–P4 with 3-segmented Exp and Enp. Exp and Enp with lon-
gitudinal setules on inner and outer margin, respectively. Armature formula of P1–P4 
as follows (legend: outer-inner seta/spine; outer-apical-inner; Arabic numerals repre-
sent setae, Roman numerals represent spines):

Coxa Basis
Exopod Endopod

1 2 3 1 2 3
P1 0-1 0-0 I-1 0-1 I-3-2 0-1 1-2-3 ----
P2 0-1 0-0 I-1 I-1 I-3-3 0-1 0-2 2-2-3
P3 0-1 0-0 I-1 I-1 I-3-3 0-1 0-2 2-2-3
P4 0-1 1-0 I-1 I-1 I-3-3 0-1 0-2 2-2-3
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Figure 2. Mongolodiaptomus loeiensis sp. n. Female: A antenna B mandible C maxillule D maxilla 
E maxilliped. Scale bar 100 µm.

P5 (Figs 3E–F, 5F–I) symmetrical. Coxa with a blunt, stout spine on protuberance 
at distal outer corner on caudal surface. Basis with a thin, bare seta on outer margin, 
reaching middle of Exp-1. Exp 3-segmented and Enp 2-segmented. Exp-1 sub-rectan-
gular, more than 2.0 times as long as wide, slightly longer than Enp. Exp-2 sub-trian-
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gular, drawn out into claw-like, with a row of strong spinules along middle of both 
margins; with short and bare lateral spine. Exp-3 reduced into small prominence, with 
short lateral spine, and long apical seta. Enp subconical, Enp-1 rectangular, slightly 
shorter than wide. Enp-2 narrowed distally, with a circular row of spinules on distal end.

Additional ornamentation of P1–P5 as in Figs 3A–F, 5F–I.
Adult females with a single egg sac containing 8–10 eggs.
Description of adult male. Body length (Fig. 6A) measured from anterior mar-

gin of rostrum to posterior margin of caudal rami, 0.9 –1.1 mm (mean = 1.0 mm, n 
= 5), smaller than female. Prosome as in female but lateral wings not well developed 
compared to those in female, pediger 5 without inner spine inserted on dorso-posterior 
margin of each wing. Urosome (Figs 4D, 6B–C) 5-segmented and asymmetrical, ori-
ented downward to right side. Genital somite (Fig. 6B) dilated postero-laterally on 
right side accompanied with a small seta on distal corner. Urosomites 2–3 (Figs 4D, 
6C) with a field of long hairs ventrally along middle of segment. Urosomite 4 (Figs 
4D–E, 6B) with posterolateral dilated on right side; dorso-posterior margin expanded 
beyond anal operculum. Anal somite (Figs 4D–E, 6B–D) similar to female but asym-
metrical, right side located at lower position than opposite side. Caudal rami (Figs 
4D–E, 6B–D) similar to female in setation but having different shape and ornamen-
tation on right ramus. Ramus asymmetrical and cylindrical shaped: right ramus with 
three ventral chitinous prominences: two teeth-like on large bulge at proximal region 
(outer one small and with sharped tip; inner one large and with rounded tip), and one 
semi-circular ridge located above insertion of caudal seta IV and V.

Antennule (Figs 4F–G, 6E) asymmetrical, reaching beyond end of caudal setae. 
Right antennule 22-segmented, setal formula (a = aesthetasc, s = spine): 1+a, 3+a, 1+a, 
1, 1+a, 1, 1+a, 1+s, 2+a, 1+s, 1+s, 1+a+s, 1+a+s, 2+a+s, 2+a+s, 2+a, 2+s, 1+s, 2, 3+s, 
2, 4+a; geniculated between segment 18 and 19; segment 20 (antepenultimate) with 
comb-like spine (3–5 teeth).

Left antennule, antenna, mouthparts, and P1–P4 similar to those in female.
P5 (Figs 5A–E, 7) asymmetrical, right leg reaching beyond caudal setae. Inter-

coxal plate with two tooth-like lobes on distal margin, its tip bent forward to left leg. 
Right P5: coxa with strong and stout spine inserted on well-developed posterior lobe 
on caudal surface. Basis with long and narrow hyaline lamella at inner margin; small 
chitinous prominence (sub-globular in shape) located approximately mid-distal of 
segment on caudal surface; distal outer margin with short, thin seta on frontal sur-
face. Exp 2-segmented: Exp-1 small and shorter than wide, approximately 0.6 times 
as long as wide; with two prominent knobs on caudal surface; distal outer corner 
produced. Exp-2 enlarged, approximately 2.0 times as long as wide; proximal and 
distal part enlarged in similar size, inner margin slightly convex and outer margin 
concave; with two minute knobs and one principal (lateral) spine at outer margin 
(knob-like projection located on proximal and distal region; lateral spine inserted 
slightly anterior to mid-outer margin of segment). Lateral spine strong, cylindrical, 
approximately 1/2 of segment length; its tip bent upward to posterolateral direction 
on caudal view. End claw sickle-shaped, strong and pointed tip; approximately 1.5 
times as long as Exp-2, inner and outer margins smooth. Enp 1-segmented, conical, 
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Figure 3. Mongolodiaptomus loeiensis sp. n. Female: A P1 B P2 C P3 D P4 E P5 in caudal view F P5 in 
frontal view. Scale bar 100 µm.

reaching to proximal expansion of Exp-2, with cluster of spinules at rounded tip. Left 
P5: coxa with thin seta inserted on posterior lobe at distal inner corner, exceeding 
basis, and posterolateral margin with semi-circular concave on caudal surface. Basis 
with long, narrow hyaline lamella at inner margin (small size than right P5); with 
long, thin seta at posterolateral margin on caudal surface. Exp 2-segmented: Exp-1 
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Figure 4. Mongolodiaptomus loeiensis sp. n., SEM photographs. Female (A–C): A pediger 5 and genital 
somite, dorsal view B rostrum, frontal view C urosomite 2, anal somite and caudal rami, dorsal view; 
Male (D–G): D1 urosome in dorsal view D2 urosome in ventro-lateral view E anal somite and caudal 
rami, ventral view F the right antennule segments 8–18 (white arrows point to spines) G spinous process 
on right antennule segment 20.

longer than wide, gradually tapering posteriorly, inner margin concave and outer one 
convex; with field of setules on inner margin at distal end. Exp-2 smaller than Exp-1, 
conical; with seta on inner margin at distal end on frontal surface, as long as segment; 
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Figure 5. Mongolodiaptomus loeiensis sp. n., SEM photographs. Male (A–E): A P5 in caudal view 
B coxa, basis, Exp-1 of the right P5 in caudal view C intercoxal plate, coxa, basis, Enp of the right P5 and 
coxa, basis, Exp and Enp of the left P5, caudal view D Enp and Exp of the right P5 in caudal view E P5 
in frontal view; Female (F–I): F P5 in caudal view G basis, Exp-1 and Enp in caudal view (white arrow 
indicated the segmented point of Enp) H P5 in frontal view I the left P5 in frontal view.

with a cluster of strong spinules along inner margin; apical process stout, bare, and 
short. Enp 1-segmented, longer than Exp-1, with a cluster of spinules at its tip.

Etymology. The specific name loeiensis refers to the place “Loei” where the new spe-
cies was first recognized. The name with the Latin suffix “-ensis” is an adjective for place.
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Figure 6. Mongolodiaptomus loeiensis sp. n. Male: A habitus, dorsal view B urosome, dorsal view C urosome, 
lateral view D anal somite and caudal rami, ventral view E antennule E1 segments 1–12 E2 segments 13–18 
E3 segments 19–22. Scale bar 100 µm.

Distribution and ecology of the new species and other diaptomids in the 
area of study. Mongolodiaptomus loeiensis sp. n. was found in a temporary pond 
with a mean water temperature of 25.5 °C, conductivity 259 µS/cm, and pH 7.6. 
The new species was a single calanoid copepod occurring in type locality. However, 
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Figure 7. Mongolodiaptomus loeiensis sp. n. Male: A P5 in caudal view B P5 in frontal view C Right P5 
Exp-1 in outer lateral view. Scale bar 100 µm.

it was found co-occurring with other microcrustaceans, i.e. Diaphanosoma excisum 
Sars, 1885, Thermocyclops decipiens (Kiefer, 1929), and Mesocyclops thermocyclopoides 
Harada, 1931. In over 3,000 samples collected from Thailand (59 samples from 
Loei Province provided by the first author and about 3,000 samples from other 
provinces by the second author and her colleagues), the new species can by con-
sidered as a rare species because it was present only in the type locality from Loei 
Province (Sanoamuang 2002).
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The occurrence of the new species is similar to that of Phyllodiaptomus thailandicus 
Sanoamuang & Teeramaethee, 2006 and Tropodiaptomus cf. ruttneri (Brehm, 1923), which 
have so far been known as rare species in Thailand and here each species was found in a sin-
gle location or in about 2% of collected samples. P. thailandicus has hitherto been found in 
six provinces; Prachinburi, Chanthaburi, Sa Kaeo, Suphanburi, Kanchanaburi, and Chum-
phon (Sanoamuang and Teeramaethee 2006, Koompoot and Sanoamuang 2012) whereas 
Tropodiaptomus cf. ruttneri was only known from Phayao and Nan provinces (Sanoamuang 
2002). The findings of P. thailandicus and Tropodiaptomus cf. ruttneri in this study are a 
new record to northeastern Thailand and provide more understanding on its distribution 
range in the country. Vietodiaptomus blachei (Brehm, 1951) was found in a few samples or 
approximately 9% of collected samples whereas P. praedictus, M. botulifer, and M. calcarus 
were frequently found in about 41, 39 and 6% of collected samples, respectively.

The ranges of water variables for four other diaptomids species collected from Loei 
Province areas are as follows: Tropodiaptomus cf. ruttneri in water with temperature 
26.9–30.1 °C, conductivity 81–100 µS/cm, and pH 7.1–7.3; P. thailandicus = 25.0–
30.1 °C, 310–360 µS/cm, and pH 7.3–7.5; M.calcarus = 23.6–31.2 °C, 197–287 µS/
cm, and pH 7.6–8.0; M. botulifer = 26.0–30.7 °C, 57–343 µS/cm, and pH 7.2–7.8; 
P. praedictus = 24.6–31.8 °C, 57–386 µS/cm, and pH 7.6–8.2; V. blachei = 26.0–31.4 
°C, 92–527 µS/cm, and pH 7.1–8.1.

Discussion

The genus Mongolodiaptomus currently contains 12 species, M. birulai, M. botulifer, M. 
calcarus, M. dumonti, M. formosanus, M. gladiolus, M. malaindosinensis, M. mephistopheles, 
M. pectinidactylus, M. rarus, M. uenoi, and M. loeiensis sp. n. (Sanoamuang 2001, 2002 
and the present study). Apart from the closest species M. calcarus, the male of the new 
species differs from its congeners by the following unique characters. The antepenultimate 
segment of right antennule has a comb-like spine in the new species versus it is smooth in 
M. birulai, M. formosanus, M. botulifer and M. malaindosinensis. The right caudal ramus 
has three ventral chitinous prominences in M. loeiensis sp. n. versus respectively 1, 1, 1, 1, 
none, 2 chitinous prominences (prominence is unknown for M. gladiolus) in M. birulai, 
M. formosanus, M. mephistopheles, M. rarus, M. pectinidactylus, and M. dumonti. Although 
right caudal ramus in M. botulifer, M. malaindosinensis and M. uenoi has three chitinous 
prominences, their shapes are different to that of the new species; M. loeiensis sp. n. has 
two teeth and one semi-circular ridge while M. botulifer and M. malaindosinensis have one 
tooth and two knobs, and M. uenoi has one tooth and two semi-circular ridges.

The male P5 of M. loeiensis sp. n. can be distinguished from its congeners by the 
following characters: (1) two spine-like lobes on distal margin of the intercoxal plate in 
the new species versus a triangular lobe in M. birulai, M. botulifer, M. formosanus, M. 
pectinidactylus, and M. malaindosinensis and one spine-like lobe in M. uenoi and no out-
growth in M. dumonti, M. gladiolus, M. mephistopheles, and M. rarus; on the right P5, 
(2) the coxal spine of the new species stronger and more robust compared to those in 
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other species (except M. uenoi), (3) basis of the new species with a hyaline membrane on 
inner margin, which is absent in M. gladiolus and M. dumonti, (4) chitinous prominence 
present on caudal surface on the basis of the new species while absent in M. birulai, M. 
formosanus, M. gladiolus, M. mephistopheles, M. malaindosinensis, and M. uenoi (M. botu-
lifer has chitinous ridge), (5) Exp-1 of the new species with produced process at distal 
outer corner versus absent in M. birulai, M. dumonti, M. gladiolus, M. pectinidactylus 
and M. rarus, (6) Exp-2 of the new species with a bent principal lateral spine versus 
straight in M. birulai, M. gladiolus, M. dumonti, M. pectinidactylus and M. uenoi, (7) on 
left P5 basis of the new species presence of a hyaline membrane on inner margin versus 
absent in M. gladiolus and M. formosanus. In the female, the genital somite of M. loeien-
sis sp. n. has a large posterolaterally directed outgrowth on the right side which is absent 
in the others (except M. botulifer, M. gladiolus, M. malaindosinensis and M. rarus).

Key to worldwide species of Mongolodiaptomus Kiefer, 1938

Males:
1 Spinous process on antepenultimate segment smooth .................................2
– Spinous process on antepenultimate segment serrate ...................................5
2 P5 Enp 1-segmented ...................................................................................3
– P5 Enp 2-segmented ...................................................................................4
3 The basis of left P5 without hyaline membrane on inner margin ...................

 .............................................................................................M. formosanus
– The basis of left P5 with hyaline membrane on inner margin .......M. birulai
4 The basis of right P5 with triangular hyaline membrane on inner margin .....

 ................................................................................... M. malaindosinensis
– The basis of right P5 with spherical hyaline membrane on inner margin .......

 ................................................................................................. M. botulifer
5 Intercoxal plate of P5 with outgrowth on distal margin ..............................6
– Intercoxal plate of P5 without outgrowth on distal margin .........................8
6 The principal lateral spine on Exp-2 of right P5 straight .............................7
– The principal lateral spine on Exp-2 of right P5 bent ....... M. loeiensis sp. n.
7 Intercoxal plate of P5 with rounded lobe on distal margin ...M. pectinidactylus
– Intercoxal plate of P5 with spine-like lobe on distal margin ........... M. uenoi
8 The basis of right P5 with hyaline membrane on inner margin .....................

 ....................................................................................... M. mephistopheles
– The basis of right P5 without hyaline membrane on inner margin ..............9
9 The basis of left P5 with hyaline membrane on inner margin ....................10
– The basis of left P5 without hyaline membrane on inner margin ...............11
10 The principal lateral spine on Exp-2 of right P5 straight ........... M. dumonti
– The principal lateral spine on Exp-2 of right P5 bent ................. M. calcarus
11 The basis of right P5 with chitinous spur on caudal surface.............M. rarus
– The basis of right P5 without any process on caudal surface .............M. gladiolus
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Females:
1 P5 Enp 1-segmented .................................................................................. 2
– P5 Enp 2-segmented .................................................................................. 8
2 Genital somite with postero-laterally directed outgrowth on right side ....... 3
– Genital somite without postero-laterally directed outgrowth on right side .... 6
3 The left spine inserted on lobe-process of genital somite........... M. gladiolus
– The left spine inserted directly on genital somite ........................................ 4
4 Genital somite with posterolateral bulging ................................................. 5
– Genital somite without posterolateral bulging ................................M. uenoi
5 P5 with long Enp, reaching beyond distal end of Exp-1 ...............................

 ...................................................................................M. malaindosinensis
– P5 with short Enp, not reaching distal end of Exp-1 (2/3 of Exp length) .....

 .................................................................................................M. botulifer
6 P5 Exp-3 absent ...........................................................................M. birulai
– P5 Exp-3 present ....................................................................................... 7
7 Genital somite with larger spine on left side compared to right side .............

 .......................................................................................M. mephistopheles
– Genital somite with similar sized spine on left and right side M. formosanus
8 Genital somite with postero-laterally directed outgrowth on right side ....... 9
– Genital somite without postero-laterally directed outgrowth on right side 10
9 Genital somite with hyaline membrane at mid-laterally on right side ...........

 ...................................................................................................... M. rarus
– Genital somite without hyaline membrane at mid-laterally on right side ......

 ........................................................................................M. loeiensis sp. n.
10 The right spine inserted on small lobe of genital somite ...............................

 .......................................................................................M. pectinidactylus
– The right spine inserted directly on genital somite ................................... 11
11 Genital somite with larger spine on left side compared to right side .............

 .................................................................................................M. dumonti
– Genital somite with larger spine on right side compared to left side .............

 ..................................................................................................M. calcarus
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Abstract
The primarily Neotropical genus Microborus Blandford is represented with three species in Africa and 
Madagascar. The previously recorded species from this region, M. boops Blandford, is a Neotropical spe-
cies restricted to Central America and is likely not found in the Afrotropics. The previously recognised 
species in western parts of Africa is M. camerunus (Eggers) and is resurrected from synonymy under M. 
boops. Molecular and morphological data revealed a second species of this complex in Madagascar, M. 
brevisetosus Jordal. Another new species, M. angustus Jordal, co-occurs with M. camerunus in Cameroon. 
Substantial genetic divergence indicate that Microborus was established in the Afrotropical region long 
before human transport across oceans. A key to Afrotropical species is provided.

Keywords
Curculionidae, Scolytinae, Hexacolini, Microborus, molecular phylogeny, Africa, Madagascar

Introduction

Microborus Blandford, 1897 is a largely Neotropical genus consisting of eight known spe-
cies, with one of these also recorded from the Afrotropical region. Species are generally 
small in size, but are often taken from very thick bark of large tree trunks (Wood 2007). 
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Figures 1–2. Typical host plant condition for species of Microborus. 1 Standing Stereospermum tree with 
thick bark, with attacks of ambrosia beetles, cossonine weevils and Microborus in the lower bole (Ankara-
fantsika NP, Madagascar). 2 Inner side of bark with tunnels made by M. brevisetosus Jordal, starting from 
the entrance hole of Euplatypus madagascariensis (Schedl).

Their breeding biology is unusual in that nests are initiated via the entrance opening of 
a much larger bark or ambrosia beetle species and mines away from their host gallery 
just inside the entrance (Figs 1–2).

Previous classifications have placed Microborus in the scolytine tribe Hexacolini 
(previously Ctenophorini, see Alonso-Zarazaga and Lyal 2009). Recent molecular phy-
logenies have nevertheless questioned the relationship to Scolytodes Ferrari and other 
hexacoline genera, and instead pointing towards a relatively isolated position in Sco-
lytinae. This is a very old genus that apparently diverged from all other extant lineages 
more than 100 Ma (Jordal and Cognato 2012) and which experienced very little mor-
phological change since its time of origin (Cognato and Grimaldi 2009).

The supposedly broad distribution of Microborus boops Blandford in the Neotropi-
cal and Afrotropical regions has been inferred as a recent introduction to Africa and 
Madagascar (Wood 1982). Using integrated morphological and molecular data, the 
Afrotropical fauna is revised, including discovery of two new species, and rejection of 
a globally widespread distribution in M. boops.

Materials and methods

Specimens included were collected during the author’s field expeditions to Cameroon 
(2007) and Madagascar (2015). Deposition of typematerial are indicated by the fol-
lowing acronyms: BMNH, Natural History Museum London; CAS, California Acad-
emy of Science; NHMW, Naturhistorisches Museum Wien; ZMBN, University Mu-
seum of Bergen (formerly Zoological Museum, Bergen).
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DNA was extracted from whole specimens, of which the macerated body remains 
were mounted on slides or glued on a pinned card. Six gene fragments were amplified: 
COI, EF-1α, 28S, CAD, ArgK and PABP1 (Jordal et al. 2011; Pistone et al. 2016). 
Sequences were concatenated for combined phylogenetic analyses using maximum 
likelihood and maximum parsimony in PAUP* (Swofford 2002).

Morphological examination of internal or hidden characters such as flight wings, 
proventriculus and male genitalia was only made for one species that had sufficient 
specimens available.

Taxonomy

Microborus Blandford, 1897

Type species. Microborus boops Blandford, 1897
Diagnosis. Small slender species with pronotum laterally costate, anteriorly un-

armed; procoxae separated by broad prosternal process; eyes large, approximate be-
low; antennal club globular without sutures, funicle 6-segmented; elytral interstriae 7 
sharply raised on declivity and curved towards elytral interstriae 9 to form a postero-
lateral costa on declivity.

Microborus angustus Jordal, sp. n.
http://zoobank.org/B02BF8A3-3D75-4518-BDA0-617A3D748DFC
Figs 3–4, 9–11, 18–20

Type material examined. Holotype: Cameroon, Mt. Cameroon south slope, 1600m 
alt., Ficus branch, B. Jordal 28xi-8 [28. Nov. 2007]. ZMBN/ENT_Scol4932. Para-
types (8): same data as HT (ZMBN/ENT_Scol4933-4940). (GIS: 4.12, 9.16). All 
types deposited in ZMBN.

Diagnosis. A very elongated, almost black species, with impressed elytral striae 
and a distinct costate rim along the postero-lateral margin of elytral declivity.

Description (male and female). Length 1.3–1.5 mm, 2.7–2.8 × longer than wide.
Colour dark brown, almost, black, legs and antennae light brown.

Head. Eyes separated above by 1.4 × their width. Frons reticulate and deeply punctured, 
smooth and shiny at level of antennal insertion, vestiture consisting of a few scant fine setae.

Pronotum smooth, shiny, with densely placed punctures.
Elytra with all striae impressed, punctures deep, subconfluent; interstriae as wide as 

striae, with very fine irregularly spaced punctures; postero-lateral rim sharply elevated 
with 3–6 sharp granules. Vestiture consisting of few long, fine, erect golden setae.

Legs. Protibiae with three lateral teeth (embedded denticles), and one additional 
tooth just above the inner mucro; posterior face smooth.
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Ventral vestiture simple, on ventrites very fine, short setae.
Wings typical for weevils, costa with two setae close to each other near base, and one 

seta two-thirds the distance towards the stigmal patch; anal field missing, posterior margin 
with long fine setae; stigmal patch with two short, sharp setae, each on a small tubercle.

Proventriculus with apical plate well developed, median suture wide open, sutural 
teeth long and sharp, apical teeth and marginal bristles missing, closing teeth long and 
prominent, >10 large femoral teeth.

Male genitalia very simple, spiculum gastrale not present, no distinction between 
apophyses and aedeagal body, internal sac with granulated surface, tegmen open dor-
sally, gradually broader ventrally with a short manubrium.

Etymology. Latin adjective angustus, meaning narrow. This is the most elongated 
species in the genus in the Afrotropical region.

Distribution and biology. Only known from the type locality. It was taken to-
gether with M. camerunus (Eggers, 1919) under thick bark of a fallen Ficus tree. Both 
species used entrance holes made by Xyleborus principalis Eichhoff, 1878.

Figures 3–8. Dorsal and lateral view of the Afrotropical species of Microborus. 3–4 M. angustatus 
5–6 M. brevisetosus 7–8 M. camerunus.
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Figures 9–17. Head, venter and declivity of the Afrotropical species of Microborus. 9–11 M. angustatus 
12–14 M. brevisetosus 15–17 M. camerunus.

Microborus brevisetosus Jordal, sp. n.
http://zoobank.org/17AC91AF-2FA6-46B3-8D16-CB8FC53E9FA4
Figs 5–6, 12–14

Type material examined. Holotype: Madagascar, Boeny province, Ankarafantsika 
NP, 200 m alt. GIS [-16.264, 46.828], ex Stereospermum standing tree, 8.May.2015, 
B. Jordal leg. (ZMBN/ENT_Scol4929). Paratypes (2): same data as HT (ZMBN/
ENT_Scol4930). Madagascar, Forêt de Tsimembo, 11.0 km 346° NNW Soatana, 
GIS [-18.995, 44.444], 21.Nov.2001, B. Fischer, BLF4508, (1). HT and one PT in 
ZMBN, 1 PT in CAS.

Diagnosis. Distinguished from M. camerunus (Eggers) by the much more abun-
dant short setae in the lower frons, nearly moustache-like on epistoma, ventrites 2–4 
with regular transverse rows of fine recumbent setae, and posterior face of protibiae 
with 3–5 sharp granules. It is distinguished from M. boops by the short and bristle-like 
setae on elytral interstriae on declivity.
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Description (male and female). Length 1.4 mm, 2.6 × longer than wide. Colour 
reddish brown, pronotum darker.

Head. Eyes separated above by 0.6 × their width. Frons reticulated and lightly 
punctured, protruding slightly below eyes, vestiture consisting of >50 short setae, long-
er between eyes and some on epistoma.

Pronotum smooth, shiny, with densely placed puntures.
Elytra with striae impressed, punctures deep, spaced by distance equal to their di-

ameter; interstriae about half as broad as striae, with very fine irregularly spaced punc-
tures; postero-lateral interstrial rim slightly elevated with 2–3 blunt granules. Vestiture 
consisting of a few longer, erect, golden setae on discal interstriae, with densely placed, 
short, stiff setae on declivity.

Legs. Protibiae with three lateral teeth (embedded denticles), and one additional 
tooth just above the inner mucro; posterior face rough.

Ventral vestiture simple, on ventrites 1–4 consisting of fine, long recumbent setae 
forming transverse rows.

Etymology. Latin adjectives brevis, meaning short, and setosus, meaning bristly, 
referring to the very short stiff interstrial setae on the elytral declivity.

Distribution and biology. Madagascar: Boeny, Melaky, Diana and Analanjirofo 
provinces. Specimens were examined only from the western part of the island. It is 
presumed that Schedl’s reported specimens from the east and north of the island are 
conspecific. The collection from Ankarafantsika (Fig. 1) was taken from brood galler-
ies under thick bark of a standing Stereospermum tree, iniated via the entrance holes of 
Euplatypus madagascariensis (Chapuis, 1865).

Microborus camerunus (Eggers, 1919), stat. n.
Figs 7–8, 15–17

Pseudocrypturgus camerunus Eggers, 1919: 236, original description.
Microborus camerunus (Eggers, 1919): synonymized with M. boops Blandford, 1897, 

by Wood (1982), here resurrected.

Type material examined. Holotype of Pseudocrypturgus camerunus Eggers (NHMW). 
Holotype of Microborus boops Blandford (BMNH).

Diagnosis. Distinguished from M. brevisetosus and M. boops by the smooth and 
glabrous frons, the glabrous central area of the ventrites, the smooth posterior face of 
the protibiae, subconfluent strial punctures, and the slightly stouter body shape.

Description (male and female). Length 1.5 mm, 2.4 × longer than wide. Colour 
reddish brown, pronotum darker.

Head. Eyes separated above by 0.7 × their width. Frons smooth, shiny and lightly punc-
tured, vestiture consisting of <10 short setae on epistoma and 2 longer setae between eyes.

Pronotum smooth, shiny, with densely placed puntures.
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Elytra with striae impressed, punctures deep, subconfluent; interstriae about as 
broad as striae, with very fine irregularly spaced punctures; postero-lateral (interstrial) 
rim slightly elevated with 2–3 blunt granules. Vestiture consisting of scattered erect, 
golden setae on discal interstriae, somewhat shorter on declivity.

Legs. Protibiae with three lateral teeth (embedded denticles), and one additional 
tooth just above the inner mucro; posterior face smooth.

Ventral vestiture simple, on ventrites consisting of a few irregularly placed short 
setae close to the lateral margins.

Distribution and biology. Known from Ghana, Cameroon and Congo. New re-
cord: Cameroon, Mt. Cameroon south slope, 1600 m, GIS: [4.12, 9.16], Ficus branch, 
B. Jordal 28xi-8 [28. Nov. 2007] (ZMBN/ENT_Scol4931, 4941). It was taken to-
gether with M. angustus under thick bark of large fallen Ficus tree (see above).

Key to the Afrotropical species of Microborus

1 Nearly black, 2.8 × longer than wide; elytral interstria 7 on declivity sharply raised 
and almost serrated, with 4–5 sharp tubercles. Cameroon .....M. angustus Jordal

– Reddish brown, 2.4–2.6 × longer than wide, elytral interstria 7 on declivity 
raised, tubercles obscure ..............................................................................2

2 Strial punctures on elytra separated on average by 0.7–1 × their diameter; 
ventrites 1–4 with recumbent short setae in transverse row along the pos-
terior edge; frons with >50 small setae, rather dense and moustache-like on 
epistoma; posterior face of protibiae with 2–5 sharp granules. Madagascar ...
 .................................................................................M. brevisetosus Jordal

– Strial punctures on elytra confluent or nearly so; ventrites with few short setae 
scattered along their lateral sides; frons with <10 scattered setae; posterior face 
of protibiae smooth. Ghana-Congo ........................ M. camerunus (Eggers)

Figures 18–20. Internal features of Microborus angustus. 18 wing base 19 proventriculus 20 aedeagus.
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Molecular data on Afrotropical species

Gene sequences obtained via PCR are listed by their genbank accession numbers in 
Table 1. Maximum likelihood and maximum parsimony provided consistent results 
across analyses, with all nodes maximally supported (Fig. 21). The three Afrotropi-
cal species formed a group separate from the single Neotropical species included, 
M. aberrans. Microborus angustus was furthermore clearly distinct from the sympatric 
M. camerunus that grouped closely with M. brevisetosus, suggesting a role for allopatric 
divergence prior to the co-existence of M. angustatus and M. camerunus. Given the 
limited global scope in this study, it cannot be ruled out that the Afrotropical (or the 
Neotropical) fauna experienced two origins for this genus.

Despite high morphological similarity, M. brevisetosus and M. camerunus differed by 
15.3–16.1 % at COI. An average divergence of 2.4–3.3% at five nuclear loci leave no 
doubt about each species validity. The largest nuclear variation was found in 28S (3.9%), 
a substantial difference for morphologically similar taxa (see e.g. Jordal and Kambestad 
2014). Guided by the molecular data, a search for consistent morphological differences 
was found in the frons, elytral declivity and the venter of these beetles. Hence, the overall 
similarity that has led previous researchers to synonymise M. camerunus with M. boops 
(Wood 1982), emphasizes the need for careful consideration of possible semi-cryptic 
character differences. The low rate of change in morphological characters for the genus 
as a whole, as documented by the close similarity to the mid-Cretaceous fossil M. inertus 
Cognato & Grimaldi, 2009 (see Cognato and Grimaldi 2009), makes it advisable to base 
new synonymies on genetic data and rigorous morphological examination.

Table 1. Samples included for DNA analyses.

Species Voucher Locality COI EF-1α 28S CAD ArgK PABP1

Larinus sp. ClLar01 Russia: 
Vladivostok HQ883622 HQ883707 HQ883541 HQ883773 HQ883854 KX160752

Porthetes 
hispidus MoPor01 South Africa: 

Kokstad HQ883666 HQ883737 HQ883577 HQ883805 HQ883895 KX160765

Microborus 
aberrans CtMic07 Brasil: Manaus MF803724 MF803728 MF803715 MF803720 MF803717 MF803732

Microborus 
angustus CtMic03

Cameroon: 
Mt. 

Cameroon
HQ883645 – HQ883560 HQ883788 HQ883874 KU041929

Microborus 
angustus CtMic04

Cameroon: 
Mt. 

Cameroon
MF803721 MF803725 MF803713 MF803718 MF803716 MF803729

Microborus 
brevisetosus CtMic01

Madagascar: 
Forêt de 

Tsimembo
HQ883645 HQ883724 HQ883559 HQ883787 – –

Microborus 
brevisetosus CtMic06

Madagascar: 
Ankarafantsika 

NP
MF803723 MF803727 – MF803719 – MF803731

Microborus 
camerunus CtMic05

Cameroon: 
Mt. 

Cameroon
MF803722 MF803726 MF803714 – – MF803730
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Abstract
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Introduction

Bumble bees (Bombini: Bombus Latreille) are among the most recognized and studied 
of all bees, second only to the honey bees (Apini: Apis Linnaeus) and perhaps tied with 
the stingless bees (Meliponini). These robust, densely setose, and variably colored species 
are mainly found in colder temperate regions (Rasmont et al. 2015), and are distributed 
throughout the Americas, across the Palearctic and Oriental Regions, but are characteris-
tically absent from Africa and Australia (Michener 2007). Together with the orchid bees 
(Euglossini) and the aforementioned Apini and Meliponini, bumble bees represent one 
of the four surviving tribal lineages of the corbiculate Apinae (Engel 2001a, Michener 
2007). Varied extinct lineages representing stem groups or breaking the otherwise long 
branches between our modern corbiculates have been discovered from the Paleogene 
(Cockerell 1908, Engel 1998a, 2001a, Wappler and Engel 2003, Patiny et al. 2007, En-
gel et al. 2013, 2014), and some of these reveal that the bombine habitus is overall gen-
eralized and plesiomorphic for the Corbiculata (e.g., Engel 2001a). These extinct clades 
are also the fossils for which the most information has been accumulated regarding their 
pollen-collecting behaviors (Wappler et al. 2015, Grímsson et al. 2017). While contro-
versy remains regarding their relationship to either Meliponini or Meliponini + Apini 
(e.g., Michener 1990, Schultz et al. 1999, 2001, Engel 2000a, 2001b, Noll 2002, Car-
dinal and Packer 2007, Kawakita et al. 2008, Kwang et al. 2017), the 263 extant species 
of Bombini are likely a comparatively young, monophyletic crown group at the apex 
of an otherwise older lineage diverging from a common ancestor with meliponines and 
apines sometime in the latest Cretaceous (Engel 2000, 2001a), leaving a ghost record of 
stem groups between this divergence and perhaps the Early to mid-Eocene. It is possible 
that the origin of the crown group for bumble bees could have been associated with a 
global cooling event that occurred during the mid-Eocene (Hansen et al. 2013, Pound 
and Salzmann 2017). In fact, this same pattern seems to be true also for euglossines 
(crown group perhaps of Eocene-Oligocene age) and perhaps apines (latest Eocene or 
earliest Oligocene age), while crown-group meliponines extend back to the Maastrich-
tian (Michener and Grimaldi 1988, Engel 2000b). In general, the geological history of 
the corbiculate bees encompasses one of the more extensive records of fossils among the 
Apoidea (Michez et al. 2012), with diverse representatives spanning the Cenozoic for 
the highly eusocial Apini (Engel 1998b, 1999a, 2006, unpubl. data, Engel et al. 2009, 
Kotthoff et al. 2011, 2013) and Meliponini (Michener 1982, Camargo et al. 2000, En-
gel 2001a, unpubl. data, Greco et al. 2011, Engel and Michener 2013a, 2013b). Fossils 
of the communal or solitary Euglossini (Engel 1999b, 2014, Hinojosa-Díaz and Engel 
2007) and the primitively eusocial Bombini (Michez et al. 2012, Wappler et al. 2012) 
are less common, and for this reason are of greater interest when new material becomes 
available. It is in this context that we provide here a descriptive account for a fossil Bom-
bus from the Early Miocene of northern Bohemia (Fig. 1), representing an early record 
of the subgenus Cullumanobombus Vogt. We provide this description here so that the 
species’ name might be available for use in a forthcoming work on the general review of 
fossil record of Bombini (Dehon et al. in prep.).
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Material and methods

Geological setting. The Early Miocene coal seam overlaying deposits of the Most 
Basin at Bílina Mine represents one of the classic paleontological localities in northern 
Bohemia, studied intensively since the 19th century. The depositional environment and 
stratigraphy of the upper coal seam deposits at Bílina Mine have been summarized by 
Kvaček et al. (2004) and updated by Pešek et al. (2014), while the age of the primary 
insect-bearing layers within the Holešice Member corresponds to the early Burdigalian, 
from 18–20 Ma (Shrbený et al. 1994, Rajchl et al. 2009). The locality at the time was 
characterized by a subtropical/warm temperate and temperate climate (Kvaček et al. 
2004). The insect fauna at Bílina Mine includes more than 350 specimens of terrestrial 
and aquatic groups assigned to 31 families in 11 orders (e.g., Prokop and Nel 2000, 
Prokop 2003, Fikáček et al. 2008), with specimens of Hymenoptera, particularly ants, 
being most prevalent (Prokop and Nel 2003, Wappler et al. 2014). In addition, the 
overlaying deposits at Bílina Mine have been studied intensively for their remarkably 
well-preserved record of plant-arthropod interactions (e.g., Prokop et al. 2010, Knor 
et al. 2012, 2013). The bumble bee described here is preserved in a fine clay overlaying 
the coal seam, and has become carbonized, thus the chitinous integument is modified 
by the process of fossilization (Figs 1–3).

Specimen repository and descriptive terminology. The fossil reported herein was 
retrieved from the collection of Zdeněk Dvořák, deposited in the museum holdings 
of the Bílina Mine Enterprises in Bílina, Czech Republic. The specimen was examined 
dry using a Nikon SMZ 645 stereomicroscope. Photographs were taken using a Canon 
EOS 550D digital camera coupled to a MP-E 65 mm macro lens. The description is 
provided here in the aim of improving diagnostic and species-level accounts of living 
and fossil bees (e.g., Engel 2011, Gonzalez et al. 2013). Morphological terminology 
follows that of Engel (2001a) and Michener (2007), with the format for the descrip-
tions augmented from those of Wappler et al. (2012) and Dehon et al. (2014).

Geometric morphometric analyses of forewing shape. Prior to description using 
traditional venational traits, the present fossil was analyzed for its placement among 
other Bombus based on a geometric morphometric analysis of wing shape using vein 
landmarks. This method has proved useful in placing otherwise difficult to treat fos-
sil species (e.g., Kotthoff et al. 2011, 2013, Dewulf et al. 2014, Dehon et al. 2017), 
including fossil bombines (Wappler et al. 2012, Dehon et al. in prep.). Geometric 
morphometric analysis (Pavlinov 2001) of insect wings is a valuable tool given that 
it is easily implemented, comparatively inexpensive, and the wings themselves are 
comparatively rigid, two-dimensional structures, species specific, and frequently well 
preserved in fossil specimens, albeit at times taphonomically distorted. Furthermore, 
forewing veins and their intersections are homologous among bees with three submar-
ginal cells, like bumble bees (Ross 1936, Michener 2007). The method is rather robust 
at diagnosing and discriminating taxa at different levels (e.g., Pretorius 2005, Petit et 
al. 2006, Sadeghi et al. 2009, Francoy et al. 2012, Perrard et al. 2014), and has been 
employed successfully in palaeontological studies for evaluating the taxonomic affini-
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ties of otherwise difficult to determine fossils (e.g., Kennedy et al. 2009, Michez et al. 
2009, Dehon et al. 2014, 2017, Dewulf et al. 2014, Perrard et al. 2016). Moreover, 
several studies have demonstrated the application of forewing shape analyses for dis-
criminating subgenera, species, and populations of bumble bees (e.g., Aytekin et al. 
2007, Wappler et al. 2012, Barkan and Aytekin 2013).

Morphometric analyses followed the procedures as outlined by Wappler et al. 
(2012) and Dehon et al. (2017, in prep.). As in Dehon et al. (2017), we employed 
three datasets to assess the taxonomic affinities of the fossil at different taxonomic levels 
by sampling broadly across extant and extinct tribes with the same number of sub-
marginal cells as bumble bees. The first dataset consisted of a comprehensive sampling 
of bee tribes in order to maximize the shape diversity of our analyses, and this dataset 
was previously tested by Dehon et al. (2017). The dataset includes 20 specimens and 
four species per tribe, and whenever possible five specimens per species, and ultimately 
represented 979 female specimens from seven families, 18 subfamilies, 50 tribes, 135 
genera, and 226 species. This first dataset was used to estimate the similarity of the fos-
sil relative to the tribe Bombini (Suppl. material 1), and to determine a group of five 
tribes (i.e., Ancylaini, Tarsaliini, Emphorini, Euglossini, and Tetrapediini) exhibiting an 
overall similar wing shape to bumble bees. A second dataset sampled species more ex-
tensively across the tribe Bombini and the aforementioned four tribes with similar wing 
shapes. This was done in order to extend the shape diversity inside the target group. This 
dataset sampled 15 subgenera and 210 species of bumble bees, accounting for a total of 
841 specimens, each species represented by a maximum of five specimens (Suppl. mate-
rial 2). The dataset represented 100% of the subgeneric diversity and more than 80% of 
the world’s species. In addition, this second dataset included additional Ancylaini and 
Tarsaliini (two genera, nine species, and 25 specimens), Emphorini (four genera, 12 
species, and 28 specimens), Euglossini (five genera, 11 species, and 55 specimens), and 
Tetrapediini (two genera, seven species, and 26 specimens) in the second dataset. Lastly, 
after confirmation of the affinities of the fossil with contemporary Bombini based on 
the second dataset, we considered a third dataset restricted entirely to bumble bee speci-
mens so as to better assess the affinities of the fossil among modern subgenera of Bombus 
(i.e., the dataset from Suppl. material 2 with all groups except Bombini excluded).

For the reference datasets, left forewings were photographed using an Olympus 
SZH10 microscope combined with a Nikon D200 camera. Photographs were input in 
the software tps-UTIL 1.69 (Rohlf 2013a). The forewing shape was then captured by 
digitizing two-dimensional Cartesian coordinates of 18 landmarks on the wing vena-
tion and cells (refer to diagram of landmarks presented in Dehon et al., 2017: their 
figure 1), with the software tps-DIG version 2.27 (Rohlf 2013b). The configurations 
of the landmarks were superimposed using the GLS Procrustes superimposition in R 
version 3.0.2 (Rohlf and Slice 1990, Bookstein 1991, Adams and Otárola-Castillo 
2013, R Development Core Team 2013). The closeness of the tangent space to the 
curved shape space was assessed using the software tps-SMALL v1.25 (Rohlf 2013c) 
by calculating the least-squares regression slope and the correlation coefficient between 
the Euclidean distances in the tangent space with the Procrustes distances in the shape 
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space (Rohlf 1999). Prior to assignment of the Bílina fossil, discrimination of the wing 
shapes of the various taxa was assessed by Linear Discriminant Analyses (LDA) of the 
projected aligned landmark configurations. We did a LDA with the second dataset 
(i.e., bumblebees + five similar tribes), with tribe level as a priori groupings (Suppl. 
material 3) (a similar test was already performed for the first dataset by Dehon et al. 
(2017)). Lastly, we performed a LDA on the third dataset considering the subgenera as 
a priori groupings (Suppl. material 4).

Discriminant analyses were performed by using the software R (R Development 
Core Team 2013). LDA effectiveness was assessed by the percentages of individuals 
correctly classified to their original taxon (i.e., hit-ratio) in a leave-one-out (LOO) 
cross-validation procedure based on the posterior probabilities (pp) of assignment. 
Given the observed scores of an “unknown”, the posterior probability equals the prob-
ability of the unit to belong to one group compared to all others. The unit is conse-
quently assigned to the group for which the posterior probability is the highest (Hu-
berty and Olejnik 2006). Taxonomic affinities of the Bílina fossil were assessed based 
on the score in the predictive discriminant space of shapes. Aligned coordinates of the 
specimens from the three datasets (including the fossil) were used to calculate the same 
five LDA as discussed above (vide supra). We included a posteriori the fossil in the five 
computed LDA space as an “unknown” specimen and calculated its score. Assignment 
of the fossil was estimated by calculating the Mahalanobis Distance (MD) between 
“unknown” and the group mean for each taxon (Suppl. materials 5–7). Principal Com-
ponent Analyses (PCA) were also computed to visualize shape affinities between the 
fossil and the extant groups in the last dataset (Fig. 7).

Results

Shape variation within the datasets. Analyses based on the first dataset with family, 
subfamily, and tribe a priori groupings are detailed in Dehon et al. (2017), with con-
temporary families, subfamilies, and tribes well discriminated. Contemporary tribes 
are also well discriminated in the second dataset (i.e., Bombus s.l. and most similar 
tribes), with a global hit-ratio of 99.6% (Suppl. material 3). Only the extinct tribes 
Electrapini and Melikertini are not well discriminated, with hit-ratios of 50.0% and 
66.7%, respectively. Contemporary subgenera of Bombus s.l. are well discriminated in 
the bumble bee dataset, with a global hit-ratio of 87.4% and 106 misclassified speci-
mens out of 841. Three subgenera show a hit-ratio of 100%: Alpinobombus Skorikov, 
Kallobombus Dalla Torre, and Mendacibombus Skorikov. Two subgenera have a hit-
ratio between 90.0% and 99.0% – Cullumanobombus and Psithyrus Lepeletier – while 
two are poorly discriminated in the LDA – Melanobombus Dalla Torre and Orien-
talibombus Richards (72.1% and 70.0%, respectively) (Suppl. material 4). Overall, 
the results show a great reliability for classifying specimens based on the similarity of 
their forewing shape relative to our reference dataset of forewings. The cross-validation 
therefore allows us to be confident in the discrimination.
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A posteriori assignment of the fossil. The present fossil was assigned to Apidae, 
to “Non-parasitic Apidae”, and to Bombini by using the first dataset (Suppl. materials 
5–7). When using the second dataset the fossil was assigned within Bombus s.l. (Suppl. 
material 8), and to subgenus Cullumanobombus by the third dataset (Suppl. material 9) 
(Fig. 7), although it could not discriminate the species as being part of the stem versus 
crown group. Accordingly, placement of the fossil from the Bílina Mine within Cul-
lumanobombus is strongly supported by forewing shape. Continued work including all 
known fossil Bombini with living relatives will hopefully further refine this placement 
(Dehon et al. in prep.), particularly in combination with a heuristic phylogenetic explo-
ration of forewing shape (analogous to that of Dehon et al. 2017).

Systematic paleontology

Genus Bombus Latreille, 1802
Subgenus Cullumanobombus Vogt, 1911

Bombus (Cullumanobombus) trophonius sp. n.
http://zoobank.org/9FBA6F95-5C97-4F9E-ABC0-EAA8F73403B7
Figs 1–6

Bombus sp. indet.; Prokop and Nel 2003: 166, Dvořák et al. 2010: 36, 78.

Diagnosis. The new species has a wing shape that is consistent with species of the 
subgenus Cullumanobombus (Dehon et al. in prep.). Within this group, the fossil has 
a wing pattern most similar to Bombus (Cullumanobombus) rufocinctus Cresson, a spe-
cies distributed widely across the Nearctic (Milliron 1973, Williams et al. 2014), with 
both species having a similar combination of 3Rs about as long as r-rs but shorter than 
4Rs, the basal vein basad 1cu-a, 2Rs arched posteriorly but not as greatly prolonged 
proximally as in several other species of Cullumanobombus (e.g., Milliron 1971), 1m-
cu entering second submarginal cell near midpoint (refer to Discussion). The convex 
pterostigmal border within the marginal cell, less apically narrowed marginal cell, and 
less arched 2rs-m minimally serve to distinguish the fossil species from B. rufocinctus.

Description. ♀: Wings and integument black as preserved (taphonomically al-
tered; coloration and membrane pigmentation as in life unknown) (Figs 1–3); fore-
wing total length 14.6 mm; maximum width 5.10 mm (Figs 2, 4, 5); basal vein (1M) 
weakly arched at base, comparatively straight along length, basad 1cu-a by about vein 
width, in line with 1Rs; Rs+M originating anteriorad, 1Rs slightly shorter than r-rs; 
pterostigma short, slightly longer than wide, border inside marginal cell convex, pres-
tigma nearly as long as pterostigma; marginal cell length 5.1 mm, width 1.1 mm, 
tapering slightly across its length, free portion of cell slightly shorter than portion 
bordering submarginal cells, apex rounded and offset from anterior wing margin by 
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Figure 1. Photograph of holotype of Bombus (Cullumanobombus) trophonius, sp. n., from the Early Miocene 
of Bílina Mine in northern Bohemia, Czech Republic.

much more than vein width, not appendiculate; 2Rs strongly arched basally and then 
gently arched outward, giving second submarginal cell distinct proximal extension; r-rs 
about as long as 3Rs; 4Rs only slightly longer than 3Rs; three submarginal cells of com-
paratively similar sizes, albeit third slightly larger than first or second; first submarginal 
cell length 0.9 mm, width 1.0 mm; second submarginal cell length 1.3 mm, width 
0.9 mm; third submarginal cell length 1.6 mm, width 1.2 mm; 1rs-m straight, com-
paratively orthogonal with Rs; 2rs-m arched distally in posterior half; 1m-cu distinctly 
angulate anteriorly near M, entering second submarginal cell near cell’s midlength; 
2m-cu weakly and gently arched apically, meeting third submarginal cell at cell’s apical 
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Figures 2–3. Photographs of wings of holotype of Bombus (Cullumanobombus) trophonius, sp. n. 2 Left 
forewing and right forewing and hind wing 3 Right hind wing.

fifth of length. Hind wing length 9.4 mm, width 2.6 mm (Figs 3, 6). Preserved portion 
of thorax and legs difficult to discern and interpret, although portion of metatibial cor-
bicula preserved (basal quarter to third), and most sclerites with numerous, long setae.

♂: Latet.
Holotype. ♀ (caste uncertain, likely a worker), ZD0003, Early Miocene, Most 

Formation, Clayey Superseam Horizon, Holešice Member (No. 30), Bílina Mine near 
Bílina, Czech Republic; deposited in the museum collection of the Bílina Mine Enter-
prises, Bílina, Czech Republic.
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Figures 4–6. Line drawings of wing venation of holotype of Bombus (Cullumanobombus) trophonius, sp. n., 
as preserved. 4 Left forewing 5 Right forewing 6 Right hind wing.

Figure 7. Ordination of the fossil along the two axes of the PCA (PC1 = 28.42% and PC2 = 20.12%) in 
the Bombus s.l. dataset, with extant specimens of Cullumanobombus highlighted in blue.
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Etymology. The specific epithet is taken from the Greek mythological hero, Tro-
phonius, one of the two brothers who absconded with the treasure of King Hyrieus 
and who fled into caverns at Lebadaea (today’s Livadeia in Boeotia). Trophonius is 
generally associated with bees and the underworld since, according to legend, it was a 
swarm of bees that led a boy to rediscover his cave, bringing his spirit honor and peace.

Discussion

Naturally, it is challenging in the absence of clear characters from the head, mandi-
bles, genitalia, or patterns of coloration to make a globally satisfactory assessment of 
the present fossil. Nonetheless, a morphometric shape analysis of the fossil among 
other living and fossil bombines confidently placed B. trophonius within the subgenus 
Cullumanobombus, in the broad sense as advocated by Williams et al. (2008). Most 
species of Cullumanobombus have New World distributions, except for B. cullumanus 
(Kirby), B. semenoviellus Skorikov, B. unicus Morawitz, and B. vogti Friese which are 
found in the Old World (Milliron 1973, Williams 1985). The overall combination of 
wing traits tends to exclude B. trophonius from all groups within Cullumanobombus 
with the exception of one. For example, in most species of the robustus, fraternus, gri-
seocollis, cullumanus, rubicundus, and brachycephalus species groups 3Rs is longer than 
r-rs (rather than about as long as r-rs in B. trophonius), and in some, such as the latter 
two groups, it is also longer than 4Rs (rather than 4Rs longer than 3Rs as is the case 
in B. trophonius). In addition, in several groups 1m-cu enters the second submarginal 
cell basal its midpoint (e.g., brachycephalus and fraternus groups), rather than near the 
midpoint in B. trophonius. The second submarginal cell is frequently more pronounc-
edly elongate proximally, owing to a more dramatically arched 2Rs, in many species 
of the rubicundus and robustus groups, while 2rs-m is less arched in the brachycephalus, 
robustus, fraternus, and griseocollis groups and the basal vein and 1cu-a are usually con-
fluent in B. (C.) brachycephalus Handlirsch. The only species within the clade that has 
the same combination of features as are present in the fossil is B. (C.) rufocinctus. The 
latter species is common from North Amercia to Mexico. Interestingly, B. rufocinctus 
is considered basal within Cullumanobombus (Cameron et al. 2007, Hines 2008), and 
the overall shared pattern between their wings may be symplesiomorphies (based on 
the plesiomorphic placement of B. rufocinctus and its wing venation relative to more 
derived species of Cullumanobombus), which would be intuitively pleasing if B. tropho-
nius were representative of a stem group to the subgenus. In B. rufocinctus the marginal 
cell is often more narrowed apically than in B. trophonius, and the former has worker 
forewing lengths shorter than in the fossil (approximately 11 mm in B. rufocinctus, ver-
sus over 14 mm in B. trophonius). However, queens of B. rufocinctus can easily exceed 
14 mm in forewing length, and if the holotype of B. trophonius was a queen, then the 
two would be of approximately similar proportions. The age of B. trophonius is in gen-
eral accordance with what one might except of a stem-group Cullumanobombus based 
on the divergence time estimations of Hines (2008). The palaeoclimate of the Bílina 
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locality was subtropical/warm temperate and temperate (Kvaček et al. 2004), while ex-
tant species of Cullumanobombus exploit a wide variety of climatic niches, mainly dry 
and warm, but not boreal. While there remains a plethora of questions regarding the 
complete characterization of B. trophonius, the species apparently represents an impor-
tant record for Cullumanobombus and the discovery of more complete material in the 
future will undoubtedly continue to bring revelations regarding bumble bee evolution 
and biogeography during the Neogene.
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Supplementary material 1

Table S1
Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Word Document (.docx)
Explanation note: First dataset for geometric morphometric analyses encompassing 

988 specimens from 234 species, 141 genera, 53 tribes, 18 subfamilies, and seven 
families of Anthophila (Apoidea). All included groups have three submarginal cells. 
N1= number of species; N2 = number of specimens.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.710.14714.suppl1
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Supplementary material 2

Table S2
Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Excel Worksheet (.xlsx)
Explanation note: Second dataset for the geometric morphometric analyses. This sam-

ple includes 872 specimens from 247 species, 14 genera, and six tribes of Apidae. 
N = number of specimens.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.710.14714.suppl2

Supplementary material 3

Table S3
Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Excel Worksheet (.xlsx)
Explanation note: Specimen assignment in tribes using the cross-validation procedure 

in the LDA of forewing shape in the “Bombus s.l. + comparison groups” dataset. 
Original groups are along the rows, predicted groups are along the columns. The 
hit ratio (HR%) is given for each tribe.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.710.14714.suppl3
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Supplementary material 4

Table S4
Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Excel Worksheet (.xlsx)
Explanation note: Specimen assignment in subgenera using the cross-validation pro-

cedure in the LDA of forewing shape in the dataset of Bombus s.l. Original groups 
are along the rows, predicted groups are along the columns. The hit ratio (HR%) 
is given for each subgenus.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
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Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Excel Worksheet (.xlsx)
Explanation note: Mahalanobis distances (MD) between familial centroids and the 

979 specimens, and the fossils and familial centroids in the tribal dataset.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
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Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Excel Worksheet (.xlsx)
Explanation note: Mahalanobis distances (MD) between subfamilial centroids and the 

979 specimens, and the fossils and subfamilial centroids in the tribal dataset.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
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Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Excel Worksheet (.xlsx)
Explanation note: Mahalanobis distances (MD) between tribal centroids and the 979 

specimens, and the fossils and tribal centroids in the tribal dataset.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
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Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Excel Worksheet (.xlsx)
Explanation note: Mahalanobis distances (MD) between tribal centroids and the 975 

specimens, and the fossils and tribal centroids in the “Bombus s.l. + comparison 
groups” dataset.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
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Authors: Jakub Prokop, Manuel Dehon, Denis Michez, Michael S. Engel
Data type: Microsoft Excel Worksheet (.xlsx)
Explanation note: Mahalanobis distances (MD) between subgeneric centroids and the 

841 specimens, and the fossils and subgeneric centroids in the Bombus s.l. dataset.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
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Abstract
Hazelnut, a very important cash crop in Turkey, is frequently colonized by bark and ambrosia beetle spe-
cies (Scolytinae). Some scolytine species may cause economic damage while other species do not; therefore, 
proper identification is important in orchard management. Extensive sampling demonstrated that the 
most common pest species in Turkey’s hazelnut orchards are Anisandrus dispar, Xylosandrus germanus, and 
Xyleborinus saxesenii. Hypothenemus eruditus can also be common, but only colonizes branches that are 
already dead. Lymantor coryli, Hypoborus ficus, Taphrorychus ramicola, and Taphrorychus hirtellus are rare 
and do not causes damage to live plants. Xyleborinus saxesenii appears to have been frequently misidenti-
fied and misreported as either L. coryli or Xyleborus xylographus. The former is rare, and the latter probably 
does not occur in Turkey. To avoid future misidentifications, a dichotomous identification key is provided 
for bark and ambrosia beetles of hazelnut orchards in Turkey.
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Introduction

Turkey is the world’s largest hazelnut producer, supplying nearly 80% of the total 
global production. The plantations in Turkey occupy nearly 690,000 ha (Anonymous 
2013), produce 430,000 – 800,000 tons/year (TUIK 2011), and generate approxi-
mately 2 billion USD (Anonymous 2016). It is one of the primary cash crops for many 
farmers, especially in the Black Sea region. Hazelnut crops are also beneficial in that 
they protect the land against erosion.

Although Turkey is the world’s primary hazelnut producer, its productivity per 
area is lower than that of hazelnut-growing Western countries. Besides agronomic rea-
sons, insect and mite pests appear to be a major impediment to efficient production. 
Hundreds of insect and mite species have been found to be pests in Turkish hazelnut 
orchards (Tuncer and Ecevit 1997), ten of which have been classified as significant 
pests in hazelnut production, including bark and ambrosia beetles.

Bark and ambrosia beetles (Coleoptera: Curculionidae: Scolytinae) are a well-known 
and diverse group of insects often capable of causing serious damage estimated in mil-
lions of US dollars (Knížek and Beaver 2007). They are also one of the major pest groups 
in Turkish hazelnut orchards (Tuncer and Ecevit 1997). Weakened hazelnut trees are fre-
quently heavily infested and eventually killed by these insects, especially in orchards along 
the Black Sea coast where drainage problems occur (Tuncer and Ecevit 1997). Other 
factors that exacerbate bark and ambrosia beetle attacks include placement of hazelnut 
orchards close to forested areas, and placement on steep slopes; neither situation is typi-
cally managed well. Until today, six bark and ambrosia beetle species were reported from 
Turkish hazelnut orchards: Anisandrus dispar (Fabricius, 1792), Hypothenemus eruditus 
(Westwood, 1834), Lymantor coryli (Perris, 1855), Xylosandrus germanus (Blandford, 
1894), Xyleborinus saxesenii (Ratzeburg, 1937) and Xyleborus xylographus (Say, 1826) (Işık 
et al. 1987; Ak et al. 2005a, b). Some of these species have also been found in hazelnut 
orchards in Italy, USA, and elsewhere (Anonymous 1935; Speranza et al. 2009). Because 
simple chemical control is not feasible due to the phenology and the cryptic nature of 
these insects (Ak et al. 2005a), it is important to develop a more sophisticated, integrated 
approach to the prevention of damage. A key step in the development of any integrated 
pest management program is accurate identification of the involved organisms.

Bark and ambrosia beetles are a diverse group of small insects with uniform mor-
phology making them notoriously difficult to identify (Wood 1982). It appears that ear-
lier reports on the identities of bark and ambrosia beetles in Turkish hazelnut orchards 
may have been erroneous. Early studies in Turkish hazelnut orchards claimed that there 
were four bark and ambrosia beetle species, A. dispar, H. eruditus, L. coryli, and X. xy-
lographus, but lacked sufficient evidence to support such claims (Işık et al. 1987). Ak 
et al. (2005a, b) reported the same four species. Neither of these studies reported X. 
saxesenii, yet photographs of alleged L. coryli damage actually resemble damage inflicted 
by X. saxesenii. Ak et al. (2010) also recorded L. coryli as a new fruit pest of Kiwi using a 
photograph to support the claim. However, the photograph was actually of X. saxesenii 
and not L.coryli. Xyleborinus saxesenii was not identified correctly in studies carried out 
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in Turkish hazelnut orchards until 2013 (Saruhan and Akyol 2013). Additionally, the 
identification of X. xylographus warrants scepticism because this species is distributed in 
the Nearctic region (Wood and Bright 1992; Knížek 2011); it is not possible to confirm 
studies (Işık et al. 1987; Ak et al. 2005) reporting occurrence of X. xylographus in Turkey, 
but it is highly probable that the specimens were misidentified X. saxesenii (Wood 1982) 
and the species does not occur in Turkey at all. Though Wood and Bright (1992) claim 
that X. saxesenii is a native species in Turkey, the lack of evidence concerning the species’ 
presence in previous studies involving hazelnut orchards strengthens the assertion that 
it was a misidentification. Ak et al. (2011) found two species, A. dispar and X. germanus, 
in kiwi orchards by ethanol trapping, establishing likely the first record of X. germanus 
in Turkey (Knížek 2011). Recently, more extensive study carried out by Tuncer et al. 
(unpublished 2012-2016) on bark and ambrosia beetles in hazelnut orchards revealed 
that A. dispar, H. eruditus, Hypoborus ficus Erichson,1836, L. coryli, Taphrorychus hirtel-
lus Eichhoff,1878, X. germanus and X. saxesenii are present.

Without experience in identification, X. saxesenii tended to be mistaken for L. cory-
li, and A. dispar (male) for X. germanus. Frequent misidentification occurred whether 
the specimen was viewed under a microscope or with the naked eye and are especially 
troublesome during field studies. Therefore, to prevent future misidentifications of 
these species and to increase the efficiency of hazelnut pest management, a simple and 
easy identification key for bark and ambrosia beetles in hazelnut orchards is needed.

Materials and methods

Examined material consisted of samples belonging to five species which were obtained 
from hazelnut orchards in the mid-Black Sea region. Specimens were collected with 
ethanol-baited traps as well as extracted from infested hazelnut trunks. Two species 
(H. ficus and T. hirtellus) were only obtained by excision directly from hazelnut wood. 
Though T. ramicola and X. xylographus were not sampled in this work, they were in-
cluded in the key due to their presence in early records. X. xylographus was provided 
by the Museum of Entomology (FSCA) at the Division of Plant Industry (DPI) of 
the Florida Department of Agriculture and Consumer Services, Gainesville, FL, USA. 
Pictures used in this paper were taken using an Olympus SZX 16 stereomicroscope 
and Olympus DP72 camera, with STREAM BASIC 1.9 software. HELICON FO-
CUS 6.2.2 and HELICON FILTER 5.4 were used to stack photos for better depth 
of field. Studies were carried out in the Forest Entomology laboratory at the School 
of Forest Resources and Conservation, University of Florida (Gainesville, FL, USA), 
Department of Plant Protection in Ondokuz Mayis University (Samsun, Turkey), and 
Department of Forest Protection Service in Forestry and Game Management Research 
Institute (Jíloviště, Czechia). The nomenclature used by Wood and Bright (1992) as 
well as later taxonomic and systematic adjustments (Hulcr et al. 2007, Knížek 2011) 
are followed in this work. The measurement parameters of the species were taken from 
Pfeffer (1995) and Wood (1982).



Celal Tuncer et al.  /  ZooKeys 710: 65–76 (2017)68

Results

A list of the bark and ambrosia beetles present in hazelnut orchards of Turkey is pro-
vided in Table 1 (in alphabetical order).

Table 1. Scolytinae species in hazelnut orchards of Turkey and their distribution in Turkey and in the 
World.

Species Distribution in Turkey World distribution

Anisandrus dispar (Fabricius, 1792)

Adana, Ankara, Artvin, Bartın, Bolu, 
Bursa, Çorum, Denizli, Duzce, Giresun, 
Gümüşhane, Hatay, İstanbul, Karabük, 
Kastamonu, Muğla, Niğde, Ordu, Rize, 
Sakarya, Samsun, Trabzon, Zonguldak, 

Western Mediterranien

Asia, Europe, Nearctic, 
Oriental

Hypoborus ficus Erichson, 1836 Adana, İstanbul, İzmir, Mersin, Sakarya Asia, Europe, North Africa

Hypothenemus eruditus (Westwood, 
1834) Aydın, Mersin, Samsun

Afrotropical, Asia, Australia, 
Europe, Nearctic, Neotropi-
cal, North Africa, Oriental

Lymantor coryli (Perris, 1855) Düzce, Samsun Asia, Europe
Taphrorychus hirtellus Eichhoff, 1878 Hatay, İstanbul, Sakarya, Sinop Asia, Europe, North Africa

Taphrorychus ramicola Reitter, 1895 Bartın, Hatay, Sakarya, Trabzon, Western 
Mediterranien, Asia, Europe

Xyleborinus saxesenii (Ratzeburg, 1937)

Amasya, Antalya, Artvin, Bolu, Düzce, 
Giresun, Hatay, Isparta, İstanbul, 

Kocaeli, Konya, Mersin, Muğla, Ordu, 
Rize, Sakarya, Samsun, Sinop, Trabzon, 

Zonguldak

Afrotropical, Asia, Australia, 
Europe, Nearctic, Neotropi-
cal, North Africa, Oriental

Xylosandrus germanus (Blandford, 1894) Duzce, Ordu, Samsun Asia, Europe, Nearctic, 
Oriental

Key to bark and ambrosia beetles from hazelnut orchards of Turkey

1 Body shortly oval, stout, length-to-width ratio of pronotum 0.6, basal margin 
of elytra procurved, elevated and armed by marginal crenulations. 1.0–1.3 
mm. ...................................... tribe Hypoborini, Hypoborus ficus (Figs 1–2)

– Body elongated, cylindrical, length-to-width ratio of pronotum 0.9–1.1, ba-
sal margin of elytra straight, transverse, unarmed ..........................................
 ...................................... tribes Cryphalini, Dryocoetini and Xyleborini...2

2 Body covered with flattened setae or erect scales, particularly the elytral de-
clivity; antennal club segments of approximately the same size, with a distinct 
partial septum (dark incision) (Fig. 5); 0.7–0.8 mm in ♂, 1.0–1.8 mm in ♀ ...
 ..................................... tribe Cryphalini, Hypothenemus eruditus (Figs 3–5)

- Body mostly shining, covered with fine setae which are not flattened, anten-
nal club rounded, the first segment much more prominent than the second 
and third, septum absent, (Figs 6–7) .. tribes Dryocoetini and Xyleborini...3
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Figures 1–2. Hypoborus ficus, adult. 1 dorsal aspect 2 lateral aspect.

Figures 3–4. Hypothenemus eruditus, adult. 3 lateral aspect 4 dorsal aspect.

Figures 5–7. Antennal club. 5 Hypothenemus eruditus 6 Lymantor coryli 7 Xylosandrus germanus.
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3 First suture on the antennal club procurved, convex, the first segment round 
(Fig. 6) ; base of pronotum (area adjacent to elytra) coarsely and densely 
punctured .................................................................... tribe Dryocoetini...4

– First suture on the antennal club recurved, concave, the first segment sickle-
shaped (Fig. 7). Basal part of pronotum only finely and sparsely punctured, 
shining or reticulated ......................................................tribe Xyleborini...6

4 Pronotum oval from dorsal view, convex with no distinct summit from lat-
eral view, approximately first third asperate, posterior two thirds punctate, 
smooth and shining in between the punctures, hair-like setae missing in ely-
tral and declivital disc, restricted only along the suture and lateral parts on 
elytral declivity. 1.6–2.2 mm .............................. Lymantor coryli (Figs 8–9)

– Pronotum cylindrical from dorsal view and with an indicated summit from 
lateral view, first half asperate, posterior half punctate, smooth and sha-
greened, semi-shining in-between the punctures, elytral vestiture occurring 
on the whole surface of elytral disc and declivity ................Taphrorychus...5

Figures 8–9. Lymantor coryli, adult. 8 dorsal aspect 9 lateral aspect.

5 Pronotum convex with no distinct summit from lateral view; elytra shining, 
with clearly visible slightly impressed punctured striae. 1.2–2.0 mm .............
 ...........................................................Taphrorychus ramicola (Figs 10–11)

– Pronotum clearly marked by summit in the middle from lateral view; elytra 
matt, without punctured impressed striae. 1.6–1.8 mm ................................
 ............................................................Taphrorychus hirtellus (Figs 12–13)

Figures 10–11. Taphrorychus ramicola, adult. 10 dorsal aspect 11 lateral aspect.
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6 Robust; black or very dark brown when mature; the anterior margin of pro-
notum with a row of flat teeth (serrations) ..................................................7

– Slender; orange to brown, if dark brown then elytra darker than pronotum; 
the anterior margin of pronotum without elevated teeth (only with asperities 
appressed to the surface); ............................................................................8

7 Procoxae widely separated, the gap wider than antennal scapus (the first long 
segment) (Fig. 14); surface of the pronotal base shining (Fig. 15). 1.0–1.8 
mm in ♂, 2.0–2.3 mm in ♀ ................Xylosandrus germanus (Figs 14–17)

– Procoxae only narrowly separated (Fig. 18); the gap not wider than scapus; 
surface of the pronotal base dull, reticulated, not shining (Fig. 19). 1.8–2.1 
mm in ♂, 3.2–3.6 mm in ♀ .......................Anisandrus dispar (Figs 18–21)

Figures 12–13. Taphrorychus hirtellus, adult. 12 dorsal aspect 13 lateral aspect.

Figures 14–17. Xylosandrus germanus. 14 female separation of procoxa 15 female, lateral aspect 16 female, 
dorsal aspect 17 male, lateral aspect.
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Figures 18–21. Anisandrus dispar. 18 female, separation of procoxae 19 female, dorsal aspect 20 female, 
lateral aspect 21 male, lateral aspect.

8 Scutellum small, conical (“knob-like”), nearly concealed by a tuft of setae 
(Fig. 22); elytral declivity surrounded by small sharp denticles, but striae 1, 2, 
and 3 (spaces between rows of punctures) on the declivity without any denticles. 
1.6–1.8 mm in ♂, 2.0–2.4 mm in ♀ ........... Xyleborinus saxesenii (Figs 22–25)

– Scutellum triangular, flush with surface of elytra, easily visible; all striae on 
elytral declivity with uniform small dull granules in all striae, 1.9 mm in ♂, 
2.3–2.7 mm in ♀ ................................. Xyleborus xylographus (Figs 26–27)
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Discussion

The sampling revealed that A. dispar, X. saxesenii, X. germanus, and H. eruditus are 
common in hazelnut plantations. In addition, a few specimens of L. coryli, T. hirtel-
lus, and H. ficus were collected by examining the hazelnut tree trunks. It therefore 
appears that A. dispar, H. eruditus, X. germanus, and X. saxesenii are regularly found 
in hazelnut orchards, while T. hirtellus and L. coryli are not very common. Hypoborus 
ficus is a common species on fig trees in Turkey (Selmi 1998), and thus was probably 

Figures 22–25. Xyleborinus saxesenii. 22 female, scutellum 23 female, dorsal aspect 24 female, lateral 
aspect 25 male, lateral aspect.

Figures 26–27. Xyleborus xylographus, female. 23 dorsal aspect 24 lateral aspect.
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an unusual occurrence in hazelnut. The reports of X. xylographus appear to be the 
result of repeated misidentification (Selmi 1998). We hope this identification key 
will help prevent future misidentifications of bark and ambrosia beetles in hazelnut 
and other orchards.

It is worth noting that several species treated here [A. dispar, X. germanus (Ak et al. 
2011), and X. saxesenii (Ak et al. 2010)] were also recorded as pests in kiwi orchards, 
which are grown in the same region of Turkey as hazelnut. Hence, this identification 
key will also help with studies on kiwi insects.

Additional species are likely to be found on hazelnut in Turkey in the future. One 
reason is that bark beetle surveys in the country have by no means been comprehen-
sive, and many areas remain to be explored. For example, Scolytus carpini (Ratzeburg, 
1837) and Dryocoetes alni (Georg, 1856) were both reported as pests on hazelnut in 
western Russia and may also occur in Turkey (Mandelshtam and Nikitsky 2015, Po-
merantzev 1903). Taphrorychus villifrons (Dufour, 1843) is common in the Black Sea 
coastal region and is polyphagous in broad-leaved trees (Mandelshtam and Nikisky 
2015). Another reason is that several exotic species have established in the region re-
cently and may spread to Turkey. These include Xyleborinus attenuatus (Blandford, 
1894), a polyphagous ambrosia beetle now common throughout Europe, and Scoly-
toplatypus tycon Blandford, 1893, introduced to Caucasus (Zamotajlov and Nikitsky 
2010). Neither of these species was reported from hazelnuts in Turkey yet, but identi-
fiers and pest managers should be aware of the possibility of their presence.
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Abstract
Here, a detailed description of the forelimbs and hindlimbs of all living species of the genus Tympa-
noctomys are presented. These rodents, highly adapted to desert environments, are semi-fossorial with 
capacity to move on the surface as well as to build burrows. The shape, structure, and size of the limbs are 
described. Contrary to what was expected for scratch digging semi-fossorial species, Tympanoctomys have 
slender humerus, radius and ulna; with narrow epicondyles of the humerus and short olecranon of the 
ulna with poorly developed processes. Following our descriptions, no intrageneric morphological varia-
tion regarding to the configuration of the limbs was detected, probably due to phylogenetic proximity, and 
not related to specific variations in response to different use of substrates or habits. The obtained results 
constitute a source of previously unpublished information as well as an important base for future analysis 
in different studies, such as morphometric, morpho-functional, or phylogenetic researches.
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Introduction

Tympanoctomys is member of a clade of the family Octodontidae, restricted to Argen-
tina (Reig 1989; Ojeda et al. 2013; Díaz et al. 2015). Octodontid rodents are highly 
diverse in eco-morphological aspects, including six genera with terrestrial, semi-fos-
sorial, fossorial and subterranean forms (Ojeda et al. 2013; Verzi et al. 2015). Due to 
their broad ecological and geographical diversity at both sides of the Andean mountain 
range, these rodents represent a very interesting group in biogeographical and evolu-
tionary aspects (Lessa et al. 2008; Ojeda 2010; Ojeda et al. 2013).

It was estimated that Tympanoctomys diverged about six million years ago (Gallardo 
and Kirsch 2001) in coincidence with the origin of deserts at Late Miocene (Gallardo 
et al. 2006); but other authors mentioned different times of divergence from 2.5 to 
6.5 million years (see Upham and Patterson 2012; Gallardo et al. 2013; Upham and 
Patterson 2015; Verzi et al. 2016; Suárez-Villota et al. 2016; Álvarez et al. 2017). This 
genus is one of the few mammals (all rodents) most highly adapted to desert environ-
ments (Mares 1975, 1993; Bozinovic and Contreras 1990; Ojeda et al. 1996; Mares et 
al. 2000; Honeycutt et al. 2003). Tympanoctomys is a polytypic genus containing four 
living species: T. aureus, T. barrerae, T. kirchnerorum, and T. loschalchalerosorum, of 
which two species were originally described as separate genera (Pipanacoctomys aureus 
and Salinoctomys loschalchalerosorum) and T. kirchnerorum was recently described from 
the central Patagonia of Argentina (see Díaz et al. 2000; Barquez et al. 2002; Díaz 
and Verzi 2006; Gallardo et al. 2004, 2013, 2009; Teta et al. 2014; Díaz et al. 2015). 
Recently Suárez-Villota et al. (2016) tested the monophyly of these species through a 
molecular phylogenetic, and the analysis supported the notion that Salinoctomys and 
Pipanacoctomys are not distinct from Tympanoctomys. These results are in accordance 
with previous morphological and molecular researches where Pipanacoctomys is placed 
external to Tympanoctomys-Salinoctomys (Barquez et al. 2002; Upham and Patterson 
2015, 2016).

Tympanoctomys is a small- sized octodontid, with body mass ranging from 67–104 
g, head and body length from 130–170 mm (Mares et al. 2000; Teta et al. 2014); T. 
aureus is the largest species in the genus, with head and body length mean of 170 mm, 
T. barrerae is a middle size, with head and body length mean of 145 mm, only slightly 
larger than T. loschalchalerosorum (144–156 mm), and finally, T. kirchnerorum is the 
smallest, with head and body length mean of 129.4 mm (Verzi et al. 2015). They are 
endemic to arid regions of central and western Argentina, within the Monte, Chaco, 
and Patagonian Desert biomes, inhabiting salt basins, sand dunes, and open scrub-
land in Catamarca, Chubut, La Rioja, Mendoza, San Juan, La Pampa, and Neuquén 
provinces (see Verzi et al. 2015). Ecological aspects of the species are poorly known, T. 
barrerae being the best studied. The colonization success and expanded range of T. bar-
rerae has been suggested to be the result of a set of behavioral, ecomorphological, and 
physiological features that allows better utilization of salt basin, open xeric habitats, 
and hypersaline food resources (Mares et al. 1997; Ojeda et al. 1999; Gallardo et al. 
2007; Ojeda et al. 2013).
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Members of the genus Tympanoctomys have the capability to move on the surface 
as well as to build complex burrows (Ojeda et al. 2013; Teta et al. 2014; Díaz et al. 
2015), a feature that distinguishes the semi-fossorial forms (Eisenberg 1981). According 
to Lessa et al. (2008), this digging ability is not reflected in substantial changes in the 
locomotor system of subterranean octodontids, strongly suggesting that during the early 
evolution of these rodents, behavioral events have preceded and probably promoted 
subsequent morphological changes. In addition, among fossorial rodents two burrow 
strategies have been developed: with the incisors (chisel-tooth digging) or with the fore-
limbs (scratch-digging), while they can use both types or only one of them. The cranio-
dental morphology of Tympanoctomys is not similar to that of those corresponding to 
chisel-tooth digging as the case of Spalacopus, subterranean octodontid (Vassallo and 
Verzi 2001; Bacigalupe et al. 2002; Verzi 2002; Olivares et al. 2004; Lessa et al. 2008; 
Becerra et al. 2012). Based on this idea, some authors have analyzed skeletal features in 
few related genera and members of the family, but including only one species of Tympa-
noctomys (T. barrerae), proposing novel functional inferences (Morgan and Verzi 2006; 
Lessa et al. 2008; Morgan 2009; Morgan and Verzi 2011; Morgan and Álvarez 2013).

However, studies of postcranial anatomy of this genus are insufficient. The objec-
tive of our research was to describe in detail the morphology of the forelimbs and 
hindlimbs of all species of the genus Tympanoctomys, mainly analyzing shape and size 
of some elements. Expecting to generate new data set that allow infer correlation be-
tween postcranial morphology and digging strategy.

Materials and methods

Sixty specimens of all the living species of the genus Tympanoctomys were examined: 
Tympanoctomys aureus (22), Tympanoctomys barrerae (35), Tympanoctomys kirchnero-
rum (2), and Tympanoctomys loschalchalerosorum (1). All with complete postcranial 
skeletons deposited in three argentine collections, CML (Colección Mamíferos Lillo; 
Universidad Nacional de Tucumán, Tucumán), CNP (Colección de Mamíferos “Elio 
Massoia”, Centro Nacional Patagónico, Puerto Madryn, Chubut), and CMI (Colec-
ción de Mamíferos IADIZA, Mendoza). Also, four individuals of Ctenomys opimus 
were measured for comparisons with the species of Tympanoctomys. The specific locali-
ties and collection numbers of specimens are given in Appendix I.

The morphology of elements of the stylopodium and zeugopodium, excluding the 
autopodial elements, of the limbs was described considering form, size, and orienta-
tion. For a more comprehensive description, it was divided into A) forelimb: humerus, 
radius, and ulna; and B) hindlimb: femur, tibia, and fibula. The nomenclature for the 
anatomical description follows that of previous studies on different groups of mam-
mals (Evans 1993; Argot 2001, 2002, 2003; Sargis 2001, 2002a, b; Horovitz and 
Sánchez-Villagra 2003; Bezuidenhout and Evans 2005; Selthofer et al. 2006; Flores 
and Díaz 2009; Morgan and Verzi 2011). The anterior and posterior autopodium are 
not included because they are not complete or conserved in most analyzed specimens.
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Based on the previous researches by Biknevicius (1993), Elissamburu and Vizcaí-
no (2004), Morgan and Verzi (2006), and Hopkins and Samuels (2009), eight meas-
urements of the humerus, ulna, and femur (Fig. 1) corresponding to diameters and 
functional lengths (length among articular surfaces) of the bones and muscular inser-
tion sites, were taken with digital calipers to the nearest 0.01 mm. Five indexes with 
functional significance, calculated from linear measurements were selected, based on 
a qualitative assessment and previous proposals (Bicknevicius et al. 1993; Fernández 
et  al. 2000; Elissamburu and Vizcaíno 2004; Morgan and Verzi 2006). These in-
dexes are: 1) Shoulder moment index (SMI): dlh/hl × 100, where dlh is the deltoid 
length of the humerus and hl is the functional length of the humerus; this index is 
an indication of the mechanical advantage of the deltoid and major pectoral muscles 
acting across the shoulder joint; 2) Epicondyle index (EI): deh/hl × 100, where deh 
is the epicondylar width of the humerus; this index is considered a good indicator of 
fossoriality; 3) Humeral robustness index (HWL): apdh/hl × 100, where apdh is the 
anteroposterior diameter of the humerus; it is a good indicator of general resistance 
of the bone; 4) Index of fossorial ability (IFA): ol/(ful-ol) × 100, ol is the length of 
the olecranon process and ful is the functional ulna length; this index gives a measure 
of the mechanical advantage of the triceps and dorsoepitrochlearis muscles in elbow 
extension, it is also a good indicator of fossoriality; 5) Femur robustness index (FRI): 
tdf/fl × 100, where tdf is the transverse diameter of the femur; this index gives an idea 
of capacity for supporting body mass and to withstand the vertical forces associated 
with speed increase.

Figure 1. Measurements of the long bones. apdh, anteroposterior diameter of the humerus; deh, di-
ameter of the epicondyles; dlh, deltoid length of the humerus; fl, functional femur length; hl, functional 
humerus length; ful, functional ulna length; ol, length of the olecranon process; tdf, transverse diameter 
of the femur.
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Results

Description

Humerus. The diaphysis is robust with a cross-section angled in T. loschalchalerosorum 
and more cylindrical in the other species (Fig. 2). In all species of Tympanoctomys, the 
head is oval, elongated in the sagittal plane, and becomes narrower distally with a pos-
terior extension forming a “peak” (Fig. 2). In T. loschalchalerosorum and T. barrerae, the 
greater and lesser tubercles are separated by a deep and narrow bicipital groove, which 
is shallower and broader in T. aureus and T. kirchnerorum. The greater tubercle is oval, 
has an irregular surface, posteriorly extended, and can be observed in caudal view, with a 
marked humeral lateral tuberosity. The lesser tubercle is oval and more extended toward 
the proximo-medial portion in T. loschalchalerosorum; furthermore, it is more developed 
in T. kirchnerorum than in the other species, and medially projected. In all analyzed spe-
cies, the tubercles do not surpass the height of the humeral head (Fig. 2). In T. loschal-
chalerosorum and T. barrerae, a small foramen is located between the two tubercles.

The deltoid crest is located, in all species, in the proximal half portion of the dia-
physis, it is well developed and greatly expanded laterally in T. loschalchalerosorum and 
T. barrerae, and ends as a pointed tip; whereas in T. aureus the distal tip is rounded and 
slightly extends laterally, it is more cranially oriented, similar to T. kirchnerorum. In the 
distal epiphysis, the capitulum is flattened, expanded, and separated from the trochlea 
by a well-marked groove. The trochlea is broader than the capitulum, is pulley-shaped, 
and its orientation with respect to the longitudinal axis of the humerus is straight in T. 
barrerae and oblique in the other species. The lateral epicondylar crest is well developed 
in T. loschalchalerosorum (Fig. 2C) in comparison to the other species, whereas the me-
dial epicondyle is equal in size in all species. The supratrochlear foramen is observed in 
all specimens of all species analyzed (the greatest development was observed in T. au-
reus), except in specimens of T. barrerae in which it can be present or absent; when the 
foramen was completely ossified it was considered as absent. In T. loschalchalerosorum 
and T. kirchnerorum, the radial and olecranon fossa are shallow, whereas in T. aureus 
the radial fossa, and in T. barrerae the olecranon fossa, are the deepest. In all species 
analyzed, the entepicondylar foramen is absent and a notch on the articular surface 
with the radius is observed.

Radius and ulna. In T. loschalchalerosorum, T. barrerae, and T. kirchnerorum the 
diaphysis of the radius is somewhat cylindrical, with a flat side on the contact surface 
with the ulna, whereas in T. aureus it is more compressed (Figs 3, 4). In the proximal 
epiphysis, the central fossa of the radius is oval and concave in all species. The anterior 
edge of the proximal epiphysis (opposed surface to the articulation with the ulna) has a 
notch (Fig. 3) clearly evident in T. loschalchalerosorum and T. kirchnerorum, less evident 
in T. aureus, and almost imperceptible in T. barrerae. The articular fovea is well-marked 
and oval in all species, with a less concave surface in T. aureus and T. barrerae. The neck 
is well marked, more evident in T. kirchnerorum. The radial tuberosity is well developed 
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Figure 2. Left humerus, proximal, anterior, posterior, and distal views. A Tympanoctomys aureus B Tym-
panoctomys barrerae C Tympanoctomys kirchnerorum D Tympanoctomys loschalchalerosorum. bg, bicipital 
groove; dc, deltoid crest; gt, greater tuberosity; hh, humeral head; le, lateral epicondyle; lec, lateral epicon-
dylar crest; lt, lesser tuberosity; me, medial epicondyle; sf, supratrochlear foramen. Scale bars 5 mm for all 
views except distal view where the scale bars are 1 mm.
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Figure 3. Cranial and proximal views of the proximal portion of the right radio. A Tympanoctomys aureus 
B Tympanoctomys barrerae C Tympanoctomys kirchnerorum D Tympanoctomys loschalchalerosorum. cf, central 
fossa; h, head; n, notch. Scale bars 1mm.
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Figure 4. Right ulna, proximal portion in cranial and distal views of radio and ulna. A Tympanoctomys 
aureus B Tympanoctomys barrerae C Tympanoctomys kirchnerorum D Tympanoctomys loschalchalerosorum. 
lcp, lateral coronoid process; mcp, medial coronoid process; ol, olecranon; r, radio distal surface; rn, radial 
notch; ul, ulnar distal surface; ulptc, ulnar lateral proximal trochlear crest; umptc, ulnar medial proximal 
trochlear crest. Scale bars 1 mm.
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in all species except in T. barrerae. The proximal portion of the diaphysis is slightly 
curved cranially, and the posterior proximal border is straight.

In the ulna (Fig. 4), the olecranon is short, more robust in T. loschalchalerosorum 
(Fig. 4D) and thinner in T. kirchnerorum (Fig. 4C) than in the other species. The an-
coneal process is poorly developed and defined by two small crests: the ulnar lateral 
proximal trochlear crest (ulptc) and the ulnar medial proximal trochlear crest (umptc). 
The umptc varies among specimens of T. aureus; in the holotype (CML 6137) is simi-
lar to the other three species where the angle is not greater than 30°, while in the para-
type (CML 4137) and other examined specimens from the CMI, this crest is markedly 
oblique at an angle of 45° with respect the body axis of the ulna. The trochlear notch 
is relatively open. The lateral coronoid process is well developed in T. barrerae and the 
holotype of T. aureus, less developed in T. loschalchalerosorum and T. kirchnerorum, and 
tiny in the paratypes and other specimens examined of T. aureus. The medial coronoid 
process protrudes anteriorly and is less developed in some specimens of T. aureus. The 
radial notch is wide and concave in all species; in T. loschalchalerosorum and T. barrerae 
is rounded and oblique, in T. aureus it is less oblique and in T. kirchnerorum it is almost 
horizontal (Fig. 4). The lateral fossa is deep in all species.

The distal epiphysis of the radius and ulna are here described for only two species 
(T. aureus and T. barrerae), because in other species these structures were broken and 
missing in the specimens examined. The medial styloid process of the radius is poorly 
developed in both species; the carpal surface is more concave and triangular in T. barre-
rae, whereas it is crescent-shaped in T. aureus. The medial styloid process of the ulna is 
well developed in both species, being proportionally longer in T. barrerae, and rounder 
in T. aureus (Fig. 4)

Femur. The femur is robust with a straight and cylindrical diaphysis. In the proxi-
mal epiphysis, the femoral head is spherical and dorso-medially oriented with a short 
neck (Fig. 5). The greater and lesser trochanters are well developed; the greater tro-
chanter slightly extends dorsally above the head. The lesser trochanter is postero-me-
dially oriented. The third trochanter is poorly developed in T. loschalchalerosorum, T. 
barrerae, and T. kirchnerorum, and more developed in T. aureus. In T. loschalchaleroso-
rum the third trochanter lies in the middle of the diaphysis, whereas in T. barrerae, T. 
aureus, and T. kirchnerorum it is more proximally located. The trochanteric fossa is well 
developed in all species, but is deeper in T. aureus.

In the distal epiphysis, the lateral condyle is slightly wider than the medial condyle, 
which is more distally projected. The intercondylar fossa is narrow and deep, being 
shallower in T. aureus and T. barrerae than the other two species. The patellar groove is 
narrow and bordered by two parallel ridges.

Tibia and fibula. In the analyzed specimens of T. loschalchalerosorum and T. kirch-
nerorum, the tibias were broken and distal epiphyses were missing, so that many of the 
characters could not be described (Figs 6, 7). In T. aureus and T. barrerae, the tibia is 
approximately 25% longer than the femur. The lateral and medial condyles are oval; in 
T. loschalchalerosorum, they are sub-equal in size (Fig. 7D), whereas in the other species 
the lateral condyle is slightly larger than the medial condyle. In T. loschalchalerosorum, 
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Figure 5. Right femur, anterior, posterior, and distal views. A Tympanoctomys aureus B Tympanocto-
mys barrerae C Tympanoctomys kirchnerorum D Tympanoctomys loschalchalerosorum. fh, femoral head; 
gt, greater trochanter; if, intercondylar fossa; lc, lateral condyle; lt, lesser trochanter; mc, medial condyle; 
pg, patellar groove; tt, third trochanter. Scale bars 5 mm for all views except distal view where the scale 
bars are 1 mm.



Morphology of the limbs in the semi-fossorial desert rodent species of Tympanoctomys... 87

the two condyles are slightly concave, and tend to be flattened; in T. barrerae and T. 
kirchnerorum the lateral condyle is slightly more concave than the medial, and in T. 
aureus the medial condyle is flatter than the lateral (Fig. 7). The lateral condyle is some-
what higher than the medial and has a caudal projection. In T. loschalchalerosorum and 
T. barrerae, the intercondylar area is narrow and concave with an evident groove; this 
intercondylar area is caudally wider in T. aureus, and wider and deeper in T. kirchnero-
rum. The popliteal notch is narrow with a well-marked fossa in T. loschalchalerosorum 
and T. barrerae, broad and shallower in T. aureus, and narrow and deeper in T. kirch-
nerorum. The tibial tuberosity is developed and anteriorly projected below the condyles. 
In T. loschalchalerosorum, the tibial crest is more strongly developed and antero-medially 
extended, than in the other species, and in T. barrerae the crest is located slightly closer 
to the proximal tip. A caudal crest, observed between the condyles and the popliteal 
notch, is well developed in T. loschalchalerosorum, less developed in T. barrerae and T. 
kirchnerorum, and absent in T. aureus.

In T. aureus, the two foveae on the distal epiphysis are oval, and the medial fovea 
is narrower and more concave than the lateral one (Fig. 6A). In T. barrerae (Fig. 6B), 

Figure 6. Caudal and distal views of the right tibia and fibula. A Tympanoctomys aureus B Tympanocto-
mys barrerae C Tympanoctomys kirchnerorum D Tympanoctomys loschalchalerosorum. Fi, fibula; lc, lateral 
condyle; mc, medial condyle; mm, medial malleolus; n, notch; pp, posterior process; Ti, tibia. Scale bars 
5 mm for all views except distal view where the scale bars are 1 mm.
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Figure 7. Proximal view of the tibia. A Tympanoctomys aureus B Tympanoctomys barrerae C Tympanoc-
tomys kirchnerorum D Tympanoctomys loschalchalerosorum. a, intercondylar area; lc, lateral condyle; mc, 
medial condyle; tt, tibial tuberosity. Scale bars 5mm.

these foveae are more rounded and the medial is also deeper than the lateral, but not as 
much as in T. aureus. The ridge that divides the two foveae is well developed in T. au-
reus and less developed in T. barrerae. The medial malleolus is sub-quadrangular, short, 
and transversally wide in T. barrerae and slightly longer and sub-triangular in T. aureus. 
Distal edge of medial malleolus is more pointed in T. barrerae than T. aureus. In both 
species, the posterior process and the groove for tendon of flexor digitorum tibialis are 
evident; the posterior edge of the process is concave, but in T. barrerae a marked notch 
is observed (Fig. 6A, B).

The fibula (Fig. 6) shows the distal portion cylindrical and the proximal portion 
compressed. The head is fan-shaped. In the proximal union with the tibia, a well-
developed foramen is observed. The lateral fibular malleolus is more rounded in T. 
barrerae than in the other species, whereas it is slightly elongated with an irregular 
surface in T. aureus.

Indexes. For each species, the results are indicated in Table 1. In the humerus, 
the averages for the genus are: SMI=42.65, EI=21.6, and HWL=8.76. Tympanoctomys 
aureus shows the highest values of SMI, HWL, and EI. Tympanoctomys kirchnerorum 
has the lowest SMI while T. loschalchalerosorum has the lowest HWL. For the ulna, 
IFA average is 11.56, values are the highest in T. aureus, followed by T. barrerae, T. 
kirchnerorum and T. loschalchalerosorum with the lowest. Finally, in the femur, for FRI 
the average is 10.03, with the lowest value in T. kirchnerorum and the highest in T. 
loschalchalerosorum. Additionally, these indexes were also calculated for C. opimus for 
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Table 1. Mean, standard deviation, and number of specimens in brackets are indicated for each index 
and species.

T. aureus T. barrerae T. kirchnerorum T. loschalchalerosorum Ct. opimus

SMI
44.43
1.76
(21)

42.96
2.05
(30)

41.44
1.52
(2)

41.77
-

(1)

51.45
2.55
(4)

HWL
9.46
0.73
(21)

9.04
0.57
(30)

8.71
0.12
(2)

7.86
-

(1)

11.1
0.62
(4)

EI
22.54
0.9
(21)

21
1.3
(30)

21.55
0.58
(2)

21.28
-

(1)

30
0.8
(4)

IFA
15.71
3.2
(2)

13.02
1

(4)

9.02
0.02
(2)

8.51
-

(1)

20
0.5
(3)

FRI
9.66
0.55
(7)

9.65
0.53
(28)

9.18
0.66
(2)

11.41
-

(1)

10.27
0.8
(4)

comparisons with the semifossorial Tympanoctomys, and although it has the highest 
values in most of the indexes, it is worth noting the value of the epicondylar develop-
ment (EI) of the humerus as well as the fossorial ability (IFA). This analysis is prelimi-
nary and aims to help in the description and comparison among species.

Discussion

Generally, most studies have been limited to one species of Tympanoctomys (T. barrerae) 
therefore there is almost no information about morphological change within species. 
This study provides a detailed description of the postcranial elements of the limbs of all 
species of the genus Tympanoctomys including the holotype of T. loschalchalerosorum, 
one of the only two known specimens of this species in the world, and the recently 
described T. kirchnerorum. As taxonomists know, using descriptions based on a single 
specimen is not the best protocol; nevertheless, it is useful in phylogenetic reconstruc-
tions. Because this unique material is not available in systematic collections and the 
animals are very rare in natural environments, the descriptions presented here repre-
sent the first qualitative approach for the species of the genus Tympanoctomys and for 
the genus as such. The information here would be useful for future comparisons with 
the rest of the octodontids.

The morphological differences among the species of the genus are still under revi-
sion. Therefore, here is the importance of including new evidence, such as postcranial 
characters in phylogenetic analysis. Mares et al. (2000), based on external and cranial 
morphology, suggested a greater affinity between T. loschalchalerosorum and T. aureus. 
However, when a fourth species (T. kirchnerorum) was included in the analysis, that 



M. Julieta Pérez et al.  /  ZooKeys 710: 77–96 (2017)90

was not previously considered, it might be expected that the relationship among species 
would be affected. These results show that T. loschalchalerosorum shares more attributes 
(e.g. bicipital groove of the humerus, intercondylar area, and popliteal notch of the 
tibia) with T. barrerae than with the other species. Furthermore, considering the re-
mainder of the postcranial elements, T. aureus shows more affinity with T. kirchnerorum 
than with the other species (data unpublished and under analysis data from Pérez 2013).

On the other hand, the postcranial elements of the forelimbs and hind limbs of 
the four species of the genus show an anatomical plan related to the mode of terrestrial 
life, consistent with what was observed in other rodents and marsupials, for example 
the posterior extension of the humeral head forming a “peak”, the tubercles not sur-
passing the head, the separation between the trochlea and the capitulum, the flat or 
just concave articular surface of the radial notch in the ulna, the diaphysis of the radio 
curved, the extension of the greater trochanter above the femoral head, the posterior 
or posteromedial position of the third trochanter, and the asymmetry between the 
lateral and medial condyles, with the lateral wider (Hatt 1932; Sargis 2002a, b; Argot 
2003; Candela and Picasso 2008; Flores and Díaz 2009; Olivares 2009; Carrizo and 
Díaz 2011). However, because the genus Tympanoctomys is semi-fossorial and scratch 
digging, characteristics in their long bones were expected which reflected their digging 
habit (Elissamburu and Vizcaíno 2004; Morgan and Verzi 2006; Samuels and Van 
Valkenburgh 2008, 2009; Salton and Sargis 2008; Hopkins and Davis 2009). Previous 
studies (e.g. Morgan and Verzi 2006; Lessa et al. 2008) indicate that Tympanoctomys as 
well as Octodon and Aconaemys are capable of building complex burrows, consisting in 
oblique tunnels that connect the surface with their nests, including several bifurcations 
and openings, but in T. aureus the tunnels are nearly parallel to the ground surface 
(M.M. Díaz and R.M. Barquez personal observations). Contrary to what were ex-
pected in semi-fossorial species, these rodents have slender humerus, radius and ulna; 
narrow epicondyles of the humerus and short olecranon of the ulna with poorly devel-
oped processes.

Almost all indexes analyzed in Tympanoctomys have values below those calculated 
in Ctenomys, except for the robustness of the femur where T. loschalchalerosorum shows 
a higher value. Moreover, the results for SMI, HWL, EI and IFA in T. aureus has higher 
values among Tympanoctomys. These scores and a lowest value for the robustness of 
the femur can be related with allometric changes in T. aureus, the largest species of 
the genus. Elissamburu and Vizcaíno, (2004) and Elissamburu and De Santis (2011) 
analyzed the morphometric variation in other caviomorph rodents to evaluate the fos-
sorial forms in a functional context. Comparing our results, the loadings of the indexes 
in Tympanoctomys are more related to cursorial forms or occasional diggers, like Doli-
chotis or Microcavia. Although our analysis is preliminary and serves to quantify what 
is qualitatively described; in the future deeper studies will be performed including all 
octodontid taxa.

Lessa et al. (2008), who analyzed and compared certain muscle-skeletal character-
istics of Octodontidae, concluded that neither Octomys nor Tympanoctomys (including 
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only T. barrerae) shows great skeletal adaptations related with digging capacity. The 
octodontid and ctenomyid rodents, two closely related families, are included within 
the five extant families of rodents (Geomyidae, Ctenomyidae, Octodontidae, Bathy-
ergidae, and Muridae, including Spalacinae and Rhizomyinae) in which the fossorial 
and subterranean habits have evolved independently, as a further specialization in 
close association with the emergence of open environments during mid to late Ce-
nozoic (Lessa et al. 2008). This is especially interesting and encourages the develop-
ment of studies to learn more the about behavioral and structural adaptations in these 
families of rodents. Some authors (Elissamburu and Vizcaíno 2004; Morgan and Verzi 
2006; Elissamburu and De Santis 2011; Morgan and Álvarez 2013) have studied the 
adaptations of the forelimbs and hindlimbs, especially the digging capacity of Cteno-
mys, and concluded that the greater development of the medial epicondyle could be an 
early specialization and one of the main characters by which to recognize the digging 
fossorial forms. In Tympanoctomys, this feature is not observed; it can be related to the 
fact that this genus occurs in sandy soils then strong modifications of the limbs are 
not necessary.

Although these results are preliminary, data obtained in this study are consistent 
with observations made by other authors for other members of the family Octodonti-
dae, and provide information for species that are poorly known or recently described. 
The family Octodontidae is highly specialized and adapted to living in desert habi-
tats with a wide range of habits in just a few genera, so it is expected that the limbs 
have modified structures for that purpose. According to our descriptions, there are not 
too many intrageneric morphological variations regarding to the configuration of the 
limbs, probably due to phylogenetic proximity, and not related to specific variations in 
response to different use of substrates or habits. With regard to ecological aspects, just 
one species (T. barrerae) is well known about their burrow system, which is considered 
as an intermediate level of complexity compared with Ctenomys (see Lessa et al. 2008), 
and something similar was observed by two of the authors (RMB and MMD) in T. 
aureus; nothing is known for the other two species.

Some authors (Upham and Patterson 2012, 2015; Suárez-Villota et al. 2016), 
through molecular studies, suggested to maintain the four species under the same ge-
nus. But Suárez-Villota et al. (2016), in their analysis, do not recognize T. loschalchale-
rosorum as a valid taxon but included within the diversity of T. barrerae. As mentioned 
above, T. loschalchalerosorum and T. barrerae share several characteristics, but also simi-
larities are observed between T. aureus and T. kirchnerorum (e.g, shape and orienta-
tion of the deltoid crest in the humerus) and T. aureus and T. barrerae (e.g. depth of 
intercondylar fossa of the femur). We are currently studying the rest of the postcranial 
morphology in Tympanoctomys like in the other members of the family Octodontidae, 
in order to understand their evolution in relation to the huge eco-morphological di-
versity and their origin and time of diversification. Following these proposal, it would 
be interesting to include information of postcranial morphology as new evidence in 
comprehensive phylogenetic analysis with all the octodontid members.
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Appendix

List of specimens analyzed detailing the number of individuals by species in brackets, 
collection localities, type specimens, and collection numbers are indicated. See materials 
and methods by collections acronyms.

Ctenomys opimus (4): Jujuy Province, Susques Department: Borde de Ecalón, 31 km al 
SO de Susques, por ruta 52 y 1 km SE de ruta, 1 (CML 9353). Salta Province, Los 
Andes Department: Vega Cortadera 1 km W de ruta 53, 3910 m, 2 (CML 7243, 
7244); 36 km N San Antonio de Los Cobres, 11,600 ft., 1 (CML 8438).

Tympanoctomys aureus (22): Catamarca Province, Pomán Department: Salar de Pipa-
naco, 10 km de Pío Brizuela (Est. Río Blanco), km 96 sobre R46, 35 km S de 
Andalgalá, 3 (CMI 6565, 6818, 6888); en los bordes del Salar Pipanaco, 3 (CMI 
6562, 6563, 6564); 5 km del puesto de Pío Brizuela, entrada km 96 sobre R46, 2 
(CMI 7188, 7189); a 13 km de la entrada Establecimiento Río Blanco, 4 (CMI 
6558, 6559, 6560, 6561); Establecimiento Río Blanco, 28 km S, 9.3 km W An-
dalgalá, 4 (CML 6137, holotype; 4136, 4137, paratypes; 10110); Pipanaco, Salar 
Pipanaco, 6 (CMI 6846, 6848, 6849, 6850, 6851, 6856).

Tympanoctomys barrerae (35): La Pampa Province, Limay Mahuida Department: Gran 
salitral, 6 (CMI 6877, 6878, 6879, 6880, 6882, 6883). Mendoza Province, La 
Paz Department: 27 km N Desaguadero, 556 m app, 2(CMI 4485, CML 3438), 
Desaguadero, El Tapón 37 km, 1 (CMI 3314); Lavalle Department: 34 km al N de 
Desagüadero camino a Arroyito, 1 (CML 10111); Malargüe Department, 6(CMI 
7263, 7264, 7266, 7267, 7268, 7269), a 8.5 km camino a Llancanelo, 1(CMI 
7098), Camino Llancanelo 7(CMI 7270, 7271, 7272, 7273, 7274, 7275, 7276), 
Laguna Llancanelo, 2(CMI 7248, 7250); San Rafael Department: 10 km S El 
Nihuil 2 (CMI 3845, 3846), El Nihuil, 2 (CMI 6290, 6291). San Juan Province, 
Valle Fértil Department: Parque Provincial Ischigualasto, 4 (CMI 6842, 6843, 
6853, 6889). San Luis Province, 1 (CMI 3821).

Tympanoctomys loschalchalerosorum (1): La Rioja Province, Chamical Department: 26 
km SW Quimilo, 1 (CML 3695, holotype).

Tympanoctomys kirchnerorum (2): Chubut Province, Sarmiento Department: Ea. La 
Porfía, 2 (CNP 2503, 2505).


