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Abstract
The rocky northern shores of Kuwait and those of the western, inner shores of Kuwait Bay are domi-
nated by a small, densely encrusting oyster. The identity of this oyster has never been confirmed and was 
mistaken previously for a small Saccostrea. The shell morphology suggests that this species belongs to the 
subfamily Crassostreinae, but within that subfamily, the presence of marginal erect trumpet-shaped pro-
jections is so far unique. Phylogenetic analyses based on mitochondrial DNA sequence data confirmed 
that this species belongs to the Crassostreinae and has a sister position to the clade including Talonostrea 
talonata and T. zhanjiangensis. Genetic distance between this species and Talonostrea species is remarkably 
high, being ~20% for the cytochrome oxidase I gene and ~7% for the 16S rRNA gene. Based on morpho-
logical and molecular analyses, this oyster is therefore described here as Talonostrea salpinx Oliver, Salvi & 
Al-Kandari, sp. nov. Shell morphology is shown to be variable, and the different forms encountered are 
described. The wider distribution and origins of this species, whether native or introduced, are discussed.
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Introduction

The invertebrate fauna of the northern Arabian Gulf and that of Kuwait has a relatively 
recent investigation period as evidenced by the dearth of specific literature cited by 
Jones (1986). While Kuwait and the Arabian Gulf were famous for the pearl fishing 
industry (Al-Shamlãn 2000) and molluscs have been exploited for food for thousands 
of years (Cataliotti-Valdina 1990; Prieur 2011), the scientific investigation only dates 
from the 1980s (Al-Bakri et al. 1985). Although famous for pearl oysters (Pinctada), 
true oysters (Ostreidae) are a prominent feature of some shores, particularly around 
the island of Boubyan (Omar and Roy 2014). The island of Boubyan is listed as a po-
tential world heritage site (https://whc.unesco.org/en/tentativelists/6257/) and is im-
portant for breeding and migratory birds such as the Crab Plover. Its waters are home 
to cetaceans including humpback dolphins, bottlenose dolphins, common dolphins 
and finless porpoises. Isolated oyster reefs are cited as an important ecological feature 
(Omar and Roy 2014) around the island of Boubyan where they are known locally as 
‘bogar boubyan’ or ‘Boubyan cows’ due to their resemblance to a herd of cattle. These 
isolated reefs of oysters (Fig. 1E–F) appear at low water where they pose a risk to ship-
ping. These oysters were tentatively identified as Saccostrea cuccullata (Born, 1778) 
in Omar and Roy (2014). The earliest checklist for the Mollusca of Kuwait (Glayzer, 
Glayzer and Smythe 1984) also lists the dominant oyster at Khor Al-Subiyah (adjacent 
to Boubyan Island) as Saccostrea cuccullata.

Over the years 2014 to 2018, the Kuwait Institute for Scientific Research carried 
out a survey of the Kuwait’s intertidal fauna and the results for the Mollusca were 
published in 2020 (Al-Kandari et al. 2020). Two oyster species were common compo-
nents of the upper and mid intertidal zone. On the eastern coast of Kuwait Bay and 
the southern coast of the mainland, Saccostrea was common and tentatively identified 
as S. cuccullata (Born, 1778). Extensive aggregations of a second, small, oyster were 
found in Khor Al-Subiyah, adjacent to Boubyan Island, where the upper beach rock is 
entirely covered by oysters (Fig. 1A, B), extending for many tens of meters. The ‘bogar 
Boubyan’ mounds were also confirmed to be the same oyster but were not identified 
as Saccostrea but as a species of Crassostrea, the lack of marginal chomata confirming 
the identification. Similar oysters were also found in abundance on the inner Kuwait 
Bay shores, especially around the peninsula at Ashairij and the Umm Al-Namil Island 
(Fig. 1C, D).

Glayzer, Glayzer and Smythe (1984) mentions an unidentified Crassostrea from the 
south of Kuwait at An Niggalyat but list the dominant oyster at Khor Al-Subiyah and 
Ashairij as Saccostrea cuccullata. Given that Kathleen Smythe in particular was well ac-
quainted with the Arabian fauna, it is somewhat surprising that she did not recognize 
the presence of two genera of intertidal oysters. Jones (1986) lists the dominant oyster 
as Crassostrea margaritacea (Lamarck), now Striostrea margaritacea (Lamarck, 1819), 
but he notes that the identification is tentative. From the description given, with shells 
reaching 100 mm, it seems probable that Jones (1986) was describing Saccostrea; Stri-
ostrea has not been recognized from the northern Gulf. The tentative and incomplete 
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Figure 1. Oyster beds and reefs in northern Kuwait A, B Khor Al-Subiyah C, D Ashairij E, F Boubyan 
Island (North Khor Al-Subiyah).

recognition of intertidal oysters of Kuwait by previous authors perhaps illustrates the 
problematic nature of identifying oysters from their shells alone.

Given that these oysters are key components of the intertidal communities and 
are cited as a feature for a potential world heritage reserve, their precise identity is 
important. Consequently, the senior author within Kuwait Institute for Scientific Re-
search (KISR) embarked upon a project to more precisely identify all oyster species in 
Kuwait based on both morphology and molecular data. Such an integrative taxonomic 
approach is essential for robust taxonomic identification and systematic assessment of 
oysters. Indeed, difficulties in identifying and classifying oysters based on a morpho-
logical diagnosis extend beyond the species level, up to the genus and subfamily ranks 
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(Salvi et al. 2014; Raith et al. 2016; Salvi and Mariottini 2021) because their morphol-
ogy is extremely simplified and affected by high levels of phenotypic plasticity (e.g., 
Liu et al. 2011).

This paper concerns the identity of the oyster listed as Crassostrea sp., by Al-Kandari 
et al. (2020) from Khor Al-Subiyah and Ashairij; future papers will attend to other spe-
cies including those in the genera Saccostrea, Booneostrea, Ostrea and Hyotissa.

Materials and methods

Sampling

Representative samples of all shell morphs were collected during the KISR intertidal 
survey of 2014–2017 (Al-Kandari et al. 2020) and in 2019 further samples were col-
lected specifically for tissue extraction for the molecular study.

The sampling sites for the oysters considered here are indicated on the map (Fig. 2) 
and listed in Table 1. Specimens were levered open and the adductor muscle and man-
tle were excised whole or in part and fixed in 100% ethanol.

Molecular analysis

Total genomic DNA was extracted from 24 alcohol-preserved tissues following stand-
ard high-salt protocols (Sambrook et al. 1989). Two mitochondrial gene fragments 
were amplified by polymerase chain reaction (PCR), the cytochrome oxidase subunit 
I (cox1) and the 16S rRNA (16S). Primers and PCR protocols used for the ampli-

Figure 2. Map of Kuwait indicating known distribution of Talonostrea salpinx sp. nov. Blue circle for field 
records, red diamond for cited material, red square for type locality. Details of localities are given in Table 1.
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Table 1. Sampling transects and localities of the intertidal oysters studied.

Transect Location Name Coordinates Date References
1 Khor Al-Milh 29.961222, 48.101151 2004–2005 Omar and Roy 2014
2 Boubyan Island (north Khor Al-Subiyah) 29.809521, 48.034599 17.12.2015 Al-Kandari et al. 2020
3 Khor Al-Subiyah (Al Maghasil) 29.74127, 48.09567 23.11.2014 Al-Kandari et al. 2020 and Revisited
4 Khor Al-Subiyah (Al-Alaimah) 29.68225, 48.115972 12.2019 Visited
5 Khor Al-Subiyah (Shumaymah) 29.65672, 48.13083 24.11.2014 Al-Kandari et al. 2020 and Revisited
6 Khor Al-Subiyah (Ras Himar) 29.578667, 48.16803 25.11.2014 Visited
7 Ras Kadmah (Al-Kuwaisat) 29.37795, 47.708 17.11.2014 Al-Kandari et al. 2020
8 Kuwait Bay (Ashairij) 29.38412, 47.83653 03.02.2014 Al-Kandari et al. 2020
9 Between Ashairij and Umm Al-Namil Island 29.383944, 47.849556 29.03.2021 Visited
10 Umm Al-Namil Island 29.38687, 47.87075 29.03.2021 Visited

Table 2. Genbank accession number, mitochondrial haplotype and GenSeq nomenclature (after Chakra-
barty et al. 2013) for genetic sequences obtained from voucher specimens of Talonostrea salpinx sp. nov. ana-
lysed in this study (na: mitochondrial haplotype not available because the cox1 sequence was not obtained).

Specimen Catalogue # Locality GenBank accession number Haplotype GenSeq 
Nomenclaturecox1 16S

NMW.Z.2021.009.001 (holotype) Between Ashairij and 
Umm Al-Namil Island

MZ126560 MZ099713 Hap1 genseq-1 cox1, 16S
NMW.Z.2021.009.002/1 (paratype) MZ126561 MZ099714 Hap9 genseq-2 cox1, 16S
NMW.Z.2021.009.002/2 (paratype) MZ126562 MZ099715 Hap10 genseq-2 cox1, 16S
NMW.Z.2021.009.002/3 (paratype) MZ126563 MZ099716 Hap1 genseq-2 cox1, 16S
NMW.Z.2021.009.002/4 (paratype) MZ126564 MZ099717 Hap11 genseq-2 cox1, 16S
NMW.Z.2021.009.002/5 (paratype) MZ126565 MZ099718 Hap1 genseq-2 cox1, 16S
NMW.Z.2021.009.002/6 (paratype) MZ126566 MZ099719 Hap12 genseq-2 cox1, 16S
NMW.Z.2021.009.002/7 (paratype) MZ126567 MZ099720 Hap1 genseq-2 cox1, 16S
NMW.Z.2021.009.002/8 (paratype) MZ126568 MZ099721 Hap1 genseq-2 cox1, 16S
NMW.Z.2021.009.002/9 (paratype) – MZ099722 na genseq-2 16S
NMW.Z.2021.009.002/10 (paratype) – MZ099723 na genseq-2 16S
NMW.Z.2021.009.002/11 (paratype) MZ126569 MZ099724 Hap13 genseq-2 cox1, 16S
NMW.Z.2021.009.004/1 (paratype) Khor Al-Subiyah MZ126570 MZ099725 Hap1 genseq-2 cox1, 16S
NMW.Z.2021.009.004/2 (paratype) MZ126571 MZ099726 Hap2 genseq-2 cox1, 16S
NMW.Z.2021.009.004/3 (paratype) MZ126572 MZ099727 Hap3 genseq-2 cox1, 16S
NMW.Z.2021.009.004/4 (paratype) MZ126573 MZ099728 Hap1 genseq-2 cox1, 16S
NMW.Z.2021.009.004/5 (paratype) MZ126574 MZ099729 Hap4 genseq-2 cox1, 16S
NMW.Z.2021.009.004/6 (paratype) MZ126575 MZ099730 Hap5 genseq-2 cox1, 16S
NMW.Z.2021.009.004/7 (paratype) MZ126576 MZ099731 Hap1 genseq-2 cox1, 16S
NMW.Z.2021.009.004/8 (paratype) MZ126577 MZ099732 Hap6 genseq-2 cox1, 16S
NMW.Z.2021.009.004/9 (paratype) MZ126578 MZ099733 Hap1 genseq-2 cox1, 16S
NMW.Z.2021.009.004/10 (paratype) MZ126579 MZ099734 Hap7 genseq-2 cox1, 16S
NMW.Z.2021.009.004/11 (paratype) MZ126580 MZ099735 Hap8 genseq-2 cox1, 16S
NMW.Z.2021.009.004/12 (paratype) MZ126581 MZ099736 Hap1 genseq-2 cox1, 16S

fication are described in previous studies (Salvi et al. 2010; Crocetta et al. 2015). 
Sequencing of PCR products were carried out by the company GENEWIZ (https://
www.genewiz.com), using the same primers employed for amplification. Details on 
sample data and GenBank accession numbers of sequences generated in this study 
are provided in Table 2 where we also indicated the GenSeq nomenclature for ge-
netic sequences based on the reliability of the taxonomic identification of the source 



Manal Al-Kandari et al.  /  ZooKeys 1043: 1–20 (2021)6

specimens following Chakrabarty et al. (2013). Sequences of both gene fragments 
were obtained for 22 specimens, whereas for two specimens only 16S sequences were 
obtained (Table 2). These newly generated sequences were aligned with sequences of 
46 oyster species obtained from GenBank and used in a recent phylogenetic assess-
ment of the family Ostreidae (Salvi and Mariottini 2017; see Table 1 of Salvi and 
Mariottini 2017 for GenBank accession numbers). Multiple sequence alignments 
were performed with MAFFT v.7 (Katoh and Standley 2013) using the E-INS-i 
iterative refinement algorithm (alignments available on request from the authors). 
Genetic distance (uncorrected p-distance) between samples analysed in this study 
and sequences of oyster species obtained from GenBank were calculated with MEGA 
v.7 (Kumar et al. 2016).

Phylogenetic relationships were inferred by the Bayesian Inference method in 
BEAST 2.6.3 (Bouckaert et al. 2019) using the best models of nucleotide substitu-
tion selected by JModelTest 2.1.1 (Darriba et al. 2012) under the corrected Bayesian 
Information Criterion (cox1: HKY+G; 16S: GTR+I+G). We unlinked substitution 
models and clock models of gene partitions, and we linked the tree model across gene 
partitions. We used the Relaxed Uncorrelated Lognormal Clock model and the Yule 
process of speciation as tree prior. Two independent runs of 150 million generations 
were performed, sampling parameters every 15,000 generations. Results were analysed 
with Tracer 1.7 (Rambaut et al. 2018) to check the runs for convergence (burn-in = 
25%). Runs were combined with LogCombiner and a consensus tree representing the 
posterior distribution was obtained in TreeAnnotator. Nodal support was estimated as 
Bayesian posterior probability (BPP).

Results

Molecular analysis

Mitochondrial sequences of the oysters from Khor Al-Subiyah and Ashairij represent 
13 haplotypes differing from each other by one to three nucleotide substitutions occur-
ring at 17 sites. Given their very limited genetic divergence, all 24 specimens analysed 
represent a single taxon. Phylogenetic analyses resolve the position of this taxon within 
the subfamily Crassostreinae as sister to the clade formed by Talonostrea talonata and T. 
zhanjiangensis (Fig. 3). This relationship received high statistical support (BPP ≥ 0.99). 
Genetic distances based on cox1 between this new taxon and Talonostrea, Magallana 
and Crassostrea species range from 19 to 20.5%, 17.3 to 20%, and 21.9 to 24.2%, 
respectively. Genetic distances based on 16S between this new taxon and Talonostrea, 
Magallana and Crassostrea species range from 6 to 6.9%, 8.1 to 11%, and 16.5 to 
21.1%, respectively.

Based on morphological and molecular assessments we assign these oysters to a 
new Talonostrea species that is described in the following section.
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Figure 3. Bayesian phylogenetic tree based on cox1 and 16S DNA sequence data. Bayesian posterior 
probability higher than 0.9 are reported in correspondence of the nodes.

Systematics

Ostreoidea Rafinesque, 1815
Ostreidae Rafinesque, 1815
Crassostreinae Scarlato & Starabogatov, 1979
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Talonostrea X.-X. Li & Z.-Y. Qi, 1994

Type species. Talonostrea talonata X.-X. Li & Z.-Y. Qi, 1994
Nominal species included. Crassostrea zhanjiangensis X.-Y. Wu, S. Xiao & Z. Yu, 2013
Definition. The genus Talonostrea was first defined on morphological characters 

alone and was then monotypic, the type species T. talonata being described simultane-
ously by Li and Qi (1994). The oyster took the common name of the ‘cat’s paw oyster’ 
referring to the folded and broadly digitate margin of the upper valve. This contrasts with 
T. zhanjiangensis and T. salpinx (described below), where the upper valve is flat with or 
without narrow fluted extensions. Talonostrea salpinx has the unique feature of possess-
ing trumpet-shaped marginal projections. The shell, therefore, offers few if any defining 
characters. The anatomical character of a separated style sac observed in T. talonata has 
not been confirmed in T. zhanjiangensis and at this time, we cannot be sure if this charac-
ter is an apomorphy of T. talonata or a synapomorphy of the genus as a whole. The ana-
tomical arrangement in T. salpinx (see below) agrees with that of T. talonata as illustrated 
in Cavaleiro et al. (2019) and therefore does suggest that this is a defining feature of Talo-
nostrea. As the anatomy of T. zhanjiangensis has not been described, the genus Talonostrea 
is confirmed on molecular data alone (Salvi and Mariottini 2017) but it is possible that 
the separate style sac/mid gut character will prove to be a synapomorphy of the genus.

Talonostrea salpinx Oliver, Salvi & Al-Kandari, sp. nov.
http://zoobank.org/533F31DC-1107-432E-BA79-279793A7C81F

Material examined. All type material deposited in the National Museum of Wales 
(NMW.Z) Kuwait • 20 + specimens in two clumps; Kuwait Bay, between Ashairij and 
Umm Al-Namil Island; 29.382423°N, 47.851735°E; intertidal as clumps on rocks 
and stones; 30 Nov 2019; PG Oliver leg. (Fig. 4). Holotype (Shell h in Fig. 4A–C) 
Kuwait • 1 shell; same collection data as for preceding; NMW.Z.2021.009.001; lower 
valve length 39.1mm, upper valve length 33.1 mm. Paratypes (Fig. 4D, to illustrate 
variation in internal colouration only) Kuwait • 11 specimens used in sequencing; 
collection data as for preceding; NMW.Z. 2021. 009.002/1–11.

Other material. Kuwait • remainder of shells in clumps; same collection data as 
for preceding; NMW.Z.2021.009.003. Kuwait • 20 + specimens in three clumps; 
Khor Al-Subiyah, Al Maghasil; 29.74127°N, 48.09567°E; upper intertidal reef 
forming on beach rock; 15 Nov 2015 and Dec 2019; PG Oliver leg. (Fig. 5). Para-
types. Kuwait • 12 specimens used in sequencing; collection data as for preceding; 
NMW.Z.2021.009.004/1–12. Paratypes. Kuwait • remainder of shells in clumps; 
same collection data as for preceding, NMW.Z.2021.009.005 (Fig. 5A, B, E). Ku-
wait • 50 + specimens; Kuwait Bay, Umm Al-Namil island; 29.38687°N, 47.87075°E; 
on stones, cobbles and rock in the upper intertidal; 29 March 2021; Manal Al-
Kandari leg. Paratypes. Kuwait • 12 specimens; collection data as for preceding; 
NMW.Z.2021.009.006 (Fig. 6A–C) including shells from dissections.
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Type locality. Kuwait, Kuwait Bay, between Ashairij and Umm Al-Namil Island, 
29.382423°N, 47.851735°E, intertidal attached to rocks and cobbles, 30 Nov 2019, 
PG Oliver leg.

Derivation of name. salpinx, Greek, a trumpet; referring to the marginal trumpet-
shaped projections typical of this species

Description. (Type series from Ashairij) Maximum size recorded 41 mm. Speci-
mens of all sizes found growing on or among others creating dense clumps. Shells thin 
but robust. The lower (left) valve openly cupped, umbonal cavity shallow (Fig. 4B). 
Margins undulating, slightly raised, roundly digitate and occasionally drawn out into 
blunt spines. The attachment area is large, furnished with spines and foliations. The 
inner shell layer is white with brown to black pigmented adductor scars.

Upper (right) valve smaller than and fitting into lower valve (Fig. 4A). Rather 
flat but undulating, nacreous free margin very narrow. Outline variable, mostly oval 
some irregularly subquadrate to lingulate. External surface often worn smooth, or 
weakly foliaceous but not raised into commarginal frills. Occasional shells have open 
trumpet-shaped projections arising from the margins (Fig. 4E); these are formed by 
convoluted folding and do not form an entire tube. These trumpet-shaped spines 
are found mostly in small shells in sheltered sites. Hinge relatively narrow, ligament 
alivincular, amphidetic; dorsal area not greatly elongated. Chomata absent. External 
colouration mostly obscured by surface algae but pale grey, some with traces of purple 
radial streaks, these more prominent in small shells (Fig. 4F). The inner shell layer 
mostly white, inner margin frequently tinged with pale orange and dark grey, cres-
centic adductor scar mostly black, some brown, some lacking colour except for a dark 
ventral rim (Fig. 4C, D)

(Paratype series from Khor Al-Subiyah) (Fig. 5A–E) Maximum size recorded 
30 mm. Specimens of all sizes forming a continuous reef over beach rock. The shells 
are thin but not fragile.

The lower valve is deeply cupped often with a deeper umbonal cavity related to 
the extension of the dorsal hinge plate. Attachment area over most of lower valve 
with interlocking spines and foliations. Outline is mostly oval but can be distorted 
into many shapes from lingulate to subcircular; the free margin is upturned, weakly 
convoluted with short blunt spines; except where growing in sheltered or uncrowded 
condition where the margins can be greatly extended into spathulate spines (Fig. 5C). 
Chomata are absent. The ligament is alivincular, the dorsal plate often elongated usu-
ally amphidetic but coiling in some. The inner shell layer colour white; adductor scar 
crescentic reddish-brown to dark brown/black in colour, colouration often extending 
into the umbonal cavity.

Upper valve smaller than, and fitting into lower valve. Rather flat but undulating, 
nacreous free margin very narrow slightly elevated. External surface weakly foliaceous 
but not raised into commarginal frills. Shells sheltered among others and juveniles 
frequently display open trumpet-shaped projections as above (Fig. 5D). External col-
ouration is mostly obscured by algal growth but is underlying greyish-beige; juvenile 
shells and those in sheltered positions may have coloured radial bands of a purple-black 
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Figure 4. Talonostrea salpinx sp. nov. from Ashairij A, B clump with and without upper valves, shell h is 
holotype C inner views of lower and upper valves of holotype, NMW.Z. 2021.009. 001 D inner views of 
upper valves of five paratypes showing variation in shape and colouration, NMW.Z.009.002 E upper valve 
with a trumpet shapes projection, arrowed F a small upper valve showing radial purple-black colour banding.
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Figure 5. Talonostrea salpinx sp. nov. Paratypes from Khor Al-Subiyah, NMW.Z.2021.009.005 
A, B  clump with and without upper valves C in situ photograph of a shell from a sheltered position 
D small upper valve with an array of trumpet-shaped projections along margin E Inner views of four shells 
showing variation in shape and internal colouration.
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Figure 6. Talonostrea salpinx sp. nov. shells from Umm Al-Namil A, B external and internal 
views of a shell with marginal fluted spines, Paratypes NMW.Z.2021.009.006/ C, D Paratypes, 
NMW.Z.2021.009.006/2–3, shells of differing colours and lacking marginal fluted spines E clump of 
shells some with fluted spines associated with the tubeworm Spirobranchus kraussi (Baird, 1864) and the 
barnacle Amphibalanus amphitrite (Darwin, 1854). F, rock encrusted with irregular shaped shells mostly 
lacking fluted spines.
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hue (Fig. 5C). Chomata are absent. The inner shell layer is white with the crescentic 
adductor scar brown to brown-black in colour (Fig. 5E).

(Paratype series from Umm Al-Namil) (Fig. 6A–D) Maximum size recorded 
35 mm. Specimens of all sizes are found attached in clumps (Fig. 6E) to stones and 
cobbles or encrusting rocks (Fig. 6F). While most of these are identical to the type 
series (Fig. 6F) those from sheltered sites are rather thin, may have marginal extensions 
that are easily broken and often exhibit a more vivid colouration.

Attachment area small, free area with 5–7 prominent folds extending as furrowed 
spines (Fig. 6B). Outline is mostly oval but can be distorted into many shapes from 
lingulate to subcircular. Chomata absent. The ligament alivincular, dorsal plate often 
elongated usually amphidetic but coiling in some. The inner shell layer colour white: 
adductor scar crescentic reddish-brown to dark brown/black in colour, colouration 
often extending into the umbonal cavity (Fig. 6B).

Upper valve smaller than, and fitting into lower valve. Rather flat but undulating, 
nacreous free margin narrow, slightly elevated and extended as spines (Fig. 6A) fitting 
into furrows of lower valve. External surface weakly foliaceous, not raised into com-
marginal frills. External colouration ranging from uniformly dull grey, dirty white, to 
beige with purple-brown radial stripes extending onto spines (Fig. 6A); few golden 
brown (Fig. 6D) to purple-black all over (Fig. 6C). Chomata absent. Nacreous layer 
white with the crescentic adductor scar brown to brown-black in colour (Fig. 6A).

Anatomy (Fig. 7). Preserved specimens from Umm Al-Namil were opened by sev-
ering the ligament, levering the upper valve open slightly and then slicing the adduc-
tor muscle to free the upper valve. The animals were then dissected by sequentially 
removing the mantle (Fig. 7A), the ctenidia and finally dissecting into the visceral 
mass removing gonad and digestive diverticula tissue to reveal the alimentary system 
(Fig. 7B). Tissues have been stained in Methyl Blue to aid contrast.

The mantle in its preserved and contracted condition shows an array of radial 
folds (Fig. 7B). Mantle edge free except at the ventral margin where it is joined to the 
ctenidium. Mantle edge with three folds, middle fold with short pigmented, tubercu-
lated, tentacles typically arranged with a one large one small pattern (Fig. 7C), inner 
fold with simple smooth unpigmented tentacles all of equal size and shape (Fig. 7C).

Adductor muscle crescent shaped in a posterior ventral position; pericardium im-
mediately dorsal to it (Fig. 7A). Ctenidium of two reflected demibranchs (Fig. 7A), 
filamental rods bundled into groups of 10–12 by longitudinal and transverse junctions 
(Fig. 7F). Labial palps triangular, inner faces entirely with sorting ridges, oral groove 
smooth, short (Fig 7E).

Alimentary system (Fig. 7B) of large stomach within visceral mass dorsal of peri-
cardium, surrounded by digestive diverticula; oesophagus enters dorsally; mid gut and 
style sac open on lower anterior side of visceral mass; style sac long, curving ventrally 
towards adductor muscle; mid gut running towards the posterior below the stomach 
and then hind gut travels on the posterior side dorsally before plunging under the 
stomach, curving ventrally, appearing through the pericardium and running as rectum 
around posterior of adductor muscle; anus simple slightly elevated ( Fig. 7D).
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Figure 7. Anatomy of Talonostrea salpinx sp. nov. A gross view after removal of upper (right) valve 
B gross view including route of alimentary canal after removal of ctenidia, gonad and digestive diverticula 
C mantle edge D rectum and anus E excised labial palp F portion of ctenidium showing fine structures. 
Abbreviation: am, adductor muscle; an, anus; cp, ciliated pad; ct, ctenidium; ct/m, ctenidium mantle 
edge junction; hg, hind gut; hg loop, hind gut loop behind stomach; imf, inner mantle fold; ljct, longi-
tudinal junction; lp, labial palp; me, mantle edge; mg, mid gut; mmf, middle mantle fold; mt, mantle; 
oe,oesophagus; og, oral groove; pc, pericardium; r, rectum; rods, ctenidial filaments; s, stomach; ss, style 
sac; tjct, transverse junction; vm, visceral mass.

Habitat. Talonostrea salpinx is an oyster of the upper and middle shores living at-
tached to exposed hard substrates. Extensive oyster growth is seen in Khor Al-Subiyah 
and the western end of Kuwait Bay. The waters of these localities are highly turbid and 
often hypersaline (Al-Yamani et al. 2004), the intertidal environment is further stressed 
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by experiencing a summer air temperature maximum of 50°C and a winter minimum 
occasionally as low as 0°C. The summer salinity at Ashairij has been measured at 47 ppt 
whereas to the south it is around 45 ppt (Pokavinich et al. 2013). In Khor Al-Subiyah 
the salinity can be variable depending on the discharge from the Tigris and Euphrates 
rivers through the Shatt el Arab (Omar and Roy 2014). The indications are that T. sal-
pinx can survive multiple extremes of turbidity, air temperature and salinity.

Distribution. Talonostrea salpinx has been found or recorded from a number of 
locations other than that cited in Material examined. The current distribution can 
be summarised as the south-eastern area of Kuwait Bay, from Raz Kazmah to Umm 
Al-Namil Island where extensive fields are present, and the oysters are attached to low 
rocks and loose cobbles. Throughout Khor Al-Subiyah, including Khor Al-Milh adja-
cent to Warbah Island in the very north of Boubyan, where oysters form intertidal reefs 
and mounds. It has also been found at an unlisted locality in Iran (see Discussion).

Remarks. The shell morphology of T. salpinx is in keeping with other crassos-
treines in lacking any chomata. Unusual for the subfamily is the presence of the trum-
pet-shaped marginal projections as these are not recorded for any other Indo-Pacific 
Magallana or Talonostrea nor indeed for any Atlantic Crassostrea (Inaba and Torigoe 
2004). The adductor scar is strongly pigmented in the larger shells, a character not 
shared by T. talonata but present in T. zhanjiangensis.

Talonostrea talonata is known as the ‘cat’s paw oyster’ (Li and Qi 1994; Cavaleiro et 
al. 2019) due to it having a strongly ridged and digitate upper valve and in this feature 
is very different from T. salpinx. The only other Talonostrea is T. zhanjiangensis Wu et al. 
2013. and here there is greater similarity with T. salpinx in having a weakly undulating 
cupped lower valve and a rather flat featureless upper valve but lacking trumpet-shaped 
marginal projections. Due to the more rounded upper valve, T. zhanjiangensis has been 
given the common name of the “cats ear oyster” (Wu et al. 2013), perhaps T. salpinx 
should be known as the ‘tufted cat’s ear oyster’ in reference to the marginal projections.

The morphology and molecular results of T. salpinx clearly indicate that this new 
species belongs to the Pacific cupped oyster lineage, with a closer affinity to the Chi-
nese species of Talonostrea rather than to the more widespread Magallana species. This 
is supported also in the morphology where both T. salpinx and T. talonata share the 
character of the style sac and mid gut being separate for most of their lengths while 
in Magallana and Crassostrea the mid gut and style sac run together. A discrepancy 
between the route of the mid gut as illustrated by Li and Qi (1994) and that of Cava-
leiro et al. (2019) for T. talonata exists. In Li and Qi (1994) the mid gut of T. talonata 
is shown running to the anterior before curving over the face of the stomach whereas 
in Cavaleiro et al. (2019), and in T. salpinx, the mid gut runs toward the posterior. 
Without Chinese specimens to dissect we are unable to tell if the difference is real or 
an artifact in the illustration by Li and Qi (1994). The detailed anatomy of T. zhanji-
angensis has never been described. Torigoe (1981) described the mantle tentacles of the 
major genera noting that for the inner fold of Crassostreinae the tentacles are arranged 
in an alternating large-small pattern but in T. salpinx the inner mantle fold tentacles are 
all of the same size. The mantle tentacle arrangement has not been described for other 
Talonostrea species. Genetic distance between T. salpinx and the other two Talonostrea 
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species is remarkably high (~20% and ~7% for cox1 and 16S genes respectively). Such 
a high genetic divergence combined with a unique morphology might justify the as-
signment of this new species to a distinct genus of Crassostreinae. However, we believe 
that its assignment to the genus Talonostrea is a more conservative approach as it avoids 
erecting a monotypic genus. This study emphasizes once again that our knowledge of 
the evolutionary diversity of oysters is far from complete and that molecular data are 
essential for a robust taxonomic identification and classification of oyster taxa.

Discussion

It is perhaps surprising that the Kuwait oyster belongs to the genus Talonostrea as that 
genus has its distribution centred on China rather than to the more widespread Magal-
lana. Some northern Gulf bivalves, such as Congetia chesnyi (Oliver & Chesney, 1994) 
and Protapes cor (Sowerby, 1853) are not found further south in the Gulf but occur again 
in Pakistan and northern India. One might have expected the Kuwait oyster to be allied 
to species such as Magallana bilineata (Röding, 1798) or M. cuttackensis (Newton & 
Smith, 1912), both widely recorded from the west coast of India and Pakistan, and the 
former also found as a non-native in eastern Australia (Willan et al. 2021). Comparison 
of 16S rRNA sequences generated in this study for T. salpinx with sequences available 
from GenBank indicate that the same taxon has been found in Iran but was not identi-
fied (GenBank accession numbers HF549037–HF549058). Sequence identity between 
oysters from Kuwait and oysters from Iran is between 99.3 and 100%. Currently T. 
salpinx is restricted to the northern Arabian Gulf and is perhaps endemic to this region. 
The lack of presence records for T. salpinx outside the northern Gulf might be explained 
by the fact that this species has been overlooked (or become extinct) from a wider range 
or that it originated in situ. This latter hypothesis requires a rapid rate of speciation as 
the Arabian Gulf was dry at the last glacial maximum some 18, 000 years ago with the 
present shoreline reached some 6000 years ago (Lambeck 1996). Based on the observed 
phylogenetic divergence of T. salpinx with T. talonata or T. zhanjiangensis, their separa-
tion is likely to be several million years old as deduced by comparison of branch lengths 
within Crassostreinae as estimated in this study and in previous phylogenetic analyses 
implementing molecular clock models (the estimated divergence between Magallana 
and Crassostrea is of 66–102 Mya according to Ren et al. 2010). However, it is not pos-
sible to exclude the fact that an unknown sister species of T. salpinx occurs elsewhere.

Talonostrea talonata has now been recognised in Peru, Brazil and Argentina, indi-
cating that Talonostrea can be invasive (Cavaleiro et al. 2019). If T. salpinx is alien in 
the Arabian Gulf, then its origins are unknown and at this time we have little data on 
the age of the oyster reef at Khor Al-Subiyah or the oyster field at Ashairij. Al-Bakri et 
al. (1985) includes photographs of the oyster reefs in Khor Al-Subiyah and the oyster 
field at Ashairij and these illustrate how extensive and well developed the reefs were at 
that time (Fig. 8). Given that the oyster mounds had been given the colloquial name 
of bogar Boubyan (cows) one would surmise that they were a long-time feature of the 
landscape. Marine invertebrate invasions are often cited as a result of transport of larvae 
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in ballast water (Gonçalves 2013) but in Kuwait relatively few (fourteen) invasive or-
ganisms have been recognised (Al-Yamani, Skryabin and Subba Rao 2015). These latter 
authors cite the extreme environment of the northern Gulf preventing colonization by 
many species of fauna and flora and this might suggest that T. salpinx is not an invasive 
species. However, it is apparent that T. salpinx thrives in these conditions and is well 
adapted to great variations in water quality suggesting to us that it is a native species.
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Figure 8. Photographs of Talonostrea salpinx sp. nov. beds and reefs from Al-Bakri et al. 1985 A–C reefs 
and beds in Khor Al-Subiyah D oyster field at Al-Memlahah, south-eastern end of Kuwait Bay.
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Abstract
Two new species of the small and rarely collected family Megalyridae are described from China: Carminator 
daliensis Chen & Liuhe, sp. nov. from Yunnan and Ettchellsia hainanensis Chen & Liuhe, sp. nov. from 
Hainan. A key to megalyrid species of China is provided. The biogeographical implication of the new 
taxa is discussed.
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Introduction

Megalyridae is a small family of parasitic wasps, which, as far as known, parasitize 
the larvae of wood-boring beetles (Coleoptera) and more rarely mud-nesting Sphe-
cidae (Hymenoptera) (Shaw 1990a; Naumann 1987). So far, only 62 species have 
been described worldwide (Binoy et al. 2020; Mita and Shaw 2020). Although rarely 
collected, these wasps have nevertheless been reported from most of the major bio-
geographic regions worldwide, with the exception of the Nearctic (Vilhelmsen et al. 
2010). Most megalyrid species occur in the tropics and subtropics of the Southern 
Hemisphere (Vilhelmsen et al. 2010; Binoy et al. 2020). While most Asian species of 
megalyrids have highly restricted distribution ranges (Mita and Konishi 2011), there 
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is one notable exception, Megalyra fasciipennis Westwood, which occurs widely in Aus-
tralia and Tasmania and has been reported as accidentally introduced into South Africa 
and India (Binoy et al. 2020). The biogeography of megalyrids has attracted increas-
ing attention in recent years (Shaw 1990b; Vilhelmsen et al. 2010; Mita and Konishi 
2011). Therefore, an intensive field survey of megalyrids is of interest towards bet-
ter understanding the diversity and distributional patterns of these wasps. Previously, 
Carminator cavus Shaw from Taiwan and Ettchellsia sinica He from Yunnan were the 
only two megalyrids described from China (Shaw 1988; He 1991). In this study, we 
describe two additional new species of Megalyridae from southern China.

Materials and methods

All specimens are deposited in the collections of the Museum of Biology, Sun Yat-sen 
University, Guangzhou, China (SYSBM). The morphological terms generally follow 
that of Shaw (1988, 1990b), and the nomenclature of the sculpture and texture of 
the integument follows Harris (1979). Images and measurements were made using a 
Nikon SMZ25 microscope with a Nikon DS-Ri 2 digital camera system. Images were 
post-processed with Abobe Photoshop CS6 Extended.

The following abbreviations are used:

A1–A14 antennomere 1 to 14;
OOL shortest distance from the outer edge of a lateral ocellus to the compound eye;
LOL shortest distance between the inner edges of the lateral ocellus and the 

median ocellus;
POL distance between the inner edges of the lateral ocelli.

Results

Key to species of Megalyridae of China

1 Posterior ocular orbits without groove (Fig. 1F); forewing with vein Rs 
between Rs + M and r-rs absent, apical segment of Rs absent or spectral 
(Fig. 2D).....................................................................................................2

– Posterior ocular orbits with groove (Fig. 3E); forewing with vein Rs between 
Rs + M and r-rs tubular, apical segment of Rs tubular, arched towards stigma 
(Fig. 4D).....................................................................................................3

2 Median strip on frons distinctly deeper than longitudinal striae; ventral margin 
of mesepisternum swollen, more or less rounded .....Carminator cavus Shaw

– Median strip on frons indistinct, not deeper than longitudinal striae (Fig. 1C); 
ventral margin of mesepisternum flat (Fig. 2B) .............................................
 ........................................... Carminator daliensis Chen & Liuhe, sp. nov.
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3 Frons irregularly rugose (Fig. 3C); clypeus largely punctate rugose; POL dis-
tinctly longer than OL (Fig. 3D);  5th metasomal tergite smooth (Fig. 4C) ....
 .........................................Ettchellsia hainanensis Chen & Liuhe, sp. nov.

– Frons coarsely reticulate; clypeus dorsal half finely punctate, ventral half 
smooth; POL shorter than OL; 5th metasomal tergite finely transversely rugu-
lose ..............................................................................Ettchellsia sinica He

Carminator Shaw, 1988

Carminator Shaw 1988: 102; Shaw 1990b: 572; Mita et al. 2007: 202; Vilhelmsen et al. 
2010: 663; Mita and Konishi 2011: 109. Type species: Carminator ater Shaw, 1988.

Diagnosis. Carminator is diagnosed by the following morphological characters: shal-
low subantennal groove, mandible stout and with five teeth, head prognathous, wing 
venation reduced and pterostigma absent, fore tibia with a comb of stout spines, ovi-
positor strongly arched (Shaw 1990b).

Biology. Little is known about the biology of Carminator, but these wasps have 
been suspected to be parasitoids of wood-boring larvae of Coleoptera (Mita and Koni-
shi 2011).

Distribution. Oriental, Australasian, and eastern Palaearctic regions.

Carminator daliensis Chen & Liuhe, sp. nov.
http://zoobank.org/AB8033B3-FEB2-4309-AEC6-08E2572B4991
Figures 1, 2

Diagnosis. Head longer than wide (Fig. 1D); frons entirely costate, median strip 
of frons shallow and smooth (Fig. 1C); postgena entirely obliquely striate (Fig. 1E); 
occipital ridge strongly arched (Fig. 1F); mandible with five blunt, subtriangular 
teeth (Fig. 1C); propleuron elongate, forming “neck” (Fig. 1E); prosternum without 
median groove (Fig. 1E); fore tibia with two rows of stout spines (nine + seven) ar-
ranged in a V shape (Fig. 2E); branching point between R1 and 2r of forewing not 
thickened (Fig. 2D).

Description. Female (holotype). Body length 4.4 mm. Color. Body black; man-
dible reddish black; pedicel and first four flagellomeres dark brown, remainders of 
antenna black; legs black with tibiae dark brown to black and tarsus brown; wings 
tinged with brown and forewing veins dark brown; ovipositor sheath brown; ovipositor 
reddish brown.

Head (Fig. 1C–F) 1.1× longer than wide in dorsal view, widely smooth with scat-
tered punctures, punctures denser on gena and vertex; frons costate along lower mar-
gin, with about 12 longitudinal costae, punctures present among costae; median strip 
shallow and smooth; outer margin of frons without granulated area; posterior margin 
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of frons slightly convex, higher than level of clypeus; punctures on gena and vertex 
denser; malar space below antennal insertion obliquely striate, with scattered punc-
tures; posterior carina of subantennal groove present; lower margin of gena (as genal 
ridge in Mita and Konishi 2011) simple, not forming a blunt angle; postgena entirely 
obliquely striate; vertex wide, without a coronet behind lateral ocelli; occipital ridge 
arched; clypeus smooth, posterior margin rounded; a groove parallel to inner orbit of 
eye; eye with scattered short setae; ocelli forming large obtuse triangle; POL = 6.5; OL 
= 4.9; OOL = 3.2; mandible with five blunt subtriangular teeth, basal part swollen, 
outer margin flat; antenna (Fig. 2G) with A1–A3 weakly flattened, A4–A14 strongly 
flattened, covered with numerous short to long setae; length/width ratio of antennal 

Figure 1. Carminator daliensis Chen & Liuhe, sp. nov., female, holotype (SCAU 3049430) A habitus, dorsal 
B habitus, lateral C head, frontal D head, dorsal E head and prothorax, ventral F head and pronotum, lateral.
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segments: 6.4:2.0, 1.3:1.3, 3.0:1.5, 1.8:1.9, 2.0:2.1, 2.2:2.5, 2.2:2.5, 2.2:2.5, 2.2:2.4, 
2.1:2.4, 1.8:2.3, 2.1:2.5, 2.2:2.6, and 4.4:2.7.

Mesosoma (Figs 1E, F, 2A, B). Pronotum shagreened to rugulose; propleuron 
dorsally shagreened, ventrally coriaceous, elongate, forming “neck”; median groove of 
prosternum absent; setae on propleuron and prosternum dense; mesoscutum largely 
smooth with sparse, small punctures anteriorly and laterally, coriaceous to finely punc-
tate rugulose posteriorly, median mesoscutal sulcus weakly developed and only present 
anteriorly; admedian lines absent, parapsides short and present anterolaterally; mesos-
cutum convex, 0.65× as long as wide; mesoscutellum 0.57× as long as wide, coriaceous 
with sparse puntures medially, finely and desenly punctate laterally; anterior margin of 

Figure 2. Carminator daliensis Chen & Liuhe, sp. nov., female, holotype (SCAU 3049430) A meso-
soma, dorsal B mesosoma, lateral C metasoma, dorsal D wings E fore tibia, inner face F ovipositor and 
ovipositor sheath, lateral G antenna, dorsal.
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axillae broadly separated; mesopleuron rugulose dorsally, largely shagreened or coria-
ceous ventrally; epicnemial sulcus obscure; ventral margin of episternum forming blunt 
angle; episternal scrobe with a weak depression; pleural sulcus complete; metanotum 
narrow, strongly shagreened, without punctures; metapleuron swollen anteriorly, cov-
ered with long setae; propodeum with posterior propodeal carina distinct, area anterior 
to posterior propodeal carina largely shagreened with sparse small punctures medially, 
area posterior to posterior propodeal carina smooth.

Legs. Fore tibia flat, with two rows of stout spines arranged in a V shape 
(Fig. 2E); fore tarsomeres with ratios: 7.3:2.6:2.1:1.6:3.8; hind tarsomeres with ratio: 
5.4:1.9:1.4:1.0:3.7.

Wings (Fig. 2D). Forewing with vein Sc + R branching into veins R and Rs; R1/2r 
= 0.4; branching point between veins R1 and 2r not thickened; Rs/(Rs + M) = 0.18.

Metasoma (Fig. 2C, F) subcylindrical, widest at metasomal segment 4; terga and 
sterna faintly shagreened to smooth; tergite 1 0.43 × as long as wide; ovipositor sheath 
0.9× as long as ovipositor; setae on ovipositor sheath longer than diameter of oviposi-
tor; apex of ovipositor sharp.

Variation. The body length of the paratype female is 4.2 mm, and other characters 
are similar to the holotype.

Male. Unknown.
Etymology. The specific epithet refers to the locality (Dali) where the type speci-

mens were collected. It should be treated as a noun in apposition.
Material examined. Holotype, female, China: Yunnan, Dali, Yunlong County, 

3063 m a.s.l., forest, 21°51'23"N, 99°14'10"E, 12–27.ix.2020, Malaise trap, SCAU 
3049430 (SYSBM). Paratype: 1 female, same collecting data as holotype, SCAU 
3049431 (SYSBM).

Distribution. Oriental region, China, Yunnan Province.

Ettchellsia Cameron, 1909

Ettchellsia Cameron 1909: 208; Baltazar 1961: 219; He 1991: 475; Mita and Shaw 
2012: 101. Type species: Ettchellsia piliceps Cameron, 1909 (by monotypy).

Diagnosis. Posterior ocular orbits with groove and carina present; posterior border of 
mesopleuron smooth, without a row of foveae; propodeum with unique pattern of longi-
tudinal carinae; forewing fuscous or with fuscous banding pattern; forewing with vein Rs 
between Rs + M and r-rs tubular for at least a short distance, apical segment of Rs tubu-
lar, arched towards stigma, M+ Cu and distal segments of Cu absent or at most spectral; 
Hind tibia rugose and with erect setae. Additional diagnostic characters for the genus 
were provided by Shaw (1990b), Vilhelmsen et al. (2010), and Mita and Shaw (2012).

Biology. No biological data for Ettchellsia species are available; however, these 
wasps have long been suspected to be idiobiont ectoparasitoids that attack beetle larvae 
(Shaw 1990b).

Distribution. Oriental region.
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Ettchellsia hainanensis Chen & Liuhe, sp. nov.
http://zoobank.org/0DE06E91-FC9A-43C8-88FF-36C2FCA1CCCF
Figures 3, 4

Diagnosis. Frons irregularly rugose (Fig. 3C); clypeus largely punctate rugose (Fig. 3C); 
vertex posterior to lateral ocellus smooth anteriorly and reticulate-rugose posteriorly 
(Fig. 3D); gena smooth (Fig. 3E); metanotum puncate and setose medially (Fig. 4A); 
median propodeal region not narrowed (Fig. 4A); metasoma (Fig. 4C) smooth except 
tergite 6 largely coriaceous.

Description. Female (holotype). Body length 4.9 mm. Color. Head black, meso-
soma largely black except mesoscutum and axill reddish brown and tegula brown, 
metasoma mainly black with posterior margin of terga dark brown; mandible dark 
brown with teeth darker; antenna brown to dark brown with apical flagellomeres paler; 
trochanters and tarsi of fore and mid legs pale yellow, remainders of the legs brown 
to dark brown; trochanter and tarsus of hind leg brown, femur dark brown to black, 
coxa and tibia black; dorsal surface of hind tibia with both white and black long setae; 
basitarsus with white long setae; forewing with four transverse dark brown bands; ovi-
positor sheath black; ovipositor reddish brown.

Head (Fig. 3C–E) 1.5× wider than long in dorsal view, covered with long black 
erect setae and relatively short decumbent white setae; frons irregularly rugose; ver-
tex convex, with ocellar triangle smooth, except by a median row of longitudinal 
punctures, area between ocelli and eyes smooth with a row of longitudinal punctures 
arising from lateral ocellus and parallel to orbit; vertex posterior to lateral ocellus 
smooth anteriorly and reticulate-rugose posteriorly; POL = 4.7; OL = 3.4; OOL 
= 4.0; eye margined posteriorly by a groove and a single postocular oribital carina, 
the groove smooth anteriorly and foveate posteriorly; gena smooth; occipital carina 
foveate; clypeus largely punctate rugose, apical margin slightly incise medially; man-
dible with 3 teeth; antenna filiform, A3–A6th flagellomeres subequal and the longest, 
remainder flagellomeres becoming shorter.

Mesosoma (Fig. 4A, B) covered with short decumbent white setae; scattered, 
long, erect, black setae present on mesonotum; mesoscutum humped, anterior surface 
smooth, dorsal surface largely smooth with fine punctures, median mesoscutal sulcus 
present and foveate, lateral carina of anterior surface present; axilla and mesoscutellum 
largely smooth with fine punctures; metanotum puncate and setose medially; pro-
podeum with pairs of median, submedian, and lateral longitudinal carinae; median 
propodeal region not narrowed, with four complete and two incomplete transverse 
carinae, posterior margin producing dorsally; submedian region with two complete 
transverse carinae; lateral region with four complete transverse carinae.

Legs (Figs 3B, 4E). Hind femur punctate and rugose medially; hind tibia longitu-
dinally rugose; hind tibia covered with both white and black long erect setae, longer 
than the width of the hind tibia; basitarsus covered with white long erect setae, longer 
than the width of the hind tibia.

Wings (Fig. 4D). Forewing with vein M 1.9× basal part of vein RS; erect setae on 
vein C 0.5× those on vein Sc+R and A.
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Metasoma (Fig. 4C) smooth except tergite 6 largely coriaceous; ovipositor 1.76× 
mesosoma length, apex with small teeth and single knob.

Variation. The body length of the paratype female 5.0 mm; antenna dark brown 
to black; mesoscutellum reddish brown; median propodeal region with seven complete 
transverse carinae; other characters similar to the holotype.

Male. Unknown.
Etymology. The specific epithet refers to Hainan Island, where the type locality is 

located. It is treated as a noun in apposition.

Figure 3. Ettchellsia hainanensis Chen & Liuhe, sp. nov., female, holotype (SCAU 3049429) A habitus, 
dorsal B habitus, lateral C head, frontal D head, dorsal E head, lateral F antenna.
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Figure 4. Ettchellsia hainanensis Chen & Liuhe, sp. nov., female, holotype (SCAU 3049429) A mesoso-
ma, dorsal B mesosoma, lateral C metasoma, dorsal D wings E hind leg, lateral F apical ovipositor, lateral.

Material examined. Holotype, female, China: Hainan, Qiongzhong, Mount Li-
mushan, 19°10.771'N, 109°46.225'E, 20–22.vii.2020, forest, sweep, Huayan Chen, 
SCAU 3049429 (deposited in SYSBM). Paratype: 1 female, China: Hainan, Qiong-
zhong, Mount Limushan, 19°10'23.28"N, 109°46'40.79"E, 30.xi–31.xii.2020, forest, 
Malaise trap, Longlong Chen, SCAU 3042295 (SYSBM).

Distribution. Oriental region, China, Hainan Province.
Remarks. Ettchellsia hainanensis is most similar to E. sinica He, which was previ-

ously described based on a single female from Yunnan of China, but E. hainanensis can 
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be distinguished from E. sinica by the following characters: frons irregularly rugose (Fig. 
3C); clypeus largely punctate rugose (Fig. 3C); POL distinctly longer than OL (Fig. 
3D); metasomal tergite 5 smooth (Fig. 4C). We contacted the curators of the Hyme-
noptera collection of Zhejiang University (previously known as Zhejiang Agricultural 
University) where the holotype of E. sinica claimed to be deposited, but they failed to 
find the type. If the holotype were confirmed to be lost, a neotype of the species may 
need to be designated based on a specimen collected from the type locality in the future.

Dicussion

Mita and Shaw (2012) have suggested that species diversity of megalyrids from the 
Southeast Asia is still undersampled and intensive study is required. Additional discov-
eries from this region would help us better understand the biogeography and eveolu-
tionary history of Megalyridae.

Species of Carminator mainly occur in Southeast Asia. Morphologically, 
C. daliensis is most similar to C. affinis Shaw, but the former can be distinguished by 
its smaller size and that frons entirely costate (only laterally costate in C. affinis) and 
prosternum without median groove (prosternum with median groove in C. affinis). 
Carminator daliensis is also similar to C. ater in having frons entirely costate, but the 
vertex is largely smooth with sparse punctures and the dorsal carina of subantennal 
groove is present. Geographically, C. daliensis is close to C. affinis from Malaysia and 
C. ater from Thailand (Shaw 1988). According to Mita and Konishi (2011), Car-
minator is a monophyletic taxon, with C. affinis as the sister group to the rest of the 
genus. So, the discovery of C. daliensis and its morphological similarity to C. affinis 
might serve as additional evidence that the common ancestor of the extant Car-
minator species was probably present in the Oriental–Australian transition zone and 
subsequently species dispersed northward as far as Japan (Mita and Konishi 2011).

So far, including the E. hainanensis described here, Ettchellsia species have mainly 
been found in the Indomalayan region (Mita and Shaw 2012). Unidentified species of 
Ettchellsia were reported from Taiwan (Shaw 1990b; Vilhelmsen et al. 2010) where the 
northernmost record of the genus is located. Further biogeographical and phylogenetic 
analyses of Ettchellsia will be desired in the future when additional new species and 
distributional records are found.
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Abstract
Today, integrative taxonomy is often considered the gold standard when it comes to species recognition 
and delimitation. Using the Tetrix bipunctata complex, we here present a case where even integrative tax-
onomy may reach its limits. The Tetrix bipunctata complex consists of two morphs, bipunctata and kraussi, 
which are easily distinguished by a single character, the length of the hind wing. Both morphs are widely 
distributed in Europe and reported to occur over a large area in sympatry, where they occasionally may live 
also in syntopy. The pattern has led to disparate classifications, as on the one extreme, the morphs were 
treated merely as forms or subspecies of a single species, on the other, as separate species. For this paper, 
we re-visited the morphology by using multivariate ratio analysis (MRA) of 17 distance measurements, 
checked the distributional data based on verified specimens and examined micro-habitat use. We were 
able to confirm that hind wing length is, indeed, the only morphological difference between bipunctata 
and kraussi. We were also able to exclude a mere allometric scaling. The morphs are, furthermore, largely 
sympatrically distributed, with syntopy occurring regularly. However, a microhabitat niche difference can 
be observed. Ecological measurements in a shared habitat confirm that kraussi prefers a drier and hotter 
microhabitat, which possibly also explains the generally lower altitudinal distribution. Based on these 
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results, we can exclude classification as subspecies, but the taxonomic classification as species remains un-
clear. Even with different approaches to classify the Tetrix bipunctata complex, this case is, therefore, not 
settled. We recommend continuing to record kraussi and bipunctata separately.

Keywords
Allometry, integrative taxonomy, morphometry, Orthoptera, species delimitation, Tetrigidae, Tetrix

Introduction

Species concepts shape the way we see an individual from a given population. Species 
are the fundamental unit in evolutionary biology (Coyne and Orr 2004) and it is, 
therefore, important to apply the species status to the best of our current knowledge 
(Sites and Marshall 2004). Species discovery and description remain a core priority of 
taxonomic research and critical reflection of current practice is called for (Yeates et al. 
2011). Traditionally, species were mostly based on morphological characters. With the 
advance of technology and easier access to genomes, species classification criteria have 
diversified (Wägele 2005; Zachos 2016). To generalise species classification and compa-
rability, attributes, such as morphology, genetics, behaviour and ecology are treated as 
evidence (Dayrat 2005; Will et al. 2005; De Queiroz 2007; Yeates et al. 2011). How-
ever, there are still cases where the assignment is difficult, even when using a variety of 
data. Here, we present such a case in the Pygmy Grasshopper of the family Tetrigidae.

The Tetrix bipunctata complex is an intriguing case: T. bipunctata (Linnaeus, 1758) 
and T. kraussi Saulcy, 1888 (see Evenhuis 2002 for year of publication) are two widely 
distributed European Orthoptera of the family Tetrigidae. They are considered mor-
phologically very similar, except for a striking hind wing dimorphism. In the morph 
bipunctata, the hind wing is said to be at least 2.5 times as long as the length of the 
tegmen, whereas in the morph kraussi, it is only about twice as long as the tegmen 
(sometimes also called tegmentulum, Fig. 1) (Fischer 1948; Schulte 2003; Baur et al. 
2006; Lehmann and Landeck 2011; Sardet et al. 2015a).

The status of the two morphs has always been controversial. Fischer (1948) recog-
nised ecological differences and suggested to treat them as species, but this view was 
later challenged. For example, the morphs were treated only as infrasubspecific taxa by 
Kevan (1953) and Harz (1957, 1975), but also as subspecies by Nadig (1991). Based 
on several syntopic occurrences (Schulte 2003), Lehmann (2004) suggested to raise the 
morphs to species status, a view that has since been widely adopted (Baur et al. 2006; 
Default and Morichon 2015; Sardet et al. 2015b; Zuna-Kratky et al. 2017; Willemse 
et al. 2018; Cigliano et al. 2021), with some exceptions (Wranik et al. 2008; Pfeifer et 
al. 2011; Massa et al. 2012; Bellmann et al. 2019; Fischer et al. 2020)

Some authors have suggested that there are further morphological characters be-
sides the hind wing that would allow us to distinguish the two morphs. Koch and 
Meineke (in Schulte 2003) state that, not only the length of the hind wing, but also the 
extent of the tegmen and the height of the pronotum significantly differ between the 
two morphs. Schulte (2003) used a sex-specific ratio of hind wing length to pronotum 
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Figure 1. The 20 characters measured on 273 females of Tetrix bipunctata and kraussi. Measurements 
indicated by yellow lines. In all cases, a single photo was taken with reference points exactly placed in the 
focal plane. For character definitions, see Table 1.

length to determine the morphs. Furthermore, it was suggested that bipunctata is, on 
average, slightly larger and the pronotum more strongly arched (e.g. Baur et al. 2006).

No genetic differences have been found so far, as the two morphs form a single 
cluster when compared using COI barcoding (Hawlitschek et al. 2017).

In this study, we examine the morphs bipunctata and kraussi and discuss their 
status, based on new data from: (1) multivariate morphometry, (2) biogeography in 
Central Europe and (3) microhabitat niche use in syntopy.
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1) Concerning morphological characters, we address the following questions:

– Are further characters – besides wing length – important for the separation of 
bipunctata and kraussi and to what extent? Some authors claim that body proportions 
seem to differ; however, nobody has ever tried to quantify those traits.

– What are the best shape characters for separating bipunctata and kraussi? As 
mentioned before, so far only a single ratio, hind wing length to tegmen length (either 
by taking into account the entire hind wing length or just the part projecting beyond 
the tegmen), has been used regularly. A morphometric analysis thus might reveal some 
more reliable ratios.

– Despite the evidence for two distinct morphs (Fischer 1948; Schulte 2003), 
specimens with intermediate wing ratios have been reported by Nadig (1991). There-
fore, we re-examined Nadig’s collection including the specimens in question.

– How much allometry is present? Size-dependent variation in the adult stage 
(static allometry, see Gould 1966; Klingenberg 2008, 2016; Anichini et al. 2017; Re-
brina et al. 2020) plays a major role in such investigations, but so far, it has been 
neglected in this complex. Here, we analyse which characters and character ratios cor-
relate with body size.

2) Biogeography
Due to the uncertain taxonomic situation, the distribution is far from settled, as 

many authors have not differentiated between bipunctata and kraussi. Furthermore, a 
substantial number of misidentifications have been published for Tetrigidae (own re-
sults, compare Lehmann et al. 2017). To establish a firm database for the distribution, 
we studied specimens from European Museums, complemented by private collections. 
The material from six central European countries added up to 663 specimens. This al-
lows us to analyse the distribution and especially the level of sympatry and even synto-
py. Furthermore, we study the altitudinal range separately for bipunctata and kraussi.

3) Ecology of habitat use at a syntopic population in Brandenburg
The segregated distribution of bipunctata and kraussi is interpreted as an ecological 

separation (Fischer 1948; Lehmann 2004). To test for differential habitat use, we stud-
ied microhabitat niches in a syntopic population discovered in southern Brandenburg 
(Lehmann and Landeck 2011).

Materials and methods

Identification of specimens

Below, we consistently refer to the morphs as “bipunctata” and “kraussi” and treat 
them in the sense of operational taxonomic units. For the assignment of specimens to 
morphs, we adopted the identifications found on the labels in the Swiss collections. 
This was mainly the case for specimens in Nadig’s collection, also with respect to what 
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he considered as intermediate specimens. In all other instances we followed current 
practice (Schulte 2003; Lehmann 2004; Baur et al. 2006) and calculated the ratio of 
the full hind wing length to tegmen length: ≥ 2.5 = bipunctata, < 2.5 = kraussi (cor-
responding to the ratio of the protruding part of hind wing length to tegmen length 
of ≥ 1.5 and < 1.5, respectively). The same threshold was applied for a very few speci-
mens that had obviously been misidentified by Nadig. The assignment of specimens 
was done before we performed any of the analyses reported below. As mentioned in 
the Introduction, bipunctata and kraussi have traditionally been separated by this ratio, 
which is why we refer to it as the “standard ratio” below.

1) Morphometry

Character measurements

We measured 20 characters from all over the body to cover the most relevant variation 
in size and shape between bipunctata and kraussi. The selection of characters was based 
on Harz (1975), Devriese (1996), Tumbrinck (2014) and our own expertise. Charac-
ters are shown in Fig. 1, definitions being given in Table 1. An overview of the basic 
descriptive statistics for each measurement (in mm) and morph, as well as the sample 
sizes is given in Appendix 2. We base our morphometric study on females because they 
were available in larger numbers. A further strength of using females is their larger 
body size, making measurements easier and faster. The majority of specimens origi-
nated from the collection Nadig (in Muséum d’histoire naturelle, Geneva, Switzerland, 
MHNG), the rest consisting of older material collected by Baur (in coll. Nadig) and 
some specimens collected in 2015 (also in Naturhistorisches Museum Bern, Switzer-
land, NMBE). We included 273 females from various populations in Central Europe, 
mainly from the Alps and the Jura (Table 2).

Each character was photographed with a Keyence VHX 2000 digital microscope 
and a VH-Z20R/W zoom lens at different magnification, depending on the size of 
the body part (see Table 1). For most measurements, we ensured that the reference 
points were placed exactly in the focal plane. Only one character, pronotum height 
(prn.h), was exceptional in that the reference points were not exactly in the same fo-
cal distance; here also, just a single photo was necessary, because the depth of field 
was sufficiently large. Moser took the photographs and measured the distances us-
ing ImageJ v.1.49r (Schneider et al. 2012); body parts on the images were zoomed 
in 3–4 times before measuring. Three characters were eventually omitted from the 
morphometric analysis (explained in Appendix 1), because of strong individual vari-
ation (pronotum height) or wear (2nd and 3rd pulvillus length), so that the final data 
contained 17 characters.

Multivariate ratio analysis of the body measurements

For the data analysis, we applied multivariate ratio analysis (MRA) (Baur and Leuen-
berger 2011). MRA comprises several tools related to standard multivariate methods, 
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Table 1. Abbreviation, name, definition and magnification (on Keyence digital microscope) of the 20 
measurements used for the morphometric analyses of Tetrix bipunctata complex females. General mor-
phology follows Lawrence et al. (1991) and the morphological terminology for pronotal carinae is adopt-
ed from Devriese (1996).

No. Abbrev. Character name Character definition Magnification
1 bt3.l Basitarsus length Length of basitarsus of hind tarsus, from proximal expansion to apex, outer aspect 

along ventral side
150

2 eye.b Eye breadth Greatest breadth of eye, lateral view 150
3 eye.h Eye height Greatest height of eye, lateral view 150
4 fl5.b 5th flagellomere breadth Greatest breadth of 5th flagellomere, dorsal (inner) aspect 150
5 fl5.l 5th flagellomere length Greatest length of 5th flagellomere, dorsal (inner) aspect 150
6 fm2.b Mid-femur breadth Greatest breadth of mid-femur, lateral view 100
7 fm2.l Mid-femur length Length of mid-femur, from proximal emargination of trochanter to emargination 

of knee, lateral view
100

8 fm3.b Hind femur breadth Greatest breadth of hind femur, lateral view 30
9 fm3.l Hind femur length Length of hind femur, from proximal edge to tip of knee disc, lateral view 30
10 fro.h Frons height Height of frons, from lower margin of clypeus to lower margin of eye orbit, 

frontal view
100

11 hea.b Head breadth Greatest breadth of head, dorsal view 100
12 hwi.l Hind wing length Length of hind wing, from proximal edge of tegmen to tip of hind wing, in 

situ. Remark: Very often, only the part protruding below the tegmen has been 
considered. Unfortunately, the measurement is then critically dependent on the 
position of the tegmen, which is often displaced relative to the hind wing. We, 
therefore, preferred the entire hind wing length, which can be measured rather 

more reliably

30

13 prn.b Pronotum breadth Greatest breadth of pronotum, dorsal view 30
14* prn.h Pronotum height Greatest height of pronotum, from carina humeralis at level of proximal edge of 

tegmen to highest point of carina medialis, exact lateral view
30

15 prn.l Pronotum length Length of pronotum, from anterior margin to the tip of the posterior pronotal 
process, dorsal view along carina medialis

30

16* pu2.l 2nd pulvillus length Length of 2nd pulvillus on basitarsus of hind tarsus, from its proximal notch to 
distal notch, outer aspect

150

17* pu3.l 3rd pulvillus length Length of 3rd pulvillus on basitarsus of hind tarsus, from its proximal notch to 
distal notch, outer aspect

150

18 teg.b Tegmen breadth Greatest breadth of sclerotised part of tegmen, outer aspect 100
19 teg.l Tegmen length Length of fore wing, from proximal edge of tegmen to tip of fore wing, 

outer aspect
100

20 vrt.b Vertex breadth Shortest breadth of vertex, dorsal view. Together with head breath, this covers also 
potential differences in eye breath.

100

* Character omitted in morphometric analyses, see Appendix 1.

Table 2. Overview on Tetrix bipunctata complex populations (females only) included in the morphomet-
ric analyses. Most specimens are from the Nadig collection in MHNG.

Country Population
AT Kärnten
CH BE Beatenberg
CH BE/JU Jura
CH GR Oberengadin
CH GR Schams
CH GR Unterengadin
CH UR Urnerboden
DE S-Bayern
DE Schwarzwald
IT Chiavenna
IT Como
IT Gardasee
IT S-Tirol E/Mittenwald
IT Trentino
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such as principal component analysis (PCA) and linear discriminant analysis (LDA). 
Contrary to the normal application of these methods, MRA allows the interpretation 
of size and shape in a manner that is entirely consistent with the customary usage of 
body lengths and body ratios in taxonomy, for instance, in descriptions and diagnoses. 
Examples of the application of different MRA tools may be found in various papers 
(László et al. 2013; Baur et al. 2014; Ali et al. 2016; Huber and Schnitter 2020; Le et 
al. 2020; Selz et al. 2020). Here, we first calculated a general measure of size, “isosize”, 
which we obtained by calculating for each specimen the geometric mean of all meas-
urements. We then performed a PCA on a data matrix, where we divided each value by 
isosize, thus entirely removing differences in isometric size. To distinguish this particu-
lar type of PCA from the usual one based on just log-transformed raw data (Jolicoeur 
1963), we called it “shape PCA” below.

Very often shape correlates with size, which corresponds to the well-known phe-
nomenon of allometry. In the case of specimens belonging to the same stage, in our 
case adults, we are talking of static allometry (Gould 1966). Static allometric varia-
tion might furthermore be intraspecific, i.e. amongst members of the same species or 
interspecific, i.e. between species (Klingenberg 2008, 2016). The nature of allometry 
is often similar for some species, but sometimes, it also differs in extent and direc-
tion (Rebrina et al. 2020). It is important to note that intraspecific allometry may 
obscure the differences in body ratios. Interspecific allometry, on the other hand, 
may sometimes simulate differences, where only allometric scaling, the shift along a 
common allometric axis is present (Gould 1966; Seifert 2002; Warton et al. 2006; 
Klingenberg 2008, 2016).

For a sensible interpretation of morphometric results, it is therefore essential to 
consider allometric variation. In many studies, such variation is simply removed from 
the data by various “correction” procedures (Bartels et al. 2011; Sidlauskas et al. 2011). 
This, for instance, is also what happens when a PCA is used in a “normal” manner. 
Here, the first PC comprises size, as well as all the shape variation that correlates with 
size, thus removing allometry from the second and all subsequent PCs (but not nec-
essarily removing isometric size differences) (Jolicoeur 1963; Baur and Leuenberger 
2011). Unfortunately, this approach does not tell us anything about the nature of 
allometric variation. In contrast, by applying a shape PCA within the analytical frame-
work of MRA, allometry is not at all removed but uncovered by plotting shape axes (e.g. 
shape PCs or some body ratios) against isosize. Such plots reveal useful information 
about the strength and direction of allometry, which may vary between the different 
shape axes, as well as between groups (Mosimann 1970; Klingenberg 2016). Below, we 
are making use of such plots for analysing our Tetrix data.

We first performed a series of shape PCAs to see how well the morphs were sup-
ported by variation in shape. A shape PCA shows in very few axes (usually just the first 
one or two shape PCs are important) the unconstrained pattern of variation in the data. 
A PCA type of analysis is convenient here, as it does not require a priori assignment of 
specimens to a particular group, but assumes that all belong to a single group. We could 
thus avoid bias with respect to groupings (Pimentel 1979; Baur and Leuenberger 2011).
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We, furthermore, employed the PCA ratio spectrum that allows an easy interpreta-
tion of shape PCs in terms of body ratios. In a PCA ratio spectrum, the eigenvector 
coefficients of all variables are arranged along a vertical line. Ratios calculated from 
variables lying at the opposite ends of the spectrum have the largest influence on a 
particular shape PCA; ratios from variables lying close to each other or in the middle 
of the graph are negligible (Baur and Leuenberger 2011; Baur et al. 2014). As usually 
only few variables are located at the ends, the most important variation may be spotted 
at a glance.

The situation changes once we specifically ask for differences between groups. For 
this question, we use a method where the groups are specified a priori. In the morpho-
metry of distance measurements, such methods are usually based on linear discrimi-
nant analysis (LDA) (e.g. Hastie et al. 2009). Here, we applied a particular method of 
the MRA tool kit, the LDA ratio extractor (see Baur and Leuenberger 2011 for how 
this algorithm works). This allows the user to find the best ratio for separating two 
groups. Note that the algorithm not just extracts them according to discriminating 
power, it also ensures that successive ratios (best, second best etc.) are least correlated 
(Baur and Leuenberger 2011).

We used the R language and environment for statistical computing for data analy-
sis, version 4.0.3 (R Core Team 2020). For MRA, we employed the R-scripts pro-
vided by Baur and Leuenberger (2020) on Zenodo. ANOVAs were calculated using 
“summary(aov())” and by using the default settings. Scatterplots were generated with 
the package “ggplot2” (Wickham 2016). Naturally, not all specimens in the collection 
were complete, which means that 95 specimens lacked one body part or another. In 
order to be able to include all specimens in the multivariate analyses, missing values 
were imputed with the R package “mice” (Buuren and Groothuis-Oudshoorn 2011), 
using the default settings of the function “mice()”.

Raw data in millimetres and the complete set of photographs with measurements, 
as well as the R-scripts used for the analyses, are available in a data repository on 
Zenodo (Moser and Baur 2021).

2) Biogeography

Given the high level of erroneous Tetrigidae determinations in collections, we refrain 
from incorporating published records. Instead, we concentrate on specimens studied 
by ourselves from several European Museums and private collections (Table 3).

Specimens were assigned to each morph by calculating the standard ratio (see 
above). After eliminating erroneous determinations by our precursors, nymphs and a 
single specimen of the f. macroptera which cannot be associated with either bipunc-
tata or kraussi so far, we were able to include 660 specimens from the six Central Eu-
rope countries Germany, Netherlands, Switzerland, Austria, Italy and Slovenia (Suppl. 
material 1: Table S1: table of localities). Geographic coordinates and altitude were 
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extracted from specimen labels or using standard internet sources. We analysed the 
biogeography stratified for bipunctata and kraussi with an emphasis on the level of sym-
patry and syntopy. Furthermore, we studied the altitudinal range over the north-south 
gradient from the northern lowlands of Germany southwards to Italy and Slovenia.

For the generation of the map, we used QGis 3.10.13-A Coruna and the Natu-
ral Earth Data (https://www.naturalearthdata.com/about/terms-of-use/, https://www.
openstreetmap.org/copyright, OpenStreetMap contributors).

3) Microhabitat niches

In a syntopic population in Brandenburg (2.5 km E of Theisa 51.542°N, 13.503°E), 
the microhabitat use was studied for four months from May to August 2015 by Katha-
rina Gatz, supervised by G.U.C. Lehmann. By slowly walking through the habitat, 
individuals were located either sitting or jumping from a retraceable spot. At the point 
of origin, a little flag was placed and the animal afterwards caught with the help of a 
200 ml plastic vial (Greiner BioOne) (Fig. 8). To document the microhabitat, Katha-
rina Gatz measured the percentage of vegetation cover and the mean vegetation height 
in a radius of 10 centimetres around the flag. Individuals were here also determined 
using the standard ratio (see above). Microhabitat niche use was available for 34 adults 
determined as kraussi and 14 bipunctata. Habitat data for nymphs were excluded, as 
the wings are not fully developed, thus preventing determination.

Table 3. List of Museums and private collections with material of bipunctata and kraussi studied for the 
biogeography pattern. Museum codes are unified using the NCBI database (https://www.ncbi.nlm.nih.
gov/biocollections/), see also Sharma et al. (2018). An exception is the Naturhistorisches Museum Bern, 
where we take the code used by the Museum NMBE instead of the NCBI code NHMBe.

Code Institution
DEI Senckenberg Deutsches Entomologisches Institut
MHNG Muséum d'Histoire Naturelle, Geneva
MNHN Muséum National d’Histoire Naturelle (Paris)
NMBE Naturhistorisches Museum Bern
NHMV Müritzeum / Naturhistorische Landessammlungen für Mecklenburg-Vorpommern
NHMW Naturhistorisches Museum Wien
NKML Naturkundemuseum Leipzig
SMNG Senckenberg Museum für Naturkunde Görlitz
ZMA Universiteit van Amsterdam, Zoologisch Museum
ZMB Museum für Naturkunde Berlin
ZSM Zoologische Staatssammlung München
Collectio Gatz Katharina Gatz, Berlin, Germany
Collectio Gomboc Stanislav Gomboc, Kranj,Slovenia
Collectio Hochkirch Prof. Axel Hochkirch, Trier, Germany
Collectio Karle-Fendt Alfred Karle-Fendt, Sonthofen, Germany
Collectio Landeck Ingmar Landeck, Finsterwalde, Germany
Collectio Lehmann Dr. Arne Lehmann, Stahnsdorf, Germany
Collectio Muth Martin Muth, Kempten, Germany
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Figure 2. Shape principal component analysis (shape PCA) of 273 females of Tetrix bipunctata and 
kraussi A analysis including 17 variables, scatterplot of first against second shape PC; in parentheses the 
variance explained by each shape PC B PCA ratio spectrum for first shape PC C PCA ratio spectrum for 
second shape PC. Horizontal bars in the ratio spectra represent 68% bootstrap confidence intervals, based 
on 1000 replicates; only the most important characters are indicated in ratio spectra.

Results

Measurement data

Appendix 2 gives the descriptive statistics for each measurement (in mm) and morph 
as well as the sample sizes.

Analysis using shape PCA

We first performed a series of shape PCAs to see how well the morphs were supported 
by variation in shape and which body ratios were responsible for separation (Fig. 2).

In the scatterplot of the first against second shape PC, the individuals were almost 
perfectly separated along the first shape PC, but entirely overlapping along the second 
(Fig. 2A). For the interpretation of the first shape PC, we must now have a look at its 
PCA ratio spectrum (Fig. 2B). With this graph, we are able to read off the most important 
character ratios at a glance, as just those ratios are relevant that include characters lying at 
the opposite ends of the spectrum (in Fig. 2B, C, the only ones labelled). So, for the first 
shape PC, these were hind wing length (hwi.l) at the upper end and 5th flagellomere length 
(fl5.l) at the lower end. Hence, the ratio hwi.l/fl5.l should normally be considered as the 
most important one. However, here the PCA ratio spectrum was noteworthy, insofar as 
we had, at the one end, a single character (hwi.l), whereas the other 16 characters were 
densely packed at the other end of the spectrum. Such an asymmetrical ratio spectrum is 
exceptional, since we usually observe a more symmetrical character dispersion, with few 
characters at the tips and the rest around the middle. Indeed, the strong asymmetry, in this 
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particular case, profoundly influenced our interpretation. It quite simply implied that any 
ratio formed with hind wing length would result in a similar separation of the morphs! 
Perhaps the weakest separation should be expected from the ratio hwi.l/teg.l, because teg-
men length was represented in the ratio spectrum by the bar that was a bit distant from 
the remaining characters at the lower end and also closest to hind wing length.

With respect to the second shape PC, the situation is quite different as there is 
broad overlap between bipunctata and kraussi. According to its PCA ratio spectrum 
(Fig. 2C), tegmen length (teg.l) to 5th flagellomere breadth (fl5.b) emerged as the most 
important ratio. Any ratio formed with teg.l and one of the characters in the lower 
third of the spectrum give a similar result, as this ratio spectrum was also notably 
asymmetrical. Note that the overlap which we observed in morphs did not necessarily 
mean that none of these ratios contributed to their differentiation (see below under 
Extracting best ratios), but their relevance was lower. This is also reflected by the vari-
ation explained in the respective shape PCs; the first shape PC explained almost 80% 
of the variance, the rest less than 6% (see Fig. 2A).

Allometry

Plotting isosize against the first shape PC revealed that intraspecific allometry was 
weak in bipunctata and moderate in kraussi (Fig. 3). We were able to exclude a mere 
allometric scaling, because the morphs extensively overlapped in isosize, even though 
bipunctata was larger on average (ANOVA: F1,271 = 88.96, p < 0.001).

Extracting best ratios

The LDA ratio extractor found hind wing length to mid-femur length as the best 
ratio for separating bipunctata from kraussi. This ratio was indeed more powerful than 

Isosize versus shape PC1

1

Figure 3. Analysis of allometric variation in 273 females of Tetrix bipunctata and kraussi. Scatterplot of 
isosize against first shape PC.
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Figure 4. Boxplots of body ratios of 273 females of Tetrix bipunctata and kraussi A hind wing length to 
mid-femur length, the ratio selected by the LDA ratio extractor as the best ratio for separating the morphs 
B hind wing length to tegmen length, the standard ratio used for discrimination C tegmen length to hind 
femur length, the second best ratio found by the LDA ratio extractor (actually the best ratio when hind 
wing length is omitted). Means in all plots significantly different (ANOVA, p < 0.001).

the standard ratio (compare Fig. 4A, B). In contrast, the second-best ratio found by 
the ratio extractor, tegmen length to hind femur length, separated the morphs much 
less well (Fig. 4C). However, once hind wing length was omitted, this ratio had the 
best discrimination power. It was also more weakly correlated with the other two 
ratios and thus stood for another direction in the data. This direction only revealed 
differences in mean (ANOVA: F1,271 = 795, p < 0.001), but otherwise the morphs 
were largely overlapping.

The specimens considered as “Nadig intermediates” (“Zwischenformen”) are found 
in both groups. In the plot with the best ratio (Fig. 5A), these specimens were nested 
within each morph and, therefore, cannot be considered intermediates. In the other 
plot, including the standard ratio (Fig. 5B), many intermediates emerged in or near 
the zone of overlap.

Biogeography

In total, 660 specimens from 286 localities could be included into our biogeograph-
ic analysis (Suppl. material 1: Table S1). We were able to include a slightly higher 
number of records for kraussi, with 403 individuals from 170 localities, than for bi-
punctata with 257 individuals from 116 localities. The general distribution pattern is 
largely overlapping; both bipunctata and kraussi occur in Central Europe sympatri-
cally over much of the range (Fig. 6). However, this sympatric distribution is not 
perfect. In the northern lowlands area of the Netherlands, the German Federal States, 
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Figure 5. Scatterplots of isosize against body ratios of 273 females of Tetrix bipunctata and kraussi, 
showing the position of intermediate specimens A isosize against ratio of hind wing length to mid-femur 
length, the best ratio for separation of morphs B isosize against ratio of hind wing length to tegmen 
length, the standard ratio for discrimination (see Fig. 4). The 11 specimens considered by Nadig (1991) 
as “Zwischenformen” marked by black triangles.

Mecklenburg-Western Pomerania (Mecklenburg-Vorpommern) and ¾ of north-
ern Brandenburg, only bipunctata individuals are found. All those records are below 
121 m altitude, i.e. in the planar altitudinal belt. In contrast, the northernmost records 
of kraussi are from the mountainous Harz in Sachsen-Anhalt. From here, kraussi oc-
curs largely sympatrically with bipunctata over the Central German Uplands. Given 
the general overlap, the low number of shared populations is notable; we identified 
only five syntopic localities for our German sample (two in southern Brandenburg, 
Thuringia Hainleite, Thuringia Kyffhäuser and Sachsen-Anhalt Balgstädt Tote Täler).  
In a large part of the Alps, bipunctata and kraussi are sympatric over much of their range. 
In Switzerland, we found syntopic populations occurring at medium altitude, especially 
pronounced in the Canton Bern with four out of five populations being syntopic, fol-
lowed by the Jura with two out of six populations. In Beatenberg (Bernese Alps), the bi-
punctata to kraussi ratio was 5/9 and in Orvin (Jura), one bipunctata to 14 kraussi (Moser 
and Baur 2021). However, in the southern Alps, only kraussi occurs; all individuals from 
Istria up north to Carinthia (Kärnten) and Styria (Steiermark) in Austria and all pre-
alpine populations in Italy, extending into the Ticino in Switzerland, belong to kraussi. 
Despite the large sympatric occurrence, a notable difference exists in the inhabited al-
titude. Segregated for the Federal States in Germany and the Alpine countries, bipunc-
tata inhabits, on average, the higher altitudes (Fig. 7). The difference is especially clear 
in our samples from Austria and Bavaria, but is also found in seven out of ten regions 
with overlapping populations. In Slovenia, where only kraussi occurs, its altitudinal 
range is comparable to the bipunctata range found north of the Alps in Bavaria.
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Microhabitat niches

In the syntopic population in Brandenburg, adults of bipunctata and kraussi show 
separated microhabitat niche use. While bipunctata adults preferentially inhabit denser 

Figure 6. Distribution of 260 localities with records of Tetrix bipunctata (green dots), kraussi (orange 
dots) and syntopic populations (purple dots), mapped for six central European countries. Map generated 
using Natural Earth Data https://www.naturalearthdata.com/about/terms-of-use/.
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Figure 7. Altitudinal distribution (mean ± SD) of 286 populations of Tetrix bipunctata (green) and 
kraussi (orange) segmented for five Central European countries and eight Federal States in Germany. 
Regions are grouped along the north-south axis, NL = The Netherlands, DE = Germany: DE MV = 
Mecklenburg-Vorpommern, DE BB = Brandenburg, DE ST = Sachsen-Anhalt, DE SN = Sachsen, DE 
TH = Thüringen, DE HE = Hessen, DE BW = Baden-Württemberg, DE BY = Bayern, AT = Austria, CH 
= Switzerland, IT = Italy, SL = Slovenia.

Figure 8. Characteristic microhabitats of Tetrix bipunctata (left) and kraussi (right) at the syntopic popu-
lation at Theisa, southern Brandenburg.

vegetation with higher plants (Fig. 8a), the more open areas with less tall plants are 
inhabited by kraussi (Fig. 8b). These spots occur side-by-side in the forest aisle at Theisa 
in Southern Brandenburg.

Microhabitats of bipunctata had a mean vegetation cover of 70 ± 18%, nearly twice 
as dense as the vegetation at kraussi spots (40 ± 7%) (Fig. 9). This difference in vegeta-
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Figure 9. Vegetation cover in percent (mean ± SD) at spots of 10 cm diameter with records of adult 
Tetrix bipunctata and kraussi at the syntopic population at Theisa, southern Brandenburg.

tion cover was significant between morphs (two-way ANOVA: F1,47 = 455.77, p < 0.001) 
and between months (ANOVA: F3,45 = 86.33, p < 0.001). Even if the preference for 
more dense vegetation cover increases for bipunctata over the season, this shift was not 
significant, as indicated by the interaction term (ANOVA: F3,45 = 2.16, p = 0.11).

Figure 10. Vegetation height (mean ± SD) at spots of 10 cm diameter with records of adult Tetrix bi-
punctata and kraussi at the syntopic population at Theisa, southern Brandenburg.



Limits of species concepts in pygmy grasshoppers in Tetrix bipunctata complex 49

The vegetation at sites inhabited by bipunctata adults was on average 27 cm ± 
12 cm tall, nearly twice as high as the plants at patches with kraussi occurrence (16 cm 
± 4 cm) (Fig. 10). The difference is significant between morphs (two-way ANOVA: 
F1,47 = 156.24, p < 0.001) and months (ANOVA: F3,45 = 37.80, p < 0.001). Further-
more, it was pronounced in May and August as revealed by the significant interaction 
term (ANOVA: F3,45 = 62.66, p < 0.001).

Discussion

The morphometric analyses revealed that the morphs are merely separated by hind 
wing length or hind wing length in combination with any other character as a shape 
ratio. It was thus, by far, the most important character (Figs 2A, B, 4A, B). The first 
shape PC explaining 80% of the total variance supports this suggestion, while all other 
shape axes explain just a marginal portion of variation. The best ratio is hind wing 
length to length of the mid-femur, which almost perfectly distinguishes between bi-
punctata and kraussi. The traditionally used standard ratio of tegmen length to hind 
wing length (Lehmann 2004; Baur et al. 2006), is much less reliable (Fig. 4B). The 
differences between the morphs vanish when the importance of hind wing length is 
suppressed, as in the second shape PC (see Fig. 2A, C).

Isometric size between the morphs is widely overlapping with bipunctata being 
slightly larger on average (Fig. 3). This is consistent with the differences in body size 
measured as pronotum length and tegmen length found in the Diemeltal in northwest 
Germany (Schulte 2003). Based on more than 1000 specimens, bipunctata was the 
slightly larger morph compared to kraussi. Allometric variation is weak in both morphs 
and, because of the overlap in size, allometric scaling can be excluded. Some authors 
suggested the height of the pronotum as a possible difference (Schulte 2003). In Suppl. 
material 3: Fig. S2, we demonstrate that the variation in pronotum height between 
individuals excludes it from being a delimitation character.

In conclusion, we did find clear morphometric differences between bipunctata and 
kraussi only in hind wing length and all ratios including this variable. This is in agree-
ment with results by Schulte (2003) who used specimens from northwest Germany 
and Sardet et al. (2015) who analysed French specimens. This means that the differ-
ences in wing length are consistent, regardless of the geographic origin.

Nadig’s intermediate specimens and the subspecies hypothesis

Our analyis shows that the specimens from the Engadin, determined as intermediates 
(“Zwischenformen”) by Nadig (1991), actually fall into either the bipunctata or the 
kraussi cluster. This is most evident from the scatterplot of isosize versus the best ratio 
(Fig. 5A) and, to a lesser degree, also from isosize versus the standard ratio (Fig. 5B).

Based on his observation, Nadig (1991) proposed to classify bipuncata and kraussi 
as subspecies. However, the definition of a subspecies, as suggested by most authors 
(Mayr 1963; Mallet 2007; Braby et al. 2012), also requires a geographical separation of 
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populations. Even though there are areas where only kraussi (the Southern Alps, as well 
as the Western Balkan) or bipunctata is found (Northern German Depression from the 
Netherlands towards Poland [this article], as well as Siberia and Scandinavia [Lehmann 
2004]), there is a large area of sympatry in Central Europe (Fig. 6), thus eliminating 
the subspecies hypothesis. Syntopic populations are, furthermore, documented from 
all over the shared distribution range, with changing distribution ratio (see Schulte 
2003; Lehmann and Landeck 2011; Sardet et al. 2015a; Moser and Baur 2021).

Habitat differentiation

The morphs show a preference for slightly different habitats, with kraussi prefer-
ring shorter and less dense vegetation cover (Fig. 8). Fischer (1948) had already 
reported differential micro-habitat usage of bipunctata and kraussi, with the distri-
bution of bipunctata in generally higher vegetation and less exposed than kraussi. 
We found the same in a sympatric population in Southern Brandenburg. Overall, 
kraussi seems to prefer drier, warmer climatic conditions and is often associated 
with limestone and open space with low vegetation, while bipunctata shows a pref-
erence for denser vegetation and higher plants (Figs 9, 10), which is in accordance 
with other observations (Zuna-Kratky et al. 2017). Where the habitat preferences 
overlap, the morphs meet in sympatry. These shifted preferences help to explain 
the altitudinal differentiation with bipunctata occurring at higher altitudes in the 
mountains (Fig. 7). Consistent with these habitat preferences, kraussi occurs more 
in the South than bipunctata (Fig. 6). In the syntopic populations, we recorded 
dominance of either bipunctata or kraussi, as reported in literature (Schulte 2003; 
Sardet et al. 2015; Moser and Baur 2021). This might be influenced by the prevail-
ing climatic conditions, with kraussi being more common in warmer regions and 
bipunctata dominating in cooler climate.

The question whether kraussi and bipunctata represent different species or should 
be interpreted as infraspecific morphs is still open. The lack of genetic differentiation 
(see Hawlitschek et al. 2017) is equally congruent with bipunctata and kraussi being 
two young species or representing ecomorphs of a single species. Polymorphism, espe-
cially regarding wing length, is a well-known phenomenon in Tetrigidae, for example, 
in the well-studied Tetrix subulata (Steenman et al. 2013, 2015; Lehmann et al. 2018). 
To complicate the situation, a macropterous morph is documented for bipunctata 
(Devriese 1996; Schulte 2003; this study). As all known Tetrigidae are either mono- or 
dimorphic (e.g. Günther 1979; Devriese 1996), this would make the bipunctata-com-
plex the only documented case with three wing morphs. However, this is not impos-
sible, as other insects are able to develop several morphs per species (West-Eberhard 
2003). Unfortunately, we lack any studies on the processes triggering the difference 
between kraussi and bipunctata and the forma macroptera as well. The mechanisms for 
the development of the forma macroptera, on the one hand and the switch between 
the morphs bipunctata and kraussi on the other hand, might differ and be based on 
distinct genetic backgrounds.
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More research is needed to distinguish between the two possibilities that bipunc-
tata and kraussi are genetically young species or infraspecific ecomorphs. However, this 
is a prime example how even modern species concepts can reach their limits. What 
we can exclude is their status as subspecies. Missing evidence concerns the genetic 
and developmental mechanisms behind the wing length. Crossing experiments could, 
furthermore, be informative to study reproductive barriers and hybrid disadvantage. 
We recommend that bipunctata and kraussi are considered as separate units until the 
species question can be answered more precisely.
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Appendix 1

Identification and removal of unreliable characters.

As mentioned under Materials and methods, we omitted three characters from all 
morphometric analyses presented in the results. In the following, we briefly describe 
the procedure that led to their removal.

Initially, we started with a shape PCA, based on all 20 characters (see Suppl. ma-
terial 2: Fig. S1). The resulting scatterplot was very similar to the one presented in the 
results (Fig. 2A), with an almost perfect separation of morphs along shape PC1 and 
a complete overlap along shape PC2 (Suppl. material 2: Fig. S1A). In addition, the 
PCA ratio spectrum for shape PC1 was fully congruent with the one of the definitive 
analysis (compare Suppl. material 2: Fig. S1B and Suppl. material 3: Fig. S2B). Dif-
ferences eventually arose in the PCA ratio spectrum of the second shape PC, where 
the coefficients of the three characters pronotum height (prn.h), 2nd pulvillus length 
(pu2.l) and 3rd pulvillus length (pu3.l) evidently had much too broad confidence in-
tervals (Suppl. material 2: Fig. S1C). These characters dominated the spectrum (also 
that of the third shape PC, not shown here), but at the same time, did not at all con-
tribute to the differentiation of morphs. We, therefore, suspected that the measure-
ments were unreliable, either due to high measurement error or intraspecific variation 
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(Baur and Leuenberger 2011). Closer inspection of specimens, indeed, revealed that 
the latter was prevalent concerning the upper edge of the pronotum. Here, specimens 
of both morphs showed large individual variation. For measuring pronotum height, 
we thus had to move the reference points along the body axis, rendering these points 
clearly non-homologous (Suppl. material 3: Fig. S2, measurement position indicated 
by a magenta line; note the varying position of these lines relative to the base of the 
tegmen). The pulvilli, on the other hand, were often worn off and the respective refer-
ence points indistinct.

It is well known that a high quality of measurements is crucial in morphomet-
ric data, as low reliability may cause serious problems for multivariate data analysis 
(Lougheed et al. 1991; Bartlett and Frost 2008; Nakagawa and Schielzeth 2010; László 
et al. 2013). Baur et al. (2014), for instance, demonstrated how badly a single error-
prone variable may affect a shape PCA by masking important groupings. Therefore, we 
think it was not only justified, but also necessary to exclude the three characters from 
the dataset.

Appendix 2

Overview of measurements of Tetrix females, showing minimum, mean, median and 
maximum in mm.
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Supplementary material 1

Table S1
Authors: Valentin Moser, Hannes Baur, Arne W. Lehmann, Gerlind U.C. Lehmann
Data type: table
Explanation note: Records of 660 specimen of Tetrix bipunctata and T. kraussi, based 

on our surveys in European Museums and private collections, see Table 3 for the 
list of sources.

The 17 rows coloured represent syntopic occurrences of Tetrix bipunctata and T. kraussi.
Species: z = Zwischenformen, specimen supposed to be intermediates by Nadig (1991), 

but turned out to be either Tetrix bipunctata or T. kraussi in this study.
Date: Collection date as reported on labels, in square brackets we added the unreport-

ed centuries [18] or [19] deduced from our knowledge of collectors biographies.
State: English name of the governmental province.
Bundesland / Kanton: German name of the governmental province.
Geographic coordinates and altitudes: extracted with the help of open mapping tools 

(https://tools.retorte.ch/map/, https://www.mapcoordinates.net).
Comments: Additional information given on labels.
First and second determination: Identifications based on label information.
Authors’ determination: Identifications based on the standard ratio of the full hind 

wing length to tegmen length: ≥ 2.5 = bipunctata, < 2.5 = kraussi (corresponding 
to the ratio of the protruding part of hind wing length to tegmen length of ≥ 1.5 
and < 1.5, respectively).

Collectio: Abbreviations of European Museums and private collections with material 
studied. Museum codes are unified using the NCBI database (https://www.ncbi.
nlm.nih. gov/biocollections/), see also Sharma et al. (2018). An exception is the 
Naturhistorisches Museum Bern, where we take the code used by the Museum 
NMBE instead of the NCBI code NHMBe (compare Table 3).

Collection number: Individual codes assigned by the Collectio Lehmann [CL], the 
Muséum d'Histoire Naturelle, Geneva (MHNG) or Naturhistorisches Museum 
Bern (NMBE).

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.1043.68316.suppl1
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Supplementary material 2

Figure S1
Authors: Valentin Moser, Hannes Baur, Arne W. Lehmann, Gerlind U.C. Lehmann
Data type: (measurement/occurrence/multimedia/etc.)
Explanation note: Shape principal component analysis (shape PCA) of 273 females of 

Tetrix bipunctata and kraussi. A: analysis including 20 variables, scatterplot of first 
against second shape PC. B: PCA ratio spectrum for first shape PC. C: PCA ratio 
spectrum for second shape PC. Horizontal bars in the ratio spectra represent 68% 
bootstrap confidence intervals based on 1000 replicates.

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.1043.68316.suppl2

Supplementary material 3

Figure S2
Authors: Valentin Moser, Hannes Baur, Arne W. Lehmann, Gerlind U.C. Lehmann
Data type: (measurement/occurrence/multimedia/etc.)
Explanation note: Variation in pronotum shape (lateral view) of some Tetrix females 

included in the morphometric analyses. A–D: bipunctata; E–H: kraussi. The posi-
tion where pronotum height was measured is indicated by a magenta line.

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.1043.68316.suppl3
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Introduction

The classification of ladybird beetles (Coccinellidae) has changed dynamically in the 
last decade mainly due to molecular approaches. Although several studies have been 
conducted at the family level, none of them gave robust classification of the family 
(Seago et al. 2011; Robertson et al. 2015). Historically, the family was divided into 
six or seven subfamilies (Sasaji 1968; Kovář 1996) but more recent treatments based 
on morphology and molecules support just two, Microweiseinae and Coccinellinae 
(Ślipiński 2007; Seago et al. 2011; Robertson et al. 2015). However, recent analysis of 
a large molecular dataset (Che et al. 2021) revealed the existence of the third mono-
typic subfamily Monocoryninae.

The genus Coccidula Kugelann, 1798 was traditionally placed in the subfamily 
Coccidulinae (Sasaji 1968; Kovář 1996), nonetheless, in the new classification of lady-
birds it was proposed to be one of the tribes (Coccidulini) within the broadly defined 
subfamily Coccinellinae. Seago et al. (2011) synonymized this tribe with Scymnini, 
however, after the analyses by Robertson et al. (2015) and Che et al. (2021) both are 
once again treated as independent tribes. Coccidulini are one of the most problematic 
groups of ladybirds as in the traditional classification they contain numerous genera 
with just superficial external similarity based mainly on hairy body surface and relative-
ly long antennae. Consequently, in all molecular analyses they do not form a mono-
phyletic group (Seago et al. 2011; Robertson et al. 2015; Che et al. 2021). The tribe 
is distributed worldwide with moderate diversity in the Palearctic (Kovář 2007) and 
African regions (Fürsch 2007; Tomaszewska 2010), rich in South America (Gordon 
1994), but the most diverse fauna occurs in South Asia, Australia and neighboring re-
gions (e.g., Ślipiński 2007; Poorani and Ślipiński 2009; Tomaszewska 2010; Tomasze-
wska and Ślipiński 2011; Szawaryn and Leschen 2019). The largest and most widely 
distributed is the genus Rhyzobius Stephens, 1831 with more than 100 recognized spe-
cies (Tomaszewska 2010; Czerwiński et al. 2020) and numerous undescribed species 
mainly from New Guinea. Interestingly it is also the only genus of Coccidulini with 
known fossil representatives from the Eocene period discovered in Oise (Kirejtshuk 
and Nel 2012) and Baltic ambers (Szawaryn and Tomaszewska 2020).

Coccidula is a small genus distributed in the Holarctic, with one species in North 
America and four in Eurasia. Historically numerous species and varieties have been 
described based mostly on differences in color pattern, but most of them were sub-
sequently synonymized when genitalia were examined. Gordon (1985) revised the 
North American species; however, the Palearctic species have not been revised until 
now. As Coccidulini has never been a subject of morphological cladistic analysis there 
is no hypothesis about its internal relationship available. However, based on recent 
molecular analyses (Che et al. 2021), C. scutellata (Herbst, 1783) and Rhyzobius litura 
(Fabricius, 1787) group in a single clade with the African genus Epipleuria Fürsch, 
2001 and African species of Rhyzobius.

The European species are usually found in wetlands and water banks in low 
and middle elevations (Bielawski 1959). They live on herbaceous emergent grassy 
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vegetation such as reeds, feeding on aphids such as Hyalopterus pruni (Hemiptera: 
Aphididae). Coccidula rufa is sometimes contrastingly reported also from dry sand 
dunes and in Finland from cereal fields (Clayhills and Markkula 1974). High preva-
lence (60–80%) of endosymbiotic bacteria Rickettsia and Wolbachia was reported from 
Germany (Weinert et al. 2007). Coccidula rufa is univoltine – mating and egg-laying 
occur in the spring and summer, eggs are laid in batches on reed stems and foliage, 
larvae develop through the spring and summer, and a new generation of adults emerges 
in July. All species may be locally and temporally abundant.

The tribe Coccidulini needs comprehensive revision. In the current work we pre-
sent a morphological revision of all currently known species of Coccidula, the type ge-
nus for the tribe. This revision is a first step to understand the morphological diversity 
of the tribe and may lead to further phylogenetic studies.

Material and methods

Material used of this study is deposited in the following collections:

AJC Andrzej Jadwiszczak Collection, Poland;
ASC Alexander Slutsky Collection, Kharkov, Ukraine;
HNHM Hungarian Natural History Museum, Budapest, Hungary;
NMP National Museum Prague, Czech Republic;
MIZ Museum and Institute of Zoology, Warsaw, Poland;
MNHN Muséum national d’histoire naturelle, Paris, France;
USB University of South Bohemia, České Budějovice, Czech Republic.

Genitalia were dissected, cleared in a 10% KOH solution, washed in water, and 
placed in glycerol on slides for further study. Female genitalia were stained with 
chlorazol black. Measurements were recorded as follows: TL – total body length 
from apical margin of clypeus to apex of elytra; PL – pronotal length from the 
middle of anterior margin to the middle of the posterior margin; PW – pronotal 
width across widest part; EL – elytral length along suture including scutellum; EW 
– elytral width across both elytra at the widest part. Colour images were taken using 
either a stereo microscope Leica MZ 16 with a digital camera IC 3D; final images 
were produced using Helicon Focus 5.0X64 and Adobe Photoshop CS6 software, 
or a stereo microscope Nikon SMZ 1500 with Lumenera digital camera and Quick-
Photo software, composite images with deep focus were generated using Zerene 
Stacker. The SEM photographs were taken in the Laboratory of Scanning Micros-
copy, MIZ (Warsaw), using a scanning electron microscope HITACHI S-3400N 
under low vacuum conditions and on JEOL JSM-7401F in Biology Centre CAS 
(České Budějovice). Terminology used for morphology follows Ślipiński (2007) and 
Lawrence et al. (2011). In this paper, we follow the classification proposed by Che 
et al. (2021).
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Taxonomy

Family Coccinellidae Latreille, 1807
Subfamily Coccinellinae Latreille, 1807
Tribe Coccidulini Mulsant, 1846

Coccidula Kugelann, 1798

Coccidula Kugelann, 1798: 421. Type species: Chrysomela scutellata Herbst, 1783, by 
subsequent designation by Crotch 1874.

Strongylus Panzer, 1813: 114.
Cacidula Dejean, 1821: 132. Type species: Chrysomela pectoralis Fabricius, 1792 

(=Dermestes rufus Herbst, 1783).
Cacicula Stephens, 1831: 397.

Diagnosis. Representatives of the genus Coccidula with its general body shape may 
resemble Tetrabrachys Kapur, however, it can be separated based on the structure of 
the tarsi which are tetramerous in both genera but in Coccidula the first tarsomere is 
sub-triangularly broadened apically and the second is elongate and distinctly lobbed, 
while in Tetrabrachys both the first and second are narrow, elongate and without lobes. 
Moreover, in Tetrabrachys the apical maxillary palpomere is widely securiform, and 
beetles are brachypterous, while in Coccidula the apical maxillary palpomere is only 
slightly widened and the second pair of wings is functional. Coccidula is also externally 
similar to European species of Rhyzobius but it can be separated based on the following 
characters: body almost parallel sided, elytra covered with punctures of two sizes, larger 
punctures arranged in nine rows (in C. litophiloides some of them are reduced), base 
of the pronotum not bordered, while in Rhyzobius the lateral body outline is broadly 
rounded, the elytra are covered with single sized, randomly arranged punctures, and 
base of the pronotum with distinct bordering line.

Description. Body elongate-oval, with sides parallel (Fig. 1C–H), body flattened 
in lateral view, convex in cross-section; dorsum covered with setiferous punctures of 
two sizes (Figs 7A, 9A), hairs directed forwards on pronotum, backwards on elytra.

Head partially withdrawn into prothorax (Fig. 1C–H); ventral antennal grooves 
shallow and moderately long, extending to posterior border of an eye (Fig. 3E). Eyes 
prominent, coarsely facetted (7–8 ommatidia per eye width), ocular canthus distinct, 
about as long as 4–5 ommatidium diameters; interocular distance about 3× as eye di-
ameter; interfacetal setae present only in basal part; temple behind eye distinctly longer 
than eye (Fig. 3E). Antennal insertion placed laterally, invisible from above, distance 
between antennal insertions about same as between eyes; frons around antennal inser-
tions slightly expanded, covering antennal insertions, anterior tentorial pits placed ven-
trally below antennal insertions. Antennae (Figs 5A, E, 7A, D) longer than maximum 
head width including eyes, composed of 11 antennomeres (AN); scape simple, with-
out projections, slightly curved; pedicel distinctly narrower than scape, elongate (1.5× 
longer than wide); AN 3–8 elongate (AN3 ≈ 3.5×; AN8 ≈ 1.3× longer than wide); AN 
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9–11 forming a loose, asymmetric club, ultimate AN truncate apically. Frontoclypeus 
short, transverse, anterior margin straight. Labrum entirely exposed, transverse, ante-
rior margin straight. Mandibles asymmetric, bifid apically (Fig. 10G), molar part with 
basal tooth; prostheca distinct. Maxillary stipes (Figs 2B, 5C, 9C, 10H) with distinct 
groove for reception of maxillary palp in repose; palpomere 2 shorter than terminal 

Figure 1. Immature stages and habitus of adult species of Coccidula Kugelann A C. rufa larva B C. rufa 
pupa C C. lepida, dorsal D C. lepida, ventral E C. litophiloides F C. reitteri G C. rufa H C. scutellata 
A, B Gilles San Martin, Wikimedia Commons C, D Danny Haelewaters G, H Udo Schmidt. Scale bars: 
1 mm (C–H).
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(4th) one, slightly broadened apically; palpomere 3 about 2.3× shorter than terminal 
one, subtriangular; terminal palpomere slightly securiform; lacinia with stiff setae on 
outer margin in apical half, with several additional spurs on surface (Fig. 10H). Labial 
palps (Figs 3E, 9C) with 3 palpomeres, inserted ventrally on prementum; palpomere 
1 very small, apical palpomere as long as and about as broad as penultimate; distance 
between palp insertions about 1.5–2× as its width. Prementum subquadrate, transverse 
apically. Mentum trapezoidal, broadest in anterior part, with horseshoe impression at 
base (Figs 7C, 9C). Submentum broad, transverse, with suture invisible.

Anterior margin of pronotum weakly, broadly emarginate (Figs 3B, 5B) with ante-
rior corners broadly rounded; lateral margins with moderately (Figs 7B, 9B) to distinct-
ly expanded lateral beads (Fig. 3B), distinctly margined; hind corners sharply pointed; 
hind margin not bordered. Prothoracic hypomeron smooth, without delimited foveae 
(Figs 3C, 7C). Prosternum in front of coxae about as long as longitudinal length of 
procoxal cavity; anterior margin straight or slightly emarginate with distinct border. 
Prosternal process about 0.4 times of coxal diameter, surface smooth (Fig. 3C) or with 
lateral carinae (Figs 7C, 9E). Procoxal cavity oval, distinctly bordered anteriorly.

Mesoventrite 1.3× longer than its width at the level of mid coxae (Figs 1D, 5D, 7D); 
mesal surface with deep emargination for receiving tip of prosternal process (Fig. 2C); 
anterior margin with completely raised border. Meso-metaventral process narrow (Figs 
1D, 2C, 5D, 7E), about 0.5 times of mesocoxal diameter, junction slightly arcuate (Figs 
2C, 3D, 5D, 7E, 9D), with suture visible. Metendosternite with stalk sub-quadrate, 
tendons long, separated by a distance of about width of stalk and situated closer to 
center (Fig. 10I). Scutellar shield pentagonal (Figs 7B, 9B). Elytra at base wider than 
pronotum, lateral margins clearly visible from above throughout (Figs 2D, 3A, 5A, 7A) 
(except C. scutellata where it is obscured in basal part, Fig. 9A), surface covered with 
punctures of double size, smaller irregularly distributed, larger punctures arranged in 
nine irregular longitudinal rows. Sutural stria absent. Elytral epipleuron narrow, incom-
plete, reaching base of ventrite 4 (Fig. 1D), with complete bordering line, epipleural 
foveae absent. Hind wings fully developed or missing (in C. litophiloides). Metaventral 
postcoxal lines roundly joined medially, complete laterally, straight or descending (Figs 
2C, 3D, 5D, 7E, 9D). Metaventrite with discrimen visible in posterior 2/3.

Trochanters simple, subtriangular, without projection (figs 7E, 9D). Tibiae slightly 
expanded apically with one apical spur on forelegs, and two in mid and hind legs. Tarsi 
consisting of four tarsomeres, second tarsomere truncate apically; tarsal claws cleft api-
cally (Fig. 9G) with single empodial seta present.

Abdomen in both sexes with 6 ventrites (Fig. 1D); ventrite 1 about as long as 
ventrites 2–4 combined, ventrite 2 longer than ventrite 3, ventrites 3–5 subequal 
in length. Abdominal postcoxal lines (Figs 7E, 9D) separate medially, recurved and 
complete, reaching anterior margin of ventrite, posteriorly reaching about half length 
of ventrite 1. Ventrite 5 in female posteriorly rounded (Fig. 7F), in male truncate 
(Fig. 9F). Ventrite 6 rounded in both sexes.

Male terminalia. Tegmen (Figs 4A, B, 8A, B, 10A, B) symmetrical; parameres 
articulated with penis guide. Penis (Figs 4C, 8C, 10C) slender, pointed apically; penis 
capsule asymmetrical with outer arm reduced, inner arm well developed. Apodeme of 
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male sternum IX simple, not broadened apically (Figs 8D, 10D). Tergite X broadly 
rounded, semicircular (Figs 8D, 10D).

Female terminalia. Coxites (Figs 10F) distinctly elongate, subtriangular; styli 
small but visible, bearing several short setae; infundibulum absent (Figs 4D, 8E, 10E); 
sperm duct simple. Spermatheca (Figs 4D, 8E, 10E) worm-like, without clear ramus 
or nodulus; spermathecal accessory gland small, elongate. Proctiger elongate, rounded 
apically (Fig. 10F).

Immature stages. Larva as in Fig. 1A, pupa as in Fig. 1B.
Distribution. Holarctic: Asia, Europe, Africa (North), North America.

Key to species of Coccidula Kugelann

1 Head and epipleurae black (Fig. 1C, D); elytra with humeral area black. Nearctic 
 ...............................................................................................C. lepida LeConte

– Head and epipleurae testaceous; elytra with humeral area testaceous. Palaearctic ...2
2 Pronotum with posterior corners pointed, with an angle much less than 90° (Figs 

1G, 3B); pronotal lateral margins broadly explanate (Figs 1E, 3B); prosternal 
process without carinae (Fig. 3C); elytra with missing or reduced rows of large 
punctures 2 and 3 (counted from the suture) ................. C. litophiloides Reitter

– Pronotum with posterior corners not distinctly pointed, with an angle around 90° 
(Figs 1F–H, 7B, 9B); pronotal lateral margins moderately explanate (Figs 1G, 7B, 
9B); prosternal process with distinct lateral carinae (Figs 7C, 9E); elytra with all 
rows of large punctures well visible ....................................................................3

3 Prosternal process with lateral carinae very distinct, sinuate, roundly joined to 
the anterior prosternal margin (Fig. 9E); lateral elytral margins in basal part not 
visible from above (Fig. 9A); metaventral postcoxal lines narrowly separated on 
metaventral process (Fig. 9D); specimens entirely testaceous or with more than 
one black macula on elytra (Fig. 1H); penis guide about half length of parameres 
(Fig. 10A) ........................................................................... C. scutellata Herbst

– Prosternal process with lateral carinae straight, sometimes not joined together, 
extending to level of anterior border of procoxal cavity, not merged to anterior 
prosternal margin (Figs 5C, 7C); lateral elytral margins in basal part visible from 
above (Figs 5A, 7A); metaventral postcoxal lines joined on metaventral process 
(Figs 5D, 7E); specimens entirely testaceous to rufous (Fig. 1G) or with single 
elongate dark brown to black macula near the elytral suture around middle of 
elytra (Fig. 1F); penis guide longer than parameres (Figs 6B, 8A) ......................4

4 Body entirely rufous, sometimes with darker scutellar shield (Fig. 1G); penis 
guide distinctly curved in lateral view, parameres at base about as broad as in 
middle (Fig. 8B) ....................................................................... C. rufa (Herbst)

– Body testaceous with small transverse macula at base of pronotum just above 
scutellar shield, scutellar shield dark, elytra with single dark brown to black, lon-
gitudinal macula on elytral suture around middle of elytra (Fig. 1F); penis guide 
mildly curved in lateral view, parameres at base distinctly narrower than in middle 
(Figs 6A, C) ............................................................................ C. reitteri Dodge
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Coccidula lepida LeConte, 1852
Figs 1C, D, 2A–E

Coccidula lepida LeConte, 1852: 132.
Coccidula occidentalis Horn, 1895: 114.
Coccidula suturalis Weise, 1895: 132.

Material examined. United States of America: America b., 82, coll. Růžička et 
Vokál, (1: NMP); Alaska, Mi.1249, Alaska Hwy., Dedman Lk., 6.–7.VII.1968, Camp-
bell & Smetana (1: NMP); Vermont, Korschefsky det. (2: MIZ); Canada: SK, Harris 
Reservoir, Hwy 21, 10 km S, Maple Creek, April 19 2016, drift D. Larson (1 female: 
NMP). Type material not studied, deposited in Museum of Comparative Zoology, 
Cambridge, USA.

Diagnosis. Coccidula lepida is the only Nearctic species of the genus, and is similar 
in many characters to C. scutellata, but with the head and epipleura black. In the typi-
cal form (C. lepida described by LeConte), the black elytral pattern resembles an exten-
sion of the five fused black maculae on the elytra of C. scutellata, with shoulders and 
epipleura black. Shoulder tubercle distinct, prototum relatively narrow. Male genitalia 
with penis guide much shorter than parameres. Detailed description of morphology 
including variability in pattern can be found in Gordon (1985: 656–659).

Description. Length = 2.7–3.5 mm, BL/BW = 1.88–1.96, EL/BW = 1.40–1.42, 
PW/BW = 0.73.

Body elongate (Fig. 1C), slightly widening in posterior part. Head black. Elytra 
of typical form, light testaceous with black pattern covering scutellar shield and sur-
rounding portion of elytra through shoulders to lateral margins, covering about 60% 
of its anterior part; pair of maculae in posterior 3/4 of elytra near suture; in western 
population fused and connected to scutellar shield over suture. Ventral side (Fig. 1D) 
black with hypomera and ventrites 3–6 testaceous.

Head and pronotum covered with uniform small setiferous punctures arranged ir-
regularly. Pronotum transverse, broadly rounded laterally, with lateral margin glabrous; 
pronotum covered with dense setiferous punctures. Posterior pronotal corners not pro-
duced (Fig. 2A). Prosternum with anterior margin with bordering line complete. Pros-
ternal process with complete lateral carinae, joined roundly and merged with anterior 
border of pronotum (Fig. 2B).

Scutellar shield pentagonal, covered with dense setiferous punctures. Elytra 
(Fig. 2D) covered with two types of punctures, small setiferous punctures irregularly 
distributed throughout the elytral surface, some of these punctures surrounded by larg-
er depressed circles forming nine irregular longitudinal rows along the whole length 
of elytra. Shoulder tubercles distinct, but lateral elytral margin of elytra visible from 
above throughout. Mesoventrite (Fig. 2C) with anterior border interrupted in median 
part. Metaventrite (Fig. 2C) with postcoxal lines transverse in median part and then 
descending laterally, continuous on the metaventral process in median part; covered 
with setiferous punctures very sparsely distributed in central part of sclerite, densely 
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setose in anterolateral parts, with a single row of large punctures below postcoxal lines 
and above metacoxae.

Abdominal postcoxal lines (Fig. 2E) complete, widely rounded, reaching about 
half of the length of the ventrite 1 measured below metacoxa. Ventrites covered with 
dense setiferous punctures.

Male genitalia. Tegmen in inner view with penis guide subtriangular with pointed 
apex; short, about two times shorter than parameres. Parameres elongate elliptical, 
inner surface smooth, with long setae on the inner side and in apical margin. Penis 
simple with pointed apex. [see Gordon 1985: 657, fig. 539 a–d]

Female genitalia. Sperm duct long, much longer than length of spermatheca. 
Spermatheca vermiform, broadest in basal part. [see Gordon 1985: 657, fig. 539e]

Type locality. Vermont (USA).
Distribution. North part of North America.

Figure 2. Coccidula lepida LeConte SEM illustrations A pronotum B head and prothorax, ventral 
C meso and metaventrite D elytra dorsal E ventrite 1. Scale bars: 500 µm (A–C); 1 mm (E, D).
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Coccidula litophiloides Reitter, 1890
Figs 1E, 3A–E, 4A–D

Coccidula litophiloides Reitter, 1890: 176
Lithophilus naviauxi Duverger, 1983: 83. syn. nov.

Material examined. Holotype. Azerbaijan, “Caucasus Araxesthal Leder Reitter/ Coll. 
Reitter/ Coccidula litophiloides 1890/ Holotypus 1890 Coccidula litophiloides Reit-
ter”, male (HNHM) (Fig. 11C). Holotype of L. naviauxi, Iran, Vannae, 30-V-77, leg. 
M. Rapilly, female (MNHN). Paratypes of C. litophiloides. Data same as for the holo-
type, (7: HNHM). Paratypes of L. naviauxi: Iran, Daran, 9-VI-77, M. Rapilly leg. (2 
females: MNHN) (Figs 11A, B). Other material. Armenia, Eczmiadzin Cauc, 22 IV 
1946, 6399, W. Eichler (2: MIZ); Jerevan město, Razdan, 26–27.5.1988, J. Strejček 
lgt., (1 male, 1 female: NMP); Iran, Lorestan, 1.1960 leg. A. Warchałowski (1: AJC); 
Iran, Khorramabad, 19-V-77, M. Rapilly leg. (1: MNHN).

Diagnosis. Coccidula litophiloides is very distinctive among Coccidula species 
with large produced posterior pronotal angles, and a prosternal process without 
carinae (which are present in all remaining species). With its general body shape 
slightly widening posteriorly and pronotum distinctly widened laterally with broad 
lateral bead appearing glabrous, it is similar to C. scutellata. Male genitalia are 
distinctive with large, elliptical parameres possessing projections on their inner 
surfaces, which is also unique among Coccidula. Spermatheca, in female genitalia, 
is distinctly widening apically and has a very short sperm duct, about ¼ of the 
length of spermatheca.

Description. Length 3.0–3.5 mm, BL/BW = 1.95–1.97, EL/BW = 1.32–1.40, 
PW/BW = 0.81.

Body elongate, slightly widening in posterior part. Dorsal and ventral side yellow 
to testaceous (Fig. 1E).

Head and pronotum covered with uniform small setiferous punctures arranged 
irregularly. Pronotum transverse, broadly rounded laterally (Figs 1E, 3B), with broad, 
glabrous lateral margin, covered with dense setriferous punctures, with a single row of 
larger punctures along lateral border. Posterior pronotal corner large, distinctly pointed 
(Fig. 3B). Prosternum with complete anterior bordering line. Prosternal process with-
out lateral carinae (Fig. 3C).

Scutellar shield pentagonal, covered with dense setiferous punctures. Elytra cov-
ered with two types of punctures, small setiferous punctures irregularly distributed 
throughout elytral surface, some of these punctures surrounded by larger depressed 
circles, forming irregular longitudinal rows; rows 2 and 3 reduced or missing (Fig. 3A). 
Elytra more flattened in lateral view than in other Coccidula, without shoulder tubercle, 
lateral elytral margin visible throughout (Fig. 3A). Hind wings missing. Mesoventrite 
with anterior border complete. Metaventrite with postcoxal lines transverse, descend-
ing only laterally, fused on metaventral process in median part, forming continuous arc 
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(Fig. 3D); covered with setiferous punctures very sparsely distributed in central part of 
sclerite, densely setose in lateral parts, without distinct rows of large punctures below 
postcoxal lines, large punctures above metacoxae present.

Abdominal postcoxal lines complete, rounded, reaching slightly less than half of 
length of the ventrite 1 measured below metacoxa. Ventrites covered with dense setifer-
ous punctures.

Male genitalia. Tegmen in inner view with penis guide pentagonal with pointed 
apex (Fig. 4B); short, slightly longer than half length of parameres (Fig. 4A). Parameres 

Figure 3. Coccidula litophiloides Reitter SEM illustrations, paratype HNHM A body, dorsal B pronotum 
C head and prothorax, ventral D meso and metaventrite E head ventral. Scale bars: 1 mm (A); 500 µm 
(B–D); 400 µm (E).
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large, elliptical, inner surface with distinct projections (Fig. 4B), with fringe of long 
setae in apical margin. Penis simple with pointed apex (Fig. 4C).

Female genitalia. Sperm duct short (Fig. 4D), about as long as 1/4 of spermathe-
ca. Spermatheca vermiform, distinctly broadened apically. Accessory gland membra-
nous, longer than sperm duct.

Type locality. Caucasus, Ordubad (Azerbaijan).
Distribution. Armenia, Azerbaijan, Iran
Remarks. Duverger (1983) described Lithophilus naviauxi from Iran. After exami-

nation of the type specimens (Fig. 1A, B) we noticed that this species does not belong 
to the genus Lithophilus Frölich (=Tetrabrachys Kapur). As drawn in the original pub-
lication (Duverger 1983), it has antennae with 11 antennomeres (10 in Tetrabrachys), 
and pseudotrimerous tarsi with tarsomere 3 very small and tarsomere 2 distinctly lobed, 
while in Tetrabrachys tarsi are distinctly tetramerous, with tarsomere 3 and 2 elongate, 
without distinct lobe. Duverger in his paper (1983) described L. naviauxi based on just 
three female specimens of which he illustrated the spermatheca (Duverger 1983: 89, 
figs 30, 31). However, C. litophiloides is also found in Iran. Comparison of the female 
genitalia of the type material of both taxa, and other available material, together with 
the lack of a second and third row of large punctures on the elytra, and other morpho-
logical features described in the original description of Duverger, led to the conclusion 
that L. naviauxi Duverger falls well within the definition of C. litophiloides; thus, we 
propose to synonymize both species.

Figure 4. Coccidula litophiloides Reitter A tegmen, lateral B tegmen, inner C penis, lateral D  spermatheca. 
Scale bar: 500 µm (A–D).
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Coccidula reitteri Dodge, 1938
Figs 1F, 5A–E, 6A–C

Coccidula suturalis Reitter 1897: 127 nom. nud. (nec. C. suturalis Weise, 1895: 132).
Coccidula reitteri Dodge, 1938: 222.

Material examined. Holotype. Russia, “Quell. d. Jrbut Reitter./ Transbaikal leg. 
Leder/ Coll. Reitter/ / Coccidula scutellaris m 1896/ Coccidula reitteri Dodge Kh-
nzorian det./ prep. genital R. Bielawski 1956/ Holotypus 1897 Coccidula suturalis 
Reitter/ Photo ID: HNHM_COL_574”, female (HNHM). Other material. Russia, 
“Transbaikalien Leder Reitter/ Coccidula suturalis Rtt. Coll. Reitter/ Coccidula reitteri 
Dodge, det. Merkl 1984/ prep. genital R. Bielawski 1956” (1 male: HNHM); Listv-
janka pr. Bajkal, step, 29.6.1977, H. Karnecka lgt. (1 male, 1 female: NMP).

Diagnosis. Coccidula reitteri is very similar to C. rufa in external appearance, how-
ever, it can be distinguished by the presence of a small black transverse macula on the 
pronotum just anterior to the scutellar shield, and a longitudinal brown to black mac-
ula on the posterior half of the elytra on the elytral suture. Male genitalia are very close 
to C. rufa, however, the upper margin of the penis guide in lateral view is relatively less 
emarginated and parameres are narrower than in C. rufa.

Description. Length = 2.8–3.2 mm, BL/BW = 1.85–1.90, EL/BW = 1.33, PW/
BW = 0.77.

Body elongate, parallel sided (Fig. 5A). Pronotum (Fig. 1F) with black transverse 
macula in front of the scutellar shield. Scutellar shield black. Elytra brown with elon-
gate, dark brown to black macula along the elytral suture in posterior half. Ventral side 
testaceous with prosternum, mesoventrite, metaventrite, most of the ventrite 1 (except 
lateral corners), and central part of ventrite 2 black.

Head and pronotum covered with uniform small setiferous punctures arranged 
irregularly. Pronotum (Fig. 5B) transverse, broadly rounded laterally, with moderately 
broad, lateral margin without glabrous area; pronotum covered with dense setriferous 
punctures, with single row of larger punctures along lateral border. Posterior pronotal 
corners not produced (Fig. 5B). Prosternum with anterior margin with bordering line 
incomplete in median part, without small sub-rounded impression in center. Proster-
nal process with lateral carinae straight, joined together roundly at level of anterior 
border of procoxae, forming sub-triangular pattern (Fig. 5C).

Scutellar shield pentagonal, covered with dense setiferous punctures. Elytra covered 
with two types of punctures, small setiferous punctures irregularly distributed throughout 
the elytral surface, some of these punctures surrounded by larger depressed circles form-
ing nine irregular longitudinal rows along whole length of elytra. Lateral elytral margin 
well visible throughout (Fig. 5A). Mesoventrite with complete anterior border. Metaven-
trite with postcoxal lines descending laterally, fused on metaventral process in median 
part, forming continuous arc (Fig. 5D); covered with setiferous punctures very sparsely 
distributed in central part of sclerite, densely setose in lateral parts, without distinct rows 
of large punctures below postcoxal lines, large punctures above metacoxae present.
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Abdominal postcoxal lines complete, arcuate, reaching half of length of ventrite 1 
measured below metacoxa. Ventrites covered with sparse setiferous punctures.

Male genitalia. Tegmen in inner view (Fig. 6B) with penis guide broadly rounded 
in the median or apical part, with rounded apex; in lateral view (Fig. 6C) moderately 
expanded medially, with upper surface moderately emarginate; long, much longer than 
parameres. Parameres elongate, parallel sided, with narrow base, inner surface smooth, 
with fringe of long setae in apical part. Penis simple with pointed apex, with small 
bump before apex.

Female genitalia. Spermatheca vermiform, not distinctly broadened apically (Fig. 6A).
Type locality. Mongolia, Russia (Krasnoyarsk region, Irkutsk region, Tuva)

Figure 5. Coccidula reitteri Dodge SEM illustrations, HNHM A body, dorsal B pronotum C head and 
prothorax, ventral D meso and metaventrite E antenna. Scale bars: 1 mm (A); 500 µm (B–D); 300 µm (E).
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Figure 6. Coccidula reitteri Dodge A original drawings of male and female genitalia by Bielawski 1984 
B tegmen, inner C tegmen, lateral. Scale bar: 500 µm (B, C).

Distribution. Russia (East Siberia).
Remarks. Coccidula reitteri is very similar to C. rufa in external morphological 

characters as well as the structure of male and female genitalia (Fig. 6A) (Bielaw-
ski 1984); thus, further investigation, preferably of molecular markers, should be 
conducted to confirm whether it is a separate species or an eastern population of 
C. rufa.

Coccidula rufa (Herbst, 1783)
Figs 1A, B, G, 7A–F, 8A–E

Dermestes rufus Herbst, 1783: 22.
Chrysomela pectoralis Fabricius, 1792: 328.
Silpha rosea Marscham, 1802: 123.
Coccidula conferta Reitter, 1890: 176.
Coccidula rufa var. unicolor Reitter, 1890: 176.
Coccidula rufa var. nigropunctata Reitter, 1900: 220.
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Coccidula rufa var. plagiata Gerhardt, 1910: 556.

Material examined. Czech Rep., Zlín, 11.6.1999, lgt. L. Bureš (1: NMP); Mladá 
Boleslav, 25.4.1987, lgt. Nedvěd (1 male USB); Dvořiště, 9.8.1989, lgt. Nedvěd 
(1: USB); Kokořínský důl, 9.8.1995, lgt. J. Řehounek (1: USB); Kyrgyzstan, Tok-
togul, 26 VI 2003, leg. A. Lasoń, WJ 2870, (1 male: AJC); Montenegro, Skadar 
jez.- Virpazar, 5.6.1984, J. Strejček lgt. (1: NMP); Poland, Kampinos Forest near 
Warsaw, 17.06.2020, leg. D. Marczak, (7: MIZ); Russia, Leningrad-Lachta, IX 
1988, J. Strejček lgt., (1: NMP); Ukraine, Kharkiv region, Dergachevsky district, 
Boliboki vill., 50°9'16.57"N, 36°3'58.87"E, 1.5.2017, lgt. A. Slutsky (1: ASC); 
Uzbekistan, Buchara/ Coccidula unicolor Rtt./ Coll. Reitter/ MIZ PAN War-
szawa 27/1955/1 (1: MIZ). Type material not studied, deposited in Museum für 
Naturkunde, Berlin, Germany.

Diagnosis. Coccidula rufa is most similar in external appearance to C. reitteri, 
however it can be separated by the uniform testaceous coloration of the dorsal surface 
(C. reitteri possesses dark macula near the elytral suture). From uniformly colored spec-
imens of C. scutellata it can be separated by the shape of carinae on the prosternal pro-
cess. Male genitalia are also very distinctive: in C. scutellata penis guide is small, about 
half length of parameres, while in C. rufa it is longer than parameres. Spermatheca in 
female genitalia of C. rufa is vermiform, not widening apically, while in C. scutellata it 
is distinctly widened in apical part.

Description. Length = 2.5–3.2 mm, BL/BW = 1.88–2.00, EL/BW = 1.38–1.44, 
PW/BW = 0.80–0.82.

Body elongate, parallel sided. Elytra of typical (European) form testaceous without 
maculae (Fig. 1G), only scutellar shield dark brown to black. Ventral side testaceous 
with prosternal process, mesoventrite, metaventrite, most of the ventrite 1 (except lat-
eral corners), and central part of ventrite 2 black.

Head and pronotum covered with uniform small setiferous punctures arranged 
irregularly. Pronotum transverse, broadly rounded laterally, with moderately broad, 
lateral margin without glabrous area (Fig. 7B); pronotum covered with dense setiferous 
punctures, with a single row of larger punctures along lateral border. Posterior pronotal 
corners not produced (Fig. 7B). Prosternum with anterior margin with incomplete 
bordering line in median part, with a small sub-rounded impression in center. Pros-
ternal process with lateral carinae straight, joined together roundly at level of anterior 
border of procoxae, forming sub-triangular pattern (Fig. 7C).

Scutellar shield pentagonal, covered with dense setiferous punctures. Elytra covered 
with two types of punctures, small setiferous punctures irregularly distributed through-
out elytral surface, some of these punctures surrounded by larger depressed circles form-
ing nine irregular longitudinal rows along whole length of elytra. Lateral elytral margin 
well visible throughout (Fig. 7A). Mesoventrite with complete anterior border. Metaven-
trite with postcoxal lines descending laterally, fused on metaventral process in median 
part, forming continuous arc (Fig. 7E), covered with setiferous punctures very sparsely 
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distributed in central part of sclerite, densely setose in lateral parts, without distinct rows 
of large punctures below postcoxal lines, large punctures above metacoxae present.

Abdominal postcoxal lines complete, arcuate, reaching half of length of ventrite 1 
measured below metacoxa. Ventrites covered with sparse setiferous punctures.

Male genitalia. Tegmen in inner view (Fig. 8A) with penis guide sub-parallel to 
broadly rounded, with rounded apex; in lateral view (Fig. 8B) expanded medially, with 
deeply emarginated upper margin; long, much longer than parameres. Parameres elon-
gate, parallel sided, with just slightly narrower base, inner surface smooth, with fringe 

Figure 7. Coccidula rufa (Reitter) SEM illustrations A body, dorsal B pronotum C head and prothorax, 
ventral D antenna E mesoventrite, metaventrite and ventrite 1 F ventrites 4–6, female. Scale bars: 1 mm (A); 
500 µm (B, C, E, F); 400 µm (D).
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of long setae in apical part. Penis simple with sharply pointed and curved apex, with 
small bump before apex (Fig. 8C).

Female genitalia. Sperm duct long, longer than spermatheca (Fig. 8E). Sper-
matheca vermiform, not distinctly broadened apically. Accessory gland membranous, 
much shorter than sperm duct.

Type locality. Berlin (Germany)
Distribution. Europe (all countries), Africa: Morocco, Asia: Afghanistan, China, 

Russia (Siberia), Iran, Kazakhstan, Kyrgyzstan, Mongolia, Turkey, Uzbekistan.

Coccidula scutellata (Herbst, 1783)
Figs 1H, 9A–G, 10A–I

Chrysomela scutellata Herbst, 1783: 58.
Nitidula quinquepunctata Fabricius, 1787: 52.
Silpha melanophthalma Gmelin, 1790: 1627.
Nitidula bipunctata Gmelin, 1790: 1630
Coccidula scutellata: Kugelann 1798: 421.
Coccidula scutellata var. subrufa Weise, 1879: 131.
Coccidula scutellata var. arquata Weise, 1879: 131.

Figure 8. Coccidula rufa (Reitter) A tegmen, inner B tegmen, lateral C penis, lateral D male genital seg-
ment, dorsal E spermatheca. Scale bar: 500 µm (A–E).
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Coccidula scutellata var. aethiops Krauss, 1902: 92.

Material examined. Armenia, Erevan, 9.06.1987, leg. V. Karasjov (5: AJC); Czech 
Rep., Praha-Kyje, 21.1.1945, lgt. Günnther, (1: NMP); Plzeň, 20.7.1978, lgt. V. 
Mach, (2: USB); Kokořínský důl, 28.8.1994, lgt. J. Řehounek (1: USB); Loučeň, 
17.8.1994, lgt. J. Řehounek (1: USB); France, St. Cucufa, VI 65, MD, Ch. ‘Duverger 
det., J.P. Coutanceau det. 2004’ (1: MNHN); Poland, Kampinos Forest near War-
saw, 17.06.2020, leg. D. Marczak (11: MIZ); Slovakia, Bratislava, 27.4.36, lgt. O. 
Kavan (1: NMP); Ukraine, Kharkiv region, Kharkiv district, Bobrovka vill., reserve 
“Aleshkina balka”, 2017-04-28, lgt. A. Slutsky (1: ASC). Type material not studied, 
deposited in Museum für Naturkunde, Berlin, Germany.

Diagnosis. Coccidula scutellata is the most variable species in body coloration. Typ-
ical forms with five black maculae on the elytra can be easily distinguished from other 
Coccidula species, however uniformly colored testaceous forms are externally similar to 
C. rufa. They can be easily distinguished by the shape of carinae on prosternal process, 
which are straight and form a sub-triangular pattern in C. rufa, and are sinuate and 
broadly rounded apically, and fused with anterior border of prosternum in C. scutellata. 
Moreover, C. scutellata has a more distinct shoulder tubercle, and relatively narrower 
protnotum. Also, the male genitalia are distinctive, with penis guide longer than para-
meres in C. rufa and much shorter in C. scutellata. Spermatheca, in female genitalia, 
is broadened apically in C. scutellata, while in C. rufa it is almost uniform in diameter.

Description. Length = 2.8–4.2 mm, BL/BW = 1.85–2.05, EL/BW = 1.36–1.46, 
PW/BW = 0.70–0.75.

Body elongate, slightly widening in posterior part. Elytra of typical (European) form 
testaceous with five black maculae (Fig. 1H), one large covering scutellar shield and sur-
rounding portion of elytra, and four sub-oval maculae in the median part, two of which 
are placed close to elytral suture and remaining two, close to lateral margin. Sometimes 
macula surrounding scutellar shield extends along elytral suture, sometimes maculae 
placed in median part of elytra are fused, forming single band. Various forms with re-
ductions of this pattern are also present to completely testaceous forms without any trace 
of black color. Ventral side testaceous with prosternal process, mesoventrite, metaven-
trite, most of ventrite 1 (except lateral corners), and central part of ventrite 2 black.

Head and pronotum covered with uniform small setiferous punctures arranged ir-
regularly. Pronotum transverse, broadly rounded laterally, with broad, glabrous lateral 
margin (Fig. 9B); pronotum covered with dense setiferous punctures, with single row 
of larger punctures along lateral border. Posterior pronotal corners not produced. Pros-
ternum with anterior margin with bordering line complete. Prosternal process with 
complete lateral carinae in form of sinuate line, joined roundly and merged with ante-
rior border of pronotum (Fig. 9E).

Scutellar shield pentagonal, covered with dense setiferous punctures. Elytra cov-
ered with two types of punctures, small setiferous punctures irregularly distributed 
throughout elytral surface, some of these punctures surrounded by larger depressed 
circles forming nine irregular longitudinal rows along whole length of elytra. Shoulder 
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Figure 9. Coccidula scutellata (Reitter) SEM illustrations A body, dorsal B pronotum C head, ventral 
D mesoventrite, metaventrite and ventrite 1 E prosternum F ventrites 4–6, male G pro-tarsal claw. Scale 
bars: 1 mm (A); 500 µm (B, D, E); 400 µm (C, F); 100 µm (G).



Revision of the genus Coccidula 81

tubercles distinct, lateral elytral margin of elytra not visible from above in anterior part 
(Fig. 9A). Mesoventrite with anterior border interrupted in median part. Metaventrite 
with postcoxal lines transverse in median part and then descending laterally, not fused 
on metaventral process in median part (Fig. 9D). Covered with setiferous punctures 
very sparsely distributed in central part of sclerite, densely setose in lateral parts, with 
single row of large punctures below postcoxal lines and above metacoxae.

Figure 10. Coccidula scutellata (Reitter) A tegmen, inner B tegmen, lateral C penis, lateral D male 
genital segment, dorsal E spermatheca F female genitalia G left and right mandibles H maxilla I metend-
osternite. Scale bars: 500 µm (A–F); 200 µm (G–I).
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Abdominal postcoxal lines complete, rounded, reaching slightly more than half 
of length of ventrite 1 measured below metacoxa. Ventrites covered with dense setif-
erous punctures.

Male genitalia. Tegmen in inner view (Fig. 10A) with penis guide subtriangular 
with pointed apex; short, about two times shorter than parameres. Parameres elongate 
elliptical (Fig. 10B), inner surface smooth, with long setae on inner surface and in api-
cal margin. Penis simple with pointed apex (Fig. 10C).

Female genitalia. Sperm duct short, about as long as half of length of spermathe-
ca (Fig. 10E). Spermatheca vermiform, distinctly broadened apically. Accessory gland 
membranous, longer than sperm duct.

Type locality. Pomerania (Germany, Poland)
Distribution. Europe (all countries), Africa: Morocco, Asia: Kazakhstan, Russia 

(West Siberia).
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Abstract
A new genus of Gerridae (Insecta, Hemiptera, Heteroptera) in the subfamily Trepobatinae, Telmatome-
tropsis gen. nov., with a single included species, T. fredyi sp. nov., is described from the Colombian Pacific 
region. Representatives of the new genus were collected in mangrove lagoons of Buenaventura Bay, Valle 
del Cauca Department. The new genus can be diagnosed by the relative proportions of the antennomeres, 
the shape of the male fore tarsus, and by the black markings on the head, thorax and abdomen.

Keywords
Aquatic insects, Gerromorpha, Neotropical Region, taxonomy

Introduction

Gerridae comprises over 750 described species in more than sixty genera and eight 
subfamilies, of which almost 150 species have been recorded from the Neotropical 
Region (Polhemus and Polhemus 2008). Representatives of the family are semiaquatic 
bugs that spend almost their entire lives skating on the water surface of lentic and lotic 
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environments (Andersen 1982; Schuh and Slater 1995). Most gerrids live in freshwa-
ter, but a handful inhabit the open ocean (Andersen 1998) and others occupy estuarine 
brackish waters (Cheng 1976). According to Molano-Rendón and Morales (2017), the 
subfamilies Halobatinae, Rhagadotarsinae and Trepobatinae have species with marine 
habits. For example, some species of the genus Rheumatobates Bergroth, 1892 inhabit 
estuarine brackish waters on the Caribbean and Pacific coasts of Central and South 
America, and species of Halobates Eschscholtz, 1822 are almost exclusively marine, 
with five species living on the open ocean (Andersen and Cheng 2004; Cheng 2006).

The subfamily Trepobatinae is represented in the Neotropical Region by the genera 
Halobatopsis Bianchi, 1896; Lathriobatoides Polhemus, 2004; Metrobates Uhler, 1871; 
Ovatametra Kenaga, 1942; Telmatometra Bergroth, 1908; Telmatometroides Polhemus, 
1991; Trepobates Uhler, 1894; and Trepobatoides Hungerford & Matsuda, 1958 (Pol-
hemus and Polhemus 2002). Telmatometroides differs from the others by antennomere 
III shorter than two times the length of antennomere II; interocular space with a dark 
longitudinal stripe; extensive black markings on posterior part of mesosternum; row of 
five or six short, stout, black spinose setae on hind tarsomere I; and mid femur shorter 
than mid tibia and hind femur (Polhemus 1991; Moreira et al. 2018). Currently, Tel-
matometroides is a monospecific genus, including only T. rozeboomi (Drake & Harris, 
1937), which is recorded from Costa Rica to Ecuador (Pacheco-Chaves et al. 2018).

We recently noticed that some of the specimens deposited in the collection of Uni-
versidad Pedagógica y Tecnológica de Colombia, Tunja, Colombia, and identified as T. 
rozeboomi did not agree with the features mentioned in the description of this species, 
especially regarding the relative proportions of the antennomeres and the disposition 
of black markings on the head and body. A more detailed examination also showed a 
modification on the male fore tarsus that is not reported for any Neotropical genus of 
Trepobatinae, thus revealing an undescribed genus and species from the Colombian 
Pacific region that are herein described.

Methods

Type specimens have been deposited in the following collections: Colección de Insec-
tos, Museo de Historia Natural “Luis Gonzalo Andrade”, Universidad Pedagógica y 
Tecnológica de Colombia, Tunja, Colombia (UPTC); and Coleção Entomológica do 
Instituto Oswaldo Cruz, Fundação Oswaldo Cruz, Rio de Janeiro, Brazil (CEIOC). 
For comparison with the new genus, we examined photographs of the holotype of Tel-
matometroides rozeboomi, which is deposited in the National Museum of Natural His-
tory, Smithsonian Institution, Washington, D.C., United States of America (NMNH). 
Micrographs of the new species were taken using a Zeiss EVO MA10 scanning elec-
tron microscope. A Leica S9I stereo microscope with integrated camera was used to 
obtain the photographs and measurements of 10 specimens of each sex (including the 
holotype). All measurements are given in millimeters. They are abbreviated as follows 
in Tables 2 and 3: body length (BL), body width (BW), head width through eyes 
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(HW), lengths of antennomeres I–IV (ANT I, ANT II, ANT III, ANT IV), prono-
tum length on midline (PL), abdomen length on midline (AL), femoral length (FEM), 
tibial length (TIB), and lengths of tarsomeres I–II (TAR I, TAR II). The software 
QGIS (3.4) was used to generate the geographic distribution map.

Results

Telmatometropsis gen. nov.
http://zoobank.org/3C030D62-5C05-466A-AD9A-1FA9E5AA241A
Figs 1–8

Type species. Telmatometropsis fredyi Mondragón-F., Morales & Moreira sp. nov., by 
present designation and monotypy.

Diagnosis. The new genus is similar to Telmatometroides (Fig. 9), sharing with 
it the long ocular setae, the median and lateral longitudinal black stripes on the me-
sonotum, male abdominal tergum VIII with a central notch on the posterior margin 
(stronger on T. rozeboomi), mid tarsomere I with a few bristles at the base, the hind 
femur with five dorsal trichobothria, the male abdominal laterotergites with patches of 
light setae, and the occupation of estuarine brackish waters. Telmatometropsis gen. nov. 
differs from Telmatometroides and all other genera of Neotropical Trepobatinae by the 
modified fore tarsomere II of the male, which is strongly curved in lateral view, flat-
tened laterally, and apically bifid, with a shorter and a longer portion. The relative pro-
portions of the antennomeres are also unique to the new genus, with article III clearly 
longer than article I, more than twice as long as article II, but shorter than article IV. 
Further comparison with other genera of Neotropical Trepobatinae is given in Table 1 
and in an updated key to Neotropical Trepobatinae genera provided below.

Description. Measurements. Male body length 2.90–3.21, width (across suture 
between meso- and metanotum) 1.07–1.21; female body length 3.30–3.91, width 
1.44–1.52. Color. Ground color of body pale yellow with extensive black and silvery 
markings dorsally, legs largely pale yellow (Fig. 1A). Structural characteristics. Eyes 
elongate, with a pair of long ocular setae (Fig. 1B). Head with four pairs of trichobo-
thria (Fig. 1C). Antenna shorter than body length; antennomere I thickest, curved 
laterally at base, longer than antennomere II; antennomere II shortest, thicker than 
antennomeres III and IV; antennomere III longer than antennomere I; antennomere 
IV longest (Fig. 1A, B). Labium long, extending to mesosternum. Pronotum short, 
trapezoid (Fig. 1C). Mesonotum about three times as long as pronotum, posterior 
margin slightly concave (Fig. 1A, B). Fore femur subequal in length to fore tibia, 
slightly curved at the base in dorsal view; fore tibia with apicolateral row of short, 
distinctive setae (Fig. 3A); fore tarsus covered with short yellow setae; fore tarsomere I 
about one third the length of fore tarsomere II; male fore tarsomere II strongly curved 
in lateral view, flattened laterally, apically bifid with a shorter and a longer portion; 
claws directed mesally (Fig. 3A–E). Mid femur about two-thirds the length of mid 
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Figure 1. Telmatometropsis fredyi gen. nov, sp. nov., male A dorsal view B–D Scanning electron mi-
crographs B dorsal view C head, pronotum and anterior portion of mesonotum, dorsal view D apex of 
thorax and base of abdomen, dorsal view. Scale bars: 1 mm (A);  400 µm (B); 100 µm (C, D).

tibia; mid tibia less than twice the length of mid tarsus, about as long as medial length 
of body from anterior margin of pronotum to apex of abdomen, occasionally almost as 
long as body; mid tarsus shorter than mid femur, article I subequal to article II or a lit-
tle longer. Hind femur longer than mid femur; hind tibia about two-thirds the length 
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Figure 2. Telmatometropsis fredyi gen. nov, sp. nov., male A ventral view B lateral view. Scale bars: 1 mm.

of hind femur, densely covered with setae; hind tarsus about half the length of hind 
tibia, article I longer than article II.

Etymology. The generic name refers to its resemblance to the genus Telmato-
metroides.

Table 1. Comparison of Telmatometropsis gen. nov. with other genera of Neotropical Trepobatinae. Data 
on other genera were obtained from Drake and Harris (1932), Kenaga (1941, 1942), Hungerford and 
Matsuda (1958), Andersen (1982), Polhemus (1991), Nieser (1993), Nieser and Melo (1999), and Aris-
tizábal-García (2017), but not exhaustively concerning measurements.

Habitat Ground color Interocular 
marks

Mesonotal 
marks

BL ANT III/
ANT I

ANT III/
ANT II

ANT III/
ANT IV

Telmatometropsis Marine Yellow Present Median+lateral 2.90–3.90 1.25–1.85 2.05–2.40 0.72–0.90
Halobatopsis Freshwater Yellow/brown Present/

absent
Median+lateral/

absent
3.40–4.60 0.68–0.77 1.33–1.42 0.79–1.12

Lathriobatoides Freshwater Yellow/brown Absent Absent 2.60–3.20 1.10–1.20 1.70 1.10–1.20
Metrobates Freshwater Black Present Median/

median+lateral
3.00–5.00 0.22–0.30 0.73–0.84 0.67–1.29

Ovatametra Freshwater Yellow/brown Present Median+lateral 2.00–3.10 0.70 1.20 0.64–0.71
Telmatometra Freshwater Yellow/brown Present/

absent
Median+lateral/

lateral
3.30–5.50 1.20–1.40 2.20–2.40 1.00–1.42

Telmatometroides Marine Yellow Present Median+lateral 3.15–3.70 1.10–1.20 1.40–1.50 0.94
Trepobates Freshwater/

marine
Yellow/

brown/black
Present Variable 3.00–5.50 0.70 1.10–1.20 0.84–0.97

Trepobatoides Freshwater Yellow/brown Present Median+lateral 3.57–4.45 0.40 1.20 0.68–0.70
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Figure 3. Telmatometropsis fredyi gen. nov, sp. nov., male, scanning electron micrographs A fore leg, 
ventral view B–E fore tarsus B external lateral view C internal lateral view D dorsal view E ventral view. 
Scale bars: 200 µm (A); 300 µm (B); 20 µm (C); 60 µm (D); 40 µm (E).

Telmatometropsis fredyi  sp. nov.
http://zoobank.org/707ddb44-4b8c-493b-9372-2efd98ffcf0c
Figs 1–8, Tables 2, 3

Description. Male. [For measurements see Table 2.] Color. Ground color yel-
low. Head dorsally pale yellow, with three longitudinal brown stripes between eyes; 
stripes connected posteriorly (Fig. 1A). Venter of head light brown (Fig. 2A). Eye 
golden brown. Antenna yellowish-brown to brown. Labial articles I–III light brown 
with brown longitudinal stripe; article IV dark brown. Pronotum pale yellow, with a 
dark brown median stripe throughout length and laterally with a pair of dark brown 
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Figure 4. Telmatometropsis fredyi gen. nov, sp. nov., scanning electron micrographs A–C male A fore 
pretarsal claw, lateral view B fore tarsomere II, area with cuticular pegs adjacent to pretarsal claw insertion, 
ventral view C apex of fore tibia with grooming structures, ventral view D female, apex of fore tibia with 
grooming structures, ventral view. Scale bars: 20 µm (A); 10 µm (B, C, D).

longitudinal stripes reaching slightly beyond middle of length. Mesonotum pale yel-
low, covered with silvery pilosity, with brown spots on anterior margin, a dark brown 
median stripe almost reaching posterior margin, and a pair of dark brown longitudi-
nal stripes laterally; lateral stripes posteriorly narrowed and connected to mesopleural 
stripes (Fig. 2B). Metanotum velvety, dark brown with central subtriangular spot of 
dense silvery pubescence and two lateral spots of silvery pubescence. Mesopleura cov-
ered with silvery pubescence, with a longitudinal dark brown stripe on its ventralmost 
portion; stripe posteriorly connected to mesonotal stripe. Meso- and metacetabula with 
pruinose patches. Prosternum pale yellow; mesosternum pale yellow with two longi-
tudinal brown spots (Fig. 2A); metasternum with posterior subtriangular dark brown 
spot (Fig. 2A). Abdominal mediotergite I dark brown, with silvery pubescence on pos-
terolateral corners; mediotergite II dark brown, with central yellow spot posteriorly and 
silvery pubescence on posterolateral corners; mediotergites III–VI dark brown, covered 
with pruinose layer, with central yellow spots varying in size; mediotergites VII–VIII 
pale yellow, covered with abundant pubescence of same color; mediotergite VII dark 
brown on anterior margin. Abdominal laterotergites yellow, with patches of light setae. 
Abdomen laterally dark brown. Foreleg: coxa pale yellow; trochanter pale yellow, with 
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Table 2. Measurements of male morphological structures of Telmatometropsis fredyi sp. nov.

Structure Male 1 Male 2 Male 3 Male 4 Male 5 Male 6 Male 7 Male 8 Male 9 Male 10 Maximum Minimum Average
BL 3.17 3.01 3.20 3.02 3.04 2.90 3.05 3.21 3.18 2.90 3.21 2.90 3.07
BW 1.13 1.09 1.11 1.07 1.21 1.13 1.13 1.19 1.12 1.12 1.21 1.07 1.13
HW 0.28 0.28 0.32 0.31 0.32 0.29 0.31 0.35 0.32 0.31 0.35 0.28 0.31
ANT I 0.48 0.40 0.47 0.45 0.40 0.44 0.48 0.44 0.47 0.47 0.48 0.40 0.45
ANT II 0.29 0.31 0.35 0.30 0.32 0.33 0.34 0.32 0.32 0.31 0.35 0.29 0.32
ANT III 0.70 0.71 0.75 0.71 0.74 0.68 0.72 0.68 0.71 0.66 0.66 0.75 0.71
ANT IV 0.85 0.80 0.95 0.95 0.97 0.94 0.91 0.84 0.85 0.87 0.97 0.80 0.89
PL 0.30 0.27 0.32 0.28 0.31 0.30 0.32 0.30 0.31 0.31 0.32 0.27 0.30
AL 1.23 1.10 1.10 1.03 1.03 1.16 1.21 1.23 1.27 1.12 1.27 1.03 1.15
Fore leg
FEM 1.10 1.13 1.11 1.02 1.07 1.16 1.14 1.14 1.16 1.16 1.16 1.02 1.12
TIB 1.10 1.19 1.14 1.12 1.12 1.15 1.16 1.12 1.16 1.11 1.19 1.10 1.14
TAR I 0.10 0.06 0.07 0.07 0.10 0.08 0.08 0.09 0.09 0.09 0.10 0.06 0.08
TAR II 0.27 0.32 0.31 0.31 0.26 0.31 0.29 0.28 0.31 0.34 0.34 0.26 0.30
Mid leg
FEM 1.82 1.83 1.77 1.75 1.79 1.82 1.86 1.74 1.86 1.75 1.86 1.74 1.80
TIB 2.64 2.64 2.61 2.46 2.69 2.55 2.66 2.61 2.62 2.62 2.69 2.46 2.61
TAR I 0.93 0.87 0.87 0.63 0.88 0.81 0.87 0.80 0.82 0.88 0.93 0.63 0.84
TAR II 0.68 0.71 0.73 0.52 0.79 0.73 0.70 0.73 0.50 0.68 0.79 0.50 0.68
Hind leg
FEM 2.27 2.19 2.21 2.19 2.22 2.22 2.24 2.25 2.10 2.23 2.27 2.10 2.21
TIB 0.93 0.92 0.93 0.89 0.91 0.81 0.92 0.88 0.92 0.92 0.93 0.81 0.90
TAR I 0.22 0.21 0.22 0.21 0.22 0.19 0.21 0.21 0.22 0.21 0.22 0.19 0.21
TAR II 0.27 0.27 0.27 0.26 0.28 0.25 0.26 0.26 0.26 0.27 0.28 0.25 0.27

Table 3. Measurements of female morphological structures of Telmatometropsis fredyi sp. nov.

Structure Female 
1

Female 
2

Female 
3

Female 
4

Female 
5

Female 
6

Female 
7

Female 
8

Female 
9

Female 
10

Maximum Minimum Average

BL 3.30 3.62 3.65 3.54 3.56 3.46 3.47 3.91 3.85 3.42 3.91 3.30 3.58
BW 1.50 1.50 1.51 1.52 1.51 1.47 1.44 1.50 1.50 1.46 1.52 1.44 1.49
HW 0.34 0.34 0.36 0.35 0.35 0.36 0.37 0.36 0.36 0.36 0.37 0.34 0.36
ANT I 0.49 0.55 0.53 0.54 0.53 0.55 0.54 0.54 0.55 0.51 0.55 0.49 0.53
ANT II 0.35 0.34 0.36 0.35 0.34 0.37 0.33 0.36 0.36 0.34 0.37 0.33 0.35
ANT III 0.74 0.71 0.74 0.73 0.78 0.81 0.68 0.83 0.79 0.73 0.83 0.68 0.75
ANT IV 0.91 0.79 0.95 1.02 0.97 0.95 0.91 1.00 0.93 0.91 1.02 0.79 0.93
PL 0.29 0.32 0.33 0.30 0.31 0.33 0.34 0.34 0.32 0.30 0.34 0.29 0.32
AL 1.53 1.71 1.72 1.70 1.72 1.63 1.64 1.90 1.82 1.60 1.90 1.53 1.70
Fore leg
FEM 1.12 1.08 1.17 1.13 1.18 1.19 1.14 1.14 1.14 1.18 1.19 1.08 1.15
TIB 1.04 1.07 1.10 1.07 1.09 1.08 1.09 1.10 1.13 1.10 1.13 1.04 1.09
TAR I 0.10 0.09 0.09 0.11 0.12 0.10 0.12 0.08 0.08 0.10 0.12 0.08 0.10
TAR II 0.34 0.43 0.43 0.37 0.40 0.41 0.40 0.40 0.43 0.39 0.43 0.34 0.40
Mid leg
FEM 2.08 2.11 2.10 2.10 2.20 2.22 2.06 2.16 2.00 2.09 2.22 2.00 2.11
TIB 3.14 2.98 3.11 3.15 3.14 3.21 3.13 3.07 2.77 3.07 3.21 2.77 3.08
TAR I 1.09 0.96 1.07 1.07 1.00 1.09 1.02 1.02 0.96 1.06 1.09 0.96 1.03
TAR II 0.71 0.81 0.83 0.86 0.70 0.89 0.84 0.84 0.69 0.85 0.89 0.69 0.80
Hind leg
FEM 2.60 2.52 2.63 2.46 2.67 2.63 2.63 2.67 2.67 2.61 2.67 2.46 2.61
TIB 1.15 1.11 1.14 1.17 1.15 1.13 1.12 1.12 1.05 1.14 1.17 1.05 1.13
TAR I 0.26 0.26 0.28 0.27 0.27 0.27 0.27 0.27 0.25 0.27 0.28 0.25 0.27
TAR II 0.33 0.32 0.33 0.34 0.33 0.35 0.34 0.35 0.33 0.31 0.35 0.31 0.33
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Figure 5. Telmatometropsis fredyi gen. nov, sp. nov., male, scanning electron micrographs A proctiger, 
dorsal view B paramere, lateral view C detail of paramere setiferation D–E sclerites D lateral view E dorsal 
view. Abbreviations: sclerite (ls), dorsal sclerite (ds). Scale bars: 40 µm (A); 20 µm (B); 0.25 mm (D–E).

brown lateral fringe; femur dorsally brown, ventrally pale yellow, mesal margin larerally 
yellow, with longitudinal white line; tibia brown; tarsus dark brown. Mid leg: coxa pale 
yellow; trochanter brown; femur dorsally brown, ventrally pale yellow; tibia with basal 
half brown and apical half dark brown; tarsus dark brown. Hind leg: coxa pale yellow; 
trochanter pale yellow; femur dorsally brown, ventrally pale yellow with dark brown 
apex; tibia and tarsus dark brown. Structure. Head with frons rounded. Antennomere 
I curved laterally; antennomere II shortest; antennomere IV longest (Fig. 1A, B). Fore 
leg: femur widened in basal half, ventrally flattened (Fig. 3A), with ventrolateral row of 
4–7 small bristles; apex of tibia with long black bristles laterally and grooming struc-
tures (Fig. 4C); tarsomere I 1/4 of tarsomere II length; tarsomere II strongly curved in 
lateral view, flattened laterally, and apically bifid, with a shorter and a longer portion, 
with cuticular subconical pegs (Fig. 4B); claws long, strongly curved back (Figs 3B, C, 
E, 4A). Mid tarsomere I with few bristles at base. Hind femur with five dorsal trichobo-
thria. Abdominal laterotergites elevated at approximately 45° (Fig. 1A, B, D). Abdomi-
nal segment VIII dorsally with a small central notch on posterior margin (Fig. 1A, B). 
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Figure 6. Telmatometropsis fredyi gen. nov, sp. nov., female A dorsal view B ventral view C lateral view 
D–E scanning electron micrographs D fore leg, ventral view E apex of fore tibia and fore tarsus, ventral 
view. Scale bars: 1 mm (A, B, C); 200 µm (D); 100 µm (E).
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Figure 7. Geographical distribution of Telmatometropsis fredyi gen. nov, sp. nov.

Figure 8. Type locality of Telmatometropsis fredyi sp. nov.; mangrove lagoons in Buenaventura Bay, Valle 
del Cauca, Colombia.
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Figure 9. Apterous holotype male, Telmatometroides rozeboomi (Drake & Harris, 1937) A dorsal view 
B ventral view C labels D fore tarsus, internal lateral view. Scale bar: 0.25 mm.

Paramere with apex curved up and rows of bristles close to apex (Fig. 5B, C); proctiger 
oval, covered with setae (Fig. 5A); sclerites as in Fig. 5 D–E.

Female. [For measurements see Table 3.] Similar in color and structure to male, but 
larger and more robust (Fig. 6A–C). Central spot on metanotum quadrate (Fig. 6A). 
Spot on metasternum inverted “T”-shaped (Fig. 6B). Abdominal mediotergites dark 
brown, with central yellow spots; mediotergites II–IX with pruinose patches later-
ally (Fig. 6C); laterotergites without patches of light setae (Fig. 6A). Fore leg: femur 
slightly curved at the base (Fig. 6D), with 3–7 bristles; tibia with grooming structures 
(Fig. 4D); tarsomere II cylindrical, flattened laterally (Fig. 6E). Abdominal lateroter-
gites elevated by almost 90° (Fig. 6A).

Type material. Holotype. Colombia • apterous male; Valle del Cauca, Buenaventu-
ra, La Bocana, lagoon, 8.XI.2003; Molano & Camacho leg. (UPTC-In-00001). Para-
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types. 1 apterous female; Valle del Cauca, Buenaventura, La Bocana, lagoon, 4.XI.2004, 
Molano & Morales leg. (UPTC-In-00002). 5 apterous males and 5 apterous females, 
same data as for holotype (UPTC-In-00003). 2 apterous males and 2 apterous females; 
Valle del Cauca, Buenaventura, La Bocana, lagoon, 4.XI.2004, Molano & Morales 
leg. (CEIOC 76834). 1 apterous female; Valle del Cauca, Buenaventura, Santa Clara, 
17.V.2004, Camacho & Molano leg. (UPTC-In-00004). 4 apterous males and 12 apter-
ous females; Valle del Cauca, Buenaventura, La Bocana, lagoon, 4.XI.2004, Molano 
& Morales leg. (UPTC-In-00208). 2 apterous males and 8 apterous females; Valle del 
Cauca, Buenaventura, La Bocana, lagoon, 8.XI.2003, Molano & Camacho leg. (UPTC 
In-00209). 1 apterous male and 1 apterous female; Valle del Cauca, Buenaventura, Pun-
ta Arenas, mangrove lagoons, 26.I.1986, M.R. Manzano leg. (UPTC-In-00210).

Etymology. The new species is named in honor of Professor Fredy Molano, who 
made a great contribution to the knowledge of Gerromorpha from Colombia.

Habitat notes. The species inhabits mangrove lagoons in Buenaventura Bay, Valle 
del Cauca Department, Pacific region of Colombia (Figs 7, 8).

Key to the genera of Neotropical Trepobatinae

Modified from Moreira et al. 2018.

1 Antennomere II longer than antennomere III; antennomeres II–III of male 
distally widened ..........................................................................Metrobates

– Antennomere II subequal in length or shorter than antennomere III; anten-
nomeres II–III of male not distally widened ................................................2

2 Antennomere III 10–85% longer than antennomere I ................................3
– Antennomere III 40–80% of length of antennomere I ................................6
3 Antennomere III shorter than two times the length of antennomere II .......4
– Antennomere III longer than two times the length of antennomere II ........5
4 Interocular space with a dark longitudinal stripe .............. Telmatometroides
– Interocular space without a dark longitudinal stripe ............ Lathriobatoides
5 Antennomere IV not the longest; male fore tarsus unmodified, cylindrical; 

freshwater habitats ................................................................. Telmatometra
– Antennomere IV the longest; male fore tarsus modified (Fig. 2); marine habi-

tats ..................................................................... Telmatometropsis gen.nov.
6 Antennomere I much longer than antennomeres II–III together ................

 .............................................................................................. Trepobatoides
– Antennomere I at most as long as antennomeres II–III together .................7
7 Mid tibia distinctly shorter than length of body ........................ Ovatametra
– Middle tibia almost as long as or slightly longer than length of body ..........8
8 Eye in lateral view not extending beyond half of propleuron; hind tibia dis-

tinctly shorter than two times the length of hind tarsus ...............Trepobates
– Eye in lateral view extending beyond half of propleuron; hind tibia longer 

than two times the length of hind tarsus ..................................Halobatopsis
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Discussion

The municipality of Buenaventura has a monomodal precipitation regime, with a 
tendency to bimodality. The highest precipitation values occur between the months 
of September and October, while the lowest values are observed between February 
and March, with an average annual precipitation of 7400 mm and an average tem-
perature of 25.9 °C. These very particular climatological characteristics generate a very 
humid and warm climate (Enriquez et al. 2014). Several freshwater bodies flow to 
Buenaventura Bay, such as the Dagua River, and the Aguadulce, Pichido, El Cor-
ral, and San Joaquín streams. These different estuaries with a large number of drains 
constitute a deltaic system in the area. The bay is geomorphologically characterized 
by the vegetated intertidal platforms, which correspond to muddy plains of fine sedi-
ments and abundant organic matter, where mainly mangrove-type vegetation grows 
(Avicennia germinans (L.) Stearn (Lamiales: Acanthaceae), Laguncularia racemosa (L.) 
Gaertn. (Myrtales: Combretaceae), Rhizophora mangle L., and R. harrisonii Leechm. 
(Malpighiales: Rhizophoraceae)) (Álvarez et al. 2016). It is in such places that the type 
specimens of Telmatometropsis fredyi sp. nov. were collected.

The new genus herein described has a unique feature, the strongly modified male 
fore tarsomere II, which in other Neotropical trepobatines is elongated and cylindrical. 
The distribution of Telmatometropsis gen. nov. partially overlaps with that of Telmato-
metroides. However, these two genera apparently do not share the same microhabitats, 
since they have not been collected together. The new genus probably also occurs in the 
departments of Chocó and Nariño, both in the Colombian Pacific region and where 
several mangroves are found.
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Abstract
Based on the examination of its lectotype (here designated), Westermannia difficilis Dohrn, 1860 (Hemip-
tera, Heteroptera, Reduviidae, Emesinae, Emesini), currently included in Dohrnemesa Wygodzinsky, 1945, 
is transferred to the genus Polauchenia McAtee & Malloch, 1925 with the resulting new combination: 
Polauchenia difficilis (Dohrn, 1860), comb. nov. An updated key to the species of Polauchenia is provided.

Keywords
Assassin bugs, Colombia, Neotropical region, Venezuela

Introduction

There are about 30 genera of Emesinae classified in four tribes in the Neotropics (Wy-
godzinsky 1966; Maldonado 1990; Gil-Santana et al. 2015; Castro-Huertas et al. 2020).

When describing Westermannia difficilis, Dohrn (1860) provided a very short de-
scription of the species, apparently based on a single specimen from Colombia and 
deposited in “Berliner Museum”, but he did not mention the gender of the specimen. 
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Dohrn (1863) presented a redescription of W. difficilis, including more details of its 
coloration and stated that this species was based on one specimen deposited in the Ber-
liner Museum, but again, its gender was not mentioned. Champion (1899) mentioned 
a “single specimen” of W. difficilis Dohrn, 1860, from Panama, which was thought to 
probably belong to Emesa Fabricius, 1803 by Wygodzinsky (1945), who later (Wy-
godzinsky 1966) stated that judging by Champion’s figure, it probably represented 
another species of the “difficilis group” of Dohrnemesa Wygodzinsky, 1945.

Because Westermannia Dohrn, 1860 was preoccupied by a Hübner’s genus of the 
same name in Lepidoptera ([1821]) (McAtee and Malloch 1925), Kirkaldy (1904) 
proposed a new name, Westermannias, to replace it. McAtee and Malloch (1925) syn-
onymized Westermannia and Westermannias with Emesa, including “difficilis (Wester-
mannia) Dohrn” and “tenerrima (Westermannia) Dohrn” as unplaced species in the 
genus Emesa. McAtee and Malloch (1925) argued that they were unable to place these 
species in their keys without a fuller knowledge of the characters of their types.

When describing Dohrnemesa, Wygodzinsky (1945) commented about the difficul-
ties in establishing the systematic position of Westermannia difficilis because the types 
were not examined again. However, he considered that, considering the generic syno-
nyms of Westermannia and Westermannias with Emesa proposed by McAtee and Malloch 
(1925), there was no reason to worry too much with the species previously included in 
these genera, because they might eventually be included in Dohrnemesa in the future.

Wygodzinsky (1945) considered Dohrnemesa close to Polauchenia McAtee & Mal-
loch, 1925 and pointed out that the main differences between them were the absence 
of tubercles or spined humeri and the presence of a free short vein emitted from the 
base of the basal cell of the forewing in Dohrnemesa. In the key to genera of the Emesini 
presented by Wygodzinsky (1966), the presence or absence of a short free vein at the 
base of the basal cell of the forewing, in Dohrnemesa and Polauchenia, respectively, is 
the main character that separates these genera. Additionally, based on this character-
istic alone, Wygodzinsky (1966) transferred Polauchenia reimoseri Wygodzinsky, 1950 
to Dohrnemesa, assuming that the possession of two veins emitted from the base of 
the basal cell indicated that this species belonged to the latter genus (Gil-Santana and 
Ferreira 2017). The new combination, Dohrnemesa difficilis was also established by 
Wygodzinsky (1966), although he did not mention his reasons to include this species 
in Dohrnemesa. On the other hand, he divided Dohrnemesa in two groups, claiming 
that the species of the “difficilis group” would have the fore lobe subglobular, abruptly 
narrowed behind and distinctly separated from petiole, and a strongly widened abdo-
men with flaring connexival segments.

In the current work, we confirm that the lectotype (here designated) of Wester-
mannia difficilis Dohrn, 1860, a species currently included in Dohrnemesa Wygodz-
insky, 1945, does not belong to this genus but to Polauchenia McAtee & Malloch, 
1925, resulting in the new combination: Polauchenia difficilis (Dohrn, 1860), comb. 
nov. The main differences are that in P. difficilis, comb. nov. the base of basal cell is 
pointed, emitting a single longitudinal vein, with the absence of a short free vein at 
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this base and the humeri are spined. Both differences are sufficient to show that P. dif-
ficilis, comb. nov. does not belong to Dohrnemesa but to Polauchenia. Additionally, as 
commented below, several other diagnostic characteristics of Polauchenia are present 
in the specimen examined.

Material and methods

For the present study, the male lectotype (here designated) of Westermannia difficilis 
Dohrn, deposited in the Hemimetabola Collection of the Museum für Naturkunde 
Berlin, Leibniz Institute for Evolution and Biodiversity Science, Berlin, Germany 
(MFNB), was directly examined (Figs 1–2, 4–14).

The photos of the lectotype (here designated) of W. difficilis Dohrn, 1860 were 
taken with a Canon EOS 6D (Fig. 1) and M50 (Figs 2–12, 14) with a MP-E 65 mm 
f/2.8 1–5× macro lens attached. Multiple focal planes were merged using the auto-
montage software Helicon Focus Pro.

Figure 13 was produced by drawing the outline of the margins and veins of the 
forewing directly from its photograph (Fig. 12), using CorelDRAW Graphics Suite 
2020.

General morphological terminology mainly follows Wygodzinsky (1966). How-
ever, the [visible] segments of the labium are numbered as II to IV, given that the first 
segment is lost or fused to the head capsule in Reduviidae (Weirauch 2008; Schuh et 
al. 2009).

When describing label data, a slash (/) separates the lines and a double slash (//) 
different labels.

Results

Taxonomy

Subfamily Emesinae
Tribe Emesini

Polauchenia difficilis (Dohrn, 1860), comb. nov.
Figs 1, 2, 4–14

Westermannia difficilis Dohrn, 1860: 251 [description], 1863: 47–48 [redescription]; 
Stål 1872: 125 [checklist]; Walker 1873: 150 [catalog]; Lethierry and Severin 
1896: 71 [catalog]; Champion 1899: 164, pl. 10, figs 8, 8a [record of a supposed 
specimen from Panama]; McAtee and Malloch 1925: 46–47 [as “unplaced spe-
cies” listed among species of Emesa]; Wygodzinsky 1945: 252 [discussion about the 
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future possibility of its placement in Dohrnemesa], 1949: 34 [catalog, as Emesinae 
incertae sedis].

Dohrnemesa difficilis; Wygodzinsky 1966: 231, 237 [citation, key; checklist, statement 
that W. difficilis figured by Champion 1899 from Panama is not the same species]; 
Gil-Santana and Ferreira 2016: 584 [citation], 2017: 203, 229 [citation, key].

Type material examined. Westermannia difficilis, male lectotype (here designated): 
[handwritten label]: Leptol. / difficilis / Dohrn // [blue underlined handwritten label]: 
Columb; Moritz. // [printed label]: 3326 // [printed label]: [at right side]: QR CODE, 
[at left side]: http://coll.mfn-berlin.de/u/ /123b88 // [printed red label]: LECTO-
TYPE / Westermannia difficilis Dohrn, 1860 / designated by H. R. Gil-Santana & / J. 
Deckert 2020 (MFNB).

Notes. In the old catalogue of the Berliner Museum the specimen examined 
here was registered under the number 3326 and named as Leptolemus difficilis Dohrn 
(Fig. 3). The name of the genus “Leptolemus” [apparently abbreviated as “Leptol.”] can 
also be read on the label attached to the type specimen (Fig. 2). In the same catalogue, 
other species, Leptolemus tenerrima was also listed just above L. difficilis (Fig. 3). How-
ever, when describing these two species, Dohrn (1860) included them in Westermannia, 
described in the same occasion too. As far as it seems, the name Leptolemus is a manu-
script name which was never applied as a published name to any Emesinae or other 
Reduviidae (e.g., Lethierry and Severin 1896; Wygodzinsky 1966; Maldonado 1990).

The collector of the specimen, Moritz (Johann Wilhelm Karl Moritz 1797–1866), 
collected in the Caribbean islands and Venezuela, but there is a disagreement among 
some authors if he collected in Colombia. It is possible that the records of his collect-
ing from Colombia originated from the confusion between Venezuela and Colom-
bia, parts of the former having once belonged to the ancient vice-kingdom of “Nueva 
Granada” (Papavero 1973). In this case, there is a possibility that the lectotype (here 
designated) of W. difficilis was collected in Venezuela and not in Colombia as stated in 
his collecting data.

Diagnosis. Polauchenia difficilis, comb. nov. can be separated from other species 
of the genus by the combination of characters presented in the key below. Polauchenia 
difficilis, comb. nov. shares similarities with P. paraprotentor Gil-Santana & Ferreira, 
2017 but differs from this species in several characteristics, such as: the pale markings 
of the antenna, middle and hind femora are simple (P. paraprotentor) or bordered by 
darker markings (P. difficilis, comb. nov.), those on antenna narrow, with the pale an-
nuli as long or only slightly longer (P. paraprotentor) or quite longer (four and seven 
times) than the width of the segment (P. difficilis, comb. nov.); fore coxa with a median 
pale annulus (P. difficilis, comb. nov.) or two pale annuli at submedian basal portion 
and approximately midportion of distal half of the segment (P. paraprotentor); distal 
portion of forewings with (P. difficilis, comb. nov.) or without (P. paraprotentor) a large 
whitish subdistal marking; petiole approximately 1.5 (P. paraprotentor) or 1.3 (P. dif-
ficilis, comb. nov.) times as long as fore lobe; humeri spined (P. difficilis, comb. nov.) or 
not (P. paraprotentor); spine of scutellum obliquely directed upwards (P. difficilis, comb. 
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nov.) or backwards (P. paraprotentor); spines of scutellum and metanotum mostly pale 
(P. difficilis, comb. nov.) or brownish (P. paraprotentor).

Redescription. Male. Measurements (mm): total length: to tip of abdomen 10.0; 
to tip of forewings 10.6. Coloration: brownish to light brown, with yellowish to pale 
markings or portions (Figs 1, 4–12, 14). Head brownish; clypeus and labrum paler; pale 
small spots around the eye: in front of the midpoint of its anterior margin, and a pair 
behind its posterior margin, above and below the level of the anterior spot; the former 
slightly larger and just behind transverse sulcus; a pale whitish median small area behind 
transverse sulcus; a median longitudinal dorsal narrow pale whitish stripe on posterior 
half of postocular region; apices of labial segments II and III and base of labial segment 
IV pale white to pale yellow; segment IV somewhat paler (Figs 1, 4, 5, 8–10). First 
antennal segments (others absent) pale brownish with basal portion and four pale an-
nuli; the latter bordered by contiguous basal and distal darkened annuli, forming a set 
of bicolored annuli; the two distal set of annuli with the pale portion somewhat larger 
than the two basal ones; the pale portion of the annuli approximately four and seven 
times the width of the segment in the basal and distal annuli, respectively while the 

Figures 1–3. 1, 2 Polauchenia difficilis (Dohrn, 1860), comb. nov., male lectotype (here designated) 
1 lateral view, right side 2 labels 3 old catalogue of the Berliner Museum, page excerpt, arrow points to 
the record of Leptolemus difficilis Dohrn in it.
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darkened basal and distal annuli are narrower, slightly longer to twice longer the width 
of the segment, respectively (Figs 1, 4, 5, 8, 9). Thorax: brownish, anterior collar paler; 
prothoracic supracoxal lobes pale whitish on its anterior margin; a rounded pale spot 

Figures 4–7. Polauchenia difficilis (Dohrn, 1860), comb. nov., male lectotype (here designated) 4 dor-
soposterior view 5 anteroventral view 6, 7 ventroposterior views.
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above the latter; petiole paler laterally, on the portion just behind the fore lobe and more 
extensively on distal portion (Figs 1, 8–10). Hind lobe of pronotum: a pair of contigu-
ous pale whitish longitudinal stripes on anterior portion, the medial (submedian) stripes 
approximately half longer than the lateral ones, running approximately on the basal 
third of the hind lobe; lower margin pale at approximately its anterior two-thirds; hu-
meral tubercles, including their spines pale (Figs 1, 5, 8). Spines of scutellum and 
metanotum pale, with their tips somewhat darkened (Figs 1, 4, 7, 8, 14). Meso- and 
metapleura generally dark brownish; meso- and metathoracic supracoxal lobes pale 
whitish on their posterior margin (Figs 1, 8, 14). Legs: fore coxa light brownish with a 
median annulus and approximately the apical fourth pale whitish; middle and hind 
coxae brownish with their distal margin somewhat paler; fore trochanter with approxi-
mately basal half pale and distal half brownish; middle and hind trochanters pale with 
an ill-defined median brownish spot (Figs 1, 8, 9, 11). General coloration of fore fem-
ora brownish, with four narrow annuli and apex, more extensively, pale; larger spinifer-
ous processes with their basis whitish and the distal spine blackish (Figs 1, 9, 11). Mid-
dle and hind femora generally pale with six large dark annuli, which are bordered by 
contiguous narrower darker annuli, forming a set of bicolored large annuli, the first at 
base of the femora, somewhat smaller, the following ones separated by a distance ap-
proximately equivalent to the total length of each annulus (including their darker ex-
tremities), the more distal, far from apex by approximately the same equivalent distance 
(Figs 1, 4–6, 8, 14). Fore tibia mostly pale brownish with approximately the basal 
fourth and a submedian basal annulus pale; on the basal fourth, a small pair of dark 
spots on dorsal and ventral surfaces approximately at midpoint of this pale portion 
(Figs. 1, 9, 11). Middle and hind tibiae pale, a subbasal, small, dark spot on dorsal sur-
face followed by two large faintly dark annuli, bordered by contiguous, narrow, darker 
annuli, the more distal somewhat larger, after them, a small, dark annulus approxi-
mately as far as the distance between the previous large annuli; all these markings on the 
basal half and basal third of the segment of middle and hind tibia, respectively; apices 
of both tibiae darkened towards apices (Figs 1, 4–8, 14). Fore tarsi pale brownish, sec-
ond tarsomere paler (Fig. 11); middle and hind tarsi absent. Forewing brownish with 
most veins paler to whitish; a few oblique ill-defined, small, pale stripes or markings on 
basal half, between veins; a large, curved, whitish stripe running over Pcu cross vein, 
distal vein of basal cell and basal portion of discal cell; a diffuse texture formed by small, 
irregular, whitish spots or transverse lines inside discal cell and a narrow, longitudinal, 
submedian, oblique, somewhat irregular line along discal cell, except at its basal por-
tion, and two larger, oblique, whitish stripes over distal veins of the discal cell, which 
join a large whitish spot, which runs transversely obliquely towards apex, subdistally 
between lateral margins of the wing and medially attaining the apex of the wing at its 
median portion; this large whitish marking is speckled with brownish spots at median 
portion; the lateral portions to this large whitish marking are otherwise brownish and 
speckled by several whitish markings; the tip of the wing is shortly brownish at its me-
dian portion (Figs 1, 8, 12). Hind wings hyaline; veins somewhat darker (Figs 6–8). 
Abdomen generally brownish with scattered, ill-defined, pale and dark markings and 
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Figures 8–11. Polauchenia difficilis (Dohrn, 1860), comb. nov., male lectotype (here designated) 8 ven-
trolateral view, left side 9 fore lobe of pronotum, head and right fore leg, lateral view 10 head, fore lobe 
and petiole of pronotum, lateral view 11 left fore leg detached from the specimen, lateral view. Scale bars: 
0.5 mm (9, 10); 0.26 mm (11).
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spots, respectively; connexivum pale with distal dark spots, which are proportionally 
larger in relation to the pale basal portion on the last three segments; sternites addition-
ally with thin, interrupted and ill-defined pale lines; posterolateral margins of sternite 
VIII pale whitish; genital capsule dark with parameres pale (Figs 1, 4–8, 14). Vestiture: 
integument covered with very numerous and long thin setae, and with a short and very 
dense pubescence formed by thin, curved or adpressed setae (Figs 1, 8–11, 14). Fore 
femur: posteroventral series beginning at the base of the article and ending far from 

Figures 12–14. Polauchenia difficilis (Dohrn, 1860), comb. nov., male lectotype (here designated) 
12, 13 forewing 13 schematic outline 14 meso and metathorax, abdomen and left hind leg, lateral 
view. Abbreviations: bc basal cell, dc discal cell, P Pcu cross vein, sv single vein emitted from the basal 
cell. Scale bars: 0.5 mm (12–14).
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apex, composed of about 11 large and medium-sized spiniferous processes, the most 
basal of which with its apex slightly inclined toward apex of article. A sparse series of 
very long, darker and strong setae accompanies the posteroventral series. Lengths of 
larger processes combined with apical spines about as long as or somewhat shorter than 
the diameter of segment. Fore tibiae with numerous stiff setae on subapical dorsal de-
pression (Figs 9, 11). Forewing almost completely glabrous, with a few scattered short 
thin setae at basal portion and a few scattered somewhat longer ones along costal vein 
(Fig. 12). Hind wings glabrous. Structure. Integument moderately shiny. Head (Figs 1, 
4, 5, 8–10): elongated; anteocular portion longer than postocular. Transversal (interoc-
ular) sulcus deep, situated somewhat anteriorly to middle of eyes. Eyes globose, reach-
ing dorsal outline of head at interocular sulcus and not reaching ventral outline of head; 
a pair of very short tubercles just behind interocular sulcus. Antenna inserted closer to 
apex of head than to the eyes; first antennal segment thin, slender; others absent. First 
two visible labial segments thicker than the distal segment; apex of segment III slightly 
posteriorly to level of midportion of eye; segment IV ending close to midpoint of stri-
dulitrum at its anterior portion. Thorax (Figs 1, 4–14): pronotum pedunculate; petiole 
approximately 1.3 times as long as fore lobe, the latter semioval; humeral rounded tu-
bercle with a short acute spine. Spines of scutellum and metanotum somewhat elon-
gated, obliquely directed upwards, apices acute, the latter somewhat longer than the 
former. Fore legs slender; fore coxae elongated, approximately 1.3 times longer than 
petiole; fore tibiae thinner and slightly shorter than fore femora, somewhat curved; 
slightly depressed in dorsal portion subapically; somewhat thickened at apex. Mid and 
hind legs very long, slender, slightly curved; tibiae somewhat thinner and longer than 
femora. Fore tarsus short, three-segmented, slender; other absent. Forewings slender; 
basal cell triangular, with a single directed vein emitted from its base and with Pcu cross 
vein meeting it slightly posterior to the level of its apical portion; pterostigma ending 
somewhat far from apex of the wing. Abdomen: slender, slightly enlarged towards pos-
terior half. Last tergite narrowed towards apex, subtriangular, posterior margin round-
ed, with a short prolongation posteriorly, covering most of the genital capsule. Eighth 
sternite covering approximately half of the pygophore, ventrally.

Discussion

The transfer of D. difficilis to Polauchenia is in accordance with the aforementioned as-
sertion that Dohrnemesa can be separated from Polauchenia by the absence/presence of 
spined humeri and the presence/absence of a free short vein emitted from the base of 
the basal cell of the forewing in the former and latter genus, respectively (Wygodzinsky 
1966; Gil-Santana and Ferreira 2017).

Yet, the inclusion of P. difficilis, comb. nov. in Polauchenia agrees with the follow-
ing diagnostic features of the genus (McAtee and Malloch 1925; Wygodzinsky 1966; 
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Forero 2004): medium-sized species (11–20 mm in length); pronotum pedunculate 
(Figs 1, 8, 10); scutellum and metanotum with a spine (Figs 1, 8); posteroventral series 
of fore femora beginning at base of article, composed of large and small spiniferous 
processes bearing relatively slender apical spines; large processes of subequal size, the 
most basal either straight or slightly inclined toward apex of article; fore tarsi three-
segmented (Figs 9, 11); forewings with two cells, base of basal cell pointed, emitting a 
single longitudinal vein towards axillary region (Figs 1, 12, 13).

Additionally, among other characteristics of Polauchenia, the following are note-
worthy and also present in P. difficilis, comb. nov.: all species are conspicuously marked 
with light and dark colors (e.g., Figs 1, 8–12); petiole of pronotum ranging from 
slightly shorter to much longer than fore lobe of pronotum (Figs 1, 8, 10) and series of 
processes of the fore femora often accompanied by strong elongated setae (Figs 9, 11) 
(Wygodzinsky 1966; Gil-Santana and Ferreira 2017).

The only small difference is the total length, which was recorded as being 10.6 
mm for P. difficilis, comb. nov., very close to the minimum stated by previous authors 
(11 mm), allowing us to state 10.6 mm as the actual minimum of the genus. Moreo-
ver, it is noteworthy that Dohrn (1860, 1863) recorded 11 mm as the length of the 
lectotype of W. difficilis. It is not possible to know how accurately A. Dohrn measured 
the specimen or if he rounded the measurement to an exact number. It is possible that 
the specimen was originally 11 mm in length when examined by him but due to the 
passing of time, the specimen may have shortened a little.

In any case, it becomes clear that the transfer of the species studied here from 
Dohrnemesa, the genus where it was currently included (Wygodzinsky 1966) to 
Polauchenia is in accordance with the differences between these genera and the diag-
nostic characteristics of Polauchenia.

On the other hand, some characteristics which Wygodzinsky (1966) believed P. dif-
ficilis, comb. nov. would have (fore lobe subglobular, abruptly narrowed behind and 
distinctly separated from petiole; a strongly widened abdomen with flaring connexival 
segments) are absent in this species. Therefore, it becomes clear that Wygodzinsky 
(1966) had limited knowledge of the species and certainly never examined the type of 
W. difficilis, providing an additional argument to disregard his placement of P. difficilis, 
comb. nov. in Dohrnemesa.

The type specimen of Westermannia difficilis was designated here as a lectotype fol-
lowing the Art. 74.1 of ICZN.

Taking into account the taxonomical change proposed here, seven species are 
now included in Polauchenia and nine in Dohrnemesa (D. albuquerquei Wygodzin-
sky, 1966, D. buyassuana Wygodzinsky, 1958, D. carvalhoi Wygodzinsky, 1966, 
D.  exporrecta Wygodzinsky, 1958, D. kuarajucassaba Gil-Santana & Ferreira, 2017, 
D. lanei Wygodzinsky, 1945, D. oliveirai Gil-Santana & Ferreira, 2016, D. reimoseri 
(Wygodzinsky, 1950), D. santosi Wygodzinsky, 1945) (Wygodzinsky 1966; Gil-
Santana and Ferreira 2016, 2017).
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Key for the species of Polauchenia, modified from Wygodzinsky (1966) and 
Gil-Santana and Ferreira (2017)

1 Postocular region of the head with a median spine, besides a pair of lateral 
spined tubercles ..............................................unicornis Maldonado, 1968

– Postocular region of the head without a median spine, with or without a pair 
of lateral spined or rounded tubercles ......................................................... 2

2 Petiole of pronotum quite longer, at least 1.3 times as long as the fore lobe 3
– Petiole of pronotum little, if any longer than fore lobe ............................... 6
3 Petiole of pronotum approximately 1.3–1.5 times as long as fore lobe; length 

10.6–14 mm .............................................................................................. 4
– Petiole of pronotum at least twice longer than the length of fore lobe; length 

15 mm or longer ........................................................................................ 5
4 Petiole of pronotum approximately 1.5 times as long as the fore lobe; length 

14 mm; pale markings of the antenna, middle and hind femora simple .......
 .............................................paraprotentor Gil-Santana & Ferreira, 2017

– Petiole of pronotum approximately 1.3 times as long as the fore lobe; length 
10.6 mm; pale markings of the antenna, middle and hind femora bordered 
by darker markings ................................................ difficilis (Dohrn, 1860)

5 Length 17.5 mm; females (males unknown) brachypterous, the forewing 
reaching at about middle of abdomen ........marcapata Wygodzinsky, 1966

– Length not more than 15 mm; female slightly brachypterous, forewing reach-
ing far posterior to the middle of abdomen ..................................................
 ...........................................................protentor McAtee & Malloch, 1925

6 Length 11 mm; postocular region of the head without projections, spines of 
scutellum and metanotum yellowish ............ schubarti Wygodzinsky, 1950

– Length 16 mm; postocular region of the head with a pair of spined conical 
tubercles; spines of scutellum blackish ..........................................................
 ........................................................biannulata McAtee & Malloch, 1925
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Abstract
A new genus and species of exaggerated antennae Coreidae is described from Myanmar amber of the Late 
Cretaceous (Cenomanian stage). Ferriantenna excalibur gen. et sp. nov. appears related to another Cre-
taceous coreid with exaggerated antennae, Magnusantenna Du & Chen, 2021, but can be differentiated 
by the fourth antennal segment which is short and paddle-like, the undulating shape of the pronotum 
and mesonotum, and the shorter and thicker legs. The new coreid, with elaborately formed antennae and 
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hind legs? Features that are large and showy are at higher risk of being attacked by predators or stuck in 
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We hypothesize that because elaborate antennae play an additional significant sensory role compared to 
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legs. Thus, through the millenia, as coreid evolution experimented with elaborate/ornate features, those 
on the antennae were likely selected against in favor of ornate hind legs.
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Introduction

The coreids (leaf-footed bugs) are a diverse group of hemipterans with a cosmopolitan 
distribution (of ~3100 species in ~260 genera; Henry 2017) and are known for their 
often-elaborate expansions and ornamentation of their hind femora and hind tibiae, 
and in some cases the humeral angles of the pronutum are even exaggerated (Fig. 1; 
Dolling 2006). These adaptations have been reported as being used for intraspecific 
competition/display (Eberhard 1998; Procter et al. 2012) and sensorial capabilities (for 
features on the antennae; Gonzaga-Segura et al. 2013). The superfamily Coreoidea as 
a whole has been recovered as monophyletic with an age of ~125 mya within recent 
fossil calibrated phylogenetic analyses (Johnson et al. 2018). Interestingly, while the 
Coreoidea has been recovered as monophyletic, the current internal taxonomic organi-
zations have not (Forthman et al. 2019). When many of the morphological features 
which have been used in analyses in the past were reviewed alongside these recent 
large-scale molecular analyses it was found that most clades had few synapomorphies 
which define them, and most morphological features were found to be homoplastic 
(Forthman et al. 2019).

The first reported Coreidae species from Cretaceous Burmese amber was the re-
cently described Magnusantenna wuae Du & Chen, 2021 (Fig. 2C), and was only the 
fifth species of coreid described from the Cretaceous (the others being impression fos-
sils, not amber inclusions; Du et al. (2021)). Du et al. (2021) presented the first coreid 
from the Cretaceous with expansions on the antennae, a feature that is also seen in a 
few extant coreid species (Fig. 1D), but what was notable about their description was 
that the antennae were far more elaborate than any known extant species.

Unfortunately, with the fossil record of coreids rather fragmented and often from 
partial or nymphal specimens this still leaves a great deal of confusion surrounding 
their evolutionary history. Thankfully with nymphal antennae morphology rather sta-
ble into adulthood (Du et al. 2021) recent and herein described fossilized nymphs 
present a unique opportunity to understand the possible origin of elaborate morpho-
logical features.

Materials and methods

The amber containing the holotype specimen was collected from the well-known Hu-
kawng Valley in northern Myanmar, a prolific site of amber excavation (Grimaldi et 
al. 2002). The age of this amber deposit is estimated to be ~98.79 ± 0.62 million years 
old, within the Cenomanian stage of the Cretaceous (Shi et al. 2012). The holotype 
specimen described herein was morphologically reviewed using a 2x-225x trinocular 
boom stand stereo microscope (#ZM-4TW3-FOR-20MBI3) and photographs were 
taken with the attached high-speed 20MP camera (#MU2003-BI-CK) (AmScope, 
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Figure 1. Examples of ornamentation in live extant coreids. Images A–C, G with expansions on the 
hind tibiae. Images D–H with hind leg spination D with expansions to the third antennal segment. Im-
ages B, C, E–H photographed by Andreas Kay (Ecuador), other images with appropriate citations given 
individually A Anisocelis flavolineata from Veraguas Province, Panama, photographed by Dirk van der 
Made (Netherlands) B Unidentified Coreidae from Ecuador C Anisoscelis foliacea from Ecuador D Thasus 
sp. from Santa Cruz County, Arizona, USA, photographed by Alan Schmierer (USA) E Unidentified 
Coreidae from Ecuador F Unidentified Coreidae from Ecuador G Melucha quinquelineata from Ecuador 
H Piezogaster cf. humeralis from Ecuador.

Irvine, USA). Illumination was from a 6-Watt LED dual gooseneck illuminator lit 
by an #85-265VAC/50-60Hz lighting unit (AmScope, Irvine, USA). Measurements 
were taken using AmLite digital camera software for Mac OS X 10.8 64-bit which was 
calibrated with a microscope stage calibration slide (#MR095), 0.01mm div. (Am-
Scope, Irvine, USA). Adobe Photoshop Elements 13 (Adobe Inc., San Jose, USA) was 
used as post-processing software.

Illustrations were done by scientific illustrator Liz Sisk (Washington D.C., 
USA) using either photographs of the holotype, photographs saved from various 
online sources illustrating non-type specimens or recreated from the photographs/
illustration presented in Du et al. (2021) in order to present side-by-side images of 
a uniform style.

The holotype specimen is deposited within the Montreal Insectarium, Montreal, 
Quebec, Canada (IMQC).
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Systematic paleontology

Class Insecta Linnaeus, 1758
Order Hemiptera Linnaeus, 1758
Family Coreidae Leach, 1815
Subfamily Coreinae Leach, 1815

Genus Ferriantenna gen. nov.
http://zoobank.org/40E251C3-987F-4F74-A89B-6545E487EDC8

Type species. Ferriantenna excalibur gen. et sp. nov., herein designated
Taxonomic remarks. The taxonomic placement of this genus is rather uncertain, 

largely owing to the lack of adult specimens to allow review of genitalia, wing venation, 
and presence or lack of ocelli. Morphologically this genus appears to be closely related 
to Magnusantenna Du & Chen, 2021 based upon the elaborate antennae, square head 
shape, and long abdomen with parallel margins. Based upon this assumed close rela-
tionship we tentatively place this new genus and species within the Coreinae alongside 
Magnusantenna but would not be surprised if a taxonomic adjustment is necessary 
once adult specimens are hopefully one day recovered. Additional higher taxonomic 
possibilities, which can be ruled out, are Yuripopovinidae due to the lack of a distinct 
collar in our new taxon (Azar et al. 2011). Further, Yuripopovinidae typically have 
cylindrical antennomeres in cross section (although the recently described Reticulati-
tergum hui Du et al. 2019 does have a terminal antennomere which is flattened and 
rather similar in shape to our Ferriantenna gen. nov. (Fig. 2A; Du et al. 2019)). An 
additional clade which can have similar general habitus morphology are the Alydidae 
(particularly the Micrelytrinae which can have thin parallel-sided bodies and long legs 
very similar to Magnusantenna wuae; Fig. 2C). The Alydidae can be differentiated from 
Coreidae by the length of the bucculae, with the bucculae shorter, not extending pos-
teriorly beyond the base of the antennae in Alydidae but longer in Coreidae, extending 
posteriorly beyond the base of the antennae (Swanson 2011). Within Magnusantenna 
wuae Du et al. (2021) clearly state that the bucculae are long extending posteriorly 
beyond the base of the antennae and therefore due to this feature would fit within 
Coreidae. Unfortunately, the amber piece that our Ferriantenna gen. nov. is within is 
too thick to clearly see the ventral surface of the head, but it does appear that the buc-
culae are longer than the base of the antennae and therefore more likely a Coreidae 
than an Alydidae.

The general morphological features of this genus fit well within Coreinae, namely 
the expanded antennal segments, the length ratios of the various antennomeres (the 
second and third segments of similar lengths), the smooth pronotum, and the straight 
femora and tibiae (Schuh and Slater 1995). At present there are three other subfamilies 
recognized within the coreids: Hydarinae, Meropachyinae, and Pseudophloeinae (Co-
reoideaSF Team 2021). The following features characterize each of the other subfami-
lies and help to add credibility to this genus being placed within Coreinae. Hydarinae 
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Figure 2. Artist recreation of the presently known three Cretaceous coreids with elaborate antennae. 
Illustrations by Liz Sisk (USA). Dorsal habitus scaled to same uniform length to highlight the antennae 
to body ratios. Colorations are artistic recreations based upon extant coreids rather than the actual speci-
men, whose color was not preserved in the amber A Ferriantenna excalibur gen. et sp. nov. B Ferriantenna 
“club-like antennae” C Magnusantenna wuae.

have the third antennomere more than twice as long as the second (in Magnusantenna 
and Ferriantenna gen. nov. these segments are similar in length (Packauskas 1994)). 
The subfamily Pseudophloeinae is difficult to morphologically distinguish from other 
coreids as different authors consider different features significant for differentiation 
(e.g., Packauskas 1994; Moulet 1995; Schuh and Slater 1995; Hamouly et al. 2010; 
Schuh and Weirauch 2020). Due to the multiple morphological features which lik-
en our genus to Coreinae we are fairly confident that these fossils do not fall within 
Pseudophloeinae. Meropachyinae are a small subfamily restricted to the western hemi-
sphere and have a distal spine on the apex of the metatibiae and the metafemora are 
prominently thickened, notably broader than the pro- and mesofemora (Packauskas 
1994; Brailovsky and Barrera 2009). Coreinae has repeatedly been recovered as para-
phyletic with regards to Meropachyinae and based upon the typical Meropachyinae 
leg morphology we expect these fossil coreids do not fall within this clade but likely 
somewhere else within the Coreinae (Forthman et al. 2019, 2020; Kieran et al. 2019). 
Review of spermatheca within Coreidae by Pluot-Sigwalt and Moulet (2020) found 



Royce T. Cumming & Stéphane Le Tirant  /  ZooKeys 1043: 117–131 (2021)122

that Hydarinae and Pseudophloeinae are morphologically unique but that Coreinae 
and Meropachyinae were similar, adding credibility to phylogenetic results which don’t 
recover Coreinae and Meropachyinae as unique (Kieran et al. 2019; Forthman et al. 
2019, 2020).

Within the Coreinae there are several tribes which have an antennomere that is 
enlarged (e.g., Nematopini or Chariesterini with only the singular third antennomere 
flattened; Fig. 1D; CoreoideaSF Team 2021). This similarity alone does not warrant 
a tribal placement and the authors hope that eventually fossils of adult specimens are 
recovered to help determine a more accurate taxonomic placement as no extant tribe 
fits morphologically well.

Diagnosis. Antennae four segmented, long, but not longer than the body (head, 
thorax, and abdomen). First antennal segment short and robust (slightly longer than 
wide or about equal in length and width; always shorter than head length); second 
and third segments ornamented and quite variable in form interspecifically (can be 
marked throughout with granulation, setation, or prominent tubercles with margins 
straight or with spination), each at least three times longer than wide, with the third 
segment slightly wider and longer than the second segment; and the fourth segment is 
only slightly longer than head length, flat, and paddle-like, lacking intricate features/
expansions as present on the second and third segments. Head approximately as long 
as wide, compound eyes spherical and variable in their size (can be large, occupying 
most of the lateral margins, or narrower, restricted to the center third and strongly pro-
truding), located on the center of each side of the head. Pronotum with a margin that 
expands to the posterior third then contracts slightly. Mesonotum gently expands to 
the midline and then gently contracts to the posterior. Metanotum with margins that 
can be parallel or slightly rounded. Abdomen slender, notably longer than wide, with 
parallel margins. Legs stout, not particularly long. Femora approximately two times as 
wide as the tibiae, but of similar lengths. Tarsi with two segments, bearing two claws.

Differentiation. Several features differentiate the new genus from the assumed 
closely related genus Magnusantenna Du & Chen, 2021. First, the length ratios of 
the exaggerated antennal segments differ as Magnusantenna has the fourth segment 
approximately as long as, but notably broader than the third segment, versus Ferrian-
tenna gen. nov. which has the fourth segment notably shorter than the third segment, 
appearing paddle-like. Additionally, the thickness and lengths of the legs differentiate 
these two genera as Magnusantenna has long thin legs (such as the hind legs which 
exceed the apex of the abdomen), versus Ferriantenna gen. nov. which has femora 
which are notably thicker than the tibiae, and specifically for the hind leg it appears 
that when fully outstretched they fall short or at most reaching the apex of the abdo-
men but do not exceed it. The thorax and abdomen of Ferriantenna gen. nov. are also 
notably broader than the head width versus Magnusantenna which has a very slender 
and long abdomen, thinner than the width of the quadrate head. Finally, the pro- and 
mesonotum differ slightly between these two genera as Magnusantenna has a prono-
tum which expands steadily from the anterior to the posterior and the mesonotum is 
parallel sided, versus Ferriantenna gen. nov. which has the pronotum expanding for the 



Cretaceous coreid, adding credibility to the double-edged sword hypothesis 123

anterior two thirds then slightly contracting, and the mesonotum appears to expand to 
approximately the middle and then contract to the posterior.

Discussion. Typically, Heteroptera have five instars, as in hemimetabolous insects 
which they resemble the adults in most morphological features. Our examined speci-
men which is the type species for this new genus appears to be a fourth instar nymph 
like was described within Du et al. (2021) based on the following characters they 
reference from Schuh and Slater (1995): posterior margins of the hind buds not reach-
ing the anterior margin of the first abdominal tergite; ocelli absent; and tarsi two-seg-
mented. As was noted within Du et al. (2021) amber typically does not preserve large 
inclusions well which is likely why all of these species are being observed as nymphs.

In addition to our herein described species, we have also seen images shared online 
of an additional species within Ferriantenna gen. nov. distinctly different from our Fer-
riantenna excalibur gen. et sp. nov. This second, undescribed Ferriantenna species has 
similar characteristics of the thorax, abdomen, and legs, and the fourth antennomere 
which is notably smaller and paddle-like (Fig. 2B). This undescribed species however 
differs in that it has the second and third antennal segments heavily armored with 
prominent tubercles and granulation, making the antennae appear like a medieval 
two-handed iron spiked mace (Boeheim 1890) instead of blade-like as is seem in Ferri-
antenna excalibur gen. et sp. nov. This second species, known only from photos shared 
online of a singular specimen, was being publicly offered for sale on eBay has since 
been sold. Unfortunately, the specimen could not be traced/examined and therefore 
we are unaware whether this specimen will end up in a museum collection for research 
or with a private collector.

The difference in leg lengths between Magnusantenna and Ferriantenna gen. nov. is 
likely due to the size of the antennae in relation to the body, as the Ferriantenna gen. 
nov. are notably less expanded and therefore require less leverage to maintain a stable 
footing, versus Magnusantenna which needed the longer legs to create a larger footprint 
to balance the massive antennae.

Etymology. The generic name is derived from Latin prefix ferri (meaning weapon) 
and Latin antenna (meaning yardarm of a ship/sail yard which was the origin of the 
“feeler or horn” of an insect; https://www.etymonline.com/search?q=antenna). This ge-
nus epithet is referring to the weapon-like appearance of the antennae of these insects 
(Fig. 2A, B). Gender is neuter.

Ferriantenna excalibur gen. et sp. nov.
http://zoobank.org/D28929A-DF04-4038-BB44-B23DAE46BB82
Figures 2A, 3, 4

Material examined. Holotype: Amber specimen #BHM10200800678. Flat and 
round rectangular piece of amber, approximately 1.0 cm by 1.1 cm with high clarity 
and small debris throughout that does not black visibility of the specimen (Fig. 3C). 
Specimen partially complete yet well-preserved, likely fourth instar. Missing the ter-



Royce T. Cumming & Stéphane Le Tirant  /  ZooKeys 1043: 117–131 (2021)124

Figure 3. Ferriantenna excalibur gen. et sp. nov. holotype A dorsolateral habitus B left antennae lateral 
and head dorsal C amber specimen #BHM10200800678 showing the inclusion.

minal two or three segments of the abdomen. Deposited in the Montreal Insectarium 
(IMQC). Unknown sex.

Type locality and horizon. Kachin State, Myanmar; Upper Cretaceous ~98.79 ± 
0.62 million years old (Shi et al. 2012). At present we are only aware of this genus and 
species being found in northern Myanmar from this stratum.

Differentiation. At present this is the only formally described species within this 
new genus. Refer to the differentiation within the above genus section for discussion 
on the closely related Magnusantenna wuae. We are aware of a second, undescribed 
Ferriantenna gen. nov. species (Fig. 2B) which differs by having the second and third 
antennomeres which are heavily armored with tubercles, not flattened with each seg-
ment narrow at the base and widening gradually to the sharply pointed anterior like is 
seen in Ferriantenna excalibur gen. et sp. nov. (Fig. 2A). The elaborate antennae differ-
entiate these extinct species from all known extant coreids which at most have a single 
slightly expanded antennal segment.

Description. Mostly complete nymph which appears to be fourth instar. Sex 
unknown due to the instar stage and missing terminalia of the abdomen. Specimen 
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complete except for the terminal two or three abdominal segments (Fig. 3A). Overall 
length (including antennae) 6.87 mm (measured to the end of the abdomen which 
is missing the terminal segments, so the actual length of the insect is slightly longer).

Head. Antennal socket protruding from the front of the head (Fig. 4B), approxi-
mately 0.11 long by 0.20 mm wide, about as wide as the first antennomere. Head 
subquadrate, 0.50 mm long by 0.46 mm wide (without including compound eyes), 
including compound eyes head is 0.76 mm wide. Vertex relatively smooth, no notable 

Figure 4. Ferriantenna excalibur gen. et sp. nov. holotype A extended labium with stylet exposed to the 
right B head, pronotum, and mesonotum, dorsal C left tarsi and distal ends of the tibiae D legs on the 
left side, dorsolateral.
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textures or structures (Fig. 4B). Clypeus protruding slightly, labrum stout, not promi-
nent. Labium tetramerous, fully extended reaches beyond the apex of the second an-
tennomere, labiomeres one, two, and three similar in length, four approximately half 
as long as any of the others (Fig. 4A). Apex of the fourth labiomere sharply tapering to 
a fine point (Fig. 4A). Lengths: first labiomere 0.41 mm, second labiomere 0.51 mm, 
third labiomere 0.39 mm, fourth labiomere 0.26 mm. Compound eyes prominently 
protruding but not overly large, located in the center and taking up approximately one 
third of the lateral head margins (Fig. 4B).

Antennae. Antennae tetramerous (Fig. 3B), length 3.22 mm, approximately equal in 
length to the damaged holotype body length (if the abdomen were complete the anten-
nae would be slightly shorter in length than the body). First antennomere tubular, with 
sparse and short setae, 0.28 mm long and 0.14 mm wide. Antennomeres two through 
four appear to be laterally flattened due to the way the antennae are held in the amber. 
Second antennomere approximately right triangular in shape, with the anterior wide and 
the posterior narrow and the triangular expansion raised dorsally. Margins finely granu-
lar, with the dorsal margin marked with few fine setae, the ventral margin is marked with 
slightly longer and more prominent setae. Antennomere surfaces are relatively smooth, 
with minimal setae and only prominent granulation along the margins. Second anten-
nomere length 1.08 mm and maximum width (on the anterior end) 0.39 mm. Third 
antennomere similar in shape and texture to the second antennomere but slightly wider 
throughout the length and on the anterior than the second antennomere; approximately 
right triangular in shape, with the anterior wide and the posterior narrow with the tri-
angular expansion raised dorsally. Margins finely granular, with the dorsal margin with 
only fine setae, the ventral margin with slightly longer and more prominent setae. An-
tennomere surfaces relatively smooth, with minimal setae and fine granulation along the 
margins. Third antennomere 1.15 mm long and maximum width (on the anterior end) 
0.52 mm. Fourth antennomere paddle-shaped and notably smaller than the previous 
two, with a narrow base expanding into a rounded segment; 0.71 mm long and 0.40 mm 
at the widest point (in the center). Fourth antennomere surfaces are more setose than the 
previous two antennomeres, marked throughout by moderate fine granulation. Margins 
with smaller and finer granulation and setae than on the previous two antennomeres.

Thorax. Pronotum approximately an isosceles trapezium, anterior three fifths 
gradually expanding to the widest point, then the posterior two fifths converge slightly 
to the posterior (Fig. 4B). Dorsal surface of pronotum smooth, lacking prominent 
features. Overall pronotum length 0.73 mm, minimum width (on the anterior) 0.48 
mm, width of the posterior 0.66 mm, maximum width on the posterior two fifths 0.72 
mm. Mesonotum broader than long, with lateral margins expanding slightly on the 
anterior half and then contract slightly to the posterior (Fig. 4B). Overall mesonotum 
length 0.55 mm and greatest width 0.67 mm. Metanotum with anterior and posterior 
margins the same width, 0.60 mm, overall metanotum length 0.55 mm and maximum 
width (in the center) 0.65 mm.

Legs. All legs of a similar morphology, only slight differences in length differenti-
ate them (Fig. 4D). All femora of a uniform width, and all tibiae of a uniform width. 
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Femora tubular, with a surface texture that is mostly smooth, but with a slight granu-
lar texture in places but not throughout. At the femora and tibiae joint the femora 
have a single spine-like projection on each side projecting outward and slightly to-
wards the tibiae (Fig. 4D). Tibiae are half as wide as the femoral widths. Tibiae on the 
proximal end start out smooth but gradually become heavily setose along the ventral 
and lateral surfaces. At the apex of the tibiae the setae are rather prominent, and the 
setae continue on under the tarsomeres, albeit slightly more sparse, not as dense as the 
apex of the tibiae (Fig. 4C). Tarsi with two tarsomeres, apex with two distinct claws, 
each with a prominent pulvillus (Fig. 4C). Leg segment lengths: profemora 0.66 mm, 
mesofemora 0.60 mm, metafemora 0.77 mm, protibiae 0.62 mm, mesotibae 0.58 
mm, metatibiae 0.94 mm.

Abdomen. Abdomen notably damaged in the holotype. Disconnected from the 
body following the second segment, the remainder is mostly crushed, and the terminal 
two or three segments are missing (Fig. 3A). Greatest width approximately 0.55 mm. 
Abdomen without notable structures, margins parallel sided with rather smooth transi-
tions from one segment to the next.

Etymology. Noun in apposition, given for Excalibur, the mythical “sword in the 
stone” which was first described in the epic poem Merlin (about the mythical advi-
sor to King Arthur), written by the French poet Robert de Boron sometime between 
1195–1210 (Reeve and Wright 2007) which was a reworking of Geoffrey of Mon-
mouth’s “Historia Regum Britanniae”, completed c. 1138 (Wright 1985). Within this 
poem is the first mention of Excalibur being the sword in the stone, which could only 
be removed by the true king of England. We felt that this specific epithet was fitting 
as this group of insects with exaggerated antennae were first described as a possible 
“double edged sword in evolution” as these elaborate antennae went extinct (Du et al. 
2021). We felt this witty description, coupled with the insect being trapped in stone 
(amber) was fitting for such a long lost, and therefore mythical species.

Conclusion

Our understanding of antennae diversity of the region and period is expanded with 
the description of this new genus and species of elaborately antennaed coreid from 
Cretaceous amber. These elaborate features have for the most part been lost from the 
antennae through the millennia and are now primarily found on the hind legs. Ex-
tant coreids primarily have the expansions on antennae restricted to a single antennal 
segment (Fig. 1D), and expansions are notably less elaborate than in extinct coreids 
(Fig.2). There are several hypotheses we think might have led to this shift.

First, we feel the presence of elaborate structures on the hind legs versus the anten-
nae is likely much more manageable for terrestrial movement due to a lower center of 
gravity (such as escape from predators of nymphs which cannot fly) and for flight in 
adults (as it is likely that such large/relatively heavy antennae would be difficult for 
flight/have significant wind resistance when on the anterior of the individual).
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Also, it is most often large, elaborate appendages on insects that are reported as 
being lost at a higher rate to potential predators or to an imperfect molt than simple 
limbs/antennae (Maginnis 2008; Emberts et al. 2016). The large and elaborate anten-
nae might have been more likely to be lost than the simple legs of extinct coreids. It is 
worth noting that in modern coreids the elaborate hind limbs have been reported as 
significant for sexual selection and overall mimesis, so just like their sensory significant 
antennae, their hind legs are impactful to overall fitness if lost (Eberhard 1998). Perhaps 
the elaborate antennae of this ancient coreid lineage were indeed a double-edged sword, 
as Du et al. (2021) hypothesized and discussed its costs/benefits. By losing these anten-
nae it was evolutionarily prohibitively more costly due to the impact on the ability to 
find a mate via pheromone signaling, finding potential food sources, or oviposition sites 
(Elgar et al. 2018), thus leading to the extinction of this lineage.

Perhaps the selection pressures discussed above have acted against having elabo-
rate (potentially likely to be lost) structures on the receptor valuable antennae, and 
instead the much more expendable hind legs have become the target for evolution-
ary experimentation for elaborate structures within the coreids. The extinct lace bug 
Gyaclavator kohlsi Wappler, Guilbert, Wedmann, Labandeira, 2015 lends credibility 
to this idea of evolutionary experimentation leading to elaborate antennae, which are 
subsequently lost. This fossil Eocene lace bug has an expanded fourth antennomere, 
a feature previously unknown within Tingidae, which has not survived into extant 
species (Wappler et al. 2015).

An additional likely possibility/contributing factor is that this lineage of elaborate 
antennaed coreids fell victim to the Cretaceous–Paleogene (K–Pg) mass extinction which 
occurred approximately 66 million years ago and marked the end of the Cretaceous 
(Renne et al. 2013). This period of significant ecological disruption resulted in the extinc-
tion of a majority of species with estimates for extinction of marine life as high at ~75% 
(Jablonski 1994), extensive disruption to terrestrial plant communities (Wilf and John-
son 2004), and massive decline in diversity in terrestrial invertebrates (Wilf et al. 2006).

Typically, only one segment is expanded in extant coreids with the most elaborate 
antennae (Fig. 1D), but not to such a drastic degree as in the Cretaceous coreids discussed 
herein. Thus, whatever causes led to the elimination this elaborate antennaed coreid line-
age, we are left with only these interesting fossils for speculation as to the function.
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Abstract
The South American Pleistocene–Holocene transition has been characterized by drastic climatic and di-
versity changes. These rapid changes induced one of the largest and most recent extinctions in the mega-
fauna at the continental scale. However, examples of the extinction of small animals (e.g., insects) are 
scarce, and the underlying causes of the extinction have been little studied. In this work, a new extinct 
dung beetle species is described from a late Pleistocene sequence (~15.2 k cal yr BP) at the paleoarcheolog-
ical site Pilauco, Chilean Northern Patagonia. Based on morphological characters, this fossil is considered 
to belong to the genus Onthophagus Latreille, 1802 and named Onthophagus pilauco sp. nov. We carried 
out a comprehensive revision of related groups, and we analyzed the possible mechanism of diversifica-
tion and extinction of this new species. We hypothesize that Onthophagus pilauco sp. nov. diversified as 
a member of the osculatii species-complex following migration processes related to the Great American 
Biotic Interchange (~3 Ma). The extinction of O. pilauco sp. nov. may be related to massive defaunation 
and climatic changes recorded in the Plesitocene-Holocene transition (12.8 k cal yr BP). This finding 
is the first record of this genus in Chile, and provides new evidence to support the collateral-extinction 
hypothesis related to the defaunation.
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Introduction

The South American Pleistocene–Holocene transition (~16.0–11.0 k cal yr BP) has 
been characterized by drastic changes in climatic conditions, animal and plant di-
versity, and types of early-human occupation (Dillehay 1989; Borrero et al. 1998; 
Dillehay et al. 2015). There is currently no clear paleontological consensus concern-
ing the mechanisms that facilitated these processes and multiple hypotheses seem to 
provide equally robust explanations for these paleoecological events, which include 
transformations induced by climatic and anthropogenic factors. The latest hypothesis 
is based on stochastic changes induced by cosmic impact (i.e., the Younger Dryas 
bolide-impact hypothesis, ~12.8 k cal yr BP), which resulted in large fires that con-
tributed to a rapid overturn in species, and climatic and environmental conditions in 
both hemispheres (Firestone et al. 2007). This assumption is supported by evidence 
of extraterrestrial material and charcoal spherules, which have been found at several 
paleontological sites distributed across four continents (e.g., Pino et al. 2019; Wolbach 
et al. 2020).

In addition, the extinction of megafauna caused drastic changes in forest ecosys-
tems, as these animals (e.g., the Gomphotheriidae) were fundamental in the past to 
support a series of important trophic relations (Owen-Smith 1987; Barnosky et al. 
2016; González-Guarda et al. 2017). Thus, megafauna-species-dependent (e.g., para-
sitic insects and dung beetles) are very likely to have suffered the loss of these large 
animals. As a consequence, these organisms likely experienced major changes in their 
community compositions, along with the extinction of many species (Zinovyev 2011; 
Ashworth and Nelson 2014; Tello et al. 2017). As an example, Cobboldia russanovi 
Grunin, 1973 (Gasterophilidae) was a mammoth-botfly that became extinct at the end 
of the Pleistocene in Russia due to the loss of its host (Kuzmina and Korotyaev 2019, 
and references therein).

In South America, most of the evidence of the extinction of dung beetle fauna is 
based on fossil breeding balls (i.e., ichnospecies) in the early, middle and late Pleisto-
cene (Cantil et al. 2013, Sánchez et al. 2013) and the unique dung beetle fossil remains 
recovered from Coprinisphaeridae inchnofossils (Zunino 2013). To date, examples of 
changes in fossil insect assemblages and the collateral extinction of insect species caused 
by the loss of large mammals in the Pleistocene–Holocene transition are still scarce.

In this study, we analyzed fossil remains from a late Pleistocene sequence collected 
at the paleoarcheological site Pilauco in Chilean Northern Patagonia. The fossil re-
mains are tentatively classified in the Onthophagus osculatii species-complex (Coleop-
tera: Scarabaeidae: Scarabaeinae) (Rossini et al. 2018a). The extant dung beetle genus 
Onthophagus Latreille, 1802 comprises about 200 valid species in the New World. 
This number is greatly overshadowed by the impressive diversity of the genus in the 
Afrotropical, Oriental, and Palearctic regions, which are home to over 1000, 600 and 
400 species, respectively. In recent years, scientific expeditions and studies on biodi-
versity carried out in remote and still unexplored areas of the American continent, 
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have made it possible to obtain a great deal of information about the natural history 
of certain specimens, alongside the description of an increasing number of new spe-
cies. However, the genus Onthophagus has never been recorded from Chile (Elgueta 
2000; González-Chang and Pinochet 2015). Furthermore, the small number of fos-
sil Onthophagus species described so far have been found in Europe, in sites dated 
from the middle to upper Paleocene (61.6–56 Ma) to middle Miocene (14–13.5 Ma), 
and a more recent North American fossil dated from the upper Pleistocene (0.068–
0.004 Ma) (Tarasov et al. 2016).

The main goals of this study were to analyze the morphology of the fossil remains, 
to discuss the paleoecological implications and biogeographical distributions of the 
extant Chilean dung beetle fauna, with emphasis on South American Onthophagus, 
and to suggest a taxonomic placement for these fossil remains.

Study site and paleontological context

The Pilauco archeological and paleontological site is located in the city of Osorno, 
Chilean Northern Patagonia (40°34'S, 73°07'W) (Fig. 1A). Pilauco is considered to 
be a well-developed site at which to study the Pleistocene–Holocene transition due 
to its very obvious stratigraphy, large amount of animal and plant fossil remains, 
evidence of early-human occupation, and sedimentary record of the Younger Dryas 
bolide-impact at 12.8k cal yr BP (Pino et al. 2013, 2019, Moreno et al. 2019, 
Navarro-Harris et al. 2019). The current weather regime in Osorno (11.4 °C mean 
annual temperature, ~1300 mm precipitation per year) indicates temperate-warm 
climatic conditions.

Stratigraphy and age

Stratigraphically, the Pilauco site is composed of four principal beds (Fig. 1B) that 
were deposited in fluvial, colluvial and palustrine environments (Pino et al. 2019). 
The basal bed (PB-6) is an unconsolidated sandy conglomerate, containing abundant, 
well-rounded pebbles and boulders. The overlying bed (PB-7) contains most of the 
extinct megafaunal remains, and is composed of an organic-rich sand with isolated col-
luvium-derived pebbles. Bed PB-8 is very similar to PB-7, although it contains lower 
abundances of mammal fossils and lithic artifacts. The Younger Dryas bolide-impact 
layer can be seen at the interface between beds PB-8 and PB-9, with PB-9 recording 
major changes in environmental conditions (Pino et al. 2019, 2020). Pino et al. (2019) 
proposed a Bayesian age model based on 36 accelerator mass spectrometry radiocarbon 
dates. These dates were calibrated according to the Southern Hemispheric calibration 
curve (SHIntCal13), providing an age range for Pilauco of between 16,400 and 4340 
cal yr BP. According to the age model, the age of the fossil beetle is 15,200 cal yr BP 
(Fig. 1B), corresponding to the PB-7 bed.
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Paleoclimatic, paleoenvironmental and paleofaunistic records

Pollen records have recently indicated that the environment associated with bed PB-7 
contained mainly non-arboreal taxa, such as Poaceae, Asteraceae, Solanaceae, and an 
aquatic flora (Abarzúa et al. 2020). Additionally, arboreal species, such as Saxegothaea 
conspicua Lindl., Nothofagus dombeyi-type and Weinmannia trichosperma Cav., were pre-
sent in lesser proportions in the palynological record (Abarzúa et al. 2020). These proxies 
suggest that the climatic conditions were cold (at least ~4 °C lower) and humid com-
pared to the current climate at the same locality. The presence of slightly arboreal tem-
perate species of modern Chilean Northern Patagonia here between 16.0 and 14.0 k cal 
yr BP indicates very humid and cold climatic conditions. Additionally, the megafaunal 
bones at Pilauco correspond to several extinct taxa, including cf. Notiomastodon platen-
sis (Ameghino, 1888) (Gomphotheriidae), Equus (Amerhippus) andium (Branco, 1883) 
(Equidae), Xenarthra sp. and cf. Hemiauchenia paradoxa (Gervais & Ameghino, 1880) 
(Camelidae), with the most abundant remains belonging to gomphotherids (Recabarren 
et al. 2011, Recabarren 2020). As for fossilized beetles, 22 species, belonging to 14 fami-
lies, have been recorded from the Pilauco site. Among these, Curculionidae, Carabidae, 
Staphylinidae, Hydrophilidae and Scarabaeidae are the most abundant families (Tello et 
al. 2017, 2019). According to recent paleo-inferences based on beetle records, Pilauco 
was dominated by large mammals and climatic transition. When compared with mod-
ern beetle assemblages, there was a persistent rich beetle fauna, which included dung 
beetles and other coprophilous insects (Tello et al. 2017, 2019; Tello and Torres 2020).

Figure 1. Type locality of Onthophagus pilauco sp. nov. A shaded elevation map shows Pilauco and 
Monte Verde sites. Representation of profile of a grid of the Pilauco site B symbol (star) indicates the layer 
in which Onthophagus pilauco sp. nov. was collected.
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Materials and methods

Abbreviations

CEMT Seção de Entomologia da Coleção Zoológica, Universidade Federal de 
Mato, Grosso, Cuiabá, Brazil;

CMNC Canadian Museum of Nature, Gatineau, Quebec, Canada;
MPDO Museo Pleistocénico de Osorno, Osorno, Chile;
MZ Mario Zunino private collection, Asti, Italy;
MZUF Museo di Storia Naturale dell’Università di Firenze, Florence, Italy;
NMPC Národní Muzeum, Prague, Czech Republic.

Drawings and determination of fossil remains

The fossil beetle remains were recovered from the sediment using an adaptation of 
the water flotation technique described by Hoganson et al. (1989) (see also Tello 
and Torres 2020). The remains were collected from grid 18AC, at an elevation of 
384 cm in bed PB-7. The age span of this bed is ~16.0 to 14.0 k cal yr BP (Pino et 
al. 2020). The taxonomic placement suggested for the fossil was made after detailed 
examination and a comparison with multiple modern specimens of South American 
Onthophagus species deposited in the CEMT, CMNC, MZUF, MZ and NMPC col-
lections. For the taxonomic nomenclature, we followed Rossini et al. (2018a, b). 
Figure 1A was obtained using R software v4.0.3. Figure 2A, 2B was obtained using 
a scanning electron microscope (variable pressure, EVO MC10), and Fig. 2C, D 
was obtained using a Leica M205C camera. All figures were processed using Adobe 
Photoshop 2019 CC. Type material is deposited in the MPDO insect collection, 
Osorno, Chile.

Results

Systematic paleontology

Order Coleoptera Linnaeus, 1758
Suborder Polyphaga Emery, 1886
Family Scarabaeidae Latreille, 1802
Genus Onthophagus Latreille, 1802

Type species Onthophagus pilauco sp. nov.
http://zoobank.org/9B203D54-E27A-432D-8AC8-ED7C33ED2F83
Fig. 2

Description. Holotype. Male, minor form. Clypeus sub-trapezoidal and slightly elon-
gated forward, with anterior margin narrowly and slightly reflexed, head margin barely 
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sinuated at the clypeo-genal junction. Fronto-clypeal region without carina, frons with 
two close, weak tubercles, strongly advanced in position, in line with the anterior 
margin of the eyes (Fig. 2A, C). Head surface very finely and evenly punctate. Latero-
clypeal region with deeper ocellate punctures. Color dark with metallic green to bronze 
sheen (Fig. 2D). Pronotum and elytra not found.

Female unknown.
Diagnosis. Onthophagus pilauco sp. nov. is considered to be a close relative of 

O. confusus Boucomont, 1932 and O. insularis Boheman, 1858, as it shares the fol-
lowing morphological characters with these species: sub-trapezoidal shape of the cl-
ypeus; small, slightly deeper cephalic punctation, coupled with very shallow wrinkles 
in proximity to the genal and clypeal margins. Although the fronto-clypeal region is 
significantly damaged, there is no indication of a possible carina.

Proposed English and Spanish vernacular names. The Pilauco dung beetle (EN) 
and estercolero de Pilauco (ES).

Etymology. The name of the new species refers to the archeopaleontological site 
from which the fossil remains were collected.

Figure 2. Holotype of Onthophagus pilauco sp. nov. A dorsal B ventral and C frontal views D detail of 
the microsculpture.
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Discussion

From our observations, the fossil remains found at Pilauco correspond to a new and ex-
tinct species of the genus Onthophagus, closely related to the hircus group. Onthophagus 
pilauco sp. nov. represents the first record of an endemic species of this genus in Chile. 
Moreover, this record brings new evidence of beetle extinction related to the Pleisto-
cene–Holocene transition and massive defaunation after a possible cosmic impact and/
or YD cooling reversal events.

Morphological delimitation of the fossil record

Despite the beetle remains only being represented by cephalic parts (clypeus, right 
gena and frons; fronto-clypeal region partly damaged; left gena absent; see Fig. 2A–D), 
it is clear that they belong to the genus Onthophagus. Close scrutiny of the fossil re-
mains, along with an extensive analysis of multiple specimens belonging to extant 
American Onthophagus led us to assign O. pilauco to the O. hircus group, and more 
precisely to the osculatii species-complex (Rossini et al. 2018a). The two cephalic horn-
like tubercles may indicate that the remains belong to a male specimen, probably a 
minor form. The physical location of the cephalic tubercles is rather unique in the 
modern American Onthophagus fauna. They rise in a very advanced position, in line 
with the anterior margin of the eyes, and are quite close to each other. The combina-
tion of these two characteristics has only ever been found in an undescribed Onthopha-
gus from Costa Rica, which was included in the same species group, but in a different 
taxonomic complex (Rossini, pers. comm. 2020). Close cephalic tubercles are also 
found in female specimens of species belonging to the Onthophagus clypeatus, dicranius 
and mirabilis groups, but they are always situated at the front, and never as advanced 
as in O. pilauco. Also, the shape of the clypeus in these females is always triangular or 
evenly curved, terminating at the apex with a margin slightly to distinctly emarginated 
(with two obtuse teeth).

Hypothesis for the speciation and extinction of Onthophagus pilauco

Comprehensive knowledge of the Chilean beetle fauna suggests that only a few species 
(nine) can be considered to be exclusively associated with dung resources (González-
Chang and Pinochet 2015). Thus, six species have been assigned to the Scarabaeidae 
family (excluding the saprophagous Aphodiinae species): two species belonging to 
Deltochilini tribe: Megathopa villosa Escholtz and Scybalophagus rugosus (Blanchard); 
and four species with uncertain taxonomic position (incertae sedis sensu Tarasov and 
Dimitrov 2016): Tesserodoniella elguetai Vaz-de Mello & Halffter, T. meridionalis Vaz-
de Mello & Halffter, Homocopris punctatissimus (Curtis), and H. torulosus (Escholtz) 
(González-Chang and Pinochet 2015). The placement of the genus Homocopris in a 
suprageneric group requires further research. Additionally, three dung beetle species 
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belong to the family Geotrupidae Latreille, 1802, represented in Chile by the subfami-
ly Taurocerastinae: Frickius costulatus Germain, F. variolosus Germain and Taurocerastes 
patagonicus, which are distributed across central and southern Chile.

The Deltochilini group is distributed in the pantropical zone, being especially 
diversified in the northern areas of South America. The genus Tesserodoniella is related 
to the Australian genera Tesserodon and Aptenocanthon and their ancestors probably 
originated from the Gondwana supercontinent (Vaz-De-Mello and Halffter 2006). In 
contrast, the extant American Onthophagus is a result of migrations to the continent 
by intercontinental connections, the current remnants of which are known as Ber-
ingia components. These migratory processes occurred at different times and under 
different geographical and climatic conditions, and involved different ancestors, all 
belonging to the subgenus Onthophagus sensu stricto (Rossini et al. 2018a, b, Halffter 
et al. 2019, Zunino and Halffter 2019). Additionally, after the definitive closure of 
the Isthmus of Panama (~3 Ma), which eliminated natural barriers, Central America 
became a permanent bridge from one continent to another, improving migratory con-
ditions for large animals and dung beetles. Therefore, we suggest that the ancestors of 
O. pilauco migrated to South America during the Great American Biotic Interchange, 
following large mammals at the end of the Pliocene (3 Ma). This migratory mecha-
nism has been suggested for the extant related hircus group, which arrived by crossing 
the Andes via the Huancabamba Depression, similarly to other extinct dung beetles 
(e.g., Phanaeus violetae Zunino, 2013). Intra-continental migratory patterns have also 
been reported in extant species of dung beetles that have rapidly colonized new habi-
tats following cattle migrations (e.g., Digitonthophagus gazella (Fabricius, 1787); see 
Noriega et al. 2020). Thus, ancestors of the osculatii species-complex diverged in situ 
in Chilean areas, resulting in the evolution of O. pilauco (Fig. 3). This speciation hy-
pothesis is supported by several studies on Pleistocene Patagonian landscapes (~180 ka 
and 26 ka) that have suggested that the rapid contraction and expansion of ice cover 
has induced drastic changes in biotic distributions and prompted diversification in 
different groups of organisms (e.g., in amphibians: Nuñez et al. 2020; in mammals: 
Himes et al. 2008). Moreover, the presence of extant endemic species belonging to the 
osculatii species-complex in western Ecuador and northwestern Peru [O. confusus and 
O. insularis (Rossini et al. 2018a)] suggests that O. pilauco could be a species endemic 
to southern Chile.

On the other hand, the extinction of large animals in South American Pleistocene 
environments has invoked multiple climate- and human-activity-related hypotheses, 
and interactions between them (Barnosky et al. 2004). The causes of small animal 
(<60 kg) extinctions, and the implications of changes in species compositions and dis-
tributions, are poorly understood. Owen-Smith (1987) proposed the ‘keystone herbi-
vore’ hypothesis, which provides a framework to explain the simultaneous extinctions 
of animals not obviously made extinct by the previous causes. Additionally, a possible 
cosmic impact may have generated the Younger Dryas cooling oscillation (12.8 and 
11.0 k cal yr BP), resulting in a rapid defaunation process, including smaller taxa 
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(Firestone et al. 2007; Pino et al. 2019; Wolbach et al. 2020). In this case, we suggest 
that both the rapid climatic changes and the extensive defaunation in South America 
could be determining factors in the extinction of O. pilauco during the Pleistocene–
Holocene transition.
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Abstract
Three species of Spinoncaea Böttger-Schnack, 2003 are newly recorded in three locations of the equatorial 
and temperate Pacific Ocean collected by using a net of 60 µm mesh size. For all three species, morpho-
logical characters and patterns of ornamentation were analyzed in detail and illustrations of both sexes, 
also including form variants of the females, are provided. For the first time, information about the vari-
ability of various continuous (morphometric) characters are given, such as the spine lengths on the rami 
of the swimming legs or the proportions of urosomites. The complementary morphological descriptions 
of the Pacific specimens focus on similarities or modifications of characters as compared to earlier descrip-
tions of these species from the type locality and various other localities. For S. ivlevi (Shmeleva, 1966), 
originally but insufficiently described from the Adriatic Sea, the Pacific material is similar in most aspects 
to the comprehensive redescription of the species from the Red Sea and from the type locality, except for 
a difference in the morphometry of the distal endopod segment on the antenna, which is discussed here. 
For S. tenuis Böttger-Schnack, 2003, and S. humesi Böttger-Schnack, 2003, the Pacific material mostly co-
incides with the characteristic features as described in the original account from the Red Sea. For all three 
species, differences and/or additions in ornamentation details were found in Pacific specimens (e.g., on the 
intercoxal sclerite of the first swimming leg or on the genital somite of the male) and females with aber-
rant morphology were detected. Genetic analyses based on 12S srRNA revealed for two species, S. ivlevi 
and S. humesi, little or no differences in genetic sequences between Pacific specimens and those recorded 
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from the Mediterranean Sea, thus demonstrating that specimens from both locations are conspecific. For 
S. tenuis, for which no comparable genetic data are available, 12S srRNA amplification was unsuccessful 
as was the amplification of mitochondrial COI (barcoding) for all three species. The applicability of using 
COI amplification for barcoding of oncaeid copepods is discussed.

Keywords
Molecular, morphological modification, Pacific, taxonomy, zooplankton

Introduction

Species of Oncaeidae Giesbrecht, 1893 [1892] are abundant in marine ecosystems of 
temperate, tropical, and polar regions and in the whole water column (Metz 1995; 
Böttger-Schnack et al. 2001; Nishibe and Ikeda 2004; Razouls et al. 2005–2021 at 
http://copepodes.obs-banyuls.fr/en). More than 170 years of taxonomic studies has 
led to the identification of 113 species ranging from small to large sizes of between 
0.17–1.4 mm female body length (Razouls et al. 2005–2021; Walter and Boxshall 
2021). All these species are distinguished by morphological analysis using traditional 
descriptive taxonomy, but they include many sister species, making it difficult to iden-
tify them clearly (Böttger-Schnack and Schnack 2013, 2015, 2019).

The genus Spinoncaea was established by Böttger-Schnack (2003) to accommo-
date species of the ivlevi-group as defined in a preliminary phylogenetic study of 
Oncaeidae (Böttger-Schnack and Huys 2001). The typical characteristics of the genus 
are (1) the modification of caudal rami seta III into a strong spiniform element, (2) 
the undulate or lobate hyaline frill at the posterior margin of the urosomites and (3) 
the reduced number of six elements on the maxillule. Spinoncaea ivlevi (Shmeleva, 
1966), the type species of this genus, was originally described from the Adriatic Sea. 
Thereafter, Malt (1982) provided a taxonomical report from the Atlantic. In 2003, 
Böttger-Schnack published a detailed morphological re-analysis of the species, in-
cluding all the mouthparts, based mainly on copepod material from the Red Sea as 
compared to specimens from the type locality (Adriatic Sea) and including specimens 
from various regions in the Indian and Pacific Oceans (cf. Böttger-Schnack 2003: 
table 3). In the same account, two new species, S. humesi Böttger-Schnack, 2003 and 
S. tenuis Böttger-Schnack, 2003 were described, which differed from S. ivlevi in the 
spine count on P2 exopod-3 (S. humesi) and/or proportional lengths of the female 
urosome as well as modifications of caudal setae. Overall, the three described species 
are very similar in morphology and include some intraspecific variability as observed 
within as well as between different regions (Böttger-Schnack 2003). Also, females of 
S. ivlevi and S. tenuis exhibited two form variants each, which differed mainly in body 
proportions, especially in the urosomites, and slightly in endopodal spine lengths 
(Böttger-Schnack 2003). As for S. ivlevi, the detection of form variants hampered an 
unambiguous assignment of either form to the genuine species from the Adriatic Sea 
(Böttger-Schnack 2003).



Spinoncaea in the North Pacific 149

Recently, a taxonomic study of the family Oncaeidae has been performed in the 
NE equatorial Pacific Ocean and one species of Spinoncaea identified as S. ivlevi was 
reported (Cho 2011). However, there was some doubt about the identification as the 
females in Cho’s study showed morphological differences from the genuine S. ivlevi 
female in the proportional length of the female urosome, the length of the second 
endopod segment of the antenna, and the length ratio of the distal exopod segment to 
the distal spine on P2–P4.

As a part of a new and ongoing taxonomical study on the oncaeid copepods in 
the temperate and tropical Pacific, we obtained new copepod material of Spinoncaea 
from the northeastern and northwestern equatorial Pacific as a supplement to the 
copepod material sampled earlier (Cho 2011) and we also included samples taken in 
the Korea Strait. All three Spinoncaea species were found and examined in great detail. 
The present paper provides redescriptions of the morphological characters of the three 
species of Spinoncaea in these locations of the Pacific Ocean. Particular attention was 
paid to the variability of continuous morphological characters, such as e.g., the spine 
lengths on the rami of the swimming legs, as well as the occurrence of form vari-
ants among the females. In comparison to the earlier descriptions by Böttger-Schnack 
(2003) morphological differences and additions will be provided and the importance 
of information on the morphological variability within these species will be discussed. 
In addition, we performed genetic analysis to test the hypothesis that species with 
morphological variation will show genetic differences. To compare the sequences of 
Spinoncaea species with those obtained by Böttger-Schnack and Machida (2011) from 
the Mediterranean Sea, specimens from the Pacific were analyzed by the genetic re-
gions of the mitochondrial cytochrome c oxidase subunit 1 (mtCOI) and 12S small 
ribosomal RNA (12S srRNA).

Material and methods

The copepod material was collected in three different regions and years in the Pacific 
Ocean, in the tropical northeastern (EP-1; 21 August 2009, EP-2; 19 March 2019) 
and northwestern (WP-1; 27 March 2016, WP-2; 4 April 2016) Pacific, and in the 
Korea Strait (KS; 7 October 2008) (Fig. 1). A conical net (60 cm mouth diameter, 
60 µm mesh size) was used to sample different integrated vertical depth layers in 
the epipelagic zone between 0–100 m and 0–200 m. A station list with geographic 
positions, dates and depth layers sampled is given in Table 1. Each net sample was 
preserved in 99.9% ethyl alcohol immediately after collection on board. In the labora-
tory, oncaeids were sorted out from the preserved zooplankton samples under a ster-
eomicroscope (Semi 2000-C; Carl Zeiss, Germany). Specimens were dissected with 
tungsten needles, mounted in lactophenol: glycerin (1:5), and sealed with transparent 
nail-varnish. Some specimens were mounted in fluoromount-G (SouthernBiotech, 
Birmingham, USA) on H-S slides (Double slide plate, BSDS-011R; Biosolution, Re-
public of Korea) (cf. Shirayama et al. 1993). For the purpose of morphometries and 
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illustrations a differential interference contrast light microscope (DM2500; Leica, 
Wetzlar, Germany or BX51; Olympus, Tokyo, Japan) with a drawing tube was used. 
To prepare specimens for scanning electron microscope analysis (S-4300; Hitachi, To-
kyo, Japan), specimens were fixed with 2% Glutaraldehyde and 2% OsO4, dehydrated 
with graded ethanol, substituted with t-BuOH, dried by freeze dryer (ES-2030; Hi-
tachi, Tokyo, Japan), mounted on stubs using copper tape, coated with platinum us-
ing an ion sputter (E-1045; Hitachi, Tokyo, Japan), and then photographed. Some 
specimens were deposited in the collection of National Institute of Biological Re-
sources (NIBR), Incheon, Korea and the accession numbers are written in parentheses 
next to the specimens.

Figure 1. Location of the sampling stations in the northeastern equatorial Pacific (EP), the northwestern 
equatorial Pacific (WP), and the Korea Strait (KS).

Table 1. Sample locations for species of Spinoncaea in the equatorial and temperate Pacific Ocean.

Region Station Date Geographical position Sampling depth (m)
Northeastern Pacific EP-1 21 August 2009 10°23'N, 131°20'W 100

EP-2 19 March 2019 9°52'1.38"N, 131°45'38.28"W 200
Northwestern Pacific WP-1 27 March 2016 13°23'46.44"N, 143°55'0.6"E 150

WP-2 4 April 2016 13°20'3.42"N, 144°20'2.7"E 150
Korea Strait KS 7 October 2008 33°44'50.50"N, 128°15'39.02"E 110
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The morphological terminology used in the text and figures was adopted from 
Huys et al. (1996). Abbreviations:

Al antennule;
A2 antenna;
ae aesthetasc;
P1–P6 first to sixth thoracopod;
exp exopod;

enp endopod;
exp (enp)-1 (2, 3) to denote the proxi-

mal (middle, distal) segment of a 
three-segmented ramus.

Body sizes of individuals were measured laterally from the anterior margin of 
the prosome to the posterior margin of the caudal rami, not considering the various 
degrees of telescoping of somites. The length to width ratio of the caudal rami, the anal 
somite, and the genital (double-)segment was measured in dorsal view. The variability 
of individual spine lengths on the exo- and endopod segments of the swimming legs 
was examined by calculating (1) on the exopods of P2–P4 (1a) the length of the distal 
exopod segment in relation to the length of the distal spine; (1b) the length of the 
outer spine on the proximal exopod segment in relation the outer spine on the middle 
exopod segment; (1c) the length ratio of the outer spine on the proximal exopod seg-
ment compared to the length of the outer spines on the distal exopod segment; (2) on 
the endopods of P2–P4, the length of the outer subdistal and/or outer distal spine on 
the distal segment in relation to the length of the distal spine. If possible, both the left 
and right sides of the swimming legs were measured for each specimen. Scale bars in 
the figures are indicated in micrometers (µm).

Total genomic DNA was extracted from presorted single individuals with DNeasy 
Blood & Tissue Kit (Qiagen, Hilden, Germany) following the protocol of Cornils 
(2014). PCR amplifications were performed targeting mitochondrial COI and the 
12S small ribosomal RNA genes. Two sets of primers, mtCOI primers [LCO1490, 
HCO2198 (Folmer et al. 1994)] and 12S srRNA primers [L13337-12S (Machida et 
al. 2002), H13842-12S (Machida et al. 2004)] were used for gene amplification. PCR 
reactions were carried out in 20 µl containing 5 µl of template, 0.2 µl of 2.5 unit Z-Taq 
(Takara, Kusatsu, Japan), 1 µl of each primer (5 µM), 2 µl of dNTP (2.5 mM each), 
2 µl of 10X buffer, 0.6 µl of DMSO (99%), and 8.2 µl of sterile distilled water. The 
cycling profile was denaturation at 94 °C for 5 sec, annealing at 48 °C for 5 sec, and 
extension at 72 °C for 10 sec, for 40 cycles in the C1000 Touch Thermal Cycler (Bio-
Rad, California, USA). PCR products were stained with Loanding STAR (Dyne Bio, 
Seongnam, Republic of Korea) and electrophoresed in 1.5% agarose gel. Positive PCR 
products were purified with AccuPrep PCR/Gel Purification Kit (Bioneer, Daejeon, 
Republic of Korea) and sent to Macrogen (Seoul, Republic of Korea) for sequencing.

DNA sequences were compared against known species from the NCBI GenBank 
nucleotide database using BLASTn. All sequences were edited using BioEdit 7.0.5.3 
software (Hall 1999). Edited sequences were aligned by ClustalW using MEGA 7 
software (Kumar et al. 2016). The phylogenetic tree was constructed by Maximum-
likelihood with Kimura two-parameter distance in MEGA 7 software.
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Results

Systematics

Order Cyclopoida Burmeister, 1834
Family Oncaeidae Giesbrecht, 1893 [1892]

Genus Spinoncaea Böttger-Schnack, 2003

The morphology of the three Spinoncaea species from the Pacific agrees in general 
with the (re)-description of these species from the Red Sea (Böttger-Schnack 2003), 
but a number of additions, modifications and/or supplements were found, which are 
specified in the following for each species and form variant. As the variability of mor-
phometric data was studied for the Pacific specimens only (Tables 3, 4), the respective 
individual values of Red Sea specimens are mentioned only when outside the range of 
values from the Pacific.

Spinoncaea ivlevi (Shmeleva, 1966)
Figs 2–7, 16

Oncaea ivlevi Shmeleva, 1966: 932–933, figs 1.1–1.11 (Adriatic).
Oncaea ivlevi: Shmeleva 1969: 5–8, 27, figs 3a–i, 4a–h (Adriatic, tropical Atlantic).
Oncaea ivlevi: Malt 1982: 186–187, 193, figs 3a–k, 4a–d (temperate Atlantic).
Spinoncaea ivlevi: Böttger-Schnack 2003: 193–207, figs 2–7 (Red Sea, Mediterranean 

Sea, Indian and Pacific oceans).

Material examined. 1. Robust form. (1) Northwestern Pacific (a) 13°23'46.44"N, 
143°55'0.60"E (WP-1), 27 March 2016: Five females and four males dissected on 
several slides, respectively. Four dissected females (NIBRIV0000882743–882746) and 
four dissected males (NIBRIV0000882747–882750) were deposited in the NIBR; 
(b) 13°20'3.42"N, 144°20'2.7"E (WP-2), 4 April 2016: Six females dissected on 
several slides, respectively. Four dissected females (NIBRIV0000882751–882754), 
one undissected female (NIBRIV0000882755) and one undissected male (NI-
BRIV0000882756) mounted on H-S slide, respectively, and five undissected fe-
males and three undissected males in alcohol vial (NIBRIV0000882757) were 
deposited in the NIBR. (2) Northeastern Pacific, 10°30'N, 131°20'W (EP-1), 21 
August 2009: Six females (NIBRIV0000882758–882763) and four males (NI-
BRIV0000882764–882767) dissected on several slides, respectively. All dissected 
specimens, one undissected female (NIBRIV0000882768) and one undissected 
male (NIBRIV0000882769) on respective H-S slide, and five undissected females 
and two undissected males in alcohol vial (NIBRIV0000882770) were deposited 
in the NIBR. (3) Korea Strait, 33°44'50.50"N, 128°15'39.02"E (KS), 7 October 
2008: Three females (NIBRIV0000882771–882773) and one male dissected (NI-
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Figure 2. Spinoncaea ivlevi (Shmeleva, 1966), female, robust form (northwestern equatorial Pacific) 
A habitus, dorsal (caudal seta V on right side missing) B habitus, lateral C urosome, dorsal, setae on caudal 
rami are numbered using Roman numerals (seta V on right side missing) D urosome, lateral (seta V on right 
side missing) E urosome, ventral F leg 5, lateral G caudal setae IV–VI shown separately. Scale bars in µm.
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BRIV0000882774) on H-S slide, respectively. All dissected specimens and two un-
dissected females and two undissected males in alcohol vial (NIBRIV0000882775) 
were deposited in the NIBR.

2. Elongate form. (1) Northwestern Pacific, 13°23'46.44"N, 143°55'0.60"E 
(WP-1), 27 March 2016: One female (NIBRIV0000882776) dissected on two slides. 
This specimen was deposited in NIBR. (2) Northeastern Pacific, 10°30'N, 131°20'W 
(EP-1), 21 August 2009: Three females (NIBRIV0000882777–882779) dissected on 
one slide or three slides, respectively. Two females (aberrant) (NIBRIV0000882780) 
dissected on H-S slide. The morphometric data provided in Tables 3 and 4 included 
only four specimens (three normal females and one aberrant female). All dissected 
specimens except for one specimen of aberrant female and one undissected aberrant 
female (in alcohol, NIBRIV0000882781) were deposited in the NIBR.

Description. Female (robust form, Figs 2–4, 6, 7D, E, 16A–D, Tables 3, 4). 
Body length (in lateral view, telescoping of somites not considered) range 318–373 µm 
in Pacific specimens (Table 3), showing a wider size range than in the Red Sea (330–
340 µm, Böttger-Schnack 2003: 193).

Prosome 1.9 × length of urosome, excluding caudal rami, 1.6 × urosome length, in-
cluding caudal rami (Fig. 2B), calculated by not correcting for the telescoping of somites. 
Variation of prosome to urosome length (including CR) ratio 1.5–1.7 in Pacific speci-
mens (Table 3). The respective values provided for Red Sea specimens are not comparable 
as they were based on length data corrected for the telescoping of somites. When calculat-
ing the body proportions of the female from Böttger-Schnack’s fig. 2A by not correcting 
for the telescoping of somites, the respective ratio of prosome to urosome length (incl. 
CR) would account to 1.5, which is within the range of values for Pacific specimens.

P5-bearing somite with paired row of midventral spinous processes (Fig. 2E), vari-
able in number, generally two or three processes, difference per body side may appear 
as in Fig. 2E: four (right) and two (left). No such variation was mentioned for the Red 
Sea specimens.

Posterior margin of genital double-somite and postgenital somites with undulate 
hyaline frill (Fig. 2C, E), as typical for Spinoncaea species, shown in detail in Fig. 16D.

Genital double-somite (Figs 2C, D, E, 16D) 2.0 × as long as maximum width in 
specimen figured (measured in dorsal aspect) and ~ 1.5 × as long as postgenital somites 
combined; variation in length to width ratio 1.6–2.0 in Pacific specimens (Table 3), 
surface ornamentation and pore pattern as figured (Figs 2E, 16D).

Anal somite approximately as wide as long, with insignificant variation in length 
to width ratio (Table 3), ornamentation as figured (Fig. 2C, E).

Caudal ramus (Fig. 2A, C, G) with length to width ratio 1.9–2.2 measured along 
inner margin and 2.4–2.9 measured along outer margin (Table 3). Caudal seta II with 
a single long spinule (as in male, e.g., Fig. 16E), which is difficult to discern, and which 
was not reported for Red Sea specimens, and seta IV with ornamentation being uni-
pinnate, while it is bipinnate in Red Sea specimens. Variation in length ratios among 
setae II, III, and IV as given in Table 3, denoting a smaller ratio for seta III:II (1.3–1.9) 
than in the Red Sea (2.2; Böttger-Schnack 2003: fig. 2F).
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Figure 3. Spinoncaea ivlevi (Shmeleva, 1966), female, robust form (northwestern equatorial Pacific) 
A antennule (separated between segments 3 and 4) B antenna, distal elements on distal endopod segment 
numbered using capital letters, lateral elements indicated by Roman numerals C mandible, individual 
elements indicated by capital letters D maxillule E maxilla, arrow indicating spinules on syncoxa, F maxil-
liped, posterior, syncoxa missing G labrum, anterior H labrum, posterior. Scale bars in µm.
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Antennule 6-segmented (Fig. 3A) with armature formula: 1-[3], 2-[8], 3-[5], 
4-[2+ae], 5-[2 (ae not discernible)], 6-[5+(1+ae)], typical for Spinoncaea species.

Antenna 3-segmented, armature as for Red Sea specimens, including the absence 
of seta IV on the lateral armature of the distal endopod segment (Fig. 3B, setae I–III 
indicated). Distal endopod segment reflexed (Fig. 3B), 3.0–3.9 × longer than wide (Ta-
ble 3), somewhat longer than reported for Red Sea specimens (ca 3:1; discussed under 
“Remarks”). Ornamentation of elements differing slightly from Red Sea specimens in 
(1) the coxobasis with a long seta at inner distal corner is ornamented with long spinules 
unilaterally along entire length, including a single very long spinule at distal part, but 
only a short row of small spinules at anterior half (Fig. 3B), while in specimens from the 
Red Sea this seta is ornamented with strong spinules bilaterally and lacking a single long 
spinule (Böttger-Schnack 2003: fig. 3A), and on (2) the proximal endopod segment is 
lacking single strong spine on expanded outer margin in specimen figured (Fig. 3B), but 
is present in specimen from Korea Strait (Fig. 6A), as specified for Red Sea specimens.

Labrum (Figs 3G, H, 16A) showing variable ornamentation on anterior surface, 
paired row of long setules in specimen figured (Fig. 3G, indicated by white arrow in 
Fig. 16A) as specified for Red Sea specimens, additional row of setules indicated in 
specimen from Korea Strait (Fig. 6C).

Mandible (Fig. 3C) gnathobase with five elements, with dorsal element D shortest 
and inserting near base of seta E, as typical for S. ivlevi (cf. Böttger-Schnack 2003: 191) 
difficult to discern in some specimens from the Pacific.

Maxillule (Figs 3D, 16B) with six elements [innermost element on outer lobe 
absent, as typical for Spinoncaea species]; ornamentation of middle and innermost ele-
ment on inner lobe as well as of element next to innermost on outer lobe (Fig. 16B) 
slightly modified as compared to Red Sea specimens.

Maxilla (Fig. 3E) with additional ornamentation on syncoxa showing rows of 
short spinules along outer margin and long spinules along inner margin (arrowed in 
Fig. 3E), not reported earlier for Red Sea specimens.

Maxilliped (Fig. 3F, syncoxa missing) with basis ornamented with fringe of short 
spatulated spinules between distal seta and articulation with endopod, as illustrated for 
Red Sea specimens (Böttger-Schnack 2003: fig. 3G, but erroneously described as “…
between proximal seta and articulation with endopod;..” in text on p 200).

Swimming legs 1–4 (Fig. 4A–D) with armature formula shown in Table 2. Inter-
coxal sclerite of P1 ornamented with paired long, fine setules (Figs 4a, 16C), which 
were not discernible in some specimens. Outer seta on basis of P1 slightly shorter than 

Table 2. Swimming legs armature formula. Roman numerals indicate spines, Arabic numerals represent 
setae. Differences in spine count are marked in bold. (a) S. ivlevi and S. tenuis, (b) S. humesi.

Leg Coxa Basis Exopod Endopod
P1 0–0 1–I I-0; I-1; III,I,4 0–1; 0–1; 0,I,5
P2 0–0 1–0 I-0; I-1; III(a)/II(b),I,5 0–1; 0–2; 0,II,3
P3 0–0 1–0 I-0; I-1; II,I,5 0–1; 0–2; I,II,2
P4 0–0 1–0 I-0; I-1; II,I,5 0–1; 0–2; I,II,1
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Figure 4. Spinoncaea ivlevi (Shmeleva, 1966), female, robust form (northwestern equatorial Pacific) 
A P1, anterior [a: ornamentation on intercoxal sclerite of another specimen, b: second endopod segment 
shown separately, strong setules on inner margin arrowed] B P2, posterior C P3, anterior D P4, anterior, 
seta on basis figured separately. Scale bars in µm.
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in Red Sea specimens and naked. Anterior surrounding of bases of spines on exopodal 
and endopodal segments (= small spinules) not discerned in Pacific specimens.

Exopods with general characteristics as for Red Sea specimens, including a reduced 
length of spine on middle segment (= exp-2) of P2 and P3 (Fig. 4B, C) and of proxi-
mal spine on distal segment (= exp-3) of P2 (Fig. 4B); variability of proportional spine 
lengths, however, indicates that extent of size reduction of spine on exp-2 differs be-
tween legs: most obvious on P2, less obvious on P3 and insignificant on P4 (Table 4). 
Distal spine on P1 slightly longer, on P2–P4 shorter than distal exopod segment, vari-
ability of respective length ratios (Table 4) indicating that the respective size difference 
is less obvious in P2 as compared to P3 and P4.

Endopods with length ranges of outer subdistal spine and outer distal spine rela-
tive to distal spine given in Table 4 generally similar to Red Sea specimens (Böttger-
Schnack 2003: fig. 4A–D).

P5 (Fig. 2C, D, F) with length to width ratio of exopod segment 1.6, as for Red 
Sea specimens.

P6 (Fig. 2C) represented by operculum closing off each genital aperture; possibly 
armed with a short spinule, which is difficult to discern in Pacific specimens.

Female (elongate form, Fig. 7A–C, Tables 3, 4). Body length range 305–345 µm, 
based on five specimens from tropical northeastern and northwestern Pacific, not sig-
nificantly different from robust form (Table 3).

Prosome 1.3–1.4 × length of the urosome (incl. CR), smaller than in the robust 
form (1.5–1.7, Table 3).

Genital double-somite with shape slightly different from robust form, degree of 
tapering being stronger (Fig. 7A) than in robust form (Fig. 2C). Length to width ratio 
of the genital double-somite (1.9–2.2) slightly larger than in robust form (1.6–2.0), 
but values overlap (Table 3).

Anal somite with length to width ratio larger in elongate form (1.2–1.4) than in 
robust form (1.0–1.1) (Table 3); longer than CR (measured along outer margin) while 
in the robust form the anal somite is shorter than the CR (cf. Fig. 2A, C, E).

Caudal ramus with ranges in length to width ratio overlapping between the two 
female form variants (Table 3).

Antennule (not figured) 6-segmented. Armature formula as for S. ivlevi robust form.
Antenna (not figured) 3-segmented, armature as for S. ivlevi robust form. Distal 

endopod segment with variation of length to width (Table 3).
Mandible, maxillule, maxilliped (not figured) similar to those of the robust form.
Swimming legs variable in proportional lengths of endopodal and exopodal spines 

on P2–P4 as given in Table 4, showing similar ranges of variation among both forms 
of the species (cf. Table 4).

Male (Figs 5, 16E, Tables 3, 4). Body length range 298–331 µm in Pacific speci-
mens (Table 3). Sexual dimorphism in antennule, maxilliped, P6, and in genital seg-
mentation, slight modification in setal length of P5.

P5-bearing somite with paired row of midventral spinous processes (Fig. 5D), vari-
able in number, generally two or three processes.
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Figure 5. Spinoncaea ivlevi (Shmeleva, 1966), male (northwestern equatorial Pacific) A habitus, dor-
sal (caudal seta V on left side missing) B maxilliped, posterior C maxilliped, anterior, syncoxa missing 
D urosome, dorsal (caudal seta IV on left side and seta V on right side missing, seta VII on left side 
omitted) E urosome, lateral F urosome, ventral (caudal seta IV on left side and seta V on right side miss-
ing, seta IV on right side and seta V on left side omitted) G antennule. Scale bars in µm.
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Caudal rami (Fig. 5A, D, F) with length to width ratio 1.7–2.0 measured along 
inner margin and 2.3–2.7 measured along outer margin (Table 3). Caudal setae with 
variations in proportional lengths of caudal setae III:II and setae IV:III as given in 
Table 3, similar to female. CR seta II ornamented with single long spinule in some 
specimens (Fig. 16E), not noted for specimens from Red Sea.

Dorsal surface of genital somite ornamented with pattern of minute denticles or 
spinules (Fig. 5D), which are less distinct than in Red Sea specimens (Böttger-Schnack 
2003: fig. 5D), ventral surface with spinule pattern on anterior part (Fig. 5F) not ob-
served in Red Sea specimens (Böttger-Schnack 2003: fig. 5E). Surface of genital flaps 
covered with several rows of strong denticles or spinules (Fig. 5E, F), few denticles also 
observed on inner distal part (Fig. 5D) not observed in Red Sea specimens (Böttger-
Schnack 2003: fig. 5D).

Antennule (Fig. 5G) 4-segmented, armature formula: 1-[3], 2-[8], 3-[4], 
4-[9+2ae+(1+ae)], aesthetascs very small and slender, segment 4 with small middle 
aesthetasc close to seta present, which is not discernible in the female. Ornamentation 
as figured.

Antenna (not figured) with variation in length to width ratio of distal endopod 
segment similar to female (Table 3).

Maxilliped (Fig. 5B, C) 3-segmented, comprising syncoxa, basis and 1-segment-
ed endopod, armature and ornamentation as figured. Basis with only one long seta 
within longitudinal cleft, corresponding to distal seta in female, proximal seta absent 
(Fig. 5C). Endopod represented by long curved claw, tip of claw without hyaline apex.

Figure 6. Spinoncaea ivlevi (Shmeleva, 1966), female, robust form (Korea Strait) A antenna [a: first 
endopod segment of right antenna, additional broad spinules arrowed] B maxilla, long setule arrowed 
C labrum, anterior, additional setules arrowed D P5-bearing somite, ventral, midventral spinous processes 
and weakly pronounced ventrolateral lobes arrowed. Scale bars in µm.
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Figure 7. Spinoncaea ivlevi (Shmeleva, 1966), female, elongate form, general (northwestern equatorial 
Pacific) A urosome, dorsal, caudal seta V on both sides missing; elongate form, aberrant (northeastern 
equatorial Pacific) B P4-bearing somite and urosome, ventral, showing ornamentation on P4 and P5-
bearing somites and genital double-somite, ventrolateral lobes arrowed, caudal seta V on left side missing 
C P5-bearing somite and genital double-somite, lateral, showing 2 long setules on ventral side of double-
somite, midventral spinous process and ventrolateral lobe arrowed. Spinoncaea ivlevi (Shmeleva, 1966), 
female, robust form, variation, (northwestern equatorial Pacific) D setular patch on tip of cephalosome, 
dorsal E setular patch on cephalosome, lateral. Scale bars in µm.

Swimming legs 1–4 with armature and ornamentation as in female. Variability 
in length ratios of outer spine on exp-1 relative to outer spines on exp-2 and exp-3 of 
P2–P4, and length ratios of outer subdistal spine and outer distal spine relative to distal 
spine on enp-3 of P2–P4 given in Table 4, not significantly different from female.
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P5 (Fig. 5E, F) exopod with general shape and armature as in female; exopodal seta 
and outer basal seta somewhat shorter than in female.

P6 (Fig. 5F) represented by posterolateral flap closing off genital aperture on either 
side, ornamented as described above, posterolateral corners well discernible in dorsal 
aspect (Fig. 5A, D).

Remarks. Böttger-Schnack (2003) provided a comprehensive redescription of S. 
ivlevi from the Red Sea and various other regions and included a detailed discussion 
of Shmeleva’s descriptions of the species in 1966 (original account) and in 1969 and 
of that record by Malt (1982). Therefore, these papers are not further discussed in the 
present paper and the data presented by Böttger-Schnack (2003) were mainly used as a 
reference for comparison with the Pacific specimens. However, one detail of Shmeleva’s 
original illustration is noteworthy, as the shape of the distal endopod segment on the 
antenna is much more slender in both sexes (Shmeleva 1966: fig. 1.4; 1969: figs 3d, 
4c) than figured in Böttger-Schnack’s account for the robust form of the female (2003: 
fig. 3A). In specimens of both female form variants from the Pacific the distal endopod 
segment of the antenna appears to be relatively longer and more slender than figured for 
the Red Sea specimens, showing a range of variation in length to width ratio of 3.0–3.9 
in Pacific (cf. Table 3), while this ratio is described as “about three times longer than 
wide” in the Red Sea (Böttger-Schnack 2003: 198). As the figure of the specimen from 
the Korea Strait (Fig. 6A) also shows a somewhat stronger reflexed orientation of the dis-
tal segment compared to the specimen from the equatorial Pacific (Fig. 3B), the length 
to width ratio may be underestimated. But the respective figure (Fig. 6A) does not give 
clear evidence about its actual length to width ratio, because the strongly reflexed orien-
tation of the distal antennary segment makes it difficult to measure it from this figure.

Some other differences between our study and Böttger-Schnack’s redescription 
were detected in the presence of few long fine setules on the intercoxal sclerite of P1 
in both sexes (Figs 4a, 16C), and the distinct ornamentation of the ventral anterior 
surface of the genital somite in the male (Fig. 5F). The first character mentioned has 
so far been found only in one other Spinoncaea species, S. tenuis (cf. Böttger-Schnack 
2003: fig. 14A), and is recorded for S. ivlevi in the present account for the first time, 
but seemed to be variable, being present in most but not all specimens examined from 
the three locations in the Pacific (e.g., eight of eleven females and three of four males 
in the northwestern Pacific).

Additional or different ornamentation details found in the Pacific specimens of 
S. ivlevi, not mentioned and/or not figured by Böttger-Schnack (2003) included main-
ly details on the surface of elements such as on the maxilla (syncoxa with additional 
spinule pattern, Fig. 3E), or small details on setae, such as on the inner seta on the 
coxobasis of the antenna (Figs 3B, 6A) and on the middle element on the outer lobe 
of the maxillule (Figs 3D, 16B). These delicate ornamentation details can be discerned 
much better under a scanning electronic microscope as used in the present study than 
under a light microscope.

Despite the ornamentation differences between the redescription (Böttger-Schnack 
2003) and the present account, specimens from the equatorial and temperate Pacific 
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Ocean were regarded as conspecific with S. ivlevi because our specimens showed basic 
morphological characters of S. ivlevi, such as:

(1) the mandible showing the full set of 5 elements,
(2) the length to width ratio of the caudal ramus,
(3) the proportional lengths of caudal setae,
(4) the shape of caudal seta IV, which is setiform and not dilated as in S. tenuis,
(5) the shape and ornamentation of the female genital double-somite, and
(6) the paired row of long setules on the anterior surface of the labrum.

In addition, the results of the molecular genetic analysis, which are presented, also sup-
ports this opinion, and is briefly discussed below.

Similar to the report from the Red Sea (Böttger-Schnack 2003), females of S. ivlevi 
exhibited two form variants in the equatorial northeastern and northwestern Pacific. 
Taking into consideration the variability of morphological characters of the two vari-
ants as examined in the present account (Tables 3, 4), the following differences between 
the two female forms reported by Böttger-Schnack (2003: 204) could be confirmed for 
specimens from the Pacific: (1) the length to width ratio of the anal somite, which is 
larger in the elongate form (1.2–1.4) than in robust form (1.0–1.1), (2) the length ra-
tio of prosome to urosome which is smaller in the elongate form (1.3–1.4) than in the 
robust form (1.5–1.7), and (3) the shape of the genital double-somite, which shows a 
stronger degree of tapering in the elongate form (Fig. 7A) as compared to the robust 
form (Fig. 2C). On the other hand, the difference between the two forms in the length 
to width ratio of the genital double-somite indicated in Böttger-Schnack´s study 
(2003: 204) was not confirmed, because the respective values in the Pacific specimens 
overlapped. (Table 3). Also, the variability of the length to width ratio of the caudal 
ramus is similar for both variants, and the range of values of proportional spine lengths 
of endopodal and exopodal spines on P2–P4 overlap between the two forms, including 
the values of these spines calculated from the robust form in Böttger-Schnack (2003: 
fig. 4B–D). The P5-bearing somite of the elongate form from the equatorial Pacific 
exhibits one pair of weakly developed ventrolateral lobes (Fig. 7B, C), which is not 
mentioned in the descriptive text of Böttger-Schnack (2003), but was shown in her 
fig. 6b. In the robust form, these lobes were not observed in specimens from the two 
locations in the equatorial Pacific areas (cf. Fig. 2E), but were weakly pronounced in 
specimens from the Korea Strait (Fig. 4D, arrowed).

In the Pacific, individual variation between specimens was found e.g., in the number 
of midventral spinous processes on the P5-bearing somite, either two or three in both sex-
es, and some individuals also had different numbers between left and right side (Fig. 2E). 
It is common that there is no fringe of long setules on outer margin of proximal endopod 
segment of P4 in S. ivlevi, but in some individuals this fringe was present (not figured). 
Furthermore, individual variation in ornamentation appeared (1) in the caudal seta II in 
some individuals, ornamented with a single long spinule in both sexes, (2) in the ornamen-
tation on the dorsal anterior surface of the genital double-somite of females (cf. Fig. 2C), 
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not observed in all specimens. One of the robust females from the Korea Strait (Fig. 6A–
D) showed intraspecific variation in the outer distal part of the first endopod segment of 
the antenna with broad and more numerous spinules (arrowed in Fig. 6a), in additional 
setules on the anterior surface of the labrum (Fig. 6C), in one of the spinules on the inner 
margin of the syncoxa of the maxilla being relatively long (arrowed in Fig. 6B), and in the 
weak development of the ventrolateral lobes on the P5-bearing somite (Fig. 6D).

A number of morphological aberrations found in some specimens of S. ivlevi were 
summarized in Table 5. In the northwestern Pacific Ocean, three out of eleven robust 
female form variants and one out of four males showed abnormalities. Two aberrant 
specimens were ornamented with a patch of long setules on the anterior part of the 
cephalosome (Fig. 7D, E) and the other one robust female was ornamented with a very 
long setule on the dorsal anterior surface of the genital double-somite. In the north-
eastern Pacific Ocean, three out of six elongate females showed a pair of extremely long 
setules on both sides of the P4-bearing somite in ventral view (e.g., Fig. 7B), and one 
of them had also two extremely long setules on the ventral anterior surface of the geni-
tal double-somite (Fig. 7B). In the Korea strait, one robust female showed an atypical 
spine count on the right leg of P2, with only two outer spines on P2 exp-3 [typical for 
the spine count on P2 exp-3 of S. humesi] and with an inner setal count of four setae 
instead of five setae, while the armature on the right leg was normal. One male from 
the Korea strait showed imperfect and/or flawed segmentation of endopod segments 
on the antenna, and the distal part of abnormal distal segment has aberrant four setae.

Spinoncaea tenuis Böttger-Schnack, 2003
Figs 8–11

Spinoncaea tenuis Böttger-Schnack, 2003: 215–225, figs 12–16 (Red Sea, Mediterra-
nean, Arabian Sea, Pacific Ocean).

Material examined. (1) Northeastern Pacific (a) 10°30'N, 131°20'W (EP-1), 21 Au-
gust 2009: One female (habitus of S. tenuis female in Fig. 8A, B) and one male (habitus 

Table 5. The morphological abnormalities of S. ivlevi from three locations in the Pacific Ocean Abbrevia-
tions: RF1, RF2 = female robust form; EF1, EF2, female elongate form; M = male; for abbreviation of 
locations see Tables 3, 4.

Specimens Figure Morphological abnormalities or variation
WP-RF1 Fig. 7D, E - a patch of long setules on the anterior part of the cephalosome

- the reduced length on both enp-3 of P1 with modified setae
WP-RF2 Fig. 7D, E - a patch of long setules on the anterior part of the cephalosome
WP-RF3 not figured - a long setule (or a seta) on the dorsal anterior surface of the genital double-somite
WP-M1 not figured - reduced length of both enp-3 of P4 with modified spines and OSDS absent
EP-EF1 Fig. 7B, C - two pairs of extremely long setules on both sides of the P4-bearing somite in ventral view

- two extremely long setules on the ventral anterior surface of the genital double-somite
EP-EF2 and EP-EF3 Fig. 7B - two pairs of extremely long setules on both sides of the P4-bearing somite in ventral view
KS-RF1 not figured - one inner seta and one outer spine absent on the right exp-3 of P2
KS-M1 not figured - abnormal shape of distal endopod segment on the antenna with aberrant setae
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Figure 8. Spinoncaea tenuis Böttger-Schnack, 2003, female (northeastern equatorial Pacific) A habitus, 
dorsal (outer basal seta and exopodal seta of P5 on right side damaged, caudal seta V on left side miss-
ing) B habitus, lateral C urosome, dorsal (outer basal seta and exopodal seta of P5 on right side missing, 
caudal seta V on left side missing) D urosome, lateral, midventral spinous processes and ventrolateral lobe 
arrowed E urosome, ventral, midventral spinous processes and ventrolateral lobes arrowed (caudal setae 
IV and VI on left side omitted and seta V missing). Scale bars in µm.
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of S. tenuis male in Fig. 11A) undissected on H-S slide, respectively. Five females and 
two males dissected on several slides, respectively. Three females dissected on H-S slide, 
respectively. Six dissected females (NIBRIV0000882784–882789) and one dissected 
male (NIBRIV0000882790) and one undissected female (NIBRIV0000882782) and 
one undissected male (NIBRIV0000882783) on respective H-S slide were deposited 
in the NIBR. (b) 9°52'1.38"N, 131°45'38.28"W (EP-2), 19 March 2019. Two undis-
sected females and two undissected males in alcohol vial (NIBRIV0000882791) were 
deposited in the NIBR. (2) Northwestern Pacific, 13°20'3.42"N, 144°20'2.7"E (WP-
2), 4 April 2016. One undissected male in alcohol vial (NIBRIV0000882792) was 
deposited in the NIBR. (3) Korea Strait, 33°44'50.50"N, 128°15'39.02"E (KS), 7 Oc-
tober 2008: One female (NIBRIV0000882793) and one male (NIBRIV0000882794) 
dissected on H-S slide, respectively. All dissected specimens and one undissected fe-
male (in alcohol, NIBRIV0000882795) were deposited in the NIBR.

Description. Female (Figs 8–10, Tables 3, 4). Body length in lateral view (telescop-
ing of somites not considered) (Fig. 8B) 320–355 µm in Pacific specimens (Table 3), 
somewhat larger than in the Red Sea (280–300 µm, Böttger-Schnack 2003: 215).

Prosome 1.7 × length of urosome, excluding caudal rami, 1.5 × urosome length in-
cluding caudal rami in specimens figured (Fig. 8B), calculated by not correcting for the 
telescoping of somites. Variation of prosome to urosome length (including CR) 1.3–1.7 in 
Pacific specimens (Table 3), single value from Korea Strait smallest. The respective values 
provided for Red Sea specimens (1.5 incl. CR; Böttger-Schnack 2003: fig. 12A, calculated 
by not correcting for telescoping of somites) are within the range of values from the Pacific.

P5-bearing somite with paired midventral spinous processes variable in number 
(two or three processes) and one pair of ventrolateral lobate processes (arrowed in 
Fig. 8D, E). Variation in number of midventral spinous processes was not mentioned 
for Red Sea specimens and ventrolateral lobes were not described, but are vaguely dis-
cernible from Böttger-Schnack (2003: fig. 12I).

Genital double-somite (Fig. 8C, D, E) 2.1 × as long as maximum width in speci-
men figured (measured in dorsal aspect) and ~ 2.1 × as long as postgenital somites 
combined; variation in length to width ratio 1.8–2.3 in Pacific specimens (Table 3), 
respective values from Red Sea fall within this range. Largest width measured at 2/5 the 
distance between anterior and posterior margin, similar to Red Sea specimens, where 
it is “about halfway”. Ventral surface with few rows of minute spinules in some speci-
mens (Fig. 8E), difficult to discern; this ornamentation was not mentioned for Red Sea 
specimens. Paired genital apertures located dorsally at about same position as in Red 
Sea specimens, armature difficult to discern. Weakly pronounced undulate hyaline frill 
on posterior margin of genital double-somite and postgenital somites and pore pattern 
as figured (Fig. 8D, E).

Anal somite (Fig. 8C) length to width ratio ranging between 1.1–1.3 (Table 3), 
ornamentation as figured (Fig. 8C, D, E).

Caudal ramus (Fig. 8A, C) length to width ratio 1.8–2.5 measured along inner 
margin and 2.3–3.0 measured along outer margin (Table 3). Caudal seta III ornament-
ed with few minute spinules along medial margin (Fig. 8C), not observed in Red Sea 
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Figure 9. Spinoncaea tenuis Böttger-Schnack, 2003, female (northeastern equatorial Pacific) A anten-
nule B antenna C mandible D maxillule E maxilla, arrows indicating spinules F maxilliped, anterior 
G labrum, anterior, arrows indicating three marginal teeth H labrum, posterior. Scale bars in µm.
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specimens. Length ratio between seta IV and III 1.4–2.3 (Table 3), seta IV unipinnate, 
not bipinnate as in Red Sea specimens (Böttger-Schnack 2003: fig. 12C).

Antennule 6-segmented (Fig. 9A). Armature formula and ornamentation as for 
S. ivlevi.

Antenna 3-segmented, armature and ornamentation as figured (Fig. 9B). Distal 
endopod segment with length to width ratio 3.3–4.1 in Pacific specimens (Table 3), 
seta II longer than seta I (as illustrated for Red Sea specimens, Böttger-Schnack 2003: 
fig. 13A, but erroneously described as being “shorter than seta I” in text on p. 217).

Labrum with ornamentation as figured (Fig. 9G, H). including difference to S. ivlevi 
in (1) size of three marginal teeth along distal (ventral) margin on each lobe (arrowed in 
Fig. 9G) being somewhat smaller than in S. ivlevi, and (2) presence of two paired rows 
of long setules on anterior surface (Fig. 9G), not only a single paired row as in S. ivlevi.

Mandible with armature and ornamentation as figured. (Fig. 9C), small element D 
on gnathobase absent, as typical for S. tenuis (cf. Böttger-Schnack 2003: 218, fig. 13D).

Maxillule (Fig. 9D) similar to S. ivlevi, except for middle element on inner 
lobe naked.

Maxilla (Fig. 9E) with additional ornamentation on surface of syncoxa (arrowed in 
Fig. 9E), not reported earlier for Red Sea specimens.

Maxilliped as figured (Fig. 9F), surface of syncoxa ornamented with few spinules 
(arrowed in Fig. 9F), which was not recorded for Red Sea specimens.

Swimming legs 1–4 (Fig. 10A–D), with armature as in S. ivlevi (Table 2). Intercox-
al sclerites of P1 ornamented with paired long, fine setules (but only one paired setule 
shown in Fig. 10A), which are difficult to discern. Ornamentation on inner portion of 
basis in P1–P3 as figured (Fig. 10A–C).

Exopods with variability of proportional spine lengths given in Table 4, respective 
values from the Red Sea fall within this range (Böttger-Schnack 2003: fig. 14A–D), 
except for the proportional lengths of outer spines on P3, which are larger in Pacific 
specimens than in the Red Sea specimens. Distal spine slightly longer than (P1) or al-
most equal in length (P2–P4) to distal exopod segment, similar to Red Sea specimens 
(Böttger-Schnack 2003: fig. 14A–D).

Endopods. Length ranges of outer subdistal spine and outer distal spine relative to 
distal spine on P2–P4 enp-3 as given in Table 4 generally similar to Red Sea specimens 
(Böttger-Schnack 2003: fig. 14A–D).

P5 (Fig. 8C, D, F) exopod 1.7 × longer than wide, armature and ornamentation 
as figured.

P6 (Fig. 8C) as figured, possibly armed with a short spinule, which is difficult to discern.
Male (Fig. 11, Tables 3, 4). Body length 292–325 µm (Table 3). Sexual dimor-

phism in antennule, maxilliped, P6, and in genital segmentation, slight modification 
in setal length of P5. Pore pattern on prosome not discerned.

P5-bearing somite with paired row midventral spinous processes variable in num-
ber as in female and one pair of ventrolateral lobate processes (Fig. 11C).

Caudal rami (Fig. 11A, B, C, G) with length to width ratio 1.9–2.4 measured 
along inner margin and 2.2–2.8 measured along outer margin (Table 3), ornamenta-
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Figure 10. Spinoncaea tenuis Böttger-Schnack, 2003, female (northeastern equatorial Pacific) A P1, 
anterior B P2, anterior C P3, posterior D P4, anterior, intercoxal sclerite not figured, seta on basis figured 
separately. Scale bars in µm.
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tion as figured (Fig. 11D). Caudal setae with proportional lengths as in female, varia-
tion in length ratios as given in Table 3.

Antennule (Fig. 11E) 4-segmented, armature as for S. ivlevi.
Antenna (not figured) with variation in length to width ratio of distal endopod 

segment similar to female (Table 3).
Maxilliped (Fig. 11D) 3-segmented, armature and ornamentation as figured.
Swimming legs 1–4 with armature and ornamentation as in female. Variability in 

proportional spine lengths on rami given in Table 4, values of equatorial Pacific fall 
within the range of females, but proportional lengths of exopodal spines on P2 and P4 
from Korea Strait larger than those of females.

P5 (Fig. 11F) with exopodal seta and outer basal seta somewhat shorter than in female.
P6 (Fig. 11C) with ornamentation pattern as figured.
Remarks. Böttger-Schnack (2003) reported two variants of female S. tenuis which 

differed in geographical distribution. The typical form appeared in the entire Red Sea 
and in the northern Arabian Sea, while the elongate form was found in the Mediterra-
nean Sea and in the NW Pacific (Kuroshio Extension); specimens from the NE Pacific 
(Monterey), on the other hand, showed intermediate values between both forms. In the 
present study, females from the NE equatorial Pacific also displayed intermediate values 
in morphological characters between the two forms of S. tenuis, which are as follows: (1) 
the length to width ratio of the genital double-somite has a wide range (1.8–2.3), includ-
ing values of both form types; (2) the position of the genital apertures is at 2/5 of distance 
from the anterior margin as in the elongate form (from the Adriatic Sea); (3) the basal 
seta on P4 is more similar to the typical Red Sea form, reaching as far as the middle of 
the distal exopod segment, whereas this seta is much longer in the elongate form (from 
the Adriatic Sea), reaching beyond the tip of the distal spine on the exopod segment (cf. 
Böttger-Schnack 2003: fig. 16C); (4) the outer basal seta on P5 reaching as far as 4/5 the 
distance from the anterior margin of the genital double-somite in our Pacific specimens, 
but extending almost beyond the posterior margin of the genital double-somite in the 
elongate form (from the Adriatic Sea), (5) the length to width ratio of the caudal ramus 
measured along inner or outer margin in our specimens (1.8–2.5 or 2.3–2.9 ×, respec-
tively) is larger than in the typical form from the Red Sea (1.9–2.0 or 2.1–2.3 ×) at least 
for ratio of the outer margin, and the range of values corresponds approximately to those 
of the elongate form from the Adriatic Sea (1.8–2.4 or 2.2–2.6 ×) and the NE Pacific (off 
Monterey, California) (2.1 or 2.4–2.7 ×) (Böttger-Schnack 2003: table 8).

In terms of ornamentation details, which are described for the typical form only, 
our Pacific specimens differed from the typical S. tenuis mainly by some details such as: 
(1) (1a) on the syncoxa of the maxilla and (1b) on the proximal element of the maxil-
liped; (2) short spinule(s) on the inner margin of bases on P2 and P3; (3) ornamenta-
tion with few minute spinules along the medial margin of CR seta III; and (4) variable 
number of midventral spinous processes on the P5-bearing somite.

Unlike the females, males of S. tenuis could not clearly be classified into form 
types in Böttger-Schnack’s account. When compared to the typical form from the 
Red Sea, specimens from the equatorial Pacific are similar in morphology, except for 
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Figure 11. Spinoncaea tenuis Böttger-Schnack, 2003, male (northeastern equatorial Pacific) A habitus, 
dorsal (outer basal seta on left side of P5-bearing somite missing) B urosome, dorsal (P5 and the outer 
seta of P5-bearing somite on left side missing, caudal seta V on both sides missing) C urosome, ventral, 
ventrolateral lobes on P5-bearing somite arrowed (P5 and the outer seta of P5-bearing somite on left side 
missing, caudal seta V on both sides missing) D maxilliped, anterior E antennule F P5 exopod and outer 
basal seta, lateral G Anal somite and caudal ramus of another specimen, ventral. seta IV on left side and 
seta V on right side omitted. Scale bars in µm.
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some minor differences including (1) the length to width ratio of the genital somite, 
which is longer than in our specimens (1.8–2.0 ×) than in the Red Sea specimens (1.7 
×), (2) the caudal rami (inner 1.9–2.2 ×, outer 2.2–2.6 ×) were slightly longer than in 
the Red Sea specimens (inner 1.9 ×, outer 2.3 ×), and (3) the length ratio of caudal 
setae VII and IV, respectively, with seta VII being 1.6–1.9 × longer than seta IV in the 
Pacific specimens, whereas seta VII is only 1.4 × the length of seta IV in the Red Sea 
specimens. Also, the number of paired midventral spinous processes on the P5-bearing 
somite differs, showing only two processes in the Pacific, as compared to three pro-
cesses in the Red Sea specimens. However, as the male specimen from the Korea Strait 
also showed three paired processes (not figured), and differences among individuals of 
S. tenuis females (two or three processes) were apparent, this ornamentation seems to 
be due to individual variation, and cannot be regarded as a regional difference.

According to Böttger-Schnack (2003), some slight morphological differences oc-
curred between males of S. tenuis from the Red Sea and the Adriatic Sea (e.g., the 
proportional lengths of the genital somite and the caudal rami), but the determina-
tion of an elongate male appeared to be ambiguous. In our case, the above mentioned 
two characters are intermediate between the typical form (from the Red Sea) and the 
elongate form (from the Adriatic Sea) and the range of these values could be perceived 
as a variation among individuals (cf. Table 3). However, the single male of S. tenuis 
from the Korea Strait (not figured) seemed to be similar to the elongate form from the 
Adriatic Sea, as it differed from specimens from the equatorial Pacific specimens in the 
following characters (Table 3): (1) smaller body length: 292 µm; (2) the genital somite 
being slightly longer than in the equatorial Pacific, with a length to width ratio of 
2.0:1; (3) the length to width ratio of the caudal rami being greater/higher (inner 2.4 ×, 
outer 2.8 ×) than in the equatorial Pacific (Table 3); (4) the anal somite slightly longer 
than in the equatorial Pacific, 1.2 × longer than wide; and (5) the outer basal seta on P5 
reaching the posterior margin of the genital somite. In summary, the observed variation 
of features for S. tenuis in the Pacific indicates that the previously described form types 
of this species are not clearly separated; however, distinct form types may occur due 
to regionally reduced ranges of variation in the morphological details described here.

The female of S. tenuis can easily be confused with the elongate form of female 
S. ivlevi from the Pacific Ocean, due to the shape of the genital double-somite. How-
ever, as Böttger-Schnack (2003) mentioned the distinction between S. tenuis and S. 
ivlevi elongate form from the equatorial Pacific are: (1) the number of elements on the 
mandible (four in S. tenuis, but five in S. ivlevi elongate form) and (2) the number of 
spinules patches on the anterior surface of the labrum (two pairs in S. tenuis, but one 
pair in S. ivlevi elongate form, generally). Further morphometric differences between 
females of the two species may be found in (3) the proportional lengths of caudal setae 
III: II, which is smaller in S. tenuis (1.0–1.5 ×) as compared to S. ivlevi elongate form 
(1.6–2.0 ×) and (4) the length ratio between the distal spine and distal exopod segment 
on P2–P4, with the distal spine being almost equal in length to the distal segment in 
S. tenuis, whereas the spine is shorter than the segment in S. ivlevi elongate form (esp. 
on P4) (Table 4). Further minor differences between the two species are found in the 
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patterns of the ornamentation on the ventral surface of the genital double-somite, 
as the elongate form of S. ivlevi (Fig. 7B) has a larger number of spinular rows than 
S. tenuis (Fig. 8E) and the ornamentation on the inner margin of caudal ramus, which 
is absent in S. tenuis, but is present in S. ivlevi elongate form.

Spinoncaea humesi Böttger-Schnack, 2003
Figs 12–15

Spinoncaea humesi Böttger-Schnack, 2003: 208–215, figs 8–11 (Red Sea, Mediterra-
nean, Indian and Pacific oceans).

Material examined. (1) Northeastern Pacific, 9°52'1.38"N, 131°45'38.28"W (EP-2), 
19 March 2019. Three females dissected on three or seven slides, respectively. Two dis-
sected females (NIBRIV0000882796–882797) and two undissected females (in alco-
hol, NIBRIV0000882798) were deposited in the NIBR. (2) Northwestern Pacific (a) 
13°23'46.44"N, 143°55'0.60"E (WP-1), 27 March 2016: Two males dissected on one 
or three slides, respectively. All dissected specimens (NIBRIV0000882799–882800) 
were deposited in the NIBR. (b) 13°20'3.42"N, 144°20'2.7"E (WP-2), 4 April 2016. 
One undissected male in alcohol (NIBRIV0000882801) was deposited in the NIBR. 
(3) Korea Strait, 33°44'50.50"N, 128°15'39.02"E (KS), 7 October 2008: One dis-
sected male (NIBRIV0000882802) on H-S slide, and one undissected female and one 
undissected male in alcohol vial (NIBRIV0000882803) were deposited in the NIBR.

Description. Female (Figs 12–14, Tables 3, 4). Body length in lateral view (tel-
escoping of somites not considered) (Fig. 12B) 344–348 µm in northeastern Pacific (Ta-
ble 3), somewhat larger than in the Red Sea (310–320 µm, Böttger-Schnack 2003: 208).

Prosome 1.7 × length of urosome, excluding caudal rami, 1.3–1.4 × urosome 
length including caudal rami (Fig. 12B, Table 3), for comparison with Red Sea see 
under “Remarks”. Integumental pores on prosome difficult to discern, not figured.

P5-bearing somite with three paired midventral spinous processes (Fig. 12D), no 
variation in number found (but see under “Male”).

Genital double-somite (Fig. 12C, D, E) 2 × as long as maximum width in speci-
men figured (measured in dorsal aspect) and ~ 1.5 × as long as postgenital somites 
combined; variation in length to width ratio given in Table 3, respective ratios from 
Red Sea specimens fit into this range; ornamentation of dorsal and ventral surfaces 
(Fig. 12D, E) as for Red Sea specimens, including weakly developed undulate hyaline 
frill on posterior margin of genital double-somite and postgenital somites, as well as 
absence of pores on lateral surface of postgenital somites (Fig. 12E).

Anal somite (Fig. 12C) with length to width ratio 1.2–1.3 (Table 3), similar to 
Red Sea, but slightly different from other areas reported in Böttger-Schnack's account 
(1.0–1.2:1, Böttger-Schnack 2003: table 7). One pair of secretory pores present dor-
sally near posterior margin (Fig. 12C), second pair reported for Red Sea specimens not 
discerned. Other ornamentation as figured (Fig. 12C–E).
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Figure 12. Spinoncaea humesi Böttger-Schnack, 2003, female (northeastern equatorial Pacific) A habitus, 
dorsal (caudal seta V missing on both sides) B habitus, lateral C urosome, dorsal, (caudal seta V missing on 
both sides) D urosome, ventral, (caudal seta V missing on both sides) E urosome, lateral. Scale bars in µm.

Caudal ramus (Fig. 12A, C) 2.3–2.5 × longer than wide measured along inner 
margin and ~ 2.8–3.1 × longer than wide measured along outer margin (Table 3), 
range of variation similar to ratios reported for Red Sea and other regions (Böttger-
Schnack 2003: table 7). Length ratios among setae II, III, and IV with ranges in Pacific 
specimens given in Table 3, Red Sea data fit into these ranges; seta V missing on both 
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sides of specimen figured (measurements taken from undissected specimen as follows: 
seta V ~ 2.7 × longer than seta IV, 1.5 × longer than seta VII).

Antennule (Fig. 13A) with armature formula as for S. ivlevi. Ornamentation along in-
ner non-setiferous margin of segments 2 and 3 absent, as specified for Red Sea specimens.

Antenna 3-segmented, armature and ornamentation as figured (Fig. 13B). Endo-
pod segments ~ equal in length (but in Fig. 13B, the proximal endopod segment looks 
shorter than the distal one, due to its orientation on the slide); distal endopod segment 
~ 4 × longer than wide, variation given in Table 3, Red Sea data fit into these ranges; 
armature and ornamentation as in S. ivlevi, except for seta II slightly longer than seta I 
(for numbering of elements see Fig. 3B).

Labrum with ornamentation as figured (Fig. 13G) including difference to S. ivlevi 
in size of four marginal teeth along distal (ventral) margin on each lobe being smaller 
than in S. ivlevi. Posterior face with two secretory pores on each lobe, which are dif-
ficult to discern. Anterior surface of labrum not observed in detail, but overlapping 
rows of fine spinules covering median concavity on anterior side visible from Fig. 13G.

Mandible with armature and ornamentation as figured (Fig. 13C), small element 
D on gnathobase absent, as typical for the species.

Maxillule (Fig. 13D) similar to S. ivlevi, except for middle element on outer lobe naked.
Maxilla with armature and ornamentation as figured (Fig. 13E), additional orna-

mentation on syncoxa in Pacific specimens arrowed in Fig. 13E.
Maxilliped with armature and ornamentation as figured (Fig. 13F), similar to Red 

Sea specimens, including small ornamentation details, such as proximal element on 
basis unornamented.

Swimming legs (Fig. 14A–D), with armature as in S. ivlevi except for spine count 
on distal exopod segment of P2, showing only two outer spines (Table 2). Intercoxal 
sclerites unornamented (missing in specimen figured). Surface of coxae and bases with 
sparse surface ornamentation as figured, outer basal seta on P4 very long, reaching as 
far as tip of distal exopod segment (Fig. 14D), as typical for the species.

Exopods with variability of proportional spine lengths in Pacific specimens given 
in Table 4, respectively values from Red Sea generally fit into these ranges, except pro-
portional spine lengths on P2 larger than in the Red Sea specimens.

Endopods with length ranges of outer subdistal spine and outer distal spine relative 
to distal spine on P2 and P4 given in Table 4 generally similar to Red Sea specimens, 
except for outer distal spine relative to distal spine on P2 (0.45–0.51) and P3 (0.42–
0.44) smaller than Red Sea (0.56 on P2 and 0.48 on P3, calculated from Böttger-
Schnack 2003: fig. 10B, C).

P5 (Fig. 12C, E) with exopod 1.4 × longer than wide, shorter than in Red Sea (1.7:1; 
cf. Böttger-Schnack 2003: 208, fig. 8H, I), armature and ornamentation as figured.

P6 (Fig. 12C) as figured, armature (short spinule) difficult to discern.
Male (Fig. 15, Tables 3, 4). Body length 285–295 µm (Table 3). Sexual dimor-

phism in antennule, maxilliped, P6, and in genital segmentation, slight modification 
in setal length of P5. Pore pattern on prosome not discerned.

P5-bearing somite with paired midventral spinous processes variable in number 
(two or three processes) (Fig. 15D).
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Figure 13. Spinoncaea humesi Böttger-Schnack, 2003, female (northeastern equatorial Pacific) A anten-
nule (segments 4–6 drawn from another specimen) B antenna C mandible D maxillule E maxilla, arrows 
indicating spinules F maxilliped, anterior G labrum, posterior, showing some ornamentation on anterior 
side. Scale bars in µm.

Caudal rami (Fig. 15A, C, D) with length to width ratio 2.1–2.5 measured along 
inner margin and 2.6–3.2 measured along outer margin (Table 3), [single value from 
Korea Strait larger than those from western equatorial Pacific,] respective values from 
Red Sea and other areas (Böttger-Schnack 2003: table 7) fit into this range. Ornamen-
tation details as figured, similar to Red Sea specimens, including absence of surface 
ornamentation on genital somite (Fig. 15C, D).

Antennule (Fig. 15F) with armature as for S. ivlevi. Segments 2 and 3 without 
ornamentation.

Maxilliped (Fig. 15G, H) 3-segmented, syncoxa missing in specimen figured. Basis and 
endopod (claw) with armature and ornamentation similar to Red Sea specimen, including 
ornamentation detail on claw, with pinnules only along distal half of concave margin.
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Figure 14. Spinoncaea humesi Böttger-Schnack, 2003, female (northeastern equatorial Pacific) A P1, 
anterior B P2, posterior C P3, anterior D P4, posterior, basal seta of another specimen figured separately. 
Scale bars in µm.
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Figure 15. Spinoncaea humesi Böttger-Schnack, 2003, male (northwestern equatorial Pacific) A habitus, 
dorsal (caudal seta V on right side missing) B habitus, lateral C urosome, dorsal (caudal seta V on right 
side missing) D urosome, ventral (caudal seta V on right side missing) E urosome, lateral F antennule 
G maxilliped, anterior H maxilliped, middle. Scale bars in µm.
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Swimming legs 1–4 with the value ranges in spine lengths on rami given in Table 4 
not significantly different from female, except for the values of the endopodal spines 
on P4 from Korea Strait smaller than those of females.

P5 (Fig. 15B, E) with exopodal seta and outer basal seta shorter than in female, outer ba-
sal seta also much shorter than in Red Sea specimens (Böttger-Schnack 2003: fig. 11D–F).

P6 (Fig. 15D) with ornamentation as figured.
Remarks. The morphology of both sexes of S. humesi from the Pacific agrees in 

most parts with the original description of the species by Böttger-Schnack (2003). 
As stated above, the Pacific specimens differ only in a few characters, such as in (1) 
a somewhat larger body size in the female and (2) the length ratio of the prosome to 
the urosome in the female, which appears to be slightly larger in the Pacific specimens 
(1.7:1 and 1.3–1.4:1, excluding and including caudal rami, respectively) as compared 
to the Red Sea specimens (1.5:1 excluding caudal rami and 1.2:1 including caudal 
rami, calculated from Böttger-Schnack (2003: fig. 8A). Note, that in the text of Bött-
ger-Schnack (2003: 208) the proportions of the prosome to the urosome are given as 
2.0:1 and 1.7:1, respectively, but these were calculated by a different method taking 

Figure 16. Spinoncaea ivlevi (Shmeleva, 1966), female, robust form (northwestern equatorial Pacific) 
A  labrum, anterior, white arrow indicating setules (in square), black arrows indicating three marginal 
teeth (in circle) B maxillule, inset showing enlarged second element on outer lobe C intercoxal sclerite on 
P1, black arrows indicating ornamentation with long, fine setule, inset showing enlarged setules D poste-
rior part of genital double-somite and postgenital somites showing undulate hyaline frill. Spinoncaea ivlevi 
(Shmeleva, 1966), male (northwestern equatorial Pacific) E caudal ramus seta II, inset showing enlarged 
seta II ornamented with a single long spinule.
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into account the telescoping of somites, while the telescoping of somites was not con-
sidered in the present study. Also, some additional ornamentations were found in the 
Pacific specimens, such as on the syncoxa of the maxilla of both sexes, the additional 
ornamentation on the inner portion of the basis of P2–P4 in our Pacific specimens or 
the number and size of spatulated spinules between proximal seta and articulation with 
endopod on the maxilliped in female, which are smaller and more numerous than in 
the specimen from the Red Sea.

The male of S. humesi from the Korea Strait agreed in almost all morphological 
characters with the specimens from the northwestern equatorial Pacific. But it exhib-
ited individual variabilities in the length to width ratio of caudal ramus, the relative 
length ratio of caudal setae, and the length to width ratio of the genital somite (cf. 
Tables 3, 4). An additional variation in the male from the Korea Strait was found in 
the number of midventral spinous processes on the P5-bearing somite, with three 
paired processes (not figured), as in female, while in the male of the northwestern 
Pacific only two paired processes were found, as in the male from the Red Sea (Bött-
ger-Schnack 2003: fig. 11E). The number of midventral spinous processes on the 
P5-bearing somite seems to be a common individual variation seen within both sexes 
among Spinoncaea species.

Spinoncaea humesi can easily be distinguished from the other two species of Spinon-
caea by the number of spines on P2 exp-3, showing two outer spines in S. humesi, but 
three spines in S. ivlevi and S. tenuis. Also, the outer basal seta of P5 is extremely long, 
extending beyond the posterior margin of the genital double-somite in the female, 
and the shape of genital double-somite is different, being barrel-shaped in S. humesi. 
Other additional characters for species segregation are not further mentioned in the 
present study because they are described in detail in the remarks section of S. humesi 
by Böttger-Schnack (2003: 214–215).

Key to species of the genus Spinoncaea

1 P2 exp-3 with 2 outer spines; genital double-somite barrel-shaped in female 
 ..................................................................................................... S. humesi

– P2 exp-3 with 3 outer spines; genital double-somite oval-shaped or elongate 
oval-shaped in female ..................................................................................2

2 Md with 5 elements; undulate or lobate hyaline frill at posterior margin of 
urosomites strongly pronounced; inner margin of caudal ramus with row of 
setules; modified seta III (spine) on caudal ramus very strong ..........S. ivlevi

– Md with 4 elements; undulate hyaline frill at posterior margin of urosomites 
weakly pronounced; inner margin of caudal ramus naked; modified seta III 
(spine) on caudal ramus less strong ................................................. S. tenuis

The difference described for the mandible is not noticeable without difficult 
preparation of the mouthparts. Thus, this character is not included in the gener-
al identification key for Oncaeidae “OncIdent” of Böttger-Schnack and Schnack 
(2016–2021).
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Molecular analysis

All three species of Spinoncaea, including also the two forms of female S. ivlevi, were 
analyzed for mtCOI and 12S srRNA sequences during the present study, but only 
the 12S srRNA sequences of S. ivlevi (robust form) and of S. humesi were successfully 
obtained (Table 6). The mtCOI sequences, which allowed clear discrimination of even 
the most closely related species (Hill et al. 2001), were not successfully sequenced 
for the Spinoncaea species. The 12S srRNA sequences of Spinoncaea species obtained 
in this study can be found under the GenBank accession numbers MN714702–
MN714706. The 12S srRNA sequences for individuals of S. ivlevi in the western and 

Table 6. Molecular analysis of three Spinoncaea species from the northeastern (NE) and northwestern 
(NW) equatorial Pacific: Collection region, number of individuals analyzed (N), number of DNA success-
fully isolated (n), and GenBank accession numbers of specimens successfully used for molecular analysis.

Species N n Marker GenBank accession no. Collection region
Spinoncaea ivlevi (robust form) 14 2 12S MN714703, MN714705 NE Pacific

12 0 COI –
5 2 12S MN714704, MN714706 NW Pacific

Spinoncaea ivlevi (elongate form) 3 0 COI – NE Pacific
6 0 12S –
4 0 12S – NW Pacific

Spinoncaea humesi 3 1 12S MN714702 NE Pacific
3 0 12S – NW Pacific

Spinoncaea tenuis 10 0 12S – NE Pacific
9 0 COI –
10 0 12S – NW Pacific

 

 Spinoncaea ivlevi.1_EP

 Spinoncaea ivlevi.2_EP

 AB457111 Spinoncaea ivlevi

 Spinoncaea ivlevi.3_WP

 Spinoncaea ivlevi.4_WP

 AB457128 Spinoncaea humesi

 Spinoncaea humesi_WP

 AB457127 Oncaea tregoubovi

 AB457119 Oncaea prendeli

 AB457114 Monothula subtilis

 AB526923 Neocalanus flemingeri

99

65

48

40

100

0.050

Figure 17. Maximum-likelihood tree from 12S sequences of two Spinoncaea species from the Pacific 
(WP, EP) and species of a clade including Monothula and the ivlevi-tregoubovi lineage as defined by Bött-
ger-Schnack and Huys (2001). Sequences of compared species were obtained from GenBank as analysed 
by Böttger-Schnack and Machida (2011) and for the outgroup Neocalanus flemingeri by Machida and 
Tsuda (2010). Bootstrap values from 1000 replications.
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the northeastern Pacific Ocean were 100% identical to each other and were in con-
cordance with S. ivlevi type sequence collected in the Mediterranean Sea (GenBank 
accession number AB457111; Böttger-Schnack and Machida 2011). The sequencing 
result of S. humesi from the Pacific was also 99% identical to the type sequence col-
lected in the Mediterranean Sea (GenBank accession number AB457128; Böttger-
Schnack and Machida 2011). Each node is strongly supported with high bootstrap 
values in 12S phylogenetic tree (Fig. 17). Within S. ivlevi, the p-distances were zero 
and the p-distances of between S. ivlevi and S. humesi were 0.16.

Discussion

Spinoncaea species are supposed to have a wide geographical distribution in warm-
temperate and tropical areas, as they were described from various regions, such as the 
Mediterranean Sea (including the Adriatic Sea), the Red Sea, the Indian and the Pacific 
Oceans (Böttger-Schnack 2003). In the Pacific Ocean, however, earlier records mainly 
refer to higher latitudes (north of ~ 36°N), such as near Japan (Böttger-Schnack 2003; 
Nishibe and Ikeda 2004; Nishibe et al. 2009) or near California (Böttger-Schnack 
2003). In the present study we add the open equatorial Pacific to their distribution, 
and they are first recorded in Korea’s surrounding waters.

Apart from the detailed morphological/taxonomical analysis and documentation 
(figures) of Spinoncaea species from the open equatorial Pacific, for the first time indi-
vidual variation of numerous morphometric characters was analyzed for all three spe-
cies, including proportions of body somites (e.g., anal somite, genital (double-)somite) 
and armature elements, such as the proportional lengths of endopodal and exopodal 
spines on the swimming legs, which have been found as limited but useful charac-
ters for differentiation between species of other oncaeid genera (e.g., Triconia Böttger-
Schnack, 1999) (Heron et al. 1984; Heron and Bradford-Grieve 1995; Cho et al. 
2013, 2017, 2019). The respective data obtained for Spinoncaea did in most cases not 
turn out to be useful for discrimination of the three species in this genus (Tables 3, 4). 
In some cases, however, the range of variation did not overlap among the species (e.g., 
the length ratio of distal exopod segment to distal spine on P4; cf. Table 4). Here a 
larger data set is required to clarify if these measures can be used for the differentiation 
of the species. Also, the data set will serve as a basis for comparative data with other 
oncaeid genera to understand the range of intraspecific variation of species in different 
parts of the world’s oceans.

Intraspecific variation among the three species was also found for ornamentation 
details, such as the number of midventral spinous processes on the P5-bearing somite 
in both sexes, which, however, is considered a commonly occurring variation in nature.

The morphological descriptions of Spinoncaea species by Böttger-Schnack (2003) 
included also details of ornamentation, but in Pacific specimens we found additional 
new ornamentation items which have not been reported in previous studies. For all 
three Spinoncaea species some additional ornamentation was found on the inner 
margin of the maxillary syncoxa, showing 3–5 long spinules. It is uncertain whether 
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this has been overlooked in previous studies, as specimens from this area had not 
been described in detail in Böttger-Schnack’s study, or whether it newly emerged in 
specimens from the Pacific. Remarkably, a similar ornamentation on the syncoxa of 
the maxilla was also found in Pacific specimens of Oncaea tregoubovi Shmeleva, 1968 
(unpublished thesis of Cho 2011: fig. 38F) and tregoubovi-group species (as Oncaea 
sp. 3 in Cho 2011: fig. 42E), based on copepod material collected from the same 
location in the northeastern equatorial Pacific (EP-1) as in the present study, and it 
was also found recently in Oncaea prendeli Shmeleva, 1966 from the southern Sea 
off Jeju Island (the East China Sea) (Cho et al. 2020). In earlier (re)descriptions of 
O. tregoubovi and O. prendeli from their type locality in the Adriatic Sea (Huys and 
Böttger-Schnack 2007), a corresponding ornamentation was not described (their 
figs 3F, 8F, respectively). Another ornamentation detail newly found in S. ivlevi from 
the Pacific was the ornamentation on the intercoxal sclerite on P1 in both sexes as 
well as the distinct ornamentation on the ventral surface of the genital somite in the 
male. In particular, the unique pattern in the male may be useful for distinguishing 
the males of the three Spinoncaea species. However, it is not easy to observe the or-
namentation of these small sized species, measuring approximately 300 µm in body 
length, so more careful and precise observation is required and recommended for 
their examination.

Some specimens of S. ivlevi in the present study did not only show abnormal orna-
mentation items on the cephalosome or the genital double-somite (cf. Fig. 7B–E), but 
also featured morphological asymmetries and abnormalities on other body parts, such 
as the swimming legs. The atypical spine count on the right exp-3 of P2 observed in 
a female (robust form) from the Korea Strait showing two instead of the typical three 
spines (see above under “Remarks” of S. ivlevi) is of particular importance as the spine 
count of this leg is used for distinguishing S. ivlevi (three spines) from S. humesi (two 
spines). Therefore, identification of the two species simply based on leg armature may 
lead to misidentification and care should be taken to use additional morphological 
parameters for their distinction/differentiation. Morphological abnormalities in vari-
ous appendages have also been reported for various other oncaeid species such as an 
aberrant number of spines on swimming leg 1 in Oncaea venusta f. typica Farran, 1929 
(Böttger-Schnack 2001: fig. 4a); a modified tip of the posterolateral corner on P6 in 
males of Triconia hawii (Böttger-Schnack & Boxshall, 1990) (Böttger-Schnack 1999: 
fig. 23a–d); Oncaea media Giesbrecht, 1891 and O. waldemari Bersano & Boxshall, 
1996 (Böttger-Schnack 2001: figs 16C, 27E) and Triconia giesbrechti Böttger-Schnack, 
1999 (Cho et al. 2013: fig. 12F); an abnormal shape of the distal endopod segment 
of the antenna with an aberrant seta and a reduced number of setae (Oncaea prolata 
Heron, 1977 in Cho 2011: fig. 29I, male); an aberrant process on the outer proximal 
corner on the basis of P4 (O. parabathyalis Böttger-Schnack, 2005, in Böttger-Schnack 
2005: fig. 18d, female); and the tumorous growth on the surface of the prosome of fe-
male Triconia derivata (Heron & Bradford-Grieve, 1995) (Heron and Bradford-Grieve 
1995: figs 9h, 10a). Among marine pelagic copepods, the genus Acartia Dana, 1846 is 
a well-known taxon of morphological anomalies, mainly in P5. In a study on the mor-
phological anomalies of Acartia, there was no indication found that the occurrence of 
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anomalies on the P5 was relatively more frequent in the polluted area than in the open 
sea, and it was tentatively inferred that these anomalies may be a common phenom-
enon in nature (Brylinski 1984; Behrends et al. 1997). Also, morphological anomalies 
have been observed at the bases of P3 in Clausocalanus mastigophorus (Claus, 1863) 
collected from the equatorial Atlantic (Melo et al. 2014). It was assumed that this was 
due to a developmental error or random genetic mutations. Hence, in oncaeid cope-
pods, the observed morphological asymmetries and abnormalities may be a common 
natural phenomenon as well, but further studies will be needed to provide sufficient 
information for avoiding any taxonomic confusion.

The present study included molecular genetic analyses with the aim of overcoming 
taxonomic problems related to morphological variation. The sequence of the mtCOI 
region could not successfully be obtained for any of the three species of Spinoncaea 
analyzed, supporting previous findings that for oncaeid copepods the 12S gene is a bet-
ter tool for use in DNA barcoding than the COI gene (Böttger-Schnack and Machida 
2011). The 12S srRNA sequences of Spinoncaea species from the Pacific did not indi-
cate a genetic difference between species from the Mediterranean Sea and those from 
the northwestern and/or northeastern equatorial Pacific Ocean. However, morphologi-
cal variation cannot exclude the possibility that these reflect population differences. 
And in the case of Spinoncaea species, especially S. ivlevi, the observed morphological 
variation from a broad geographical distribution may indicate a high level of gene flow 
between populations. Thus, mtDNA may not be an accurate indicator of species dis-
persal due to maternal inheritance of the organelle genome (Bucklin and Frost 2009). 
Nevertheless, genetic analysis of species with wide distributions and morphological 
variation in other copepod taxa has indicated the existence of pseudo-sibling species 
(Staton et al. 2005). In general, mtCOI sequence variation showed greater divergence 
between conspecific individuals collected in different regions or ocean basins (Bucklin 
et al. 2003). Centropages typicus Krøyer, 1849, showing clear morphological differences 
in the chela of the fifth thoracopod of the male, between the northwestern and north-
eastern Atlantic and the Mediterranean Sea showed genetic differences in mtCOI and 
nuclear rDNA ITS1 (Castellani et al. 2012). Recently, ITS rDNA (internal transcribed 
spacers of the nuclear ribosomal cistron) was used as a new marker in the molecular 
phylogeny of Oncaeidae, and this marker was also found to be useful for elucidating 
the genetic relationship between species (Di Capua et al. 2017). They proposed the use 
of ITS (especially ITS2) for phylogenetic reconstruction. Therefore, it can be suggested 
that our results will have to be discussed again in the future with further analysis of 
other regions of the gene (e.g., nuclear genes).

Recently, there was incongruence between the identified species of Paracalanus 
parvus complex through a comprehensive analysis of progressive molecular method 
and conventional morphology (Kasapidis et al. 2018). Therefore, considering the high 
morphological similarity of species belonging to the Oncaeidae, including Spinoncaea, 
the existence of sibling species, and the resulting complexity of taxonomic analyses, 
molecular analysis will be essential to clarify species identification in this taxon. To ob-
serve the relationships between morphological variation and genetic variation requires 
further analyses in the future taking into consideration various genes.
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