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Abstract

Bumble bees are vital to our agro-ecological system, with approximately 250 species reported around the
world in the single genus Bombus. However, the health of bumble bees is threatened by multiple factors:
habitat loss, climate change, pesticide use, and disease caused by pathogens and parasites. It is therefore
vitally important to have a fully developed phylogeny for bumble bee species as part of our conservation
efforts. The purpose of this study was to explore the phylogenetic relationships of the dominant bumble
bees on the Tibetan plateau and in northern China as well as their placement and classification within
the genus Bombus. The study used combined gene analysis consisting of sequence fragments from six
genes, 16S rRNA, COI, EF-1a, Argk, Opsin and PEPCK, and the phylogenetic relationships of 209
Bombus species were explored. Twenty-six species, including 152 gene sequences, were collected from
different regions throughout China, and 1037 gene sequences representing 183 species were obtained
from GenBank or BOLD. The results suggest that the 209 analyzed species belong to fifteen subgenera
and that most of the subgenera in Bombus are monophyletic, which is in accordance with conventional
morphology-based classifications. The phylogenetic trees also show that nearly all subgenera easily fall
into two distinct clades: short-faced and long-faced. The study is the first to investigate the phylogenetic
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placement of Bombus turneri (Richards), Bombus opulentus Smith, Bombus pyrosoma Morawitz, Bombus
longipennis Friese, Bombus minshanensis Bischoff, and Bombus lantschouensis Vogt, all of which are widely
distributed throughout different regions of China. The knowledge and understanding gained from the
findings can provide a molecular basis to accurately classify Bombus in China and to define strategies to

conserve biodiversity and promote pollinator populations.
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Introduction

Bumble bees belong to the genus Bombus, which has been classified in the tribe
Bombini of the subfamily Apinae of the family Apidae. Four sister tribes including
Bombini, Apini (e.g., honey bees), Meliponini (e.g., stingless bees), and Euglossini
(e.g., orchard bees) belong to the corbiculate clade within the family Apidae (Winston
and Michener 1977). With other species of bees and pollinators, bumble bees provide
pollination services to vegetable crops in large greenhouses and to a great diversity of
plants in the wild, and contribute substantially to the agriculture economy (Velthuis
and Van Doorrn 2006; Carolan et al. 2012; Williams et al. 2012a) and biological di-
versity of ecosystems (Wang and Li 1998; Sun et al. 2003; He and Liu 2004; Goulson
et al. 2008; An et al. 2011; Vergara and Fonseca-Buendia 2012). To date, there are
approximately 250 known species of bumble bees in the world, with approximately
125 species documented in China (Cameron et al. 2007; Williams et al. 2010; An et
al. 2011). However, with degradation of the ecological environment, human activity,
pathogen infection and exposure to pesticides, populations of bumble bees are declin-
ing in China, especially in northwest China (Yang 1999; Xie et al. 2008), with some
species even becoming extinct in certain areas (Rasmont et al. 2005; Williams 2005;
Colla and Packer 2008; Goulson et al. 2008). Therefore, it is very important to know
the distribution and phylogenetic evolution of bumble bee species in these regions, to
be able to design effective conservation strategies for their protection.

The taxonomic status of closely related bumble bee taxa is often unclear. In the
early twentieth century, we relied on morphological characters to classify Bombus.
However, because of highly variable color patterns and the presence of convergent
evolution in morphology, it is difficult to accurately identify the species within Bombus
based only on morphological features (Hines and Williams 2012). Subsequently, male
genitalia have been used to distinguish the different subgenera; they are more reli-
able than color pattern in classifying subgenera, although they do not unambiguously
distinguish between species under certain circumstances (Stephen 1957; Thorp et al.
1983). With the development of molecular techniques, identification based on mo-
lecular markers has become a powerful tool in the phylogenetic analysis and placement
of species of Bombus (Michener 2007). However, it is critical to choose appropriate
genetic markers in molecular phylogenetic reconstructions. Over the years, the genes



Improve the phylogeny and classification of Bombus (Hymenoptera, Apidae) in China 3

Cytochrome Oxidase subunit I (COI) and Cytochrome b (Cytb) have been used in
phylogenetic studies on insects (Boehme et al. 2010; Wang and Qiao 2010). A specific
COl fragment that is 648 bp long with enough genetic information and base variation
has been used to effectively distinguish species (Hebert et al. 2003, 2004). COI has
been widely applied to species identification and phylogenetics in insects (Pedersen
1996, 2002). Further, the mitochondrial gene 16S rRNA and nuclear genes elongation
factor-1 alpha F2 copy (EF-1a), long-wavelength rhodopsin copy 1 (Opsin), arginine
kinase (Argk), and phosphoenolpyruvate carboxykinase (PEPCK) have also been used
for phylogenetic analysis (Kawakita et al. 2003, 2004; Cameron et al. 2007). The
mitochondrial gene 16S rRNA is a useful marker for examining the phylogenetic posi-
tion of some insects (Yoshizawa and Johnson 2003), and is the most informative for
phylogenetic analysis of closely related species (Whitfield and Cameron 1998). EEF-1a,
which can promote aminoacyl-tRNA to combine with ribosomes, is often recognized
as a good molecular marker to resolve the classification of insects at the phylogenetic
level of family or genus (Cho et al. 1995; Mardulyn and Cameron 1999; Rokas et al.
2002; Danforth et al. 2004). The Opsin gene belongs to the family of the light absorp-
tion receptor proteins. It can distinguish evolutionary divergence in hymenopteran
insects, including Cynipidae and Halictidae (Rokas et al. 2002; Danforth et al. 2004),
and can be used to deduce the relationships between these and the corbiculate Apinae
(Mardulyn and Cameron 1999; Cameron and Mardulyn 2001, 2003; Michel-Salzat
and Whitfield 2004). ArgK is a kind of phosphate kinase which distributes broadly
in the tissue of insects and is also a relatively conserved nuclear gene. The PEPCK se-
quence contains two parts, the high variation intron and the conserved exon, which are
largely applied in the classification of the order Lepidoptera (Friedlander et al. 1996).

While advances in molecular marker techniques have led to significant improve-
ments in population genetic analysis, the standard mitochondrial barcode fragment or
nuclear genes are sometimes not informative enough to help understand the genetic var-
iability of species. When multiple genes are combined for phylogenetic analysis, a much
clearer view of the phylogeny among closely related species can be generated. Kawakita
et al. (2004) elucidated the phylogeny of 65 species of bumble bees through the use of
three nuclear genes, and analyzed their geographic distribution and character evolution.
Later, Cameron et al. (2007) made a robust phylogeny with a comprehensive analysis of
219 species of bumble bees from all over the world, including some species from China,
which utilized mitochondrial gene 16S rRNA and four nuclear gene sequences (Opsin,
EF-1a, Argk, and PEPCK). Their results suggested that, overall, Bombus is monophyl-
etic, with the subgenera grouped into two distinct clades, the short-faced and the long-
faced, the first including a diverse New World clade. Their paper systematically analyzed
the relationships among all subgenera and provided a foundation for the phylogeny of
Bombus, although there remained some species that could not be included.

To improve our understanding of the phylogenetic relationships of Bombus in China,
we conducted a phylogenetic analysis of 209 species by combining sequence fragments of
two mitochondrial genes (COI and 16S rRNA) and four nuclear genes (EF-1a, Opsin,
ArgK, and PEPCK). We obtained 152 gene sequences from 26 species recently collected
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from different regions of China. An additional 1093 gene sequences representing 183
additional species of Bombus were obtained from GenBank or BOLD. Among the 26
recently-collected species, B. pyrosoma Morawitz and B. lantschouensis Vogt are two com-
mon native species and important pollinators, characterized by having more workers in
the colony, by ease of rearing in an indoor environment, and by a widespread distribution
in China (Peng et al. 2009). Through this study, we have gained an insight into Chinese
bumble bee species distributions and phylogenetic relationships, which in turn could be
applied to our efforts of biodiversity conservation to promote pollinator populations.

Materials and methods

Bumble bee collection

Bumble bee specimens were collected with nets and as a random sample at any given
locality in the Sichuan, Inner Mongolia, Qinghai, Anhui, Gansu provinces and Beijing,
China, between 2006 and 2012, and after capture were transferred directly into 100%
ethanol. The samples were kept at -20 °C for subsequent analysis and voucher specimens
are deposited at the Institute of Apicultural Research, Chinese Academy of Agricultural
Science, Beijing, China. Exact collection localities are listed in Table 1 and shown in Fig. 1.
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Morphology

All species were identified according to the morphological characters of bumble bees
as described by Williams (1998). Subgenera and species were authenticated by the
characters of the genitalia and other key taxonomic characters such as body size, color
pattern, and leg structure (Williams et al. 2009; An et al. 2014). The detailed morpho-
logical classification is presented in Suppl. material 1.

Genomic DNA extraction

For the extraction of nucleic acid, the muscle tissue of each individual bee’s thorax
was cleanly cut off with scissors, immediately put into an aseptic tube and ground
in liquid nitrogen with a pestle. DNA was extracted from bee muscle tissue using a
Wizard Genomic DNA Purification Kit (A1120, Promega). DNA extracts were kept
at -20 °C until needed as a DNA template for the PCR.

PCR amplification and sequencing

The specific primers used to amplify the two mitochondrial genes (COI and 16S rRNA)
and four nuclear genes (Opsin, EF-10o, Argk, and PEPCK) are shown in Table 2. PCR
reactions were performed using a Mastercycler 5333 (Eppendorf) in 25 uL. PCR Mix
(2x), 2 pL template genomic DNA (about 50 ng), 1 uL of each primer (forward and
reverse), 21 uL. ddH,O, with a final volume of 50 pL. PCR parameters for amplifica-
tion were as follows: initial denaturation at 94 °C for 3 min, followed by 35 cycles
denaturation at 94 °C for 1 min, annealing at 50-60 °C for 1 min, elongation at 72 °C
for 1 min and final elongation at 72 °C for 10 min. The annealing temperatures for
each gene were: 50 °C for PEPCK and Argk, 53 °C for EF-1«, 55 °C for 16S rRNA,
56 °C for COI, and 60 °C for Opsin. PCR products were electrophoresed in 1.2%
agarose gel containing 0.5 pg/ml GoldView (GV) and visualized under UV light. PCR
products were purified and then sent to Invitrogen for sequencing. After manual edit-
ing and error checking, we then performed a BLAST database search in GenBank to
identify and include the closest matches of the same sequence for Bombus taxa. We
obtained 152 valid sequences belonging to 26 Bombus species. The sequences used in
this analysis have been deposited in GenBank. The list of sequences with their codes
and the respective GenBank accession numbers can be found in Table 1.

Sequence analysis and construction of the phylogenetic tree

Altogether, 1245 gene sequences were used to conduct the phylogenetic analysis. One
hundred and fifty-two (152) sequences from 26 bumble bee species collected dur-
ing this study (Tab. 1) and 1037 sequences from 183 bumble bee species retrieved
from GenBank or BOLD (see Cameron et al. 2007) were used to construct the
phylogenetic tree. The Apini Apis mellifera Linnaeus and Apis dorsata Fabricius, the
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Table 2. Primer information for the six genes used in this study.

Gene Primer sequence (5'—3") Reference

COIl ATTCAACCAATCATAAAGATATTGG (LepF) Hebert et al. (2004)
TAAACTTCTGGATGTCCAAAAAATCA (LepR)

16S rRNA CACCTGTTTATCAAAAACAT (16S Wb) Williams et al. (2011, 2016)

TATAGATAGAAACCAATCTG (16SIR)

Opsin AATTGCTATTAYGARACNTGGGT (Opsin-F) Lin and Danforth (2004)
ATATGGAGTCCANGCCATRAACCA (Opsin-R)

EF-1a GGRCAYAGAGATTTCATCAAGAAC (F2-ForH) Franklin (1954)
TTGCAAAGCTTCRKGATGCATTT (F2-RevH2)

Argk GTTGACCAAGCYGTYTTGGA (Argkl-F) Kawakita et al. (2003)

CATGGAAATAATACGRAGRTG (Argk1-R)
GACAGCAARTCTCTGCTGAAGAA (Argk2-F)
AGAACAATTATCTYAAATRCTAARCTTC (FHv5-F)
GGTYTTGGCATCGTTGTGGTAGATAC (Argk2-R)
PEPCK GTSTCTTATGGGAGSGGTTACGG (FH2-F) Michel-Salzat and Whitfield

TGTATRATAATTCGCAAYTTCAC (FHv4-F) (2004)
CTGCTGGRGTYCTAGATCC (RHv4-R)

Meliponini Liotrigona mahbafalya Brooks & Michener, Heterotrigona itama Cockerell,
Plebeia frontalis Friese, Trigona amazonensis Ducke, Geniotrigona thoracica Smith and
Hypotrigona gribodoi (Magretti) and the Euglossini Eulaema boliviensis (Friese) and
Euglossa imperialis Cockerell were used as outgroups, as in Cameron et al. (2007).

The sequence data were aligned by ClustalX using default settings and visually
checked using BioEdit (V7.0.9.0). We referred to Cameron et al. (2007), who had
submitted the sequences to GenBank, and downloaded sequences of 16S rRNA, ArgK,
EF-1«, Opsin, PEPCK and COI of bumble bees and outgroups from GenBank or
BOLD. Phylogenetic analysis was conducted in MEGA 6.0 (Tamura et al. 2013).

Phylogenetic relationships were estimated by Bayesian analysis, maximum likeli-
hood (ML) analysis, maximum parsimony (MP) analysis and Neighbor Joining (N])
analysis, separately. Model selection for each gene was based on the Akaike Infor-
mation Criterion (AIC) in Modeltest (Posada and Crandall 1998) and MrModeltest
(Nylander 2004); the best model parameters for each gene partition were GTR+I+G.
Bayesian analysis was performed using MrBayes v. 3.2.6 (Ronquist et al. 2012). Two
independent Markov Chain Monte Carlo (MCMC) runs were conducted for 10 mil-
lion generations, sampling every 1000 generations. Tracer v.1.6 was used to establish
the convergence between two runs (Rambaut et al. 2014). Burn-in samples, which
were the first 25% of the yielded trees, were discarded, then the remaining trees were
used to generate a majority-rule consensus tree with posterior probabilities (PP). ML
analysis were conducted using the GTRGAMMAI model of RAXML v.7.2.6. Node
support was assessed via 1000 bootstrap replicates (Stamatakis 2006). MP analysis was
performed using PAUP* v.4.0a165 (Swofford 2002). The tree bisection reconnection
(TBR) branch swapping algorithm was used, and 100 random addition replicates were
performed using heuristic strategy. Support values were assessed under the heuristic
search with TBR and 100 jackknife replicates each with 100 random addition searches.
NJ analysis was performed using MEGA v. 6.0 (Tamura et al. 2013). The phylogenetic
trees were displayed and edited utilizing Figtree v.1.4.0.



8 Liu-Hao Wang et al. / ZooKeys 1007: 1-21 (2020)

Results and discussion

Phylogenetic analysis

The results of the phylogenetic analysis of 209 Bombus species and ten outgroup species
showed the same topology structure in two trees, which is similar to results in Cameron
et al. (2007). The Bombus genus was divided into two distinct clades by Bayesian Infer-
ence (BI), ML and MP: the short-faced and the long-faced (Figs 2, 3). The morphologi-
cal differences between the short-faced and long-faced clades are based on characters of
the head including the length of the tongue, and on the presence/absence of a mid-
basitarsal spine. The short-faced species are generally short-tongued without a mid-ba-
sitarsal spine, while the long-faced species are long-tongued with a mid-basitarsal spine.
The subgenera Mendacibombus, Confusibombus, Bombias, and Kallobombus are separated
into two clades, which is consistent with previous studies (Williams 1994; Pedersen
2002; Kawakita et al. 2003, 2004; Cameron et al. 2007) and well supported by posterior
probability (PP) and bootstrap values. This is the first report on the phylogenetic evolu-
tion and classification status of B. turneri (Richards), B. opulentus Smith, B. pyrosoma,
B. longipennis Friese, B. minshanensis Bischoft, and B. lantschouensis, which were collect-
ed from the Anhui, Qinghai, and Gansu provinces and Beijing in China, whereas B. lon-
gipennis, B. minshanensis and B. lantschouensis were revised by Williams et al. (2012b).
Combining morphological data (Suppl. material 1) with the previous studies on Bombus
taxonomy (Williams et al. 2009; An et al. 2014), we conclude that 1) B. turneri be-
longs to the subgenus Psithyrus, 2) B. opulentus is one of the species in the subgenus
Thoracobombus, 3) B. pyrosoma belongs to Melanobombus, and 4) B. longipennis, B. min-
shanensis, and B. lantschouensis are grouped into Bombus s. str. These species are widely
distributed throughout China. Bombus longipennis is distributed mainly in the medium
elevation of mountains and on the Tibetan plateau in China, with a yellow-banded
color pattern that is quite similar to that of B. /ucorum (Linnaeus) and B. cryptarum
(Fabricius). Therefore, B. longipennis has been confused with B. lucorum (An etal. 2014).
Bombus minshanensis is primarily distributed in the medium to high elevations of the
east Tibetan plateau meadows in China and has often been confused with B. patagiatus
Nylander because of the similar white-banded color pattern in the females (An et al.
2014). Bombus lantschouensis is a common bumble bee species widely distributed in low,
medium, and high elevation river valleys, mountains, and plateaus in China. Bombus
lantschouensis has also been confused with B. patagiatus, as both species share the similar
yellow-banded color pattern (An et al. 2014). Bombus pyrosoma is easily misidentified as
B. validus Friese because of the similar white band (An et al. 2014). Bombus turneri is a
parasitic bumble bee species and has a very small population, being found only in the
medium elevations of the edge of the east Qinghai-Tibetan plateau and the loess plateau
in China (An et al. 2014). Bombus opulentus has a dominant distribution in the low and
medium elevations of mountains and plateaus in China. The brown and black color
pattern of this species is similar to that of B. longipes Friese (An et al. 2014). These con-
sistencies between molecular phylogeny and morphological classification have furthered
knowledge of the distribution and evolutionary history of Bombus in China.
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Figure 2. Estimated phylogeny of Bombus based on six combined gene sequences (mitochondrial genes
16S rRNA and COI, nuclear genes Opsin, ArgK, EF-1«, and PEPCK) analyzed by Bayesian Inference
and Maximum Likelihood. Subgeneric clades are noted at the right of the figure, values above branches
are posterior probabilities (BI), values below branches are bootstrap values (ML). Species in bold font were
collected by the authors in China and a black spot indicates species that were not included in the previous
phylogeny of Bombus of Cameron et al. (2007). The outgroups are at the top of the tree. Abbreviations:
SE short-faced clade; LF, long-faced clade. Subgenera that were synonymized are in parentheses.



10 Liu-Hao Wang et al. / ZooKeys 1007: 1-21 (2020)

Figure 3. Estimated phylogeny of Bombus based on six combined gene sequences (mitochondrial genes
16S rRNA and COI, nuclear genes Opsin, ArgK, EF-1a, and PEPCK) analyzed by Maximum Parsimony.
Subgeneric clades are noted at the right of the figure and values on branches are the bootstrap values. Spe-
cies in bold font were collected in China and a black spot indicates species that were not included in the
phylogeny of Bombus of Cameron et al. (2007). The outgroups are at the top of the tree. Abbreviations:
SE short-faced clade; LF, long-faced clade. Subgenera that were synonymized are in parentheses.
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Our phylogeny is consistent with the studies reported by Cameron et al. (2007)
in terms of the number and variety of subgenera in the short-faced and long-faced
clades and the relationships among the different subgenera. We added six new species
of Bombus from China into the trees. As a result, there were some differences in the
subgenera Psithyrus, Thoracobombus, Melanobombus and Bombus s. str.; B. lantschouen-
sis is sister to B. lucorum and B. patagiatus; B. longipennis and B. affinis Cresson were
not well supported by BI and ML methods (PP = 0.49; bootstrap values = 33) in the
Bombus s. str. clade, and B. minshanensis together with B. lantschouensis and B. lucorum
+ B. patagiatus formed a branch in the Bombus s. str. clade (Fig. 2).

Besides 20 species of bumble bees in our samples which were also included in the phy-
logenetic trees of Cameron et al. (2007), we replaced the original sequences in Cameron
et al.’s study with new sequences generated from this study and reconstructed the phy-
logenetic trees (Figs 2, 3). The results were consistent with Cameron et al.’s phylogeny
for most of the species, but there were some variations in the placements of B. kashmi-
rensis Friese, B. rufofasciatus Smith, B. friseanus Skorikov, B. lucorum, and B. patagiatus.
For example, B. kashmirensis was sister to B. nobilis Friese in Cameron et al.’s analysis,
while it was placed in a single clade and grouped with four other species, B. breviceps
Smith, B. grahami (Frison), B. nobilis, and B. wurflenii Radoszkowski, in our study.
Also, B. rufofasciatus was sister to B. miniatus Bingham and grouped with B. friseanus
+ B. formosellus (Frison) in Cameron et al.’s study, but in our study it grouped with
B. miniatus Bingham, B. friseanus, and B. pyrosoma. In Bombus s. str., B. lucorum is sister
to B. franklini (Frison) and B. patagiatus, whereas it was sister to B. cryptarum (Fabricius)
in Cameron et al.’s phylogeny. Furthermore, B. lucorum was sister to B. patagiatus in
Cameron et al.’s study, but grouped with B. lantschouensis in our study. These differences
may be due to the combined gene approach or to the addition of new species sequences
in our study, and further research is needed to clarify this problem.

Based on the sequences of five genes (16S rRNA, Argk, EF-1a, Opsin, and PEP-
CK), we analyzed the relationships between the same 20 species and built one phy-
logenetic tree using the ML analysis (Fig. 4). In general, the results suggested that
most species of Bombus were stable in genetic evolution and that their taxonomic posi-
tions showed no significant change with the variation of distribution areas. The results
showed that nearly all specimens of the same species formed one clade in the phyloge-
netic tree (Fig. 4). We compared all gene sequences of the six species from Cameron et
al. (2007) to our samples and found that there were some sequence variations between
both groups of samples, which may reflect the adaptation to different geographical
environments and evolutionary pathways in certain bumble bee species.

To ensure the accuracy in the classification of species using the combined gene ap-
proach, we utilized six genes to analyze the relationships among species. In Cameron et
al. (2007), B. ruderarius (Miiller) and B. velox (Skorikov) were sister species supported
by PP = 0.52, but in our analysis B. ruderarius and B. velox are sister species supported
by PP = 0.99 and bootstrap values = 61 in the BI and ML analyses, respectively. In
Cameron et al. (2007), B. cryptarum and B. patagiatus were sister species (PP = 0.52),
and then they attached to B. moderatus Cresson (PP = 0.90). However, in our study,
B. crypatarum and B. moderatus are sister species (PP = 1.00; bootstrap values = 97)
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Figure 4. Estimated phylogeny of the same samples using both new sequences and sequences from Cam-
eron et al. (2007), based on five combined gene sequences (mitochondrial gene 16S rRNA, nuclear genes
Opsin, ArgK, EF-1a, and PEPCK) analyzed by Maximum Likelihood. Values on the branches are the
bootstrap values, (C) represents Cameron et al.’s species, and “BG” represents our species. The bold font
indicates species from both datasets that did not cluster together into monophyletic clades.
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Figure 5. Estimated phylogeny of Bombus based on six combined gene sequences (mitochondrial genes
16S rRNA and COI, nuclear genes Opsin, ArgK, EF-1a, and PEPCK) analyzed by Neighbor Joining.
Subgeneric clades are noted at the right of the Figure, and values on branches are the bootstrap values of
NJ. Species in bold font were collected in China and a black spot indicates species that were not included
in the phylogeny of Bombus of Cameron et al. (2007). The outgroups are at the bottom of the tree. Sub-

genera that were synonymized are in parentheses.
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and their relationship with B. patagiatus is distant (Fig. 2). Although most species are
strongly supported by bootstrap values in the BI and ML phylogenetic trees based on
the six combined genes, there are certain species which are not well supported. For ex-
ample, B. longipennis and B. affinis are sister species in the tree but the support values are
low (PP = 0.49; bootstrap values = 33). Bombus longipennis, B. affinis, and B. franklini
are sister clades, and their support values are also low (PP = 0.27; bootstrap values =
38) (Fig. 2). As shown in Fig. 3, the phylogenetic trees obtained by the MP method
showed that there are two distinct clades (short-faced and long-faced) including nearly
all subgenera of Bombus. This, in general, is consistent with the results obtained using
the BI and ML methods, while there were still some variations among subgenera in
the topology structure of the phylogenetic trees, and most of the support values on the
branches were very low. The phylogenetic tree obtained by the NJ method is different
from those resulting from the other three methods (Fig. 5). There are not two distinct
clades, and the phylogenetic relationships of some species are not consistent with mor-
phology (Figs 1-3). For instance, B. kashmirensis, B. balteatus Dahlbom, B. hyperboreus
Schénherr, B. neoboreus Sladen, B. alpinus (Linnaeus) and B. polaris Curtis belong to
the same subgenus, Alpinobombus. However, B. kashmirensis formed a single clade in the
NJ phylogenetic tree. Likewise, B. haematurus Kriechbaumer was also removed from
the subgenus Pyrobombus and formed a single branch in the NJ phylogeny (Fig. 5).
The support values were also low for many bumble bee species in the NJ phylogenetic
tree. These results suggest that the Bl and ML methods were better than MP and NJ to
analyze the phylogenetic relationships among a large number of samples.

Furthermore, based on the monophyletic groups of bumble bees in the phyloge-
netic trees of Cameron et al. (2007), morphology, and the important behavioral and
ecological characters of bumble bees, Williams et al. (2008) simplified the subgeneric
classification of bumble bees from 38 to 15 subgenera. The results of our BI, ML,
and MP analyses are consistent with what Williams proposed (Figs 2, 6). Moreover,
we constructed the phylogenetic tree by BI based on the combined six genes (Fig. 6),
and most clades were well supported by posterior probabilities except the one formed
by Melanobombus and its sister clade Sivircobombus + Cullumanobombus (PP = 0.44).
It may be that these 15 subgenera are in close proximity in a molecular evolutionary
sense, and we need to distinguish them using other information. These results suggest
that molecular methods can determine the taxonomic status of the majority of species
in Bombus, and that it is consistent with morphological identification, but there are a
few species in the phylogenetic tree for which the posterior probability and bootstrap
values are a little low, and their classification may need to be further supported by
combining other criteria with morphology.

Distinguishing bumble bee species

There are many Bombus species distributed in diverse regions all over the world. Previ-
ous studies revealed that color pattern and the characters of the male genitalia could
clearly distinguish the subgenera of Bombus (Franklin 1954; Hines et al. 2006). There
have been some problems in some cryptic species complexes; for instance, according



Improve the phylogeny and classification of Bombus (Hymenoptera, Apidae) in China 15

Mendacibombus

Bombias

Kallobombus

0.93 Orientalibombus

0.98

Subterraneobombus

1.0

Megabombus

0.99
1__0[ Psithyrus
L0 Thoracobombus

Alpigenobombus

1.0

Melanobombus

0.44

Sibiricobombus

Alpinobombus

0.95|
e Cullumanobombus
1.0 |

1.0 Bombus s. str.

Pyrobombus

Figure 6. Phylogenetic relationships of the subgenera of Bombus from the Bayesian Inference tree
(Fig. 2); nearly all of them are well supported by posterior probabilities.

to the color pattern, it is easy to consider B. cryptarum, B. lucorum, and B. magnus
Vogt as one species, but the chemical and molecular evidence suggests that they are
three distinct species (Carolan et al. 2012). Molecular methods are a powerful tool for
inference of phylogenetic relationships (Ratnasingham and Hebert 2013). Because the
evolutionary rates of single genes are different, each genetic marker has its advantages
and disadvantages in phylogenetic analysis and a single gene cannot always clearly re-
solve the classification of species. Hines et al. (2006) found that combined genes can
obtain stronger support values in some nodes compared to individual genes. In the pre-
sent study, we also explored the power of combining multiple genetic markers which
are conserved in evolution and accurately infer phylogenetic relationships of species
(Cameron and Mardulyn 2003; Hebert et al. 2003; Magnacca and Brown 2012; Isaka
and Sato 2014; Kjer et al. 2014; Schmidt et al. 2015). When multiple genes were com-
bined, we could generate a clearer phylogeny to accurately determine the taxonomy
of species by relying on the ability of the individual genes to reconstruct a known
phylogeny and a set of genes to accurately infer the phylogenetic relationships of spe-
cies. Although it is possible to resolve the taxonomy of species within Pyrobombus with
combined multiple genes, it is still difficult to distinguish among all Bombus species.
China has the largest diversity of Bombus species in the world (Williams et al.
2010). However, it has been an increasing challenge to effectively protect and utilize the
abundant resource of bumble bees in China. Our results significantly enhance our un-
derstanding of the taxonomic status and distribution of Bombus in China and provide
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an important foundation in further revealing the evolutionary history of Bombus and
strengthening the protection of bumble bees as a resource. Some species readily repro-
duce, so they have been successfully commercially reared for pollination in greenhous-
es. For example, B. terrestris (Linnaeus) (subgenus Bombus s. str.) has been reared com-
mercially in Europe and B. impatiens Cresson (subgenus Pyrobombus) has been reared
commercially in North America. Although we could introduce these Bombus species
to our country for pollination of crops in large greenhouses, there is the potential that
they could bring new pathogens that would threaten the native species. As a result, the
most practical solution would be to identify native species that can be readily reared
for large-scale production. Our results showed that B. longipennis, B. minshanensis,
B. lantschouensis, and B. terrestris belong to the subgenus Bombus s. str. and have a close
phylogenetic relationship within the subgenus. These species are widely distributed
throughout China, so they may represent an ideal option for commercial rearing in
China. Our future goal is to distinguish all species of Bombus completely and accurately
using a combination of different methods, thereby leading to a better understanding of
the distribution and evolutionary history of bumble bees in China and improving our
strategies of biodiversity conservation to promote pollinator populations.
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Abstract

We report new faunistic records of Pimpla Fabricius, 1804 from Uruguay. The following species are re-
ported from the country for the first time: P albomarginata Cameron, 1846, P caerulea Brullé, 1846,
P perssoni Gauld, 1991, and P semirufa Brull¢, 1846. In addition, we propose a replacement name for
Pimpla rufipes Brullé, 1846 and provide diagnosis, digital images, and an identification key for all the
Pimpla species known to occur in Uruguay.

Keywords

Faunistics, homonymy, neotropics, parasitoids, parasitoid wasps, South America, taxonomy

Introduction

The parasitoid wasp family Ichneumonidae (Darwin wasps) is among the largest ani-
mal families anywhere on Earth (Klopfstein et al. 2019). It is taxonomically challeng-
ing, and many species are either rare or at least rarely collected. One exception is the
genus Pimpla Fabricius, 1804 (Pimplinae, Pimplini). It is composed of moderately
large (in tropical regions), often colorful species which are abundant in many entomo-
logical collections (Townes 1969; Porter 1970).

Copyright Diego G. Padua et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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With over 200 valid species (Yu et al. 2016; Watanabe and Matsumoto 2019),
this genus is among the largest genera within the subfamily Pimplinae. The species
of Pimpla are known to be idiobiont endoparasitoids of prepupae and pupae of Lepi-
doptera (Gauld 1991). The genus is characterized by simple and large tarsal claws
(females), the straight apex of the ovipositor, a weakly concave internal margin of
the compound eye in front of the antennal insertion (Gauld et al. 1998), and mid
tarsomere IV medioventrally with a longitudinal band of fine hair (an autapomorphy)
(Gauld et al. 2002).

On account of the taxonomical works of Charles C. Porter in South America (Por-
ter 1970) and Ian D. Gauld in Central America (Gauld 1991; Gauld et al. 1998), the
genus is one of the best-known Darwin wasp genera in the Neotropical region. Porter
(1970) reported 35 (21 of them new) species from South America and Gauld (1991)
and Gauld et al. (1998) found 17 (six of them new) species in Costa Rica.

The aim of this paper is to provide new records of Pimpla from Uruguay. In addi-
tion, we provide diagnosis, high-quality layer-stacked photographs, and an identifica-
tion key for the species currently known from the country. This work is part of a series
of articles reporting new Pimpla records from South America. This work was started

by Pidua et al. (2019).

Material and methods

Study area

The field sampling was conducted in four locations in the municipality of Castillos,
Rocha Department, Uruguay, between December 2014 and December 2016 (see Fer-
nandes et al. 2019).

Specimens studied

Pimpla specimens were collected by Malaise trapping, and the specimens are deposited
in the Invertebrate Collection of Instituto Nacional de Pesquisas da Amazonia (INPA;
curator: Marcio L. Oliveira).

Morphology and distribution

General morphological terminology follows that of Gauld (1991). New distributional
records are indicated with an asterisk (*).

Photographs

Digital images were taken using a Leica DMC4500 digital camera attached to a Leica
M205A stereomicroscope and combined using the software Leica Application Suite
V4.10.0. The final images were edited in Adobe Photoshop.



Pimpla from Uruguay 25

Abbreviations

BMNH Natural History Museum, London, UK;

IML

Institute Miguel Lillo, Tucumdm, Argentina;

MNCR Museo Nacional de Costa Rica, San José, Costa Rica;
MNHN Muséum national d’Histoire naturelle, Paris, France.

Distribution maps

The distribution maps were created using SimpleMappr online software (Shorthouse
2010).

Key to the Uruguayan species of Pimpla Fabricius, 1804

1

[T BTN

(@)

10

FEmMale ..ot 2
Male (the male of P cyanipennis Brullé, 1846 is unknown) .........ccccccevvvurvenenenne. 9
Mesosoma and metasoma metallic blue (Fig. 2A) .......... P, caerulea Brullé, 1846
Mesosoma and metasoma black, brown, yellow, reddish, or a combination of
these colours (Figs 1A, 3A, 5A, 6A, 8A, 9A, 10A) c.ccciviiiiiiiiiiiciiciiccie 3
Fore wing hyaline, with an apical darkened area (Fig. 8A); malar space 0.3-0.4
times as long as basal width of mandibles...................... P perssoni Gauld, 1991
Fore wing without an apical darkened area (Figs 1A, 3A, 5A, 6A, 9A, 10A); malar
space > 0.6 times as long as basal width of mandibles...........cccoccociinnnnnne. 4
Laterotergite V < 1.7 times as long as wide (Figs S5E, 6E, 9E) ........ccccceeininn 5
Laterotergite V > 2.1 times as long as wide (Figs 1E, 8E, 10E) ..........cccccceeeee. 8
Metasoma entirely reddish (Fig. 5A) ....ccccccovvvirinnennnne. P golbachi (Porter, 1970)

Metasoma entirely black or reddish with tergites VI+ black (Figs 3A, 9A) ......... 6
Ovipositor > 1.7 times as long as hind tibia; meso- and metacoxa black (Figs 3A,

(O N ©) F ST P, cyanipennis Brullé, 1846
Ovipositor < 1.6 times as long as hind tibia; meso- and metacoxa reddish brown
(FIgs A, OA) ..ot 7
Metasoma black (Fig. 6A) .......cccccovvviiieiiiiniccccne P patirrufa nom. nov.

Metasoma reddish with tergites V+ or VI+ black (Fig. 9A) .....ccocoeeiiininnennee.
.................................................................................... P. semirufa Brullé, 1846
Dorsal valve of ovipositor apically with teeth (Fig. 10F) ...
................................................................................ P tomyris Schrottky, 1902
Dorsal valve of ovipositor apically without teeth (Fig. 1F)......cccccceciviviiiiiinnnne.
..................................................................... P. albomarginata Cameron, 1886
Mesosoma and metasoma with a metallic blue (Fig. 2B)....P caerulea Brullé, 1846
Mesosoma and metasoma black, brown, yellow, reddish, or a combination of
these colours (Figs 1B, 5B, 6B, 8B, 9B, 10B) .....ccccoeeiiiiiiciiieccnes 10
Fore wing hyaline with an apical darkened area (Fig. 8B) .......ccccccccvvvviiiiciinnne.
..................................................................................... P, perssoni Gauld, 1991
Fore wing without an apical dark area (Figs 1B, 5B, 6B, 9B, 10B) .................. 11
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11 Metasomal tergites with fine punctures (Figs 1D, 10D) ...c.ccocviviviiiccinnne. 12
—  Metasomal tergites with strong punctures (Figs 5D, 6D, 9D) ......ccccceuvueunnene. 13
12 Mesosoma reddish with profuse white marks (Fig. 1B); metasoma black and

white banded (Fig. 1B) ...ccccoeiiviniiiiinne P. albomarginata Cameron, 1886

—  Mesosoma shining black with variable patterning of yellow markings on prono-
tum, tegula, scutellum, postscutellum and propodeum (a pair of elliptic blotches)
(Fig. 10B); metasoma reddish brown, with a pair of large yellow blotches laterally
on tergites I-IV (Fig. 10B)....cccoeviiiiiniiiiiiine P tomyris Schrottky, 1902
13 Mesosoma entirely shining black (Fig. 6B)..........c.c......... P patirrufa nom. nov.
—  Mesosoma black with hind corners of meso- and metapleuron brown and tegula
white or shining black with lower hind corner of mesopleuron brown, and meta-

pleuron red with a little black staining along front margin (Figs 5B, 9B).............. 14
14  Metasoma reddish with tergite VI+ black (Fig. 9B).......... P semirufa Brullé, 1846
—  Metasoma entirely reddish (Fig. 5B).......ccccccovrueuneeee. P golbachi (Porter, 1970)

Faunistics and taxonomy

Pimpla Fabricius, 1804

Pimpla Fabricius, 1804: 112. Type species: Ichneumon instigator Fabricius (= Ichneu-
mon hypochondriaca Retzius), by subsequent designation (Opinion 159, Interna-
tional Commission on Zoological Nomenclature 1945: 282).

Coccygomimus Saussure, 1892: pl. 14, fig. 12. Type species: Coccygomimus madecassus
Saussure, by monotypy.

Habropimpla Cameron, 1900: 96. Type species: Habropimpla bilineata Cameron, by

monotypy.
Lissotheronia Cameron, 1905: 139. Type species: Lissotheronia flavipes Cameron, by

monotypy.

Phytodiaetoides Motley, 1913: 221. Type species: Phytodiaetoides megaera Morley =
Pimpla flavipalpis, by original designation.

Pimplidea Viereck, 1914: 117. Type species: Pimpla pedalis Cresson, by original des-
ignation.

Coelopimpla Brethes, 1916: 402. Type species: Coelopimpla amadei Bréthes, by original
designation.

Liotheronia Enderlein, 1919: 147. Type species: Liotheronia kriegeri Endetlein, by orig-
inal designation.

Dihyboplax Enderlein, 1919: 148. Type species: Dihyboplax flavipennis Enderlein, by
original designation.

Neogabunia Bréthes, 1927: 322. Type species: Neogabunia paulistana Brethes = Pimpla
tomyris Schrottky, by monotypy.

Opodactyla Seyrig, 1932: 60. Type species: Pimpla (Opodactyla) waterloti Seyrig, by

original designation.
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Oxypimpla Noskiewicz & Chudoba, 1951: 42, 56. Type species: Pimpla turionellae
Linnaeus, by monotypy.

Jamaicapimpla Mason, 1975. Type species: Ephialtes nigroaeneus Cushman, by original
designation.

Diagnosis. Pimpla can be distinguished from other genera of Pimplini (sezsu Porter
1970 as Coccygomimus) by the combination of the following character states: 1)
inner margin of eye weakly to rather strongly concave above antennal socket; 2)
clypeus not divided by a transverse suture; 3) malar space 0.35—1.4 times as long as
basal width of mandible; 4) mandible broad and with upper tooth approximately as
long as the lower tooth; 5) notaulus weak or absent, without a distinct frontal crest;
6) propodeum with median longitudinal carinae varying from absent to sometimes
weakly traceable throughout; 7) pleural carina usually present but sometimes ab-
sent; 8) length of fore wing 2.7-18.0 mm; 9) hind femur without a ventral tooth;
10) tarsal claws large and simple, without a basal lobe or an enlarged hair with a
flattened tip; 11) metasoma varying from closely punctured to sometimes almost
impunctate; 12) females with ovipositor approximately straight, ovipositor tip never
sharply decurved.

Gauld et al. (2002) found a single autapomorphy for the genus: mid tarsomere IV
medioventrally with a longitudinal band of fine hairs.

Pimpla albomarginata Cameron, 1886
Figure 1A-F

Pimpla albo-marginata Cameron, 1886: 267. Holotype @, Mexico (BMNH).
Coccygomimus albomarginatus; Townes and Townes 1966: 24.

Diagnosis. This species can be distinguished from the other Uruguayan species of
the genus by the combination of the following character states: 1) wings hyaline; 2)
clypeus with apex deeply bilobed; 3) malar space wide, longer than basal mandibular
width, that males less than 0.6 times basal mandibular width; 4) mesoscutum entirely
black; 5) postscutellum black; 6) mesopleural suture weakly faveolated; 7) propo-
deum with conspicuous posterolateral tubercles; 8) fore wing Rs more or less straight
and cu-a slightly distal to the base of Rs&M; 9) coxae without black markings and
fore coxa with markings; 10) metasoma black and white banded; 11) laterotergites V
broad, more than 0.5 times as broad as long; 12) tergite I of female short and broad,
in profile strongly convex, in profile with moderately high blunt hump; 13) sternite I
with strongly produced swelling; 14) apex of ovipositor with dorsal valve of ovipositor
apically without teeth.

Biological notes. Nothing is known about the host preferences of this species.

Distribution. Colombia, Costa Rica, Mexico, Panama, Venezuela, and Uru-
guay™* (Fig. 11A).
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Figure 1. Pimpla albomarginata Cameron, 1886 A @, habitus, lateral view B J, habitus, lateral view
C 2, face, frontal view D @, metasoma, dorsal view E @, metasoma, ventral view (arrow pointing to

laterotergite V) F @, ovipositor apex.

Material examined. Urucuay, Rocha, Don Bosco, Bosque-Campo,
34°05'02.6"S, 53°45'44.5"W, 10.V1.2015, Malaise trap I (E. Castiglioni and
team leg.), 19, INPA; Cardoso, Campo Natural, 34°05'28.0"S, 53°52'11.4"W,
10.V1.2015, Malaise trap II (E. Castiglioni and team leg.), 1@, INPA; Don Bosco,
Bosque-Campo, 34°05'02.6"S, 53°45'44.5"W, 12.1.2015, Malaise trap I (E. Cas-
tiglioni and team leg.), 14, INPA.
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Pimpla caerulea Brullé, 1846
Figure 2A-F

Pimpla caerulea Brullé, 1846: 101. Type: @, Brazil (MNHN).
Coccygomimus caeruleus caeruleus; Townes and Townes 1966: 24.
Coccygomimus caeruleus glaucus; Townes and Townes 1966: 25.

Diagnosis. This species can be distinguished from the other Uruguayan species of
the genus by the combination of the following character states: 1) wings more or less
blackish; 2) body metallic blue (male with fore coxae white marked); 3) laterotergite V
narrow, less than 0.3 times as long as wide.

Biological notes. Parasitoid of Alabama argillacea (Hiibner, 1818) (Noctuidae)
(Porter 1970).

Distribution. Argentina, Bolivia, Brazil, Ecuador, Guatemala, Mexico, Peru, Para-
guay, Uruguay™ (Fig. 11B), and Venezuela.

Material examined. UrRuGuay, Rocha, Don Bosco, Bosque-Campo, 34°05'02.6"S,
53°45'44.5"W, 29.X11.2014, Malaise trap II (E. Castiglioni and team leg.), 19, INPA;
idem, but 12.1.2015, Malaise trap II, 19 and 343, INPA; idem, but 12.111.2015, Ma-
laise trap II, 1, INPA; idem, but 26.11.2015, Malaise trap II, 19, INPA; idem, but
28.1.2015, Malaise trap I, 1, INPA; idem, but 28.1.2015, Malaise trap II, 13, INPA;
idem, but 29.XI1.2014, Malaise trap I, 18, INPA; idem, but 29.X11.2014, Malaise
trap I, 299 and 243, INPA.

Pimpla cyanipennis Brullé, 1846
Figures 3A-C, 4A-C

Pimpla cyanipennis Brull¢, 1846: 101. Syntype: @, Uruguay (MNHN).
Coccygomimus cyanipennis; Townes and Townes 1960: 328.

Diagnosis. This species can be distinguished from the other Uruguayan species of
the genus by the combination of the following character states: 1) wings darkened; 2)
mesosoma and metasoma black; 3) laterotergite V 1.6—1.7 times as long as wide; 4)
legs orange, except coxa, trochanter, trochantellus, apex of hind tibia and tarsus black;
5) tergite 1I silky shining, slightly coriaceous and mostly (except of apical rim), with
almost uniformly distributed, large, strong, from more or less adjacent to confluent
punctures; 6) malar space 1.0-1.2 times as long as basal width of mandibles; 7) ovi-
positor approx. 1.75 times as long as hind tibia; 8) ovipositor cylindric, with apex of
dorsal valve without teeth and ventral valve with gently convex teeth on tip.

Biological notes. Nothing is known about the host preferences of this species.

Distribution. Argentina and Uruguay (Fig. 11C).

Material examined. Syntype, Chile (¥, EY9374), examined by photo (Fig. 3A-C).
Syntype, Chile (sex undetermined, EY9375), examined by photo (Fig. 4A—C).
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0.5 mm

Figure 2. Pimpla caerulea Brullé, 1846 A Q, habitus, lateral view B ', habitus, lateral view C @, face,
frontal view D @, metasoma, dorsal view E @, metasoma, ventral view (arrow pointing to laterotergite V)

F @, ovipositor apex.

Remarks. Brullé (1846) described P cyanipennis based on specimens from Monte-
video (Uruguay; C. Gaudichaud collector). Later, Porter (1970) expanded the distribu-
tion of the species to Argentina. However, Porter did not study the type specimens of
this species, deposited at MNHN. We analyzed the syntypes (EY9374 and EY9375),
and verified that the type locality on the label is in Chile (C. Gay collector). The French

botanist and naturalist Claude Gay carried out several expeditions in the Andes, es-
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Figure 3. Pimpla cyanipennis Brullé, 1846 (Syntype, @) A habitus, lateral view B face, frontal view
C mesosoma and part of metasoma, dorsolateral view. Figures by Christophe Hervé, MNHN.

pecially in Chile and Peru. A large part of the material deposited by him in MNHN
originated from these countries. Furthermore, Gaudichaud, who was appointed by
Brullé as a collector of types, made several expeditions in Uruguay and Brazil (materials
also deposited in MNHN). Thus, we hypothesize that: 1) the labels may have been un-
intentionally replaced in specimens, 2) the photos of the labels may have been added to
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Figure 4. Pimpla cyanipennis Brullé, 1846 (Syntype, sex?) A habitus, lateral view B face, frontal view
C mesosoma, dorsal view. Figures by Christophe Hervé, MNHN.

the specimens in a wrong way in the MNHN database, or 3) Brullé may have confused
the type locality when describing this species. Townes (1961) corrected inconsistencies
in type localities in some species described by Brullé in MNHN, but he did not men-
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tion this species. In fact, we have studied the type specimens by using only photos, and
we believe that only an i7 situ specimen examination can solve this inconsistency. Thus,
we have decided to report this species only from Argentina and Uruguay.

Pimpla golbachi (Porter, 1970)
Figure 5SA-F

Ephialtes kreibohmi Blanchard, 1942; nomen nudum according to Townes and Townes
1966: 29.
Coccygomimus golbachi Porter, 1970: 153. Holotype ¢, Argentina (IML).

Diagnosis. This species can be distinguished from the other Uruguayan species of the
genus by the combination of the following character states: 1) wings hyaline; 2) meso-
soma black with hind corners of meso- and metapleuron brown and tegula white; 3)
metasoma reddish; 4) laterotergite V 1.3 times as long as wide; 5) legs reddish, except
of fore coxa often more or less broadly blackish basally, hind tibia sometimes slightly
dusky, especially near apex, and tarsi usually duller often slightly dusky on apical seg-
ment; 6) tergite II shiny and with almost uniformly distributed large, deep, adjacent
to reticulately confluent punctures, except narrowly smooth on apex; 7) malar space
0.8-1.0 (0.6-0.9 in male) times as long as basal width of mandibles; 8) ovipositor ap-
prox. 1.45-1.7 times as long as hind tibia; 9) ovipositor cylindric, dorsal valve with
apex without teeth and ventral valve with gently convex teeth on tip.

Biological notes. Parasitoid of Gelechiidae: Pectinophora gossypiella (Saunders,
1844); Noctuidae: Alabama argillacea (Hiibner, 1818) (Porter 1970); Pieridae: Colias
lesbia (Fabricius, 1775) (Avalos et al. 2011); Pyralidae: Diaphania hyalinata (Linnaeus,
1767); Tortricidae: Rhyacionia buoliana (Denis & Schiffermiiller, 1775) (Porter 1970).
Based on the material collected in our samples in Uruguay, we verified that the peak of
occurrence of this species in the sampled locations was between November and January.

Distribution. Argentina, Bolivia, Brazil, Colombia, Paraguay, and Uruguay
(Fig. 11D).

Material examined. UruGuay, Rocha, Castillos, Branaa, Agricultura, 34°03'31.8"S,
53°50'05.2"W, 30.X1.2015, Malaise trap II (E. Castiglioni and team leg.), 237, INPA;
Castillos, Llambi, Pasto-agricultura, 34°24'7.04"S, 54°08'1.48"W, 12.11.2016, Malaise
trap IT (E. Castiglioni and team leg.), 19, INPA; idem, but 15.111.2016, Malaise trap
I, 283, INPA; idem, but 28.1.2016, Malaise trap II, 19 and 1, INPA; Castillos,
Cardoso, Campo Natural, 34°05'26.8"S, 53°52'14.4"W, 14.1.2016, Malaise trap I (E.
Castiglioni and team leg.), 1, INPA; idem, but 15.111.2016, Malaise trap II, 19,
INPA; idem, but 21.XI1.2016, Malaise trap II, 18, INPA; idem, but 29.111.2016,
Malaise trap I, 14, INPA; idem, but 29.111.2016, Malaise trap II, 13, INPA; idem,
but 10.IV.2015, Malaise trap I, 19 and 18, INPA; idem, but 11.11.2015, Malaise trap
IL, 13, INPA; idem, but 12.1.2015, Malaise trap II, 18, INPA; idem, but 13.X1.2015,
Malaise trap [, 437, INPA; idem, but 15.X11.2015, Malaise trap I, 13, INPA; idem,
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Figure 5. Pimpla golbachi (Porter, 1970) A Q, habitus, lateral view B &, habitus, lateral view € @, face,

frontal view D @, metasoma, dorsal view E @, metasoma, ventral view (arrow pointing to laterotergite V)
F @, ovipositor apex.
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but 15.X11.2015, Malaise trap II, 18, INPA; idem, but 26.11.2015, Malaise trap II,
18, INPA; idem, but 26.V.2015, Malaise trap II, 18, INPA; idem, but 27.IV.2015,
Malaise trap I, 19, INPA; idem, but 27.VIL.2015, Malaise trap I, 19, INPA; idem, but
28.1.2015, Malaise trap II, 1 9, INPA; idem, but 29.XI1.2015, Malaise trap I, 18, INPA;
Castillos, Don Bosco, Bosque-Campo, 34°05'1.07"S, 53°45'43.08"W/, 14.1.2016, Ma-
laise trap I (E. Castiglioni and team leg.), 283, INPA; idem, but 14.1.2016, Malaise
trap 11, 19, INPA; idem, but 29.X11.2015, Malaise trap I, 19 and 2347, INPA; idem,
but 11.IX.2015, Malaise trap I, 19 and 184, INPA; idem, but 12.1.2015, Malaise trap
[, 19 and 13, INPA; idem, but 12.1.2015, Malaise trap II, 13, INPA; idem, but
12.111.2015, Malaise trap I, 13, INPA; idem, but 13.X1.2015, Malaise trap I, 1J,
INPA; idem, but 13.XI1.2015, Malaise trap II, 283&, INPA; idem, but 15.X11.2015,
Malaise trap I, 13, INPA; idem, but 15.XI1.2015, Malaise trap II, 1, INPA; idem,
but 27.X.2015, Malaise trap I, 18, INPA; idem, but 27.X.2015, Malaise trap 11, 19,
INPA; idem, but 28.1.2015, Malaise trap I, 243, INPA; idem, but 28.1.2015, Ma-
laise trap II, 14, INPA; idem, but 28.IX.2015, Malaise trap I, 19, INPA; idem, but
29.X11.2014, Malaise trap I, 19 and 13, INPA; idem, but 29.XI1.2014, Malaise trap
I, 38'J, INPA; idem, but 30.X1.2015, Malaise trap I, 39 @, INPA.

Remarks. Townes and Townes (1966) reported a new species of Coccygomimus as
“Coccygomimus n. sp.” from Argentina and considered Ephialtes kreibohmi Blanchard,
1942 to be nomen nudum of it. Later, Porter (1970) described the species mentioned
by Townes and Townes (1966) as Coccygomimus golbachi.

Pimpla patirrufa nom. nov.
Figures 6A-F, 7A-C

Pimpla rufipes Brullé, 1846: 102. Lectotype: @, Uruguay (MNHN). Non Pimpla ru-
fipes (Miller, 1759).

Coccygomimus rufipes; Townes and Townes 1960: 338.

Coccygomimus rufipes; Townes 1961: 173.

Coccygomimus rufipes; Townes and Townes 1966: 27.

Diagnosis. This species can be distinguished from the other Uruguayan species of
the genus by the combination of the following character states: 1) wings hyaline with
weak brownish staining; 2) mesosoma shining black; 3) metasoma black with more or
less brown staining on apical rims; 4) laterotergite V 1.4-1.6 times as long as wide;
5) legs orange with fore coxae orange or black, fore and mid tarsi slightly duller or-
ange to slightly dusky, hind tibia duller orange with rather weak blackish staining on
apex, hind tarsus extensively blackish to black; 6) tergite II with larger and stronger
punctures; 7) malar space 1.0-1.1 (0.85-1.0 in male) times as long as basal width of
mandibles; 8) ovipositor 1.3—1.6 times as long as hind tibia; 9) ovipositor cylindric,
apex of dorsal valve without teeth and ventral valve with gently convex teeth on tip.
Biological notes. Parasitoid of Plusia sp. (Noctuidae) (Porter 1970).
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Figure 7. Pimpla patirrufa nom. nov. (Lectotype of Pimpla rufipes Brullé, 1846, @) A habitus, lateral

view B face, frontal view € mesosoma and metasoma, dorsal view. Figures by Christophe Hervé, MNHN.

14, INPA; idem, but 12.111.2015, Malaise trap II, 14, INPA; idem, but 27.1V.2015,
Malaise trap I, 1, INPA; idem, but 28.1.2015, Malaise trap II, 24 J, INPA; idem,
but 29.X11.2014, Malaise trap II, 19, INPA; idem, but 30.X1.2015, Malaise I, 15,
INPA; Cardoso, Campo Natural, 34°05'26.8"S, 53°52'14.4"W, 12.1.2015, Ma-
laise trap I (E. Castiglioni and team leg.), 14, INPA; idem, but 26.11.2015, Ma-
laise trap I, 13, INPA; idem, but 28.1.2015, Malaise trap I, 1&, INPA; idem, but
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29.X11.2014, Malaise trap I, 14, INPA; idem, but 29.XI1.2014, Malaise trap II,
18, INPA; idem but 21.XI1.2016, Malaise trap 1I, 184, INPA; Castillos, Llambi,
Pasto-agricultura, 34°24'7.04"S, 54°08'1.48"W, 08.XI1.2016, Malaise trap I (E.
Castiglioni and team leg.), 18, INPA; idem, but 21.XI1.2016, Malaise trap [, 19,
INPA; idem, but 26.11.2015, Malaise trap II, 184, INPA; Don Bosco, Bosque-Cam-
po, 34°05'02.6"S, 53°45'44.5"W, 10.V1.2015, Malaise trap I (E. Castiglioni and
team leg.), 1&, INPA; idem, but 11.11.2015, Malaise trap I, 13, INPA; idem, but
26.11.2015, Malaise trap I, 14, INPA; idem, but 28.1.2015, Malaise trap II, 13,
INPA; idem, but 29.XI1.2014, Malaise trap I, 28'J, INPA; idem, but 29.XI1.2014,
Malaise trap I1, 13, INPA.

Etymology. The new specific name “patirrufa” is derived from the Spanish words
“patas rufas”, and refers to the Spanish transliteration of “rufipes”, the original name
proposed by Brullé. The name is to be treated as a noun in apposition.

Remarks. Pimpla patirrufa nom. nov. is a replacement name for P rufipes Brullé,
1846. The name “rufipes” was already occupied by Pimpla rufipes (Miller, 1759). Ac-
cording to the International Code Zoological Nomenclature, Article 57 (ICZN 1999),
we propose a replacement name for this primary junior homonym. This homonymy
may have caused some confusion in the literature. Coruh and Kesdek (2008), Ozbek
and Coruh (2012), and Coruh et al. (2014) cited P rufipes Brullé, 1846 from Turkey
and Horstmann (2001) cited this species from Germany, but these authors most prob-
ably wanted to refer to P rufipes (Miller, 1759). Pimpla rufipes (Miller, 1759) is a wide-
spread Old World species (Yu et al. 2016). However, as Coccygomimus instigator (Fab-
ricius, 1793) (currently junior synonym of P rufipes (Miller, 1759), it was introduced
at least five times between 1972 and 1978 to USA from Morocco, Yugoslavia, Iran,
Poland and Romania (Coulson et al. 1986). Zwakhals (2005) listed some morphologi-
cal differences of P rufipes (Miller, 1759) in comparsion with other European species
of Pimpla. Some of these characteristics assure us that this species is not closely related
to P rufipes Brullé, 1846, as pubescence is whitish and the coxae and trochanter are
reddish in Brullé’s species and pubescence is fuscous and the coxae and trochanter are
black in Miller’s species. In addition, P rufipes Brullé, 1846 has a distribution restricted
to South America (Argentina, Brazil, and Uruguay).

Pimpla perssoni Gauld, 1991
Figure 8A-F

Pimpla perssoni Gauld, 1991: 508. Holotype ¢, Costa Rica (MNCR).

Diagnosis. This species can be distinguished from the other Uruguayan species of the
genus by the combination of the following character states: 1) wings yellowish with
distal margin of the fore wing blackish; 2) mesosoma yellow with black marks on
mesoscutum (three stripes), hind part of tegula, hind margin of scutellum, anterior
margin of mesopleuron, 7-shaped mark on upper hind part of mesopleuron, a con-
tinuous anterior band along the anterior margin of metapleura, and propodeum and
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Figure 8. Pimpla perssoni Gauld, 1991 A Q, habitus, lateral view B &, habitus, lateral view € @, face,

frontal view D @, metasoma, dorsal view E @, metasoma, ventral view (arrow pointing to laterotergite V)

F @, ovipositor apex.

hind rim of propodeum; 3) metasoma yellow with tergites I-IV anteriorly broadly and
posteriorly narrowly black and with posterior tergites anteriorly black; 4) laterotergite
V 2.7-3.4 times as long as wide; 5) legs yellow with dorsal longitudinal black band on
med and hind coxa, fore, mid and hind (except the first tarsomere) tarsi strongly infus-
cate, femur darkened dorsally and ventrally, and tibia infuscate proximally, tibia with
close and dark pubescence, giving them a dirty yellow appearance; 6) tergite II highly
polished, with very fine sparse punctures, and with anterolateral corners separated by
deep oblique grooves; 7) malar space 0.3-0.4 times as long as basal width of mandi-
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bles; 8) ovipositor 1.25-1.3 times as long as hind tibia; 9) apex of ovipositor slightly
compressed, with weak denticles arranged in a median row on dorsal valve, and with
ventral valve not expanded laterally, with a few weak teeth.

Biological notes. Nothing is known about the host preferences of this species.

Distribution. Brazil, Costa Rica, Mexico, and Uruguay* (Fig. 11E).

Material examined. UruGuay, Rocha, Don Bosco, Bosque-Campo, 34°05'02.6"S,
53°45'44.5"W, 27.111.2015, Malaise trap II (E. Castiglioni and team leg.), 19, INPA;
idem, but 28.1.2015, Malaise trap II, 18, INPA; idem, but 12.1.2015, Malaise trap 11,
19, INPA; idem, but 29.X11.2014, Malaise trap I, 14, INPA; idem, but 12.1.2015,
Malaise trap I, 14, INPA; idem, but 28.1.2015, Malaise trap I, 1, INPA.

Pimpla semirufa Brullé, 1846
Figure 9A-F

Pimpla semirufa Brull¢, 1846: 103. Type: @, Brazil (MNHN).
Coccygomimus semirufus; Townes and Townes 1966: 28.

Diagnosis. This species can be distinguished from the other Uruguayan species of
the genus by the combination of the following character states: 1) wings hyaline; 2)
mesosoma shining black, lower hind corner of mesopleuron slightly brown, meta-
pleuron red with a little black staining along front margin and sometimes also along
dorsal margin and propodeum red with slight to extensive black staining basad and
in spiracular area; 3) metasoma reddish with tergite V often with a little blackish
staining apico-laterally, tergite VI broadly to almost wholly black and tergites VII+
completely black; 4) laterotergite V 1.6 times as long as wide; 5) legs red, fore coxa
black except becoming more or less broadly reddish toward apex below, fore and mid
tarsi little duller reddish with slight dusky staining on apical segment, hind femur of-
ten with slight dusky tinge above on apex, hind tibia dull red basad and blackish on
about apical half, hind tarsus dull red with much dusky staining; 6) tergite II shining
with abundant, large, strong, mostly adjacent to confluent punctures, except on the
narrow smooth apical rim; 7) malar space 0.8-1.0 times as long as basal width of
mandibles; 8) ovipositor 1.3—1.6 times as long as hind tibia; 9) ovipositor cylindric,
apex of dorsal valve without teeth and ventral valve with gently convex teeth on tip.

Biological notes. Nothing is known about the host preferences of this species.

Distribution. Argentina, Brazil, and Uruguay*(Fig. 11G).

Material examined. UruGuay, Rocha, Cardoso, Campo Natural, 34°05'26.8"S,
53°52'14.4"W, 10.V1.2015, Malaise trap II (E. Castiglioni and team leg.), 12,
INPA; idem, but 15.XI1.2015, Malaise trap I, 14, INPA; idem, but 24.V1.2015,
Malaise trap II, 1, INPA; Castillos, Don Bosco, Bosque-Campo, 34°05'1.07"S,
53°45'43.08"W, 21.XI1.2016, Malaise trap I (E. Castiglioni and team leg.), 1J,
INPA; idem, but 21.XI1.2016, Malaise trap I, 14, INPA; Castillos, Don Bosco,
Bosque-Campo, 34°05'1.07"S, 53°45'43.08"W, 21.XI1.2016, Malaise trap I (E.
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Figure 9. Pimpla semirufa Brullé, 1846 A @, habitus, lateral view B J, habitus, lateral view C @, face,

frontal view D @, metasoma, dorsal view E @, metasoma, ventral view (arrow pointing to laterotergite V)

F @, ovipositor apex.

Castiglioni and team leg.), 243, INPA; Castillos, Llambi, Pasto-agricultura,
34°24'7.04"S, 54°08'1.48"W, 08.X11.2016, Malaise trap I (E. Castiglioni and team
leg.), 13, INPA; idem, but 15.111.2016, Malaise trap II, 19, INPA; Don Bosco,
Bosque-Campo, 34°05'02.6"S, 53°45'44.5"W/, 10.V1.2015, Malaise trap I (Castigli-
oni and team leg.), 1J, INPA; idem, but 12.1.2015, Malaise trap II, 243, INPA;
idem, but 13.X.2015, Malaise trap II, 14, INPA; idem, but 14.1.2016, Malaise
trap I, 24'J, INPA; idem, but 28.1.2015, Malaise trap I, 299, INPA; idem, but
29.X11.2014, Malaise trap II, 19, INPA.
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Pimpla tomyris Schrottky, 1902
Figure 10A-F

Pimpla tomyris Schrottky, 1902: 95. Types: &, ¢, Argentina (lost).
Pimpla videonis; Townes and Townes 1966: 28.

Neogabunia paulistana; Townes and Townes 1966: 29.
Coccygomimus tomyris; Townes and Townes 1966: 28.

Diagnosis. This species can be distinguished from the other Uruguayan species of the
genus by the combination of the following character states: 1) wings hyaline with pale
yellow staining; 2) mesosoma shining black with variable yellow markings on prono-
tum, tegula, scutellum, postscutellum, and propodeum (a pair of elliptic blotches); 3)
metasoma reddish brown with a pair of large yellow blotches laterally in tergites I-11
(tergites I-IV in males); 4) laterotergite V 2.1-2.2 times as long as wide; 5) legs yel-
low, except for fore and mid coxa black (sometimes) and hind coxa with a black mark,
femur and basal half of tibia reddish brown and last tarsus blackish; 6) tergite II rather
dully to brightly shining with moderately strong to fine or very fine micro-reticulation
and mostly sparse, irregularly spaced, small to large, obscure to well-defined punctures;
7) malar space 0.6-1.0 (0.4-0.7 in male) times as long as basal width of mandibles; 8)
ovipositor 1.45 times as long as hind tibia; 9) ovipositor moderately depressed, apex
of dorsal and ventral valves apically with teeth, the apical ridge-bearing portion not
unusually flattened and in profile slightly convex.

Biological notes. Parasitoid of Erebidae: Hypercompe indecisa (Walker, 1855), Hy-
poscrisias fuscipennis (Burmeister, 1878); Limacodidae: Phobetron hipparchia (Cram-
mer, 1777); Papilionidae: Papilio thoas thoantiades (Burmeister, 1878); Psychidae:
Oiketicus kirbyi (Guilding, 1927), O. platensis (Berg, 1883); Saturniidae: Eudyaria ve-
nata (Butler, 1871), Hylesia nigricans (Berg, 1875); Tortricidae: Rhyacionia buoliana
(Denis & Schiffermiiller, 1775) (Yu et al. 2016).

Distribution. Argentina, Bolivia, Brazil, Paraguay, Peru, Uruguay, (Fig. 11H)
and Venezuela.

Material examined. Urucuay, Rocha, Castillos, Cardoso, Campo Natural,
34°05'26.8"S, 53°52'14.4"W, 28.X1.2016, Malaise trap I (E. Castiglioni and team
leg.), 19, INPA; idem, but Don Bosco, Bosque-Campo, 34°05'02.6"S, 53°45'44.5"W,
12.1.2015, Malaise trap 1II, 18, INPA; idem, but except 28.1.2015, Malaise trap 1II,
14, INPA.

Discussion

During the last 30 years, the Darwin wasp fauna of some Neotropical countries (i.e.
Brazil, Costa Rica, and Peru) have been sampled in more detail. These studies have
revealed a very high species richness and a plethora of new taxa from many parts of the
region (e.g. Gauld 1991; Sidksjirvi et al. 2004; Veijalainen et al. 2012). However, most
parts of the Neotropical region have remained understudied.
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0.5 mm

Figure 10. Pimpla tomyris Schrottky, 1902 A Q, habitus, lateral view B &, habitus, lateral view C @,
face, frontal view D @, metasoma, dorsal view E @, metasoma, ventral view (arrow pointing to lateroter-

gite V) F @, ovipositor apex.

Uruguay’s biodiversity knowledge is still very fragmentary (Aldabe et al. 2008) and
this is also shown by the genus Pimpla. Before of our study, only four species of Pimpla
were known from the country: P cyanipennis Brullé, 1846; P golbachi (Porter, 1970);
P, patirrufa nom. nov.; and P romyris Schrottky, 1902 (Yu et al. 2016). Here, we have
doubled the species richness of Pimpla in Uruguay. All known Uruguayan species are
also widely distributed in South America or the Neotropical region in general. Pimpla
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T D T

Figure 11. Distribution of Pimpla spp. in Uruguay A P albomarginata Cameron, 1886 B P caerulea
Brullé, 1846 C P, cyanipennis Brull¢, 1846 D R golbachi (Porter, 1970) E P perssoni Gauld, 1991 F R pat-
irrufa nom. nov. G P semirufa Brullé, 1846 H P tomyris Schrottky, 1902. Gray area = Rocha Department.

Red circle = previous record. Blue circle = new record.
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species are moderately large and strong-flying insects, which explains their wide distri-
bution over vast regions.

We hope that this study draws more attention to Uruguay’s apparently rich, but
very little-known, Darwin wasp fauna.

Acknowledgements

We thank reviewers for their critical reviews and suggestions on this manuscript. We
are grateful to Instituto Nacional de Investigacién Agropecuaria — INIA Uruguay
(FPTA n° 312/edital 2012) and to the Invertebrate Collection of Instituto Nacional de
Pesquisas da Amazonia (INPA) for the use of its imaging equipments. We also thank
Claire Villemant and Agniéle Touret-Alby from Muséum national d’Histoire naturelle
(Paris), for permitting us to use the digital images of species Pimpla cyanipennis, which
were taken by Christophe Hervé. We would also like to thank the “Funda¢io de Am-
paro a Pesquisa do Estado do Amazonas” (FAPEAM), Edital no. 030/2013 — Univer-
sal Amazonas (process no. 062.00770/2015); Edital Universal — Chamada MCTIC/
CNPq no. 28/2018 (process no. 432933/2018-2), and the “Programa de Capacitacio
Institucional” — PCI/CNPq (process no. 312879/2019-9). This study was financed
in part by the Coordenagio de Aperfeicoamento de Pessoal de Nivel Superior — Brasil
(CAPES), Finance Code 001 (D.G. Pidua).

References

Aldabe J, Bartesaghi L, Blanco D, Brazeiro A, Calvar M, Garcia G, Tagliani LG, Gonzilez EM,
Rivas M, Scarlato G, Soutullo A (2008) Capitulo 4: Biodiversidad. In: CLAES PNUMA,
DINAMA (Eds). GEO Uruguay: informe del estado del ambiente. Grifica Mosca, Mon-
tevideo, 178-239.

Avalos S, Mazzuferi V, Berta C, La Porta N, Serra G (2011) Structure of the Parasitic Complex
of Colias lesbia (Lepidoptera: Pieridae) on Lucerne Crop, in Cérdoba, Argentina. Revista
Chilena de Entomologia 36: 15-24.

Brullé MA (1846) Tome Quatri¢me. Des hyménoptéres. Les ichneumonides. In: Lepeletier de
Saint-Fargeau A (Ed.) Histoire Naturelles des Insectes. IV. Paris, 56-324.

Coulson JR, Fuester RW, Schaefer PW, Ertle LR, Kelleher JS, Rhoads LD (1986) Exploration
for and importation of natural enemies of the gypsy moth, Lymantria dispar (L.) (Lepi-
doptera: Lymantriidae), in North America: an update. Proceedings of the Entomological
Society of Washington 88: 461-475.

Fernandes DRR, Pddua DG, Lara RIR, Perioto NW, Burla JP, Castiglioni E (2019) Subfamily
composition of Ichneumonidae (Hymenoptera: Ichneumonoidea) from eastern Uruguay.
Entomological Communications 1: ec01016. https://doi.org/10.37486/2675-1305.ec01016

Gauld ID (1991) The Ichneumonidae of Costa Rica I. Memoirs of the American Entomologi-
cal Institute 47: 1-589.



46 Diego G. Pddua et al. / ZooKeys 1007: 23-47 (2020)

Gauld ID, Wahl DB, Broad GR (2002) The suprageneric groups of the Pimplinae (Hyme-
noptera: Ichneumonidae): a cladistic re-evaluation and evolutionary biological study.
Zoological Journal of the Linnean Society 136: 421-485. https://doi.org/10.1046/j.1096-
3642.2002.00031.x

Gauld ID, Gémez JAU, Hanson PS (1998) Guia de los Pimplinae de Costa Rica (Hymenop-
tera: Ichneumonidae). Revista de Biologfa Tropical 46: 1-189.

Horstmann K (2001) Ichneumonidae. In: Dathe HH, Taeger A, Blank SM (Eds) Verzeichnis
der Hautfliigler Deutschlands (Entomofauna Germanica 4). Entomolische Nachrichten
und Berichte (Dresden), Bicheft 7: 69-103.

International Commission on Zoological Nomeclature (1945) International Commission on
Zoological Nomeclature. Nature 155: 751-752. https://doi.org/10.1038/155751c0

International Commission on Zoological Nomeclature (1999) International Code of Zoologi-
cal Nomeclature. London, International Trust for Zoological Nomeclature. Fourth Edi-
tion. The International Trust for Zoological Nomenclature, London, 306 pp.

Klopfstein S, Santos BE Shaw MR, Alvarado M, Bennett AM, Pos DD, Giannotta M, Herrera-
Florez AF, Karlsson D, Khalaim AI, Lima AR, Miké I, Siiksjirvi IE, Shimizu S, Spasojevic
T, van Noort S, Vilhelmsen L, Broad GR (2019) Darwin wasps: a new name heralds re-
newed efforts to unravel the evolutionary history of Ichneumonidae. Entomological Com-
munications 1: ec01006. hetps://doi.org/10.37486/2675-1305.ec01006

Ozebek H, Coruh S (2012) Larval parasitoids and larval diseases of Melacosoma neustria L.
(Lepidoptera: Lasiocampidae) detected in Erzurum Province, Turkey. Turkish Journal of
Zoology 36(4): 447-459. https://doi.org/10.3906/z00-1104-12

Pidua DG, Araujo RO, Mazariegos LA (2019) Pimpla Fabricius (Hymenoptera: Ichneumoni-
dae: Pimplinae) from Colombia. Zootaxa 4683(3): 439-446. https://doi.org/10.11646/
zootaxa.4683.3.8

Sddksjarvi IE, Haataja S, Neuvonen S, Gauld ID, Jussila R, Salo J, Burgos AM (2004) High
local species richness of parasitic wasps (Hymenoptera: Ichneumonidae; Pimplinae and
Rhyssinae) from the lowland rainforests of Peruvian Amazonia. Ecological Entomology
29(6): 735-743. https://doi.org/10.1111/j.0307-6946.2004.00656.x

Porter CC (1970) A revision of the South American species of Coccygomimus (Hymenoptera,
Ichneumonidae). Studia Entomologica 13: 1-192.

Quicke DLJ (2015) The Braconid and Ichneumonid Parasitoid Wasps: Biology, Sys-
tematics, Evolution and Ecology. Wiley Blackwell, Chichester, 688 pp. https://doi.
org/10.1002/9781118907085

Shorthouse DP (2010) SimpleMappr, an online tool to produce publication-quality point
maps. http://www.simplemappr.net/ [Accessed on: 2020-7-6]

Townes H (1961) Some ichneumonid types in European museums that were described from
no locality or from incorrect localities (Hymenoptera). Proceedings of the Entomological
Society of Washington 63: 165-178.

Townes H (1969) The genera of Ichneumonidae, part 1. Memoirs of the American Entomo-
logical Institute 11: 1-305. https://doi.org/10.1007/BF02027741

Townes H, Townes M (1966) A catalogue and reclassification of the Neotropic Ichneumonidae.
Memoirs of the American Entomological Institute 8: 1-367.



Pimpla from Uruguay 47

Veijalainen A, Wahlberg N, Broad GR, Erwin TL, Longino JT, Siiksjirvi IE (2012) Unprec-
edented ichneumonid parasitoid wasp diversity in tropical forests. Proceedings of the Royal
Society B 279: 4694-4698. https://doi.org/10.1098/rspb.2012.1664

Watanabe K, Matsumoto R (2019) Review of the Genus Pimpla Fabricius, 1804 (Hymenop-
tera: Ichneumonidae, Pimplinae) from Japan. Japanese Journal of Systematic Entomology
25(2): 217-224.

Yu DS, van Achterberg C, Horstmann K (2016) World Ichneumonoidea 2015: Taxonomy,
Biology, Morphology and Distribution. Taxapad 2016. Database on flash-drive.

Zwakhals CJ (2005) Pimpla processioneae and P rufipes: specialist versus generalist (Hymenop-
tera: Ichneumonidae, Pimplinae). Entomologische Berichten 65(1): 14-16.






A peer-reviewed open-acc journal 1

ZooKeys 1007: 49-84 (2020)

doi: 10.3897/zookeys.1007.55543 RESEARCH ARTICLE $ZOOI<€V

https://zookeys.pensoft.net Launched to accelerate biodiversity research

Revision of the endemic Afrotropical genus Tetractenion
(Hymenoptera, Ichneumonidae) with an identification
key to genera of Banchinae for the region

Terry Reynolds Berry'?, Simon van Noort'?

| Research and Exhibitions Department, South African Museum, Iziko Museums of South Africa, PO. Box
61, Cape Town, 8000, South Africa 2 Stellenbosch University, Department of Botany and Zoology, Evolution-
ary Genomics Group, Private Bag X1, Stellenbosch 7602, South Africa 3 Department of Biological Sciences,
University of Cape Town, Private Bag, Rondebosch, 7701, South Africa

Corresponding author: Simon van Noort (svannoort@iziko.org.za)

Academic editor: B. Santos | Received 17 June 2020 | Accepted 19 November 2020 | Published 30 December 2020

http:/lzoobank.org/7714460F-00AB-465F-BB48-5127F4FD3EAC

Citation: Reynolds Berry T, van Noort S (2020) Revision of the endemic Afrotropical genus Tezractenion
(Hymenoptera, Ichneumonidae) with an identification key to genera of Banchinae for the region. ZooKeys 1007:
49-84. https://doi.org/10.3897/z00keys.1007.55543

Abstract

The Afrotropical banchine fauna comprises 12 genera: Apophua Morley, Atropha Kriechbaumer,
Cryptopimpla Taschenberg, Exetastes Gravenhorst, Glyptopimpla Morley, Himertosoma Schmiedeknecht,
Lissonota Gravenhorst, Sjostedtiella Szépligeti, Spilopimpla Cameron, Syzeuctus Forster, Tetractenion Seyrig,
and 7Zossinola Viktorov. A well-illustrated revised key to the genera using high definition images is pro-
vided, and the endemic Afrotropical genus Zetractenion is revised, previously represented by two described
species. Four new species are described: 77 ibayaensis sp. nov., 1. pascali sp. nov., T. pseudolutea sp. nov.,
and 7. rosei sp. nov. The first species-level identification key is provided for this rare genus. Based on mor-
phological attributes the hypothesis is presented that the species in this genus are probably nocturnal. All
images and online interactive Lucid keys are available at: www.waspweb.org and the associated underlying
data is made available as Suppl. materials 1, 2 LIF3 files to this paper for inter-exchange with other key
production software.
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Introduction

Banchinae is a cosmopolitan group of moderately small to large-sized parasitoid wasps
(Gauld et al. 2002). The group is usually well represented in all faunas and amongst the
most commonly collected of all ichneumonids (Gauld et al. 2002; Broad et al. 2011).
There are roughly 1800 described species and 66 genera of Banchinae currently rec-
ognized (Khalaim and Ruiz-Cancino 2012; Watanabe and Maeto 2012, 2014; Broad
2014; Choi et al. 2015; Reynolds Berry and van Noort 2016; Herrera-Florez 2017;
Vas 2017; Watanabe 2017, 2018, 2020; Kasparyan and Kulitzky 2018; Li et al. 2018;
Sheng et al. 2018; Watanabe and Sheng 2018; Kang et al. 2019, 2020; Yu et al. 2020).
With the banchine fauna poorly known for many areas of the world, and a number of
undescribed genera and species from tropical regions preserved in museum collections,
the number of species is certainly far greater (Broad et al. 2011).

Most Banchinae can be readily diagnosed by the following characters: 1) a sub-
metapleural carina anteriorly generally expanded into a lobe; 2) an arched posterior
transverse carina of the propodeum; and 3) a dorsal apical notch on the ovipositor
(Wahl and Sharkey 1993; Broad et al. 2011). “However, some or all of these char-
acters do not apply to aberrant genera and species” (Broad et al. 2011) and there-
fore these morphological characters cannot be classified as synapomorphies for the
Banchinae. An additional two apomorphies were later proposed (Gauld and Wahl
2000; Broad et al. 2011): firstly, the subapical flagellomeres of female antennae pos-
sess elongate placoid sensilla only on the dorsal surface, with smaller, rounded sensilla
on the ventral surface; and secondly, the posterior corner of the pronotum is rounded,
slightly twisted and flattened. While within the Ophioniformes group (Ophioninae,
Ctenopelmatinae, Banchinae, Mesochorinae, Nesomesochorinae, Metopiinae, Cam-
popleginae, Tatogastrinae, Cremastinae, Tersilochinae, Anomaloninae, Neorhacodi-
nae, Oxytorinae, Stilbopinae, Sisyrostolinae, and Lycorinae; Gauld 1985; Wahl 1991,
1993; Quicke et al. 2009) these two characters are phylogenetically informative, it
has been established that they are not synapomorphic for the subfamily Banchinae
(Broad et al. 2011).

Morphologically, Banchinae can be subdivided into three tribes namely Banchini,
Glyptini, and Atrophini (Townes and Townes 1973; Yu et al. 2020). In addition to
having very short ovipositors, Banchini differs from the other tribes by having eight
or more sensilla on the larval prelabium (Quicke 2015). Atrophini possess a reduced
hypostoma (Quicke 2015) and Glyptini share similar modifications on the metasoma
with Lycorina and some Pimplinae taxa, in that taxa within Glyptini typically possess
triangular areas on tergites II-1V, delimited by paired, lateromedian grooves (Shimizu
2019), though the precise pattern of grooves differs in the former taxa. Given that Pim-
plinae and Lycorininae are distantly related subfamilies to Banchinae (Bennett et al.
2019), the similarity of these structures is likely to be the result of analogous character
states that appear similar as a result of convergence.

Within the Afrotropical region, the subfamily comprises 12 generaand 187 described
species: Apophua Morley, Atropha Kriechbaumer, Crypropimpla Taschenberg, Exetastes
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Gravenhorst, Ghpropimpla Morley, Himertosoma Schmiedeknecht, Lissonota Graven-
horst, Sjostedtiella Szépligeti, Syzeuctus Forster, Spilopimpla Cameron, Tetractenion Sey-
rig, and 7ossinola Viktorov. A dichotomous identification key to banchine genera with-
in the Afrotropical region was last produced by Townes and Townes (1973), providing
the most comprehensive taxonomic treatment to date. Nevertheless, the generic key is
outdated and not supported with applicable illustrations of character states. Subsequent
to this treatment, the genus Glypropimpla was removed from synonymy with 7eleutaea
Forster and re-instated as a valid genus and as a senior synonym of Zygoglypta Momoi
and Orientoglypra Kuslitzky (Gupta 2002).

Tetractenion, placed in the tribe Banchini, is a very rare genus restricted to the
Afrotropical region (Townes 1969; Yu et al. 2020). Until now, Zezractenion included
only two species, 7. luteum Seyrig, recorded from continental central Africa (Demo-
cratic Republic of Congo and Kenya) and 7. acaule Seyrig, recorded from Madagascar
(Seyrig 1932, 1935). The purpose of this paper is to revise the genus Zetractenion, and
to provide well-illustrated updated keys to the genera of Banchinae in the Afrotropi-
cal region, and to the species of Zetractenion. Online Lucid keys are available on www.
waspweb.org and the associated underlying data is made available as Suppl. materials
1, 2: LIF3 files to this paper for inter-exchange with other key production software.

Materials and methods

Photographs

Specimens were either pinned or point mounted on black, acid-free cards for examina-
tion (using a Leica M205C stereomicroscope with LED light source), photography,
and long-term preservation. Images were taken using the Leica LAS 4.4 system which
comprised a Leica Z16 microscope with a Leica DFC450 Camera with a 0.63x video
objective attached. The imaging process, using an automated Z-stepper, was managed
using the Leica Application Suite V 4.4 software installed on a desktop computer.
Diffused lighting was achieved using a Leica Dome. Images of the types held in Mu-
sée Royal de I'Afrique Centrale, Tervuren (RMCA) were kindly made available by
Stéphane Hanot and Arnaud Henrard and those in the Muséum national d’Historie
naturelle, Paris (MNHN) were kindly made available by Agni¢le Touret-Alby. All im-
ages presented in this paper are available at www.waspweb.org (van Noort 2020).

Depositories

Codens follow Arnett et al. (1993), and updated according to the online version
http://hbs.bishopmuseum.org/codens/

NHMUK The Natural History Museum, London, England (Gavin Broad);
MNHN  Muséum national d’Historie naturelle, Paris (Agni¢le Touret-Alby);
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RMCA  Musée Royal de 'Afrique Centrale, Tervuren (Stéphane Hanot);

SAMC Iziko South African Museum, Cape Town, South Africa (Simon van Noort);

CASC California Academy of Sciences, San Francisco, United States of America
(Robert Zuparko).

Nomenclature and abbreviations

The morphological terminology follows Wahl and Sharkey (1993), but the wing vena-
tion nomenclature follows Gauld (1991). Most morphological terms are also defined
on the HymAToL website (http://www.hymatol.org) and HAO website (http://portal.
hymao.org/projects/32/public/ontology/). The following morphometric abbreviations
are used (in order of appearance in the descriptions):

A antenna length, from base of scape to flagellar apex (mm);

B body length, from toruli to metasomal apex (mm);

CT  (clypeus transversality index): maximum width of clypeus: median height;
F fore wing length, from tegula to wing apex (mm);

Fl  (length index of flagellomere n): length: width of flagellomere n;

IO  (inter-ocellar index): shortest distance between posterior ocelli: ocellus diameter;

ML  (malar space length index): malar space (shortest distance between mandible
base and compound eye): basal mandibular width;

OO (oculo-ocellar index): shortest distance between eye and posterior ocellus: ocellus
diameter;

OT  (ovipositor sheath-tibia index): length of ovipositor sheath: length of hind tibia.

The first three measurements (absolute measures) were measured on all specimens
in the type series, with measurements from the primary type reported separately in
brackets if necessary.

Identification keys

Identification keys were produced in two formats to facilitate accessibility by a range
of end-users and to meet the requirements of publishing both static and dynamic
interactive keys under an open access model (Penev et al. 2009; Sharkey et al. 2009):
1. Traditional dichotomous keys these are published below and also made available as
interactive keys supported by links to species pages on www.waspweb.org; 2. Online
interactive Lucid matrix keys were produced, hosted on www.waspweb.org, and made
available as Suppl. materials 1, 2: LIF3 files to this paper for import to, and inter-
exchange with other key production software. The LIF3 file is an XML-based file that
stores all the Lucid4 key data, allowing exchange of the key with other key developers
(Penev et al. 2009; Sharkey et al. 2009). In contrast to dichotomous keys where a
choice needs to be made at each key couplet to continue, Lucid matrix keys use a dif-
ferent approach where relevant states from multiple character features can be selected
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independently until identification is achieved (www.lucidcentral.org). All keys were
produced using high quality annotated images, highlighting diagnostic characters that
are integrated into the key above each couplet. This is a user-friendly output making
the keys readily accessible to a wide range of users with diverse expertise. This key
format circumvents the requirement of familiarity with morphological terminology
associated with the particular group, because the characters are visually illustrated
making the keys usable by the lay person (van Noort et al. 2015).

Results

Key to Banchinae genera of the Afrotropical region

1 Tergites II-IV with a median pair of (usually) deep oblique grooves that con-
verge anteriorly and diverge posteriorly (A); Cul longer than cu-a, such that
Cu?2 arises below middle of these combined veins (nervellus of Townes) (B)...2

- Tergites II-IV without a median pair of oblique grooves (a); Cul often longer
than cu-a, but may be shorter (b)......ccoveiniinniiiniiicccce, 4
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2 Occipital carina strongly curved before junction with hypostomal carina (A);
areolet open, i.e., vein 3rs-m absent (B) ....cccoccevieiiiniininiinccnn Apophua

Areolet
closed

- Occipital carina without a strong curve before junction with hypostomal ca-
rina (a); areolet closed (B)......iivuiieiiiiie e 3

Malar space
0.5-0.8x as long

: 4 \ Epomia _
as‘ga;al mandilbular # long and P
widt 7 strong \

®

3 Malar space 0.5-0.8x as long as basal width of mandible (A); epomia long
and strong (B) ....c.ccovvviiiiiiicc e Glyptopimpla
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- Malar space 1.4-2.5x as long as basal width of mandible (a); epomia usually
absent or indistinct, only represented as a short wrinkle (b) ...... Sjostedtiella

4 Hind wing with Cul longer than cu-a such that Cu2 arises below the middle
of these combined veins (nervellus of Townes), Cu2 rarely absent (A); fore
wing with 3rs-m sometimes lacking, shape of areolet when closed various (A);
mesopleuron usually wider than high (B)......ccccooiiiiiniin, 5

Areolet
rhomboidal

- Hind wing with Cul shorter than cu-a such that Cu2 arises above the middle
of these combined veins (nervellus of Townes) (a); fore wing with 3rs-m always
present, areolet thomboidal (a); mesopleuron usually higher than wide (b)...11
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5 Occipital carina joining hypostomal carina at base of mandible (A); epomia
usually present (B); propodeal spiracle elliptic (C) .....ccccvverrennnene Syzeuctus

Spiracle at or
behind middle

Glymma Propodeum

absent lacking apical}
& pleural carin

6 Tergite I with anterior half slender, less than half as wide as posterior margin
(A); glymma absent (B); with its spiracle at or behind middle (A, B); propo-
deum lacking carinae (C); propodeal spiracle elongate (C)............... Atropha

- Tergite I with anterior half about or more than half as wide as posterior mar-
gin (a); glymma present (a); with its spiracle in front of middle (a, b); propo-
deum usually with either an apical transverse carina or pleural carina, or both

(c); propodeal spiracle usually circular to elongate (€) ...oeeveuevririiicicncnnnne. 7
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Simple tarsal claw
with single
basal tooth

7 Apex of submetapleural lobe tooth-like (A); tarsal claws simple with a single
basal tooth above (B); areolet open (C); occipital carina broadly interrupted
ADOVE 1o Tossinola

Tarsal claws
simple or pectinate

© —— W o - TN
- Apex of submetapleural lobe rounded (a); tarsal claws simple or pectinate (b);
areolet open or closed (c); occipital carina complete.......cccovreiniicinieennn 8

= Lo

8 Apical 0.3-0.4 of flagellum tapered to a slender apex (A); ovipositor sheath
0.6-1.2x as long as hind tibia (B) ......ccccoveiiiiiniiiiiiccce 9
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- Flagellum not tapered at the apex (a); ovipositor sheath usually more than
1.4x as long as hind tibia (b).....cccceoevirieiniiiiiiiiiiccccce 10

@ > e © %

9 First tergite evenly and rather strongly narrowed anteriorly , about half as
wide as posterior margin (A); areolet always truncate-shaped (B); ovipositor
Cryptopimpla

- First tergite stout, only moderately narrowed anteriorly, more than half as
wide as posterior margin (a); areolet always open (b); ovipositor 0.8—1.2x as

long as hind tibia (€) ...c.eeovrererieieeiireeccee e .Spilopimpla
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10 First tergite nearly always with longitudinal striae (A); areolet open (B) ........
............................................................................................... Himertosoma

iae absent

- First tergite rarely covered with longitudinal striae (a); areolet closed or some-
times lacking (B) .....ovoveveuiiiiriicciiiecce e Lissonota

11 Occipital carina joining hypostomal carina above base of mandible (A); oviposi-
tor sheath short to long, 0.14-1.8x as long as hind tibia (B); mandibular teeth
usually subequal in length (C); apical clypeal margin normal (C)....... Exetastes
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- Occipital carina joining hypostomal carina at base of mandible (a); ovipositor
sheath always short, 0.1-0.2x as long as hind tibia (b); lower tooth of mandible
always longer than upper tooth (c); clypeus apically invaginated (c) .. Tetractenion

Details of morphological characters that were used to update the key to
Afrotropical banchine genera

1. Occipital carina with strong curve prior to meeting hypostomal carina: this
character (couplet 1A), although noted in the global generic key by Townes (1969),
was not included in the previously published generic key to Afrotropical Banchinae
(Townes and Townes 1973). This is a strong and reliable character distinguishing
Apophua from the remaining Glyptini genera, Sjostedtiella and Glyptopimpla.

2. Shape of the areolet when closed: the shape of the areolet has been found to be
a useful character to separate the tribes/genera. When distinguishing the tribes Atro-
phini and Banchini, the areolet in Exetastes and Tetractenion is always large and rhom-
boidal with a very short stalk, whereas in those Atrophini that possess an areolet it is
always small, but variably shaped (couplet 4A, a). An anteriorly truncate areolet (cou-
plet 9B, veins 2rs-m and 3rs-m meeting RS separately) present in many Crypropimpla
species has been reported (Townes 1969; Sheng 2011; Takasuka et al. 2011) to be
a character state that is constant for all Afrotropical Crypropimpla species (Reynolds
Berry and van Noort 2016). In Syzeuctus and Atropha, the areolet is triangular with a
long stalk and in Lissonota the areolet, when closed, is nearly always petiolate (i.e., dor-
sal aspect pointed, veins 2rs-m and 3rs-m meet before RS, couplet 10¢; Townes 1969).

3. Mesopleuron compressed in Exetastes Group: Tetractenion and Exetastes species
have stocky bodies with the mesopleuron laterally compressed (higher than wide) and
often flat whereas in Atrophini the mesopleuron is usually wider than high (dorso-
ventrally compressed, couplet 4B, b).

4. Distinguishing 7ossinola: the length of the ovipositor sheath relative to the hind
tibia has previously been used as an additional character to separate Zossinola from the oth-
er Afrotropical genera in the tribe Atrophini where the areolet is open (Townes and Townes
1973). However, the relative lengths overlap across Lissonota, Crypropimpla and Tossinola
species, making it an unreliable character to separate these genera. While a medially, broad-
ly interrupted occipital carina is still the most diagnostic character for the genus Zossinola,
another useful character is the state of the apex of the submetapleural carinae: tooth-like in
Tossinola (Townes 1969) but rounded in the other Afrotropical banchine genera.
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5. Flagellum apically tapered: as observed by Townes (1969), the flagella of the
genera Lissonota and Himertosoma are not, or may only be weakly, apically tapered. For
Crypropimpla and Spilopimpla species, the flagella are tapered to a slender apex (couplet
8 A, a; Townes 1969; Reynolds Berry and van Noort 2016).

6. Distinguishing Crypropimpla: all Afrotropical Crypropimpla possess a first tergite
that is evenly and rather strongly narrowed toward the base (couplet 9A; Reynolds Berry
and van Noort 2016). In addition, the ovipositor sheath ca. 0.6x as long as the hind tibia
is diagnostic of Cryptopimpla species (couplet 9C; Reynolds Berry and van Noort 2016).

7. Distinguishing Himertosoma from Lissonota: the absence of a crease separating
the fifth laterotergite from the fifth metasomal tergite has been suggested as the single
defining character that separates Himertosoma from Lissonota (couplet 10A, a; Wata-
nabe and Maeto 2012). However, this does not appear to be a defining character for
Afrotropical Lissonota species as the absence/presence of the crease varies within and
among species. Given that the areolet can also sometimes be open in Lissonota species,
assessment of the sculpture of the first metasomal tergite is required to separate Lis-
sonota from Himertosoma. Himertosoma species nearly always have longitudinal striae
present whereas Lissonota species rarely possess either strong punctures or longitudinal
striae (couplet 10B, b; Townes 1969).

8. Length of the mandibular teeth: in the global description of the genus Exetastes
by Townes (1969), he noted that the length of the lower mandibular tooth relative to
the upper could be either equal or slightly longer/shorter. “Slightly” is a poor character
description, especially concerning mandibular teeth, which wear out throughout the
wasp’s life. In the description of the genus, based on Costa Rican species, by Gauld
etal. (2002), all species had equal mandibular teeth. Relative length of the mandibular
teeth is a more reliable character, if one of the teeth is markedly longer or shorter. For
example, in Afrotropical Crypropimpla the upper tooth is distinctly longer than the
lower tooth (Reynolds Berry and van Noort 2016). Similarly, it has been previously
noted (Townes 1969), and further corroborated during this revision of Zetractenion,
that the upper mandibular tooth is distinctly shorter in all species, making it a diag-
nostic feature for the genus. While most Afrotropical Exezastes have equal mandibu-
lar teeth, Exetastes discretus (Morley 1917) and an undescribed species in SAMC has
mandibles with the lower tooth distinctly longer than the upper. This warrants further
investigation, because these two genera are closely related, as they both form part of
the Exetastes group. This character may represent a transition between the two genera.

9. Clypeus apically invaginated: this is a diagnostic feature of Zetractenion, while
in Afrotropical Exetastes, as has been observed in other species, the clypeal edge is con-
vex or straight, without a median indentation (Gauld et al. 2002).

Tetractenion Seyrig, 1932

Tetractenion Seyrig, 1932, Mém. Acad. Malgache 11: 167. Type: Tetractenion acaule
Seyrig. Monobasic.
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Diagnosis (updated from Townes 1969). Fore wing 6.4—10 mm long. Body of mod-
erate proportions, the hind legs long. Frons unarmed. Head with three lobes on the
face, tentorial pits deep; clypeus small, laterally convex with declivity, apically invagi-
nated, with clypeal edge convex. Antennae long and slender, apically tapered. Teeth of
mandible both triangular, the lower tooth longer than the upper tooth. Labium not
elongate. Occipital carina joining hypostomal carina at the base of mandible. Epic-
nemial carina present and ending at anterior edge of mesopleuron. Apex of scutellum
rounded, notauli present. Propodeum weakly convex, often with transverse wrinkling
and with a posterior transverse carina and lateral longitudinal carinae present, but
faint or reduced. Pro-and meso-tarsal claws pectinate to apex, meta-tarsal claws pecti-
nate or simple. Areolet is often large and rhomboidal with a short stalk, receiving 2m-
cu at center. Fore wing with cu-a opposite 1A or a little distad, ramellus present or
absent on 1m-cu. Hind wing with Cul shorter than cu-a such that Cu2 arises above
the middle of these combined veins. Metasomal tergite I without dorsolateral carinae.
Epipleura of tergites I and III ca. 0.15x as wide as long. Posterior third of metasoma
moderately laterally compressed. Ovipositor sheath ca. 0.1-0.2x as long as hind tibia.

Biology. Unknown.

Distribution. Angola, Cameroon, Democratic Republic of Congo, Kenya, Mada-
gascar, Namibia, Nigeria, South Africa.

Species richness

1" acaule Seyrig, 1932
1 ibayaensis sp. nov.
1" luteum Seyrig, 1932
1. pascali sp. nov.

1. pseudolutea sp. nov.
1 rosei sp. nov.

Key to Afrotropical species of the genus Tetractenion

< 7o) e @ . it e e ”" b“ »
1 Metasomal tergite I distinctly dorso-medially compressed, tergites IV-VIII
white where weakly sclerotized (A); keels distinctly raised on mesoscutal lobes

(B); notauli abbreviated, not reaching the scutellum...................... T. acaule
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- Metasomal tergite I with dorso-medial compression weak or absent, tergites
IV-VIII strongly sclerotized (a); keels only slightly raised on mesoscutal lobes
(b); notauli present, posteriorly meeting before reaching the scutellum.......2

2 Metasomal tergite I stout, ca. as long as wide in dorsal view (A); pits on the
mesopleuron and propodeum are large and deep (B).... T. ibayaensis sp. nov.

- Metasomal tergite I elongate, ca. 2x as long as wide in dorsal view (a); pits on
the mesopleuron and propodeum shallow (b) .....ccooveeviiiiniiniiiniee, 3
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Wings with dense
microtrichia, venation
dark brown

3 Hind tarsal claw simple (A); wings with dense microtrichia, venation dark

(B ettt ettt eeraeeaeeens T. luteum

Wings with sparse
microtrichia,
venation

pectinate /
yellow-brown 277

\ Hind tarsal claw

- Hind tarsal claw pectinate (a); wings usually with sparser microtrichia, vena-
tion usually yellowish-brown (b) ......cccovveineiniciniiniicccce, 4
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- ML 0.7-0.9 (a); head dark purplish-brown or reddish, contrasting with yel-
L1ow DOy (D) ceeeeeiiieiceec s 5

5 Pronotal collar with strong carina present (A); head reddish and less robust,
face weakly three lobed (B) ..c.ccovveiviiiiiiiiniciiciccce T rosei sp. nov.

robust

N ; (b) £ ;i i

- Pronotal collar weakly wrinkled (a); head dark purplish-brown and more ro-
bust, face strongly three-lobed .........coeeiiiiinniiine. T. pascali sp. nov.
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Species descriptions

Tetractenion acaule Seyrig, 1932
Fig. 1

Type material. Lectotype @: Mapagascar, Rogez, Forét Cote Est, Muséum Paris,
1.31. A. Seyrig, EY9333, [ White label with TYPE written in red] [Red type label]: Lec-
totype @ Tectractenion acuale, Seyrig, 1932, designated by Townes and Townes (1973),
labeled by T. Yoshida, 2011 (MNHN) (photos of Lectotype examined: http://coldb.
mnhn.fr/catalognumber/mnhn/ey/ey9333). Non-type G (examined): MADAGASCAR,
Bekily, Reg. Sud. de Lile, Feb 1930 and Jan—Feb 1931, Coll. Mus. Congo, Col. PL.G.
Benoit, Tectractenion acuale, det. PL.G. Benoit, 1953 (RMNH). Additional mate-
rial. @: Mapacascar: Majunga Prov., Besalampy District, Marofototra dry forest,
17 km W of Besalampy, 4—11 February 2008, 16°43.30'S, 44°25.42'E, coll. M. Irwin,
R. Harin'Hala, Malaise, dry wash in forest, elev. 170 ft MG-42A-20 (CASC).

Differential diagnosis. 7etractenion acaule is immediately distinguishable from all
other Zetractenion species by its unique color combination of a red mesosoma and a
mostly black metasoma; distinct keels are present on outer mesoscutal lobes, the no-
tauli do not reach the scutellum; metasomal tergite I has a distinct medial compression
in the dorso-ventral view, tergite II have distinct gastrocoeli, and tergites IV-VIII are
dorso-posteriorly weakly sclerotized, appearing as large membranous white areas on
the dorsal surface. Zetractenion acaule closely resembles 7. ibayaensis as both species are
similar in color, having largely fulvous bodies with a white face and the hind femur
infuscate, whereas the remaining 7Zetractenion species are largely yellow in color with
yellow hind femora. Zétractenion acaule can easily be distinguished from 77 ibayaensis
by having a white gena and weakly sclerotized metasomal tergites IV-VIII; the head
is narrow, straight behind the eyes; a distinct carina is present on the pronotal collar;
distinct keels are present on the outer mesoscutal lobes, with the notauli not reaching
the scutellum; pits on the mesopleuron and propodeum are shallow; metasomal tergite
I is distinctly dorso-medially compressed; gastrocoeli on tergite II are distinct; tergites
IV-VIII are postero-dorsally weakly sclerotized and white; and tarsal claws on the
hind leg are simple. In 7 ibayaensis the gena is brown and tergites IV-VIII are strongly
sclerotized; the head is rounded behind the eyes; with no more than a wrinkle present
on the pronotal collar; the mesoscutal lobes are hardly present, the notauli reach the
scutellum; pits on the mesopleuron and propodeum are deep; metasomal tergite I is
stout and indistinctly dorso-ventrally compressed in the medial region; gastrocoeli on
tergite II are indistinct; and tarsal claws on the hind legs are pectinate.

Description (updated from Seyrig 1932). Size 9—11 mm. Color: head white with
a large black central area on occiput, reaching eyes on vertex and pointed on frons; an-
tenna black, without pale ring; mesosoma red; metasomal tergites I and II red, though
tergite II sometimes brownish, following tergites black with large membranous white
areas from tergite IV; legs red, hind femur, tibia and tarsus infuscate; wings with sparse
microtrichia, venation brown, pterostigma brown and centrally translucent reddish.
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Figure 1. Tetractenion acaule Lectotype (MNHN) A habitus, lateral view B habitus, dorsal view € head,
anterior view D data labels. Photographs of lectotype RECOLNAT (ANR-11-INBS-0004) — Christophe
Hervé — 2014. http://coldb.mnhn.fr/catalognumber/mnhn/ey/ey9333 (used with permission of Agnicle
Touret-Alby — Curator of Hymenoptera MNHN).

Head narrow, straight behind eyes; occiput deeply and angularly excavated, occipi-
tal carina strong, extending to lower gena at base of mandible; eyes very large; malar
space almost half as long as mandibular basal width; face and clypeus finely, evenly and
rather sparsely punctate on a shiny background; face with three lobes, tentorial pits
deep; clypeus small, laterally convex with declivity, apically invaginated, with clypeal
edge convex; mandibular teeth triangular, lower tooth longer than upper tooth; an-
tenna long, slender and apically tapered.

Mesosoma stout; mesonotum deeply punctate, inter-punctuate spaces about as wide
as punctures, rather matt, but not coriaceous; keels distinctly raised on outer mesoscutal
lobes of mesoscutum, notauli abbreviated, not reaching the scutellum; apex of scutellum
rounded; pronotum shining with a distinct thickened carina on collar, sparsely and very
finely punctate; mesopleuron higher than wide, sparsely but more deeply punctate, spec-
ulum similarly punctate, background hardly shining, epicnemial carina ending at anterior
edge of mesopleuron; shallow pits on mesopleuron and propodeum; metapleuron matt
and deeply punctate; propodeum weakly convex, roughly punctate dorsally, punctate
posteriorly confluently grading into transverse wrinkles, posterior transverse carina re-
duced, lateral longitudinal carinae present but faint, spiracle roundish-elliptic and small.
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Metasoma hardly punctate at base of tergite II, indistinctly punctate beyond base;
tergite I elongate, more than twice as long as wide, tapered anteriorly, glymma present,
spiracle positioned slightly in front of middle and protruding, especially dorsally, with
a distinct medial depression dorso-ventrally; tergite II longer than wide or subquadrate
with gastrocoeli distinct; tergite I1I quadrate to transverse; metasomal tergites IV-VIII
moderately laterally compressed; ovipositor sheath concealed or hardly protruding.

Fore wing without ramellus on Rs-M vein; Rs hardly sinuate; areolet large and
quadrate with a short stalk receiving 2m-cu at center. Hind wing with Cul shorter
than cu-a such that Cu2 arises above the middle of these combined veins. Legs very
long; hind femur reaching beyond metasomal apex; length of tibia III plus tarsus III as
long as body; spurs of tibia III longer than half metatarsal length; tarsal claws on hind
leg simple.

Male hardly different: temples a bit less narrowed behind eyes, metasomal tergite
IT entirely black.

Distribution. Madagascar.

Tetractenion ibayaensis Reynolds Berry & van Noort, sp. nov.
http://zoobank.org/07849542-A5AB-42C4-80D1-95229B303561
Fig. 2

Type material. Holotype ©: Tanzania, Mkomazi Game Reserve, Ibaya Camp, north
west side, 3°57.91'S, 37°48.09'E, 22-24 April 1996, S. van Noort, Acacia/Commi-
phora/Combretum bushland, Yellow P. Trap, SAM-HYM-P019172 (SAMC).

Differential diagnosis. Zetractenion ibayaensis is immediately distinguishable from
other Zetractenion species by having a largely fulvous body and a white face, with
the occiput, gena and metasomal tergites IV-VIII dark brown to black, and the hind
tibia and tarsus infuscate. The clypeal and mandibular setae are long. The metasoma is
hardly laterally compressed with metasomal tergite I stout, being about as long as wide.
Pits on the mesopleuron and propodeum are visibly large and deep. In addition, the
clypeus is hardly apically invaginated and the propodeal spiracle is distinctly circular
and not circular-elliptical as in the other species.

The head is rounded behind the eyes distinguishing the species from 7. acaule and
1" pascali. The pronotal collar is no more than a wrinkle, separating the species from
1" acaule and T rosei. Pectinate tarsal claws on the hind legs separates the species from
1" acaule and T luteum. Metasomal tergites 1I and III are quadrate separating the spe-
cies from all other Zerractenion species except 1. acaule where tergites I and III are
sometimes subquadrate and quadrate, respectively; and T. luteum where tergite I is
quadrate. Sparse microtrichia on the wings distinguishes 7. ibayaensis from 1. luteum
and 7. pascali, and the pterostigma is brown separating the species from 7. luteum,
1 pascali, T. rosei, and T. pseudolutea.

Description. Body mostly fulvous; tibia and tarsus III brown; metasomal tergites
IV-VIII brown to nearly black; head with face and area around eyes white; frons and
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Figure 2. Tetractenion ibayaensis sp. nov. Holotype A habitus, lateral view B habitus, dorsal view € head,
anterior view D wing (inset: data labels).

occiput dark brown to near black; mandibles yellow with base and tips brown. Sparse
microtrichia on wings, venation and pterostigma brown.

Head rounded behind eyes; occiput deeply and angularly excavated, occipital ca-
rina strong, extending to lower gena at mandibular base; malar space half as long as
mandibular basal width; eyes very large; face and clypeus finely and evenly punctate
on a shiny background; face with three lobes, tentorial pits deep; clypeus small, later-
ally convex with declivity, apically invaginated, clypeal edge convex; mandibular teeth
triangular, lower tooth longer than upper tooth; clypeal and mandibular setae long;
antenna long, slender and apically tapered.

Mesosoma stout and deeply punctate on a shiny background; mesopleuron higher
than wide, epicnemial carina ending at anterior edge of mesopleuron; deep pits on the
mesopleuron and propodeum; pronotum moderately punctate on a shiny background
with no more than a wrinkle on collar; mesososcutal lobes hardly present on mesos-
cutum, notauli posteriorly meeting before reaching the scutellum; propodeum weakly
convex, posteriorly confluently grading into weak transverse wrinkles, posterior trans-
verse carina indistinct, lateral longitudinal carinae reduced, spiracle small and circular.

Metasoma with tergite I stout, tapered anteriorly, not distinctly dorso-ventrally
compressed in medial region, glymma present, spiracle positioned in front of mid-
dle and protruding, especially dorsally, hardly punctate dorso-laterally, metasoma
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indistinctly punctate beyond and shining; gastrocoeli on tergite II indistinct; tergites
IT and IIT quadrate, tergites IV=VIII only slightly higher than wide.

Fore wing without ramellus on Rs-M vein; areolet large and quadrate with a short
stalk receiving 2m-cu at center. Hind wing with Cul shorter than cu-a such that Cu2
arises above the middle of these combined veins. Legs very long; hind femur reaching
beyond metasomal apex, length of tibia III plus tarsus III as long as body; spurs of tibia
III longer than half metatarsal length; tarsal claws pectinate.

CT2.1; ML 0.5;10 1.6; OO 1.6; Fl1 4.3;0T7T0.2;B8.1mm;A8.1 mm;F6.4mm.

Etymology. Named after the type locality. Noun in apposition.

Distribution. Tanzania.

Tetractenion luteum Seyrig, 1935
Fig. 3

Type material. Holotype &' Nyeri, Kenva, June 1932 (MNHN). Paratype Q: Elizabeth-
ville, DEMocratic RepuBLIC OF CONGO, 4 January 1921, M. Bequaert, Det. PLG Be-
noit, 1952 (RMCA). Additional material. Q: SoutH Arrica, Eastern Cape, Pearston,
Plains of Camdeboo Game Reserve, 32°32.033'S, 25°14.267'E, 969 m, 30.x.2009-22.
ii.2010, S. van Noort, Malaise Trap, Camdeboo Escarpment Thicket, PCD09-ACA1-
M02, SAM-HYM-P047483 (SAMC). d, Q: Soutn Arrica, Eastern Cape, Asante
Sana Game Reserve, 32°16.762'S, 24°57.309'E, 1186 m, 6.x.2010-17.i.2011, S. van
Noort, Malaise Trap, Southern Karoo Riviere Riverine Woodland, ASA09-WOO1-
M18, SAM-HYM-P047487 (SAMC, NHMUK). &: Soutn Arrica, Eastern Cape,
Asante Sana Game Reserve, 32°16.762'S, 24°57.309'E, 1186 m, 7 Apr-28 July 2010, S.
van Noort, Malaise Trap, Southern Karoo Riviere Riverine Woodland, ASA09-WOO1-
M10, SAM-HYM-P047484 (SAMC). &: Soutn Arrica, Eastern Cape, Asante Sana
Game Reserve, 32°15.841'S, 24°57.091'E, 1354 m, 6.x.2010-17.1.2011, S. van Noort,
Malaise Trap, Camdeboo Escarpment Thicket, ASA09-BUS1-M17, SAM-HYM-
P047485 (SAMC). NamiBia, near Windhoek: a bush between kleine Kuppe and Aus
Born Mountains, A. Gumovsky, 23-25.xii.2011, SAM-HYM-P047488 (SAMC). J:
Exerastes sp. indet. In B.M. G.J. Kerrich det. 1958. Pres by Com Inst Ent BM 1960-3.
U.C. [Nigeria], Ibadan, 9.9.1953, Coll. G.H. Caswell, P49 (NHMUK).

Differential diagnosis. Zetractenion luteum is immediately distinguishable from
the other species in the genus as this species is the only yellow-colored Zetractenion
species to possess simple hind tarsal claws, and this character is consistent in both
sexes. The head is rounded behind the eyes, distinguishing the species from 7. acaule
and 7. pascali. The malar space nearly as long as the width of the base of the mandible
separates 1. luteum from 1. acaule, 1. pseudolutea, and 1. ibayaensis. The pronotal collar
is weakly wrinkled, separating the species from 7. acaule and 7. rosei. Metasomal tergite
IT is longer than wide and distinguishes the species from 7. ibayaensis; and a quadrate
tergite 111 separates 7. luteum from 1. pseudolutea, T. pascali, and T rosei. Furthermore,
1. pascali is the only other species that possess dense microtrichia on the wings.
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Figure 3. Tetractenion lutewm Holotype (MNHN) A habitus, lateral view B habitus, dorsal view € head,
anterior view D data labels. Photographs of holotype RECOLNAT (ANR-11-INBS-0004) — Christophe
Hervé — 2014. http://coldb.mnhn.fr/catalognumber/mnhn/ey/ey9334 (used with permission of Agnicle
Touret-Alby — Curator of Hymenoptera MNHN).

Description (updated from Seyrig 1935). Size 7.6-10.4 mm. Color: head yellow
with black marking on occiput to middle of frons, no contact with eyes on vertex;
meso- and metasoma, fore and mid legs uniformly yellow, hind leg mostly yellow with
shades of infuscation on tibia and tarsus infuscate; wings with dense microtrichia, ve-
nation brown, pterostigma yellow.

Head with temple short, rounded behind eyes; occiput deeply and angularly ex-
cavated, occipital carina strong, extending to lower gena at base of mandible; eyes
very large, malar space a bit shorter than width of mandibular base; face and clypeus
finely, evenly and rather sparsely punctate on a matt background; face with three lobes,
tentorial pits deep; clypeus small, laterally convex with declivity, apically invaginated,
with clypeus edge convex; mandibular teeth triangular, lower tooth longer than upper
tooth; antenna about as long as body, slender and apically tapered.

Mesosoma stout, matt to sub-polished; pronotum finely punctate on a sub-pol-
ished background, no more than a wrinkle present on pronotal collar; mesoscutum
moderately punctate, mesoscutal lobes hardly present, notauli posteriorly meeting
before reaching the scutellum; mesonotum and mesopleuron finely punctate; meso-
pleuron higher than wide, epicnemial carina ending at anterior edge of mesopleuron;
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shallow pits on mesopleuron and propodeum; propodeum weakly convex, matt to sub-
polished, moderately punctate posteriorly confluently grading into transverse wrinkles,
posterior transverse carina reduced, lateral longitudinal carinae present but faint, spira-
cle small and circular-elliptical.

Metasoma with a sub-polished background, anterior half of tergite I and dorso-lat-
eral region of tergite II hardly punctate, indistinctly punctate beyond base; tergite I twice
as long as wide, glymma present, tapered anteriorly, weak to indistinctly dorso-ventrally
depressed in the medial region, spiracle positioned in front of middle and protruding,
especially dorsally; tergite IT longer than wide, gastrocoeli indistinct; tergite III quadrate.

Fore wing with ramellus absent on Rs-M vein; areolet large and quadrate with
a short stalk receiving 2m-cu at center. Hind wing with Cul shorter than cu-a such
that Cu2 arises above the middle of these combined veins. Legs very long; hind femur
reaching beyond metasomal apex, length of tibia III plus tarsus III as long as body,
spurs of tibia III longer than half metatarsal length; fore and mid tarsal claws pectinate,
hind tarsal claws simple.

Distribution. Democratic Republic of Congo, Kenya, Namibia, Nigeria, and
South Africa.

Tetractenion pascali Reynolds Berry & van Noort, sp. nov.
http://zoobank.org/026D51D5-49D1-485A-BF2C-784C6EDS5F5F0
Fig. 4

Type material. Holotype $: Namisia, near Windhoek, between Mandume Nde-
mufayo Avenue and Western Bypass, 23.xii.2011, SAM-HYM-P047471 (SAMC).
Paratypes &'+ SoutH Arrica, Eastern Cape, Asante Sana Game Reserve, 32°16.762'S,
24°57.309'E, 1186 m, 23 Feb—7 April 2010, S. van Noort, Malaise Trap, Southern
Karoo Riviere, Riverine Woodland, ASA09-WOO1-M06, SAM-HYM-P044553
(SAMC). ?: Namisia, near Windhoek: a bush between kleine Kuppe and Aus Born
Mountains, A. Gumovsky, 23-25.xii.2011 (NHMUK).

Differential diagnosis. Zerractenion pascali is immediately distinguishable from
all other Zetractenion species by having a color combination of a largely yellow body
and a dark head. The facial features are more robust compared to the other species,
with the three lobes on the face prominent and the mandibles larger, and the spiracle
on the second tergite of the metasoma is hardly protruding. In addition, though the
posterior transverse carina may be reduced or faint in the other species, it is distinct in
1. pascali. The malar space nearly as long as the width of the mandibular base separates
1" pascali from 1. acaule, T. pseudolutea, and 1. ibayaensis. Pectinate hind tarsal claws
distinguish 77 pascali from 1. luteum and 1. acaule; and a weakly wrinkled pronotal
collar separates the species from 7. acaule and T. rosei. Metasomal tergites II and I1I are
longer than wide separating the species from 7 ibayaensis and T. acaule, 1. luteum, and
1 ibayaensis, respectively. Tetractenion luteum is the only other species besides 7. pascali
that possess dense microtrichia on the wings.
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Figure 4. Tetractenion pascali sp. nov. Holotype A habitus, lateral view B habitus, dorsal view (inset: data

labels) € head, anterior view D wings.

Description. Color: head brown, mandibles yellow from base to brown at apex.
Antennae brown. Body yellow with red-brown areas on metanotum; tibia III with
shades of infuscation, tarsus III infuscate. Wings with dense microtrichia, pterostigma
yellow, venation brown.

Head narrowed straight behind eyes; occiput deeply and angularly excavated, oc-
cipital carina strong, extending to lower gena at mandibular base; malar space nearly
as long as basal mandibular width; eyes very large; face and clypeus features robust,
mandibles large; face three-lobed and punctate on a shiny background, punctures on
second lobe and clypeus deeper than punctures on lobes flanking eyes, tentorial pits
deep; clypeus small, laterally convex with declivity, apically invaginated, clypeal edge
convex; mandibular teeth triangular, lower tooth longer than upper tooth; antenna
long, slender and apically tapered.

Mesosoma stout and moderately punctate on a shiny background; pronotum with
no more than a wrinkle on collar; mesoscutal lobes present on mesoscutum, notauli
posteriorly meeting before reaching the scutellum; mesopleuron higher than wide, epic-
nemial carina present at ending at anterior edge of mesopleuron; shallow pits on meso-
pleuron and propodeum. Propodeum weakly convex, punctate and posteriorly conflu-
ently grading into transverse wrinkles, posterior transverse carina present and distinct,
lateral longitudinal carinae present but faint, spiracle small and circular-elliptical.
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Metasoma indistinctly punctate on a shiny background; tergite I elongate, twice
as long as wide, tapered anteriorly, dorso-ventrally compressed in the medial region,
glymma present, spiracle positioned in front of middle and hardly protruding; tergite
IT longer than wide, gastrocoeli indistinct; tergite III longer than wide; tergites IV—
VIII higher than wide.

Fore wing without ramellus on Rs-M vein; areolet large and quadrate with a short
stalk receiving 2m-cu at center. Hind wing with Cul shorter than cu-a such that Cu2
arises above the middle of these combined veins. Legs very long, hind femur reaching
beyond metasomal apex, length of tibia III plus tarsus III as long as body; spurs of tibia
III longer than half metatarsal length; tarsal claws pectinate.

Males: similar to females; ramellus present.

CT 2-2.4; ML 0.7-0.9; 10 1.2-1.3; OO 1.6-2.1; Fl1 45-4.8;, OT 0.2; B7.7-
11.5 mm; A 11-14 mm; F 9.2—-10 mm.

Etymology. Named after our colleague, Pascal Rousse, who first noted this to be
a new species.

Distribution. Namibia and South Africa.

Comments. In males, the ramellus on the fore wing is present, distinguishing the
species from 7 acaule and T. luteum. The wings of 7. rosei are inter-locked; this char-
acter could not be compared.

Tetractenion pseudolutea Reynolds Berry & van Noort, sp. nov.
http://zoobank.org/687360CC-2EEA-4136-9B8A-E202F638CC25
Fig. 5

Type material. Holotype ©: ANcora (Al1), Bruco, 26.1i-2.iii.1972, Southern Afri-
can Exp. B.M. 1972-1 (NHMUK). Paratypes 23: Ancora (Al1l), Bruco, 26.ii-2.
iii.1972, Southern African Exp. B.M. 1972-1 (NHMUK). ¢: Umbilo, Durban, Natal,
26.10.19, A.L. Bevis, Imp. Inst. Ent. Brit. Mus., 1933-190 (NHMUK). 3+ Cam-
EROON, Ahal, 28.ix.1953. C.L.E. Coll. 15098. Pres. by Com. Inst. Ent. B.M. 1962-1.
Exetastes sp. det. ].E Perkins NHMUK). @: Namiia, near Windhoek, between Man-
dume Ndemufayo Avenue and Western Bypass, 23.xii.2011 [collector not named],
SAM-HYM-P047486 (SAMC).

Differential diagnosis. While the color pattern of Zetractenion pseudolutea is identical
to 7. luteum, it is distinguishable from 7. /uteum by having pectinate tarsal claw on the hind
leg. The head is rounded behind the eyes, separating the species from 7. acaule and 1. pas-
cali. The pronotal collar with no more than a wrinkle present distinguishes the species from
1" acaule and T rosei. Pectinate tarsal claws on the hind leg separates 7. pseudolutea from
1" acaule and T. luteum. Metasomal tergites II and III are longer than wide distinguishing
1 pseudolutea from 1. ibayaensis; and T. acaule, T" lutewm, and 1. ibayaensis, respectively.
Sparse microtrichia on the wings distinguishes the species from 7. luteumn and 1. pascali;
yellowish-brown venation separates the species from 7. acaule, T luteum, T. ibayaensis and
1. pascali; and a yellow pterostigma distinguishes the species from 7. acaule and T ibayaensis.
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Figure 5. Tetractenion pseudolutea sp. nov. Holotype A habitus, lateral view B habitus, dorsal view

C head, anterior view D wings (inset: data labels).

Description. The body color is the same as in Tétractenion luteum, except for den-
sity of microtrichia on the wings. Tetractenion pseudolutea has sparse microtrichia on
the wings with yellow-brown venation, and the pterostigma is yellow.

Head is rounded behind eyes; occiput deeply and angularly excavated, occipital
carina strong, extending to lower gena at base of mandible; eyes very large, malar space
more than half as long as wide as base of mandible; face and clypeus finely and evenly
punctate, background hardly shining; face with three lobes, tentorial pits deep; clypeus
small, laterally convex with declivity, apically invaginated, clypeal edge convex; man-
dibular teeth triangular, lower tooth longer than upper tooth; antennae long, slender
and apically tapered.

Mesosoma stout; mesoscutum deeply punctate, mesoscutal lobes hardly present,
notauli posteriorly meeting before reaching the scutellum; pronotum finely punctate
on a shiny background, no more than a wrinkle present on collar; mesopleuron and
mesonotum finely punctate; mesopleuron higher than wide, epicnemial carina ending
at anterior edge of mesopleuron; pits on mesopleuron and propodeum are shallow;
propodeum weakly convex, finely punctate, posteriorly confluently grading into trans-
verse wrinkles, posterior transverse carina reduced, lateral longitudinal carinae present
but faint, spiracle small and circular-elliptical.
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Metasoma indistinctly punctate on a shiny background; tergite I twice as long as
wide, tapered anteriorly, sometimes weakly dorso-ventrally depressed in the medial re-
gion, glymma present, spiracle positioned in front of middle and protruding, especially
dorsally; tergite II longer than wide, gastrocoeli indistinct; tergite III longer than wide;
tergites [IV=VIII moderately laterally compressed.

Fore wing with ramellus rarely present on Rs-M vein; areolet large, quadrate, with
a short stalk receiving 2m-cu at the center. Hind wing with Cul shorter than cu-a such
that Cu2 arises above the middle of these combined veins. Legs very long, hind femur
reaching beyond metasomal apex, length of tibia III plus tarsus III as long as body,
spurs of tibia IIT longer than half metatarsal length; tarsal claws pectinate.

CT 2.3; ML 0.6; 10 0.9-1.0; OO 1.7; FI1 4.6-5.6; OT 0.1; B 9.1-10.7 mm;
A11.3-11.8 mm; F 8.6-9.8 mm.

Etymology. This species at first glance appears to be identical in coloration to
1" luteum but has morphological differences.

Distribution. Angola, Cameroon, Namibia, and South Africa.

Tetractenion rosei Reynolds Berry & van Noort, sp. nov.
http://zoobank.org/A83D4196-5E8B-4D2D-AB29-7FOBDF15C377
Fig. 6

Type material. Holotype d': CaMEROON, Yaoundé, 1953, C.LE. Coll. 15098. Pres. by
Com. Inst. Ent., B. M. 1962-1. Exetastes sp. @ det. J. E Perkins NHMUK).

Differential diagnosis. 7ezractenion rosei is immediately distinguishable from oth-
er Tetractenion species by the reddish color of the head and pronotum in combination
with a yellow body, completely yellow legs with venation on the wings also yellow. The
head is not narrowed straight behind the eyes but rather rounded, distinguishing the
species from 77 acaule and 1. pascali. The malar space nearly as long as the basal mandi-
ble width separates 7. rosei from 1. acaule, T. pseudolutea, and 1. ibayaensis. Tetractenion
acaule is the only other species besides 7. rosei possessing a thickened and well-defined
carina on the pronotal collar.

Pectinate hind tarsal claws separate the species from 7. acaule and T. luteum. Sparse
microtrichia on the wings distinguishes the species from 7. luteum and T. pascali, and
the pterostigma is yellow distinguishing the species from 7. acaule and T. ibayaensis.
Metasomal tergites II and III are longer than wide separating 7. rosei from 7. ibayaensis;
and T acaule, T. luteum, and T. ibayaensis, respectively.

Description. Color: head and pronotum reddish, black area restricted to region
of ocelli. Body, legs, antennae yellow. Wings with sparse microtrichia, venation yellow,
pterostigma yellow.

Head rounded behind eyes; occiput deeply and angularly excavated, occipital carina
strong, extending to lower gena at mandibular base; malar space nearly as long as basal
mandibular width; eyes very large; face and clypeus moderately and evenly punctate on
a shiny background; face with three lobes, tentorial pits deep; clypeus small, laterally
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Figure 6. Tetractenion rosei sp. nov. Holotype A habitus, lateral view B habitus, dorsal view € head,

anterior view D wings (inset: data labels).

convex with declivity, apically invaginated, clypeal edge convex; mandibular teeth trian-
gular, lower tooth longer than upper tooth; antenna long, slender and apically tapered.

Mesosoma stout with a shiny background; mesopleuron moderately punctate, ep-
icnemial carina ending at anterior edge of mesopleuron; pits on the mesopleuron and
propodeum shallow; mesonotum moderately punctate; pronotum sparsely and finely
punctate on a shiny background with a well-defined carina on collar; mesoscutum
deeply punctate, mesoscutal lobes hardly present, notauli posteriorly meeting before
reaching the scutellum; propodeum weakly convex, deeply punctate posteriorly con-
fluently grading into transverse wrinkles, posterior transverse carina indistinct, lateral
longitudinal carinae present, spiracle small and round.

Metasoma indistinctly punctate on a shiny background; tergite I more than twice
as long as wide, tapered anteriorly, slight dorso-ventral depression in medial region,
glymma present, spiracle in front of middle and protruding; tergites I and III longer
than wide; gastrocoeli on tergite II indistinct; tergites IV-VIII higher than wide.

Hind wing with Cul shorter than cu-a such that Cu2 arises above the middle of
these combined veins. Legs very long, hind femur reaching beyond metasomal apex,
length of tibia III plus tarsus III as long as body, spurs of tibia III longer than half
metatarsal length; tarsal claws pectinate.

CT 1.6; ML 0.9; 10 1.4; OO 2.2; Fl1 3.5; B9.3 mm; F 8.6 mm.
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Etymology. Named because of the reddish color of the head and pronotal collar.
Noun in apposition.

Distribution. Cameroon.

Comments. This is a rare species known only from one female specimen. Sam-
pling in other areas of the Afrotropical region has so far not produced any further
specimens. The wings are inter-locked in such a way that a useful diagnostic character
of the wings cannot be seen, i.e., whether the ramellus is present or not.

Discussion

Since publication of the first key to genera of Banchinae in the Afrotropical region
(Townes and Townes 1973), new knowledge on the subfamily has been acquired and
there have been recent technological advances allowing for production of good quality
images to illustrate relevant diagnostic character states. The revised and updated key is
now more user-friendly. The genus Zezractenion was previously represented by two spe-
cies and the present study has yielded an additional four species restricted to the Afro-
tropical region. Representative specimens in world collections remain rare and apart
from those that are housed in the NHMUK and the CASC only; to our knowledge,
there are no additional historical specimens present in world collections.

The general habitus and coloration of Zetractenion species suggest that this is pos-
sibly a nocturnal genus. A list of characters associated with being nocturnal or crepus-
cular includes a general brown-yellow color; long antennae; large eyes and large ocelli
(Gauld and Huddleston 1976; Warrant et al. 2004; Greiner 2006). In addition, most
species with this suite of characters are koinobionts (Quicke 2015). The benefit of
being a koinobiont nocturnal species is that these parasitoid wasps are able to access
hosts that are hidden during the day; many caterpillars conceal themselves during the
day and come out to feed at night (Quicke 2015). Diurnal wasps, on the other hand,
are faced with the pressures of predation and competition for limited resources (War-
rant 2008). Where known, all Banchinae are koinobiont endoparasitoids of Lepidop-
teran caterpillars (Gauld and Mitchell 1978; Gauld et al. 2002; Fernandes et al. 2010;
Broad et al. 2011; Tschopp et al. 2013). Zeétractenion species possess very large eyes
and long antennae relative to body size (A = 8.1-14 mm, B = 7.6-11.5 mm). How-
ever, the ocelli were not found to be particularly large (IO = 0.9-1.6, OO = 1.6-2.2);
i.e., an ocellus with a large diameter would result in IO and OO indices with values
less than one. Like other members of the Banchinae tribe Banchini, Zetractenion have
very short ovipositors to allow for attack on exposed caterpillars (Fitton 1985, 1987).
Members of the tribes Glyptini and Atrophini have ovipositors about as long as or
longer than the metasoma and exploit semi- to -concealed hosts in leaf rolls, tun-
nels, buds, etc. (Townes 1969; Quicke 2015). This provides further support that the
genus may have evolved to utilize host resources not readily available during the day.
Given the endemicity to the Afrotropical region, Zetractenion is also predicted to be
a more derived genus within the subfamily Banchinae. Phylogenetic analyses of the
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subfamily within the Afrotropical region established that the tribe Banchini (only the
Exetastes group is present in the Afrotropical region), represented by 7. pascali and
two Exetastes species, to be the most derived of the three tribes present in the region
(Reynolds Berry 2019). Dating of the genus Zezractenion could not be determined
based on a single species, but given that Exezastes has a cosmopolitan distribution and
Tetractenion is an African endemic it is likely that Zesractenion is the more derived of
the two genera.

Although there have been recent comprehensive long-term inventory surveys con-
ducted across many parts of Africa with many rich, recently collected bulk samples that
still need to be sorted, in reality, comprehensive sampling of Ichneumonidae in the
region has been relatively limited to specific areas (Hopkins et al. 2019a, 2019b; Klopf-
stein et al. 2019; van Noort 2019). The perceived rarity (two species represented by a
single specimen) of Zetractenion suggests that, with implementation of further rigorous
inventory surveys across the many inadequately sampled areas of Africa, there are still
more Tetractenion species to be discovered. Due to the relatively limited availability of
specimens within this genus, any assessments of the distribution and diversification of
the different species are still likely to be biased. This is corroborated by new locality re-
cords presented in this paper demonstrating bias in previously recorded distributional
data: 7" luteum was previously recorded from the Democratic Republic of Congo and
Kenya (Seyrig 1935; Yu et al. 2020), but additional records from southern Africa sug-
gest that this species probably has a more widespread distribution across Africa.

Most of the species have the pro-, meso-, and meta-tarsal claws pectinate to the
apex. Tetractenion luteum and T. acaule (a Madagascan endemic) are the only two spe-
cies that possess simple tarsal claws on the hind leg. While the overall color patterns
of T pseudolutea are identical to 77 luteum, it is readily distinguishable from 77 luteum
by having a pectinate tarsal claw on the hind leg. With most Zétractenion species hav-
ing pectinate tarsal claws on the hind leg, it is plausible that this character state is
the plesiomorphic condition. Based on the assumption that it is more parsimonious
for evolutionary trajectories to proceed via the reduction of morphological characters,
rather than evolution of more complex character states, 7. luteum and 1. acaule are
most probably the more derived species within the genus, but this hypothesis requires
corroboration with the addition of genetic evidence, and a thorough phylogenetic
analyses based on both morphological and molecular characters.

The current revision has increased the species richness of the genus threefold. Fur-
ther comprehensive sampling will undoubtedly uncover additional Zezractenion species
in the Afrotropical region.
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Abstract

Two new species of Bembidion are described from river shores in North America. One, Bembidion mimbres
sp. nov., from the Gila River watershed in the lands of the Mimbres culture in New Mexico and Arizona,
is closely related to the widespread Bembidion levigatum. DNA sequences from several linkage groups
and morphology provide evidence of the distinctiveness of B. mimbres. The second, Bembidion corgenoma
sp. nov., has been the subject of recent genomic and transcriptomic studies. It belongs in the Bembidion
transversale subgroup, and occurs from California north to British Columbia, east to Montana and Ne-
vada. The B.transversale subgroup as a whole is reviewed, and morphological characters that distinguish
B. corgenoma from the similar and sympatric B. transversale and B. erosum are described and illustrated.
DNA sequences of these three species show no consistent differences in 28S, COI, CAD, and Topoi-
somerase, and a coalescent species delimitation analysis reveals no notable structure within the complex.
‘This is the first known trio of species within Bembidion for which those genes provide no clear signal of
species boundaries. A neotype is designated for the one name in the group that lacks a primary type,
Bembidium haplogonum Chaudoir. Chromosomes of the new species and their relatives are as is typical for
Bembidion, with eleven pairs of autosomes and an XY/XX sex chromosome system.
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Introduction

Bembidion is a very large genus of small beetles with more than 1,200 species world-
wide (Lorenz 2005). Most species of these small predators live along the edges of bod-
ies of water and can be abundant in their habitats.

In the course of an ongoing project revising the bembidiine carabids of Ameri-
ca north of Mexico, a number of undescribed species have been discovered. Most of
these will be described in due course within complete revisions of subgenera or species
groups. However, two of these new species are or will be soon discussed in the scientific
literature, and warrant description more quickly, in order to provide them with names.
These two are also especially significant, as they have cultural connections to humans,
implicit or explicit, of very different sorts.

One of them is a member of the subgenus Hydrium, a group of relatively large
Bembidion that is widespread in the Northern Hemisphere. The new species (Fig. 1) is
only known from the Gila River watershed of southeastern Arizona and southwestern
New Mexico, where it lives along the banks of rivers and creeks, on the ground a few
meters away from the shoreline (Fig. 2), most commonly under willows (Sa/ix). The
distribution of this new species is within that of the Mimbres culture, which flourished
in that area one thousand years ago. This culture is perhaps best known for black-on-
white Mimbres pottery, the designs of which depicted people, cultural icons, and or-
ganisms (Hegmon et al. 2018). The people of the Mimbres culture were deeply aware
of the arthropods in their environment, as indicated by the astonishing array of images
on their pottery of insects, including among others geometrid larvae (https://core.tdar.
org/image/383483/1452-style-iii-bowl-from-cameron-creek; https://doi.org/10.6067/
XCV8Z60P2N), Orthoptera (https://core.tdar.org/image/383111/2685-style-iii-bowl-
from-swarts; https://doi.org/10.6067/XCV80Z7364), dragonflies, and ant lions (Heg-
mon, et al. 2018). In honor of these peoples who were so connected to the small organ-
isms in their midst, this elegant beetle species is given the name Bembidion mimbres.

The second species described here is connected to humans via modern biological
research: it is becoming the first model species of Bembidion for genomic and transcrip-
tomic studies. It is member of the B. transversale species group of the Ocydromus complex
of Bembidion, containing some of the largest Bembidion in North America (Lindroth
1963; Maddison and Swanson 2010). The B. transversale group consists of two sub-
groups, the B. transversale subgroup and the B. mexicanum subgroup (Maddison 2012;
Maddison and Swanson 2010). Maddison and Swanson (2010) considered the B. trans-
versale subgroup to contain three species (B. transversale Dejean, B. perspicuum (LeCon-
te), and B. sarpedon Casey), although they noted that “B. mransversale” showed enough
morphological variation to suggest that it may contain multiple species. Because of the
especially complex pattern of variation, it only recently become clear that the genomic
and transcriptomic model species was undescribed. The new species (Fig. 3) is common
in Oregon and California, with some populations in neighboring regions, living along
cobble and gravel shores of rivers and creeks (Fig. 4). It is the best sequenced Bembidion
genomically and transcriptomically (Gustafson et al. 2019; Gustafson et al. 2020; Pflug
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Figure . Paratype male of Bembidion mimbres (voucher number V100327) from the type locality.

A j 7\ . ’ ' V) g
Cieadee s g
Figure 2. Habitat of Bembidion mimbres at USA: New Mexico: Grant Co., Gila River, Billings Vista,
1320 m, 32.8163°N, 108.6032°W (type locality). Arrow indicates approximate location of most specimens.
Found in the same habitat were Bembidion aratum (LeConte), B. impotens Casey, B. scintillans Bates, B. horni
Hayward, B. rupicola (Kirby), B. clemens Casey, B rapidum (LeConte), and Omophron obliteratum Horn.
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Figure 3. Paratype male of Bembidion corgenoma (voucher number V101452) from the type locality.
Scale bar: 1 mm.

et al. 2020), and has been used as one of the models for developing a UCE probe set for
adephagan beetles (Gustafson, et al. 2019; as B. haplogonum Chaudoir). It is a center-
piece of ongoing and future studies of genome size in carabids (e.g., Pflug, et al. 2020).
In this paper, it is described as Bembidion corgenoma.

An important step enabling future research about these beetles is providing the spe-
cies with stable names. Although we now know the two new species in many ways un-
imaginable to those who lived a thousand years ago, including detailed aspects of their
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Figure 4. Habitats of Bembidion corgenoma A USA: Oregon: Benton Co., Corvallis, Willamette River,
60 m, 44.5491°N, 123.2449°W (type locality). B. corgenoma and B. recticolle are both common in this
habitat. B. corgenoma is more common near the water in areas with vegetation growing nearby among
the gravel and cobbles B USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W,
habitat of B. corgenoma and B. erosum, as well as Bembidion haruspex Casey, B. vandykei Blaisdell, B. cur-
tulatum Casey, B. platynoides Hayward, and B incrematum LeConte.
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DNA and genomes, we know very little about these two species in nature. With the
decreasing emphasis on natural history in modern biology, it is possible that a person of
the Mimbres culture knew aspects of the daily life of B. mimbres much better than we
ever will. However, perhaps this paper, in giving names to the two species and present-
ing identification tools allowing them and their near relatives to be distinguished, will
inspire research about these beetles, including into their way of life along river shores.

Materials and methods

Members of Bembidion were examined from or will be deposited in the collections
listed below. Each collection’s listing begins with the code used in the text.

CAS California Academy of Sciences, San Francisco, USA;

CNC Canadian National Collection, Ottawa, Canada;

CSCA California State Collection of Arthropods, Sacramento, USA;

EMEC  Essig Museum Entomology Collection, University of California, Berkeley,
USA;

MCZ Museum of Comparative Zoology, Harvard University, Cambridge, USA;

NHMUK The Natural History Museum, London, UK;

MNHN  Muséum National d’Histoire Naturelle, Paris, France;

MSBA  Museum of Southwestern Biology, University of New Mexico, Albu-
querque, USA;

OSAC Oregon State Arthropod Collection, Oregon State University, Corvallis, USA;

UAIC University of Arizona Insect Collection, Tucson, USA;

UASM University of Alberta Strickland Museum, Edmonton, Canada;

UBCZ Spencer Entomological Museum, University of British Columbia, Van-
couver, Canada;

USNM National Museum of Natural History, Smithsonian Institution, Washington,
DC, USA;

ZMUM  Zoological Museum, Moscow State University, Moscow, Russia.

Collecting methods

Specimens were collected by hand or using an aspirator; specimens were found during
the day in their habitat, or with the aid of a headlamp at night, when the beetles are more
actively moving on the surface. Specimens for morphological studies were killed and
preserved in maple (Acer) sawdust to which ethyl acetate was added. Specimens for DNA
sequencing were collected into 95% or 100% ethanol. For chromosomal studies, live
specimens were placed in simple Carnoy’s solution (three parts 100% ethanol : one part
glacial acetic acid), and the abdomens were opened up shortly after death to allow bet-
ter penetration of the fixative; the specimens were stored in Carnoy’s in a -20 °C freezer,
with vials contained within multiple layers of plastic to prevent the release of acid fumes.
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Morphological methods

General methods of specimen preparation for morphological work, and terms used, fol-
low Maddison (1993; 2008). Genitalia were prepared, after dissection from the body, by
treatment in 10% KOH at 65 °C for 10 minutes followed by a series of multi-hour baths
of distilled water, 5% glacial acetic acid, distilled water, and then ethanol. Male genitalia
were then mounted in Euparal between two small coverslips attached to archival-quality
heavyweight watercolor paper, and, once dried, pinned beneath the specimen. Male
genitalia were examined for 30—60 specimens each of B. transversale, B. erosum, and
B. corgenoma, and four or five specimens each of B. levigatum and B. mimbres.
Photographs of entire beetles and antennae were taken with a Leica M165C dis-
secting scope and a Sony NEX-7 camera, and of male genitalia with either a Leica Z6
Apo lens and DMC4500 camera or a Leica DM5500B compound microscope and
DMC425C camera. A stack of images from different focal positions was then merged
using the PMax procedure in Zerene Systems’s Zerene Stacker; the final images thus po-
tentially have some artifacts caused by the merging algorithm. Measurements were made
using Leica Application Suite v4.9 from images acquired using these imaging systems.

Cytogenetic methods

Twenty-two males were examined for chromosome number and sex-chromosome sys-
tem. Methods used were as outlined by Maddison (1985; 2008). Males examined were:
1 Bembidion mimbres from USA: New Mexico: Grant Co., Billings Vista, Gila River,
1310 m, 32.8137°N, 108.6031°W; 2 B. transversale from USA: Colorado: Fremont Co.,
Arkansas River at Texas Creek 1880 m, 38.4100°N, 105.5854°W; 3 B. erosum from
USA: California: Del Norte Co., Wilson Creek , 3 m, 41.6051°N, 124.1005°W; 3
B. perspicuum from USA: Arizona: Cochise Co., San Pedro R at Charleston, 31.6239°N,
110.1722°W; 3 B. sarpedon from USA: Colorado: Las Animas Co., Purgatoire R., 2.7 km
W Cokedale 1910 m, 37.1295°N, 104.6390°W; 4 B. pernotum from USA: Colorado:
Las Animas Co., Purgatoire R., 2.7 km W Cokedale 1910 m, 37.1292°N, 104.6398°W/;
3 B. mexicanum from USA: Arizona: Pima Co., Santa Rita Mtns, Box Canyon, 1455 m
31.7981°N, 110.7767°W; 3 B. lugubre from USA: Arizona: Pima Co., Santa Rita Mtns,
Box Canyon, 1455 m, 31.7981°N, 110.7767°W. In addition, the vouchers of the
B. transversale group studied in Maddison (1985) were re-examined and re-identified.

Molecular methods

DNA extraction and sequencing

Genes studied, and abbreviations used in this paper, are: 28S: 28S ribosomal DNA
(D1-D3 domains); 18S: 18S ribosomal DNA; COI: cytochrome ¢ oxidase I; wg: wing-
less; CAD: carbamoyl phosphate synthetase domain of the rudimentary gene; ArgK:
arginine kinase; Topo: topoisomerase 1.
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DNA was extracted using a Qiagen DNeasy Blood and Tissue Kit. Fragments for
the seven genes were amplified using the polymerase chain reaction (PCR) on an Ep-
pendorf Mastercycler ProS Thermal Cycler, using TaKaRa Ex Taq and the basic proto-
cols recommended by the manufacturers. Primers and details of the cycling reactions
used are given in Maddison (2012) and Maddison and Cooper (2014). The amplified
products were then cleaned, quantified, and sequenced at the University of Arizona’s
Genomic and Technology Core Facility using a 3730 XL Applied Biosystems automat-
ic sequencer. Assembly of multiple chromatograms for each gene fragment and initial
base calls were made with Phred (Green and Ewing 2002) and Phrap (Green 1999) as
orchestrated by Mesquite’s Chromaseq package (Maddison and Maddison 2018a, ¢)
with subsequent modifications by Chromaseq and manual inspection. Multiple peaks
at a single position in multiple reads were coded using IUPAC ambiguity codes.

Taxon sampling for DNA studies

For the phylogenetic study of Bembidion (Hydrium), 19 specimens of the subgenus
Hydrium, as well as five species serving as outgroups (Table 1) were used. Of the 152
sequences examined, 97 were newly acquired, with 55 being from previous publica-
tions (Maddison 2012; Maddison and Cooper 2014; Maddison et al. 2019; Maddison
and Maruyama 2019; Maddison and Ober 2011). For the phylogenetic study of the
B. transversale group, I sampled 56 specimens of the B. transversale subgroup, as well as
three species of the B. mexicanum subgroup (Table 2). Of the 237 sequences examined,
109 were newly sequenced, with 128 from previous publications (Kanda et al. 2015;
Maddison 2012; Maddison and Swanson 2010; Wild and Maddison 2008). Sequences
of the two holotypes listed in Tables 1 and 2 are “genseq-1, of paratypes “genseq-2”,
and the remainder are all “genseq-4” (Chakrabarty et al. 2013). In addition, sequences
of the newly designated neotype of Bembidium haplogonum Chaudoir were acquired
and deposited in GenBank (accession numbers MW151478, MW151506, and
MW151563), and are “genseq-1”. Localities of the sequenced specimens of B. leviga-
tum, B. mimbres, B. transversale, B. erosum, and B. corgenoma are given in Table 3.

Sequence alignment

Alignment was not difficult for any of the protein-coding genes. There were no insertion
or deletions (indels) evident in the sampled CAD, ArgK, Topo, wg, or COI sequences.
An alignment of 28S was conducted in MAFFT version 7.130b (Katoh and Standley
2013), using the L-INS-i search option and otherwise default parameter values.

Molecular phylogenetic analysis

Maximum likelihood analysis was conducted for each gene individually using IQ-TREE
version 1.6.7.1 (Nguyen et al. 2015), as orchestrated by Mesquite’s Zephyr package
(Maddison and Maddison 2018b, c). The ModelFinder feature within IQ-TREE
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Table 2. Sampling of members of Bembidion transversale group for DNA-based study. Four-digit num-
bers under “#” are D.R. Maddison DNA voucher numbers. Under “T”, the holotype of B. corgenoma is
indicated by “H”, and paratypes by “P”. An abbreviation for state or province of capture is given under
“Loc”; further information on specimens of B. transversale, B. erosum, and B. corgenoma is given in Table
3. The last four columns contain GenBank accession numbers.

# T Loc 28S COI CAD Topo
B. mexicanum subgroup

Bembidion lugubre LeConte 1712 AZ JN170375 JN171062 JN170845 JN171243

Bembidion mexicanum Dejean 2192 NM GU454739  GU454769  JN170854 JN171250

Bembidion pernotum Casey 2483 CO JN170403 JN171082 JN170875 JN171263

B. transversale subgroup

Bembidion sarpedon Casey 2484 CO JN170432 JN171106 JN170908 JN171285
2514 CcO KU233761 KU233815 KU233926 KU234052
3009 CO KU233764 KU233818 KU233929 KU234055
3761 uT KU233771 KU233823  KU233933  KU234059
3776 uT KU233775  KU233827  KU233937  KU234063

Bembidion perspicuum (LeConte) 1120 AZ GU454740  GU454770  JN170877 JN171265
2318 CA GU454743  KU233812 KU233923 KU234049
3774 CA KU233773  KU233825  KU233935  KU234061
3775 CA KU233774  KU233826  KU233936  KU234062
2485 CO GU454748  GU454778  KU233924  KU234050
2182 NM GU454749  KU233810  KU233922  KU234047

Bembidion erosum Motschulsky 2596 CA MW151550 MWI151493 MW151522 MWI151465
2607 CA MW151551 MW151494 MW151523 MW151466
3561 CA MW151552 MW151495 MWI151524 MW151467
3562 CA MW151553 MW151496 MW151525 MW151468
3584 CA MW151554 MW151497 MWI151526 MW151469
4050 CA MW151549 MW151492 MW151521 MW151464
4212 CA MW151555 MW151498 MW151527 MW151470
4033 OR MW151556 MW151499 MW151528 MW151471
2162 BC KU233749  KU233803  KU233915  KU234040
2194 BC KU233757  KU233811 MWI151529 KU234040

Bembidion transversale Dejean 2160 NS GU454762  KU233802  KU233914  KU234048
2486 CO GU454755  GU454785  KU233925  KU234039
2157 WY EUG677688 GU454797 EUG677541 KU234051
4690 MT MW151561 MWI151504 MW151534 MW151476
4927 MT MW151562 MW151505 MW151535 MWI151477
5064 WA MW151560 MW151503 MW151533 MWI151475
5613 OR MW151557 MWI151500 MW151530 MW151472
4219 OR MW151558 MW151501 MW151531 MW151473
5612 OR MW151559 MW151502 MW151532 MW151474

Bembidion corgenoma sp. nov. 4052 CA KU233782  KU233831  KU233941  KU234067
2181 CA KU233755  KU233809  KU233921 KU234046
4054 CA KU233783  KU233832  KU233942  KU234068
2180 CA KU233754  KU233808  KU233920  KU234045
3772 P CA KU233772  KU233824  KU233934  KU234060
4961 P CA MW151536 MWI151479 MW151508 MW151451
4962 P CA MW151537 MW151480 MW151509 MW151452
4218 CA MW151544 MW151487 MW151516 MW151459
2597 CA MW151538 MW151481 MW151510 MW151453
2608 CA MW151539 MW151482 MWI151511 MW151454
3559 CA KU233769  KU233821 KU233931 KU234057
3560 CA KU233770 KU233822 KU233932 KU234058
3583 CA MW151540 MWI151483 MWI151512 MW151455
4959 NV MW151541 MWI151484 MWI151513 MW151456
2346 NV GU454763  GU454793 MW151507 MW151450

5670 P OR MW151545 MW151488 MW151517 MW151460
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# T Loc 28S COI CAD Topo
Bembidion corgenoma sp. nov. 5671 P OR  MWI51546 MW151489 MW151518 MW151461
5672 P OR  MWI51547 MWI151490 MWI151519 MW151462
5673 H OR  MWI51548 MWI151491 MWI151520 MW151463
4032 OR KU233780  KU233829  KU233939  KU234065
2973 OR KU233763  KU233817  KU233928  KU234054
3205 P OR KU233791  KU233841  KU233979  KU234056
4034 OR KU233781  KU233830  KU233940  KU234066
3021 1D KU233790  KU233840  KU233973  KU234070
2165 WA KU233750  KU233804  KU233916  KU234041
5065 P OR  MWI51542 MWI151485 MWI151514 MW151457
2190 BC MW151543 MWI151486 MWI151515 MW151458

Table 3. Localities of capture of Bembidion specimens of B. levigatum, B. mimbres, and the B. transversale
subgroup whose DNA was sequenced. Four-digit numbers at the start of each row are D.R. Maddison
DNA voucher numbers.

Bembidion levigatum Say
0763  USA: Nebraska: Lancaster Co., Lincoln, Wilderness Park along Salt Creek, 360 m 40.6983°N, 96.6837°W
1255 USA: Indiana: Crawford Co., Ohio River near Schooner's Point, 120 m 38.1571°N, 86.3379°W
1256 USA: Texas: Somervell Co., Brazos River and Route 67, 175 m 32.2694°N, 97.6637°W
1693  USA: Virginia: Danville City Co., Danville, Dan River, 36.5828°N, 79.4246°W
1694 USA: Iowa: Hamilton Co., Boone River near Stratford, 275 m, 42.3123°N, 93.9327°W
2343  USA: Texas: Bastrop Co., Colorado River near Utley, 115 m, 30.1853°N, 97.4496°W
Bembidion mimbres sp. nov.
0280 USA: New Mexico: Grant Co., Gila River near Gila, 1370 m 32.969°N, 108.587°W
1220  USA: New Mexico: Grant Co., Billings Vista, Gila River, 1310 m 32.8137°N, 108.6031°W
1267 USA: New Mexico: Grant Co., Billings Vista, Gila River, 1310 m 32.8137°N, 108.6031°W
1944 USA: New Mexico: Grant Co., Billings Vista, Gila River, 1310 m, 32.8137°N, 108.6031°W
2117 USA: New Mexico: Grant Co., Gila River, Billings Vista, 1320 m, 32.8163°N, 108.6032°W
2118 USA: New Mexico: Grant Co., Gila River, Billings Vista, 1320 m, 32.8163°N, 108.6032°W%
2119 USA: New Mexico: Grant Co., Gila River, Billings Vista, 1320 m, 32.8163°N, 108.6032°W%
2131 USA: New Mexico: Grant Co., Gila River, Billings Vista, 1320 m, 32.8163°N, 108.6032°W
2134 USA: New Mexico: Grant Co., Gila River, Billings Vista, 1320 m, 32.8163°N, 108.6032°W
2135 USA: New Mexico: Grant Co., Gila River, Billings Vista, 1320 m, 32.8163°N, 108.6032°W
Bembidion transversale Dejean
2157 USA: Wyoming: Albany Co., Laramie River, Laramie, 2175 m, 41.2897°N, 105.6224°W
2160 Canada: Nova Scotia: Hantsport, Halfway River, 45.0487°N, 64.1835°W
2486 USA: Colorado: Fremont Co., Arkansas River at Texas Creek, 1880 m, 38.4106°N, 105.5844°W
4219  USA: Oregon: Harney County, Banks of Silver Creek, 1379 m, 43.7278°N, 119.6256°W
4690 USA: Montana: Gallatin Co., Beaver Creck along Hwy 287, 1969 m, 44.8633°N, 111.3679°W
4927 USA: Montana: Gallatin Co., Beaver Creck along Hwy 287, 1969 m, 44.8633°N, 111.3679°W
5064 USA: Washington: Whitman Co., Palouse River 6 mi NE Colfax, 600 m 46.9259°N, 117.3037°W
5612 USA: Oregon: Wallowa Co., Wallowa Lake State Park, 1334 m 45.2841°N, 117.2075°W
5613 USA: Oregon: Harney Co., Banks of Donner und Blitzen River 1296 m, N 42.8002, W 118.8682
Bembidion erosum Motschulsky
2162 Canada: British Columbia: Hope, Fraser River near mouth of Coquihalla River, 49.3961°N, 121.4351°W
2194 Canada: British Columbia: Hope, Fraser River near mouth of Coquihalla River, 49.3961°N, 121.4351°W
2596 USA: California: Del Norte Co. rt 101 @ Wilson Creek, 41.60530°N, 124.10060°W
2607 USA: California: Del Norte Co. rt 101 @ Wilson Creek, 41.60530°N, 124.10060°W
3561 USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W
3562 USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W
3584 USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W
4033  USA: Oregon: Curry Co., Floras Creek at route 124 SE Langlois, 21 m, 42.9132°N, 124.4251°W
4050 USA: California: Monterey Co., Big Sur River, Andrew Molera State Park, 7 m, 36.285°N, 121.8544°W
4212 USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W
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Bembidion corgenoma sp. nov.
2165 USA: Washington: Whatcom Co., Nooksack River 1.4 mi S of Deming, 70 m, 48.808°N, 122.2019°W
2180 USA: California: Sonoma Co., Russian River, 3 mi NE Healdsburg
2181 USA: California: Marin Co., Nicasio Reservoir, 70 m, 38.088°N, 122.7383°W
2190 Canada: British Columbia: Clearwater, N. Thompson River, 440 m, 51.6395°N, 120.0294°W
2346 USA: Nevada: Eurcka Co., I-80W bridge 1.6 mi E exit 254 (Dunphy), Humbolt R., 1408 m 40°42.31°N, 116°31.87°W
2597 USA: California: Del Norte Co. rt 101 @ Wilson Creek, 41.60530°N, 124.10060°W
2608 USA: California: Del Norte Co. rt 101 @ Wilson Creek, 41.60530°N, 124.10060°W
2973  USA: Oregon: Benton Co., Corvallis, Willamette River, 60 m, 44.5491°N, 123.2451°W
3021 USA: Idaho: Cassia Co., Sublett Res.
3205 USA: Oregon: Benton Co., Corvallis, Willamette River, 60 m, 44.5491°N, 123.2451°W
3559 USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W
3560 USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W
3583 USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W
3772 USA: California: Tehama Co., Red Bluff, Sacramento River, 73 m, 40.1759°N, 122.229°W/
4032 USA: Oregon: Coos Co., Crooked Creek S of Bandon, 7 m, 43.0814°N, 124.4335°W
4034 USA: Oregon: Curry Co., Floras Creek at route 124 SE Langlois, 21 m, 42.9132°N, 124.4251°W
4052  USA: California: Monterey Co., Big Sur River, Andrew Molera State Park, 7 m, 36.285°N, 121.8544°W
4054 USA: California: San Luis Obispo Co., Pismo State Beach, 4 m, 35.0999°N, 120.6267°W, 29.iv.2014
4218 USA: California: San Luis Obispo Co., San Simeon State Park, San Simeon Creek, 4 m, 35.5955°N, 121.1233°W
4959 USA: Nevada: Carson City Co., Carson River at Silver Saddle Ranch, SE Carson City, 1405 m 39.1315°N, 119.706°W
4961 USA: California: Tehama Co., Red Bluff, Sacramento River, 73 m 40.1759°N, 122.229°W
4962 USA: California: Tehama Co., Red Bluff, Sacramento River, 73 m 40.1759°N, 122.229°W
5065 USA: Oregon: Linn Co., Willamette River, Truax Island, 60 m 44.5853°N, 123.1913°W
5670 USA: Oregon: Benton Co., Corvallis, Willamette River, 60 m 44.5491°N, 123.2449°W
5671 USA: Oregon: Benton Co., Corvallis, Willamette River, 60 m 44.5491°N, 123.2449°W
5672 USA: Oregon: Benton Co., Corvallis, Willamette River, 60 m 44.5491°N, 123.2449°W
5673 USA: Oregon: Benton Co., Corvallis, Willamette River, 60 m 44.5491°N, 123.2449°W

(Kalyaanamoorthy et al. 2017) was used to find the optimal character evolution models.
The MFP model option was used for 28S, and the TESTMERGE option for the protein-
coding genes. The TESTMERGE option sought the optimal partition of sites, beginning
with the codon positions in different parts. Twenty searches were conducted for the
maximum-likelihood tree for each matrix.

For the B. transversale group, a multi-species coalescent approach was conducted with
the 28S, COI, CAD, and Topo data to provide an algorithmic analysis of species bounda-
ries. STACEY version 1.2.5 (Jones 2017) was used as implemented in BEAST version
2.6.2 (Bouckaert et al. 2014), with the epsilon value set to 1¥10—4, CollapseWeight pa-
rameters to 0.5 and 10, and with a Beta prior. I evaluated sampling sufficiency using ESS
values in Tracer version 1.7.1 (Rambaut et al. 2018); after four independent runs of 1E9
generations each, all ESS values exceeded 200, except for mutationRate.s:Topo, whose
ESS value was 191. As I saved trees every 100,000 generations, with the first 10% of the
trees discarded as the burn-in period, this yielded a sample of 72,000 trees.

Data resources

Sequences have been deposited in GenBank with accession numbers MW 151366
MW151563. Aligned data for each specimen as well as files containing inferred trees
for each gene are available in Supplementary material S1 and S2, and have been de-
posited in the Dryad Digital Repository, https://doi.org/10.5061/dryad.18931zcwl.
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Figure 5. Maximum likelihood gene trees of subgenus Hydrium. Only B. levigatum + B. mimbres + its
sister group shown (other taxa were present in the analysis, and reconstructed outside this clade, but were
removed after the analysis to simplify this figure). Holotype of B. mimbres indicated by a star. Scale bar
0.1 units, as reconstructed by IQ-TREE.

Results
Molecular results

In the analysis of DNA data for the subgenus Hydrium, B. levigatum and B. mimbres
sp. nov. differed in all genes except COI (Fig. 5), providing evidence that they are two
separate species. In all gene trees except 28S, B. nitidum was the sister group of B. lev-
igatum +B. mimbres (Suppl. materials 1).

The majority of specimens of B. levigatum and B. mimbres were indistinguishable
in COI, but there were four sequences of B. mimbres that formed a separate clade (for
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specimens 1220, 1267, as well as the second sequences of 1944 and 2117). These four
sequences have 29 sites at which they differ from all other sampled B. levigatum + B.
mimbres, at 20 of which these four sequences have the same base as in at least one other
sampled Hydrium species. These four sequences might be nuclear copies or numts
(Thalmann et al. 2004), or they could represent the effects of Wolbachia infections
(Smith et al. 2012). Although it is possible these are the true mitochondrial copies of
COlI, and that the other sequences are numts, the evidence points to the four unusual
sequences being something other than true mitochondrial copies: the chromatograms
for these four unusual sequences have several double peaks, indicating polymorphism
within the PCR products for non-synonymous differences. These four sequences have
been deposited in GenBank as “COI-like” sequences.

In each of the four genes studied in the B. fransversale group, the maximum likeli-
hood tree showed a monophyletic B. transversale subgroup (Suppl. materials 2), with
B. perspicuum and B. transversale s. . (= B. transversale + B. erosum + B. corgenoma)
forming a clade, the sister of which is B. sarpedon. None of the three species within
B. transversale s. 1. form a clade in any of the four genes studied (Fig. 6). The multi-
species coalescent STACEY tree also showed no distinction between these species based
upon the combined analysis of 285+COI+CAD+Topo (Fig. 7).

Cytogenetic results

All males examined are inferred to have 22 autosomes (i.e., 11 pairs of autosomes) and
an XY/XX sex chromosome system (Table 4).

Re-examination of voucher specimens identified as B. transversale in Maddison
(1985) showed that they belong to three species. The specimens from Alberta and near
Fernie, BC, are B. rransversale; the specimen from near Cache Creek, BC, is B. corgeno-
ma; the specimen from Salmon Valley, BC, is B. erosum. The specimens called “B. sp nr
transversale-Nr 17 are B. pernotum, and the specimens called “B. sp nr transversale-Nr
27 are B. lugubre. The specimens reported as belonging to “B. sp.nr. transversale” in
Pflug et al. (2020) are all B. corgenoma. These new identifications are incorporated into
the summary shown in Table 4.

Morphological results

Morphological results for Bembidion (Hydrium) are presented in the taxonomic sec-
tion below.

Members of the B. transversale subgroup are very similar morphologically. DNA
sequence data of 28S, COI, CAD, and Topo do not reveal any consistent phylogenetic
structure within B. transversale s. 1. (Figs 6, 7), suggesting that it is perhaps a single
species. In all other bembidiines investigated to date (e.g., Maddison 2008; Maddison
and Cooper 2014; Maddison and Sproul 2020; Sproul and Maddison 2017), every
form judged by morphological evidence as a distinct species is revealed as a clade in the
tree of at least one of these four genes. I detected no variation in chromosomes within
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Table 4. Chromosome numbers and sex chromosomes of Bembidion (Hydrium) and Bembidion trans-
versale group males. The Sample column indicates the total number of specimens examined in this paper
and in previous papers. “1” in Reference indicates Maddison (1985); “2” indicates Pflug et al. (2020).

2n male Sample Locality Reference
B. levigatum 22+XY 28 TX 1
B. mimbres 22+XY 18 NM this paper
B. transversale 22+XY 5329 AB, BC, CO 1, this paper
B. erosum 22+XY 43 BC, OR 1, this paper
B. corgenoma 22+XY 158 OR, BC 1,2
B. perspicuum 22+XY 43 CO, AZ 1, this paper
B. sarpedon 22+XY 34 CO this paper
B. pernotum 22+XY 63 CcO 1, this paper
B. mexicanum 22+XY 58 CO, AZ 1, this paper
B. lugubre 22+XY 1184 AZ, CA, Mexico 1, this paper

the group (Table 4); although Bembidion species typically have similar chromosomes
(Maddison 1985), some subgenera have species that differ by chromosome number
(Maddison 2008). However, in spite of the lack of genetic evidence supporting multi-
ple species, the morphological results reveal that this complex consists of at least three
distinct but very similar species.

Examination of primary types (documented in the Taxonomic Treatment sec-
tion, below) indicates that two of the species have names (Bembidion transversale and
B. erosum), and the third is described here as B. corgenoma; these names will be used in
advance of the Taxonomic Treatment to simplify the text.

The morphological evidence indicating that there are three species includes color
(Figs 11A-C, 12), mentum shape (Fig. 13), and male genitalic structure (Figs 14-17),
with the patterns summarized below and graphically in Fig. 18.

The dark and pale western species (B. erosum and B. corgenoma) are broadly sym-
patric from southern California through British Columbia (Figs 19, 20), and are found
microsympatrically (on the same gravel bank) at Wilson Creek, Del Norte County, Cal-
ifornia (41.6051°N, 124.1005°W), as well as along Floras Creek, Curry County, Oregon
(42.9132°N, 124.4251°W), and the Siletz River E of Kernville, Oregon (44.8720°N,
123.9223°W). They differ consistently in size of a sclerotized lobe of the internal sac
(Fig. 15B vs. C); the thickness of the tip of the flagellar sheath, with B. corgenoma hav-
ing a somewhat triangular sclerotized region of the tip (arrow in Fig. 16E), as opposed
to a thin dark line in B. erosum (Fig. 16C, D); and color, with B. erosum being generally
darker (Fig. 11B) than B. corgenoma (Fig. 11C), especially the appendages (Fig. 12B
vs C). In addition, most males of B. erosum have the ventral surface of the apex of the
aedeagus more strongly curved downward (Fig. 14C, D). Although there are no univer-
sal distinctions between the two species in the genes sequenced, the six B. erosum and
five B. corgenoma sequenced from the gravel bank shown in Fig. 4B consistently differ
in one base in Topoisomerase, suggesting, combined with differences in genitalia and
color, that there is no or extremely limited gene flow at that locality.

The ranges of the two generally paler species (B. transversale and B. corgenoma) over-
lap in Nevada, Washington, Idaho, and Montana (Fig. 19), and there are three localities
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Figure 7. Majority rule consensus tree of trees found from a STACEY analysis. Numbers on branches are
estimates of the Bayesian posterior probability of a clade, expressed as a percentage.
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at which they co-occur (16 mi W Lolo Pass, Ravalli Co., Montana; Walla Walla, Wash-
ington; Spokane, Washington; all in OSAC). There are subtle but consistent differences
in the male genitalia, as well as striking differences in the mentum, and I am convinced
any gene exchange in the region of overlap is minimal. In the overlap region there are a
very few specimens of B. transversale with paler antennae (similar to typical B. corgeno-
ma), and there is one population at Hayden Lake, Idaho (CAS), which contains B. trans-
versale typical in all regards except for one specimen that has the anterior margin of the
mentum somewhat intermediate between the two species (Fig. 13B). With these minor
exceptions, the differences in mentum, genitalia, and color are consistent throughout
the overlap range among the many males whose genitalia were dissected.

Bembidion erosum and B. transversale are the two most similar species within the trio,
differing most notably in the anterior lateral region of the mentum: in B. erosum this re-
gion is large and triangular, similar to that standard in Bembidion (i.e., like those shown in
Fig. 13A), in contrast to the modified mentum of B. zransversale (Fig. 13B-D), in which
the anterior lateral region is much reduced. The male genitalia are very similar, both hav-
ing a larger lobe on the basal sclerite (Fig. 15A, B), and a thin, non-triangular apex to
the flagellar sheath (Fig. 16A-D). However, the flagellar sheath is more dorso-ventrally
compressed in B. transversale (Fig. 16A, B), and the flagellar complex is thinner (arrow
in Fig. 17A, B). With one exception, the known ranges of B. erosum and B. transversale
do not overlap, with B. erosum in the United States being restricted to the Cascades and
west, and B. transversale only known from east of the Cascades (Figs 19, 20). The one ex-
ception is in eastern Washington: there is a series of seven specimens of B. erosum labeled
“Colbert, Wash / V 30 1937 / Dan Bonnell”. The two males from this series have typical
B. erosum genitalia, and the mentum has the anterior lateral region large and triangular.
Colbert is less than 20 km NNE of Spokane, where both B. transversale and B. corgenoma
have been collected. As the only record of B. erosum east of the Cascades, some doubt is
cast upon its authenticity, but there is no reason otherwise to question the locality data.

In addition, there is a form in the Sierra Nevada of California that requires fur-
ther examination. My limited study of it indicates that it has all of the morphological
features of B. transversale, except that it has a normal mentum shape, with large and
triangular anterior lateral regions.

Taxonomic Treatment

Subgenus Hydrium

The subgenus Hydrium, as defined by Maddison (2012), contains seven species in the
Palacarctic region (Marggi et al. 2017) as well as five species in the Nearctic region
(Lindroth 1963): Bembidion nitidum, B. interventor, B. obliqguulum, B. levigatum, and
the new species described here.

The species key in Lindroth (1963) can be modified as follows to take into account
the new species.
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19 More than two setae on the clypeus, and at least one long seta on the front
angle of the prothorax. Elytra without the typical pair of distinguishable dor-
sal punctures but most intervals with a row of small punctures, each carrying

210NG SEtA. vt 19A
- Clypeus with only two setae. Elytra with two dorsal punctures on third inter-
val, otherwise without setigerous punctures ...........cocecceeevvrereereerineenennes 20
19A Elytra with a row of long setae on all intervals; prothorax wide, sides very
rounded (Fig. 8A) ..c.ccoovviiiiiiiiiiiiicciie e B. levigatum
- Elytra with a row of long setae on most intervals, but lacking on intervals 2
and 4. Prothorax narrower, with straighter sides (Fig. 8B)........... B. mimbres

Bembidion mimbres sp. nov.

http://zoobank.org/5F95B4F6-9FFD-4841-8E69-794A258381A2

Holotype. Male, in OSAC, labeled: “USA: New Mexico: Grant Co., Gila River, Bill-
ings Vista, 1320 m, 32.8163°N, 108.6032°W, 11.viii.2005. DRM 05.043. D.R. &
J.H.A. Maddison”, “David R. Maddison DNA2131 DNA Voucher” [pale green pa-
per], “HOLOTYPE Bembidion mimbres David R. Maddison” [partly handwritten,
on red paper], “Oregon State Arthropod Collection OSAC_0002000007 [matrix
code]” [printed on both sides of white paper]. Genitalia in glycerin vial pinned beneath
specimen; extracted DNA stored separately. GenBank accession numbers for DNA
sequences of the holotype are MW 151386, MW 151400, MW 151414, MW 151425,
MW151432, and MW151443.

Paratypes (116). USA: New Mexico: Grant Co., Gila River, Billings Vista, 1320 m,
32.8163°N, 108.6032°W [Iype locality] (44: OSAC, USNM, MCZ, NHMUK,
MNHM, MSBA), USA: New Mexico: Grant Co., Billings Vista, Gila River, 1310 m,
32.8137°N, 108.6031°W (28: OSAC, CAS, UAIC, EMEC); USA: New Mexico: Grant
Co., Gila River near Cliff, 1350 m, 32.9124°N, 108.5897°W (12: OSAC); USA: New
Mexico: Grant Co., Gila River near Gila, 1370 m, 32.9692°N, 108.5868°W (3: OSAC);
USA: New Mexico: Grant Co., Gila River near Gila, 1370 m, 32.969°N, 108.587°W
(4: OSAC); USA: New Mexico: Grant Co., Gila River, Gila National Forest, 1315 m,
32.8167°N, 108.6035°W (14: OSAC); USA: New Mexico: Gila R., jet US 260, nr. Gila
(1: UASM); USA: Arizona: Navajo Co., Carrizo Ck nr. Carrizo (10: UASM).

Typelocality. USA: New Mexico: Grant Co., Gila River, Billings Vista, 32.8163°N,
108.6032°W.

Derivation of specific epithet. Bembidion mimbres is named in honor of the peo-
ple of the Mimbres culture, who lived alongside this species, including at the type
locality, and who illustrated the insects in their world on their pottery (Hegmon, et al.
2018). The name is to be treated as a noun in apposition.

Diagnosis and description. Adults of this species are relatively large Bembidion
(5.3-6.3 mm in length), with a striking appearance because of the smooth and shiny
dorsal surface with its metallic reflections (Figs 1, 8B). Body piceous, with an aeneous,
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Figure 8. Adult males of subgenus Hydrium A Bembidion levigatum (voucher V100820, from USA:
Utah: Grand Co., Moab, Colorado River, 1190 m, 38.5739°N, 109.5769°W) and B B. mimbres (a para-
type from the type locality, voucher V101458). Scale bars: 1 mm.

green, or blue metallic reflection. Legs with tarsi and tibiae testaceous, femora infuscated.
First three antennomeres testaceous, with the tip of the third infuscated in some speci-
mens; fourth basally testaceous. Palps testaceous except for the penultimate maxillary
article, which is infuscated. Mentum with anterior lateral regions large and triangular
as typical for a Bembidion; mentum tooth incised at tip, and thus bifid (similar to B.
levigatum). Prothorax with relatively straight sides, especially posteriorly (Fig. 8B); with
distinct posterolateral carina close to the lateral margin; posterior region of pronotum
smooth, impunctate. Lateral bead of elytra extending inside shoulder well toward the
midline, sharply angulate. Striae consisting of rows of distinct punctures, without an
associated groove; on stria 1 complete; striae 2—6 absent in the posterior third; stria 7
virtually absent, represented by at most minute punctulae. Dorsal surface lacking micro-
sculpture, and thus very shiny. More than two setae on the clypeus, and extra setae on the
frons, at least anteriorly; at least one long seta near the front angle of the prothorax; pros-
ternum with at most two setae. Elytra without the typical pair of distinguishable setose
punctures associated with interval 3, but with a row of long setae on all intervals except 2
and 4. Aedeagus (Fig. 9C,D) with ventral margin thinner, and with internal sac sclerites
very similar to those of B. levigatum, but with slight differences, especially basally.
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D

Figure 9. Male genitalia of subgenus Hydrium A B. levigatum (voucher DNA1693, Virginia: Danville
City Co., Danville) B B. levigatum (voucher DNA2343, Texas: Bastrop Co., Colorado River near Utley)
C B. mimbres (voucher DNA2134, USA: New Mexico: Grant Co., Gila River, Billings Vista) D B. mim-
bres (voucher DNA2135, USA: New Mexico: Grant Co., Gila River, Billings Vista). Scale bar: 0.1 mm.
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Figure 10. Geographic distribution of B. mimbres in Arizona and New Mexico.

Most easily distinguished from B. levigatum by the narrower prothorax with
straighter sides (Fig. 8B), the lack of setae on elytral intervals 2 and 4, and having at
most one or two setae on the prosternum.

Additional characteristics. Diploid chromosome number 24, with 11 pairs of
autosomes and an XY/XX sex chromosome system.

Geographic distribution. Known from the Gila River watershed in Arizona and
New Mexico (Fig. 10).

Habitat. At the type locality, found at night on damp sandy soil about 2—4 me-
ters from the river shore, in the shade of a large willow (Fig. 2). At a site a few meters
away, 28 specimens were found at night on damp clay/sand soil among small Sa/ix and
Populus saplings 2—8 meters from the water’s edge; in spite of extensive searching in the
same area, only one specimen was found during the day. At other sites along the Gila
River, found in habitats similar to those in which B. levigatum is found, on damp sand
and silt on the steep upper bank of the river, mostly at night.

Bembidion levigatum Say

Bembidium levigatum Say, 1823: 84. Lectotype female in MNHN, designated by Lin-
droth and Freitag (1969). Type locality Missouri.

Bembidion laevigatum delawarense Casey, 1924: 24. Holotype male in USNM (type
number 36814), examined. Type locality Pennsylvania.
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Diagnosis and geographic distribution. Adults of this species are large and distinc-
tively wide, with a broad, rounded prothorax (Fig. 8A), and with a very shiny dorsal
surface, with a green or bluish metallic reflection. The clypeus, frons, anterior corner
of the prothorax, and all elytral intervals have long setae in addition to the standard set
in Bembidion; the prosternum has four or more setae. Aedeagus as in Fig. 9A, B. A very
widespread species, found throughout most of the eastern United States and a small
region of southern Canada, from Maine to Florida, north and west to Alberta and
Montana, south to Utah, New Mexico, Texas, and Mexico (Bousquet 2012). I have
also seen specimens from the Grand Canyon in northern Arizona (two specimens in
MSBA labeled “USA AZ Coconino Co Grand Canyon Nat. Park, N36.77 W111.655
RMBL 29-30 August 2002 coll. Cobb, Brantley, Lightfoot”).

Bembidion transversale species group

The Bembidion transversale group contains large Bembidion found primarily on river
shores of cobble, gravel, and sand from Canada to Guatemala. Members of the group
are characterized by large size (5.8—8 mm); posterolateral carina of pronotum lack-
ing or indistinct and somewhat oblique; lateral bead of elytra not prolonged onto
shoulder; crista clavicularis absent; elytral striae distinct and mostly complete; elytral
microsculpture transverse; two discal setae of elytra in or close to third stria. It belongs
to what has been called the Nearctic Ocydromus Clade (Maddison 2012), although
that group is not closely related to subgenus Ocydromus. The only subgeneric name
available for the Nearctic Ocydromus Clade is Leuchydrium Casey, although the type
species (Bembidion tigrinum LeConte) is quite distant from the B. mransversale group
(Maddison 2012).

There are now eight recognized species in the B. transversale group in the United
States and Canada:

Bembidion transversale subgroup
Bembidion transversale Dejean, 1831
Bembidion erosum (Motschulsky, 1850)
Bembidion corgenoma Maddison, sp. nov.
Bembidion perspicuum (LeConte, 1848)
Bembidion sarpedon Casey, 1918
Bembidion mexicanum subgroup
Bembidion mexicanum Dejean, 1831
Bembidion lugubre LeConte, 1857
Bembidion pernotum Casey, 1918

There is a total of 20 species-group names that have been applied to members
of the B. transversale group (for details beyond those provided below, see Maddison
and Swanson (2010)). I have examined detailed photographs of the primary type
of one (the holotype of Bembidium transversale Dejean, in the MNHN), and the
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primary types themselves of 18. The twentieth lacked a type series, and a neotype is
designated below.

The species key in Lindroth (1963) can be modified as follows to take into ac-
count species in the B. transversale subgroup. Specimens from this group are not easy

to identify.

145

145A

145B

145C

145D

Prothorax (Lindroth 1963: figs 168a—b) without or with very faint, oblique
latero-basal carina ..........ccccociiiiiiiiiiiii 145A
Prothorax with latero-basal carina well developed, less oblique................ 146
Mentum with anterior lateral region reduced, not triangular, each consisting
of a mesal denticle and a more lateral rounded bump (Fig. 13B-D). An-
tenna with at least the second and third antennomeres apically infuscated.
Tip of aedeagus not abruptly curved downward (Fig. 14A, B); basal scle-
rotized lobe large (Fig. 15A); apex of flagellar sheath with long, thin dark line
(Fig. 16A, B) c.vvviciiiiicccciicccccce s B. transversale
Mentum with anterior lateral region as typical for a Bembidion: triangular,
large, and with anterior margin significantly anteriad of the central tooth
(Fig. 13A). Other characteristics either as mentioned above or not ...... 145B
Paler, with antennae gradually becoming slightly darker toward the apex;
pronotum in most specimens dark rufous. Prothorax with lateral margins
more rounded, very shiny, with weaker microsculpture and less punctuation.
Relatively flat elytral intervals with small punctures in striae. Aedeagus with
ventral margin having a slight downward bulge. Internal sac sclerite complex
of male genitalia narrower in side view, with relatively long and thin flagellar
complex. Known from NM, CO, WY, UT, AZ .....c.ccccvueenunnee. B. sarpedon
Darker, with at least antennomeres 4-11 infuscated; pronotum rufous or pi-
ceous. Prothorax with lateral margins less rounded, less shiny, and in most speci-
mens with more punctures. Aedeagus without ventral bulge. Internal sac sclerite
complex less narrow, with a dorso-ventrally wider flagellar complex.......... 145C
Prothorax with later margins less sinuate, with more notable punctures in the
basal region (Maddison and Swanson 2010: fig. 4B); aedeagus with ostial flag
more dorsal, and with a more abrupt curve at its anterior end (Maddison and
Swanson 2010: fig. 6B) .....cccoiviviiiiiiiiccceecce B. perspicuum
Prothorax with lateral margins more sinuate, flatter, with a smoother basal
region (Maddison and Swanson 2010: fig. 4A); aedeagus with ostial flag ex-
tending further ventrally, and with gentler curvature (Maddison and Swan-
0N 2010: fig. BA) . 145D
Legs and basal three antennomeres pale, testaceous or rufo-testaceous. Elytral
striae deeper. Tip of aedeagus not abruptly curved downward (Fig. 14E, F);
basal sclerotized lobe small (Fig. 15C); apex of flagellar sheath with dark area
triangular (Fig. 16E, F) ..ccoooiiiiiiiiiiiiiiiii B. corgenoma
Legs in most specimens darker (in southern specimens infuscated); second
and third antennomeres infuscated, at least apically. Elytral striae shallower.
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Tip of aedeagus abruptly curved downward (Fig. 14C, D); basal sclerotized
lobe large (Fig. 15B); apex of flagellar sheath with long, thin dark line
(Fig. 16C, D) et B. erosum

Bembidion transversale Dejean, 1831

Bembidium transversale Dejean, 1831:110. Holotype female, in MNHN, examined by
Kipling Will, who provided photographs that confirmed the identification. Type
locality restricted to Nipigon, Ontario, by Lindroth (1963).

Diagnosis and geographic distribution. Adults of this species (Fig. 11A) are charac-
terized by the reduced anterior lateral regions of the mentum (Fig. 13B-D), and the
antenna with at least the second and third antennomeres apically infuscated (Fig. 12A).
The prothorax is more cordate than in other species. The aedeagus has its ventral sur-
face relatively straight, with the tip not abruptly curved downward (Fig. 14A, B); the
basal sclerotized lobe is large (Fig. 15A), and the apex of the flagellar sheath has a long,
thin dark line (Fig. 16A, B). This is the easternmost species, found from Newfound-
land and Nova Scotia west through Ontario to southeastern British Columbia, central
Oregon, northeastern Nevada, northern Utah, and Colorado (western portion of dis-
tribution shown in Fig. 19).

Bembidion erosum (Motschulsky, 1850)

Peryphus erosus Motschulsky, 1850:10. Lectotype female, in ZMUM, examined, desig-
nated by Bousquet and Larochelle (1993), labeled “type” [handwritten], “Califor-
nia” [handwritten on red paper], “Peryphus erosus Mots California” [handwritten
on green paper], [a rectangle of blank red paper], “LECTOTYPE Peryphus erosus
Motschulsky Des. by Y. Bousquet *91” [partly handwritten on red paper]. Type
locality California.

Bembidion marinicum Casey, 1918:57. Holotype female in USNM (type number
36919), examined. Type locality Marin County, California.

Diagnosis and geographic distribution. Most adults of this species are the darkest
members of this group (Fig. 11B), with the second and third antennomeres infuscated
(Fig. 12B), at least apically, and with dark femora, although the more northern popula-
tions (e.g., from mainland British Columbia) have paler legs and paler ground color of the
body. Prothorax moderately cordate, with a smooth basal region with few punctures. Tip
of aedeagus abruptly curved downward (Fig. 14C, D); basal sclerotized lobe large (Fig.
15B); apex of flagellar sheath with long, thin dark line (Fig. 16C, D). This species is coast-
al, occurring from Haida Gwaii in British Columbia south along the coast to Big Sur and
neighboring areas of California, with only one record from east of the Cascades (Fig. 20).
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Figure | 1. Adult males of Bembidion transversale subgroup members A B. transversale (voucher V101454,
Canada: Alberta: Burbank, junction of Red Deer and Blindman Rivers, 52.3542°N, 113.7556°W) B B. ero-
sum (voucher V101453, USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W).
C B. corgenoma (voucher V101452, from type locality) D B. perspicuum, light form (voucher V101461,
USA: Arizona: Cochise Co., San Pedro R at Charleston, 31.6239°N, 110.1722°W) E B. perspicuum, dark
form (neotype of Bembidium haplogonum Chaudoir, USA: California: Lake Co., North Branch Cache
Creck at hwy 20, 305 m 38.9881°N, 122.5400°W) F B. sarpedon (voucher V101459, USA: Colorado:
Las Animas Co., Cokedale, Reilly Canyon, 37.1346°N, 104.6114°W). Scale bar 1.0 mm.

Bembidion corgenoma sp. nov.

http://zoobank.org/BFSE001D-F543-4149-8081-0BF7B99A8484

Holotype. Male, in OSAC, labeled: “USA: Oregon: Benton Co., Corvallis, Willamette
River, 60 m, 44.5491°N, 123.2449°W, 7.x.2019. DRM 19.210. D.R. Maddison”,
“David R. Maddison DNA5673 DNA Voucher” [pale green paper], “HOLOTYPE
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BERN, v

Figure 12. Antennae of B. transversale subgroup A B. transversale (voucher V101457, Canada: Ontario:
Thunder Bay Dist., Rossport) B B. erosum (voucher V101456, USA: California: Del Norte Co., Wilson
Creek, 3 m, 41.6051°N, 124.1005°W) € B. corgenoma (voucher V101455, USA: Oregon: Coos Co.,
Crooked Creek S of Bandon, 43.0814°N, 124.4335°W). Scale bar 0.1 mm.

Bembidion corgenoma David R. Maddison” [partly handwritten, on red paper], “Ore-
gon State Arthropod Collection OSAC_0002000008 [matrix code]” [printed on both
sides of white paper]. Genitalia mounted in Euparal in between coverslips pinned with
specimen; extracted DNA stored separately. GenBank accession numbers for DNA
sequences of the holotype are MW151449, MW151463, MW151491, MW151520,
and MW151548.

Paratypes (193). USA: Oregon: Benton Co., Corvallis, Willamette River,
44.5491°N, 123.2449°W, 60 m [type locality] (78: OSAC, CNC, CAS, UAIC,
UASM, MCZ, EMEC, CSCA); USA: Oregon: Benton Co., Corvallis, Willamette
River, 60 m, 44.5491°N, 123.2451°W (10: OSAC); USA: Oregon: Benton Co.,
Corvallis, Willamette River, 44.5475°N, 123.2428°W, 60 m (35: OSAC, USNM,
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NHMUK, MNHM, UBCZ); USA: Oregon: Benton Co., Corvallis, Willamette River,
60 m, 44.5478°N, 123.2430°W (2: OSAC); USA: Oregon: Benton Co., Corvallis,
62 m, 44.5491°N, 123.2449°W (6: OSAC); USA: Oregon: Linn Co., Willamette
River, Truax Island, 44.5853°N, 123.1913°W, 60 m (12: OSAC); USA: Oregon: Lane
Co., Goodman Creek, Willamette NF, 43.8441°N, 122.6736°W, 290 m (2: OSAC);
USA: Oregon: Coos Co., Crooked Creek S of Bandon, 43.0814°N, 124.4335°W, 7 m,
24.iii.2014 (26: OSAC); USA: California: Tehama Co., Red Bluff, Sacramento River,
40.1759°N, 122.229°W, 73 m (22: OSAC, CAS, EMEC).

Type locality. USA: Oregon: Benton Co., Corvallis, Willamette River, 44.5491°N,
123.2449°W.

Derivation of specific epithet. The specific epithet is formed from the Latin
word cor, meaning heart, and genoma, a modification (for easier pronunciation) of the
coined word “genome”. Corgenoma refers to this species being the heart or current fo-
cus of genomic studies in small carabid beetles. Cor- also alludes to the type locality of
Corvallis, Oregon, whose name is derived from Latin, and means “heart of the valley”.
It is to be treated as a noun in apposition.

Diagnosis and description. Length (5.8-7.4). Relatively light in color compared
to B. transversale and B. erosum, with legs and basal three antennomeres pale, testaceous
or rufo-testaceous. Head and prothorax piceous, with metallic reflections, on pronotum
green or aeneous, on head bluish or green. Elytra paler, with shoulders and most of the
anterior half testaceous with an orange tint, bordered posteriad by a dark band (with
intervals 1-3 in this region dark rufous), followed by a pale testaceous band that either
extends to the apex or that is bounded posteriad by dark lateral spots which in the dark-
est individuals merge in the middle. Mentum with anterior lateral region as typical for a
Bembidion: triangular, large, and with anterior margin significantly anteriad of the central
tooth (Fig. 13A); central tooth trapezoidal, rounded. Prothorax cordate, with more sinuate
margins than B. perspicuum, with a relatively smooth basal region, with minute punctures;
pronotum without or with very faint, oblique posterolateral carina as in other members
of this group. Elytral striae 1-5 complete; stria 6 distinct and strong through much of its
length; stria 7 shallower, less impressed than 6, but distinct. Microsculpture of elytra very
transverse, with little tendency to form meshes. Two discal setae on each elytron, close to
third stria. Tip of aedeagus not abruptly curved downward (Fig. 14E, F); basal sclerotized
lobe small (Fig. 15C); apex of flagellar sheath with dark area triangular (Fig. 16E, F).

Additional characteristics. Diploid chromosome number 24, with 11 pairs of
autosomes and an XY/XX sex chromosome system (Pflug, et al. 2020). Genome size
(1C), as measured by flow cytometry, 2118 Mb in males and 2193 Mb in females
(Pflug, et al. 2020). Most specimens with singleton (non-conjugated) sperm (Gémez
and Maddison 2020).

Available genomic and transcriptomic data. Transcriptomic data for one
specimen is available on NCBI’s Sequence Read Archive at accession SRR8801541,
and genomic data of four specimens at accessions SRR8518612, SRR8518625,
SRR8518626, and SRR8518631 (Pflug, et al. 2020).
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Bembidion corgenoma
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Corvallis, OR

Bembidion transversale
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Hayden Lake, ID
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Figure 13. Mentum of B. corgenoma and B. transversale A Two specimens of B. corgenoma from Corval-
lis, Oregon B Two specimens of B. transversale from Hayden Lake, Idaho € Two specimens of B. transver-
sale from Wallowa State Park, Oregon D Two specimens of B. transversale from Point aux Pins, Michigan.

Notes. This species was called Bembidion haplogonum Chaudoir in Gustafson et al.
(20195 2020), and B. sp. nr. transversale in some other publications (Gémez and Mad-
dison 2020; Kanda, et al. 2015; Pflug, et al. 2020).

Geographic distribution. This species occurs from central British Columbia south
through the Willamette Valley of Oregon, the Central Valley of California, with some
records in Nevada, Idaho, eastern Washington, and Montana (Fig. 19), thus overlap-
ping with the range of B. transversale.

Geographic variation. The specimens on or close to the beaches of the Pacific
Ocean appear on average slightly paler than more inland specimens.
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E

Figure 14. Male genitalia of B. rransversale subgroup A B. transversale (voucher DNA4219, USA: Ore-
gon: Harney County, Banks of Silver Creek, 1379 m, 43.7278°N, 119.6256°W) B B. transversale (vouch-
er DNA2161, Canada: Alberta: Lethbridge, Oldman River, 800 m, 49.7043°N, 112.866°W) C B. erosum
(voucher DNA4033, USA: Oregon: Curry Co., Floras Creek at route 124 SE Langlois, 21 m, 42.9132°N,
124.4251°W) D B. erosum (voucher DNA3562, USA: California: Del Norte Co., Wilson Creek, 3 m,
41.6051°N, 124.1005°W) E B. corgenoma (voucher DNA2180, USA: California: Sonoma Co., Russian
River, 3 mi NE Healdsburg) F B. corgenoma (holotype, voucher DNA5673, USA: Oregon: Benton Co.,
Corvallis, Willamette River, 60 m, 44.5491°N, 123.2449°W/). Scale bar: 0.1 mm.

Figure 15. Basal sclerotized lobe of internal sac of male Bembidion transversale group members A B. trans-
versale (voucher DNA4219, USA: Oregon: Harney County, Banks of Silver Creek, 1379 m, 43.7278°N,
119.6256°W) B B. erosum (voucher DNA4033, USA: Oregon: Curry Co., Floras Creek at route 124
SE Langlois, 21 m, 42.9132°N, 124.4251°W) € B. corgenoma (voucher DNA2180, USA: California:
Sonoma Co., Russian River, 3 mi NE Healdsburg). Scale bar: 0.1 mm.
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Figure 16. Central sclerite complex of B. transversale subgroup A, B B. transversale (vouchers V101437
and V101436, USA: Michigan: Port aux Pins, Bois Blanc Isl.) €, D B. erosum (vouchers V101440 and
V101439, USA: California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W) E, F B.
corgenoma (vouchers V101428 and V101430, USA: Oregon: Benton Co., Corvallis, Willamette River,
44.5475°N, 123.2428°W). Scale bar: 0.1 mm.

Habitat. This species occurs on gravel or cobble shores of the rivers and creeks (Fig. 4),
more often where the bank is relatively flat and has small amount of clay and silt mixed
in with sand and gravel under the rocks. They also can be common under cobbles on the
shores of small creeks on the upper portions of beaches of the Pacific Ocean.

Bembidion perspicuum (LeConte, 1848)

Ochthedromus perspicuus LeConte, 1848: 466. Holotype male, in MCZ (type number
5510), external structure and aedeagus examined. Type locality “Rocky Mountains”.
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Ochthedromus mannerheimii LeConte, 1852:190. Lectotype female, designated by
Maddison and Swanson (2010), in MCZ (type number 35571). Type locality San
Diego, California. Although a male in the same unit tray as the lectotype is, by
genitalic characters, a member of Bembidion corgenoma, 1 am uncertain about the
lectotype. The almost complete absence of the seventh stria and the pronotal shape
suggests Bembidion perspicuum, but the base of the pronotum is not as punctured
as typical for that species. I tentatively place it as a synonym of Bembidion perspic-
uum. However, as Bembidion mannerbeimii LeConte, 1852, is a junior homonym
of Bembidion mannerheimii Sahlberg, 1827, this name is unavailable in any event.

Bembidium haplogonum Chaudoir, 1868: 241. Neotype male, in MNHN, here des-
ignated, labeled “USA: California: Lake Co., North Branch Cache Creek at hwy
20, 305 m 38.9881°N, 122.54°W, 5.viii.2010. DRM 10.090. K.W. Will & D.R.
Maddison”, “David R. Maddison DNA5681 DNA Voucher” [pale green paper],
“NEOTYPE Bembidium haplogonum Chaudoir designated D.R. Maddison”
[partly handwritten, on white paper, bordered by red lines]. Genitalia mounted
in Euparal in between coverslips pinned with specimen; extracted DNA stored
separately. GenBank accession numbers for DNA sequences of the neotype are
MW151478, MW 151506, and MW 151563. Details about the choice of neotype
are provided below.

Bembidion acomanum Casey, 1918: 59. Lectotype female, designated by Lindroth
(1975), in USNM (type number 36916), examined. Type locality Jemez Springs,
New Mexico (Lindroth 1975).

Bembidion excursum Casey, 1918: 59. Holotype female, in USNM (type number
36915), examined. Type locality Tucson, Arizona.

Bembidion tuolumne Casey, 1924:30. Lectotype male, designated by Lindroth (1975),
in USNM (type number 36917), external structure and aedeagus examined. In
Maddison and Swanson (2010), this was treated as tentatively a synonym of B.
transversale. Further examination of the lectotype, including of its genitalia, reveal
that this is a specimen of B. perspicuum. Type locality Tuolumne, California.

Designation of a neotype for Bembidium haplogonum Chaudoir. Lindroth (1963:
341) could not find the original type series for Bembidium haplogonum Chaudoir in
the MNHN. Thierry Deuve and David Kavanaugh have both searched for it, and
could not find it in the Chaudoir collection, although other specimens were found that
had been collected in California by Pierre Joseph Michel Lorquin. As the original type
series is presumed lost, I here designate a neotype.

Chaudoir’s (1868) description of Bembidium haplogonum is detailed enough to make
determination of the species he was describing clear. In his description, the large size
(8 mm) and absence of a carina near the hind angle of the prothorax could only apply
(within California, the type locality) to a member of the B. sransversale group. The color
pattern of the elytra (“sur les élytres, une petite tache au milieu du bord antérieur de chacune,
et une bande transversale un peu arquée aux trois quarts, d’un jaune testacé péle, peu distinc-
tes, surtout la tache basale”, which translates to “on the elytra, a small spot on the front
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Figure 17. Flagella of B. rransversale subgroup A, B B. transversale (vouchers V101438 and V101435,
USA: Michigan: Port aux Pins, Bois Blanc Isl.) C, D B. erosum (vouchers V101442 and V101441, USA:
California: Del Norte Co., Wilson Creek, 3 m, 41.6051°N, 124.1005°W) E, F B. corgenoma (vouch-
ers V101434 and V101431, USA: Oregon: Benton Co., Corvallis, Willamette River, 44.5475°N,
123.2428°W). Scale bar: 0.1 mm.

edge of each, and a slightly curved transverse band at three-quarters, of a pale testaceous
yellow, indistinct, especially the basal spot”) can only apply to some specimens of B.
erosum, B. lugubre, or the northern, dark form of B. perspicuum (Fig. 11E), as the other
species in California have the entire basal third to half of the elytra pale. The description
of the appendages as having the first 3.5 antennomeres, palps, and legs all pale yellow
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Figure 18. Summary of morphological differences between three species in the B. transversale subgroup
in A mentum B antennal color € curvature of ventral margin of the aedeagus D basal sclerotizes lobe size

E apex of flagellar sheath, F flagellum.

eliminates B. erosum, as the palps, femur, and antennomeres 2—11 are dark in California
specimens of that species. I have seen no specimens of B. /ugubre with an isolated small
spot on the front edge of each elytron; the only specimens that have a pale area in the

basal half of the elytra have the entire sides and basal regions of the elytra a pale rufous,
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Figure 19. Geographic distribution of B. transversale and B. corgenoma (eastern portion of distribution
of B. transversale not shown).

with a darker disc; this paler form of B. lugubre occurs north of Los Angeles in California.
The metallic coloration of the pronotum (“Le dessus d’un vert brillant un peu cuivreux”)
is characteristic of B. perspicuum, but not B. lugubre; the latter has no metallic sheen in
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Figure 20. Geographic distribution of B. erosum.
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any specimens I have seen from California, and in only very few individuals elsewhere.
The flatter prothorax with less rounded sides and a wider lateral gutter is also distinctive
of B. perspicuum relative to all three other species from California (B. erosum, B. lugubre,
and B. corgenoma), as is the distinctly punctured pronotal base (“distinctement ponctué
tout le long de la base”). The large size (8 mm) is more characteristic of B. perspicuums; 1
have seen no specimens of B. corgenoma longer than 7.5 mm, but have seen specimens of
B. perspicuum that are 7.9 mm in length, and specimens of B. perspicuum are, in general,
larger than those of B. corgenoma. Finally, the virtual absence of the seventh elytral stria is
characteristic of B. perspicuum relative to B. corgenoma. As Lorquin travelled extensively
in areas where the dark form of B. perspicuum occurs (Grinnell 1904), it is certainly rea-
sonable that a specimen of that form could have been seen by Chaudoir.

My early interpretations of Chaudoir’s descriptions were in error, and led me to be-
lieve that Chaudoir’s specimen was a member of what I here call Bembidion corgenomas
that mistake led me to call the species studied in Gustafson et al. (2019) Bembidion
haplogonum. As a correct reading of the original description shows that Bembidium
haplogonum refers to the dark form of B. perspicuum, 1 have designated a specimen
from northern California with a color pattern matching Chaudoir’s description as the
neotype (shown in Fig. 11E).

Diagnosis and geographic distribution. Adults of this species are large, and have a
pronotum that is flatter than in other members of the group, with less rounded sides, and
with the basal region more evidently punctate (Maddison and Swanson 2010: fig. 4).
At least antennomeres 4-11 infuscated. Specimens from most areas are relatively pale
(Fig. 11D), with the front half of the elytra pale, but specimens from northern California
and Oregon are much darker (Fig. 11E), with only elytral apices being pale. Aedeagal
characterc are described in Maddison and Swanson (2010). This species is known from
Texas, Kansas, Colorado, New Mexico, Arizona, Utah, Nevada, California, and Oregon.

Bembidion sarpedon Casey, 1918

Bembidion sarpedon Casey, 1918: 58. Lectotype male, designated by Lindroth (1975),
in USNM (type number 36914); external structure and aedeagus examined. Type
locality Cafion City, Colorado.

Bembidion animatum Casey, 1918: 62. Lectotype female, designated by Lindroth
(1975), in USNM (type number 36918), examined. Type locality Jemez Springs,
New Mexico (Lindroth 1975).

Diagnosis and geographic distribution. Adults of this species (Fig. 11F) are the pal-
est members of this group, with legs entirely testaceous or rufo-testaceous, with an-
tennae gradually becoming slightly darker toward the apex, and pronotum in most
specimens dark rufous as opposed to the piceous or black of other species. The dorsal
surface is shinier than in other species, especially the pronotum, because of the nearly
effaced microsculpture. The prothorax is moderately cordate; the elytral intervals are
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flatter than in related species, with small punctures in the striae. The ventral margin
of the aedeagus has a slight downward bulge, and the internal sac sclerite complex of
male genitalia is narrow in lateral view, with a long and thin flagellar complex. Known
from New Mexico and Colorado west to Arizona and Utah, and north to Mammoth

Hot Springs, Wyoming (OSAC).

Concluding remarks

The pathways that led to the recognition of the two species described here were very
different. When I encountered Bembidion mimbres for the first time, as pinned speci-
mens at the University of Alberta’s Strickland Museum in 1981-1982, I immediately
recognized them as an undescribed species. They shared the large size, setose elytra,
shiny surface, and striking color of the distinctive Bembidion levigatum, but did not
share B. levigatum’s unusual prothorax shape and width.

In contrast, it took at least 12 years of study for me to become confident that
B. corgenoma was a new species, and that the B. transversale subgroup consisted of at
least five species (B. sarpedon, B. perspicuum, B. transversale, B. erosum, and B. corgeno-
ma). The distinctiveness of B. sarpedon and B. perspicuum was recognized many years
ago. The specimens that remained (B. transversale s. 1.), however, were so complex
in their variation patterns, so lacking in a differentiating signal in DNA sequences,
and with such similar genitalia, that at times I thought there was just one species in
Bembidion transversale s. 1., and at other times more.

I had become so accustomed to the clarity provided by DNA sequences in my
other taxonomic projects on bembidiines that I had become somewhat skeptical of the
value of traditional taxonomic methods utilizing only patterns of morphological vari-
ation. Two events changed my mind, as they caused the patterns to become evident at
last. The first event was Kip Will’s collecting of both dark and light specimens from the
shores of Wilson Creek in north coastal California. They were so obviously different
in color that I expected them to have clearly different genitalia, and different DNA
sequences. My cursory inspection revealed only the slightest difference in the overall
shape of the aedeagus (I had not yet noticed the differences in the structures of the in-
ternal sac), not notable enough to be significant in itself. In addition, all six sequenced
dark specimens from that gravel bar differed from all five sequenced light specimens in
one base in Topoisomerase, but they did not differ in 28S, COI, and CAD. The corre-
lation between color, aedeagal shape, and that single base in Topoisomerase convinced
me that there were likely two species at that site in northern California, although if so
they would be much more similar than are most other pairs of closely related, sympa-
tric Bembidion species. Examination of Motschulsky’s specimens eventually revealed
that the dark species had a name, Bembidion erosum, but the pale species at Wilson
Creek and elsewhere continued to trouble me: other than the normal mentum, I saw
no consistent differences from the more eastern Bembidion transversale. The distinctive-
ness of the pale western form (here called B. corgenoma) did not become evident until
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the basic morphological work was done: thorough examination of the genitalia of 63
B. corgenoma males and 33 B. transversale males, focused on the area of geographic
overlap, revealed the consistent differences shown in Fig. 18, especially the shape of
the basal sclerotized lobe (Fig. 18D) and the tip of the flagellar sheath (Fig. 18E). This
confirmed that sequences of four genes will not necessarily reveal the presence or ab-
sence of gene flow, and that even in Bembidion, a group in which DNA sequences often
work very well for species delimitation, species boundaries are sometimes more quickly
uncovered by traditional morphological methods.

The lack of observed differentiation in DNA sequences between Bembidion trans-
versale, B. erosum, and B. corgenoma suggests that these are young, recently differenti-
ated species. The contrast is striking between this trio and other bembidiines; in most
bembidiines, sequences in at least one of the handful of standard genes provides a
clear signal of lack of gene flow between species (e.g., Maddison 2008; Maddison and
Cooper 2014; Maddison and Sproul 2020; Sproul and Maddison 2017). Why is the
signal of species boundaries so clear in most bembidiine groups, but not B. transversale
s. 1.2 Given genomic resources now available for this group, one fruitful and available
avenue of future research would be comparison of coalescent patterns of thousands of
regions of the genome within both this trio of Bembidion transversale group species and
other groups of bembidiines with similar levels of morphological divergence.
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Abstract

Three new species of the genus Exocelina Broun, 1886: E. brazza sp. nov., E. amabilis sp. nov. and E. mi-
mika sp. nov. are described from New Guinea. The former two species are placed into the E. ekari group,
while the latter is suggested to be a member of a separate lineage, the newly introduced E. skalei group. The
only other species of that group is E. skalei Shaverdo & Balke, 2014. The group is phylogenetically sister
of the E. ekari group. All species have been collected on the southern slopes of the New Guinea central

range, a region that remains mostly unsampled.
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Introduction

Three new species of the genus Exocelina Broun, 1886 were discovered on the south-
ern slopes of the New Guinea central range. Two of them, E. brazza sp. nov. and
E. amabilis sp. nov., belong to the largest Exocelina species group, the E. ekari group.
To date, this group contains 56 species (including the two new species) endemic to
New Guinea (Balke 1998; Shaverdo et al. 2005, 2012, 2014, 2016, 2020; Shaverdo
and Balke 2019). The third species, E. mimika sp. nov., shares the same combination
of characters including reduced setation of the paramere with E. skalei Shaverdo &
Balke, 2014. For these two species, the E. skalei group, which is the sister group of the
E. ekari group, is proposed. Exocelina skalei is only known from Kaimana in the Bird’s
Neck region of New Guinea, which is geographically in principle a westward extension
of the central highlands, with Kaimana situated at the south coast.

Including the results of this work, 145 species of Exocelina are now described from
New Guinea and 202 species worldwide (Nilsson and Héjek 2020; Shaverdo et al. 2020).
As in most of our previous papers on the genus, all species data will be presented on the
species-id.net portal automatically created by ZooKeys with the publication of this paper.

Materials and methods

The present work is based on material from the following collections:

KSP  Koleksi Serangga Papua, at the Biology Department of Universitas Cenderawasih
(UNCEN), Waena, Papua, Indonesia;
MZB Museum Zoologicum Bogoriense, Cibinong, Indonesia.

Our methods follow those described in detail in our previous articles (Shaverdo et al.
2012, 2014; Shaverdo and Balke 2014). The terminology to denote the orientation of
the genitalia follows Miller and Nilsson (2003). All specimen data are quoted as they ap-
pear on the labels attached to the specimens. Label text is cited using quotation marks;
comments in square brackets are ours. The following abbreviations were used: TL (total

body length), TL-H (total body length without head), MW (maximum body width).

Species descriptions and taxonomy notes

Exocelina brazza Shaverdo & Balke, sp. nov.
http://zoobank.org/5114E4B1-7F5D-4ED4-B74A-6B4A485FDF55
Figs 1-5

Type locality. Indonesia: Papua Province, Yahukimo Regency, Dekai, upper Brazza
River, near 04°44'27.9"S, 139°39'15.2"E, 300 m a.s.l.
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Figure 1. Habitus and colouration of Exocelina brazza sp. nov., holotype.

Type material. Holotype: male “Indonesia: Papua, Dekai, upper Brazza, 300 m,
2/3.51.2015, near -4,741084724 139,654211075976, Sumoked (Pap045)” (MZB).
Paratypes: 2 males, 10 females with the same label as the holotype, one male and one
female additionally with green text labels “6991” and “6990”, respectively (KSP, MZB).

Description. Body size and form: Beetle small: TL-H 3.05-3.3 mm, TL 3.45-
3.7 mm, MW 1.65-1.8 mm (holotype: TL-H 3.3 mm, TL 3.7 mm, MW 1.8 mm),
with oblong-oval habitus (Fig. 1).
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Colouration: Dorsally brown, with reddish pronotal sides (Fig. 1). Head reddish
in anterior half (in front of eyes) and reddish-brown to brown in posterior half (at eye
level and behind); pronotum reddish-brown on disc and with broad reddish sides,
sometimes also reddish along anterior and posterior margins; elytron reddish-brown to
dark brown, with reddish sutural lines; head appendages yellow to yellowish-red, legs
reddish. Teneral specimens paler.

Surface sculpture: Shiny dorsally, with fine punctation and microreticulation.
Head with dense punctation (spaces between punctures 1-3 times size of punctures),
distinctly finer and sparser anteriorly and posteriorly; diameter of punctures smaller
than diameter of cells of microreticulation. Pronotum with distinctly finer and rela-
tively sparser punctation than on head. Elytra with very sparse and fine punctation,
almost invisible. Pronotum and elytra with weakly impressed microreticulation; head
with stronger microreticulation. Metaventrite and metacoxa distinctly but weakly mi-
croreticulate, metacoxal plates with longitudinal strioles and transverse wrinkles. Ab-
dominal ventrites with weak microreticulation, strioles, and fine sparse punctation,
coarser and denser on two last abdominal ventrites.

Structures: Pronotum with distinct lateral bead. Base of prosternum and neck of
prosternal process with ridge, slightly rounded anteriorly. Blade of prosternal process
broadly lanceolate, relatively broad and short, slightly convex medially, with distinct
bead and few setae. Abdominal ventrite 6 broadly rounded apically.

Male: Antenna modified: antennomeres 3—4 strongly enlarged, antennomere 5
distinctly enlarged and antennomeres 6-10 stout (Fig. 1). Pro- and mesotarsomeres
1-3 not dilated. Protarsomere 4 cylindrical, narrow, with large, thick, strongly curved
anterolateral hook-like seta. Protarsomere 5 ventrally with anterior row of 12 and pos-
terior row of 5 short setae (Fig. 2D). Median lobe with discontinuous outline and dis-
tinct submedian constriction in ventral view; apex elongate in lateral view (Fig. 2A, B).
Paramere without distinct dorsal notch; subdistal part with relatively long, dense setae;
proximal setae inconspicuous (Fig. 2C). Abdominal ventrite 6 broadly rounded, with
10-14 lateral striae on each side.

Female: Pro- and mesotarsi not modified. Abdominal ventrite 6 without striae.

Habitat. The specimens were collected from a small creek on an almost flat pri-
mary forest floor, about 100 m from the upper Brazza River (Figs 3, 4).

Distribution. Indonesia: Papua Province. This species is known only from the
type locality (Fig. 5).

Etymology. The species is named after the Brazza River. The name is a noun in the
nominative singular standing in apposition.

Affinities. The species evidently belongs to the E. ekari group due to the discon-
tinuous outline of its median lobe. Within the group, it can be placed close to the
shiny species with antennomeres 3 and 4 larger than other antennomeres (including
the recently described E. athesphatos Shaverdo et al., 2020 and E. zsinga Shaverdo et al.,
2020), to which it is assumed to be closely related. However, E. brazza sp. nov. can
be easily distinguished from all of them by its small size, shape of the male antennae,
median lobe and paramere.
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Figure 2. Exocelina brazza sp. nov., paratype A median lobe in ventral view B median lobe in lateral view

C right paramere in external view D right male protarsomeres 4-5 in ventral view.
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Figure 4. Habitat of Exocelina brazza sp. nov., a small creek in the primary forest, ca 100 m from the

Brazza River.
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Figure 5. Map of the western part of New Guinea showing the species distribution.

Exocelina amabilis Shaverdo & Balke, sp. nov.
http://zoobank.org/ C7F77D9E-27BD-446D-9E9E-415D6B6D143C
Figs 5-7

Type locality. Indonesia: Papua Province, Pegunungan Bintang Regency, south from
Ok Sibil, tributary Digul River, 05°03'25.9"S, 140°43'21.1"E, 359 m a.s.l.

Type material. Holotype: male “Indonesia: Papua, S Ok Sibil, tributary Digul
Riv [River], 359m, 9.vi.2015, -5,05718389 140,722535848617, Sumoked (Pap051)”
(MZB). Paratypes: 3 males, 8 females with the same label as the holotype, 2 males
additionally with green text label “6997” and “6998” (KSP, MZB).

Description. Body size and form: Beetle small: TL-H 2.65-3.45 mm, TL
3.55-3.85 mm, MW 1.75-1.9 mm (holotype: TL-H 3.25 mm, TL 3.65 mm, MW
1.8 mm), with oblong-oval habitus (Fig. 6).

Colouration: Dorsally piceous (Fig. 6), with dark brown posterior part of head and
lateral parts of pronotum, and sometimes with middle part of pronotum and elytral
sutural lines; head appendages and legs yellowish-red, metathoracic legs darker distally.

Surface sculpture: Relatively shiny dorsally, with very fine, sparse punctation and dis-
tinctly impressed microreticulation. Head with dense punctation (spaces between punc-
tures 1-3 times size of punctures), distinctly finer and sparser anteriorly and posteriorly;
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Figure 6. Habitus and colouration of Exocelina amabilis sp. nov., holotype.

diameter of punctures almost equal to diameter of cells of microreticulation. Pronotum
with much sparser and finer punctation than head. Elytra with very sparse and fine punc-
tation, often inconspicuous. Pronotum and elytra with distinctly impressed microreticula-
tion; head with microreticulation stronger. Metaventrite and metacoxae distinctly micro-
reticulate, metacoxal plates with longitudinal strioles and transverse wrinkles. Abdominal
ventrites with distinct microreticulation, strioles, and very fine and sparse punctation.
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Figure 7. Exocelina amabilis sp. nov., paratype A median lobe in ventral view B median lobe in lateral

view C right paramere in external view D right male protarsomeres 4-5 in ventral view.
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Structures: Pronotum with narrow lateral bead. Base of prosternum and neck of
prosternal process with distinct ridge, slightly rounded anteriorly. Blade of prosternal pro-
cess lanceolate, relatively broad, slightly convex, with distinct lateral bead and few setae.

Male: Antenna simple. Pro- and mesotarsomeres 1-3 not dilated. Protarsomere 4
cylindrical, narrow, with medium-sized, thick, slightly curved anterolateral hook-like seta.
Protarsomere 5 ventrally with anterior row of 12 and posterior row of 6 short, thick,
pointed setae (Fig. 7D). Median lobe with slightly discontinuous outline (see apically);
in lateral view, more or less evenly curved, with broadly pointed apex; in ventral view,
tapering to broadly pointed apex (Fig. 7A, B). Paramere with very deep dorsal notch,
separating subdistal part; subdistal part broad, transverse, situated under apex of proximal
part, with large tuft of dense, thick, flattened setae; proximal setae sparse, thin, much
more inconspicuous than subdistal (Fig. 7C). Abdominal ventrite 6 with extremely weak,
small medial impression, visible only apically, concave apically, with 1216 lateral striae
on each side.

Female: Pro- and mesotarsi not modified. Abdominal ventrite 6 slightly truncate
or very slightly concave apically, without medial impression and lateral striae.

Habitat. The specimens were collected from the gravel banks of a primary forest
stream. The beetles were mainly hidden in the coarse gravel and were only obtained
after some digging.

Distribution. Indonesia: Papua Province. The species is known only from the type
locality (Fig. 5).

Etymology. The species name is a Latin adjective and means “loveable”.

Affinities. The species evidently belongs to the E. ekari group due to the discon-
tinuous outline of its median lobe. It is similar to E. utowaensis Shaverdo, Hendrich &
Balke, 2012 in modification of the abdominal ventrite 6, body size, colouration and
shape but distinctly differs from it in having a pronotal bead (absent in E. utowaensis)
and different shape of the median lobe, paramere, and anterolateral hook-like seta of
the male protarsomere 4 (it is also larger in E. utowaensis). The species is also similar to
E. athesphatos in modification of the abdominal ventrite 6 and paramere, but distinctly
differs from it in smaller size and having simple male antennae.

Exocelina mimika Shaverdo & Balke, sp. nov.
http://zoobank.org/368BA68B-265B-4FEC-BCF0-080373747401
Figs 5, 8, 9

Type locality. Indonesia: Papua Province, Mimika Regency, Tsinga Village, Beaneko-
gom River, 04°11.629'S, 137°13.756'E, 1690 m a.s.l.

Type material. Holotype: male “Indonesia: Papua, Kabupaten [Regency] Mi-
mika, Desa [Village] Tsinga, Sungai [River] Beanekogom,”, “1690m, 25-30.v.2017,
04°11.629'S, 137°13.756'E, B. Sumoked (Pap66-Bob04)” (MZB). Paratypes: 3 males
with the same label as the holotype (KSE, MZB).
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Figure 8. Habitus and colouration of Exocelina mimika sp. nov., holotype.

Description. Body size and form: Beetle medium-sized: TL-H 4.8-5.0 mm, TL
5.2-5.4 mm, MW 2.5-2.6 mm (holotype: TL-H 4.8 mm, TL 5 mm, MW 2.5 mm),
with oblong-oval habitus (Fig. 8).

Colouration: Dorsally piceous (Fig. 8), sometimes with dark brown posterior part
of head, lateral sides of pronotum, and dark brown elytral sutural lines; head append-
ages yellowish brown, legs yellowish brown to reddish-brown. Teneral specimens paler.
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Figure 9. Exocelina mimika sp. nov., paratype A median lobe in ventral view B median lobe in lateral

view C right paramere in external view D right male protarsomeres 4-5 in ventral view.
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Surface sculpture: Shiny dorsally, with distinct punctation and weakly impressed
microreticulation. Head with relatively dense, unevenly distributed punctation (spaces
between punctures 1-4 times size of punctures), distinctly finer and sparser anteriorly
and posteriorly; diameter of punctures equal to diameter of cells of microreticulation.
Pronotum and elytra with punctation sparser and finer than on head and with dis-
tinct but weakly impressed microreticulation; head with stronger microreticulation.
Metaventrite and metacoxae distinctly microreticulate, metacoxal plates with longitu-
dinal strioles and transverse wrinkles. Abdominal ventrites with distinct microreticula-
tion, strioles, and fine but distinct punctation.

Structures: Pronotum with distinct lateral bead. Base of prosternum and neck of
prosternal process with distinct ridge, very slightly rounded anteriorly. Blade of pros-
ternal process lanceolate, narrow, slightly convex, with distinct lateral bead and few
setae. Abdominal ventrite 6 broadly rounded.

Male: Antenna simple. Pro- and mesotarsomeres 1-3 very slightly dilated. Protar-
somere 4 simple, narrow, with large, thick, strongly curved anterolateral hook-like seta.
Protarsomere 5 ventrally with anterior band of more than 50 and posterior row of 20
relatively long setae (Fig. 9D). Median lobe robust, with continuous outline and with-
out setation; lateral margins thick in apical half; apex with very short blunt prolonga-
tion in lateral view and deeply concave in ventral view (Fig. 9A, B). Paramere without
dorsal notch and with reduced setation: setae very thin, inconspicuous, sparse, longer
subdistally and proximally and very short medially (Fig. 9C). Abdominal ventrite 6
broadly rounded, with 2—7 lateral striae on each side.

Female: Unknown.

Habitat. The specimens were collected from rock pools at the edge of a fast-flow-
ing mountain stream.

Distribution. Indonesia: Papua Province. The species is known only from the type
locality (Fig. 5).

Etymology. The species is named after Mimika Regency, where it was collected.
The name is a noun in the nominative singular standing in apposition.

Affinities and introduction of the E. skalei group. The other Exocelina species
known from the Tsinga area is E. #singa Shaverdo et al., 2020, which is very similar to the
new species in size, body shape, colouration, and surface sculpture. The males of these
species can be easily distinguished due to the modified antennae of E. #singa and different
shape and setation of their genitalia; female identification, however, could be problematic.

Based on morphological characters, we cannot place the new species in any known
species group. The new species resembles representatives of the E. jaseminae group in
the shape of the median lobe and E. mekilensis Shaverdo & Balke, 2019 and species of
the E. ullrichi group (Shaverdo and Balke 2014) in the reduced setation of the para-
mere. However, in the shape of the median lobe and setation of the paramere, the new
species is the most similar to E. skalei. Thus, we assume that these two species might
be closely related. Exocelina skalei has been so far treated as a member of the E. ekari
group but according to the molecular analyses, it is the sister clade of the E. ekari group
(Toussaint et al. 2014, 2015).
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Therefore, for E. skalei and E. mimika sp. nov., herein we introduce a new species
group, the E. skalei group, with the following diagnostic characters:

—  beetle small or medium-sized (TL-H 2.9-5.0 mm), with continuous body
outline of broadly oval or oblong-oval shape;

— elytra without striae/strioles, with distinct punctation, beetles shiny or submatt;

—  pronotum with distinct lateral bead;

— antennomeres not modified;

— male protarsomere 4 simple, with medium-sized or large, slightly or strongly
curved anterolateral hook-like seta;

— median lobe of aedeagus without setation, with continuous or slightly discon-
tinuous apically outline;

—  paramere without dorsal notch and with strongly reduced setation: setae very
thin and sparse, some longer setae distinct subdistally; setae tiny, inconspicuous medi-
ally and proximally.

Since the southern slopes of the central range is a poorly studied area, we assume
that more species of the E. skalei group await discovery. The new material, including its
molecular analysis, would help to confirm group delimitation.
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Abstract

Sint Eustatius (Statia) is a 21 km?island situated in the northeastern Caribbean Sea. The most recent pub-
lished sources of information on that island’s marine fish fauna is in two non-governmental organization
reports from 2015-17 related to the formation of a marine reserve. The species-list in the 2017 report was
based on field research in 201315 using SCUBA diving surveys, shallow “baited underwater video sur-
veys” (BRUVS), and data from fishery surveys and scientific collections over the preceding century. That
checklist comprised 304 species of shallow (mostly) and deep-water fishes. In 2017 the Smithsonian Deep
Reef Observation Project surveyed deep-reef fishes at Statia using the crewed submersible Curasub. That
effort recorded 120 species, including 59 new occurrences records. In March-May 2020, two experienced
citizen scientists completed 62 SCUBA dives there and recorded 244 shallow species, 40 of them new
records for Statia. The 2017-2020 research effort increased the number of species known from the island
by 33.6% to 406. Here we present an updated catalog of that marine fish fauna, including voucher pho-
tographs of 280 species recorded there in 2017 and 2020. The Statia reef-fish fauna likely is incompletely
documented as it has few small, shallow, cryptobenthic species, which are a major component of the
regional fauna. A lack of targeted sampling is probably the major factor explaining that deficit, although
a limited range of benthic marine habitats may also be contributing.

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

Sint Eustatius island, known locally as Statia, is a 21 km? island in the northeastern
Caribbean, and is one of the Leeward Islands in the Lesser Antilles. Until recently
there were very few published accounts relating to the marine-fish fauna of Statia.
The most comprehensive are represented by two non-governmental organization
(NGO) environmental reports to the Statia government by van Kuijk et al. (2015)
and Davies and Piontek (2016, 2017). Those two reports referred to only one older
scientific publication, by Metzelaar (1919), relating to the fish fauna of that island,
among other islands of the Dutch Caribbean. Davies and Piontek (2017) combined
their own results from visual surveys with information from BRUV (Baited Remote
Underwater Video) surveys by van Kuijk et al. (2015), and a variety of historical
scientific collections and fisheries surveys to produce a general list of 307 species
(modified to 304, see below), which included both deep- and shallow-water species.
In this paper we use the results of deep-reef research using a crewed submersible in
2017 and shallow SCUBA surveys in 2020 to add to the checklist of the island’s ma-
rine fish fauna. We also include voucher photographs of most of the species observed
and collected during those two surveys. In addition to representing vouchers for the
species records, the photographs are intended for use by managers, citizen scientists,
recreational divers and fishers who want to identify fishes they see and catch at Statia.
Hopefully they will also stimulate future documentation of previously unreported
species there. Finally, we compare aspects of the ecological structure of the Statia
fauna to that of the regional, Greater Caribbean fauna to assess how complete the
faunal inventory is for Statia.

Materials and methods

Study area

As one of the Dutch Caribbean islands, Statia sits among Saba, Sint Marten and St Kitts
and Nevis (Figure 1) and shares a 200-m insular shelf with the last two islands (Suppl.
material 1: Figure S1). Statia is surrounded by a narrow 200-m shelf, which is most
extensive on the leeward, western side (Figure 2). The island has a limited diversity of
marine habitats. It lacks large, deep embayments, particularly on the western side, that
would otherwise provide sheltered locations for development of fringing and back-reef
areas. Statia has little well-developed coral reef and most reef areas are of relatively low
relief. Due to the general degree of exposure of the entire island to ocean swells it lacks
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Figure |. Location of Sint Eustatius. The Caribbean Sea, with the location of Sint Eustatius island indi-
cated in the inset. Source: Hoetjes and Carpenter (2010: fig. 1).
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Figure 2. Study sites at Sint Eustatius Island. Location of dive sites during 2017 and 2020: Black stars
indicate submersible dives, blue stars 2017 SCUBA dives, red stars 2020 SCUBA dives (some individual
stars indicate multiple dives in very close proximity), purple star an intertidal snorkeling site, and the red
outline shows limits of the shore-diving area in 2020. See Suppl. material 2: Table S1 for georeferenced
date on dive sites. Generalized 20 m, 30 m, 200 m and 500 m isobaths in blue; other lines indicate marine
and terrestrial reserve areas. (Base map from Statiaparks, openstreemap.org, CC-BY-SA 2.0 with bathym-
etry data corrected from CARMABI/WWEF/E.Imms (https://www.dcbd.nl/document/bathymetry-map-
seas-surrounding-st-eustatius-saba-and-st-maarten, accessed 10 July 2020)
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any mangroves and has little in the way of seagrass beds, which are now dominated by
a non-native species of Halodule (van Kuijk et al. 2015; Hoeksema 2016).

The Caribbean Sea, with the location of Sint Eustatius island indicated in the inset.
Source: Hoetjes and Carpenter (2010: fig. 1).

Data sources

Published species lists

A comprehensive set of species records came from two NGO studies, which were in-
cluded in a report by Hoeksema (2016). van Kuijk et al. (2015) recorded 107 species
during “baited underwater video surveys” (BRUVs) at 104 sites in shallow water (<30
m deep) scattered around all sides of the island in 2013. Davies and Piontek (2016,
2017) recorded 206 species during 38 of their own shallow, roving-diver surveys in
2015, and augmented that list with a list of species they extracted from historical lit-
erature, museum records (from major online aggregators, see below), photographs of
fishes caught at the island that they obtained from various sources, and fisheries sur-
veys. They added the species recorded by van Kuijk et al. (2015) to those they had seen
and extracted from other sources to produce a combined list of 307 species.

Research in 2017 and 2020

In 2017 the Smithsonian Institution’s Deep Reef Observation Project (DROP) worked
with the crewed submersible Curasub to make collections and observations on deep-reef
fishes at Statia, to complement similar prior work at the Antillean islands of Dominica
and Curagao (e.g., Baldwin et al. 2018). The submersible was launched close to shore
from the tender vessel R/V Chapman and towed by a surface boat to locations along
the outer reef slope off the southwest coast where the shallow reef flat transitioned to
the slope (- 40—50 m). Eleven submersible dives were made off the southwestern edge
of the island’s 200 m platform (see Figure 2, and Suppl. material 2: Table S1). Each
dive lasted approximately five hours and reached a maximum depth of 143-305 m, de-
pending on the habitat at that particular site. Submersible surveys follow the methods
used by Baldwin et al. (2018). Dives were roving surveys with the submersible facing
the reef and moving laterally while slowly descending the slope. Periodically, stops were
made to collect specimens using an anesthetic (quinaldine in ethanol) ejection system
attached to the sub’s manipulator arms, coupled with a suction pump attached to one
arm that emptied into a holding chamber. On five of the eleven dives visual records of
fishes were obtained by CB and LT, who were seated in the front of the submersible
and linked their sightings of identifiable fishes to depth measurements recorded from a
digital depth gauge inside the submersible. High-definition video was also recorded on
five dives from a camera mounted on the front of the sub. Five scuba-based collection
dives to a maximum depth of 20 m were also made by LT and CB, who were targeting
sponge-associated gobies. A total of 210 specimens was collected, and 6475 individu-
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als were recorded from visual observations during the SCUBA and submersible dives
by DROP. Some of those specimens represent undescribed species or belong to groups
with uncertain taxonomy.

Two of the authors, CJE and AME, are citizen scientists with extensive experience
photographing reef fishes at various sites in the Greater Caribbean. In 2020 they spent
two months (mid-March to mid-May) living at Statia and SCUBA diving daily to
obtain photographic vouchers of the fishes they observed. They made 62 dives, each
of approximately one-hour duration, at depths between 1-30 m on both hard-reef,
sand, rubble and seagrass habitats, as well as on sunken wrecked ships. Half of those
dives were nearshore in a restricted area, as, during the second half of their stay at the
island, they lacked dive-boat support and were able to dive only from the shoreline (see
Figure 2, and Suppl. material 2: Table S1). During those dives CJE and AME accu-
mulated photographs of the great majority of fish species they saw. They also obtained
recent photographs of a few species taken by local divers and fishers at Statia that they
did not see or photograph themselves.

Online aggregators

In addition, we also assessed information provided by three major aggregators of on-
line georeferenced location data on marine fishes (GBIF https://www.gbif.org/, OBIS
https://obis.org/, and FishNet2 http://www.fishnet2.net/search.aspx, all accessed on
7 May 2020), searching for records in ~ 120-km?* quadrat based on Admiralty Chart
487G that encompassed Statia and the surrounding shelf area: the area bounded by
17.433°N to 17.533°N and — 62.933°W to — 63.033°W. That quadrat contained al-
most 100 km?” of marine habitat. That area is a little larger than and centered on the
area shown in Figure 2. Those sites regularly update the information they contain and
might have had additional records to those found by Davies and Piontek (2017).
Location of dive sites during 2017 and 2020: Black stars indicate submersible dives,
blue stars 2017 SCUBA dives, red stars 2020 SCUBA dives (some individual stars in-
dicate multiple dives in very close proximity), purple star an intertidal snorkeling site,
and the red outline shows limits of the shore-diving area in 2020. See Suppl. material
2: Table S1 for georeferenced date on dive sites. Generalized 20 m, 30 m, 200 m and
500 m isobaths in blue; other lines indicate marine and terrestrial reserve areas. (Base
map from Statiaparks, openstreemap.org, CC-BY-SA 2.0 with bathymetry data cor-
rected from CARMABI/WWE/E.Imms (https://www.dcbd.nl/document/bathymetry-
map-seas-surrounding-st-eustatius-saba-and-st-maarten, accessed 10 July 2020)

The structure of the Statia reef-fish fauna

Zoogeography

Members of the entire Statia fauna as currently known (Table 1; hereafter Statia20) were
assessed in terms of their global and local geographical ranges, as follows: (a) Endemism
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—we noted whether each is a Greater Caribbean endemic, or is distributed more widely
in the tropical western Atlantic (i.e., to the north and south of the Greater Caribbean,
or on both sides of the Atlantic, or in the Indo-Pacific as well as the Atlantic). (b) Geo-
graphical range size — we noted which species have small geographical ranges within the
Greater Caribbean, which we defined as ranges that span no more than one third of the
area of that region (based on maps of their ranges in Robertson and Van Tassell 2019).

Ecological structure

The research during 2017-2020 was aimed at documenting the reef-associated bony
fishes of Statia. For analyses of the structure of the Statia20 fauna we assigned those
species to the following ecological groups (following Robertson and Tornabene 2020):
Reef-associated fishes include demersal and benthic species that use hard substrata
(coral- and rock reefs), and soft bottoms (sand, gravel, mud, seagrass and macroal-
gal beds growing on sediment, estuaries and mangroves) immediately adjacent to or
within the matrices of reefs. Benthic species are restricted to living on and in the bot-
tom, while demersal species use both the bottom and the near-bottom water column.
Cryptobenthic fishes are visually and/or behaviorally cryptic due to their form and
coloration, and to their maintaining a close association with the benthos, directly on
or within it. Small size (here maximum total length (TL) <10 cm) also is thought to
be important for crypsis among such species. Core families of cryptobenthic reef fishes
(Core CRFs) (see Brandl et al. 2018, 2019) found in the western Atlantic include the
Apogonidae, Blenniidae, Bythitidae, Callionymidae, Chaenopsidae, Dactyloscopidae,
Gobiesocidae, Gobiidae, Grammatidae, Labrisomidae, Opistognathidae, Syngnathi-
dae, Tripterygiidae. To these families we added the Dinematichthyidae, which was
split from the Bythitidae by Moller et al. (2016) shortly before Brandl et al. (2018)
assembled their list of Core CRF families, and contains many shallow, reef-associated
species. Species in the list are divided into two depth classes, based on their depth
ranges: shallow species are those commonly found above 40 m depth, and deep species
are those entirely or largely restricted to depths below 40 m.

In the Greater Caribbean region reef-associated bony fishes comprise ~ 900 species
from 304 genera in 76 families (Robertson and Tornabene 2020). Reef-fish faunas of
deep reefs down to ~ 250 m are dominated by the same set of families that are com-
mon on shallow reefs (Baldwin et al. 2018). At the regional level -~ 95% of those reef-
associated species are non-pelagic, demersal and benthic forms, which were the focus
of the 20172020 research at Statia. The relative abundance of the different ecological
groups in the Statia20 fauna was compared to: (a) that of the regional fauna to assess
similarities and differences; (b) that of the Statia fauna of Davies and Piontek (2017)
(hereafter Statial7) to assess any changes; and (c) that of the Saba Exclusive Economic
Zone (EEZ) (which includes Statia) (hereafter Sabal7) prior to the 2017-2020 re-
search to assess the identity and ecotypes of species that, although they are not on the
Statia20 list, do occur very near Statia. Finally, we compare the relative abundances of
the different ecogroups in the Statia20 fauna to those at one of the best sampled reefs
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in the Greater Caribbean, which has the largest published fauna: Alligator Reef in the
Florida Keys (see Williams et al. 2010). The Alligator reef faunal checklist was recently
updated and expanded (Starck et al. 2017; Estapé et al. 2020; hereafter Alligator20),
and, hence, should provide a useful comparison.

A list of reef-associated fishes known from Alligator Reef was extracted from the list
in Starck et al. (2017), and Estapé et al (2020) by comparing it to the checklist of regional
reef-associated fishes of Robertson and Tornabene (2020). A faunal list for the Saba EEZ
(see Suppl. material 1: Figure S1) was obtained by using the “Species List Assembly” tool
in Robertson and Van Tassell (2019) (https://biogeodb.stri.si.edu/caribbean/en/research/
index/list), as follows: within the tool the following combination of factors was selected
—all species/ political area/ Saba EEZ. The confirmed species on the list generated (those
with actual records within that EEZ) were then used here. A few species represented
solely by data from the 2017-20 research at Statia that were on the Saba EEZ list gener-
ated by that tool were excluded from that list for the present comparisons.

Results

Modifications to the list of Davies and Piontek (2017)

We reduced the number of species on the list of Davies and Piontek (2017) (which
is unchanged from that of Davies and Piontek 2016) from 307 to 304 through three
deletions. Those included Emblemariopsis occidentalis Stephens, 1970, Pterois miles
(Bennett, 1828) and Enneanectes pectoralis (Evermann & Marsh, 1899). Those authors
recorded E. occidentalis and provided a photograph (on p 75 of Davies and Piontek
2016) of the fish they gave this name. However, E. occidentalis is now known to be re-
stricted to the Bahamas (B Victor pers. comm., 26 May 2020). Authors CJE and AME
photographed two species of this genus at Statia, E. bahamensis and E. carib. While E.
carib (and E. occidentalis) has a simple ocular cirrus, E. bahamensis lacks such a cirrus.
As the fish in Davies and PionteK’s (2016) photograph clearly has an ocular cirrus it
cannot be E. bahamensis. B Victor (pers. comm., 26 May 2020) examined that pho-
tograph and concluded it is of either E. carib or possibly E leprocirris Stephens 1970,
which has an ocular cirrus and is known from the Puerto Rican plateau, 185 km from
Statia. Hence, we deleted E. occidentalis from the list but did not include E. leptocirris
due to the uncertain identification of that photograph. The Indo-west Pacific lionfish
P volitans apparently is a hybrid of two Indo-west Pacific species, and the West Atlantic
population of this lionfish appears to be composed almost entirely of P volitans (Wil-
cox et al. 2018). Hence, we excluded P miles from the list as it is unlikely to be pre-
sent at Statia and any such an occurrence has not been confirmed genetically. Davies
and Piontek (2017) included both Enneanectes pectoralis and E. jordani on the list.
However, we excluded E. pectoralis as it recently has been shown to be a synonym of
E. jordani (see Victor 2017). In addition, we changed the names for two of Davies and
Piontek’s (2017) species: Davies and Piontek (2017) recorded L. campechanus (Poey,
1860), which is now known to be restricted to the Gulf of Mexico and US area. The
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taxonomic separation of L. purpureus, which ranges from the Caribbean to Brazil, from
L. campechanus was recently confirmed by da Silva et al. (2020). Davies and Piontek
(2017) recorded S mitsukurii Jordan & Snyder, 1903. However, the Greater Caribbean
population was recently renamed S. clarkae (see Ehemann et al. 2019) and S. mitsuku-
rii is now regarded as restricted to the Eastern Adlantic and Indo-west Pacific. Those
changes reduced the Statial7 list from 307 to 304 species.

Additions from other sources

The Van Kuijk et al. (2015) list of 106 species contained one species (Chilomycterus sch-
oepfi) not included by Davies and Piontek (2017) in their list. FishNet2 supplies data
based on museum records to GBIF and all 34 species records from FishNet2 were also
in the GBIF list and are not separately indicated in Table 1. The GBIF list included
103 species, and, after discounting the 27 DROP2017 collection records included
therein, none of the 76 remaining species represented “new” records that are not on
the Davies and Piontek (2017) list. OBIS, which also supplies data to GBIF, produced
37 records, 13 of which (all common, widely distributed species) were not in the GBIF
list, but only one of which (Coryphaena hippurus) was not in any other database.

DROP recorded a total of 120 species, 59 of which were not in any other list, ex-
cept for two new records it shared with the Estapé 2020 list. Eight of those 59 records
are of species that have yet to be described and named. The Estapé 2020 list includes
244 records, 40 of them new, plus two other new additions they share with DROP.
Summing the deletions and additions from various sources produced a total of 406
species for the Statia20 checklist (see Table 1).

Photographic plates

The 13 photographic plates (Suppl. materials 4-16: Plates S1-S13) include images of
280 species, 69% of those on the Statia20 list. In addition, Davies and Piontek (2017)
provided images of Chimaera cubana, which are not included in the supplemental
plates. Of the plate images, 40 species come from DROP collections, 226 were taken
by CJE and AME and 14 were provided to them by local divers and fishers at Statia
(Table 1). Images are available from other sources for all remaining species listed in
Table 1 (except the seven species of macrourids), on their individual species pages at
https://biogeodb.stri.si.edu/caribbean/en/pages.

Structure of the Statia20 reef-associated bony fish fauna
Global geographical ranges
Greater Caribbean endemics represent the largest group of species in the Statia fauna,

and, together with more widely ranging western Atlantic endemics, constitute almost
three quarters of the species. Trans-Atlantic species and species found outside as well as
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Figure 3. Percentages of the Sint Eustatius marine fish fauna represented by groups of species with dif-

ferent global geographical ranges. GC = Greater Caribbean endemics; NWA = GC plus temperate eastern
USA; WA = GC plus Brazil; TA = WA plus central or East Atlantic; and A&P = species found in both the

Adlantic and various parts of the Indo-Pacific.

inside the Atlantic represented only a quarter of the fauna (Table 1, Figure 3). The rela-
tive abundances of species with different types of large-scale geographic ranges are very
similar to those of species in the well documented fauna of nearby St. Croix (Smith-
Vaniz and Jelks 2014). Species found in Brazil constituted one third of the Statia fauna,
while those extending northwards from the Greater Caribbean represented only 1%,
a reflection of the greater effects of temperature limitation on northward extension of
ranges as compared to effects of the Amazon-Orinoco outflow on limitation of range
extension much further south of the Greater Caribbean.

Extent of geographical ranges within the Greater Caribbean

The vast majority of species are widely distributed within the Greater Caribbean, with
only nine (2.25%) of them having ranges limited to a restricted part of the Caribbean.
Among those nine, five are deep-living species, and five belong to Core CRF families
(Table 1). The four shallow species with restricted ranges are all Core CRFs. None of
the species were micro-endemics, restricted to Statia or that island plus immediately
surrounding islands, and no micro-endemics are known to exist in that general area.
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Ecology — Depth

The number of deep species increased from 44 on the Statial7 list to 86 in the Statia20
fauna (Table 1), representing an increase from 14.5% in the former to 21.2% in the
latter. Among the reef-associated bony fishes (Table 2) the number of deep species
increased from 6 (2.7%) to 39 (11.7%) in those two lists.

Ecology — Reef-associated bony fishes

The Statia20 fauna of such species is 38.3% larger than the Statial7 fauna, with num-
bers of shallow species increasing by 24.8% (from 214 to 267) and of deep species
increasing 6.2-fold (from 6 to 39). This led to substantial increases in the relative
abundance of deep-reef species, and of benthic, cryptobenthic, small cryptobenthic
and core CRFs on both shallow and deep reefs. The Sabal7 fauna was 71% larger than
that of Statial7, with greater percentages of deep-reef, benthic, cryptobenthic, small
cryptobenthic and Core CRFs. The Sabal7 fauna was 23% larger than the Statia20
fauna and had a greater proportion of shallow species and fewer deep species, and
higher proportions of shallow members of cryptobenthic, small cryptobenthic and
Core CRF groups. Thirty-two percent of the Sabal7 species were not in the Statia20

Table 2. Characteristics of assemblages of reef fishes at different locations in the Greater Caribbean
region. Percentages of ecotypes in the entire regional fauna, the entire faunas from each local area, and
within each of two depth subgroups refer to number of species as a % of the entire fauna and of each depth
subgroup. Assemblages include those at Statia in 2017 and 2020 (Statial7 and Statia20), in the Saba EEZ
in 2017 (Sabal?), of species in the Sabal7 fauna that are not currently known to occur at Statia (Sabal7-
Statia20), of the Saba EEZ in 2020 (Statia20 + Sabal7), and of Alligator reef in 2020 (Alligator20). Small
species are those with < 10 cm maximum total length. Percentage values for individual sites that are greater
than the regional value are shown in red, those below the regional value are in blue.

Region Statia20  Statial7 Sabal7 Saba20  Alligator20 Sabal7 — Statia20

ALL SPECIES (n) 903 306 220 377 427 427 121
Demersal species% 35.0
Benthic species% 65.0
Cryptobenthic species% 59.2
Small cryptobenthic species% 41.6
Core CREF species% 45.8

SHALLOW SPECIES% 85.1
Non-cryptic species% 40.8
Cryptobenthic species% 59.2
Small cryptobenthic species% 41.3
Core CRF species% 46.2

DEEP SPECIES% 14.9
Non-cryptic species% 40.3
Cryptobenthic species% 59.7
Small cryptobenthic species% 43.3
Core CRF species% 44.0

Notes: see methods for classification of ecotypes. For lists of species in the Saba EEZ and Statia2020, and their ecotypic classifications
see Suppl. material 2: Table S1. Prerois volitans and Pristipomoides spp are excluded from Suppl. material 2: Table S1 and the calculations
in Table 2. The former is non-native and the specific identity of Pristipomoicdes at Statia is uncertain.
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fauna. Those 121 species comprised mainly shallow cryptobenthic types, including
small-cryptobenthic and Core-CRF species. When those are combined with the Sta-
tia20 fauna the resultant Saba20 fauna has substantial increases in the proportions of
shallow cryptobenthic, small cryptobenthic and core CRF species compared to the
Statia20 fauna. Relative to the regional fauna, however, the faunas of Statial7, Sta-
tia20, Sabal7, and Saba20 all had deficits of deep species of all types and of shallow
cryptobenthic species, including small- and Core-CRF species. The Alligator20 fauna
of reef-associated species is the same size as the Saba20 fauna. It has the same charac-
teristics as the Statial7 and Sabal7 faunas: a large deficit of deep-reef fishes and deficits
of shallow cryptobenthic species, including small- and Core-CRF species. Although
there has been some collecting at Alligator reef of shallow cryptobenthic species there
has been no submersible-based collecting there.

Discussion

The efforts of van Kuijk et al. (2015) and Davies and Piontek (2017) substantially in-
creased our knowledge of the known ichthyofauna of Statia, from 215 to 304 species.
The information added through the research in 2017 and 2020 has produced a further
significant increase, by 33.6%, to 406 species. While the size of the Statial7 fauna was
similar to that known for other islands in the Caribbean (Williams et al. 2010; Davies
and Piontek 2017) the Statia20 fauna is distinctly larger. That can be attributed to the
combination of research on deep-reef fishes by DROP in 2017 and on shallow species
by CJE and AME in 2020. Williams et al. (2010) compared the size of the Saba Bank
fauna to the faunas of various Caribbean sites and two in the Florida Keys. The size of
the large known fauna at one of those Florida sites, Alligator Reef, has increased by -
20% since the Williams et al. (2010) study (see Starck et al. 2017; Estapé et al. 2020).
However, the current state of knowledge for the other Caribbean sites referred to by
Davies and Piontek (2017) and Williams et al. (2010) is unclear.

Zoogeographically the two largest groups of species in the Statia20 fauna are
Greater Caribbean endemics and western Atlantic endemics, and the smallest group
is of species found in the Indo-Pacific as well as the Atlantic. This mixture is fairly
representative of the Greater Caribbean fish fauna as a whole (Robertson and Cramer
2014), and similar to that of nearby St. Croix (Smith-Vaniz and Jelks 2014). The vast
majority of the species in the Statia20 fauna are widely distributed in the Greater
Caribbean. Among the very few (2.25%) with restricted ranges most information on
range-size is available for the shallow species, which belong to two of the most speciose
Core CRF families in the Greater Caribbean, the Gobiidae and Chaenopsidae. High
levels of local endemism is a feature of some CRF taxa (Brandl et al. 2018) and region-
ally those two families have substantial proportions of species with restricted ranges, as
defined here: 78.7% of 47 chaenopsids and 42.4% of 139 reef-associated gobies (see
species maps in Robertson and Van Tassell 2019).
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Most species recorded in the Statial7 fauna are readily visible reef fishes, demersal
and non-cryptic benthic species commonly found on wider Caribbean reefs, and the
proportions of cryptobenthic (particularly small ones) and deep-reef species were rela-
tively low. Davies and Piontek (2017) recognized that both those groups were probably
underrepresented in their checklist due to inadequate sampling. Aspects of data collec-
tion that affect the adequacy of sampling at a location include its spatial distribution,
techniques used, and the depth of sampled habitats. Of all research efforts to date at
Statia only the shallow BRUV sampling by van Kuijk et al. (2015) can be regarded as
spatially representative, as it was well dispersed around both exposed and sheltered sides
of the island. SCUBA-based sampling by Davies and Piontek (2017) and both DROP
and the Estapés was largely limited to the more sheltered platform on the western side
of the island, and the submersible sampling by DROP was restricted to one small area at
the southwest corner of the island shelf. Hence, there are large areas of habitat on the sea-
ward platform and on deep reefs around three quarters of the island that remain unsam-
pled. Furthermore, roving SCUBA surveys are largely limited to providing information
on larger, more readily visible demersal and pelagic species (Ackerman and Bellwood
2000; Smith-Vaniz et al. 2006; Alzate et al. 2014). BRUVs are similarly limited: only
10.3% of the 106 species recorded by van Kuijk et al. (2015) are cryptobenthic forms,
and only 2.8% are small cryptobenthic species (see Suppl. materials 2, 3: Tables S1, S2).

Rotenone is an ichthyocide commonly used in small quantities by researchers to
extract cryptobenthic fishes hiding within reef structures or buried in soft bottoms,
and is an important tool for elucidating the contribution of such species to reef-fish
faunal assessments (Ackerman and Bellwood 2000; Smith-Vaniz et al. 2006; Robert-
son and Smith-Vaniz 2008). Davies and Piontek (2017) indicated that sampling using
ichthyocides to extract cryptobenthic species hiding within the matrix of the reef at
Statia likely would increase the size of the fauna. Rotenone sampling has been em-
ployed on shallow reefs of Saba Bank by Williams et al. (2010), and can account for
the large numbers of small cryptobenthic species encountered there that are not on the
Statia20 checklist: 60% of the 142 species collected by Williams et al. (2010) at Saba
bank using that ichthyocide are cryptobenthic forms. Given that that bank is very close
to Statia (the two shallow platforms are < 20 km apart) and, since it lacks mangroves,
seagrasses and intertidal habitats, the bank may have even lower habitat diversity than
Statia. Hence, it seems quite likely that many of the cryptobenthic species, particularly
the small ones, found on that bank will be encountered at Statia when appropriate
sampling has been done. However, the increase in numbers of shallow cryptobenthic
species at Statia from 2017 to 2020 does show that organized searching by skilled citi-
zen scientists can contribute substantially to knowledge of cryptobenthic species. The
activities of CJE and AME added 33 shallow cryptobenthic species to the checklist,
31% of the total and 85% of the new records for that ecogroup in the 2020 fauna, and
equivalent to 49% of the number present in the Statial7 fauna (Tables 1, 2).

The DROP submersible-based sampling is the only organized research on deep-
reef fishes conducted to date at Statia or in the Saba EEZ. It produced more than half
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the new records in the Statia 2020 fauna, including records of eight recently discovered
species that currently lack scientific names. It dramatically increased the numerical and
proportional abundance of deep-reef species in the general fauna and in the reef-asso-
ciated component. A lack of such research at Saba bank and Alligator Reef accounts for
the very low abundance of deep-reef fishes at those sites.

The proportional abundances of shallow cryptobenthic species, including small
species and core CRFs, are also distinctly lower in the Statia20 fauna than the regional
fauna. Even if all 121 reef-associated species in the Saba EEZ that are not known from
Statia are assumed to be at Statia those proportions still remain below the regional
levels. Some of that difference is probably due to sampling artifacts. However, the
proportional abundances of those ecotypes in a local fauna like that of Statia, or Alliga-
tor Reef, may always be lower than the regional level. In the Greater Caribbean small
cryptobenthic species, particularly Core-CRF species such as blennioids and gobies,
often have small geographical ranges (see above), which are scattered in different parts
of the region (see Robertson and Van Tassell 2019). While the regional level of the pro-
portional abundance of such taxa is based on an aggregate of many such species from
a large area, only a subset of species in those taxa will be found at any single site and
their proportional contribution to local faunal richness most likely will be lower than
the regional level. The Statia20 fauna includes 33.9% of the Greater Caribbean’s reef-
associated fish fauna. That percentage rises to 47.3% in Saba20. Whether a tiny island
with a small area of a limited range of habitats is likely to support many more species,
and whether pelagic recruitment of reef fishes from nearby islands found around three
sides of Statia helps sustain the Statia fauna are both debatable issues that bear on the
size of its marine fish fauna.

Conclusions

The research reported in the present study substantially increased our knowledge of the
size of the marine fish fauna of Statia and resulted in the discovery of a significant num-
ber of undescribed deep-reef species. Although that island fauna is now one of the best
documented in the Greater Caribbean there is still much to do to provide a thorough
assessment of its diversity. Collecting with ichthyocide (or anesthetics) is essential for
effective sampling of the fauna of small, shallow cryptobenthic reef fishes present there,
and sampling of both deep and shallow reef fishes needs to be more effectively distrib-
uted across the range of habitats present at the island. No single site in the Caribbean
Sea has been subject to sufficiently thorough sampling to provide a clear understand-
ing of the size of its entire marine fish fauna, the size of its reef-associated fish fauna,
or even the size of its shallow, reef-associated fauna, let alone its deep-reef fish fauna.

Permits

Collecting by DROP was performed under Saba/Statia BES Permit No. 120317 to the
Foundation Curacao Deep Reef Research Centre.
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original source and author(s) are credited.
Link: https://doi.org/10.3897/z00keys.1007.58515.suppl15
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Plate S13

Authors: David Ross Robertson, Carlos J. Estapé, Allison M. Estapé, Ernesto Pena,

Luke Tornabene, Carole C. Baldwin

Data type: Photographs

Explanation note: Voucher photographs of fishes.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) 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/z00keys.1007.58515.suppl16



