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Abstract: Tetrigidae is one of the largest orthopteran families, but very few studies so far
have integrated molecular and morphological data. Unsurprisingly, few species have
been DNA barcoded, and the unresolved taxonomy makes Tetrigidae a difficult group to
work with. Here, we examined a sample of 90 specimens collected as a part of the Costa
Rican DNA barcoding project and identified 20 species assigned to 24 BINs, among which
are 8 newly described species: Scaria bimaculata sp. nov., Lophotettix semicristatus sp. nov.,
Otumba auricarinata sp. nov., Otumba tenuis sp. nov., Otumba ignicula sp. nov., Metrodora
mollilobata sp. nov., Metrodora ala sp. nov., and Platythorus inabsolutus sp. nov. We found
that coloration and lateral lobe shape are species-specific among the examined species of
Batrachideinae and Metrodorinae and that Lophotettiginae and Metrodora might be more
closely related than previously assumed.

Keywords: DNA barcoding; pygmy grasshopper; Neotropics; COL BOLD systems

1. Introduction

Tetrigidae, commonly known as pygmy grasshoppers, is one of the most speciose
orthopteran families numbering just over 2000 species, with more being continuously de-
scribed [1-3]. Although a lot of work is being conducted on tetrigid taxonomy, it is still
predominantly morphology-based; only a few studies dealing with molecular data exist
[4-15]. Many species of Tetrigidae still lack clear morphological diagnoses and many sub-
groups lack good identification keys, making pygmy hoppers difficult to identify [16-19].
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The simplest genetic data is the DNA barcode. DNA barcoding using a 658 bp seg-
ment of the Cytochrome oxidase subunit I gene (COI) was proposed as a way to help
identify animal species, thus addressing the limitation of pure morphology [20]. DNA
barcoding has become a widely used tool [21-23] and has even been utilized to fast-track
species descriptions [24,25], which has been criticized on the grounds of instability of clus-
tering algorithms (e.g., Barcode Index Number (BIN) system) and superficial treatment of
morphology [26-29]. There is clearly a need to develop novel, fast, and precise taxonomic
protocols for megadiverse taxa without sacrificing precious information [26,30] and this
is an important issue to be resolved. In the context of Tetrigidae, DNA barcoding has only
been used once to assist in species descriptions, resulting in the recognition of two sym-
patric species [7].

Tetrigidae is not a megadiverse taxon, and it is still possible (albeit increasingly dif-
ficult) to define each species with morphologic characters. As we showed previously, the
availability of tetrigid COI sequences is low, and many existing sequences belong to
poorly, if at all, identified specimens [31]. Here, we present the first large-scale integrative
characterization of Tetrigidae species, combining morphology and DNA barcoding data
generated after extensive sampling in Costa Rica. We relate BIN clusters to species, revise
the taxonomic placement of certain species and groups, and describe eight new ones based
on conservative molecular and morphologic criteria. We conduct taxonomic revisions
only where strictly necessary as many taxa require extensive work before confident clas-
sifications—and by extension identification keys—can be made.

2. Materials and Methods
2.1. The Origin of Specimens

The Costa Rican specimens were collected between 2012 and 2021 as a part of the
BioAlfa DNA barcoding project of the Guanacaste Dry Forest Conservation Fund
(GDFCF) based in Area de Conservacién Guanacaste (ACG) and led by some of the au-
thors of this study (D] and WH). The specimens were collected using malaise traps and
were deposited at the Centre for Biodiversity Genomics, Canada (BIOUG), where they
were sequenced. The data pertaining to around 1500 tetrigid specimens from BIOUG are
publicly available through the BOLD Systems website. A sample of 90 specimens repre-
senting all the BINs identified in this collection was loaned to NK for morphological ex-
amination and analysis. The specimens were selected so that each BIN was represented
by non-damaged specimens, ideally a male and a female. Full specimen data are available
at https://dx.doi.org/10.5883/DS-CRTET (accessed on 16 November 2024). The DNA anal-
ysis methods follow those used by Kasalo et al. [31].

The holotypes are housed at the Staatliches Museum fiir Naturkunde Karlsruhe
(SMNK), while the other specimens remain at BIOUG. The collection localities of exam-
ined specimens are shown in distribution maps in Figure 1. The distribution maps were
generated in QGIS (Geographic Information System, QGIS Association.
http://www.qgis.org, accessed on 16 November 2024).
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Figure 1. Collection localities of the examined specimens from Costa Rica. The rhomboid shapes
represent type localities. Where multiple specimens were collected from a single locality, this local-
ity is denoted by a white dot encircled by the specimens found there. (A) Batrachideinae; (B) Met-
rodorinae; (C) Lophotettiginae; (D) Tetriginae.

2.2. Phylogenetic and Clustering Analyses

The COI sequences of the 90 Costa Rican specimens were initially screened. The se-
quence representing the BIN AEI8939 (Process ID PLBDHO006-20) is likely a result of con-
tamination since NCBI BLAST (version + 2.15.0) showed that it is highly similar to lepi-
dopteran sequences, so it was removed. We further used the coil R package [32] to screen
the barcodes for stop codons, insertions, and deletions and found them all to be clear.
Some shorter sequences which could have impacted the analysis were removed (Process
IDs: GMAA]J013-16 —Metrodora mollilobata; PLEDB2783-20— Tettigidea cf. bruneri Morse,
1900; CRSIA47828-22 and CRSIA47831-22— Teredorus aztecus (Saussure, 1861) [33];
CRCEA42890-22 and GMABQO013-16—Chiriquia serrata). Longer sequences representing
all of the mentioned BINs and species remained in the analysis, so the exclusion of these
sequences did not impact the analysis. Sequences of Tettigonia viridissima (Linnaeus, 1758)
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[34] (Ensifera) (BOLD ID: NOORT142-13) and Myrmeleotettix maculatus (Thunberg, 1815)
[35] (Caelifera) (BOLD ID: FBORT260-09) were added to serve as outgroups. In total, 85
sequences were analyzed.

The sequences were aligned using the MAFFT (Multiple Alignment using Fast Fou-
rier Transform) algorithm (https://www.ebi.ac.uk/Tools/msa/mafft/, accessed on 16 No-
vember 2024). The aligned sequences were trimmed using the BioEdit program [36]. The
trimmed alignment was 564 bp long. The appropriate model for the Maximum Likelihood
(ML) analysis was determined using IQ-TREE’s ModelFinder function [37,38]. The best-
fit model according to the BIC criterion was found to be TIM2+F+R3. Using this model, an
ML phylogenetic analysis was conducted in IQ-TREE using the ultrafast bootstrap
method [39] with 10,000 replicates and the SH-like approximate likelihood ratio test (SH-
aLRT) with 1000 replicates. The visual representation of the tree was generated using
FigTree v1.4.4 [40].

The Assemble Species by Automatic Partitioning (ASAP) clustering analysis was per-
formed to delimit groups independently of BOLD’s own algorithm. We used Kimura’s
two-parameter substitution model at ts/tv 1.5 with other settings default. We performed
ASAP on the full set of sequences from this project, numbering 1187 after screening for
length. We also calculated the pairwise distances between barcode sequences using the
K80 model implemented in the R package ape [41].

2.3. Taxonomy, Nomenclature, and Measurements

Taxonomy follows Cigliano et al. (2024). Morphological terminology follows previ-
ously established conventions [18,42-45], as do measurements [18,46,47]. Nomenclature
is in accordance with the International Code of Zoological Nomenclature [48]. The photo-
graphs of holotypes were taken by MV at SMNK using a Canon EOS R5 with either a
Canon EF 100MM F/2.8L MACRO IS USM for the dorsal, ventral, and lateral images, or a
Laowa 25 mm £/2.8 Ultra Macro 2.5-5x for the images of smaller details. Stacked imaging
was performed using a WeMacro rail. Images were then stacked using Helicon Focus. The
photographs of other specimens were photographed by BIOUG as a part of the data cu-
ration process, and all photographs are available at: https://dx.doi.org/10.5883/DS-CRTET,
accessed on 16 November 2024.

The following measurements were made and are labeled in the text as indicated:
Body length—BL; Vertex width— VW; Eye width—EW; Scutellum width—SW; Pronotum
length—PL; Pronotum lobe width—PLW; Pronotum height—PH; Tegmen length—TL;
Tegmen width—TW; Alae length—AL; Fore femur length—FFL; Fore femur width—
FFW; Mid femur length—MFL; Mid femur width—MFW; Post femur length—PFL; Post
femur width—PFW; Hind tibia length—HTL; First tarsal segment (basal) length—FTL;
Third tarsal segment (apical) length (without claws)—TTL; Subgenital plate length—SPL;
Subgenital plate width—SPW; Ovipositor dorsal valve length—ODL; Ovipositor dorsal
valve width—ODW; Ovipositor ventral valve length—OVL; Ovipositor ventral valve
width—OVW

The measurements were made using the Image] 1.53t software [49].

The differentiation of species is based on the following criteria. For two species to be
considered separate, they must (i) belong to separate clusters (BINs, ASAP clusters), (ii)
have a high pairwise genetic distance (taken here to be around 10% following [7]), and
(iii) be definable by at least one clearly visible and stable morphologic character.

In accordance with Article 13 of the ICZN [48], each new species is defined by a set
of characters that differentiate it from its closely related species, which we here refer to as
a "diagnosis". The degree of detail provided in diagnoses varies according to the difficulty
of identification. Alongside diagnosis, a "general description" is provided, including char-
acters important for characterizing the species within its group, but which are not
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necessarily unique to it. The already-described species are also accompanied by a diagno-
sis. Each genus or species group is accompanied by a diagnosis or a general description,
as necessary, which includes characters shared by all members of the group. These de-
scriptions fully apply to the lower taxonomic levels, making it unnecessary to repeat those
characters in species descriptions and diagnoses. Our naming of the different categories
of morphological descriptions was chosen for its intuitiveness and does not imply that the
characters that were not mentioned were not examined, but that they were not found to
be informative. The style of the description does not impact the validity of the taxonomic
act if the intent to differentiate taxa is clearly demonstrated [48].

Zoobank publication ID is LSID urn:lsid:zoobank.org:pub:28 AB3A25-6582-436C-
AEF0-101AD9F062A8.

3. Results
3.1. Phylogenetic and Clustering Analyses

A Maximum Likelihood (ML) tree of barcode sequences belonging to the examined
specimens is shown in Figure 2. When deeper branches are considered, some notable ob-
servations can be made. The subfamily Batrachideinae is, with maximum support, sepa-
rated from all the other taxa, i.e., it is recovered as holophyletic. This is not the case with
Metrodorinae and Tetriginae, which are part of a single clade with many unresolved basal
nodes, demonstrating the common observation that COI is insufficient for higher classifi-
cation. Interestingly, the genus Otumba is reconstructed as the sister clade of this Metro-
dorinae-Tetriginae-Lophotettiginae clade and this branching is highly supported
(97.1/99). The species of the same genus are reconstructed together, but intergeneric rela-
tionships within subfamilies remain unclear. The most interesting is the grouping of Met-
rodora ala and Lophotettix semicristatus with high statistical support (96/97), which implies
a close relationship between Lophotettiginae and at least some Metrodorinae.

Among the examined sequences, BOLD’s BIN system recognizes 24 different BINs
(BIN AEI8939 excluded due to contamination). When these sequences are analyzed using
the ML method, the sequences of the same BIN group together in all cases with high sta-
tistical support (UFbootstrap >=99%) (Figure 2). A heatmap showing clear and large gaps
in geneticidentity between sequences belonging to the same species is presented in Figure
3.

BINs largely correspond to species, with only two exceptions. First, the Otumba den-
tata cluster consists of two BINs (AEY6158, AEU1829). The specimens to which these se-
quences belong cannot be morphologically differentiated so they are considered to repre-
sent the same species. Second, the Chiriquia serrata complex consists of four BINs
(AEU8363, ACY3240, ADL7675, AEO7600). Each of these C. serrata clusters is highly sup-
ported. When genetic distances are considered (Figure 3), the two O. dentata BINs differ
by about 3.5%, while the distances between some C. serrata BINs surpass 10%, indicating
that both of these groups could harbor cryptic species. In the C. serrata group, there are no
clear morphological differences between the specimens, with the exception of some spec-
imens having slightly different crest heights. All of this, taken together, does not allow for
a meaningful specific diagnosis, so all four BINs are reported under a single species.

Another worthwhile exception is Scaria bimaculata sp. nov., to which we assign two
BINs which differ by around 8%. Although they could represent separate species, one of
the BINs (AER7428) is composed exclusively of nymphs so diagnostic characters could
not be determined for this BIN. We report those specimens under Scaria bimaculata sp.
nov. since they cluster most closely with its representatives.

When the ASAP clustering is performed on the whole database, the most likely par-
titioning (asap-score 5.00, p-value = 10-%) corresponds almost exactly to the groups out-
lined above, with a few exceptions: all four C. serrata BINS are grouped together, and all
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Otumba sequences except for O. tenuis are grouped together as well. On the other hand,
the second-best partitioning (asap-score 6.0, p-value = 10-%) separates the Otumba species
well while keeping both O. dentata BINs together, but it separates the C. serrata BIN
AEUBS8363 from other C. serrata sequences. This approach thus differentiates between 18
and 21 species, but we remain with the above-explained interpretation of 20 species.
Therefore, it seems that BOLD’s BIN system corresponds well to species but neither BOLD
nor ASAP are able to perfectly delimit groups.
In conclusion, we recognize 20 different species assigned to 24 BINs.

GMCAC016-18|Lophotettix semicristatus|BOLD:ACY3103
.. 100100| BMACU1169-15|Lophotettix semicristaius|BOLD:ACY3103
Lophotettiginae GMAAR255-16|Lophotettix semicristatus|BOLD:ACY3103
95.3/98 ool GMADJ016-16|Lophotettix semicristatus|BOLD:ACY3103
. 15,99 CRSRA32168-22|Metrodora ala|BOLD:AEO7590
Metrodorinae ﬂﬂ CRSRA38880-22|Metrodora ala|BOLD:AEQ7590
CROCB029-22|Metrodora ala|BOLD:AEO7530

Tetriginae

991100 CRSIA47833-22|Teredorus aztecus|BOLD:AET3068
_‘CHSIB1GQO—22\Teredcrus aztecus|BOLD:AET3068
CRSIB1643-22|Teredorus aztecus|BOLD:AET3068
CRBAC10698-22|Chiriquia serrata]BOLD:AEO7600
CRBLA112-22|Chiriquia serrata|BOLD:AEO7600
CRBLA21344-22|Chiriquia serrata]BOLD:AEQ7600
99.74100, GMCCV404-18|Chiriquia serrata|BOLD:ADL7675
901788 = GMCCMO18-18|Chiriquia serrata|BOLD:ADL7675
ot CRCEB25028-22|Chiriquia serrata]BOLD:ACY3240
(CRCEB43240-22|Chiriquia serrata]BOLD:ACY 3240
CRCBA15232-22|Chiriquia serrata|BOLD:ACY3240
1 97 ﬂ|CRTRB301 55-22|Chiriquia serrata|BOLD:AEU8363
CRTRB15336-22|Chiriquia serrata| BOLD:AEU8363
88.6/98 | P KDA0D2-20|Ochetotettix baretti|BOLD:ACG2835
PLBBDO016-19|Ochetotettix baretti| BOLD:ACG2835
$5:A99 ) GMCRM2661-13|Ochetotettix baretti| BOLD:ACG2835
GMCRA1466-13|Ochetotettix barettilBOLD:ACG2835
PLBBD019-19|Ochetotettix barettiBOLD:ACG2835
CRCEA35968-22|Metrodora mollilobata|BOLD:ADA2779
99.9/100f GMABNO009-186|Metrodora mollilobata|BOLD:ADA2779
- CRBLA44301-22|Metrodora mollilobata| BOLD:ADA2779
CRBAA018-22|Metrodora mollilobata| BOLD:ADA2779
GMAAU022-16|Metrodora sinuata|BOLD:ADA4377
CRPEA48198-21|Clypeotettix mexicanus|BOLD:AEI7486
CRPEA33126-21|Clypeotettix mexicanus|BOLD:AEI7486
99.9/100| PLECK2867-20|Clypeotettix mexicanus|BOLD:AEI7486
CRPEA48197-21|Clypeotettix mexicanus|BOLD:AEI7486
CRPEB27986-21|Clypeotettix mexicanus|BOLD:AEI7486
PLYAK970-20|Clypeotettix schochii|BOLD:AEF0990
PLYAH117-20|Clypeotettix schochii| BOLD:AEF0990
.5/100, CRTOB055-22|Platythorus camurus|BOLD:ACT4992
sar77 § CRTOA44956-22|Platythorus camurus|BOLD:ACT4992
99.8/100f CRTOC11007-22|Platythorus camurus|BOLD:ACT4992
CRCEC55248-22|Platythorus camurus|BOLD:ACT4992
GMACB158-15|Platythorus camurus|BOLD:ACT4992
CRSIA38279-22|Platythorus inabsolutus|BOLD:AEU1088
CRATA3565-22|0Otumba auricarinata|BOLD:AAH2487
CRALC2140-21|Otumba auricarinata|BOLD:AAH2487
CRALC2139-21|Otumba auricarinata|BOLD:AAH2487
99.9/100] CRALB19563-21|Otumba auricarinata| BOLD:AAH2487
CRATA3566-22|Otumba auricarinata|BOLD:AAH2487
CRALC20737-21|0tumba auricarinata|BOLD:AAH2487
CRATA3125-22|Otumba ignicula|BOLD:AEM7957
(CRALB38244-21|Otumba ignicula|BOLD:AEM7957
100/100| CRATA3124-22|Otumba ignicula|BOLD:AEM7957
(CRATA3188-22|Otumba ignicula]BOLD:AEM7957
. CRALB15042-21|Otumba ignicula|BOLD:AEM7957
: 99.8/100— CRBLB8013-22|0tumba dentata| BOLD:AE Y6158
CRCEB26540-22|Otumba dentata|BOLD:AEU1829
99.9/100, CRBAA16949-22|Otumba tenuis|BOLD:AER7890
99.6/100 LCRBLB14122_22/0tumba tenuisIBOLD:AER7890
- 82.5/99 | CRSRA35085-22|Scaria bimaculata|BOLD:AEO7596
CRSRA28585-22|Scaria bimaculata| BOLD:AEQ7596
27.9/91 [ CRSRA34968-22|Scaria bimaculata|BOLD:AEO7596
99.7/100| CRSRA41060-22|Scaria bimaculata| BOLD:AEQ7596
89280 CRSRA35084-22|Scaria bimaculata| BOLD:AEQ7596
: CRSRA41059-22|Scaria bimaculata|BOLD:AEO7596
961100, CRSIA31592-22|Scaria bimaculata|BOLD:AER7428
CRSIA31593-22|Scaria bimaculata|BOLD:AER7428
CRCBA17640-22|Scaria fasciata|BOLD:ACT6505
0.1 CRCEB15873-22|Scaria fasciata| BOLD:ACT6505
e | CRCBA17638-22|Scaria fasciata|BOLD:ACT6505
g8 /oo f CRCEB078-22|Scaria fasciata|BOLD:ACTE505
CRTRA45198-22|Scaria fasciata| BOLD:ACT6505
CRTRA30602-22|Scaria fasciata|BOLD:ACT8505
CRPED13679-21|Tettigidea cf bruneri|BOLD:AAH2486
CRPED13677-21|Tettigidea cf bruneri|BOLD:AAH2486
CRPED13676-21|Tettigidea cf bruneri|BOLD:AAH2486
GMCRE1583-13|Tettigidea cf bruneriBOLD:AAH2486
CRPED31040-21|Tettigidea cf bruneri|BOLD:AAH2486
PLEBA193-19|Tettigidea cf bruneri|BOLD:AAH2486
PLAFA186-21|Tettigidea lateralis|BOLD:ADC0458
PLFFB039-21|Tettigidea lateralis|BOLD:ADC0458
99.9100} |CCCE061-16|Tettigidea lateralis| BOLD:ADC0458
76.195F PLWDA002-21|Tettigidea lateralis|BOLD:ADC0458
PLYDY002-21|Tettigidea lateralis|BOLD:ADC0458
FBORT260-09|Myrmeleotettix maculatus|BOLD:AAD9I833

NOORT142-13|Tettigonia viridissima|BOLD:AAF1423

Batrachideinae
99/100

85.6/75

[95.5/98

96.2/98

98.7/100|

Figure 2. Maximum Likelihood tree of 85 tetrigid COI sequences with 10,000 bootstrap replicates.
Each node is labeled with the SH-aLRT (first number) and bootstrap (second number) values; only
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values larger than 70 are shown. Each sequence is identified by the BOLD Process ID, species name,
and BIN. Taxa are colored according to the subfamily they belong to; unassigned taxa and out-
groups are colored black. Branch lengths represent substitutions per site.
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Figure 3. Heatmap of genetic distances. Distances were calculated using the K80 model. Sequences

are grouped according to our species classification.

3.2. Taxonomy

Family Tetrigidae Rambur, 1838 [50]

Subfamily Batrachideinae Bolivar, 1887 [51]

Tribe Batrachideini Bolivar, 1887 [51]

Genus Scaria Bolivar, 1887 [51]

Diagnosis. The body is slender. The pronotum and wings are long. The tegmina is
black and usually maculated. The vertex is lowered between the eyes. The anterior margin
of the vertex does not reach the anterior margin of the eyes. The anterior margin of the
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pronotum is in the form of a slim spine. The preceding diagnosis is based on recent liter-
ature [17,52,53] and is expected to be refined in the upcoming revisions.

Type species. Scaria hamata [54]

Composition. A total of 16 described species [1,53] and one undescribed [55].

Distribution. Central and South America [56].

Scaria (lineata) species group (sensu Cadena-Castafieda et al. 2019) [52]

Species Scaria fasciata Hancock, 1907 [57] (Figure 4)

Diagnosis. Differentiated from all other members of the S. (lineata) species group by
the following characters. The postocular stripe is strongly expressed. The anterior margin
of the pronotum forms a slim spine that reaches past the middle of the eye length in dorsal
view. The median carina forms a small hump at the posterior end of the prozona. The
pronotum does not have a distinct dorsal line. The tegmina has an apical macula.

Distribution. Northeastern part of Southern America and Central America [58,59].
The previous records should be revisited to separate S. fasciata from the newly described

species, as it seems that S. fasciata does not inhabit Puntarenas and San José regions in
Costa Rica, where a new species, described below, is present.
BOLD Systems BIN. ACT6505

Figure 4. A female specimen of Scaria fasciata (BIOUG77732-G05) belonging to the BIN ACT6505.

Species Scaria bimaculata Kasalo & Skejo sp. nov. (Figure 5)

ZooBank ID: LSID  urnisid:zoobank.org:act:32C4D9BE-A27A-4921-834D-
80A753B4F4D7

Diagnosis. Very similar to S. fasciata. Differentiated by the tegmina, which have both
a basal and an apical macula.
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Figure 5. The female holotype (a—c), male paratype (d) and a potential nymph (e) of Scaria bimaculata
sp. nov. Each scale bar is 1 mm. (a) Head in frontal view. (b) Body in lateral view. (¢) Body in dorsal
view. (d) Male paratype in dorsal view. (e) Nymph, (f) bimaculated tegmina of Scaria bimaculata
individuals from iNaturalist (observations 201087251, 20952601, 263007986, and 203374879), (g)

unimaculated tegmina of Costa Rican S. fasciata from iNaturalist.
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General description. Frontal costa bifurcation at the top of the face. The bottom mar-
gin of the antennal groove is a little below the bottom margin of the eye. The anterior
margin of the vertex does not reach the anterior margin of the eye. The anterior margin of
the pronotum forms a slim spine that reaches past the middle of the eye length in dorsal
view. The prozonal carinae are long and parallel. The median carina is well-expressed and
continuous. Median carina forming a small hump at the posterior end of the prozona. Alae
surpasses the apex of the pronotum. Tegmina oval with basal and apical macula. Fore and
middle femora are smooth and slender. The first segment of the fore tarsi is long, with
three pulvilli. Hind femora smooth; antegenicular tooth small and sharp, genicular tooth
imperceptible. The first and third segments of the hind tarsus are equally long. The first
segment of the hind tarsus with three rounded pulvilli, all of the same size.

Type series. Costa Rica 1 @ holotype; Puntarenas, Area de Conservacion Osa, Parque
Nacional Corcovado, Sector Sirena; 8.483, -83.591; 22.VIIL.2020; D. Janzen, W. Hallwachs,
A. Azofeifa A leg; SMNK. 1 & paratype; idem; 21.111.2020; BIOUG.

Type locality. Parque Nacional Corcovado, Sector Sirena.

Measurements (in mm). HT: BL 9.98; VW 0.61; EW 0.65; SW 0.2; PL 12.5; PLW 3.19;
PH 2.33; TL 1.52; TW 0.68; AL 11.42; FFL 2.52; FFW 0.47; MFL 2.29; MFW 0.52; PFL 6.29;
PFW 1.73; HTL 4.83; FTL 0.75; TTL 0.63; ODL 1.63; ODW 0.28; OVL 1.59; OVW 0.22.

PT: BL 8.71; VW 0.48; EW 0.64; SW 0.17; PL 11.37; PLW 2.51; PH 2.07; TL 1.53; TW
0.59; AL 10.4; FFL 2.42; FFW 0.47; MFL 2.37; MFW 0.49; PFL 5.36; PFW 1.41; HTL 4.18; FTL
0.67; TTL 0.62; SPL 0.48; SPW 0.28

Distribution. Endemic to the Pacific side of Costa Rica, SW of Cordillera Talamanc.
For now, it is known only from the Puntarenas and San José regions in Costa Rica. The
previous records of S. fasciata should be revisited since they are likely to hide records of
the new species. Namely, 16 observations identified in iNaturalist as Scaria fasciata in fact
belong to this species (observations 20952601, 67748490, 67821547, 68065127, 74669830,
108217693, 122554371, 131653486, 138424668, 151336734, 178609597, 190317031,
201087251, 203374879, 206313045, 263007986).

Etymology. The specific epithet is the Latin adjective “bimaculata” in the nominative
case, meaning “two-spotted”. The name refers to the two white spots on the tegmina.

BOLD Systems BINs. AEO7596; AER7428

Type series Sample IDs. HT: BIOUG77727-A04; PT: BIOUG70307-B11.

Note. The specimens belonging to the BIN AER7428 are nymphs (Figure 5e) that dif-
fer from the BIN assigned to the type specimen by about 8%, making it possible that this
is yet another undescribed species. Adult specimens will have to be found in order to
resolve the identity of this group.

Genus Tettigidea Scudder, 1862 [60]

Diagnosis. Eyes are tear-shaped and elongated, slanting toward each other anteri-
orly. The anterior margin of the pronotum protrudes in the form of a spine or rounded.
Usually fully winged. Macro- or brachypronotal.

Type species. Tettigidea lateralis (Say, 1824) [61]

Composition. A total of 21 species with many synonyms and nomina dubia.

Distribution. North and South America [56].

Note. Tettigidea is a difficult genus to define due to its complicated history and a num-
ber of unresolved problems [16,17]. Before large revisions can be made, it will be necessary
to track down and reexamine the type specimens, especially those of synonyms to deter-
mine if there are some valid species among them. The identifications provided below are
not final and should be reexamined once more material is available.

Tettigidea lateralis lateralis (Say, 1824) [61] (Figure 6)

Diagnosis. The anterior margin of the vertex is a little wider than the eye in the dorsal
view. The anterior margin of the pronotum is rounded. The median carina is slightly and
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uniformly elevated throughout its length. The tegmen has an apical dot or uneven spot.
The pronotum and alae surpass the tip of the abdomen.

Distribution. Northern America and Central America [62].

BOLD Systems barcode. ADC0458

Figure 6. A male specimen of Tettigidea lateralis lateralis (BIOUG59944-G08) belonging to the BIN
ADCO0458.

Species Tettigidea cf. bruneri Morse, 1900 [63] (Figure 7)

Diagnosis. Similar to T. lateralis lateralis. Tip of pronotum at approximately the same
level as tip of abdomen (surpassing abdomen in T. I. lateralis). Alae invisible (fully devel-
oped in T. lateralis lateralis).

Figure 7. A female specimen of Teftigidea cf. bruneri (BIOUG48901-H05) belonging to the BIN
AAH?2486.

Distribution. Described from Mexico. No further distribution records.

BOLD Systems BIN. AAH2486. The BIN AEI8939 is assigned to the singular speci-
men of this morphospecies in the examined collection, but this one was excluded from the
analysis since NCBI BLAST showed around 90% compatibility with some Lepidoptera
sequences and no matches with other Tettigidea sequences. It is clear that this sequence
has been contaminated in some way and the BIN itself is not reliable.

Note. The identification of this species is based on its high similarity with T. lateralis
lateralis and its short pronotum and wings [63]. However, there are a lot of synonyms of
T. lateralis that could fit this diagnosis as well, but their types are not available for exami-
nation.

Subfamily Lophotettiginae Hancock, 1909 [64]

Genus Lophotettix Hancock, 1909 [64]
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Diagnosis. Wide head with wide scutellum. Antennae are composed of around 11
antennomeres. Antennomeres flattened. Median carina forming a crest. Femora with teeth
and lappets. The genus and its species were reviewed in [53,65,66].

General description. Antennae are composed of around 11 antennomeres, apical two
segments white. The vertex is around two times wider than the eye. The vertex is a little
lowered between the eyes. The frontal costa bifurcation is a little above half of eye height.
Scutellum rectangular. Paired ocelli are a little below frontal costa bifurcation. Antennal
grooves below the bottom margin of the eyes. Vertex rectangular in dorsal view. Deep
fossulae extend throughout the length of the vertex. The carinae of the vertex is short,
occupying the anterior quarter of eye length in dorsal view. The prozonal carinae strongly
converge caudally. Median carina forming foliaceus or triangular crest. The surface of the
pronotum is strongly carinulated. Macropronotal and fully winged. Femora tuberculated.
The first segment of the fore tarsus is short. The first segment of the hind tarsus has two
small proximal pulvilli and one large distant pulvillus. The first and third segments of the
hind tarsus are approximately equal in length.

Type species. Lophotettix brevicristatus Hancock, 1909 [64]

Composition. A total of 6 species, including the herein-described one.

Distribution. Central and South America [1].

Species Lophotettix semicristatus Kasalo & Skejo sp. nov. (Figure 8)

ZooBank  ID: LSID urn:Isid:zoobank.org:act: AY9EC48E6-5EF5-448 A-9F35-
BE061B8D5360

Diagnosis. Currently, the species does not have a subgenus placement as it is rather
different from its congeners. Crest triangular; climbs up starting in prozona, reaches the
highest point at the level of tegmen, and lowers up to the proximal third of the hind femur.
Tips of lateral lobes strongly bilobate, projected outward.

Type series. Costa Rica 1 & holotype; Guanacaste, Area de Conservacion Guanacaste,
Sector San Cristobal, Estacion San Gerardo; 10.88, -85.389; 27.1V.2015; D. Janzen, W. Hall-
wachs leg; SMNK. 1 & paratype; idem; 19.V.2014; BIOUG.

Type locality. Area de Conservacion Guanacaste, Sector San Cristobal, Estacion San
Gerardo.

Measurements. HT: BL 8.24; VW 0.96; EW 0.56; SW 0.27; PL 11.94; PLW 4.01; PH 3;
TL 1.66; TW 0.63; AL 9.79; FFL 2.49; FFW 0.81; MFL 2.71; MEW 0.82; PFL 5.42; PFW 1.91;
HTL 4.47; FTL 0.91; TTL 0.63; SPL 0.89; SPW 0.37

PT: BL 8.05; VW 0.92; EW 0.54; SW 0.29; PL 10.87; PLW 3.71; PH 2.82; TL 1.42; TW
0.55; AL 9.49; FFL 2.3; FFW 0.79; MFL 2.66; MFW 0.73; PFL 5.18; PFW 1.75; HTL 4.09; FTL
0.9; TTL 0.57; SPL 0.84; SPW 0.26

Distribution. Known only from Costa Rica.

BOLD Systems BIN. ACY3103

Type series Sample IDs. HT: BIOUG28111-G01; PT: BIOUG25179-B12.

Etymology. The specific epithet is the Latin adjective “semicristatus” in the nomina-
tive case, meaning “half-crested”. The name refers to the fact that this species has a much
lower crest than its congeners.

Note. The specimen from Costa Rica previously reported as L. brevicristatus is here
found to represent a new morphologically distinct species, L. semicristatus [65].

Note. The sequences attributed to L. (A.) semicristatus sp. nov. and Metrodora ala sp.
nov. are grouped closely together (SH-aLRT/UFbootstrap: 96/97). These two species be-
long to different subfamilies and their general morphologies differ significantly, but it has
been hypothesized that Lophotettiginae and Metrodorinae might be closely related [67],
based on facial morphology and the placement of the pronotal crest. These results are
based only on a single gene fragment and some important species have not been sampled
so a full interpretation is impossible at this point, but there is now a clear indication that
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Lophotettiginae and Metrodorinae are connected. Future research may show that Metro-
dorinae and Lophotettiginae are synonymous, but a lot more work is needed to establish
the identity of Metrodorinae. The problem is illustrated by the fact that these two species
are grouped together but other Metrodora species are not clustering in the same clade.

Figure 8. The male holotype (a—c) and the male paratype (d) of Lophotettix semicristatus sp. nov. Each
scale bar is 1 mm. (a) Head in frontal view. (b) Body in dorsal view. (c) Body in lateral view. (d)

Male paratype.

Subfamily Metrodorinae Bolivar, 1887 [51]

Tribe unassigned

Genus Otumba Morse, 1900 [63]

Diagnosis. The frontal costa bifurcation is a little above half of eye height. The top
margin of the antennal groove is a little above the bottom margin of the eye. Antennae
have around 14 visible antennomeres. The vertex is slightly lowered between the eyes.
The head is exserted above the level of the pronotum. The carinae of the vertex is short,
occupying the anterior quarter of eye length in dorsal view. The median carina is generally
low, sometimes forming a single low hump. The lateral lobes are projected outward, and
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are either rectangular or bilobate. The lateral lobes, carinae, and head often have bright
yellow details. The third segment of the hind tarsus is longer than or equal to the first.

Type species. Otumba scapularis Morse, 1900 [63]

Composition. A total of 13 species following the taxonomic acts under the Chiriquia
section of this paper, including the newly described species. Further revision is required.

Distribution. Central and South America [1].

Note. The provided diagnosis has been made expansive in an attempt to limit the
genus to a group of relatively uniform morphologies, but a more thorough revision is
required. There is a large variation in lateral lobe shapes among the Otumba species, which
can generally be split into those with simple rectangular lateral lobes, and those with bi-
lobate and sharp lateral lobes. It should be examined whether this character has a phylo-
genetic value. The following descriptions of new species are based on simple diagnoses,
with the omitted characters fitting the above diagnosis.

Species Otumba dentata Hancock, 1907 [68] (Figure 9)

Diagnosis. The vertex is wide or a little wider than the eye. The median forms a very
low elevation past the prozona. The lateral lobe is bilobate, with both forks pointing back-
ward, the outer one is moderately sharp and the inner one is blunt. The bottom part of the
lateral lobe is distinctly yellow. The prozonal carinae barely diverge caudad. The prozona
is as long as the eye in the dorsal view. The pronotum is light-brown with yellow carinae.
The tegmina is very small.

Distribution. Known only from Costa Rica.

BOLD Systems BINs. AEU1829, AEY6158. This species is represented by two BINs
that cluster closely together. No morphological differences are apparent between the spec-

imens of these BINs.

Figure 9. A female specimen of Otumba dentata (BIOUG85510-B08) belonging to the BIN AEY6158.

Additional specimens can be examined in [1].

Species Otumba tenuis Kasalo & Skejo sp. nov. (Figure 10)

ZooBank ID: LSID  urnisid:zoobank.org:act:B057ACBB-1D2D-4717-9AE5-
17E53EBDA685

Diagnosis. Similar to O. dentata. The vertex is a little narrower than the eye. The me-
dian carina forms a very low elevation past the prozona. The lateral lobe is bilobate, with
both forks pointing backward, the outer one is very thin and sharp and the inner one is
moderately sharp to blunt. The bottom part of the lateral lobe is a washed-out yellow. The
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prozonal carinae barely converge caudad. The prozona is shorter than the eye in the dorsal
view. The pronotum is dark-brown with yellow carinae. The tegmina is of normal size.

Figure 10. The female holotype (a—c) and the male paratype (d) of Otumba tenuis sp. nov. Each scale
bar is 1 mm. (a) Head in frontal view. (b) Body in dorsal view. (c) Body in lateral view. (d) Male

paratype.

Type series. Costa Rica 1 ¢ holotype; Limon, Area de Conservacion La Amistad Car-
ibe, Parque Nacional Barbilla; 9.969, -83.449; 2.VII.2020; D.Janzen, W.Hallwachs,
M.Obando leg; SMNK. 1 & paratype; idem; 31.V.2020; BIOUG.

Type locality. Parque Nacional Barbilla.

Measurements. HT: BL 8.66; VW 0.43; EW 0.56; SW 0.15; PL 12.45; PLW 3.86; PH 1.83;
TL 1.39; TW 0.55; AL 10.78; FFL 1.9; FFW 0.4; MFL 1.96; MFW 0.46; PFL 5.48; PFW 1.72;
HTL 4.43; FTL 0.63; TTL 0.74;, ODL 1.47, ODW 0.31; OVL 1.27; OVW 0.19
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PT:BL7.93; VW 0.41; EW 0.52; SW 0.12; PL 10.99: PLW 3.2; PH 1.74; TL 1.26; TW 0.51;
AL 10.09; FFL 1.81; FFW 0.33; MFL 1.95; MFW 0.4; PFL 5.08; PFW 1.53; HTL 4.01; FTL 0.61;
TTL 0.65

Distribution. Known only from Costa Rica.

Etymology. The specific epithet is the Latin adjective “tenuis” in the nominative case,
feminine gender, meaning “thin”. The name refers to the species’ elongated and gracile
appearance.

BOLD Systems BIN. AER7890

Type series Sample IDs. HT: BIOUG85491-G12; PT: BIOUG73630-D05

Species Otumba auricarinata Kasalo & Skejo sp. nov. (Figure 11)

ZooBank ID: LSID  urnisid:zoobank.org:act:7D883D7C-9FCF-4119-8BCEF-
698F0583CB46

Diagnosis. The vertex is distinctly wider than the eye. The apical antennomere is
black. The median carina forms a small but distinct hump at the end of the prozona. The
lateral lobe is weakly bilobate, with both forks pointing backward and both are moder-
ately sharp. The lateral lobe is framed in yellow. The prozonal carinae are semicircular
and divergent in the middle part. The prozona is as long as the eye in the dorsal view. The
pronotum is dark-brown with yellow carinae. The tegmina is very small.

Type series. Costa Rica 1 ¢ holotype; Puntarenas, Area de Conservacion La Amistad-
Pacifico, Estacion Biologica Altamira; 9.016, -83.004; 18.VIIL.2019; D. Janzen, W. Hall-
wachs, J. Porras Quiros leg; SMNK. 1 & paratype; idem; BIOUG.

Type locality. Area de Conservacion La Amistad-Pacifico, Estacion Biologica Alta-
mira.

Measurements. HT: BL 8.93; VW 0.66; EW 0.57; SW 0.26; PL 8.47; PLW 4.19; PH 2.08;
TL 1.2; TW 0.44; AL 6.41; FFL 2.06; FFW 0.56; MFL 1.92; MFW 0.44; PFL 5.27; PFW 1.76;
HTL 4.63; FTL 0.52; TTL 0.56; ODL 1.36; ODW 0.35

PT: BL 6.67; VW 0.55; EW 0.49; SW 0.21; PL 7.2; PLW 3.3; PH 1.86; TL 1, TW 0.34; AL
5.51; FFL 1.78; FFW 0.43; MFL 1.84; MFW 0.5; PFL 4.53; PFW 1.34; HTL 3.61; FTL 0.56; TTL
0.62; SPL 0.57; SPW 0.31

Distribution. Known only from Costa Rica.

Etymology. The specific epithet is a Latin adjective in the nominative case coined
from the Latin words “aurum” (gold) and “carinata” (keeled, carinated). The name refers
to the carinae which are interspersed with yellow patches.

BOLD Systems BIN. AAH2487

Type series Sample IDs. HT: BIOUG91407-E03; PT: BIOUG91407-E04.
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Figure 11. The female holotype (a-c) and the male paratype (d) of Otumba auricarinata sp. nov. Each
scale bar is 1 mm. (a) Head in frontal view. (b) Body in dorsal view. (c) Body in lateral view. (d)
Male paratype.

Species Otumba ignicula Kasalo & Skejo sp. nov. (Figure 12)

ZooBank ID: LSID urn:lsid:zoobank.org:act:41F84B6E-BBB7-430C-9943-
57965B0B74ES8

Diagnosis. The vertex is distinctly wider than the eye. The apical and basal six an-
tennomeres are white. The median carina forms a small hump at the end of the prozona.
The lateral lobe is strongly bilobate, with both forks pointing backward, the outer one is
sharp and long and the inner one is moderately sharp and short. The lateral lobe is framed
in yellow. The prozonal carinae barely converge caudad. The prozona is as long as the eye
in the dorsal view. The pronotum is dark-brown with yellow carinae. The tegmina is
small.
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Figure 12. The female holotype (a—c) and the male paratype (d) of Otumba ignicula sp. nov. Each
scale bar is 1 mm. (a) Head in frontal view. (b) Body in lateral view. (c) Body in dorsal view. (d)

Male paratype.

Type series. Costa Rica 1 ? holotype; Puntarenas, Area de Conservacion La Amistad-
Pacifico, Estacion Biologica Altamira; 9.015, -83.004; 13.1V.2020; D. Janzen, W. Hallwachs
leg; SMNK. 1 & paratype; idem; 10.V1.2020; D. Janzen, W. Hallwachs, J. Porras Quiros leg;
BIOUG.

Type locality. Area de Conservacion La Amistad-Pacifico, Estacion Biologica Alta-
mira.

Measurements. HT: BL 11; VW 0.82; EW 0.61; SW 0.26; PL 9.87; PLW 5.16; PH 2.13;
TL 1.18; TW 0.51; AL 7.62; FFL 2.17; FFW 0.56; MFL 2.47; MFW 0.56; PFL 5.66; PFW 2.11;
HTL 5.03; FTL 0.58; TTL 0.85; ODL 1.82; ODW 0.4; OVL 1.89; OVW 0.24

PT: BL 8.23; VW 0.67; EW 0.54; SW 0.23; PL 8.54; PLW 4.27; PH 2.09; TL 0.87; TW 0.34;
AL 6.22; FFL 2.1; FFW 0.49; MFL 1.86; MFW 0.55; PFL 5.24; PFW 1.82; HTL 4.16; FTL 0.64;
TTL 0.75

Distribution. Known only from Costa Rica.



Diversity 2025, 17, 190

19 of 36

Etymology. The specific epithet is derived from the Latin diminutive noun “ignicu-
lus” (little fire), used here as a feminine adjective in the nominative case. The name refers
to the brown-orange coloration that resembles a burning fire.

BOLD Systems BIN. AEM7957

Type series Sample IDs. HT: BIOUG64451-E01; PT: BIOUG89948-D07

Genus Chiriquia Morse, 1900 [63]

Diagnosis. The frontal costa bifurcation is a little below half of the eye height. The
top margin of the antennal groove is visibly below the bottom margin of the eye. The an-
tennae have around 13 visible antennomeres. The entire vertex lowers between the eyes
and the middle part lowers further. The head is dorsoventrally elongated. The head is
exserted above the level of the pronotum. The scutellum is vase-shaped. The carinae of
the vertex is short, occupying the anterior third of eye length in the dorsal view. The me-
dian carina generally forms two humps anteriorly and sometimes several small ones pos-
teriorly. The lateral lobes are projected outward and either smooth or sharp. The third
segment of the hind tarsus is approximately equal to the first.

Type species. Chiriquia serrata Morse, 1900 [63]

Composition. Six species, counting the herein proposed taxonomic acts.

Distribution. Central and South America [69].

Note. Chiriquia spinifrons (Stal, 1861) [70] comb. resurr. and Chiriquia concinna (Boli-
var, 1887) comb. resurr. are transferred here to Chiriquia from Otumba. Both have histori-
cally been shuffled between these two genera [1,71], but we find that they fit the above
diagnosis and differ significantly from the diagnosis of Otumba. While C. spinifrons comb.
resurr. has only one pronotal hump instead of two, its head morphology completely
matches that of C. serrata. The head is identical in C. concinna as well.

Species Chiriquia serrata Morse, 1900 [63] (Figure 13)

Diagnosis. The vertex is nearly two times wider than the eye. The lateral carinae of
the vertex forms low horns. The median carina forms two crests, the anterior one is me-
dium-sized, the posterior one is small, and several small humps are caudad.

Distribution. Known only from Costa Rica.

BOLD Systems BIN. ACY3240, ADL7675, AEO7600, AEU8363

Note. Although the specimens of this species are assigned to several BINs, there are
no significant morphological differences between them. These BINs group closely to-
gether in the cluster analysis; hence, we refrain from describing more species until further
research can be conducted.

Figure 13. A male specimen of Chiriquia serrata (BIOUG77759-C05) belonging to the BIN ACY3240.
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Tribe Metrodorini Bolivar, 1887 [51]

Genus Metrodora Bolivar, 1887 [51]

Diagnosis. The vertex is rectangular in the dorsal view and wider than the eye. The
frontal costa bifurcation is at the middle of the eye height or lower. The median carina
forms a hump or slight arcuation. The femora is tuberculated. The lateral lobes are pro-
jected sideways. Apterous.

Type species. Metrodora rana Bolivar, 1887 [51]

Composition. A total of 15 species including the herein described two.

Distribution. Central and South America [1].

Note. This genus is notoriously difficult to define. At the moment it includes many
vaguely similar apterous species from mainland Latin America, while the Caribbean spe-
cies are separated into multiple genera. For now, we place the new species in Metrodora,
but a revision is required. For a detailed discussion of this problem see Kasalo et al.
(2023d).

Species Metrodora mollilobata Kasalo & Skejo sp. nov. (Figure 14)

ZooBank ID: LSILSID urn:sid:zoobank.org:act:CD81B685-240A-4F6B-B143-
EA4DBD65FA67

Diagnosis. Most similar to Metrodora gibbosula [72], Metrodora gibbinota [73], and Met-
rodora arcuata [74].

Differentiated from M. gibbosula by: (i) medial carina moderately protruding in front
of eyes (slightly in M. gibbosula); (ii) lateral lobe rounded (weakly bilobate, sharp in M.
gibbosula); (iii) pronotal apex blunt triangular (very sharp in M. gibbosula).

Differentiated from M. gibbinota by: (i) medial carina moderately protruding in front
of eyes (not protruding in M. gibbinota; (ii) pronotal hump nearly rectangular (rounded in
M. gibbinota); (iii) fore and middle femora strongly tuberculated (weakly tuberculated in
M. gibbinota).

Differentiated from M. arcuata by: (i) medial carina moderately protruding in front of
eyes (slightly in M. arcuata); (ii) pronotal hump nearly rectangular (strongly sloping ante-
riorly in M. arcuata); (iii) lateral lobe rounded (weakly bilobate, sharp in M. arcuata); (iv)
pronotal apex blunt triangular (very sharp in M. arcuata).

General description. The base of the vertex is approximately at the level of the top
margin of the eyes in frontal view, and the medial carina is distinctly raised. The frontal
costa bifurcation is at the middle of the eye height. The scutellum is vase-like. The paired
ocelli are a little above the bottom margin of the eyes. The antennal grooves are below the
bottom margin of the eyes. The vertex is more than two times wider than the eye. The
carinae of the vertex is short, occupying the anterior third of eye length in dorsal view.
The prozonal carinae are short and slightly converge caudally. The pronotum is raised in
the anterior part, forming a nearly rectangular hump. Posterior to hump, pronotum ru-
gose. The pronotal apex is blunt and triangular. The infrascapular area is long, moderately
wide in the anterior half, and very narrow in the posterior half. The lateral lobes are pro-
jected outward and rounded. The anterior and middle femora are tuberculated. The first
segment of the anterior tarsus is short. The hind femur is tuberculated, with large ante-
genicular and genicular teeth. The first segment of the hind tarsus has two small sharp
proximal pulvilli and one large sharp distal pulvillus. The first and third segments of the
hind tarsus are equal in length.

Type series. Costa Rica 1 ? holotype; Guanacaste, Area de Conservacion Guanacaste,
Sector San Cristobal, Estacion San Gerardo; 10.88, -85.389; 24.X1.2014; D. Janzen, W. Hall-
wachs leg; SMNK. 1 & paratype; Heredia, Area de Conservacion Central, Parque Nacional
Braulio Carrillo, Sector El Ceibo; 18.V.2020; 10.327, -84.079; D.Janzen, W.Hallwachs, J. A.
Solano leg; BIOUG.
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Type locality. Area de Conservacion Guanacaste, Sector San Cristobal, Estacion San
Gerardo.

Measurements. HT: BL 7.49; VW 0.85; EW 0.44; SW 0.49; PL 6.56; PLW 3.47; PH 2.77;
FFL 1.43; FFW 0.68; MFL 2.04; MFW 0.73; PFL 4.22; PFW 1.79; HTL 3.68; FTL 0.48; TTL
0.41; ODL 0.88; ODW 0.28; OVL 0.55; OVW 0.15

PT: BL 7.3; VW 0.81; EW 0.41; SW 0.43; PL 6.84; PLW 3.24; PH 2.85; FFL 1.39; FFW
0.64; MFL 1.73; MFW 0.88; PFL 3.76; PFW 1.6; HTL 3.24; FTL 0.4; TTL 0.37

Distribution. Known only from Costa Rica.

Etymology. The specific epithet is a Latin compound adjective in the nominative case
coined from the Latin words “mollis” (soft, delicate) and “lobata” (lobed). The name refers
to the species’ rounded lobes that differentiate it from other similar species.

BOLD Systems BIN. ADA2779
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Figure 14. The female holotype (a—c) and the male paratype (d) of Metrodora mollilobata sp. nov. Each
scale bar is 1 mm. (a) Head in frontal view. (b) Body in dorsal view. (c) Body in lateral view. (d)

Male paratype.

Type series Sample IDs. HT: BIOUG27762-D11; PT: BIOUG73029-F11

Species Metrodora sinuata (Morse, 1900) [63] (Figure 15)

Diagnosis. The entire vertex protrudes far past the anterior margin of the eyes. The
median carina is slightly elevated in the anterior third. The pronotal apex is narrow but
blunt. The fore and mid femora are tuberculated.

Distribution. Nicaragua [75], Costa Rica.

BOLD Systems BIN. ADA4377
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Figure 15. A female specimen of Metrodora sinuata (BIOUG28273-F09) belonging to the BIN
ADAA4377.

Species Metrodora ala Kasalo & Skejo sp. nov. (Figure 16)

ZooBank ID: LSID urn:lsid:zoobank.org:act:07 A3D89E-8911-4F(09-8734-
B528C4990E5C

Diagnosis. Most similar to Metrodora uniformis (Bruner, 1910) [73]. Differentiated by:
(i) apex and base of antenna white (small white patches near apex and base in M. uni-
formis); (ii) lateral lobe bilobate, outer fork sharp, inner fork blunt (rounded lateral lobe in
M. uniformis); (iii) pronotum raised in anterior third, forming low, long, and slightly wavy
hump (hump not wavy in M. uniformis).

General description. The base of the vertex is approximately at the level of the top
margin of the eyes in the frontal view, with medial and lateral carinae distinctly raised.
The frontal costa bifurcation is at the middle of the eye height. The scutellum is vase-like.
The paired ocelli are a little above the bottom margin of the eyes. The antennal grooves
are below the bottom margin of the eyes. The vertex is around two times wider than the
eye. The carinae of the vertex is short, occupying the anterior third of eye length in the
dorsal view. The prozonal carinae are short and parallel. The pronotum is raised in the
anterior third, forming a low, long, and slightly wavy hump. Posterior to hump, prono-
tum rugose. The pronotal apex is narrow and sharp. The infrascapular area is long, wide
in the anterior third, and progressively narrowing caudad. The lateral lobes are projected
outward and bilobate, the outer fork is sharp and the inner fork is blunt. The anterior and
middle femora are strongly tuberculated. The first segment of the anterior tarsus is short.
The hind femur is tuberculated, with large antegenicular and genicular teeth. The first
segment of the hind tarsus has three sharp pulvilli of approximately the same size. The
first and third segments of the hind tarsus are equal in length.
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Figure 16. The male holotype (a-c) and the male paratype (d) of Metrodora ala sp. nov. Each scale
bar is 1 mm. (a) Head in frontal view. (b) Body in lateral view. (c) Body in dorsal view. (d) Male

paratype.

Type series. Costa Rica 1 & holotype; Puntarenas, Area de Conservacion Osa, Parque
Nacional Corcovado, Sector Sirena; 8.483, -83.591; 20.V1.2020; D. Janzen, W. Hallwachs, A.
Azofeifa A leg; SMNK. 1 & paratype; Puntarenas, Area de Conservacion Pacifico Central,
Savegre, Quepos; 26.V.2020; 9.263, -83.871; D. Janzen, W. Hallwachs, S. Stroud leg; BI-
OuG.

Type locality. Parque Nacional Corcovado, Sector Sirena.
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Measurements. HT: BL 6.6; VW 0.63; EW 0.36; SW 0.3; PL 5.75; PLW 4.08; PH 1.94;
FFL 1.57; FFW 0.69; MFL 2.01; MFW 0.7; PFL 3.88; PFW 1.79; HTL 2.98; FTL 0.42; TTL 0.4;
SPL 0.58; SPW 0.25

PT: BL 6.54; VW 0.64; EW 0.38; SW 0.3; PL 6.21; PLW 4.27; PH 2.08; FFL 1.67;, FFW
0.72; MFL 1.99; MFW 0.69; PFL 4.04; PFW 1.53; HTL 2.99; FTL 0.42; TTL 0.31; SPL 0.54;
SPW 0.37

Distribution. Known only from Costa Rica.

Etymology. The specific epithet is the Latin word “ala” (wing) in apposition. The
name refers to the fact that the lateral lobes of this species are spread out like wings when
seen from above.

BOLD Systems BIN. AEO7590

Type series Sample IDs. HT: BIOUG77726-F05; PT: BIOUG76527-G11.

Subfamily Tetriginae Rambur, 1838 [50]

Tribe Tetrigini Rambur, 1838 [50]

Genus Clypeotettix Hancock, 1902 [76]

Diagnosis. Similar to Paratettix. Differentiated from it by: (i) bifurcation of frontal
costa in the upper third of eye height (upper quarter in Paratettix); (ii) middle femora very
robust with a strong tooth in the middle of bottom margin (fore and middle femora ap-
proximately equally robust in Paratettix); (iii) third segment of hind tarsus approximately
equal to first (third segment shorter in Paratettix); (iv) median carina reaching anterior
margin of pronotum (not reaching in Paratettix).

Note. This genus might be synonymous with Paratettix, and is at least very closely
related to it. More data on the American Tetriginae is necessary to resolve this issue.

Type species. Clypeotettix schochii (Bolivar, 1887) [51]

Composition. C. schochii, C. mexicanus comb. nov., C. zonata (Walker, 1871) comb.
nov.

Distribution. North, Central, and South America [77,78].

Note. The morphologies of Paratettix zonata (Walker, 1871) and Paratettix mexicanus
completely fit with the diagnosis of Clypeotettix and are thus placed in this genus, resulting
in the new combinations C. zonata comb. nov. and C. mexicanus comb. nov.

Species Clypeotettix schochii (Bolivar, 1887) [51] (Figure 17)

Diagnosis. Wide humeral angles. Tectate pronotum. The middle femur is very robust
with a triangular tubercle in the middle of the bottom margin.

Distribution. North America (including Central America).
BOLD Systems BIN. AEF0990

;\ N o >

Figure 17. A female specimen of Clypeotettix schochii (BIOUG55327-A01) belonging to the BIN
AEF0990.
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Species Clypeotettix mexicanus (Saussure, 1861) [33] comb. nov. (Figure 18)
Diagnosis. Normal humeral angles. Tectate pronotum. The middle is femur robust
with a rounded tubercle in the middle of the bottom margin.

Figure 18. A male specimen of Clypeotettix mexicanus (BIOUG73008-B12) belonging to the BIN
AEI7486.

Distribution. North America (including Central America) [79].

BOLD Systems BIN. AEI7486

Note. Both the morphology and molecular data point to this species being closely
related to C. schochii so we transfer it from Paratettix to Clypeotettix. The relationship with
other Tetrigini genera remains to be determined.

Genus Platythorus Morse, 1900 [63]

Diagnosis. The frontal costa bifurcation is near the top of the face. Paired ocelli at
around middle of eye height. The midline of antennal grooves at the level of the bottom
margin of the eyes. The vertex is as wide as the eye or wider. The lateral carinae of the
vertex forms U-shapes. The prozonal carinae converge caudally. The median carina
reaches the anterior margin of the pronotum. The median carina forms a small hump at
the end of the prozona. The middle femora is robust but has no strongly expressed tuber-
cles. The third segment of the hind tarsus is usually barely shorter than the first.

Type species. Platythorus camurus Morse, 1900 [63]

Composition. P. camurus, P. toltecus comb. nov., P. inabsolutus sp. nov.

Distribution. North and South America [1].

Note. This genus has until now been assigned to Metrodorinae, but it is unlikely that
it is closely related to Metrodora. Due to the high placement of facial features and its simi-
larity with Paratettix and Clypeotettix, the genus is transferred to Tetriginae.

Note. This genus is similar to Paratettix, Clypeotettix, Allotettix Hancock, 1899 [80], and
Crimisus Bolivar, 1887. However, the median carina in Platythorus is uninterrupted, the
lateral carinae of the vertex are U-shaped, and the prozonal carinae are convergent and
longer than in Paratettix. Paratettix is a large genus in need of revision, so many more
changes to its taxonomy are expected [81]. The most notable similarity with Clypeotettix is
the presence of a hump in the anterior part of the pronotum and laterally projected lateral
lobes. The main differences between Platythorus and Clypeotettix are the lower pronotal
hump, middle femora without tubercles, and higher placement of frontal costa bifurcation
in Platythorus. Allotettix and the macropronotal species herein treated as Platythorus are
exceptionally similar with a few key differences: higher pronotal hump, more robust mid-
dle femora, and higher placement of frontal costa bifurcation in Platythorus. Finally, the
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main differences between Crimisus and Platythorus are higher placement of facial features
and smoother anterior femora in Platythorus. At least some of these prevalent similarities
could be due to shared ancestry, but the currently available molecular data is insufficient
to resolve even intrageneric relationships [82]. Additionally, these genera have not even
been well sorted out morphologically [17].

Species Platythorus camurus Morse, 1900 [63] (Figure 19)

Diagnosis. The vertex is 1.5 times wider than the eye. The prozonal carinae moder-
ately converge caudally. Apterous species. The anterior and middle femora have strong
tubercles on the ventral margin.

Distribution. Central America [1].

BOLD Systems BIN. ACT4992

)

-

Figure 19. A female specimen of Platythorus camurus (BIOUG77724-F12) belonging to the BIN
ACT4992.

Species Platythorus toltecus (Saussure, 1861) [33] comb. nov.

Diagnosis. The vertex is about 1.5 times wider than the eye. The prozonal carinae
barely converge caudally. The pronotum reaches up to the level of the hind knees. The
alae are a little shorter than the pronotum. The third segment of the hind tarsus is shorter
than the first.

Distribution. Widely distributed in North and South America, but some of the syn-
onyms of this species may represent separate species.

Note. The above diagnosis is based on the holotype only since specimens of many
different morphologies are currently assigned to this species. This species has until now
been assigned to Paratettix, but is found here to be more similar to the other Platythorus
species. However, more data is needed to confidently systematize the American Tetrigi-
nae.

Species Platythorus inabsolutus Kasalo & Skejo sp. nov. (Figure 20)

ZooBank ID: LSID  urnlsid:zoobank.org:act:F5D46CE2-7D9F-4B35-9E84-
B45C1F66AFBB



Diversity 2025, 17, 190

28 of 36

Diagnosis. The vertex is as wide as the eye. Very small tegmina, alae absent or invis-
ible. The third segment of the hind tarsus is barely shorter than the first.

General description. The frontal costa bifurcation near the top of the face. The paired
ocelli are at half of the eye height. The midline of antennal grooves is at the bottom margin
of the eyes. The vertex is approximately as wide as the eye. The lateral carinae of the vertex
is U-shaped. The prozonal carinae are short, converging caudally. The lateral lobes are
moderately projected outward. The median carina forms a small hump at the end of the
prozona. Brachypronotal. The pronotal apex is narrow and blunt. The tegmina is very
small, and the alae are invisible. The fore and middle femora are robust with wavy mar-
gins. The first segment of the anterior tarsus is short, with three pulvilli. The hind femur
is robust with a black bottom half. The first segment of the hind tarsus has two small sharp
proximal pulvilli and one large sharp distal pulvillus. The third segment of the hind tarsus
is barely shorter than the first.

Type specimen. Costa Rica 1 & holotype; Puntarenas, Area de Conservacion Osa,
Parque Nacional Corcovado, Sector Sirena; 8.478, -83.593; 29.111.2020; D. Janzen, W. Hall-
wachs, A. Azofeifa A leg; SMNK.

Figure 20. The male holotype of Platythorus inabsolutus sp. nov. Each scale bar is 1 mm. (a) Head in
frontal view. (b) Body in dorsal view. (c) Body in lateral view.

Type locality. Parque Nacional Corcovado, Sector Sirena.

Measurements. HT: BL 6.72; VW 0.47; EW 0.56;, SW 0.23; PL 5.57; PLW 2.87; PH 2.03;
TL 0.97; TW 0.39; FFL 1.39; FFW 0.5; MFL 1.63; MFW 0.56; PFL 4.63; PFW 1.74; HTL 3.94;
FTL 0.66; TTL 0.58; SPL 0.68; SPW 0.36

Distribution. Known only from Costa Rica.
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Etymology. The specific epithet is the Latin adjective “absolutus” (unfinished, incom-
plete) in the nominative case. The name refers to the fact that the species lacks alae and is
thus incomplete.

BOLD Systems BIN. AEU1088

Type series Sample IDs. HT: BIOUG73625-D09.

Genus Ochetotettix Morse, 1900 [63]

Diagnosis. The frontal costa bifurcation is at the upper third of the eye height. The
vertex is two times wider than the eye. The median carina forms a medium-high crest in
the anterior quarter. Fully winged.

Type species. Ochetotettix barretti (Hancock, 1899) [80]

Composition. Monotypic.

Distribution. Mexico and Central America [83].

Note. Ochetotettix was up to now not classified in any of the Tetriginae tribes. Here,
we place it in Tetrigini due to the elevation of its median costa, and the width and the
shape of the vertex which are all reminiscent of the genus Tetrix.

Species Ochetotettix barretti (Hancock, 1899) [80] (Figure 21)

Diagnosis. Indistinguishable from the generic diagnosis.

N

Figure 21. A female specimen of Ochetotettix barretti (BIOUG48915-D04) belonging to the BIN
ACG2835.

BOLD Systems BIN. ACG2835

Tribe unassigned

Genus Teredorus Hancock, 1907 [68]

Diagnosis. Extremely narrow vertex.

Type species. Teredorus stenofrons Hancock, 1907 [68]

Composition. Only two American species, T. stenofrons and T. aztecus.

Distribution. North and South America [17].

Note. Devriese and Husemann (2023) [84] proposed for the narrow-vertex Tetriginae
genera to be differentiated by the region they inhabit, i.e., Teredorus is present only in the
Americas. This approach is preliminary but is practical until the many Asian species can
be reviewed and systematized. This approach is followed here as well.

Species Teredorus cf. aztecus (Saussure, 1861) [33] (Figure 22)
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Diagnosis. The vertex is extremely narrow. The pronotal surface is flat. The dorsal
margin of the anterior femora is semi-elliptical.
Note. Differences between T. aztecus and T. stenofrons are not completely clear, which

is made more problematic by the numerous synonyms of T. aztecus that need to be re-
viewed. It seems that T. aztecus has a more northern distribution than T. stenofrons.
Distribution. North America and the extreme north of South America [1].
BOLD Systems BIN. AET3068

Figure 22. A male specimen of Teredorus aztecus (BIOUG73628-D07) belonging to the BIN AET3068.

4. Discussion

As previously established [31], the tetrigid COI barcodes carry an insufficient phyloge-
netic signal to reconstruct most of the relationships above the generic level. The only excep-
tion is the position and status of the subfamily Batrachideinae, which is strongly supported
as basal and monophyletic. In this study, the genera Scaria, Tettigidea, Otumba, Clypeotettix,
and Platythorus are reconstructed as monophyletic, while most of the others are represented
by only a single species. The genus Metrodora is not resolved in our analysis, which might
be due to the low resolution of the marker, but might also imply that it could be split into
several genera since there are several distinct morphologies included in Metrodora [67]. Most
notably, Lophotettix semicristatus sp. nov. and Metrodora ala sp. nov. are grouped together
with high support. This is supported by their morphological similarity as well [67], which
suggestes that the subfamilies Metrodorinae and Lophotettiginae need to be completely
reevaluated.

We have expanded the genera Clypeotettix and Platythorus by new combinations and
Platythorus by new species. Clypeotettix mexicanus comb. nov., Clypeotettix zonata comb. nov.,
and Platythorus toltecus comb. nov. had all previously been assigned to Paratettix. Both mor-
phology and barcoding data point to close relationships between the species within the
mentioned genera, giving us an opportunity to better define the American Tetriginae. Par-
atettix is a cosmopolitan genus with a very poor diagnosis [81]. It seems likely that this genus
actually encompasses many smaller geographically constrained genera which are very sim-
ilar to each other [81,85]. To address the problem of Paratettix, we have reassigned some of
the Paratettix species according to their similarity with the type species of Clypeotettix and
Platythorus, but this is only the first step towards a more concrete solution. All of these gen-
era, together with Crimisus Bolivar, 1887 need to be reassessed in detail to understand the
relationships between the American Tetriginae.

Integrative taxonomy is an important tool in elucidating the true diversity of insects,
especially those in diverse regions and groups [86-88]. Until now, the only other instance of
DNA barcoding data being used to supplement species descriptions was the discovery of
two new sympatric species of Eucriotettix [7]. The genetic distance between these two species
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is nearly 13% despite them having very few morphological differences [7]. This level of di-
vergence between species for the COI marker is extremely high, as the intraspecific genetic
distances in insects have been found to generally be around 3% [89-91]. It should be noted
that large-scale analyses have identified a subset of species with larger intraspecific genetic
variation [91]. This could be the result of several cryptic species being grouped under a sin-
gle morphospecies but describing every bearer of a divergent COI sequence as a new species
without further molecular or morphologic evidence would result in impractical species in-
ventories [20,90,92].

We thus opted to use conservative criteria for species delimitation, insisting on both
10% genetic distances and clearly identifiable morphological differences. Even so, the diver-
sity of the Costa Rican fauna of Tetrigidae was underestimated [93,94], in part because pre-
vious morphological studies defined species more broadly [17,69,95]. A notable example is
the high molecular and low morphological difference between Scaria fasciata and S. bimacu-
lata sp. nov. Since relatively few characters are currently recognized as useful for species
differentiation [18], further studies might identify many more cryptic or nearly cryptic spe-
cies. It should also be noted that a single molecular marker such as COI cannot offer all
answers by itself. The question of the level of separation between Chiriquia serrata popula-
tions should be resolved using more molecular data. The same is true for the phylogenetic
relationships between genera and higher taxonomic categories.

This study enabled us to understand the variability of Tetrigidae a little better. While
some evolutionarily younger taxa can have high variation in lateral lobe shape [47,96], this
character has shown itself to be an important one for species delimitation within Metrodori-
nae. Similarly, coloration in Tetriginae and Thoradontini is highly variable [47,97-101], but
in Metrodorinae and Batrachideinae it seems to have value for species identification as it is
very consistent among specimens from different localities. Unfortunately, molecular data
on tetrigids in most of the world is scarce [102]; hence, the taxonomy of this group will re-
main based mostly on morphology until projects addressing this gap are undertaken. Gen-
erating more DNA barcodes and assigning them to well-described morphologies will speed
up further research and make this group much more accessible.

The work on Neotropical Tetrigidae is far from over. Although many revisions were
conducted in recent years on many higher taxonomic groups, a large number of genera and
species remain ill-defined and unclearly classified, which will likely preclude the produc-
tion of a high-confidence general identification key in the foreseeable future
[17,52,65,66,95,103,104].
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