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Abstract

Four new species of Zeugodacus Hendel are described from India viz., Zeugodacus mo-
mordicae David & Ajaykumara, sp. nov. from Arunachal Pradesh infesting male flower
buds of Momordica dioica, Zeugodacus nasivittatus David & Abhishek, sp. nov. from
Meghalaya, Zeugodacus (Sinodacus) sinuvittatus David & Abhishek, sp. nov. from Hi-
machal Pradesh and Zeugodacus (Zeugodacus) umiam David & Kennedy, sp. nov. from
Meghalaya. An illustrated key to all species of Zeugodacus from India is also includ-
ed. Bactrocera (Parazeugodacus) abbreviata (Hardy) and Dacus (Mellesis) vijaysegarani
Drew & Hancock are recorded for the first time from India.

Key words: Arunachal Pradesh, cue lure, dacines, fruit fly, Meghalaya, Shimla, zingerone

Introduction

Zeugodacus Hendel is a genus in tribe Dacini with 196 species recorded from
the world (Doorenweerd et al. 2018) and thirty described species from India
(David et al. 2017; David and Ramani 2019). They are characterised by the
shallow emargination of sternite 5 in males, posterior lobe of surstylus 5-6x
longer than anterior lobe, glans of phallus with patterned acrophallus. Fruit
flies of genus Zeugodacus Hendel are economically important as several of
them are pests of various horticultural crops. Zeugodacus was originally treat-
ed as a subgenus of Bactrocera Macquart, it was elevated to genus level by
Virgilio et al. (2015) based on molecular markers which confirmed the findings
of Krosch et al. (2012). It was further supported by works by San Jose et al.
(2018), Dupuis et al. (2018) and Zhang et al. (2022). Hancock and Drew (2018)
consider Zeugodacus as a subgenus of Bactrocera. David et al. (2017) de-
scribed Bactrocera brevipunctata David and Hancock from Maharashtra which
was later transferred to genus Zeugodacus by Doorenweerd et al. (2018). Da-
vid and Ramani (2019) studied the postabdominal structures of 16 species of
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Zeugodacus from India and performed a morphology based phylogenetic anal-
ysis of tribe Dacini wherein Bactrocera and Dacus Fabricius were monophyletic
and Zeugodacus was polyphyletic, which might be due to the reason that only
Indian species were included in the phylogenetic analysis. In this paper, four
new species of Zeugodacus are described with illustrations of postabdominal
structures. Two species of dacines, Bactrocera (Parazeugodacus) abbreviata
(Hardy) and Dacus (Mellesis) vijaysegarani Drew & Hancock are recorded for
the first time from India. An illustrated key to 34 species of Zeugodacus from
India is also included.

Materials and methods

Specimens deposited in the following museums have been studied: Natural
History Museum, London, United Kingdom (NHM) and National Insect Mu-
seum, ICAR- National Bureau of Agricultural Insect Resources, Bengaluru,
India (NIM).

Images of specimens, epandrium, and ovipositor were taken using a Leica
DFC 420 camera mounted on a Leica M205A stereo zoom microscope; images
of glans of phallus, aculeus tip and spicules on eversible membrane were taken
using an 8 MP camera temporarily attached to a Leica DM 1000 compound
research microscope, Olympus DP 23 attached to BX51 and Olympus SC 50
attached to BX 43; the images were stacked and combined to a single image
using Combine ZP (Hadley 2011). Measurements of male and female genitalia
were taken using Leica Automontage Software, LAS 3.4. Terminology adopt-
ed here follows White et al. (1999) except for wing terminology which follows
Cumming and Wood (2017).

One hind leg was removed from one specimen of Z. momordicae and
used for DNA extraction. The DNA extraction was performed using a DNeasy
Blood and Tissue Kit (Qiagen India Pvt. Ltd.) following the manufacturers’
instruction. For the molecular study, the standard DNA barcoding region of
the mitochondrial COl gene was sequenced, and the PCR was performed
using the Universal COI primers (LCO1490/HC02198) (Hebert et al. 2003).
The sequence was annotated using NCBI Blast tools and submitted to the
NCBI GenBank Database where an accession number was obtained (Z. mo-
mordicae- 0Q353070).

Taxonomic account

Zeugodacus Hendel, 1927

Zeugodacus Hendel, 1927: 26. Raised to genus level by Virgilio et al. 2015: 177.
Type species: Dacus caudatus Fabricius, 1805: 276. Type locality: Indonesia,
Java.

Diagnosis. Abdominal tergites free, scutum with medial postsutural vitta ex-
cept for few species in several subgenera including Parasinodacus Drew &
Romig, Paradacus Perkins and some species of Sinodacus Zia, sternite 5 of
male with shallow/flat posterior emargination. In males, epandrium distinctly
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bulb-shaped in posterior view, proctiger hyaline, triangular (when uninflated)
smaller than epandrium, lateral surstylus longer than epandrium (profile view);
posterior lobe of lateral surstylus 5-6x longer than anterior lobe. Phallus with
well-developed acrophallus (single semi-tubular lobe) and patterned/granu-
lated praeputium. Dorsal sclerite of glans without hexagonal pattern. Aculeus
dorsoventrally flattened with four pairs of preapical setae (David and Ramani
2019). Zeugodacus is similar to Bactrocera and Dacus in general appearance as
they are wasp mimics and are characterised by the presence of reddish-brown
to black colour with yellow vittae and markings. It can be differentiated from
Dacus by the presence of free abdominal tergites and by the presence of four
pairs of preapical setae; from Bactrocera by the shallow/ flat emargination ster-
nite 5 in males, posterior lobe of lateral surstylus 5-6x longer than anterior lobe
and patterned acrophallus.

Key to species of Zeugodacus Hendel from India

1 Medial postsutural vitta present (Figs 10=20) .......ccocoeirieieineerieeeeenene 6
—  Medial postsutural vitta absent (Fig. 9) .......cccceovvirveiriiieiricieeeeeceen 2
2 SCULUM BIACK ...t 3

- Scutum reddish-brown, lateral postsutural vitta absent (Fig. 86), cos-
tal band broad overlapping vein R, ., expanded into a broad apical spot
(Fig. 89) v Z. sinuvittatus David & Abhishek, sp. nov.

3 Lateral postsutural vitta absent, costal band overlapping vein R,,, expanded
slightly towards apex (Drew and Romig 2013: fig. 282)........... Z. binoyi Drew

—  Lateral postsutural vitta present, prescutellar setae present, costal band
confluent With VEIN R, ..o 4

4 Forefemur entirely black, 0.75 of mid and hind femur black (Fig. 43) ....... 5

- Forefemur fulvous with apical black spot, mid and hind femur fulvous with

apical black spots (Fig. 27).....cceceirieeririeiieeceieeas Z. duplicatus (Bezzi)
5  Scutum with a yellow spot anterior to notopleural suture, prescutellar
acrostichal seta absent............cccocoeveievevieicicceee Z. incisus (Walker)

—  Scutum without a yellow spot anterior to notopleural suture, prescutellar
acrostichal seta present......... Z. momordicae David & Ajaykumara, sp. nov.
6  Postsutural supra-alar seta absent (Figs 13, 14) ......cccooeivveveiiiieecine 7
- Postsutural supra-alar seta present (Figs 15=20) ......ccocooeirieeerieerrenenne 9
7  Costal band continuous, confluent with vein R,,., not expanded into an
apical spot (Fig. 36), prescutellar acrostichal seta present ....................... 8
—  Costal band discontinuous with a broad apical spot, prescutellar acrostichal
seta absent (Drew and Romig 2013: fig. 9) ................ Z. apicalis (de Meijere)
8  Face fulvous without any markings (Fig. 1), notopleuron yellow (Fig. 13).....
.......................................................................................... Z. trilineatus (Hardy)
- Face with two separate black spots (Fig. 7), notopleuron black (Fig. 14)....
....................................................................................... Z. scutellarius (Bezzi)

9  Prescutellar acrostichal seta absent (Fig. 12).......ccccccoeiveviniecirieiieenne 10
- Prescutellar acrostichal seta present (Figs 15=20).......c.ccccecvvverririerrnnnes 12
10 Abdomen oval shaped (Fig. 26); apical spot on wing does not cross vein

M (Fig. 33) i Z. havelockiae Drew & Romig

-~  Abdomen club-shaped (Fig. 25); apical spot on wing crosses vein M ....11
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11

12

13

14

15

16

17

18

19

20

21

22

Yellow spot anterior to transverse suture as broad as notopleuron, lateral
postsutural vitta absent, if present, not extending beyond postsutural su-
pra-alar seta, apical spot on wing not reaching apices of vein R,,, and dm-
cu crossvein basally (Drew and Romig 2013: fig. 2617).......... Z. hochii (Zia)
Yellow spot anterior to transverse suture narrower than notopleuron, lat-
eral postsutural vitta prominent and narrows to end before postalar seta

(Fig. 12), apical spot broad and reaching apices of vein R,,, and dm-cu

(Fig. 29) oo Z. brevipunctatus (David & Hancock)
Costal band narrow, confluent with vein R, either continuous or discon-
tinuous, not expanded apically (Figs 31,35, 36) ....c.cccoveveveieriiereeerenne, 13
Costal band broad, overlapping vein R,, ., usually expanded into broad api-
cal spot (Figs 30, 33,34, 37,38)...ccccicicieiiciiecieieeieteeeeeteeese e 26
Costal band discontinuous (Fig. 3T) .....ccccveivieieiiiieeceeeeceeeeeaa 14
Costal band CONTINUOUS .........ciiiiiieceeeee s 15
Scutellum shining black except for small yellow anterolateral corners
(Drew and Romig 2013: fig. 281)..c.coeeveveieriieieeeienne, Z. biguttatus (Bezzi)

Scutellum fully yellow without any black markings ....... Z. freidbergi White
Scutum predominantly black with narrow lateral and medial postsutural

Vittae (FigS 15, 20) . ittt 16
Scutum black or brown with broad lateral and medial postsutural vittae
(FIGS TO=T9) .ottt ettt s e 22
Scutellum yellow with apical black spot (Fig. 15) or broad black band di-
viding it into tWO (Fig. 20) ..ooveuiioieiieieieeeee e 17
Scutellum predominantly yellow without apical black spot or markings ex-
cept for a narrow black basal band (Fig. 10)........ccooevieiviiieiiiieeeee 20
Scutellum with broad black band dividing it into two yellow spots
(Fig. 20) evieieeeieereeeeeee et Z. assamensis (White)
Scutellum with an apical black spot (Fig. 15)......cccceeviiivieieiiiiceeen 18

Face with two separate black triangular spots (Fig. 8).......ccccoeveveiriiriennne.
..................................................................................... Z. scutellaris (Bezzi)
Face either black or with broad black transverse bands connecting spots
(FIGS 40, A7) ottt bbbttt 19
Medium sized flies (5.4-5.7 mm), face entirely black in males, female with
distal half black, abdominal tergites 3—=5 fully black .............cccoeevevininnnnene
.............................................................. Z. umiam David & Kennedy, sp. nov.
Large sized flies (7—8 mm), face with a transverse band connecting spots,
abdominal tergites 3—-5 with black markings restricted to lateral regions

(Drew and Romig 2013: fig. 309).......cccoo...... Z. hoabinhiae Drew & Romig
Only apical scutellar setae present...........ccoeeevveevieeiiiciiccieceeeee e, 21
Apical and basal scutellar setae present.................. Z. atrifacies (Perkins)

Face entirely black (Fig. 6), forefemur wholly black ....Z. diaphorus (Hendel)
Face with black spots, forefemur fuscous, not black (Drew and Romig
2073:€1g. 370) i Z. yoshimotoi (Hardy)
Anepisternal stripe broad touching postpronotal lobe, katepisternum with
a broad yellow transverse marking, anepisternal stripe inverted L-shaped
(FIg. 22) oot Z. gavisus (Munro)
Anepisternal stripe not touching postpronotal lobe, katepisternum with
narrow yellow spot, anepisternal stripe triangular (Figs 23, 24, 79) ........ 23
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23

24

25

26

27

28

29

30

31

32

33

Abdomen reddish brown without any medial longitudinal band (Fig. 26),
face with transverse marking interrupted medially (Fig. 5).......ccccoceervrnnee.
.................................................................. Z. semongokensis Drew & Romig
Abdomen yellow with black transverse and longitudinal markings (Figs 27,

Face fulvous with two separate black spots (Fig. 77), medial postsutural
vitta broadened posteriorly (nose-shaped) (Fig. 78), abdomen with medial
black longitudinal band interrupted (Fig. 80).........cceceviieinieiieeiieeeee
.................................................... Z. nasivittatus David & Abhishek, sp. nov.
Face either fulvous or with transverse band (Figs 3, 4), medial postsutural
vitta broad or narrow (Figs 17, 18) but not nose shaped, abdomen usually
with medial vitta continuous (Figs 27, 28).......ccccoeeurviereieieeeeeeeeereeenas 25
Medial postsutural vitta broadened basally and narrowed apically (Fig. 17),
pecten of cilia present in male (Fig. 27), face with a black transverse band
in both sexes (Fig. 4) ......cccoeevieiirieieiereeeeeeeene, Z. caudatus (Fabricius)
Medial postsutural vitta narrowed at both ends (Fig. 18), pecten of cilia
absent in male (Fig. 28), face fulvous in male (Fig. 2), with a transverse
band in female (Fig. 3) ....ccooeivviiieeecceeeee, Z. diversus (Coquillett)
Costal band broad, confluent with R, . with or without apical expansion
(FIgS 30,32, 34) .o 27
Costal band narrow, not confluent with R, .; overlapping vein R, , or conflu-
ent With R,,, (FIgs 37,38) ..o 30
Wing with prominent subapical band and radial medial band (Fig. 30) ......
................................................................................ Z. cucurbitae (Coquillett)
Wing without subapical band and radial-medial band (Figs 32, 34)......... 28
Scutellum with apical black spot (Figs 11,16, 19).....cccccvevieeirieiieieiees 29
Scutellum without apical black spot, costal band broadly confluent with
R,.; Not expanded into an apical spot (Drew and Romig 2013: fig. 367) ....
.............................................................................................. Z. vultus (Hardy)
Postpronotal lobe fuscous (Fig. 11), all femora with fuscous markings
(Fig. 24), wing with costal band expanded to broad apical spot (Fig. 34)...
............................................................................................ Z. watersi (Hardy)
Postpronotal lobe fulvous (Fig. 16), femora yellow (Fig. 23), wing with dark
fuscous markings in apical region connected to anal streak (Fig. 32)........
...................................................................... Z. fuscoalatus (Drew & Romig)

Scutellum with apical black spot (Fig. 19)................... Z. signatus (Hering)
Scutellum without apical black SPOt..........cccoooviiiiiiiiieeeee 31
Costal band confluent with vein R, (Fig. 37) .....ccocoovviiiiniiiiic, 32
Costal band overlapping vein R, (Fig. 38) .......ccccccooiriiiiniiciccce, 33

Lateral postsutural vitta parallel sided, not tapering posteriorly..................
...................................................................................... Z. zahadi (Mahmood)
Lateral postsutural vitta narrowing posteriorly (Drew and Romig 2013:
fig. 363) oo Z. trivandrumensis (Drew & Romig)
All femora fulvous, anepisternal stripe broad reaching notopleural seta
dorsally, supernumerary lobe weak in males (Drew and Romig 2013:

f1g. 282) e Z. bogorensis (Drew & Romig)
All femora with preapical spots, wing in male with well-developed super-
NUMErArY IODE. ......ouvieieieeee e Z. tau (Walker)
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Figures 1-8. Heads of Tephritidae 1 Z. trilineatus (Hardy) 2 male of Z. diversus (Coquillett) 3 female of Z. diversus (Co-
quillett) 4 Z. caudatus (Fabricius) 5 Z. semongokensis (Drew & Romig) 6 Z. diaphorus (Hendel) 7 Z. scutellarius (Bezzi)

8 Z. scutellaris (Bezzi).

1' : - 2 B ™

Figures 9—20. Thorax (dorsal view) of Tephritidae 9 Z. incisus (Walker) 10 Z. gavisus (Munro) 11 Z. watersi (Hardy) 12 Z. bre-
vipunctatus (David & Hancock) 13 Z. trilineatus (Hardy) 14 Z. scutellarius (Bezzi) 15 Z. scutellaris (Bezzi) 16 Z. fuscoalatus
(Drew & Romig) 17 Z. caudatus (Fabricius) 18 Z. diversus (Coquillett) 19 Z. signatus (Hering) 20 Z. assamensis (White).
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Figures 21-28. 21-24 Thorax (lateral view) and legs 25-28 Abdomen (dorsal view) of Tephritidae 21 Z. duplicatus
22 Z. gavisus 23 Z. fuscoalatus 24 Z. watersi 25 Z. brevipunctatus 26 Z. semongokensis 27 Z. caudatus 28 Z. diversus.

[
Figures 29-38. Wings of Tephritidae 29 Z. brevipunctatus 30 Z. cucurbitae 31 Z. freidbergi 32 Z. fuscoalatus 33 Z. have-
lockiae 34 Z. watersi 35 Z. scutellaris 36 Z. scutellarius 37 Z. zahadi 38 Z. tau.
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New species descriptions

Zeugodacus (Parasinodacus) momordicae David & Ajaykumara, sp. nov.
https://zoobank.org/D8024CC3-CE48-4C83-B2DC-D737D87FD34F
Figs 39-60

Type locality. INDIA: Arunachal Pradesh, Upper Siang, Padu.

Type material. Holotype female, pinned. Original label: “INDIA: Arunachal
Pradesh, Upper Siang, Padu, 29. ix. 2022, David, K. J.” Paratypes. 2092, 344,
INDIA: Arunachal Pradesh, Upper Siang, Padu, 15. ix. 2022, Ajaykumara, K. M;
1522, 38d, 1 larva, INDIA: Arunachal Pradesh, Upper Siang, Padu, 29. ix. 2022,
David, K. J. (deposited at NIM).

Other material examined. 19, Formosa, Kagi, 19.08.07, H. Sauter, S.(first
label), Chaetodacus cilifer Hend.Q det. M. Hering 1935 (second label) (NHM).
229, INDIA, Meghalaya, Umiam, 19. v. 2017, Arensungla Pongen (NIM).

Diagnosis. Zeugodacus momordicae resembles Z. incisus in possessing
black scutum, two transverse bands on face, continuous costal band and ex-
tensive femoral markings, but can be differentiated by the absence of yellow
spot anterior to lateral vittae along transverse suture and presence of pres-
cutellar acrostichal setae. It can be differentiated from Bactrocera ablepharus
(Bezzi) by the presence of prescutellar acrostichal setae and face with two
transverse bands. It can be differentiated from Z. cilifer (Figs 61-65, 69) by
the aculeus shape and spicules on distal end of eversible membrane as dis-
cussed below. Aculeus tip is elongate, parallel sided and not tapering abruptly
beyond the preapical conical flange (width of the conical projection- 0.06 mm)
and length of aculeus after the preapical flange is 0.21 mm in Z. cilifer (Figs 66,
67), whereas in Z momordicae, aculeus is tapering abruptly beyond the preapi-
cal conical flange (width of the conical projection -0.08 mm) (Figs 56, 57) and
length of aculeus after the preapical flange is 0.15-0.18 mm. Spicules on Z. cil-
ifer are conical with single projection with a shorter base (Fig. 68), whereas
Z. momordicae (Fig. 54) possess broader conical spicules.

Description. Female. Medium sized species (wing length 4.37-5.45 mm),
face with two broad black bands. Scutum black with yellow lateral postsutural
vitta ending beyond intra-alar seta, anepisternal stripe broad reaching anterior
notopleural seta dorsally, continued as a small transverse marking on katepis-
ternum. Wing hyaline with costal band continuous from cell sc to the apex of
the wing and confluent with vein R,,, anal streak well developed. Abdomen
predominantly black with a narrow transverse fulvous band on tergites 1 and 2
(in few specimens all tergites black). Females with two spermatheca, aculeus
pointed with preapical projection.

Head. Frons fulvous with fuscous markings on anteriomedial hump and
around bases of frontal and orbital setae, all setae black; 2 pairs of frontal
setae and 1 pair of orbital setae, lunule black. Ocellar triangle and vertex black,
ocellar setae vestigial. Face (Figs 40, 41) fulvous with two broad transverse
bands (elongate spots in antennal furrow connected by broad transverse band
and a broad black band below the antennal sockets). Scape, pedicel fulvous,
first flagellomere dark fuscous on outer side and apex, arista non plumose,
combined length of pedicel and flagellomere is slightly longer than vertical
length of face. Gena fulvous with prominent black patch and a seta. Occiput
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black, fulvous along eye margins; lateral and medial vertical seta present, oc-
cipital row without prominent black postocular setae. Thorax (Figs 42, 43).
wholly black with yellow lateral postsutural vittae extending beyond intra-alar
seta, medial vitta lacking; pleura black. Yellow marking as follows; postprono-
tal lobe, notopleuron, anepisternal stripe (reaching anterior notopleural seta
dorsally) continued to katepisternum as a transverse spot; anatergite (posteri-
or apex black); anterior 0.60 of katatergite (remainder black). Scutellum yellow
with two scutellar setae. Chaetotaxy: scutellar seta, 1; prescutellar acrostichal
seta, 1; intra-alar seta, 1; postsutural supra-alar seta, 1; postalar seta, 1; anepis-
ternal seta, 1; anterior notopleural seta, 1; posterior notopleural seta, 1; scap-
ular setae, 2. Coxa and trochanter black; whole fore femur; 0.75 of mid femur;
0.25 of hind femur black; remainder black. Fore and mid tibiae fulvous/yellow,
hind tibia black, all tarsal segments fulvous (Fig. 43). Wing (4.37-5.45 mm)
predominantly hyaline, cells bc and ¢ hyaline, cell sc dark fuscous, costal band
confluent with vein R,,,, slightly expanded apically, anal streak as broad as
cell cua, extending till apex of its extension, supernumerary lobe developed
(Figs 48, 49). Abdomen (Figs 44—-47). Abdominal segments entirely black ex-
cept for a narrow fulvous band on tergite 2 apically (in few specimens all terg-
ites black).

Male. Similar to female except for face (Fig. 40) which is nearly black in few
males with a narrow longitudinal fulvous line separating the bands, costal band
discontinuous in few male specimens examined, sternite 5 in males black with
shallow concavity, pecten present on tergite 3.

Female genitalia. Oviscape conical (Fig. 53), dorsoventrally flattened, basal
half dark fuscous, apical half fulvous; eversible membrane twice as long as

39

Figure 39. Habitus (lateral) of female Zeugodacus momordicae David & Ajaykumara,
Sp. nov.

ZooKeys 1188: 1-26 (2024), DOI: 10.3897/zookeys.1188.114031 9
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Figures 40-49. Zeugodacus momordicae David & Ajaykumara, sp. nov. 40 head frontal view (male) 41 head frontal view
(female) 42 scutum 43 thorax (lateral view) and legs 44, 45 male abdomen (dorsal view) 46, 47 female abdomen (dorsal
view) 48 wing (male) 49 wing (female).

oviscape (1.69 mm), spicules on distal end of eversible membrane (2.98 mm)
with medial conical projection with a wider base (Fig. 54); aculeus (1.36 mm)
shorter than eversible membrane with conical preapical flange, needle-shaped
aculeus tip (Figs 56, 57); spermatheca dark brown, tightly coiled (Fig. 55).

Male genitalia. Epandrium quadrate (profile view), lateral surstylus lon-
ger than epandrium; posterior lobe of surstylus 10x longer than anterior lobe
(Fig. 50); proctiger hyaline as broad as but, shorter than epandrium; medial
surstylus shorter than lateral surstylus with well-developed pair of equal sized
prensisetae (Fig. 51). Phallus 3.15 mm long, glans of phallus well sclerotised
with 2-3 rows of spine like projections on acrophallus dorsally (Fig. 52), sub-
apical lobe T-shaped, preglans lobe present.

Il instar larva. Creamy white, tapered anteriorly, blunt posteriorly. Cephalopha-
ryngeal skeleton (Fig. 58): Mandible pointed, with short preapical tooth smaller
than apical tooth, ventral apodeme prominent, mandibular neck well developed;
hypopharyngeal sclerite shorter than mandible narrowing distally, with well-de-
veloped hypopharyngeal bridge in the centre, parastomal bar well developed cov-
ering the entire length of hypopharyngeal sclerite, labial sclerite present, anteri-
or sclerite well developed (detached while dissecting); pharyngeal sclerite with

ZooKeys 1188: 1-26 (2024), DOI: 10.3897/z0okeys.1188.114031 10
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Figures 50—-57. Postabdominal structures of Zeugodacus momordicae David & Ajaykumara, sp. nov. 50 epandrium and
surstyli (lateral view) 51 epandrium and surstyli (posterior view) 52 glans of phallus 53 ovipositor 54 spicules on distal
end of eversible membrane 55 spermatheca 56 aculeus 57 aculeus tip.

well-developed dorsal and ventral cornua, ventral bridge lacking. Anterior spira-
cle with 17 tubules (Fig. 59); slits of posterior spiracle arranged parallel to each
other with well-developed dorsal, lateral and ventral spiracular bundles (Fig. 60).
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Figures 58-60. Larval morphology of Zeugodacus momordicae David & Ajaykumara, sp. nov. 58 cephalopharyngeal
skeleton 59 anterior spiracle 60 posterior spiracles.

Etymology. The species name is derived from the genus name Momordica
in the genitive case.

Host plant. Flies were collected on spiny/spine gourd (Figs 70-72); female
flies were observed ovipositing inside unopened male flower buds of spiny
gourd (Figs 73, 74), Momordica dioica Roxb ex Wild. Infested flower buds were
having a withered appearance with two or three larvae inside (Figs 75, 76). They
were reared up to the adult stage to confirm it as the host.

DNA Barcode. NCBI Accession number 0Q353070 (12, INDIA: Arunachal
Pradesh, Upper Siang, Padu, 29. ix. 2022, David, K.J.). The partial gene sequence of
mt-COl of Indian specimen was subjected to similarity search (BLAST-N) in NCBI
database which revealed 99% similarity with Zeugodacus cilifer reported from Thai-
land and China, however 97.87% similarity was observed with Z. cilifer from Taiwan.

Remarks. Nair et al. (2018; 2021) and Pongen et al. (2023) reported Zeugo-
dacus cilifer from Tripura and Meghalaya as a pest of flowers of spiny gourd,
respectively. Examination of the postabdominal structure of female of Z. cil-
ifer collected from Taiwan (Figs 61-65), the type locality in 1907, deposited
at Natural History Museum, London and specimens collected from Pasighat,
Arunachal Pradesh and Meghalaya, India revealed that specimens from India
are different in the morphology of aculeus and spicules on distal end of evers-
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Figures 61-65. Zeugodacus (Parasinodacus) cilifer (

view) 64 scutum (dorsal view) 65 abdomen.
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Figures 66-69. Zeugodacus (Parasinodacus) cilifer (Hendel) 66, 67 aculeus tip 68 spicules on distal end of eversible

membrane 69 label data.

ible membrane as mentioned in the diagnosis, hence it is here described as a
new species. Hence records of Z. cilifer by Nair et al. (2018; 2021) and Pongen
et al. (2023) are treated as misidentifications of Z. momordicae. It is placed in
Zeugodacus due to shallow/flat posterior emargination of sternite 5 in males,
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Figures 70-76. Field infestation of Zeugodacus (Parasinodacus) momordicae David & Ajaykumara, sp. nov. 70 habitus
of host plant, Spiny gourd, Momordica dioica 71 healthy male flower 72 fruit 73 males and females of Z. momordicae on
male flower bud of spiny gourd 74 female fly of Z. momordicae ovipositing into male flower buds 75 infested male flower
76 cut opened infested flower with maggots.

posterior lobe of lateral surstylus much longer than anterior lobe and patterned
acrophallus. It is placed in subgenus Parasinodacus as it possesses only two
scutellar setae and scutum is devoid of medial postsutural vitta.

Zeugodacus (Zeugodacus) nasivittatus David & Abhishek, sp. nov.
https://zoobank.org/BA85A422-419F-485A-BCBC-AC73D7BB27C6
Figs 77-84

Type locality. INDIA, Meghalaya, Umiam.

Type material. Holotype male, pinned. Original label: “INDIA, Meghalaya,
Umiam, 11.vii.2023, Kennedy N." Paratype 13, INDIA: Meghalaya, Umiam,
11.vii.2023, Kennedy N., attracted to cue lure (deposited at NIM).

Diagnosis. It is similar to Zeugodacus hengsawadae Drew & Romig and
Z. tebeduiae Drew & Romig in possessing broad medial postsutural vitta and
costal band confluent with vein R,,,, but can be easily separated from Z. heng-
sawadae by the entirely fulvous femora without any preapical spots, absence
of basal scutellar seta and shape of the medial vitta; from Z. tebeduiae by its
smaller size (wing length 4.5 mm), absence of elongate narrow facial spots
and basal scutellar setae. It can be differentiated from Z. flavoverticalis Drew &
Romig by the absence of broad transverse marking on katepisternum, presence
of slightly expanded costal band towards apex and yellow abdominal tergites
with narrow medial and longitudinal bands.
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Figures 77-84. Zeugodacus nasivittatus David & Abhishek, sp. nov. 77 head (lateral) 78 scutum (dorsal view) 79 thorax
(lateral) 80 abdomen 81 wing 82 epandrium (lateral) 83 epandrium (posterior) 84 glans of phallus.

Description. Male. Medium sized species (5.7-5.8 mm); face fulvous with
two separate black spots; scutum black colour with a broad lateral postsutural
yellow vitta (0.16—0.18 mm wide) ending behind intra-alar seta; notopleuron
and postpronotal lobe yellow, prominent yellow spot anterior to notopleural su-
ture; anepisternal stripe reaching anterior notopleural seta dorsally; scutellum
without black basal band; wing predominantly hyaline with narrow costal band
confluent with R, , anal streak wide, dense aggregation of microtrichia around
A,+Cu,, abdominal tergites 3—5, orange-brown with a narrow longitudinal black
discontinuous band (0.17 mm), lateral regions of tergites 3—5 with small, fus-
cous markings.

Head (Fig. 77): Height 1.21 mm. Frons length 1.67x breadth; fulvous with fus-
cous marking on anteriomedial hump and around bases of frontal and orbital
setae, all setae black: three pairs of frontal setae and one pair of orbital setae;
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lunule fulvous. Ocellar triangle and vertex black. Face fulvous with two separate
black spots (0.16 mm long) on antennal furrows. Scape (0.12 mm long) and
pedicel (0.21 mm long) fulvous, first flagellomere (0.51 mm long) dark fuscous
on outer side and apex, arista non plumose, combined length of pedicel and
flagellomere as long as the vertical length of face. Gena fulvous without a black
marking, genal seta present. Occiput light fuscous, fulvous along eye margins;
lateral and medial vertical setae present, occipital row without stout black se-
tae. Thorax (Figs 78, 79). scutum black (1.75 mm long, 1.74 mm wide) without
lanceolate markings. Pleura black in ground colour with red-brown markings
anterior to anepisternal stripe, katepisternum and anepimeron. Yellow mark-
ings as follows: postpronotal lobe, notopleuron, anepisternal stripe reaching an-
terior notopleural seta dorsally and continuing to katepisternum as a transverse
spot; anatergite (posterior apex black); anterior 3/4 of katatergite (remainder
black); broad parallel-sided lateral postsutural vitta ending after intra-alar seta.
Medial longitudinal postsutural yellow vitta present (nose shaped). Scutellum
yellow without narrow black basal band. Chaetotaxy: scutellar seta, 1; prescute-
llar acrostichal seta, 1; intra-alar seta, 1; postsutural supra-alar seta, 1; postalar
seta, 1; anepisternal seta, 1; anterior notopleural seta, 1; posterior notopleural
seta, 1; scapular setae, 2. Coxa fulvous, trochanter light fulvous; all femora ful-
vous without apical black markings; fore femur without small oval spot, apex of
mid femur with faint infuscation; hind femur with prominent black apex. Fore
and mid tibiae light fuscous at base, hind tibia dark fuscous, all tarsal segments
fulvous. Wing (Fig. 81). Length, 4.65 mm, cells bc and c hyaline; microtrichia
in outer corner of cell ¢ only; remainder of wing hyaline except dark fuscous
cell sc, costal band broad, confluent with R,,, expanded slightly towards apex,
extension of cell cua longer than cell cua, base of cell br with microtrichia, anal
streak wide covering cell cua, with dense aggregation of microtrichia around
A,+Cu,; supernumerary lobe well developed. Abdomen (Fig. 80). 2.81 mm long,
1.66 mm wide, oval, tergites free, tergites 1 and 2 fulvous, tergite 2 with a medial
black spot. Tergite 3 reddish brown with a narrow, basal transverse black band.
Tergites 3—5 with a narrow, discontinuous medial longitudinal black band and
narrow, black lateral markings. Tergite 5 with inconspicuous ceromata, sternite
5 black with shallow concavity and pecten present on tergite 3.

Male genitalia. Epandrium quadrate (profile view), lateral surstylus as long as
epandrium; posterior lobe of surstylus 6—7x longer than anterior lobe (Fig. 82);
proctiger hyaline, shorter than epandrium; medial surstylus shorter than lateral
surstylus with well-developed pair of equal sized prensisetae (Fig. 83). Phallus
short, 1.20 mm excluding glans of phallus (0.27 mm), glans of phallus well
sclerotised with spine like projections on acrophallus (Fig. 84), subapical lobe
T-shaped, preglans lobe present.

Etymology. The species name is derived from Latin words nasi vitta which
means nose-shaped vitta.

Host plant. Not known.

Male parapheromone. Cue lure.

Remarks. This species is placed in Zeugodacus due to the shallow/flat pos-
terior emargination of sternite 5 in males, posterior lobe of lateral surstylus
much longer than anterior lobe and patterned acrophallus. It is placed in sub-
genus Zeugodacus as it possesses medial postsutural vitta, postsutural su-
pra-alar, and prescutellar acrostichal seta.
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Zeugodacus (Sinodacus) sinuvittatus David & Abhishek, sp. nov.
https://zoobank.org/424F5A47-0662-4551-A793-238FA7FBF63F
Figs 85-92

Type locality. INDIA, Himachal Pradesh, Totu, IARI substation, Totu.

Type material. Holotype male, pinned. Original label: “INDIA, Himachal
Pradesh, Totu, IARI substation, Totu, 18.viii.2019, David, K. J.” (deposited at NIM).

Diagnosis. Zeugodacus sinuvittatus is similar to Z. hochii (Zia), Z. infestus
(Enderlein) and Z. brevipunctatus David & Hancock in possessing reddish brown
scutum, club shaped abdomen and wing with broad apical black spot. It can be
differentiated from Z. hochii by the absence of medial postsutural vitta, face
with separate black spots unlike transverse band, presence of discontinuous
costal band slightly overlapping vein R, ; from Z. infestus and Z. brevipunctatus
by the absence of lateral and medial postsutural vitta, absence of postsutural
supra-alar seta, narrow costal band interrupted in cell r, and by the broad apical
spot. Unlike Z. brevipunctatus, acrophallus of Z. sinuvittatus is fully patterned.

Description. Male. Large sized species (wing length 7.05 mm); face fulvous
with two elongate black markings in the antennal furrow and a medial longitudinal
line; scutum reddish brown in ground colour without lateral and medial vitta, with
broad quadrate black patches in presutural and postsutural areas, notopleuron
and postpronotal lobe yellow, inconspicuous yellow spot anterior to notopleural
suture; anepisternal stripe reaching midway between anterior notopleural seta
and notopleuron; scutellum yellow; wing predominantly hyaline with costal band
slightly overlapping vein R,,,, discontinuous towards apex of cell r,, with a broad
apical spot covering the apex of cellr,,, r,,. and upper one-fourth of cell m, anal
streak narrow, no dense aggregation of microtrichia around A +Cu,, abdomen
club shaped, tergite 2 with a prominent black semicircular spot, tergites 3—5 with
dark fuscous lateral markings and a narrow medial longitudinal band.

Head (Fig. 85). Height 1.60 mm. Frons length 1.85x breadth; fulvous with
fuscous marking on anteriomedial hump and around bases of frontal and or-
bital setae, all setae black: two pairs of frontal setae and one pair of orbital
setae; lunule black. Ocellar triangle black, vertex yellow. Face fulvous with two
separate elongate black markings in antennal furrows and a medial longitudi-
nal black line. Scape (0.23 mm long) and pedicel (0.22 mm long) fulvous, first
flagellomere (0.74 mm long) dark fuscous on outer side and apex, arista non
plumose, combined length of pedicel and flagellomere longer than the vertical
length of face. Gena fulvous with a black marking and a seta. Occiput fulvous;
lateral and medial vertical setae present, occipital row with three or four stout
black setae. Thorax (Figs 86, 87). 2.18 mm long, 2.03 mm wide; scutum red
brown with two black quadrate markings one each in presutural and postsu-
tural area. Pleura red-brown in ground colour with black markings anterior
to anepisternal stripe, katepisternum and anepimeron. Yellow markings as
follows: postpronotal lobe, notopleuron, anepisternal stripe reaching midway
between notopleuron and anterior notopleural seta and continuing to katepis-
ternum as a transverse spot; anatergite (posterior apex black); anterior 3/5 of
katatergite (remainder black). Scutellum yellow without narrow black basal
band, subscutellum red-brown with black lateral margins. Chaetotaxy: scutel-
lar seta, 1; intra-alar seta, 1; postalar seta, 1; anepisternal seta, 1; anterior no-
topleural seta, 1; posterior notopleural seta, 1; scapular setae, 1. Leg (Fig. 87):
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0.1 mm

Figures 85-92. Zeugodacus (Sinodacus) sinuvittatus David & Abhishek, sp. nov. 85 head (lateral) 86 scutum (dorsal
view) 87 thorax (lateral) 88 abdomen 89 wing 90 epandrium (lateral) 91 epandrium (posteriror) 92 glans of phallus.

Coxa, trochanter dark fuscous, all femora with extensive fuscous markings;
fore femur wholly fuscous, 0.80 of mid femur and 0.60 of hind femur fuscous;
fore and hind tibiae fuscous, mid tibia fulvous, tarsal segments slight fus-
cous. Wing (Fig. 89). Length, 7.05 mm, cells bc and c hyaline; microtrichia in
outer corner of cell ¢ only; remainder of wing hyaline except dark fuscous cell
sc, costal band overlapping vein R, ., interrupted towards apical one-fourth of
cell r, and with a broad apical spot covering apex of cell r_,, r, . and anterior
one fourth of cell m, extension of cell cua longer than cell cua, base of cell br
with microtrichia, anal streak narrow, confined to cell cua, lacks dense aggre-
gation of microtrichia around A +Cu,, supernumerary lobe weak. Abdomen
(Fig. 88). 3.69 mm long, 1.92 mm wide, club shaped, tergites free, tergites
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1 fulvous, tergite 2 reddish brown with a black semicircular marking, tergite
3 with broad, black basal band and pecten, tergites 4 and 5 with dark lateral
margins and a narrow medial longitudinal band. Tergite 5 without prominent
shining spots (ceromata).

Male genitalia. Sternite 5 brown with shallow emargination, epandrium quad-
rate with lateral surstylus as long as epandrium, proctiger membranous, as
wide as epandrium, epandrium sclerotised (Figs 90, 91), as long as wide (height
0.3 mm; width 0.34 mm) ; surstyli as long as epandrium, oblique, 0.38 mm long;
posterior lobe of surstylus 6.2x longer than anterior lobe, aedeagus 4.60 mm
long with glans of phallus (Fig. 92) 0.625 mm long. Three-quarters of glans
heavily sclerotised with well-developed fully patterned acrophallus, praeputium,
and subapical lobe.

Etymology. The species name is derived from Latin words sine (= without) and
vitta (= band), as the species lacks lateral and medial poststurural vitta on scutum.

Host plant. Not known, collected by sweep netting on grapevine

Male parapheromone. Not known.

Remarks. This species is placed in Zeugodacus due to shallow/flat posterior
emargination of sternite 5 in males, posterior lobe of lateral surstylus much
longer than anterior lobe and patterned acrophallus. It is placed in subgenus
Sinodacus as it lacks prescutellar acrostichal seta, basal scutellar seta and due
the club-shaped abdomen.

Zeugodacus (Zeugodacus) umiam David & Kennedy, sp. nov.
https://zoobank.org/3EDCB89D-2BBD-451C-B648-72CAC36605E7
Figs 93-109

Type locality. INDIA: Meghalaya, Umiam.

Type material. Holotype female, pinned. Original label: “INDIA: Meghalaya,
Umiam, 06.vii.2021. Kennedy N.” Paratype,1Z, INDIA, Meghalaya, Bhoirymbong,
Umiam,10.v.2023, Kennedy N, attracted to cue lure (deposited at NIM).

Diagnosis. Zeugodacus umiam is similar to Z. nigrifacies (Shiraki) in pos-
sessing black face, fore femur entirely black, scutellum with broad black basal
band and an apical spot but can be differentiated by the absence of subapical
band, band on crossvein r-m and two scutellar setae. It can be distinguished
from Z. menglanus (Yu, Liu & Yang) by the facial markings (wholly black in male;
dorsal half black in female), two scutellar setae and lack of apical expansion in
costal band. It is similar to Z. diaphorus in possessing apical scutellar spot, two
pairs of scutellar setae and black face, but can be separated by the presence of
broad black basal band on scutellum, narrow anepisternal stripe not reaching
anterior notopleural seta dorsally.

Description. Female. Medium sized, black species (wing length 5.65 mm);
face posterior half black; scutum black with narrow yellow lateral postsutural
vitta and medial vitta, lateral vitta ending before postalar seta, notopleuron and
postpronotal lobe yellow, small yellow spot anterior to notopleural suture, ane-
pisternal stripe not reaching anterior notopleural seta dorsally, scutellum yellow
with a broad black basal band, with an apical black spot; wing predominantly
hyaline with costal band confluent with vein R,,., expanded slightly towards

apex of cellr, , andr,, , anal streak prominent; abdomen oval, all tergites black
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except tergite 2 with a broad fulvous band posteriorly, narrow fulvous bands in
tergites 3-5.

Head (Fig. 93): Height 1.32 mm. Frons length 1.2x breadth; fuscous, all setae
black: two pairs of frontal setae and one pair of orbital setae; lunule black. Ocel-
lar triangle, vertex black, face black in distal half, scape (0.172 mm long) and
pedicel (0.14 mm long) fulvous, first flagellomere (0.58 mm long) dark fuscous
on outer side and apex, arista non plumose, combined length of pedicel and
flagellomere as long as the vertical length of face. Gena fulvous with a black
marking and a seta, occiput black; lateral and medial vertical setae present.
Thorax (Figs 94, 95): 2.18 mm long, 2.03 mm wide; scutum black with narrow
yellow lateral postsutural vittae ending at postalar seta, medial vitta narrow.
Yellow markings as follows: postpronotal lobe, notopleuron, anepisternal stripe
reaching midway between notopleuron and anterior notopleural seta and con-
tinuing to katepisternum as a small transverse spot; anatergite (posterior apex
black); anterior 3/5 of katatergite (remainder black). Scutellum yellow with a
black basal band and an apical black spot, subscutellum black. Chaetotaxy:
scutellar seta, 1; intra-alar seta, 1; postalar seta, 1; anepisternal seta, 1; anterior
notopleural seta, 1; postsutural supra-alar seta,1; posterior notopleural seta, 1;
scapular setae, 1. Leg (Fig. 95): Coxa, trochanter black, all femora with exten-
sive fuscous markings; fore femur wholly black, 0.75 of mid femur and 0.50
of hind femur black; fore, mid and hind tibiae black, tarsal segments fulvous.
Wing (Fig. 97): Length, 5.65 mm, cells bc and c hyaline; microtrichia in outer
corner of cell ¢ only; remainder of wing hyaline except dark fuscous cell sc, dark
fuscous narrow costal band confluent with vein R,,, expanded slightly towards
apex, extension of cell cua as long as cell cua, base of cell br with microtrichia,
anal streak prominent confined to cell cua, dense aggregation of microtrichia
around A +Cu,; supernumerary lobe weak. Abdomen (Fig. 96): 2.54 mm long,
2.01 mm wide, oval shaped, tergites free, tergite 1 black, tergite 2 black basally
with broad fulvous band, tergites 3—5 black with narrow fulvous markings api-
cally. Tergite 5 with prominent shining spots (ceromata).

Female genitalia. Oviscape dark brown (Fig. 98), conical (1.62 mm), spicules
on distal end of eversible membrane (1.42 mm) with six or seven blunt spicules
(Fig. 99), aculeus (1.07 mm) with apex trilobed (Fig. 100), spermatheca black,
coiled (Fig. 17).

Male (Figs 102-106). Similar to female except for entirely black face, broad
basal band on the scutellum, dense aggregation of microtrichia around A +Cu,,
black extensive markings on all femora and pecten on tergite 3.

Male genitalia. Sternite 5 black with shallow emargination, epandrium quad-
rate with lateral surstylus as long as epandrium, proctiger membranous, not in-
flated, epandrium sclerotised (Figs 107-108), as long as wide (height 0.31 mm;
width 0.28 mm); surstyli slightly shorter than epandrium, oblique, 0.21 mm long;
posterior lobe of surstylus 5x longer than anterior lobe, aedeagus 1.93 mm
long with glans of phallus (Fig. 109) 0.41 mm long. Three-quarters of glans
heavily sclerotised with well-developed patterned acrophallus, praeputium, and
subapical lobe.

Etymology. The species name is type locality of the species and is a noun
in apposition.

Host plant. Not known.

Male parapheromone. Cue lure.
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Figures 93-101. Female of Zeugodacus umiam David & Kennedy, sp. nov. 93 head (frontal view) 94 scutum (dorsal view)
95 thorax (lateral view) and legs 96 abdomen 97 wing 98 ovipositor 99 spicules on distal end of eversible membrane
100 aculeus 101 spermatheca.

Remarks. This species is placed in Zeugodacus due to shallow/flat posterior
emargination of sternite 5 in males, posterior lobe of lateral surstylus much
longer than anterior lobe and patterned acrophallus. It is placed in subgenus
Zeugodacus as it possesses medial postsutural vitta, postsutural supra-alar
and prescutellar acrostichal seta.
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Figures 102-109. Male of Zeugodacus umiam David & Kennedy, sp. nov. 102 head (frontal view) 103 scutum (dorsal
view) 104 thorax (lateral view) and legs 105 abdomen 106 wing 107 epandrium and surstyli (lateral view) 108 epandrium
and surstyli (posterior view) 109 glans of phallus.

New distributional records

Bactrocera (Parazeugodacus) abbreviata (Hardy, 1974)
Figs 110-114

Dacus (Zeugodacus) abbreviatus Hardy, 1974: 44.

Bactrocera (Zeugodacus) abbreviata: Norrbom et al. 1999: 101.

Bactrocera (Parazeugodacus) abbreviata (Hardy): Drew and Romig 2016: 243.
Bactrocera abbreviata (Hardy, 1974): Doorenweerd et al. 2018: 23.

Material examined.1J, INDIA: Meghalaya, Umiam, 06.07.2021. Kennedy N. (NIM).

Diagnosis. (Figs 29-33): This species has been adequately described by
Drew and Romig (2013) except for the postabdominal structures. It resembles B.
bipustulata in possessing scutellum with a medial black band, hyaline wing with-
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Figures 110-114. Bactrocera (Parazeugodacus) abbreviata (Hardy) 110 habitus (dorsal view) 111 habitus (lateral view)
112 epandrium and surstyli (lateral view) 113 epandrium and surstyli (posterior view) 114 glans of phallus (lateral view).

out costal band, short yellow lateral vitta ending at postsutural supra-alar seta,
but can be differentiated by the presence of separate black spots on face, all
femora fulvous without fuscous/black markings. Male of the species has been
examined for genitalia characters. Epandrium quadrate with proctiger smaller
than epandrium; posterior lobe of surstylus as long as anterior lobe, epandrium
(oval) in posterior view. Glans of phallus with acrophallus patterned; phallus 1.82
mm. This species was originally described from Philippines, distributed across
China and Thailand, is being recorded from Meghalaya, India for the first time.
Male attractant. Zingerone.

Dacus (Mellesis) vijaysegarani Drew & Hancock, 1998
Figs 115-119

Dacus (Callantra) vijaysegarani: Drew et al. 1998: 636.
Dacus (Mellesis) vijaysegarani: Drew and Romig 2013: 399.

Dacus vijaysegarani: Doorenweerd et al. 2018: 43.

Material examined. 1 J, INDIA, Meghalaya, Umiam, 29.v.2023, Kennedy N. (NIM).
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Figures 115-119. Dacus (Mellesis) vijaysegarani Drew & Hancock 115 habitus (dorsal) 116 habitus (lateral) 117 epandri-
um (lateral view) 118 epandrium (posterior view) 119 glans of phallus.

Diagnosis. This species has been adequately described by Drew et al. (1998)
and Drew and Romig (2013) except for postabdominal structures. A male of
the fly collected from Meghalaya was dissected to study the postabdominal
structures. Epandrium deeply sclerotised, black, lateral surstylus with posterior
lobe slightly longer (2-3x) than anterior lobe; epandrium bulbous (in posterior
view), glans of phallus elongate (0.7 mm) with patterned aculeus.
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Abstract

The Neotropical planthopper genus Trigava O’'Brien, 1999 (Hemiptera, Fulgoromorpha,
Dictyopharidae, Nersiini) is revised. Four species are included: T. brachycephala
(Melichar, 1912) (the type species, from Peru), T. obrieni Song, Malenovsky & Deckert,
sp. nov. (from Brazil), T. peruensis Song, O'Brien & Bartlett, sp. nov. (from Peru), and
T. recurva (Melichar, 1912) (from Bolivia and Peru). Lectotypes are designated for Igava
brachycephala Melichar, 1912 and Igava recurva Melichar, 1912. All species are described,
including habitus photographs and detailed illustrations of the male genitalia. Male and
female genitalia are described for this genus for the first time. A key for identification of
the species of Trigava and a distribution map are provided.

Key words: Auchenorrhyncha, Dictyopharinae, Fulgoroidea, identification key, Igava,
Lappidini, morphology, planthopper, South America, taxonomy

Introduction

The genus Trigava O'Brien, 1999 was originally established as a segregate out
of the genus Igava Melichar, 1912. Melichar (1912) erected /gava based on
Dictyophara callipepla Gerstaecker, 1895 from Peru (the type species) and de-
scribed two additional species, Igava brachycephala Melichar, 1912 (from Peru)
and /. recurva Melichar, 1912 (from Peru and Bolivia). However, O'Brien (1999)
disagreed with this arrangement and established a new genus Trigava O’Brien,
1999 for the latter two species based on Melichar’s descriptions and illustra-
tions for I. brachycephala. She suggested that Trigava may be distinguished
from Igava by the green dorsal marginal carina of the pronotum (not continued
on the tegula, absent in Igava), the frons of equal width basally and apically,
and the shape of the head. Emeljanov (2011) placed Trigava in the tribe Nersiini
Emeljanov, 1983 and /gava in the tribe Lappidini Emeljanov, 1983, respectively.
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This classification was supported by a morphological phylogenetic analysis by
Song et al. (2018).

Based on examination of types and additional specimens, Trigava is here re-
vised. We redescribe the genus and Melichar’s (1912) species and add two new
species, T. obrieni Song, Malenovsky & Deckert, sp. nov. (from Brazil) and T. per-
uensis Song, O'Brien & Bartlett, sp. nov. (from Peru). We provide an identification
key and photographic illustrations for each species, showing also the structures of
the male and female genitalia for the first time, described and illustrated in detail.

Material and methods

The specimens studied in the course of this work are deposited in the following
institutions, which are subsequently referred to their acronyms: LBOB, personal
collection of Lois B. O'Brien (now deposited at the University of Arizona,
Tucson, Arizona, USA); MFNB, Museum fiir Naturkunde, Berlin, Germany;
MMBC, Moravské zemské muzeum (Moravian Museum), Brno, Czech Republic;
and MTD, Museum fiir Tierkunde, Dresden, Germany.

The post-abdominal segments of the specimens used for dissections were
cleared in 10% KOH at room temperature for c. 6—-12 hours, rinsed and ex-
amined in distilled H,0 and then transferred to 10% glycerol and enclosed in
microvials pinned with the specimens. Observations were conducted under a
stereomicroscope, measurements and photography under Leica M205 C ste-
reomicroscopes equipped with a Canon EOS 7D digital camera or a Keyence
VHX-5000 digital microscope with VH-Z20T and VH-ZST objectives. Some final
images were compiled from multiple photographs using CombineZM 1.0.0 im-
age stacking software and improved with the Adobe Photoshop CS5 software.

The morphological terminology and measurements used in this study follow
Song et al. (2016, 2018) for most characters, Bourgoin (1993) for the female
genitalia, and Bourgoin et al. (2015) for the tegmen. Species characteristics
shared with the generic description are not repeated except for clarity.

Taxonomy

Family Dictyopharidae Spinola, 1839
Tribe Nersiini Emeljanov, 1983

Genus Trigava O'Brien, 1999

Trigava O’'Brien, 1999: 60. Type species: Igava brachycephala Melichar, 1912; by
original designation.

Diagnosis. The genus may be distinguished by the following combination of
characters: cephalic process conical, strongly curved upward, and gradually
narrowing apicad; vertex with posterior plane elevated above pronotum, wider
(e.g., at posterior margin) than transverse diameter of eyes in dorsal view, later-
al carinae abruptly constricted and curved upward in front of eyes, converging
anteriad, apical margin broadly angulately convex to nearly straight; frons flat,
lateral, intermediate and median carinae weakly ridged, lateral carinae nearly
parallel in most of their length, gradually converging apicad in front of eyes;
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pronotum with intermediate carinae ridged and nearly reaching posterior mar-
gin, upper lateral carina greenly thickened (not continued on the tegula), pos-
terior margin angularly concave, not notched; mesonotum with lateral carinae
incurved anteriad, reaching and connecting median carina; tegulae lacking ca-
rina; tegmina macropterous, veins setose on ventral surface, nodal line present,
ScP+R+MP long, MP, ., MP__, and CuA, forked near nodal line (near midlength),
the longest folding line between MP, and MP; fore femora without spines, hind
tibiae with eight apical teeth; endosomal processes sclerotised apically; phallo-
base with pairs of large and stout spines.

Description. General colour of body pale green to stramineous green, marked
with green, ochraceous and black on head and thorax (Figs 1, 2).

Head. Head (Figs 3A-C, 4A-C, 6A-C, 7A-C) in front of eyes produced into a
short cephalic process. Cephalic process conical, strongly curved upward, and
gradually narrowing toward apex. Vertex (Figs 3A, 4A, 6A, 7A) with posterior
plane elevated above pronotum, wider than transverse diameter of eyes in dor-
sal view (Figs 3A, 4A, 6A, 7A); lateral carinae keeled, gradually converging (with
a lateral inflection anterior to eyes), abruptly constricted and curved upward in
front of eyes, and then converging anteriad, in lateral view (Figs 3B, 4B, 6B, 7B),
the process bent upward at approximately 60-90° (sometimes more than 90°) in
front of eyes; median carina indistinct, somewhat depressed medially, or weak-
ly ridged posteriorly; apical margin broadly angularly convex to nearly straight,
not acuminate at apex, posterior margin ridged and broadly and angularly con-
cave, concavity projecting distinctly beyond middle of eyes. Frons (Figs 3C, 4C,
6C, 7C) flat, elongate and relatively broad; lateral carinae weakly ridged, slightly
expanded outward below antennae, nearly parallel in most of their length, grad-
ually converging apicad in front of eyes; intermediate carinae weekly keeled,
nearly reaching frontoclypeal suture; median carina complete but obscure.
Frontoclypeal suture arched. Postclypeus and anteclypeus (Figs 3C, 4C, 6C, 7C)
cuneate, slightly convex medially; lateral and median carinae keeled. Rostrum
long, second segment slightly longer than third segment, surpassing middle
coxae, third segment reaching middle of hind femora. Compound eyes large and
rounded, callus postocularis forming a triangular process protruded posteriad.
Antenna with very small scape; pedicel subglobose, with more than 50 sensory
plaque organs distributed over entire surface; flagellum long, setuliform.

Thorax. Pronotum (Figs 3A, 4A, 6A, 7A) distinctly shorter than mesonotum
medially, narrow anteriorly, broad posteriorly; anterior margin arcuately convex
medially, lateral marginal areas convex and sloping with two long longitudinal
carinae on each side between eyes and tegulae, upper lateral carina greenly
thickened (not continued on the tegula); in dorsal view (Figs 3A, 4A, 6A, 7A),
lower lateral carinae expanded just behind eyes; posterior margin angularly
concave, not notched; median carina distinct, with a deep lateral pit at side;
intermediate carinae keeled and nearly complete. Mesonotum (Figs 3A, 4A, 6A,
7A) distinctly tricarinate, lateral carinae incurved anteriad, reaching median ca-
rina. Tegulae lacking carina.

Tegmina (Figs 2G, H) membranous, hyaline, and macropterous, extending far
beyond the tip of abdomen; veins setose on ventral surface; transverse veinlets
r-m, imp and mp-cu connecting some short segments of veins RP, MP and CuA
to form nodal line; ScP+R+MP long, much longer than basal cell; ScP+R forked
in distal 3/5; MP bifurcating MP, , and MP,_, (forming cell C3) near midlength,

3+4
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Figure 1. Habitus of Trigava species, dorsal view A T. brachycephala (Melichar), lectotype, male B T. brachycephala (Meli-
char), male C T. obrieni sp. nov., holotype, male D T. obrieni sp. nov., paratype, female E T. peruensis sp. nov., holotype,
male F T. recurva (Melichar), lectotype, male.

MP. ., and MP_,, forked near level of bifurcation of ScP+R, near nodal line, MP,
MP,, MP, and MP, each forked at apex; CuA forked before bifurcation of MP
(forming C5 cell), CuA, bifurcating CuA,_ and CuA,, before mp-cu, near nodal
line; mp-cu connecting MP,,, and CuA,_ (forming C4 cell); Pcu and A1 fused in
proximal third of clavus, composite vein reaching wing margin before claval
apex (not reaching CuP); numbers of apical cells of RP, MP and CuA 3, 7, 34,
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Figure 2. Habitus of Trigava species, lateral view A T. brachycephala (Melichar), lectotype, male B T. brachycephala (Meli-
char), male C T. obrieni sp. nov., holotype, male D T. obrieni sp. nov., paratype, female E T. peruensis sp. nov., holotype,
male F T. recurva (Melichar), lectotype, male G right tegmen of T. brachycephala H right tegmen of T. recurva.

respectively; pterostigmal area elongate, with three cells; folding lines present,
the longest one between MP, and MP,.

Hindwings with ScP+R+MP short, about a half of basal cell; ScP+RA and RP
forked near apical one third; MP bifurcating MP,,, and MP,_, little posterior to
ScP+RA and CuA; CuA bifurcating CuA, and CuA, much anterior to ScP+RA and
MP, CuA, four-branched distally, and CuA, not branched; transverse veinlets
r—m and mp-cu slightly posterior to bifurcation of MP.

Legs long; fore femora elongate, not flattened and dilated, without spines;
fore and middle tarsomeres | and Il with more than two acutellae; hind tibiae
distinctly elongate, nearly twice as long as hind femora, with four lateral spines
and eight apical teeth; hind tarsomeres | and Il with about 7-9 and 8-9 apical
teeth, respectively.

Male genitalia. Pygofer, in lateral view (Figs 3E, 4E, 6E, 7E), irregularly quad-
rate to pentagonal, distinctly wider ventrally than dorsally, dorsal margin slightly
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excavated to accommodate segment X, dorsoposterior margins angular. Gono-
styles (Figs 3F, 4F, 6F, 7F) symmetrical, in lateral view (Figs 3G, 4G, 6G, 7G) broad,
base narrow, expanded distally, broadest in middle, and then tapering posteri-
ad, apex rounded; dorsal margin with a claw-like, apically sclerotised process
(dorsal process), directed dorsad, outer dorsal edge with a hook-like process
near middle, directed ventrad. Aedeagus (Figs 3H-J, 4H-J, 6H-J, 7H-J) with
a pair of endosomal processes extended from phallotheca and curved dorso-
anteriad or laterad; these processes mostly membranous, sclerotised apically,
tapering posteriad to form large and stout spines; phallobase sclerotised ba-
sally and membranous and inflated apically, with paired lobes with large and
stout spines. Segment X long oval, in lateral view (Figs 3E, 4E, 6E, 7E), ventral
margin gradually widening from base to apex; in dorsal view (Figs 3D, 4D, 6D,
7D), with apex excavated to accommodate anal style; anal style elongate and
large, beyond apical ventral margin of segment X.

Female genitalia. Gonocoxae VIII (Fig. 5D) with a membranous and flattened
endogonocoxal processes (Gxp), bearing tiny setae on apex. Gonapophyses
VIII (Fig. 5D) with anterior connective lamina large and sclerotized, with seven
teeth of varying sizes and shapes. Gonapophyses IX (Fig. 5E, F) with posteri-
or connective lamina triangular, symmetrical, weakly bifurcated at apex, fused
with the intergonocoxal plate at base. Gonoplacs (Fig. 5G, H) with two lobes
homologous, first lobe (lateral lobe) axe-shaped, sclerotized, large and elon-
gate, apical margin filmy and truncate, with cluster of long setae on apex (no
sensory appendage, viz. Igava spp.); second lobe (posterior lobe) large, broad
basally and tapering posteriad, the edge membranous containing long sclero-
tized plate. Segment X (Fig. 5A) trapeziform, large and broad in dorsal view,
apex deeply excavated to accommodate anal style; anal style small.

Diversity and distribution. Trigava is revised here to contain four species in-
cluding two new species. The species of the genus are distributed in the north-
west of South America and were recorded from Peru, Bolivia and Brazil, as far
as known (Fig. 8).

Remarks. In addition to the diagnostic characters listed by O'Brien (1999),
Trigava may be separated from Igava Melichar by characters diagnostic at the
tribal level, such as on the tegmen and the female genitalia (Song et al. 2018).
For example, the second postnodal line of the tegmen and the apical sensory
appendage of gonoplacs | are absent in Trigava, but they are present in Igava.

In the tribe Nersiini, Trigava is externally similar to the genus Nersia Stal,
1862, but can be distinguished from the latter by the head strongly curved up-
ward (slightly curved upward in Nersia); the median carina of vertex absent
(present in Nersia), and the tegulae lacking carina (present in Nersia). See also
the Discussion.

Key to the species of Trigava

1 Gonostyles with dorsal process short, hook-like process situated sub-
medially, curved basad (Figs 3G, 4G); ventral lobes of aedeagus without
SPINES (FIgS 3J, 4J) oeeeieieeeeeeeeeeeee et 2

—  Gonostyles with dorsal process elongate, hook-like process situated more
basally and curved apicad (Figs 6G, 7G); ventral lobes of aedeagus with
10Ng SPINES (FIgS 6J, 7J) ...viuveeieeiciieeeeceeeeeeeeee et 3
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2 Head with cephalic process very short, extremely curved upward 90° (even
more than 90°) in front of eyes (Fig. 3B); ventral lobes of aedeagus with a
minute tooth at base (Fig. 3J) .....cccoeevvvenne. T. brachycephala (Melichar)

- Head with cephalic process relatively longer, curved upward about 60° in
front of eyes (Fig. 4B); ventral lobes of aedeagus without tooth at base
(Fig. 4d) oo T. obrieni Song, Malenovsky & Deckert, sp. nov.

3  Head with cephalic process short, extremely curved upward about 90° in
front of eyes (Fig. 6B); ventral lobes of aedeagus weakly trilobed, apex
produced in a long triangular lobe (Fig. 6J).......ccccocvevivieveivieiieeeeeree
............................................. T. peruensis Song, O'Brien & Bartlett, sp. nov.

— Head with cephalic process relatively longer, curved upward about 60°
in front of eyes (Fig. 7B); ventral lobes of aedeagus nearly cross-shaped,
base protruded anteriad, and apex produced in a large thumb-like lobe
(Fig. 7J) oo T. recurva (Melichar, 1912)

Trigava brachycephala (Melichar, 1912)
Figs 1A, B, 2A, B, G, 3A—J

Igava brachycephala Melichar, 1912: 49, pl. I, figs 9, 11.
Igava brachycephala Melichar: Metcalf (1946): 39.
Trigava brachycephala (Melichar): O'Brien (1999): 60.

Type locality. Peru, Department of Cuzco, Quispicanchi Province, Marcapata.

Emended description. Measurements (in mm; 34, 1Q). Body length from
apex of head to tip of tegmina: & 10.8-11.1, ¢ 11.7; head length (includes:
apex of cephalic process to constricted and curved part + from curved part to
base of eyes): 3¢ (0.2-0.3)+(0.6—0.7); head width including eyes: & 1.4-1.5, ¢
1.6; tegmen length: & 9.0-9.3, 2 9.6.

Coloration. Head stramineous green, apical spot between intermediate ca-
rinae of frons black, intermediate carinae of frons reddish brown, lateral areas
of head green. Pronotum and mesonotum stramineous green, upper lateral
carinae of pronotum green. Tegmina and hindwings membrane hyaline, veins
green to greenish yellow, pterostigmal area more or less greenish ochraceous.
Legs yellowish brown, base, apex and apical spines of tibiae fuscous. Abdo-
men dorsally and ventrally greenish ochraceous.

Structure. Head with cephalic process very short, in lateral view (Fig. 3B),
strongly curved upward about 90° (or more than 90° in lectotype, Fig. 2A) in
front of eyes. Vertex (Fig. 3A) broad, with ratio of length at midline to width be-
tween eyes (0.9-1.0):1. Frons (Fig. 3C) flat, relatively broad, with ratio of length
at midline to maximum width 2.0:1, intermediate and median carinae obscure.

Male genitalia. Pygofer in lateral view (Fig. 3E) with ratio of ventral to dorsal
width about 2.5:1; posterior margin produced angulately near middle. Gono-
styles (Fig. 3F) large and broad, dorsal process short, acute apically, more or
less incurved and directed dorsoanteriad; hook-like process situated submedi-
ally, distinctly elevated above dorsal process, curved basad (Fig. 3G). Aedeagus
(Fig. 3H-J) elongate, endosomal processes curved dorsoanteriad; phallobase
sclerotized and pigmented at lateral sides, membranous and slightly inflated
dorsally and ventrally: dorsal lobes V-shaped at apex, directed posteriad; a pair
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Figure 3. Trigava brachycephala (Melichar), male A head and thorax, dorsal view B same, lateral view C same, ventral view
D pygofer and segment X, dorsal view E pygofer, gonostyles, aedeagus and segment X, right lateral view F pygofer and gon-
ostyles, ventral view G left gonostyle, lateral view H aedeagus, dorsal view | aedeagus, lateral view J aedeagus, ventral view.

of lateral lobes large and elongate, base conical, directed anterolaterad, mostly
tapering apicad, apex with a large long spine, directed posteriad; ventral lobes
small, butterfly-shaped, base expanded laterad, with a minute tooth, apex pro-
duced in a pair of short and stout lobes, without spine, directed laterad. Seg-
ment X (Fig. 3D, E), in dorsal view, lateral margins more or less convex near
middle, with ratio of length to width near middle about 2.0:1.
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Female genitalia. As in generic description.

Type material examined. Lectotype (here designated), &, (1) “Peru, Marcapa-
ta”; (2) “Enh. brachycephala [Melichar’s handwriting], det. Melichar”; (3) “Typus”
[dark red label]; (4) “Collectio Dr. L. Melichar, Moravské museum Brno”; (5) “Syn-
typus, Igava brachycephala sp.n. Melichar, 1912, & [P. Lauterer’s handwriting],
P. Lauterer det. 1991”; (7) “Syn- typus” [red label]; (7) “Invent. ¢. 4941/Ent., Mor.
muzeum, Brno”; (8) “Trigava brachycephala [Zhi-Shun Song’s handwriting] det.
Z.S. Song 2014"; (9) “Lectotypus &, Igava brachycephala Melichar, 1912, des-
ignated by Z.S. Song & I. Malenovsky, 2023" [newly added red label] (MMBC;
dry-mounted, glued on a rectangular card label, abdomen detached, macerated,
preserved in glycerol and enclosed in a glass microvial placed on the same pin
as the specimen). Paralectotype, 13, (1) “Peru S, Marcapata, Garlepp c.”; (2)
“Coll. A. Jacobi, 1912 — 3" [green labell; (3) “brachycephala” [handwriting]; (4)
“Igava Mel.” [handwriting]; (5) “Paralectotypus &, Igava brachycephala Melichar,
1912, labelled by I. Malenovsky, 2023” [newly added red label] (MTD).

Other material examined. PERU: 17, “Peru, S.V. Garlepp”; “Igava brachycephala
Mel. [H. Synave's handwriting], H. Synave det., 1969” (MFNB); 14,12, “Peru” (MTD).

Distribution. Southeastern Peru.

Remarks. Melichar (1912) described Igava brachycephala Melichar based on
material from “Peru, Marcapata (Garlepp) (Mus. Budapest, Dresden)”. He did not
state the number of the specimens he used for the description nor did he desig-
nate a holotype. One of his syntypes has been preserved in Melichar’s personal
collection in MMBC and we used this male specimen for the redescription of
the species. According to Article 74 of ICZN (1999), we designate the specimen
in MMBC as the lectotype for I. brachycephala to stabilize the nomenclature.
Another conspecific male with collecting data fully matching the original descrip-
tion has been located by us in MTD and was labelled by us as a paralectotype.

Trigava obrieni Song, Malenovsky & Deckert, sp. nov.
https://zoobank.org/87633FF5-777E-4A66-9F5E-536B76E82C08
Figs 1C, D, 2C, D, 4A-J, 5A-H

Type locality. Brazil, Rondonia State, 62 km SW Ariquemes, Fazenda, Rancho
Grande.

Type material. Holotype &, BRAZIL: Rondobnia, 62 km, SW Ariquemes, Fzda,
Rancho Grande, 19-X1-1994, C.W. O'Brien & L.B. O'Brien leg. (LBOB; dry-mount-
ed, pinned). Paratypes: BRAzIL: 175, 12, same data as holotype but 18-XI-1994
(LBOB); 14, same data as holotype but 4-16-X1-1997, J.E. Eger leg. (LBOB).

Diagnosis. Trigava obrieni sp. nov. is similar to T. brachycephala in most char-
acters, but can be separated from the latter by the longer head curved upward
about 60° in front of eyes (in T. brachycephala, the cephalic process is distinct-
ly shorter and curved upward more than 90° in front of eyes) and the ventral
lobes of the aedeagus without a tooth at the base (with a minute tooth at base
in T. brachycephala). This new species also may be differentiated from T. recurva
(Melichar) by the gonostyles with the dorsal process short and the hook-like pro-
cess situated submedially and curved basad (dorsal process distinctly elongate,
hook-like process situated more basally and curved apicad in T. recurva), and the
ventral lobes of the aedeagus without long spines (with long spines in T. recurva).
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dmp—zii

Figure 4. Trigava obrieni sp. nov., holotype, male A head and thorax, dorsal view B same, lateral view C same, ventral view
D pygofer and segment X, dorsal view E pygofer, gonostyles, aedeagus and segment X, right lateral view F pygofer and
gonostyles, ventral view G left gonostyle, lateral view H aedeagus, dorsal view | aedeagus, lateral view J aedeagus, ven-
tral view. Abbreviations: as, anal style; dl, dorsal lobes of phallotheca; dmp, dorsal margin of pygofer; dpg, dorsal process
of gonostyle; ep, endosomal processes; gs, gonostyle; hpg, hook-like process of gonostyle; Il lateral lobes of phallotheca;
pg, pygofer; pt, phallotheca; sx, segment X; vl, ventral lobes of phallotheca; vmp, ventral margin of pygofer.
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L epl

Figure 5. Trigava obrieni sp. nov., paratype, female A terminalia, dorsal view B same, lateral view C same, ventral view
D gonapophysis VI, lateral view E gonapophysis IX, ventral view F gonapophysis IX, lateral view G gonoplac, lateral view
H gonoplac, dorsal view. Abbreviations: ACL, anterior connective lamina of gonapophysis VIII; Gp |, first lobe (lateral lobe)
of gonoplac; Gp II, second lobe (posterior lobe) of gonoplac; GxL, endogonocoxal lobe; GxP, endogonocoxal process; Gx
VIIl, gonocoxae VIII; PCL, posterior connective lamina; sx, segment X.

Description. Measurements (in mm; 37, 19). Body length from apex of head
to tip of tegmina: & 10.8-11.2, @ 12.5; head length (includes: apex of cephalic
process to constricted and curved part + from curved part to base of eyes):
39 (0.4-0.5)+(1.0-1.1); head width including eyes: & 1.4-1.5, Q@ 1.6; tegmen
length: £ 8.5-8.9, ¢ 9.8.

Coloration. Head stramineous green, lateral and intermediate carinae of
frons in front of eyes black to blackish brown, lateral areas in front of eyes
green. Pronotum and mesonotum stramineous green, upper lateral carinae
of pronotum green. Tegmina and hindwings with membrane hyaline, costal
margin black to dark brown, veins green to greenish yellow, pterostigmal area
more or less greenish ochraceous. Legs yellowish brown, base, apex and apical
spines of tibiae fuscous. Abdomen dorsally and ventrally greenish ochraceous.

Structure. Head with cephalic process relatively long, in lateral view (Fig. 4B),
curved upward about 60° in front of eyes. Vertex (Fig. 4A) broad, with ratio of
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length at midline to width between eyes (1.5-1.6):1. Frons (Fig. 4C) flat, rela-
tively broad, with ratio of length at midline to maximum width 2.4:1.

Male genitalia. Pygofer in lateral view (Fig. 4E) with ratio of ventral to dor-
sal width about 1.7:1; posterior margin produced into a small, apically obtuse
process near middle. Gonostyles (Fig. 4F) large and broad, dorsal process
short, acute apically, more or less incurved and directed dorsoanteriad; hook-
like process placed submedially, horizontal with dorsal process, curved basad
(Fig. 4G). Aedeagus (Fig. 4H-J) slender and elongate, endosomal processes
curved dorsoanteriad; phallobase sclerotized and pigmented at lateral sides,
membranous and slightly inflated dorsally and ventrally: dorsal lobes V-shaped
at apex, curved and directed posterolaterad; a pair of lateral lobes large and
elongate, thumb-like, apex with a long spine, directed posteriad; ventral lobe
small, butterfly-shaped, base expanded laterad, apex produced in a pair of
thumb-like moderate lobes, without spine, directed laterad. Segment X (Fig. 4D,
E), in dorsal view, with lateral margins more or less convex near middle, with
ratio of length to width near middle about 2.0:1.

Female genitalia. As in generic description (Fig. 5A—H).

Etymology. The new species is named after the late Dr Charlie W. O'Brien,
former professor at Florida Agricultural and Mechanical University, USA, one of
the world's top experts in weevils, collector of the type specimens and husband
of Dr Lois B. O’Brien, in recognition of their kindest help and support to the first
author when he visited USA in 2017. The species name is to be treated as a
noun in genitive case.

Distribution. Northwestern Brazil.

Trigava peruensis Song, O'Brien & Bartlett, sp. nov.
https://zoobank.org/F2AA6095-E279-4772-A1B8-CE3F0B2774F3
Figs 1E, 2E, 6A-J

Type locality. Peru, Department of Cuzco, Cosfiipata Valley.

Type material. Holotype &, PERU: “Peru, Dep Cuzco, Cosnipata-Ebene,
1000 m, XI-XII-[19]00, S.V. Garlepp leg.” (MFNB; dry-mounted, pinned).

Diagnosis. Trigava peruensis sp. nov. is externally similar to T. brachycephala,
but can be separated from the latter by the gonostyles with the dorsal process
elongate and the hook-like process placed more basally and curved apicad (dor-
sal process short and hook-like process placed submedially and curved basad in
T. brachycephala), and the ventral lobes of the aedeagus with long spines (with-
out long spines in T. brachycephala). It can be distinguished from T. recurva by
the shorter cephalic process curved upward about 90° in front of the eyes (the
longer head curved upward about 60° in front of eyes in T. recurva) and the ven-
tral lobes of the aedeagus weakly trilobed (nearly cross-shaped in T. recurva).

Description. Measurements (in mm; 1J). Body length from apex of head to
tip of tegmina: 11.7; head length (includes: apex of cephalic process to con-
stricted and curved part + from curved part to base of eyes): 0.3+1.1; head
width including eyes: 1.6; tegmen length: 9.7.

Coloration. Head stramineous green, lateral carinae of vertex and frons reddish
brown, intermediate carinae of frons in front of eyes black to reddish brown, lat-
eral areas in front of eyes green. Pronotum and mesonotum stramineous green,
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Figure 6. Trigava peruensis sp. nov., holotype, male A head and thorax, dorsal view B same, lateral view C same, ventral view
D pygofer and segment X, dorsal view E pygofer, gonostyles, aedeagus and segment X, right lateral view F pygofer and gon-
ostyles, ventral view G left gonostyle, lateral view H aedeagus, dorsal view | aedeagus, lateral view J aedeagus, ventral view.

upper lateral carinae of pronotum green. Tegmina and hindwings with membrane
hyaline, costal margin dark brown, veins green to greenish yellow, pterostigmal
area greenish ochraceous. Legs yellowish brown, base, apex and apical spines of
tibiae fuscous. Abdomen dorsally and ventrally greenish ochraceous.
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Structure. Head with cephalic process short, in lateral view (Fig. 6B), curved
upward nearly 90° in front of eyes. Vertex (Fig. 6A) broad, with ratio of length at
midline to width between eyes (1.1-1.2):1. Frons (Fig. 6C) flat, relatively broad,
with ratio of length at midline to maximum width 2.2:1, intermediate and medi-
an carinae obscure.

Male genitalia. Pygofer in lateral view (Fig. 6E) with ratio of ventral to dorsal
width about 2.0:1; posterior margin produced angulately near middle. Gonostyles
(Fig. 6F) large and broad, dorsal process elongate, triangular, acute apically, more
or less incurved and directed dorsoanteriad; hook-like process placed sub-basal-
ly, below dorsal process, curved apicad (Fig. 6G). Aedeagus (Fig. 6H-J) large and
stout, endosomal processes curved dorsoanteriad; phallobase sclerotized and
pigmented at lateral sides, membranous and slightly inflated dorsally and ventral-
ly: dorsal lobes small, V-shaped at apex, directed posteriad; a pair of lateral lobes
large and elongate, thumb-like, tapering apicad, apex with a large long spine, di-
rected posterolaterad; ventral lobes large, weakly trilobed, base protruded laterad,
with a large long spine, apex produced in a long triangular lobe, without spine, di-
rected posteriad. Segment X (Fig. 6D, E), in dorsal view, with lateral margins more
or less convex near middle, with ratio of length to width near middle about 2.1:1.

Female. Unknown.

Etymology. The new species is named for its occurrence in Peru. The specific
epithet ‘peruensis’ is to be treated as a Latinized adjective in nominative singular.

Distribution. Southeastern Peru.

Trigava recurva (Melichar, 1912)
Figs 1F, 2F H, 7A-J

Igava recurva Melichar, 1912: 49, pl. 1, figs 8, 10.
Igava recurva Melichar: Metcalf (1946): 39.
Trigava recurva (Melichar): O’Brien (1999): 60.

Type locality. Bolivia, La Paz Department, Mapiri.

Emended description. Measurements (in mm; 13, 19). Body length from
apex of head to tip of tegmina: & 13.8, @ 14.1; head length (includes: apex of
cephalic process to constricted and curved part + from curved part to base
of eyes): 49 0.6+(0.9-1.0); head width including eyes: & 1.7, @ 1.6; tegmen
length: £11.4, 2 11.7.

Coloration. Head stramineous green, lateral carinae of vertex reddish brown,
lateral and intermediate carinae of frons in front of eyes black to reddish brown,
lateral areas in front of eyes green. Pronotum and mesonotum stramineous
green, upper lateral carinae of pronotum green. Tegmina and hindwings with
membrane hyaline, costal margin black to dark brown, veins green to greenish
yellow, pterostigmal area more or less greenish ochraceous. Legs yellowish
brown, base, apex and apical spines of tibiae fuscous. Abdomen dorsally and
ventrally greenish ochraceous.

Structure. Head with cephalic process relatively long, in lateral view (Fig. 7B),
curved upward about 60° in front of eyes. Vertex (Fig. 7A) broad, with ratio of
length at midline to width between eyes (1.6—1.7):1. Frons (Fig. 7C) flat, rela-
tively broad, with ratio of length at midline to maximum width 2.6:1.
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Figure 7. Trigava recurva (Melichar), lectotype, male A head and thorax, dorsal view B same, lateral view C same, ventral view

D pygofer, and segment X, dorsal view E pygofer, gonostyles, aedeagus and segment X, right lateral view F pygofer and gon-
ostyles, ventral view G left gonostyle, lateral view H aedeagus, dorsal view | aedeagus, lateral view J aedeagus, ventral view.

Male genitalia. Pygofer in lateral view (Fig. 7E) with ratio of ventral to dorsal
width about 2.1:1; posterior margin broadly angular near middle. Gonostyles
(Fig. 7F) large and broad, dorsal process elongate, triangular, acute apically, more
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Bolivia

B T. brachycephala (Melichar)
@ T. obrieni Song, Malenovsky & Deckert sp. nov.
A T. peruensis Song, O'Brien & Bartlett sp. nov.
® T. recurva (Melichar)

Figure 8. Geographical distribution of Trigava species.

or less incurved and directed dorsoanteriad; hook-like process situated sub-basally,
slightly below dorsal process, curved apicad (Fig. 7G). Aedeagus (Fig. 7H-J) large
and stout, endosomal processes curved dorsoanteriad; phallobase sclerotized and
pigmented at lateral sides, membranous and slightly inflated dorsally and ventrally:
dorsal lobes small, U-shaped at apex, directed posteriad; a pair of lateral lobes large
and elongate, base rounded and expanded laterad, remaining thumb-like, subapex
with a large long spine, directed posteriad; ventral lobes large, nearly cross-shaped
in ventral view (Fig. 7J), base protruded anteriad, middle expanded laterad, with
a large and stout spine, apex produced in a large thumb-like lobe, without spine,
directed posteriad. Segment X (Fig. 7D, E), in dorsal view, lateral margins more or
less convex near middle, with ratio of length to width near middle about 1.8:1.

Female genitalia. As in generic description.

Type material examined. Lectotype (here designated), &, (1) “Bolivia, Mapi-
ri”; (2) “recurva [Melichar’s handwriting], det. Melichar”; (3) “Typus” [dark red la-
bell; (4) “Collectio Dr. L. Melichar, Moravské museum Brno”; (5) “Syntypus, Igava
recurva sp.n. Melichar, 1912, & [P. Lauterer’s handwriting], P. Lauterer det 1991
(6) “Syn- typus” [red label]; (7) “Invent. ¢. 4942/Ent., Mor. muzeum, Brno”; (8)
“Trigava recurva (Melichar) [Zhi-Shun Song’s handwriting] det. Z.S. Song 2014”;
(9) “Lectotypus &, Igava recurva Melichar, 1912, desig. by Z. S. Song & |. Male-
novsky, 2023” [newly added red label] (MMBC). Paralectotype, 19, (1) “Bolivia
N, Yungas, Garlepp c.”; (2) “Coll. A. Jacobi, 1912 - 3” [green label]; (3) “Enhydria
recurva M" [handwriting]; (4) “Paralectotypus @, Igava recurva Melichar, 1912,
labelled by I. Malenovsky, 2023” [newly added red label] (MTD).

Distribution. Northwestern Bolivia, southern Peru (Melichar 1912).

Remarks. Igava recurva Melichar was described based on an unspecified
number of specimens from “Peru, Pachitea, Marcapata; Bolivien, Mapiri, Yun-
gas (Garlepp) (Mus. Budapest und Dresden)” (Melichar 1912). One male syn-
type from Bolivia, Mapiri preserved in Melichar’s personal collection in MMBC is
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here used for the redescription of the species and designated as the lectotype
according to Article 74 of ICZN (1999) to stabilize the nomenclature. Another
conspecific female from Bolivia with collecting data matching the original de-
scription has been located by us in MTD and was labelled as a paralectotype.
Specimens from Peru have not been examined by us.

Discussion

Nersiini Emeljanov, 1983 is the second largest tribe in Dictyopharidae, compris-
ing 26 genera from the New World, mostly distributed in the Neotropical region
with a few species in the Nearctic region (Emeljanov 1983, 2011; Bartlett et
al. 2014; Bartlett 2023; Bourgoin 2023). Nersiini displays the greatest dispari-
ty within Dictyopharidae, such as the massive size, carinate tegulae, relatively
rich venation, piercing-cutting ovipositor, and bifurcated endosomal process-
es (Song et al. 2018). As in many other groups of Auchenorrhyncha, the New
World dictyopharid fauna currently remains inadequately studied and most
genera within Nersiini lack standard revisionary studies.

According to Song et al. (2018), Nersiini is polyphyletic. The genera Dictyo-
pharoides s.s. Fowler, 1900, Paramisia Melichar, 1912, Pharodictyon Fennah,
1958, Sicoris Stal, 1862, and Xenochasma Emeljanov, 2011 should be excluded
from Nersiini based on their morphology. Nersiini s.s. includes three clades, the
Digitocrista* clade, the Nersia* clade and the Trigava* clade; the last one com-
prises six genera: Trigava, Paralappida Melichar, 1912, Crocodictya Emeljanov,
2008, Mitrops Fennah, 1944, Rhynchomitra Fennah, 1944 and a new undescribed
genus represented by Dictyopharoides inficita Melichar, 1912 (Song et al. 2018).

In the Trigava* clade, Trigava is closely related to Paralappida, represented
by two species from Brazil, but can be easily distinguished from the latter by
the following characters: the head strongly curved upward (slightly curved up-
ward in Paralappida); the intermediate carinae of the frons approaching to the
frontoclypeal suture (to middle of eyes in Paralappida); the posterior margin of
the pronotum not notched (with a deep narrow notch in Paralappida); and the
tegulae lacking a carina (present in Paralappida).

The four species of Trigava are very similar in external morphology and can
be divided into two distinct lineages based on the differences in the male geni-
talia. Within the brachycephala lineage including T. brachycephala and T. obrieni
sp. nov., the gonostyles have a shorter dorsal process and the hook-like process
situated submedially and curved basad, and the ventral lobes of the aedeagus
lack long spines; while in the recurva lineage including T. recurva and T. peruen-
sis sp. nov., the gonostyles have an elongate dorsal process and the hook-like
process situated more basally and curved apicad, and the ventral lobes of the
aedeagus possess a pair of long spines.

Acknowledgements

We are grateful to Christian Schmidt (Museum fiir Tierkunde, Dresden, Germany)
for the loan of material and to Thierry Bourgoin (Muséum National d’Histoire Na-
turelle, Paris, France) and Vladimir M. Gnezdilov (Zoological Institute of the Rus-
sian Academy of Sciences, Saint Petersburg, Russia) for their useful comments
on the manuscript. We also wish to thank Dr Mike Wilson for his editorial help.

ZooKeys 1188: 27-45 (2024), DOI: 10.3897/zookeys.1188.89881 43



Zhi-Shun Song et al.: Revision of Trigava

Additional information

Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

This work was supported by the grants from the National Natural Science Foundation
of China (no. 31970442) and Qing Lan Project of Jiangsu Province, China to ZSS and
by the grant of the Moravian Museum in Brno from the Ministry of Culture of the Czech
Republic as part of its long-term conceptual development program for research institu-
tions (ref. MK000094862).

Author contributions

Conceptualization, visualization, writing — original draft: ZSS. Resources: LBO, IM, JD.
Investigation, validation: ZSS, LBO, IM, CB. Writing — review and editing: ZSS, CB, IM, JD.

Author ORCIDs

Zhi-Shun Song @ https://orcid.org/0000-0002-5449-4646
Igor Malenovsky @ https://orcid.org/0000-0001-8840-2263
Jirgen Deckert © https://orcid.org/0000-0003-4211-4463
Charles R. Bartlett @ https://orcid.org/0000-0001-9428-7337

Data availability

All of the data that support the findings of this study are available in the main text.

References

Bartlett CR (2023) Planthoppers of North America. https://sites.udel.edu/planthoppers/
[Accessed on 10 March 2023]

Bartlett CR, O’Brien LB, Wilson SW (2014) A review of the Planthoppers (Hemiptera,
Fulgoroidea) of the United States. Memoirs of the American Entomological Society
50: 1-287.

Bourgoin T (1993) Female genitalia in Hemiptera Fulgoromorpha, morphological and
phylogenetic data. Annales de la Société Entomologique de France 29(3): 225-244.
https://doi.org/10.1080/21686351.1993.12277686 [Nouvelle Série]

Bourgoin T (2023) FLOW (Fulgoromorpha Lists On the Web): a world knowledge base
dedicated to Fulgoromorpha. Version 8. http://hemiptera-databases.org/flow/
[Accessed on 18 January 2023]

Bourgoin T, Wang RR, Asche M, Hoch H, Soulier-Perkins A, Stroifski A, Yap S, Szwedo
J (2015) From micropterism to hyperpterism: recognition strategy and standardized
homology-driven terminology of the forewing venation patterns in planthoppers
(Hemiptera:  Fulgoromorpha). Zoomorphology 134(1): 63-77. https://doi.
org/10.1007/s00435-014-0243-6

Emeljanov AF (1983) Dictyopharidae from the Cretaceous deposits on the Taymyr
Peninsula (Insecta, Homoptera). Paleontologicheskiy jurnal [ManeoHTonornyeckui
XypHan] 3: 79-85.

ZooKeys 1188: 27-45 (2024), DOI: 10.3897/zookeys.1188.89881 44



Zhi-Shun Song et al.: Revision of Trigava

Emeljanov AF (2011) Improved tribal delimitation of the subfamily Dictyopharinae
and description of new genera and new species (Homoptera, Fulgoroidea,
Dictyopharidae). Entomological Review 91(9): 1122-1145. https://doi.org/10.1134/
S0013873811090053

ICZN [International Commission on Zoological Nomenclature] (1999) International Code
of Zoological Nomenclature. 4" Edn. The International Trust for Zoological Nomen-
clature c/o the Natural History Museum, London, 271 pp. https://doi.org/10.5962/
bhl.title.50608

Melichar L (1912) Monographie der Dictyophorinen (Homoptera). Abhandlungen der K.
K. Zoologisch-Botanischen Gesellschaft in Wien 7(1): 1-221.

Metcalf ZP (1946) General catalogue of the Hemiptera, Fasci. IV. Fulgoroidea, Part 8
Dictyopharidae. Smith College, Northampton, USA, 246 pp. https://doi.org/10.1093/
aesa/40.3.544

O'Brien LB (1999) New species of Toropa and Igava and a new genus, Trigava gen. n.
(Hemiptera: Auchenorrhyncha: Fulgoromorpha: Dictyopharidae). Reichenbachia
33(1): 55-60.

Song ZS, Webb MD, Liang AP (2016) Phylogenetic analysis of the Oriental genera of
Orthopagini, 1983 (Hemiptera: Fulgoromorpha: Dictyopharidae: Dictyopharinae), with
a systematic revision of the genus Centromeria Stal, 1870. Zoological Journal of the
Linnean Society 178(1): 33-87. https://doi.org/10.1111/z0j.12401

Song ZS, Bartlett CR, O'Brien LB, Liang AP, Bourgoin T (2018) Morphological phylog-
eny of Dictyopharidae (Hemiptera: Fulgoromorpha). Systematic Entomology 43(4):
637-658. https://doi.org/10.1111/syen.12293

ZooKeys 1188: 27-45 (2024), DOI: 10.3897/z0okeys.1188.89881 45






ZooKeys 1188: 47-90 (2024)
DOI: 10.3897/zookeys.1188.111346

+ZooKeys

Research Article

The Trichoptera of Panama XXIV. Fifteen new species and two new

country records of the caddisfly genus Neotrichia (Trichoptera,
Hydroptilidae), with a key to all known Panamanian species

Steven C. Harris™?®, Brian J. Armitage’*®, Tomas A. Rios Gonzalez'

1 Museo de Peces de Agua Dulce e Invertebrados, Universidad Auténoma de Chiriqui, David, Panama
2 Department of Biology, Pennsylvania Western University-Clarion, Clarion, PA 16214, USA

3 Sistema Nacional de Investigacion de Panamd (SNI), Panama, Panama

Corresponding author: Brian J. Armitage (brian.armitage@unachi.ac.pa)

OPEN 8ACC ESS

Academic editor: Ana Previsi¢
Received: 18 August 2023
Accepted: 8 November 2023
Published: 3 January 2024

ZooBank: https://zoobank.org/
C0589D9E-2707-4952-8673-
AC6A6E6D3CT7

Citation: Harris SC, Armitage BJ, Rios
Gonzélez TA (2024) The Trichoptera
of Panama XXIV. Fifteen new species
and two new country records of

the caddisfly genus Neotrichia
(Trichoptera, Hydroptilidae), with a
key to all known Panamanian species.
ZooKeys 1188: 47-90. https:/doi.
0rg/10.3897/z00keys.1188.111346

Copyright: © Steven C. Harris et al.

This is an open access article distributed under
terms of the Creative Commons Attribution
License (Attribution 4.0 International -

CC BY 4.0).

Abstract

In this paper, 15 new species of microcaddisflies in the genus Neotrichia Morton, 1905
(Trichoptera, Hydroptilidae) from Panama are described and illustrated: Neotrichia
abrebotella sp. nov.; Neotrichia candela sp. nov.; Neotrichia codaza sp. nov.; Neotrichia
embera sp. nov.; Neotrichia flennikeni sp. nov.; Neotrichia honda sp. nov.; Neotrichia
landisae sp. nov.; Neotrichia lenati sp. nov.; Neotrichia mindyae sp. nov.; Neotrichia
panamensis sp. nov.; Neotrichia parajarochita sp. nov.; Neotrichia paraxicana sp. nov.;
Neotrichia snixae sp. nov.; Neotrichia spangleri sp. nov.; Neotrichia veraguasensis
sp. nov. In addition, two new country records are presented: Neotrichia minutisimella
(Chambers, 1873) and Neotrichia vibrans Ross, 1944. Finally, the male of N. vibrans is
re-illustrated, the female is illustrated and descriptive information given, and a key is
provided to the males of all current Neotrichia species in Panama. There are now 45
species of Neotrichia and a total of 525 Trichoptera species recorded from Panama.

Key words: Aquatic insects, biodiversity, freshwater, Neotropics, protected areas

Introduction

A concentrated effort during the last eight years (2015-2023) has almost dou-
bled the known caddisfly fauna of Panama from 257 to 508 species distributed
among 15 families and 56 genera (e.g., Armitage et al. 2015; Harris and Armit-
age 2019; Harris et al. 2023). Concomitant with the increase in species was the
additional gain of two families and 11 genera (e.g., Armitage et al. 2016; Armit-
age and Harris 2018; Armitage et al. 2022). These increases were made possi-
ble by adoption of an integrated sampling scheme involving multiple methods
(primarily UV light traps and Malaise traps in combination) employed monthly
for extended periods (usually January through June) at each collection site.
Our knowledge of the family Hydroptilidae has been a particular beneficiary
of this approach, generating more new species to science and new country
records than for all other caddisfly families combined. No microcaddisfly taxa
have supported this increase more than the genus Neotrichia Morton, 1905.
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Before 2015, only three species of Neotrichia were known from Panama.
Since then, we have added 25 new species and new country records (Table 1).
Collections from selected national parks and protected areas, as well as public
and private landholdings, were made during 2017-2023 and yielded 15 new
species and two new country records of Neotrichia. Combined with the 28
known taxa, there are now 45 species of Neotrichia found in Panama, with 42
of them added since 2014 (31 new species and 11 new country records). The
incremental additions to Panama’s Neotrichia fauna are presented in Table 1,
with associated literature references provided. We also re-illustrate the male of
Neotrichia vibrans Ross, 1944 and provide descriptive text and illustrations for
the female of that species. Finally, we provide a key to males of all 45 species
of Neotrichia known from Panama.

The Aquatic Invertebrate Research Group (AIRG) at the Universidad Auténoma
de Chiriqui (UNACHI) and its Museo de Peces de Agua Dulce e Invertebrados
(MUPADI) is currently focused on increasing our knowledge of Trichoptera (cad-
disflies) and Plecoptera (stoneflies) in Panama. Toward that goal, it has secured
registered projects for these two orders of aquatic insects. The new taxonomic
information presented in this paper are a direct result of executing these projects.

Table 1. Progression of Neotrichia species added to Panama'’s caddisfly fauna beginning in 2015*. The left column indi-
cates the sequence numbers in The Trichoptera of Panama publication series (citations below).

Trichoptera Year
of Panama
| 2015
I} 2015
v 2016
\' 2018
Vi 2018
X 2019
2020
Xvil 2021
XX 2023
XXIV 2023
Totals:

Number

Number of

of new ' new country Species

species

15

31

records
1 Neotrichia canixa (Mosely, 1937)
Neotrichia pamelae Harris & Armitage, 2015; Neotrichia parabullata Harris & Armitage, 2015

5 Neotrichia esmalda (Mosely, 1937); Neotrichia hiaspa (Mosely, 1937); Neotrichia tuxtla
Bueno-Soria, 1999; Neotrichia unamas Botosaneanu (in Botosaneanu and Alkins-Koo
1993); Neotrichia xicana (Mosely, 1937)

Neotrichia anzuelo Armitage & Harris, 2018; Neotrichia collierorum Armitage & Harris,
2018; Neotrichia tatianae Armitage & Harris, 2018

Neotrichia atopa Thomson & Armitage, 2018

Neotrichia carlsoni Harris & Armitage, 2019; Neotrichia rambala Harris & Armitage, 2019;
Neotrichia serrata Harris & Armitage, 2019; Neotrichia starki Harris & Armitage, 2019

Neotrichia espinosa Armitage & Harris, 2020; Neotrichia michaeli Armitage & Harris, 2020;
Neotrichia pierpointorum Armitage & Harris, 2020; Neotrichia yayas Armitage & Harris, 2020

3 Neotrichia amplector Keth, 2004; Neotrichia armata Botosaneanu, 1993 (in Botosaneanu
and Alkins-Koo 1993); Neotrichia kampa Oléh & Johanson, 2011

Neotrichia majagua Harris, Rios & Aguirre, 2023; Neotrichia solapa Harris, Rios & Aguirre,
2023

2 New species or new country records in this publication: Neotrichia abrebotella sp. nov.;
Neotrichia candela sp. nov.; Neotrichia codaza sp. nov.; Neotrichia embera sp. nov.; Neotrichia
flennikeni sp. nov.; Neotrichia honda sp. nov.; Neotrichia landisae sp. nov.; Neotrichia lenati
sp. nov.; Neotrichia mindyae sp. nov.; Neotrichia minutisimella (Chambers, 1873); Neotrichia
panamensis sp. nov.; Neotrichia parajarochita sp. nov.; Neotrichia paraxicana sp. nov.,;
Neotrichia snixae sp. nov.; Neotrichia spangleri sp. nov.; Neotrichia veraguasensis sp. nov.;
Neotrichia vibrans Ross, 1944

11

Trichoptera of Panama publication series: I-Armitage et al. 2015; ll-Harris and Armitage 2015; IV-Armitage et al. 2016; V-Armitage and
Harris 2018; VI-Thomson and Armitage 2018; X-Harris and Armitage 2019; XIV-Armitage and Harris 2020; XVII-Armitage et al. 2022;
XX-Harris et al. 2023; XXIV-this paper.

* Prior to 2015, three species of Neotrichia were known from Panama: N. flowersi Harris, 1990; N. malickyi Harris (in Harris and Tiemann
1993); and N. tauricornis Malicky, 1980.
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Materials and methods
Protected areas or private landholdings

Some of the collection sites referenced in this paper are found on private land-
holdings or national protected areas. These include the following study areas.
They are referred to in a number of ways throughout the text. We are constrained
from unifying the naming system for these because the collection label names
and administrative codes for the various locations cannot be changed. There-
fore, we present the Spanish names for each study area as a header followed
by any abbreviations or label names used in parentheses. In the text that fol-
lows each study area, we provide the English version of the study area name, if
in common usage, as additional information.

Reserva Privada Landis
(Landis Reserve or Landis Reserva; Fig. 1A: collection location C)

Landis Reserve is a private landholding in Chiriqui Province located north of
Paso Canoas, which produces plants that are used in soil stabilization efforts.
The stream sampled in this study is unnamed and of first order, located near
the Costa Rican border. Ultimately, it flows into the Rio Chiriqui Viejo and the
Pacific Ocean. The riparian corridor is primarily forested with some open areas.

Finca La Esperanza
(Fig. TA: collection location D)

This is a large, private landholding in Chiriqui Province near San Andres bor-
dered by the Rio Cueta and the Rio Gariché, both Pacific Ocean drainages.
The immediate riparian corridor is forested, although this is surrounded by
agricultural lands supporting a number of permanent crops such as cacao,
plantains, and native tree species.

Parque International La Amistad
(PILA,; Fig. 1: collection locations A and B)

The Amistad International Park is a Latin American protected area shared by
Panama and Costa Rica. Including a large portion of the Cordillera de Tala-
manca range, it encompasses approximately 401,000 ha of upland or montane
tropical forest, and is an area of high diversity and endemicity.

Reserva Forestal Fortuna
(Fortuna Forest Reserve; Fig. 1A: collection location F)

Part of Panama’s National System of Protected Areas, the Reserva Forest-
al Fortuna comprises 19,000 ha of primarily cloud forests, and an additional
500 ha of buffer zones. The 1,000 ha Fortuna Reservoir is a principal compo-
nent of this protected area and is part of the Pacific drainage. The Reserva is
also part of the Mesoamerican Biological Corridor, which includes the adjacent,
and much larger, Bosque Protector Palo Seco (Caribbean Drainage) and Parque
International La Amistad (Pacific and Caribbean drainage).
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Figure 1. Maps A Panama, overlain by outlines of all 52 cuencas and showing all collection locations B collection locations
(I-M) in the Pixvae area C collection locations (Q-T) in the Pajonal area. Key: A—Rio Candela; B—Quebrada sin nombre;
C-Quebrada sin nombre, locations 1 and 2; D—Quebrada sin nombre and Quebrada la Vuelta; E-Quebrada Grande; F-Que-
brada Honda; G—Rio Platanal; H-Quebrada San Cristobal; I-Quebrada Monita; J—Rio Pixvae; K-Quebrada del Rosario; L—
Quebrada La Mina; M—Quebrada El Rosario; N—Rio Piedra de Moler; 0—Quebrada Mulaba; P-Rio Betegui; Q—Rio Marica;
R—-Rio Membrillo; S-Rio Seren; T-Rio Salado; U-Rio Sajalices; V-Panama Canal; W—Quebrada sin nombre; X-Rio Pirre.
Note: Map colors are aesthetic, and do not impart any significance. Maps were generated using QGIS, v. 3.28.5-Firenze.

Parque Nacional Santa Fe
(Santa Fe NP or PNSF; Fig. 1A: collection locations N and 0)

Located in the upper portion of the Santa Maria River basin in Veraguas Prov-
ince, Santa Fe National Park lies near the Continental Divide and encompasses
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72,636 ha. Occupying land on both the Caribbean and Pacific slopes, more than
95% of the parks area is covered with tree species which are evergreen, main-
taining their leaves all year round.

Parque Nacional Altos de Campana
(Altos de Campana NP or PNAC; Fig. 1A: collection location U)

Established in 1966, Altos de Campana National Park in Panama Oeste Province
is the oldest park in Panama. Covering 1,950 ha, the park lies on the Pacific slope
of Panama and is covered, in part, by humid tropical and premontane forests.

Parque Nacional Darién
(Darién NP or Darién National Park; Fig. 1A: collection location X)

Darién National Park encompasses some 579,000 ha in Darién Province, adja-
cent to Colombia in southeastern Panama. Under formal protection since 1972,
the Alto Darién Protection Forest became a national park in 1980, a World Her-
itage area since 1981, and, soon thereafter, a biosphere reserve by UNESCO.

All of the national parks and forest reserves indicated above are under the
stewardship of the Ministerio de Ambiente de Panama (MiAmbiente) and pro-
tected from logging and agriculture. The streams sampled under this project
are 1%t to 3" order in size, are of good water quality, and are bordered by exten-
sive, forested riparian corridors. The private landholdings above include some
agricultural activities; however, all or almost all streams are associated with
well-vegetated riparian corridors as they traverse the properties. Most of the
streams are found in major watersheds (cuencas), including cuencas 102, 108,
115, 117, 132, 134, and 138, which are characterized in Cornejo et al. (2017).
Cuenca 097 (Rio Calovébora watershed; Caribbean drainage for Santa Fe Na-
tional Park), Cuenca 104 (Rio Escérrea; Pacific drainage), and Cuenca 116 (riv-
ers between the Tabasard and the San Pablo; Pacific drainage), however, are
not included in that book.

Methods

Collections from selected national protected areas, private landholdings, and
public areas were made during 2017-2023. Both Malaise and UV light traps
were used for collecting aquatic insects from streams in the national parks and
protected areas of Panama. Single, overnight collections were made using UV
light traps (Calor and Mariano 2012). Generally, multiple-night collections were
made employing Malaise traps over four-day periods. Specimens were pre-
pared and examined following standard methods outlined in Blahnik and Hol-
zenthal (2004). Male genitalia were soaked in 5% KOH overnight, and washed
in weakly acidified alcohol prior to examination under a dissecting scope. For
illustrations, specimens were slide-mounted and viewed at 250x magnification.

Morphological terminology used for male genitalia generally follows that of
Marshall (1979) and classification within the Hydroptilidae follows Thomson
(2023). Paired structures are described in the singular for simplicity. Although
technically, segments V through X are not part of the genitalia, traditionally de-
scriptions of segments VII through X have been included under the genitalia
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heading. We follow that practice here. If segments V and VI have distinct fea-
tures, they are discussed under the male description. Total length of specimens
provided in descriptions represents the length from the tip of the head to the tip
of the forewing. Altitude values are given in meters above sea level (m a.s.l.).
Maps were created using QGIS software, version 3.28.5-Firenze.

Holotypes listed in this publication are deposited in the University of Pana-
ma’s Museo de Invertebrados (MIUP) or MUPADI. Paratypes and other speci-
mens are deposited in MUPADI, the University of Minnesota Insect Collection
(UMSP), or the first author’s reference collection (SCH). The species listed be-
low are in alphabetic order.

Results
Taxonomy—new species

Genus Neotrichia Morton, 1905

Remark. The genus Neotrichia (Hydroptilidae, Neotrichiinae) has a New World
distribution with 211 species known from North, Central, and South Ameri-
ca and the West Indies (Armitage et al. 2022; Gama-Neto and Passos 2023;
Harris et al. 2023; Thomson 2023). In the Neotropics, there are 174 species re-
corded (Armitage et al. 2022; Gama-Neto and Passos 2023; Harris et al. 2023;
Thomson 2023). Herein we describe and illustrate 15 new species and report
two new country records for Panama.

Neotrichia abrebotella sp. nov.
https://zoobank.org/C5D20983-BF62-4562-A8D6-C4AFF10992DB
Fig. 2

Type locality. Panama: Chiriqui Province: Cuenca 102, Renacimiento Dis-
trict, Reserva Privada Landis, Location 1, Quebrada sin nombre; 8.643769°N,
82.829479°W; 755 m a.s.l.

Type material. Holotype: &, PANAMA: Chiriqui Province: Cuenca 102,
Renacimiento District, Reserva Privada Landis, Location 1, Quebrada sin
nombre; 8.643769°N, 82.829479°W; 755 m a.s.l;; 15-31.iii.2020; M. Landis
leg.; Malaise trap; MUPADI-003-T-2023 (in alcohol). Paratypes: PANAMA ¢ 2 4 &;
same as holotype; except, Location 2; 8.645005°N, 82.822037°W; 575 m a.s.l;
27.ii—6.iii.2020; M. Landis leg.; Malaise trap; MUPADI-004-T-2023 (in alcohol).

Diagnosis. Neotrichia abrebotella sp. nov. appears to be a member of the N.
caxima group of Keth et al. (2015) based on the short inferior appendage with
resemblance to N. atopa Thomson & Armitage, 2018 and N. caxima Mosely,
1937. It differs from N. caxima in the lack of sclerotized phallic processes and
from N. atopa in the bifid appearance of the inferior appendage in lateral view
and the narrow bracteole.

Description. Male. Total length 1.7-1.9 mm (n = 3), 18 antennal segments,
wings and body brown in alcohol. Genitalia (Fig. 2). Abdominal segment VIII
annular. Segment IX in lateral view rounded posteriorly, narrowing dorsally,
anteriorly narrowing to elongate mesal apodeme; in dorsal and ventral views
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bracteole

inferior
appendage

Figure 2. Neotrichia abrebotella sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, dorsal.

quadrate, deeply incised anteriorly. Tergum X short, truncate posteriorly, taper-
ing on lateral margins; in lateral view truncate posteriorly. Subgenital plate in
lateral view wide subapically, narrowing distally to rugose, downward projecting
process; in ventral view wide, truncate posteriorly with median lobe and pair
of stout setae, rounded on lateral margins. Bracteole narrow basally, slightly
widening distally; in dorsal and ventral views lobate. Inferior appendage short
and narrow, bifid posteriorly, lower portion longer than upper; in ventral view
square basally, distally bifid, dorsalmost process narrowing mesally to acute
apex, ventralmost process tubular. Phallus tubular, wide basally, constricted at
midlength and bearing thin paramere encircling shaft, apically thin over length.

Distribution. Panama: Chiriqui Province (Reserva Privada Landis).

Etymology. The species name abrebotella (bottle-opener) derives from Span-
ish, referring to the distinctive appearance of the inferior appendage. The name
is a noun in the nominative singular standing in apposition.
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Neotrichia candela sp. nov.
https://zoobank.org/D2F4AF76-536B-4F9F-8E10-3B310C115029
Fig. 3

Type locality. Panama: Chiriqui Province: Cuenca 102, Renacimiento Dis-
trict, Rio Candela, Finca Félix, PILA; PSPSCB-PILA-C102-2017-021; 8.90614°N,
82.72882°W; 1799 m a.s.l.

Type material. Holotype: &, PANAMA: Chiriqui Province: Cuenca 102, Re-
nacimiento District, Rio Candela,FincaFélix, PILA; PSPSCB-PILA-C102-2017-021;
8.90614°N, 82.72882°W; 1799 m a.s.l.; 1-5.ix.2017; E. Alvarez, T. Rios, E. Pérez
leg.; Malaise trap; MIUP-017-T-2023 (in alcohol).

bracteole A

horn of
tergum X

Figure 3. Neotrichia candela sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, ventral.
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Diagnosis. Neotrichia candela sp. nov. is a member of the N. canixa group
of Keth et al. (2015) based on the posterior horns from tergum X, forked brac-
teoles, and the bifid inferior appendage. The new species appears to be similar
to N. bika Olah & Johanson, 2011 from French Guiana on the basis of the struc-
ture of the bracteoles and the horns of the tenth tergum. The new species is
separated by the structure of the phallic apex, which has more elongate forking
than that of N. bika, and by the lateral appearance of the inferior appendage and
subgenital plate.

Description. Male. Total length 1.7 mm (n = 1), 18 antennal segments, wings
and body brown in alcohol. Genitalia (Fig. 3). Abdominal segment VIIl annular.
Segment IX in lateral view generally ovate, rounded anteriorly and posteriorly,
fused with segment X dorsally with seta-bearing lobe posterolaterally; in ventral
view anterior margin deeply incised, posterior margin with thin, elongate mesal
extension; in dorsal view incomplete posteriorly. Tergum X basally fused with
segment IX, wide basally, tapering posteriorly forming pair of stout, symmetri-
cal horns; in lateral view segment X elongate, dilated distally with distal horn
short and tapering to acute apex. Subgenital plate in lateral view, wide basally,
tapering distally to bifid apex, upper arm short, with acute apex, lower portion
elongate and crescent-shaped; in ventral view triangular-shaped, apex with pair
of thin lateral lobes bearing stout setae, mesally with short distal triangle and
ventral sclerotized process. Bracteole in lateral view wide anteriorly, bifid poste-
riorly, dorsal branch twice as long as ventral branch, each bearing terminal seta;
in ventral and dorsal views both branches wide basally, tapering to rounded
apices. Inferior appendage rectangular in lateral view, subapically with dorsal
sclerotized points, basal process elongate and thin; in ventral view bifid, outer
process slightly wider basally, curving and tapering to rounded apices, inner
process fused basally and narrow over length which is ~ 1/2 of outer process,
bearing elongate seta apically. Phallus tubular, constricted at midlength and
bearing thin paramere encircling shaft, apex forked with elongate processes,
lower of which sharply curves laterally, ejaculatory duct protruding at base.

Distribution. Panama: Chiriqui Province (Parque International La Amistad).

Etymology. This new species is named for the Rio Candela in western
Chiriqui Province where the species was collected. The name is a noun in the
genitive case.

Neotrichia codaza sp. nov.
https://zoobank.org/F11F9E9F-D365-440D-829D-F54B295DE5S3E
Fig. 4

Type locality. Panama: Panama Oeste Province: Cuenca 115, Chame Dis-
trict, Altos de Campana NP, Rio Sajalices; PSPSCB-PNAC-C115-2018-030;
8.67625°N, 79.89748°W; 194 m a.s.|.

Type material. Holotype: &, PANAMA: Panama Oeste Province: Cuenca 115,
ChamepDistrict,AltosdeCampanaNPRioSajalices;PSPSCB-PNAC-C115-2018-030;
8.67625°N, 79.89748°W; 194 m a.s.l.; 29.v.2018; E. Pérez, C. Nieto, M. Molinar, T.
Rios leg.; UV light trap; MIUP-018-T-2023 (in alcohol).

Other material examined. PANAMA * J; Coclé Province: Cuenca 134, Pe-
nonomeé District, Rio Salado, Pajonal Geosite; 8.59580°N, 80.21512°W; 323 m
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A basal
portion
of
subgenital

Figure 4. Neotrichia codaza sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, dorsal E phallus
apex, left lateral.

a.s.l; 4.iv.2022; C. Nieto leg.; UV light trap (in alcohol) « J; ibid., except Rio
Seren; 8.58983N, 80.21476W; 332 m a.s.l. * 2 4J; ibid.., except Rio Membrillo;
8.58450°N, 80.22074°W; 334 m a.s.l. - 17 3J; ibid., except, Rio Marica, Pajonal
Geosite, 8.55016°N, 80.23831°W; 316 m a.s.l. - 2 §J; Veraguas Province: Cuen-
ca 116, Quebrada del Rosario; 7.85826°N, 81.55764°W; 26 m a.s.l.; 20.i.2023;
V. Rodriguez leg.; UV light trap * 3 4; ibid., except Cuenca 132; Rio Betegui;
8.36047°N, 80.99481°W; 144 m a.s.l.; 28.i.2023; V. Rodriguez leg.; UV light trap.

Diagnosis. Neotrichia codaza sp. nov. is a member of the N. collata group of
Keth et al. (2015) based on the sclerites at the phallus apex and the projection
from the subgenital plate. It is very similar to N. parany Olah & Johanson, 2011
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from Peru, based on the sharing of the distinctive pair of dark spines at the phal-
lic apex. The new species is separated by the elongate, angled inferior append-
age, and the lack of a mesal process from the posterior margin of segment IX.

Description. Male. Total length 1.3-1.5 mm (n = 12), 17 antennal segments,
wings and body brown in alcohol. Genitalia (Fig. 4). Abdominal segment VIl an-
nular. Segment IX in lateral view with shallow dorsal and ventral emarginations
posteriorly, anteriorly tapering to acute apex; dorsally and ventrally deeply incised
anteriorly, shallow emarginations posteriorly. Segment X short and lobate in lat-
eral view; in dorsal view apically truncate, flared laterally. Subgenital plate in lat-
eral view, wide basally, abruptly tapering apically on venter forming acute spine,
basal portion developed laterad, widening distally and flaplike; in ventral view,
quadrate with apicomesal extension bearing stout setae laterad, lobate laterally.
Bracteole in lateral view wide basally, tapering distally to rounded apex; in ventral
and dorsal views short, tapering to rounded apex. Inferior appendage wide basal-
ly with long dorsal arm, narrowing and angled dorsad at midlength and bearing
stout dorsal seta, widening distally to rounded apex; in ventral view wide basally,
tapering distally to rounded apex, elongate dorsal arm wide at base, tapering
distally to round apex. Phallus in dorsal view wide basally and apically, bearing
short paramere encircling shaft at midlength, apex with pair of short dark spines;
in lateral view apical spines are close together and slightly curving dorsally.

Distribution. Panama: Panama Oeste Province (Altos de Campana National
Park).

Etymology. The species name codaza (to elbow) derives from Spanish, re-
ferring to the bent inferior appendage in lateral view. The name is a noun in the
nominative singular standing in apposition.

Neotrichia embera sp. nov.
https://zoobank.org/BB9D162B-EDD6-4CDE-A1BA-D96B38B8333D
Fig. 5

Type locality. Panama: Darién Province: Cuenca 156, Pinogana District, Darién
NP, Rio Pirre, Estacion de MiAmbiente en Rancho Frio; 8.09081°N, 77.74043°W;
73ma.s.l.

Type material. Holotype: &, PANAMA: Darién Province: Cuenca 156,
Pinogana District, Darién NP, Rio Pirre, Estacion de MiAmbiente en Rancho Frio;
8.09081°N, 77.74043°W; 73 m a.s.l.; 9-12.ii.2018; Malaise trap; A. Thurman
leg.; MUPADI-005-T-2023 (in alcohol).

Diagnosis. This new species, with a pair of apical phallic spines, would ap-
pear to be another member of the N. collata group of Keth et al. (2015), with
similarity to N. anahua (Mosely, 1937) from Mexico, and N. kurtika Olah & Jo-
hanson, 2011 from French Guiana. Unlike these species, N. embera sp. nov.
Harris, Armitage & Rios has a posterolateral process from segment IX and bifid
inferior appendages.

Description. Male. Total length 1.2 mm (n = 1), 17 antennal segments, wings
and body brown in alcohol. Genitalia (Fig. 5). Abdominal segment VIII annular.
Segment IX in lateral view anteriorly tapering to short upturned apodeme, pos-
teriorly with medial lobe, distally rounded with posterolateral triangular process;
ventrally with anterior and posterior margins incised mesally, posteriorly with thin
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Figure 5. Neotrichia embera sp.
apex, left lateral.

nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, dorsal E phallus

lateral processes; dorsally truncate posteriorly. Segment X elongate, triangular
in lateral view; in dorsal view tapering distally to rounded apex. Subgenital plate
in lateral view narrow basally, ventral margin sinuate with lobes and points, apex
with stout seta, upper margin straight; in ventral view rectangular, widening pos-
teriorly with stout setae on distal margins, rounded laterally. Bracteole in later-
al view narrow basally, widening distally to rounded apex; in ventral and dorsal
views straight, narrow over length. Inferior appendage bifid, ventral arm narrowly
triangular, dorsal arm ovate and same length as lower arm; in ventral view diver-
gent and separated, lateral arms narrow over length, inner arms slightly triangular,
rounded apically. Phallus in dorsal view tubular, wide basally and distally, bearing
pair of stout spines apically, short paramere encircling shaft at midlength.

Distribution. Panama: Darién Province (Darién National Park).

Etymology. This species is named for the indigenous Embera people of
Darién Province, where the species was collected. The name is a noun in the
genitive case.
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Neotrichia flennikeni sp. nov.
https://zoobank.org/90BFFF5E-7C6C-41C3-AF74-B0A58AB31547
Fig. 6

Type locality. Panama: Chiriqui Province: Cuenca 108, David District, San Pab-
lo Viejo, puente via Interamericana antes de llegar a la entrada de Bagala, Rio
Platanal; 8.46416°N, 82.52030°W; 825 m a.s.l.

Type material. Holotype: &, PANAMA: Chiriqui Province: Cuenca 108, David
District, San Pablo Viejo, puente via Interamericana antes de llegar a la entra-
da de Bagala, Rio Platanal; 8.46416°N, 82.52030°W; 825 m a.s.l,; 12.iv.2021; T.
Rios, Y. Aguirre leg.; UV light trap; MUPADI-006-T-2023 (in alcohol).

Diagnosis. Neotrichia flennikeni sp. nov. appears to be a member of the N. vi-
brans group of Keth et al. (2015) based on the posterolateral process of segment
IX, and the tapered inferior appendage. The new species appears to be similar
to N. angulata Flint, 1983 from Uruguay which also has an elongate, tapering
inferior appendage and a phallus bearing a long, stout spine. The new species is
distinguished by the knob-like posterolateral processes from segment IX and by
the tapering, rather than angled, appearance of the inferior appendage.

posterolateral
process

from IX

Figure 6. Neotrichia flennikeni sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus dorsal.
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Description. Male. Total length 1.8 mm (n = 1), 18 antennal segments, wings
and body brown in alcohol. Genitalia (Fig. 6). Abdominal segment VIIl annular.
Segment IX in lateral view narrow, tapering anteriorly, posteriorly with thin pos-
terolateral process; ventrally with deep rounded posterior excision; dorsally with
narrow posterior incision, posterolateral processes sclerotized and knobbed
apically. Segment X narrowing posteriorly to thin shelf; in dorsal view wide ba-
sally, tapering distally to truncate apex. Subgenital plate in lateral view, narrow
basally, widening distally, with acute, posteriorly projected dorsal spine, sclero-
tized knob posteroventrally; in ventral view narrowing basally, with pair of apical
lobes each bearing stout seta. Bracteole in lateral view widening posteriorly to
rounded apex; in ventral and dorsal views narrow over length. Inferior append-
age in lateral view elongate and tapering, curving upward at midlength; in ventral
view wide basally, sharply angled at midlength, then narrowing to acute apex
which projects inward. Phallus tubular, constricted at midlength and bearing thin
paramere encircling shaft, apex rectangular with elongate, stout medial spine.

Distribution. Panama: Chiriqui Province (David District).

Etymology. This species is named after Donald G. Flenniken of eastern Ohio,
a teacher, naturalist, and part-time milkman who taught the second author (at
age of 11) how to identify mammals from their skull bones/dentition and how
to use taxonomic keys—a brief encounter that has led to a lifetime of taxonom-
ic pursuits and pleasures. The name is a noun in the genitive case.

Neotrichia honda sp. nov.
https://zoobank.org/51E67AAC-F52B-4F24-BA70-C3DF7DBB5D35
Fig. 7

Type locality. Panama: Chiriqui Province: Cuenca 108, Boquete District, Que-
brada Honda, N Fortuna Dam, Fortuna Forest Reserve; 8.74985°N, 82.23885°W;
1132 ma.s.l.

Type material. Holotype: 4, PANAMA: Chiriqui Province: Cuenca 108, Boquete
District, Quebrada Honda, N Fortuna Dam, Fortuna Forest Reserve; 8.74985°N,
82.23885°W; 1132 m a.s.l.; 18.ii.2018; B. Armitage, T. Arefina-Armitage leg.; UV
light trap; MUPADI-007-T-2023 (in alcohol).

Diagnosis. Neotrichia honda sp. nov. does not fit well in any of the species
groupings established by Keth et al. (2015). The new species has forked scler-
ites at the apex of the phallus and has an overall resemblance to N. gilaensis
Keth et al., 2015 from Arizona which is in the N. collata group, but it is also
similar to N. yavesia Bueno-Soria, 2010 from Mexico in the N. vibrans group,
based on the short, rectangular inferior appendages. The new species is sepa-
rated by the elongate, forked sclerites of the phallus apex, the elongate anterior
apodeme of segment IX, and by the sclerotized posterolateral processes from
segment IX.

Description. Male. Total length 1.5 mm (n = 1), 18 antennal segments, wings
and body brown in alcohol. Genitalia (Fig. 7). Abdominal segment VIl annular.
Segment IX in lateral view anteriorly tapering to elongate apodeme, posteriorly
rounded with posterolateral process, which is wide basally, tapering distally to
an acute downward turning hook; dorsally and ventrally deeply incised anterior-
ly, ventrally with deep lateral incisions posteriorly, creating an elongate mesal,
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Figure 7. Neotrichia honda sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, dorsal.

triangular lobe; dorsally with posterolateral processes narrow over length,
curving slightly inward apically. Segment X elongate and thin in lateral view;
in dorsal view wide basally and fused with segment IX, tapering to rounded
apex. Subgenital plate in lateral view, wide basally, gradually tapering apically
to rounded apex bearing elongate seta; in ventral view narrowly triangular, pair
of stout setae apically. Bracteole in lateral view wide basally, then narrowing
distally to truncate apex; in ventral and dorsal views narrow over length and
curving mesally. Inferior appendage sclerotized and rectangular, wide basally,
narrowing at midlength, then abruptly tapering to rounded apex; in ventral view
triangular, rounded apically, basally with finger-like lobe. Phallus in dorsal view
wide basally, bearing short paramere encircling shaft at midlength, apex divid-
ed into pair of elongate, sclerotized rods, which are nearly equal in length.
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Distribution. Panama: Chiriqui Province (Fortuna Forest Reserve).

Etymology. This species is named for Quebrada Honda, a tributary of Rio
Chiriqui and Fortuna Reservoir in northeast Chiriqui Province, where the spe-
cies was collected. The name is a noun in the genitive case.

Neotrichia landisae sp. nov.
https://zoobank.org/458EB8A1-9CD5-45DC-9A35-7F385BEC50B4
Fig. 8

Type locality. Panama: Chiriqui Province: Cuenca 102, Renacimiento Dis-
trict, Reserva Privada Landis, Quebrada sin nombre, Location 2; 8.645005°N,
82.822037°W; 575 m a.s.l.

Type material. Holotype: &, PANAMA: Chiriqui Province: Cuenca 102,
Renacimiento District, Reserva Privada Landis, Quebrada sin nombre, Location
2; 8.645005°N, 82.822037°W; 575 m a.s.l.; 30.iv.2020; M. Landis leg.; Malaise
trap; MUPADI-008-T-2023 (in alcohol). Paratypes: Panama * 9 4&; ibid., except
30.v.2020; MUPADI-009-T-2023 (in alcohol).

Other material examined. PANAMA - 2 JJ; ibid., except 27.ii—15.iii.2020 -
1 J; ibid., except 15-31.iii.2020 - 2 4, ibid., except Location 1, 8.643769°N,
82.829479°W; 755 m a.s.l;; 27.ii—-10.iii.2020; M. Landis leg.; Malaise trap * 1 &;
Chiriqui Province: Bugaba District, Cuenca 102, nr San Andres, Finca La Espe-
ranza, Quebrada La Vuelta; 8.61710°N, 82.70415°W; 492 m a.s.l.; 3-20.i.2022;
T. Rios, Y. Aguirre leg.; Malaise trap * 2 4J; ibid., except 21.i-3.ii.2022 + 3 4}
ibid., except 6—-20.iii.2022 + 2 3J; ibid., except 8-22.iv.2022 - 2 3J; ibid., ex-
cept 8-21.v.2022 - 2 &J; ibid., except Quebrada sin nombre; 8.61765°N,
82.71330°W; 540 m a.s.l.; 21.i-3.ii.2022.

Diagnosis. Neotrichia landisae sp. nov. belongs to a cluster of similar Pana-
manian species with characteristic elongate posterolateral processes from ab-
dominal segment IX, including N. tatianae Armitage & Harris, 2018 and N. yayas
Armitage & Harris, 2020. The new species is separated from these species by
the linear posterolateral processes from segment IX, the truncate inferior ap-
pendage, and the narrow subgenital plate in ventral view.

Description. Male. Total length 1.5-1.7 mm (n = 15), 18 antennal segments,
wings and body brown in alcohol. Genitalia (Fig. 8). Abdominal segment VIll an-
nular. Segment IX in lateral view anteriorly rounded, wide posteroventrally, nar-
rowing dorsally, pair of elongate, thin posterolateral processes, which narrow
distally; in dorsal view fused posteriorly with segment X, pair of small setaceous
lobes laterally, posterolateral processes sclerotized and elongate, but dissimi-
lar in length, anteriorly with narrow mesal incision; in ventral view with deep
lateral incisions. Tergum X basally fused with segment IX, posteriorly elongate,
tapering to rounded mesal lobe; in lateral view wide basally, tapering distally
to acute apex. Subgenital plate in lateral view wide basally, tapering distally to
narrow shelf bearing stout seta; in ventral view narrow over length, pair of setae
apically. Bracteole absent or represented by thin, elongate seta-bearing process
on dorsal margin of segment IX. Inferior appendage short, wide basally, widen-
ing subapically, spinose and rugose on distal margin, thin ventral process ba-
sally; in ventral view elongate and narrow, apical point turning inward, spinose
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Figure 8. Neotrichia landisae sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, dorsal E phallus,
lateral.

subapically on mesal margin, base of inferior appendage and processes from
segment IX superimposed, short triangular mesal process bearing stout seta
apically. Phallus tubular, constricted at midlength and bearing thin paramere
encircling shaft, apically rounded with ejaculatory duct protruding.

Distribution. Panama: Chiriqui Province (Reserva Privada Landis, Finca La
Esperanza).

Etymology. This species is named for Senora Marietta Isabel Landis, owner
of Reserva Privada Landis, who managed all collection events. The name is a
noun in the genitive case.
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Neotrichia lenati sp. nov.
https://zoobank.org/9068A45C-197D-419C-8415-CDE94274F387
Fig. 9

Type locality. Panama: Chiriqui Province: Cuenca102, Renacimiento Dis-
trict, Reserva Privada Landis, Location 1, Quebrada sin nombre; 8.643769°N,
82.82979°W; 755 m a.s.l.

Type material. Holotype: &, PANAMA: Chiriqui Province: Cuencal02, Re-
nacimiento District, Reserva Privada Landis, Location 1, Quebrada sin nombre;
8.643769°N, 82.82979°W; 755 m a.s.l.; 5-30.xii.2022; M. Landis leg.; Malaise
trap; MUPADI-010-T-2023 (in alcohol).

Diagnosis. Neotrichia lenati sp. nov. appears to be a member of the N. okopa
group of Keth et al. (2015) based on the tubular phallus which lacks sclerotized
processes, the posterolateral process from segment IX, and the thin tapering
inferior appendage. It is, perhaps, most similar to N. connori Keth et al., 2015
from Mexico and N. teutonia Flint, 1983 from Brazil, which also have tapering
inferior appendages and a posterolateral process from segment IX. The new

Figure 9. Neotrichia lenati sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus dorsal.
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species is separated by the presence of a basal process from the inferior ap-
pendage, narrow bracteole, and the ventral location and shape of the postero-
lateral process from segment IX.

Description. Male. Total length 1.4 mm (n = 1), 18 antennal segment, wings
and body brown in alcohol. Genitalia (Fig. 9). Abdominal segment VIIl annular.
Segment IX in lateral view narrow, tapering anteriorly to mesal apodeme, trun-
cate posteriorly, with thin process posterolaterally, tapering ventrad and incised
on posterior margin; in ventral view narrow, sinuate posteriorly; in dorsal view
deeply incised mesally, forming rounded lateral lobes. Segment X seemingly
fused with segment IX in lateral view, tapering downward to posterior projecting
shelf with pointed tip; in dorsal view short, rounded distally, with truncate apex
and sclerotized margins. Subgenital plate triangular in lateral view; in ventral
view quadrate, lateral apices indented with stout seta, small mesal downturned
lobe. Bracteole narrow in lateral view, slightly widening distally; in ventral and
dorsal views narrow over length. Inferior appendage sclerotized, tapering dis-
tally and slightly curving upward at midlength, dorsobasally with thin process
tipped with stout seta; in ventral view tapering distally to rounded apex, knob-
like basal process on inner margin. Phallus tubular, constricted near midlength
and bearing thin paramere encircling shaft, posteriorly thin and rectangular,
ejaculatory duct lightly sclerotized.

Distribution. Panama: Chiriqui Province (Reserva Privada Landis).

Etymology. This species is named in memory of David R. Lenat of Raleigh,
North Carolina, our friend and colleague, who was an avid researcher in taxon-
omy and aquatic bioassessment, and who made numerous important contri-
butions to our knowledge of chironomids, stoneflies, caddisflies, mayflies, and
many other groups of aquatic insects. The name is a noun in the genitive case.

Neotrichia mindyae sp. nov.
https://zoobank.org/7F7659D8-B935-4C3E-82CF-135B85223928
Fig. 10

Type locality. Panama: Darién Province: Cuenca 156, Pinogana District, Darién
NP, Rio Pirre, Estacion de MiAmbiente en Rancho Frio; 8.09081°N, 77.74043°W,;
73 ma.s.l

Type material. Holotype: &, PANAMA: Darién Province: Cuenca 156, Pino-
gana District, Darién NP, Rio Pirre, Estacion de MiAmbiente en Rancho Frio;
8.09081°N, 77.74043°W; 73 m a.s.l.; 9-12.ii.2018; A. Thurman leg.; Malaise
trap; MUPADI-011-T-2023 (in alcohol).

Diagnosis. Neotrichia mindyae sp. nov. is another member of the N. canixa
group of Keth et al. (2015) based on the posterior horns from tergum X, forked
bracteoles, and the bifid inferior appendage. The new species appears to be most
similar to N. maya Harris & Flint, 2016 from Belize on the basis of the structure
of the bracteole and the horns of tergum X. The new species is separated by the
structure of the phallic apex, which while forked, has the one process extremely
long, similar to that of N. maria Bueno-Soria & Hamilton, 1986 from Mexico, and
by the unequal forking of the bracteole, which are uniformly forked in N. maria.

Description. Male. Total length 1.5 mm (n = 1), 18 antennal segments, wings
and body brown in alcohol. Genitalia (Fig. 10). Abdominal segment VIl annular.
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Figure 10. Neotrichia mindyae sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, left lateral
E phallus apex, dorsal.

Segment IX in lateral view generally ovate, rounded anteriorly and posteriorly,
fused with segment X dorsally, and bearing lateral setal lobes posteriorly; in
ventral view anterior margin deeply incised, posterior margin with triangular
mesal extension; in dorsal view with pair of posterolateral lobes. Tergum X ba-
sally fused with segment IX, posteriorly produced into pair of thick, symmetrical
horns which nearly touch mesally; in lateral view distal horns are thin and taper-
ing to acute apices. Subgenital plate in lateral view, wide basally, tapering distal-
ly to downturned apical hook; in ventral view wide basally, rounded laterally to
apicomesal extension. Bracteole in lateral view wide anteriorly, bifid posteriorly,
dorsal branch elongate with apical seta, ventral branch greatly reduced with
apical seta; in ventral and dorsal views both branches wide basally, tapering to
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rounded apices. Inferior appendage bifid laterally, each thin arm wide basally
and tapering distally to rounded apices bearing long seta; in ventral view bifid,
outer process wide basally, curving and tapering to acute apices, inner process
fused basally and narrow over length which is equal to outer process bearing
elongate seta apically. Phallus tubular, wide basally, constricted at midlength
and bearing thin paramere encircling shaft, apex with elongate lateral spike,
smaller spike near base, ejaculatory duct not protruding.

Distribution. Panama: Darién Province (Darién National Park).

Etymology. This species is named for the sister of the first author, Melinda
“Mindy” Harris Haupt, who used to help her brother collect bugs when they were
both much younger. The name is a noun in the genitive case.

Neotrichia panamensis sp. nov.
https://zoobank.org/11AF342D-DBD6-46E8-B186-C7F90A9A4E48
Fig. 11

Type locality. Panama: Colon Province: Cuenca 117, Portobelo District, Quebra-
da sin nombre, nr Jose Pobre property—Tesoro Verde; 9.60069°N, 79.61658°W;
55ma.s.l.

Type material. Holotype: 5, PANAMA: Colon Province: Cuenca 117,
Portobelo District, Quebrada sin nombre, nr Jose Pobre property—Tesoro Verde;
9.60069°N, 79.61658°W; 55 m a.s.l.; 19.xii.2018; D. Garrido leg.; UV light trap;
MUPADI-012-T-2023 (in alcohol). Paratypes: PANAMA - 2 4 J; same as holotype;
MUPADI-013-T-2023 (in alcohol).

Other material examined. PANAMA - 16 JJ; Veraguas Province: Cuenca
116, Las Palmas District, Quebrada La Mina; 7.87443°N, 81.51004°W; 63 m
a.s.l; 3.ii.2023; V. Rodriguez leg.; UV light trap + 7 £J; ibid., except Rio Indio;
7.87372°N, 81.49994°W; 57 m a.s.l; 3.ii.2023 - 1 J; ibid., except Rio Pixvae;
7.84287°N, 81.56329°W; 17 m a.s.l.; 23.i.2023 - 4 4J; ibid., except Sona Dis-
trict, Quebrada Monita; 7.81480°N, 81.55724°W; 26 m a.s.l.; 21.i.2023.

Diagnosis. Neotrichia panamensis sp. nov. is another member of the
N. canixa group of Keth et al. (2015) based on the posterior horns from tergum
X, forked bracteole, and the bifid inferior appendage. The new species appears
to be similar to N. alsa Olah & Johanson, 2011 from Peru on the basis of the
bracteoles and phallic apex, but the short inferior appendages are more like
those of N. tauricornis Malicky, 1980 which occurs throughout the Caribbean
islands, Panama, and Colombia, but the subgenital plate and bracteoles are
much different in the new species compared to that of N. tauricornis.

Description. Male. Total length 1.5-1.7 mm (n = 14), 18 antennal segments,
wings and body brown in alcohol. Genitalia (Fig. 11). Abdominal segment VIl an-
nular. Segment IX in lateral view ovate, rounded anteriorly and sinuate posteriorly,
fused with segment X dorsally, bearing a setae-bearing lobe dorsally; in ventral
view anterior margin deeply incised, posterior margin sinuate, triangular mesal
extension. Tergum X basally fused with segment IX, rectangular basally, pair of
thin, symmetrical horns distally; in lateral view segment X is lobate, with distal
horn saber-like. Subgenital plate in lateral view, wide basally, truncate distally with
ventral hook tapering to acute apex; in ventral view wide basally, slightly curving
to rounded apex, with mesal process flanked by stout setae. Bracteole in lateral
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A

Figure 11. Neotrichia panamensis sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, dorsal.

view wide anteriorly, slightly bifid posteriorly, dorsal branch elongate and tipped
with seta, ventral branch vestigial, represented by pair of sharp points; in ventral
and dorsal views lower branch represented by short knob, tapering distally. Infe-
rior appendage short and bifid, wide basally tapering distally, basal process trian-
gular; in ventral view bifid, outer process subrectangular, apex with mesal points,
inner process same length as outer, fused and wide at base, tapering distally
bearing elongate seta apically. Phallus tubular, constricted at midlength and bear-
ing thin paramere encircling shaft, apex divided into three processes, lower pro-
cess small, distally processes elongate, ejaculatory duct not protruding at base.
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Distribution. Panama: Colon Province (Portobelo District); Veraguas Prov-
ince (Las Palmas District).

Etymology. This species is nhamed for the Republic of Panama where the
species was collected. The name is a noun in the genitive case.

Neotrichia parajarochita sp. nov.
https://zoobank.org/5015E444-2B3B-45EF-AOAF-0506BCA35FA9
Fig. 12

Type locality. Panama: Chiriqui Province: Cuenca 102, Bugaba District, aflu-
ente Rio Chiriqui Viejo, PILA; PSPSCB-PILA-C102-2017-022; 8.90124°N,
82.61817°W; 2354 m a.s.|.

Figure 12. Neotrichia parajarochita sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, ventral.
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Type material. Holotype: &, PANAMA: Chiriqui Province: Cuenca 102, Bug-
aba District, afluente Rio Chiriqui Viejo, PILA; PSPSCB-PILA-C102-2017-022;
8.90124°N, 82.61817°W; 2354 m a.s.l.; 17-21.vi.2017; E. Alvarez, E. Pérez, T.
Rios leg.; Malaise trap; MIUP-019-T-2023 (in alcohol).

Diagnosis. Neotrichia parajarochita sp. nov. is another member of the N. ca-
nixa group of Keth et al. (2015) based on the posterior horns from tergum X,
forked bracteole, and the forked apex of the phallus. In many respects, the new
species appears to be similar to N. jarochita Bueno-Soria, 1999 and N. palitla
Harris & Flint, 2016, both of which occur in Mexico, on the basis of the asym-
metrical horns of tergum X and the structure of the bracteole. Unlike these two
species, N. parajarochita has a sclerotized posterolateral process from seg-
ment IX and the inferior appendages are divergent in ventral view.

Description. Male. Total length 1.4 mm (n = 1), 18 antennal segments, wings
and body brown in alcohol. Genitalia (Fig. 12). Abdominal segment VIl annular.
Segment IX in lateral view ovate, rounded anteriorly and sinuate posteriorly, se-
tae-bearing lobe dorsally and fused with segment X, with upturned posterolat-
eral process mesally, narrowing distally to serrate apex; in ventral view anterior
margin emarginate, posterior margin incised mesally, with an oval mesal ex-
tension, and posterolateral processes laterad, narrow over length and curving.
Tergum X basally fused with segment IX, quadrate, posterior horns asymmetri-
cal, left horn twice as long as right; in lateral view segment X is truncated, distal
horn elongate and tapering to acute apex. Subgenital plate in lateral view, wide
basally, tapering distally to acute apex, which is slightly downturned; in ventral
view roundly triangular, abruptly narrowed distally forming rectangular mesal
extension flanked by pair of setae. Bracteole in lateral view wide anteriorly, bi-
fid posteriorly, thin dorsal branch slightly longer than triangular ventral branch,
each tipped with seta; in ventral and dorsal views wide basally, tapering distally.
Inferior appendage short in lateral view, widening at midlength, then tapering
to rounded apex; in ventral view bifid, outer process wide basally, narrowing
distally and strongly diverging, rectangular apically with lateral spike, inner pro-
cess shorter and narrower than outer process. Phallus tubular, constricted at
midlength and bearing thin paramere encircling shaft, apex forked, lower fork
strongly curving, ejaculatory duct protruding subapically.

Distribution. Panama: Chiriqui Province (Parque International La Amistad).

Etymology. This species is named for its resemblance to Neotrichia jarochita.
The name is an adjective used as a substantive in the genitive case.

Neotrichia paraxicana sp. nov.
https://zoobank.org/B577FA98-7BCD-4901-AE56-655F8843BE52
Fig. 13

Type locality. Panama: Veraguas Province: Cuenca 132, Santa Fe District,
Santa Fe NP, Quebrada Mulabd, Santa Fe NP, PSPSCB-PNSF-C132-2017-009;
8.52560°N, 81.12956°W; 623 m a.s.|.

Type material. Holotype: <&, PANAMA: Veraguas Province: Cuenca
132, Santa Fe District, Santa Fe NP, Quebrada Mulaba, Santa Fe NP, PSP-
SCB-PNSF-C132-2017-009; 8.52560°N, 81.12956°W; 623 m a.s.l.; 20.iv.2017; A.
Cornejo, T. Rios, C. Nieto leg.; UV light trap; MIUP-020-T-2023 (in alcohol).
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Figure 13. Neotrichia paraxicana sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, left lateral.

Other material examined. PANAMA * J; Veraguas Province: Cuenca 097, San-
ta Fe District, Santa Fe NP, Rio Piedra de Moler; PSPSCB-PNSF-C097-2017-012;
8.56553°N, 81.18817°W; 340 m a.s.l.; 20.iv.2017; A. Cornejo, T. Rios, E. Alvarez,
C. Nieto leg.; UV light trap - &; Panama Province: Panama Canal, date and local-
ity of collection illegible on label; D. Denning leg.

Diagnosis. Neotrichia paraxicana sp. nov. is another member of the N. ca-
nixa group of Keth et al. (2015) based on the posterior horns from tergum X,
forked bracteole, bifid inferior appendage, and the forked phallic apex. The new
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species is most similar to N. xicana (Mosely, 1937), reported from Mexico and
Panama (Holzenthal and Calor 2017), based on both having a posterolateral
process from segment IX, which is lobate apically. However, in the new species
this process is very short, and the phallic apex is multi-forked.

Description. Male. Total length 1.6-1.8 mm (n = 3), 18 antennal segments,
wings and body brown in alcohol. Genitalia (Fig. 13). Abdominal segment VIII
annular. Segment IX in lateral view generally ovate, rounded anteriorly, se-
tae-bearing lobe dorsally, posteriorly fused with segment X dorsally, incised
posteroventrally, short posterolateral process with multiple small lobes apical-
ly; in ventral view posterior margin deeply incised laterally, anteriorly margin
broadly incised; in dorsal view posterolateral process from IX visible as a curv-
ing, tapering process with subapical lobes laterally. Tergum X basally fused
with segment IX, posteriorly produced into pair of thick, symmetrical horns; in
lateral view distal horn is thin and tapering to acute apex. Subgenital plate in lat-
eral view, wide basally, tapering apically to rounded apex, with acute downward
pointing spike; in ventral view wide basally, rounded laterally to apicomesal ex-
tension bearing stout setae laterad. Bracteole in lateral view wide anteriorly,
bifid posteriorly, dorsal branch ~ 2x as long as ventral branch; in ventral and
dorsal views both branches wide basally, tapering to rounded apices. Inferior
appendage wide basally with narrow basal process ventrally, abruptly narrow-
ing at midlength and curving upward to thin, truncated apex; in ventral view bi-
fid, outer process elongate, wide basally and tapering to acute apices with inner
spike, inner process fused basally and narrow over length, shorter than outer
process. Phallus tubular, constricted at midlength and bearing thin paramere
encircling shaft, apex divided into four spine-like processes, ejaculatory duct
protruding subapically.

Distribution. Panama: Veraguas Province (Santa Fe National Park).

Etymology. This species is named for its overall resemblance to Neotrichia
xicana. The name is an adjective used as a substantive in the genitive case.

Neotrichia snixae sp. nov.
https://zoobank.org/073C61D3-B348-430C-B442-3792E6BBCFFE
Fig. 14

Type locality. Panama: Chiriqui Province: Cuenca 102, Renacimiento Dis-
trict, Reserva Privada Landis, Quebrada sin nombre, Location 1; 8.64379°N,
82.82949°W; 755 m a.s.l.

Type material. Holotype: &, PANAMA: Chiriqui Province: Cuenca 102, Re-
nacimiento District, Reserva Privada Landis, Quebrada sin nombre, Location T;
8.64379°N, 82.82949°W; 755 m a.s.l.; 15-31.iii.2020; M. Landis leg.; Malaise
trap; MUPADI-014-T-2023 (in alcohol).

Other material examined. PANAMA « ; Chiriqui Province: Cuenca 108, Bo-
quete District, Quebrada Jaramillo Abajo; 8.745827°N, 82.418083°W; 1054 m
a.s.l; 6.ii.2019; K. Castillo leg.; UV light trap.

Diagnosis. Neotrichia snixae sp. nov. is a member of the N. canixa group
of Keth et al. (2015) based on the posterior horns from tergum X and the
forked bracteole. The horns are asymmetrical, which is similar to that seen in
N. malickyi Harris & Tiemann, 1993 from Panama and N. jarochita Bueno-Soria,
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Figure 14. Neotrichia snixae sp. nov., male holotype, genitalia A, left lateral B ventral C dorsal D phallus, dorsal E phallus
apex, lateral.

1999 from Mexico, both of which have the right horn longer than that of the left.
The new species differs in the presence of a sclerotized posterolateral process
from segment IX, which is also seen in N. juani Harris & Tiemann, 1993 from
Texas and N. unamas Botosaneanu (in Botosaneanu and Alkins-Koo 1993),
which occurs in Panama, and in the shape of the end of the phallus.
Description. Male. Total length 1.9 mm (n = 2), 18 antennal segments, wings
and body brown in alcohol. Genitalia (Fig. 14). Abdominal segment VIII annu-
lar. Segment IX in lateral view anteriorly rounded, incomplete posteriorly, fused
with X dorsally, mesally with sclerotized posterolateral process which narrows
distally; in dorsal view fused posteriorly with X, pair of setaceous lobes later-
ally, anteriorly with rounded incision, lateral processes dissimilar in length and
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shape; in ventral view with deep mesal incision. Tergum X basally fused with
segment IX, quadrate, posterior horns asymmetrical, right horn longer than left
and thicker, curving inward distally; in lateral view ventral horn twice as long
as dorsal horn. Subgenital plate in lateral view wide basally, tapering distally
to divided apex, dorsally with stout seta, ventrally with elongate downturned
process which is apically acute; in dorsal and ventral views wide basally, elon-
gate posteromesally, rounded laterally. Bracteole in lateral view bifid posteri-
orly, ventral branch longer than dorsal, each tipped with stout seta; in dorsal
and ventral views branches unequal in length, wide basally tapering distally.
Inferior appendage wide basally, gradually tapering distally to rounded slight-
ly upturned apex, narrow ventral process basally; in ventral view wide basally,
curving on inner margin to rounded apex, mesal process tapering distally and
bearing stout seta. Phallus tubular, constricted at midlength and bearing thin
paramere encircling shaft, apically sclerotized with narrow apical incision form-
ing unequal branches, similar in appearance to a can-opener; in lateral view
apex divided into pair of elongate, thin processes.

Distribution. Panama: Chiriqui Province (Reserva Privada Landis; Boquete
District).

Etymology. Named for Dr. Shannon Nix, friend and colleague of the first au-
thor in recognition of her outstanding teaching while at Clarion University and
her many scientific contributions to ecology and mycology. The name is a noun
in the genitive case.

Neotrichia spangleri sp. nov.
https://zoobank.org/FSABEE1A-A42C-4192-9A98-1615AD3B938D
Fig. 15

Type locality. Panama: Chiriqui Province: Cuenca 108, Boquete District,
Bajo Boquete, Quebrada Cheche, Hotel Fundadores; 8.77195°N, 82.43308°W;
1200 m a.s.l.

Type material. Holotype: 4, PANAMA: Chiriqui Province: Cuenca 108, Boquete
District, Bajo Boquete, Quebrada Cheche, Hotel Fundadores; 8.77195°N,
82.43308°W; 1200 m a.s.l.; 29.v.1983; P. Spangler, R. Faitoule, W. Steiner leg;
MUPADI-015-T-2023 (in alcohol). Paratype. PANAMA * &; same as holotype;
MUPADI-016-T-2023 (in alcohol).

Other material examined. PANAMA - 2 4J; Chiriqui Province: Cuenca 104,
Bugaba District, La Concepcidn, Rio Guigala, Puente antiqua vias del Ferrocar-
ril; 8.51845°N, 82.64280°W; 209 m a.s.l; 12.iii.2021; T. Rios, Y. Aguirre leg.; UV
light trap « 2 4&; ibid., except Cuenca 108, Boquerdn District, Rio Chirigagua,
Puente antes de llegar al Hotel Los Delfines; 8.48139°N, 82.54788°W; 128 m
a.s.l.; 12.iv.2021; T. Rios, Y. Aguirre leg.; UV light trap * 4 3J; ibid., except David
District, San Pablo Viejo, puente via Interamericana antes de llegar a la en-
trada de Bagala, Rio Platanal; 8.46416°N, 82.52030°W; 84 m a.s.l.; 12.ii.2021;
T. Rios, Y. Aguirre leg.; UV light trap « J; ibid., except 12.iii.2021 - 2 3J; ibid.,
except 12.iv.2021 - 11 8J; ibid., except 6.x.2021 - 4 £ J; ibid., except 6.xi.2021
+ 2 43; Darién Province; Cuenca 156, Chepigana District, PND, Rio Tuira, Boca
de Cupe; 8.01732°N, 77.72417°W; 150 m a.s.l.; 18.ii.1985; leg. not given; UV
light trap (NMNH).
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Figure 15. Neotrichia spangleri sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, dorsal.

Diagnosis. The pair of spines at the phallic apex and the posterolateral pro-
cess from segment IX places this species in the N. collata group of Keth et al.
(2015) with similarity to N. hiaspa (Mosely, 1937) and N. carlsoni Harris & Ar-
mitage, 2019, both of which occur in Panama. The new species is separated by
the shorter and wider inferior appendage, the rounded posterolateral process
from segment IX, which is thin and acute in the other species, and the structure
of the subgenital plate.

Description. Male. Total length 1.3-1.5 mm (n = 10), 18 antennal segments,
wings and body brown in alcohol. Genitalia (Fig. 15). Abdominal segment VIII
annular. Segment IX in lateral view anteriorly tapering to an elongate apodeme,
posteriorly widening mesally, which gives rise to a rounded posterolateral
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process; ventrally deeply incised anteriorly, posteriorly with lateral incisions
forming mesal ovate structure; posterolateral processes thin, tapering to acute
apices; dorsally with posterior shallowly incised laterally, setose mesally. Seg-
ment X in lateral view tapering to acute distal point; in dorsal view wide basal-
ly, rounded laterally to truncate apex. Subgenital plate in lateral view narrow,
apex downturned and acute; in dorsal and ventral view wide basally, apex with
mesal emargination, flanked by pair of setae. Bracteole in lateral view narrow
basally, widening distally to rounded apex; in ventral and dorsal views nearly
parallel-sided, curving on outer margin. Inferior appendage short, wide basally,
tapering distally to broadly pointed apex; in ventral view rectangular, apex ta-
pered to rounded point. Phallus in dorsal view tubular, bearing short paramere
encircling shaft at midlength, apex with pair of elongate sclerotized rods fused
basally, one rod ~ 1/2 length of other and curved.

Distribution. Panama: Chiriqui Province (Boquerén, Boquete, and Bugaba
districts); Darién Province (Chepigana District).

Etymology. The species name honors the memory of Dr Paul Spangler of the
National Museum of Natural History, who collected some of the specimens.
The name is a noun in the genitive case.

Neotrichia veraguasensis sp. nov.
https://zoobank.org/215B4D9D-9270-49E4-8481-3F273FC34106
Fig. 16

Type locality. Panama: Veraguas Province: Cuenca 132, Santa Fe District,
Santa Fe NP, Quebrada Mulabg; PSPSCB-PNSF-C132-2017-009; 8.52560°N,
81.12956°W; 623 m a.s.l.

Type material. Holotype: &, PANAMA: Veraguas Province: Cuenca 132, Santa
Fe District, Santa Fe NP, Quebrada Mulaba; PSPSCB-PNSF-C132-2017-009;
8.52560°N, 81.12956°W; 623 m a.s.l.; 20.iv.2017; A. Cornejo, T. Rios, E. Alvarez,
C. Nieto leg.; UV light trap; MIUP-021-T-2023 (in alcohol).

Other material examined. PANAMA « ; ibid., except Rio Piedra de Moler; PSP-
SCB-PNSF-C097-2017-012; 8.56553°N, 81.18817°W; 340 m a.s.l; 20.iv.2017;
MIUP (in alcohol).

Diagnosis. This new species, which lacks spines at the phallic apex, is placed
in the N. okopa group of Keth et al. (2015), with closest similarity to N. abbrevi-
ata Flint, 1983 from Uruguay and N. okopa Ross, 1939 from throughout North
America. The new species is separated by the triangular inferior appendage in
lateral view, and the lack of a posterolateral process from segment IX.

Description. Male. Total length 1.6 mm (n = 2), 18 antennal segments, wings
and body brown in alcohol. Genitalia (Fig. 16). Abdominal segment VIIl annu-
lar. Segment IX in lateral view anteriorly tapering to short apodeme, posteriorly
rounded, short truncate lobe posteroventrally; ventrally divided into two posteri-
or bands; dorsally with anterior margin incised, posterior shallowly emarginate.
Segment X triangular in lateral view; in dorsal view fused basally with segment
IX, posteriorly sinuate on lateral margin and tapering to rounded apex. Subge-
nital plate in lateral view narrow basally, ventral margin with large sclerotized
lobe at midlength, upper margin straight distally, abruptly tapered posteriorly
to rounded apex bearing stout seta; in ventral view wide and rounded laterally
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Figure 16. Neotrichia veraguasensis sp. nov., male holotype, genitalia A left lateral B ventral C dorsal D phallus, ventral.

to truncate apex, with setae laterally. Bracteole in lateral view parallel-sided to
rounded apex; in ventral and dorsal views straight, narrow over length. Inferior
appendage triangular and sclerotized; in ventral view divergent, lateral margin
curving, inner margin straight, round lobe at midlength, basally with elaborate
thin sclerites. Phallus in dorsal view tubular, bearing short paramere encircling
shaft at midlength, apex rectangular with ejaculatory duct protruding mesally.
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Distribution. Panama: Veraguas Province (Santa Fe National Park).
Etymology. This species is named for Veraguas Province where the male
holotype was collected. The name is a noun in the genitive case.

New country records

Neotrichia minutisimella (Chambers, 1873)

Material examined. PANAMA - J&; Veraguas Province: Cuenca 097, PNSF, aflu-
ente sin nombre de Rio Calovebora; PSPSCD-PNSF-C097-2017-011; 8.55343°N,
81.17675°W; 395 m a.s.l.; 20.iv.2017; A. Cornejo, T. Rios, E. Alvarez, C. Nieto
leg.; UV light trap.

Note. This is a new country record for Panama and a significant extension of
its southern range (formerly Texas, U.S.A)).

Distribution. Canada: Manitoba; Panama: Veraguas Province (Santa Fe Na-
tional Park); U.S.A.: Alabama, Arkansas, Florida, Georgia, lllinois, Indiana, Kan-
sas, Kentucky, Louisiana, Minnesota, Mississippi, Missouri, North Carolina,
Oklahoma, South Carolina, Texas.

Neotrichia vibrans Ross, 1944
Figs 17,18

Material examined. PANAMA ¢« 27 3J, 25 Q9Q; Chiriqui Province: Cuenca
108, David, UNACHI-Jardin Botanico, El Cabrero, nr Quebrada San Cristobal;
8.434060°N, 82.451930°W; 45 m a.s.l; 19.iv—3.v.2021; Y. Aguirre, T. Rios leg;
Malaise trap * 22 34, 23 29, ibid., except 5-19.iv.2021 - £; Panama Oeste
Province: Cuenca 115, Chame District, Altos de Campana NP, Rio Sajalices;
PSPSCB-PNAC-C115-2018-030; 8.67625°N, 79.89748°W; 194 m a.s.l; 27-
31.v.2018; E. Pérez, C. Nieto, M. Molinar, T. Rios leg.; Malaise trap.

Female (Fig. 18). The female of N. vibrans is slightly larger than the males,
with total length from 2.0 to 2.5 mm compared to 1.8 to 2.0 mm, both having
18 antennal segments and the wings and body are brown in alcohol. Abdominal
sternite VIII has a heavily sclerotized square plate (Fig. 18A), with a thin ridge on
the posterior margin that narrows to an acute posteromesal point, which proj-
ects downward in lateral view, anteriorly the plate margin is rounded with a thin
sinuate internal structure. The bursa copulatrix lies under the sclerotized plate of
segment VIII and details are difficult to discern, but it is generally rectangular in
shape, the genital chamber narrowing posteriorly to an acute point, genital cham-
ber broadly incised anteriorly producing a pair of “feet” with heavily sclerotized
inner margins, these “feet” extend posteriorly forming a mesal sclerite (Fig. 18B).

Note. This is a new country record for Panama. In addition, it is a significant
southern extension of the species range, which formerly was northern Mexico.
The male of this species is here re-illustrated (Fig. 17) because the figures in
Keth et al. (2015) do not clearly depict the lateral view of this species. The pos-
terolateral processes from abdominal segments IX and X are difficult to see in
those drawings and the bracteole is obscured by the process from IX. As well,
the figure for N. vibrans in Ross (1944) lacks a lateral view and the phallus is
shown as the apex having a pair of lobes bearing stout spines. These lobes and
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Figure 17. Neotrichia vibrans Ross, male genitalia A left lateral B ventral C dorsal D phallus, dorsal E phallus, lateral.

spines, which are also used as characters in the diagnostic key in Ross (1944),
belong to the apex of the subgenital plate, with the phallus lacking apical spines.

Females of other species from the N. vibrans group of Keth et al. (2015) also
have a sclerotized plate on the sternum of segment VI, including Neotrichia
sp. B (in Botosaneanu and Alkins-Koo 1993), which was tentatively identified
as N. armata Botosaneanu, 1993, N. iridescens Flint, 1964, and N. soleaferrea
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Figure 18. Neotrichia vibrans Ross, female genitalia A ventral B bursa copulatrix, ventral.

Botosaneanu (in Botosaneanu and Hyslop 1998). However, other members of
this group have the females unidentified, or in the case of N. heleios Flint, 1968
the sternum of sternite VIl lacks a sclerotized plate. Also, with the exception of
N. soleaferrea, the structure of the bursa copulatrix appears to be much differ-
ent than that seen in N. vibrans.

The ventral plate on sternite VIl is not a characteristic unique to the N. vibrans
group. Females in other groups have a distinctive sclerotized plate, e.g., N. mar-
gararitena Botosaneanu (in Botosaneanu and Viloria 2002) of the N. biuncifera
group (Marshall 1979). Also, females for several members of the N. caxima
group, including N. nesiotes Flint & Sykora, 1993, N. mentonensis Frazer & Har-
ris, 1991, N. rasmusseni Harris & Keth, 2002, and N. armitagei Harris, 1991 share
this trait. In addition, many members of the N. caxima group also have females
with the structure of the bursa copulatrix very similar to that seen in the female
of N. vibrans (Harris and Rasmussen 2010).

Considering the above variation and overlap of characters, more asso-
ciations are needed to facilitate a detailed comparison and delineation of
Neotrichia females before we can adequately diagnose any females definitive-
ly. The descriptive text for N. vibrans above is a contribution toward that future
comparison. Finally, we were fortunate in being able to associate the female of
N. vibrans with the male because individuals of both sexes were found, in quan-
tity, together in the absence of any other congeners in a non-natural botanical
garden site. Most natural stream sites we have sampled in Panama have 2-7
species present in the same sample, making associations more difficult.

Distribution. Mexico: Chihuahua; Panama: Chiriqui Province (David District);
U.S.A.: Alabama, Arkansas, Florida, Georgia, lllinois, Kansas, Kentucky, Maine,
Minnesota, Mississippi, Missouri, New Hampshire, New York, Ohio, Oklahoma,
South Carolina, Tennessee, Texas, Virginia, West Virginia, Wisconsin.
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Key to the males of Neotrichia in Panama

Species of Neotrichia are difficult to identify given their tiny size, which var-
ies from 1 to 3 mm, and the complex genitalia, on which identifications are
dependent. The small size often necessitates that specimens are mounted
on slides and observed at high magnification. Drawings are likewise prepared
from these slide-mounted specimens. Two broad characters are often useful
in making species determinations: small terminal horns located on the apex
of tergum X and the presence of a posterolateral process from segment IX,
which is often sclerotized. When the terminal horns are present, characters
of the bracteoles, inferior appendages and phallus become important. When
a posterolateral process from segment IX is present, then the appearance of
these processes and their location and point of origin, the bracteoles, phallus,
and inferior appendages all provide useful characters. For example, the pos-
terolateral process can be mesal as in N. honda and N. parajarochita, dorsal as
in N. landisae and N. paraxicana, and ventral as in N. lenati. In some instances,
what appears to be a process from segment IX is actually a part of the sub-
genital plate, or another structure. For simplicity and ease of using this key,
we have termed what appears to be a posterior extension of segment IX as a
posterolateral process.

1 Inferior appendages fused mesally into a plate, which is evident in ventral

view (Fig. 17B; Keth et al. 2015: fig. 85C) .....ooveivieiiiieiiieieeeeeeeeeie 2
- Inferior appendages separate, not fused mesally as seen in ventral view
(Figs 2B, 4B, T3B, T5B) .....cuiiiieiiieieiieieieieeeeeeeie et 3

2 Inferior appendages fused into an elongate rectangular plate (Keth et al.
2015: fig. 85C); abdominal segment VIII without a ventromesal process
(Keth et al. 2015: fig. 85A) ......cocvevenee. N. minutisimella (Chambers, 1873)

- Inferior appendages fused into an ovate plate (Fig. 17B); abdominal seg-
ment VIIl with a prominent ventromesal process (Fig. 1T7A,B) ......ccceuvnn...
....................................................................................... N. vibrans Ross, 1944

3 Horns from posterior tergum X, which vary in shape and size (Figs 10C, 12C,
14C), and may be symmetrical (Figs 3C, 13C) or asymmetrical (Figs 12C,
14C); phallus sharply narrowing apically, often bifid and recurving (Figs 3D,
11D, 12D, 13D); bracteoles typically bifid (Figs 3A, 10A, 12A, 14A).............. 4

- Horns absent from posterior tergum X (Figs 2C, 4C, 5C, 6C), although in
some species the posterolateral projection from segment IX may appear
to be horn-like (Fig. 8A; Armitage and Harris 2018: fig. 7A, B; Harris and
Armitage 2019: fig. 16A); phallus apex various, but typically not bifid and
recurved (Figs 2D, 4D, 6D, 9D, 15D), bracteoles various, but not typically bifid

(Figs 2A, 4A, 5A, 7A, T5A, TOA) ... 20
4 Horns from posterior tergum X asymmetrical (Figs 12C, 14C).................... 5
- Horns from posterior tergum X symmetrical (Figs 3C, 10C, 11C)................ 7

5 Left-side horn of posterior tergum X longer than right-side horn (Fig. 12C);
posterolateral process from segment IX present (Fig. 12A) ........cccoevevevenenne.
................................................................................... N. parajarochita sp. nov.

- Right-side horn of posterior tergum X longer than left-side horn (Fig. 14C,
Harris and Tiemann 1993: fig. 2C); posterolateral process from segment IX
present (Fig. 14A) or absent (Harris and Tiemann 1993: fig. 2A.................. 6
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10

11

12

13

Posterolateral process from segment IX present; ventral branch of brac-
teole longer than dorsal branch (Fig. T4A) ........ccccoeveuene.. N. snixae sp. nov.
Posterolateral process from segment IX absent (Harris and Tiemann 1993: fig.
2A); dorsal branch of bracteole longer than ventral branch (Harris and Tiemann
1993:fig. 2A) ... N. malickyi Harris, 1993 (in Harris and Tiemann 1993)
Linear posterior process from segment IX present (Fig. 13A).........cccov...... 8
Linear posterior process from segment IX absent (Armitage and Harris
20782 fIgS 5A, BA) .o 12
Linear posterior process from segment IX short, not extending beyond
horns in lateral view (Fig. 1T3A) ......ccooovveviivieieeernne, N. paraxicana sp. nov.
Linear posterior process from segment IX elongate, extending beyond
horns in lateral view (Harris and Armitage 2019: fig. 15A; Keth et al. 2015:
FIG. 22 et 9
Linear posterior process from segment IX serrate (Harris and Armitage
2019: fig. 15A), or lobate or cleft distally (Keth et al. 2015: fig. 22A) ........ 10
Linear posterior process from segment IX not serrate, or lobate or cleft dis-
tally (Fig. 11A, Keth et al. 2015: fig. 2TA) ..oioviieieiieeeeeeeee e 11
Linear posterior process from segment IX in lateral view serrate on dorsal
margin (Harris and Armitage 2015: fig. 14A); subgenital plate in lateral view
gradually tapering distally (Harris and Armitage 2015: fig. 15A); inferior ap-
pendage in ventral view with outer process curving inward at apex, inner
process elongate (Harris and Armitage 2015: fig. 15B) .....cccoooveiieveiciinnn,
................................................................. N. serrata Harris & Armitage, 2019
Linear posterior process from segment IX not serrate on distal margin, cleft
or lobate distally (Keth et al. 2015: fig. 22A); subgenital plate in lateral view
abruptly curving ventrad apically (Keth et al. 2015: fig. 22A); inferior ap-
pendage in ventral view with outer process straight, inner process short
(Keth et al. 2015: fig. 22B)......ccoveieereeeriieeenee. N. xicana (Mosely, 1937)
Linear posterior process from segment IX widening distally and setose on
margin (Keth et al. 2015: fig. 11A); subgenital plate in lateral view narrowing
distally (Keth et al. 2015: fig. 11A); small rounded median process between
inferior appendages in ventral view (Keth et al. 2015: fig. 11C) ....cccoeveneeee.
.................................................................................. N. canixa (Mosely, 1937)
Linear posterior process from segment IX saber-like, narrowing distally
and without setose margin (Keth et al. 2015: fig. 21A); subgenital plate in
lateral view widening distally and truncate (Keth et al. 2015: fig. 21A); large
triangular process between inferior appendages in ventral view (Keth et al.
2075610, 22C) oot
..... N. unamas Botosaneanu, 1993 (in Botosaneanu and Alkins-Koo 1993)
Dorsal branch of bracteole shorter than ventral branch (Keth et al. 2015:
fig. 20A); subgenital plate trifid distally in lateral view, ventral-most branch
elongate (Keth et al. 2015: fig. 20A).................. N. tauricornis Malicky, 1980
Dorsal branch of bracteole longer than ventral branch, which may be vesti-
gial (Figs 3A, 10A, 13A); subgenital plate various, but not trifid distally (Figs

TOA, TBA) ettt 13
Bracteole with ventral branch = % as long as dorsal branch (Fig. 3A, Armit-
age and Harris 20T8: fig. BA) .....ouoiiieiieieiieeeeeeeieeeeee e 14
Bracteole with ventral branch < % as long as dorsal branch and in some
cases vestigial (Figs TOA, TTA) ..o 17
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14

15

16

17

18

19

20

Inferior appendage in lateral view with dorsal hump at midlength (Armitage
and Harris 2018: fig. 6A); horns of tergum X elongate and deeply divided to
base (Armitage and Harris 2018: fig. 6B) .......ccocveveiriiveirieieeeeeeeeeees
.......................................................... N. collierorum Armitage & Harris, 2018
Inferior appendage in lateral view parallel-sided (Armitage and Harris 2018:
figs 3A, 5A); horns of tergum X shorter and not deeply divided to base
(Armitage and Harris 2018: figs 3C, 5B) .....c.cooevveieiiieieiceeeeceeeeee 15
Phallus apex undivided, narrowing to elongate slender process (Armitage
and Harris 2018: fig. 5D); ventral branch of bracteole short (Armitage and
Harris 2018: fig. 5A) ..ooevveiiiieicin N. anzuelo Armitage & Harris, 2018
Phallus apex divided (Harris et al. 2023: figs 3D, 4D); ventral branch of brac-
teole elongate (Harris et al. 2023: figs 3A, 4A).....cccovivveeiereieereeeeeee 16
Inferior appendage in lateral view saber-shaped (Harris et al. 2023: fig. 4A),
ventrally narrower at base than at midlength (Harris et al. 2023: fig. 4B); phal-
lus apex with serrations on upper branch (Harris et al. 2023: fig. 4D); subge-
nital plate in lateral view narrowing distally and projecting ventrad (Harris et
al. 2023:fig. 4A) ..o N. majagua Harris, Rios & Aguirre, 2023
Inferior appendage in lateral view cigar-shaped (Fig. 3A), ventrally wider
at base than at midlength (Fig. 3B); phallus apex without serrations on
upper branch (Fig. 3D); subgenital plate in lateral view can-opener shape
(Fig. BA) it N. candela sp. nov.
Phallus apex with single elongate process with small notch near base
(Fig. 10D, Armitage and Harris 2020: fig. 10D, E) ....coovevevivieieiieiieieee, 18
Phallus apex clearly divided into two processes (Fig. 11D, Harris and Armit-
A0 2075:f19. AD) .o 19
Posterior horns from tergum X strongly curving inward (Fig. 10C); phal-
lus apex in dorsal view with elongate thin process (Fig. 10D); median pro-
cess between inferior processes in ventral view large and pointed distally
(Fig. TOB)..vouieeeiieteieeieteeiet e N. mindyae sp. nov.
Posterior horns from tergum X not strongly curving inward (Armitage and
Harris 2020: fig. 10B); phallus apex in dorsal view with short curving pro-
cess (Armitage and Harris 2020: fig. 10E); median process between inferior
appendages in ventral view short and rounded distally (Armitage and Harris
2020: fig. TOC) .ooveveveciieeeeeieeeee N. michaeli Armitage & Harris, 2020
Dorsal branch of inferior appendage in lateral view curving and widening
apically (Harris and Armitage 2015: fig. 4A); inferior appendages in ventral
view with outer processes longer than inner processes and curving, median
process short and truncate (Harris and Armitage 2015: fig. 4C) ...................
............................................................... N. pamelae Harris & Armitage, 2015
Dorsal branch of inferior appendage in lateral view not curving and widen-
ing sub-basally (Fig. 11A); inferior appendages in ventral view with outer
process equal in length to inner processes and straight, median process
elongate and triangular (Fig. 11B).....ccccocveevevevrennnen. N. panamensis sp. nov.
Posterolateral process from segment IX, which takes different forms, from
elongate (Fig. 8A—C; Harris and Armitage 2019: fig. 16A-C) to short (Figs 5A,
15A) or lobate (Figs 6A, 9A), usually this process can be seen in both lateral

and dorsal view, and is typically sclerotized (Figs 7A-C, 8A-C)................... 21
Posterolateral process from segment IX absent (Fig. 16A-C; Harris 1990:
fig. 8A; Thomson and Armitage 2018: fig. 8A) .....ccocevveivveeeeeiceeeeee 36
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21 Posterolateral process from segment IX elongate, exceeding length of infe-
rior appendage and bracteole, heavily sclerotized and narrowing distally to
an acute point (Fig. 8A; Harris and Armitage 2019: fig. 16A; Armitage and
Harris 20T18: fig. 7A) .eoovieieeeeceeeeeeeeee e 22

- Posterolateral process from segment IX shorter, typically not exceeding
length of inferior appendage and bracteole (Fig. 15A), although it may
be spinose (Harris and Armitage 2019: fig. 12A); if longer than bracteole
and inferior appendage then not spinose (Fig. 6A; Harris et al. 2023: fig.

22 Inferior appendage in lateral view wide basally, greatly tapering distally to
uniform width (fig. 13A in Harris and Armitage 2019); phallus apex divided
into elongate spines (Harris and Armitage 2019: fig. 13D, E).....cccoeveveuennenee.
.................................................................................. N. hiaspa (Mosely, 1937)

- Inferior appendage various but not wide basally and tapering distally
(Fig. 8A; Armitage and Harris 2018: fig. 7A); phallus apex various, but not
divided into elongate spines (Fig. 8D).......c.cccooevveiiieieieiieieeeeeeeeeees 23

23 Elongate, thin ventroposterior process from segment XI; subgenital plate in
lateral view with elongate ventral process (Armitage and Harris 2020: fig.
T2A) oo N. yayas Armitage & Harris, 2020

- Elongate, thin, ventroposterior process from segment IX absent (Fig. 8A);
subgenital plate in lateral view various, but without elongate ventral pro-
CESS (FIG. BA) .ottt 24

24 Posterolateral processes from segment IX nearly symmetrical in dorsal
view (Fig. 8B; Harris and Armitage 2019: fig. 15C); inferior appendage in
lateral view not deeply incised dorsally at midlength (Fig. 8A; Harris and
Armitage 20719: fig. TOA) ..ooviuiieieieieeeeeee e 25

— Posterolateral processes from segment IX asymmetrical in dorsal view (Ar-
mitage and Harris 2018: fig. 7B); inferior appendage in lateral view deeply
incised dorsally at midlength (Armitage and Harris 2018: fig. 7A) ................
................................................................ N. tatianae Armitage & Harris, 2018

25 Posterolateral process from segment IX sinuate in lateral and dorsal view
(Harris and Armitage 2019: fig. 16A-C); inferior appendage in lateral view
elongate, tapering distally (Harris and Armitage 2019: fig. 16A); bracteole
prominent (Harris and Armitage 2019: fig. T6A) ......c.covveveivieieiieeeeeen
.................................................................... N. starki Harris & Armitage, 2019

— Posterolateral process from segment IX linear in lateral and dorsal views
(Fig. 8A-C); inferior appendage in lateral view short and truncate distally
(Fig. 8A); bracteole not prominent (Fig. 8A) ................... N. landisae sp. nov.

26 Posterolateral process from segment IX spinose, heavily sclerotized and
tapering distally (Fig. 7A; Armitage and Harris 2020: fig. 9A; Armitage and

Harris 2020: fig. TTA) couiiieiieeeeeeeeee ettt 27
— Posterolateral process from segment IX various, but not spinose of heavily
sclerotized (Figs 4A, 6A, 9A, T5A) ..o 32
27 Phallus apex divided into pair of elongate spines (Fig. 7D; Armitage and
Harris 2020: fig. 9D, E)...ovvvevieierieiiieieeeieteeeteee ettt 28
- Phallus apex not divided into pair of elongate spines (Armitage and Harris
2020: fig. 11D; Keth et al. 2015: fig. 55B).....cccveiirieiiieieiieeeieeeeee, 29

28 Segment IX in lateral view with elongate mesal process (Armitage and
Harris 2020: fig. 11A); inferior appendage bifid in lateral and ventral views
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29

30

31

32

33

34

35

36

37

(Armitage and Harris 2020: fig. TTA, B) ..ooveveioiieeiceeeeeeeeeeeeee e
..................................................... N. pierpointorum Armitage & Harris, 2020
Segment IX in lateral view without elongate mesal process (Keth et al.
2015: fig. 55A); inferior appendage rectangular, but not bifid in lateral and
ventral views (Keth et al. 2015: fig. 55A-C)........ N. esmalda (Mosely, 1937)
Inferior appendage in lateral and ventral views elongate and thin, not heav-
ily sclerotized (Harris and Armitage 2019: fig. 12A, B; Armitage and Harris
2020:f1g. OA, B)..oeeeeeeeeee e 30
Inferior appendage in lateral and ventral views short and triangular, heavily
sclerotized Fig. 7A, B)...vovoiivieeieieeeeeeeeeeeeeeeee N. honda sp. nov.
Two posterolateral sclerotized processes from segment IX (Armitage and
Harris 2020: fig. 9A—C); apical phallic spines equal in length (Armitage and
Harris 2020: fig. 9D, E)....ccovevvevrerenn, N. espinosa Armitage & Harris, 2020
Single posterolateral process from segment IX (Harris and Armitage 2019:
fig. 12A-C); apical phallic spines unequal in length (Harris and Armitage
2019:fig. 12D, E) v N. carlsoni Harris & Armitage, 2019
Phallus with pair of sclerotized spines (Figs 4D, E, 5D, E, 15D)................... 32
Phallus with single sclerotized spine (Fig. 6D; Harris et al. 2023: fig. 15D, E)
or lacking sclerotized spines (Fig. 9D) ......c.ccccoevveieiiieieiceeeeeeeeee e 34
Phallic apical spines terminal (Figs 5D, E, 15D); inferior appendage shorter
than bracteole and linear (Figs 6A, T5A)........cccoeiieviieieeeeeeeeieie e 33
Phallic apical spines subterminal (Fig. 4D, E); inferior appendage longer than
bracteole and angled dorsad at midlength (Fig. 4A)............ N. codaza sp. nov.
Phallic apical spines short and nearly equal in length (Fig. 5D, E); inferior ap-
pendage bifid in lateral and ventral views (Fig. 5A, B) ........... N. embera sp. nov.
Phallic apical spines elongate and subequal in length (Fig. 15D); inferior
appendage not bifid in lateral and ventral views (Fig. 15A, B)......ccccccvvvevennnne.
.......................................................................................... N. spangleri sp. nov.
Phallus with sclerotized spine (Fig. 6D; Harris et al. 2023: 5D, E); postero-
lateral process from segment IX elongate, extending beyond bracteole and
dorsal in position (Fig. 6A; Harris et al. 2023: fig. 5A)........ccooveviiviieiernn. 35
Phallus without sclerotized spine (Fig. 9D); posterolateral process from
segment IX short, not extending beyond bracteole and ventral in position
(FIg. OA) ot N. lenati sp. nov.
Posterolateral process from segment IX widening distally and serrate (fig.
5A, B in Harris et al. 2023); phallic spine originating apically (Harris et al.
2023:fig. 5D, E) ecvveveeeieeeee N. solapa Harris, Rios & Aguirre, 2023
Posterolateral process from segment IX not widening distally or serrate (Fig.
6A, B); phallic spine originating at midlength (Fig. 6D)..... N. flennikeni sp. nov.
Inferior appendages in lateral view with serrate dorsal process just past
midlength (Harris and Armitage 2015: fig. 5A).....ccccviiiieineeeeeeeee,
.......................................................... N. parabullata Harris & Armitage, 2015
Inferior appendages various but never with a serrate dorsal process just
past midlength (Figs 2A, 16A; Harris 1990: fig. 8A) .....ccccccevvvveecvrieiienenn 37
Inferior appendages short in lateral view, not extending much beyond sub-
genital plate or bracteoles (Fig. 2A; Thomson and Armitage 2018: fig. 6A;
Keth et al. 20715: fig. 42A) ..o 38
Inferior appendages elongate in lateral view, typically extending well beyond
the subgenital plate and bracteoles (Fig. 16A; Harris 1990: fig. 8A)............... 11
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38 Bracteole in lateral view large and nearly circular in shape (Thomson and

Armitage 2018: fig. 6A) ....cccoovevevnenee. N. atopa Thomson & Armitage, 2018
— Bracteole in lateral view thin over length, not nearly circular (Fig. 2A; Keth et
Al 2075:f1G. A2A)...eieieeeeeeeeeee s 39
39 Inferior appendage in ventral view terminating in elongate spines (Keth et
al. 2015: fig. 76C) or short spines (Keth et al. 2015: fig. 42C).................... 40
— Inferior appendage in ventral view not terminating in elongate or short
SPINES (Fig. 2B) ...voviieieiieeiieeeeeee e N. abrebotella sp. nov.

40 Inferior appendage in ventral view terminating in elongate spines (fig. 76C in
Keth et al. 2015); phallus with elongate lateral rod apically (Keth et al. 2015: fig.
76B) .... N. armata Botosaneanu, 1993 (in Botosaneanu and Alkins-Koo 1993)

- Inferior appendages in ventral view terminating in short spines (Keth et
al. 2015: fig. 42C); phallus without elongate lateral rod apically (Keth et al.
2075:fig. 42B) .o N. amplector Keth, 2004

41 Phallus terminating in a spine (Harris and Armitage 2019: fig. 14D) or spines
(Harris 1990: fig. 8D; Keth et al. 2015: fig. 53B) ....cccoevveieiicieeceeeei, 42

- Phallus not terminating in a spine or spines (Fig. 16D; Keth et al. 2015:
F1G. B3B) ettt ettt 44

42 Phallus terminating in a single spine (Harris and Armitage 2019: fig. 14D);
subgenital plate in lateral view with complex terminal rod projecting ven-
trad beyond inferior appendage and subterminal rod serrate at tip (Harris
and Armitage 2019: fig. 14A)................ N. rambala Harris & Armitage, 2019

- Phallus terminating in a pair of rods which can be fine (Harris 1990: fig. 8D),
or stout (Keth et al. 2015: fig. 53B); subgenital plate various but not com-
plex (Harris 1990: fig. 8A; Keth et al. 2015: fig. 53A) ....ccoovivveieiieieeeine, 43

43 Rods at apex of phallus stout and elongate (Keth et al. 2015: fig. 53B); infe-
rior appendages not bifid laterally, but triangular in ventral view (Keth et al.
2015:fig. 53A=C).covevrvieeeeieeeeeee e N. tuxtla Bueno-Soria, 1999

- Rods at apex of phallus thin and short (Harris 1990: fig. 8D); inferior ap-
pendages bifid laterally and elongate ventrally (Harris 1990: fig. 8A, B) .......
.................................................................................... N. flowersi Harris, 1990

44 Inferior appendages short and triangular in lateral view (Fig. 16A) and ven-
tral view (Fig. T6B)......cccveivereiiciiiceeieeeee N. veraguasensis sp. nov.

— Inferior appendages elongate and rectangular in lateral and ventral views
(Olah and Johanson 2011: figs 144, 146).... N. kampa Olah & Johanson, 2011

Discussion

With the publication of this paper, there are now 226 species of Neotrichia which
occur in North, Central, and South America and the West Indies (Armitage et
al. 2022; Gama-Neto and Passos 2023; Harris et al. 2023; Thomson 2023). Of
these, 31 species are known from Mexico and 50 species from Central America,
with Panama'’s 45 species comprising the majority of the latter. We suspect that
many of Panama’s 33 endemic species of Neotrichia would lose that status
once the Trichoptera fauna in the other Central American countries becomes
better known. Other than Belize, with five endemic (and total) species, no other
Central American country hosts any endemics. Three species are recorded from
Nicaragua, one from Costa Rica, and none are recorded from El Salvador, Guate-
mala, and Honduras (Thomson 2023). Given the close relationship between the
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faunas of Costa Rica and Panama, we expect that they share many species. In
South America, Brazil is the dominant country for this genus with 48 recorded
species (Gama-Neto and Passos 2023; Santos 2023), and has the majority of
the endemic species. It shares only two species with Panama (N. tauricornis
Malicky, 1980; N. parabullata Harris & Armitage, 2015), so that the faunas of
these two countries, though currently similar in size, are more or less distinct.

Given therapid increase in Neotrichia species we have found in Panama during
the last eight years (42 species, with ~ 75% of them new to science), we are
no longer surprised, but still delighted, at what is revealed in our samples. With
most of Panama as yet unexplored, the possibility of 75, or even 100, species of
this genus in Panama is not beyond the imagination. Whereas we are just now
beginning to see second and third locations for some of the Neotrichia we have
previously described, “new” species remain the central theme of our results.

It is well known that keys to species, while useful, are usually out of date as
soon as they are written. However, we developed the key presented above out
of self-defense to help manage the current list, to provide a framework for new
keys in the future, and, most of all, to assist us in identifying and verifying new
species as they appear. In Keth et al. (2015) an attempt was made to “further
organize” primarily Nearctic species into species groups. However, some of the
new Neotrichia species we are finding in Panama raise some doubts about the
validity of those groupings. Increasing knowledge of the sampling universe vis-
a-vis Neotrichia has not necessarily brought clarification in this regard, as might
be expected. Other types of analyses, including molecular, need to be brought to
bear to supplement what we think we know about this most interesting genus.
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Abstract

Specimens of squat lobsters belonging to the family Munididae Ahyong et al., 2010, rep-
resenting the genera Garymunida Macpherson & Baba, 2022, Trapezionida Macpherson
& Baba, 2022 and Typhlonida Macpherson & Baba, 2022, were collected during several
cruises around New Caledonia and Papua New Guinea, Southwest Pacific. The integra-
tive study of these specimens revealed the presence of one new species in Garymunida,
five in Trapezionida and one in Typhlonida. We describe and illustrate these new species,
providing some new data on the taxonomy of several rare or scarcely studied species
of Trapezionida. Molecular data from different markers (mitochondrial and nuclear) was
also included, based on data availability, to support the taxonomic status of different
species. Finally, a key to species for each genus is also provided.

Key words: Crustacea, integrative taxonomy, molecular characters, morphology, Pacific
Ocean

Introduction

The genera Garymunida, Trapezionida, and Typhlonida were described by
Macpherson & Baba, in Machordom et al. (2022) in the recent revision of the
family Munididae (Machordom et al. 2022). In this revision, the evolutionary
history and systematics of the family are reconstructed using an integrative
approach combining morphological and molecular analyses. After the analy-
ses of more than 290 munidid species, these authors found some potentially
new species, most of them morphologically related to well-known species, but
genetically distinct. In the present study, our main objective is to describe these
undescribed taxa using the material studied in the revision (Machordom et al.
2022), as well as additional specimens collected in recent expeditions carried
out by the Muséum national d’Histoire naturelle of Paris, in the framework of
the Tropical Deep-Sea Benthos program in Papua-New Guinea (expeditions Bio-
papua, Papua-niugini, Kavieng, Madeep), New Caledonia (Exbodi, Kanacono)
and Chesterfield Islands (Ebisco, Kanadeep).
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Garymunida Macpherson & Baba, in Machordom et al. 2022 is the sister ge-
nus of Agononida Baba & de Saint Laurent, 1996 and the species can be distin-
guished by the size of the distomesial process on the antennal article 1. At pres-
ent, Garymunida includes 20 species, most of them distributed in the Indian and
Pacific oceans, and two species present in the western Atlantic Ocean: G. lon-
gipes (A. Milne Edwards, 1880) and G. schroederi (Chace, 1939). Trapezionida
Macpherson & Baba, in Machordom et al. 2022 is the most speciose genus in
the family Munididae, containing more than 155 species, all from the Indian
and Pacific Oceans. Trapezionida is the sister genus of Gonionida Macpherson
& Baba, in Machordom et al. 2022, and they can be recognised by the shape of
the thoracic sternite IV and the length of the P4 merus. The genus Typhlonida
Macpherson & Baba, in Machordom et al. 2022 includes up to 25 species, all of
them usually deep-water dwellers, occurring from the continental slope to the
abyssal plain in the Atlantic, Indian, and Pacific oceans. The most distinctive
character of most species in this genus is the small size of the cornea as well
as the reduced size of some spines in the antennular and antennal peduncles
(Machordom et al. 2022).

The existence of several new species of the family Munididae in New Cale-
donian and Papua-New Guinean waters suggests that, despite the enormous
sampling effort in the area (Richer de Forges et al. 2013), the diversity of this
group of decapods requires further study (De Grave et al. 2023). Recent studies
in the Indian (e.g., Patel et al. 2022; Tiwari et al. 2022, 2023; Periasamy et al.
2023) and Pacific (e.g., Komai et al. 2023; Rodriguez-Flores et al. 2023) oceans
confirm the numerous gaps that still exist in the taxonomy of squat lobsters.
Therefore, in the present study, we describe and illustrate one new species of
Garymunida, five of Trapezionida, and one of Typhlonida. We have also included
new records and some remarks of a rare (T. brachytes (Macpherson, 1994)) and
a complex of species (related to T. leptitis (Macpherson, 1994)) of Trapezioni-
da. The dichotomous keys to species of the three genera have been included in
order to facilitate future studies (see Suppl. material 1).

Materials and methods
Sampling and identification

The material (including the holotype of the new species) is located in the
Muséum national d’Histoire naturelle, Paris (MNHN). The terminology and mea-
surements follow Baba et al. (2009, 2011). The size of the specimens is indicat-
ed by the postorbital carapace length (CL), measured along the midline from the
base of the rostrum to the posterior margin of the carapace. The rostrum was
measured from its base (situated at the level of the orbit) to the distal tip. Mea-
surements of appendages were taken in dorsal (pereopod 1), lateral (antennule,
pereopods 2-4) and ventral (antenna) midlines. Abbreviations used are: Mxp3,
maxilliped 3; P1-P4, pereopods 1-4; M = male; F = female; ovig. = ovigerous.

Molecular data

The sequences of the different genes for each new species and comparative
material were obtained from Machordom et al. (2022). The molecular data
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used for this study are deposited on GenBank (www.ncbi.nlm.nih.gov/
genbank/) under the following accession numbers: Garymunida namora
sp. nov. (cytochrome oxidase subunit one COl: OP215605, 16S rRNA:
OP195946), Trapezionida brachytes (COl: OP215696, 16S: OP196034),
T. brevitas sp. nov. (COl: OP215698, 16S: OP196036), T. diluta sp. nov. (COI:
0P215699, 16S: OP196037), T. leptitis (16S: OP196069), T. macilenta sp.
nov. (COI: OP215694, 16S: OP196032), T. microtes sp. nov. (COl: OP215712,
16S: OP196081), T. pulex sp. nov. (COI: OP215702 to 04, 16S: OP196040
to 42), Typhlonida eluminata sp. nov. (COl: OP215758, 16S: OP196095, 18S
rRNA -18S: 0P196339).

Genetic distances between species were estimated using uncorrected diver-
gences (p) calculated using PAUP version 4.0 (build 167) (Swofford 2004; see
also Machordom et al. 2022).

Systematic account

Superfamily Galatheoidea Samouelle, 1819
Family Munididae Ahyong, Baba, Macpherson & Poore, 2010
Genus Garymunida Macpherson & Baba, 2022 in Machordom et al. 2022

Garymunida namora sp. nov.
https://zoobank.org/4EA2A39A-F9AS-4DAC-AA42-C337942B452B
Figs 1,2

Garymunida sp. 2: Machordom et al. 2022: table 2, fig. 3.

Material. Holotype: NEw CALEDONIA. Spanbios Stn CP5155, 5 July 2021,
20°05.9'S, 163°42.6'E, 573-575 m: male, 13.9 mm (MNHN-IU-2021-9330).
Paratype: PAPUA NEW GUINEA. Biopapua Stn CP3682, 27 September 2010,
04°37.820'S, 149°27.940'E, 515-812 m: 1 female, 16.0 mm (MNHN-IU-
2011-3173).

Description. Carapace: Approximately as long as wide, dorsally moderate-
ly convex. Transverse ridges usually microscopically granular, mostly inter-
rupted, with dense, very short setae, and a few scattered long non-iridescent
setae. Some granular scales on hepatic and anterior branchial regions. Main
transverse striae on posterior part of carapace interrupted in cardiac region.
Two strong epigastric, two protogastric behind epigastric and two parahepat-
ic spines on gastric regions. One row of four or five strong branchiocardiac
spines. Posterior margin with two median spines. Upper orbital margins slight-
ly oblique; lower orbital margins visible dorsally, laterally with minute spine,
mesially with low rounded process. Lateral margins moderately convex. An-
terolateral spine strong, located at carapace anterolateral angle, reaching lev-
el of sinus between rostrum and supraocular spines. Second marginal spine
before cervical groove well developed. Branchial margins feebly convex, with
4 spines. Rostrum spiniform, half as long as remaining carapace, slightly
sinuous and nearly horizontal in lateral view. Supraocular spines exceeding
midlength of rostrum and reaching or overreaching end of cornea, divergent,
directed slightly upwards. Pterygostomian region unarmed ending anteriorly
in rounded tip.
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Figure 1. Garymunida namora sp. nov., male holotype, 13.9 mm (MNHN-IU-2021-9330), New Caledonia A carapace and
pleon, dorsal view B sternal plastron C cephalic region, showing antennular and antennal peduncles, ventral view D right
Mxp3 ischium and merus, lateral view. Scale bars: 2.0 mm (A, B); 1.0 mm (C, D).

Thoracic sternum: 0.6x as wide as long. Sternite Ill with median shallow
notch. Sternite IV with anterior part as wide than sternite I, with some short
striae. Sternites IV-VI with a few striae on lateral sides. Sternite Il ~ 5x as wide
as long; sternite IV nearly 2.5x as wide as long, and 2x as wide as sternite Ill.
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Figure 2. Garymunida namora sp. nov., male holotype, 13.9 mm (MNHN-IU-2021-9330), New Caledonia A right P1, merus
and carpus, dorsal view B right P1, palm and fingers, dorsal view C right P2, merus and carpus, lateral view D right P2,
propodus and dactylus, lateral view E right P3, merus and carpus, lateral view F right P3, propodus and dactylus, lateral
view G right P4, merus and carpus, lateral view H right P4, propodus and dactylus, lateral view. Scale bar: 10.0 mm.

Pleon: Tergites Il and lll each with four spines on anterior margin; tergite IV
with two median spines on anterior ridge and median spine on posterior ridge.

Eye: Large, cornea dilated, maximum corneal diameter ~ 0.4 distance be-
tween bases of anterolateral spines.
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Antennule: Article 1 (distal spines excluded), ~ 1/4 carapace length, slightly
overreaching cornea, with two distal spines, mesial spine longer than lateral
spine; two spines on lateral margin, proximal one small, located at midlength of
segment, distal one long, not overreaching distolateral spine.

Antenna: Article 1 with one short process on mesial margin, reaching end
of article 2; article 2 with two distal spines, mesial spine shorter than lateral
spine, reaching midlength of article 3; article 3 with distomesial spine; article
4 unarmed.

Mxp3: Ischium ~ 2x length of merus measured along dorsal margin, dis-
toventrally bearing strong spine. Merus with one strong median spine on flexor
margin; extensor margin unarmed.

P1: 3.0x carapace length, with scattered long plumose setae. Merus with
row of mesial spines; a few small, scattered spines on dorsal side. Carpus 5x
as long as broad; with spines along mesial margin and a few minute spines on
dorsal side. Palm 7.5x as long as broad, with a few small dorsal spines; one or
two spines along mesial and lateral margins. Fingers 0.8x palm length.

P2-P4: Long and slender, with numerous long non-plumose and non-irides-
cent setae along extensor margin of articles. P2 3.0x carapace length. Meri
slightly shorter posteriorly (P2 merus as long as P3 merus; P3 merus 0.9 length
of P4 merus); P2 merus 1.5x carapace length, 13.0-13.5x as long as broad,
1.4x longer than P2 propodus; P3 merus 12.5x as long as broad; P4 merus
11.5x as long as broad. Extensor and flexor margins of P2—P4 meri with row of
9-11 and 6-10 spines, respectively, proximally diminishing spines; lateral sides
unarmed, more squamate in P4. P2—-P4 carpi with 2—4 spines on extensor mar-
gin; lateral surface with several granules sub-paralleling extensor margin; flexor
margin with distal spine. Propodi 14.5-17.0x as long as broad; extensor mar-
gin unarmed; flexor margin with 7-9 slender movable spines, distal end without
fixed spine. Dactyli slender, length 0.4 that of propodi; flexor margin with 13-17
movable spinules, proximal and distal fourth unarmed, without a spinule at the
base of the unguis; P2 dactylus 8.2x as long as wide.

Genetic data. COI, 16S.

Etymology. "Namora" is a mythological woman participating in the creation
of New Guinea. Used as noun in apposition.

Remarks. The closest species to the new species is G. procera (Ahyong &
Poore, 2004), from New Caledonia, Queensland, New South Wales and New
Zealand, G. imitata (Macpherson, 2006), from French Polynesia, and G. soelae
(Baba, 1986), from Kyushu-Palau Ridge, Taiwan, Indonesia, SW Australia, and
Fiji. These species have the pleomere |V tergite armed with median spine on
posterior transverse ridge, the article 1 of the antennal peduncle with moder-
ate-sized process, not reaching article 4, and a pair of protogastric spines be-
hind median pair of epigastric spines. However, the new species differ easily
from the other three species in the following characters:

+ The cardiac region is unarmed in the new species, whereas there are some
median spines in the other three species.

+ The posterior ridge of the carapace has two median spines in G. namora,
whereas there are six spines in the other three species.

+ The divergences between G. namora and the morphologically or phy-
logenetically closest species are ~ 14% for COI (respect to G. imitata,
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G. procera or G. longipes). These values drop to 6.1-8.6% when 16S is
analysed and comparisons are made respect to G. simillima, G. imitata, G.
laurentae, G. procera, or G. longipes.

Distribution. Papua-New Guinea and New Caledonia, between 515 and 812 m.

Genus Trapezionida Macpherson & Baba, 2022 in Machordom et al. 2022

Trapezionida brachytes (Macpherson, 1994)
Fig. 3

Munida brachytes Macpherson 1994: 450, fig. 8. — Baba 2005: 260. — Baba et
al. 2008: 89.
Trapezionida aff. apheles: Machordom et al. 2022: table 2, suppl. figs S1-S6.

Material. Holotype: NEw CALEDONIA, Smib 5 Stn 86, 13 September 1989,
22°19.8°S, 168°42.8°E, 320 m: male, 3.7 mm (MNHN Ga 2580).

NEw CALEDONIA, Chesterfield Islands. Ebisco Stn CP2495, 6 October 2005,
24°44.11'S,159°42.9'E, 217-350 m: 1 male, 4.4 mm (MNHN- 1U-2016-5803). —
Stn DW2526, 9 October 2005, 22°47.492'S, 159°22.890'E, 340—-355 m: 1 male,
4.4 mm (MNHN-IU-2013-19882). Kanadeep 1 Stn DW5006, 19 September
2017, 22°07'S, 159°19'E, 340-550 m: 1 ovigerous female, 4.5 mm, 1 female,
4.4 mm (MNHN-IU-2017-2519). — Stn DW5011, 19 September 2017, 22°13'S,
159°03'E, 320-350 m: 1 male, 5.2 mm (MNHN-IU-2014-13918), 1 female, 3.7
mm (MNHN-IU-2017-2926).

Diagnosis. (modified from Macpherson 1994) Carapace slightly longer than
broad, with a few secondary striae between main transverse ridges. Gastric re-
gion with three or four pairs of epigastric spines. Parahepatic, branchial dorsal
and postcervical spines absent. Frontal margins transverse. Lateral margins
slightly convex. First lateral spine slightly mesial to anterolateral angle, short,
clearly not reaching level of sinus between rostrum and supraocular spines.
Branchial margins with five minute spines, posterior spines sometimes obso-
lescent. Rostrum spiniform. Supraocular spines short, not reaching midlength
of rostrum and clearly not reaching end of cornea. Surface of thoracic ster-
num smooth; sternite IV trapezoidal, anterior margin contiguous to sternite Il
along % of its length. Pleomere tergites unarmed, tergites Il and Ill each with
one transverse ridge on tergite behind anterior ridge. Cornea much wider than
peduncle. Antennular article 1 with two well-developed distal spines, distome-
sial spine as long as or shorter than distolateral. Antennal article 1 with short
distomesial spine nearly reaching midlength of article 2; article 2 with distome-
sial and distolateral spines reaching or nearly reaching end of article 3. Ex-
tensor margin of Mxp3 merus unarmed. P1 palm with well-developed spines
along lateral and mesial margins continuing along fixed and movable fingers,
respectively. Extensor margins of P2—P4 meri unarmed, one distal spine only;
flexor margins with some well-developed spines followed proximally by several
eminences; P2—-P4 dactyli slender, as long as or slightly shorter than propodi;
with movable spinules along nearly entire flexor margin, with ultimate spinule
near unguis (sometimes lost, as in holotype); P2 dactylus 5.5-6.3x as long as
wide; P4 merus > % length of P2 merus.
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A

Figure 3. Trapezionida brachytes (Macpherson, 1994), female, 3.7 mm (MNHN-1U-2017-2926), New Caledonia A cara-
pace and pleon, dorsal view B sternal plastron C cephalic region, showing antennular and antennal peduncles, ventral
view D right Mxp3 ischium and merus, lateral view E right P1, dorsal view F right P2, lateral view G dactylus of right P2,
lateral view H right P3, lateral view I right P4, lateral view. Scale bars: 1.0 mm (A, E, F, H, I); 0.5 mm (B, C, D, G).

Genetic data. COI, 16S.

Remarks. Trapezionida brachytes was only known by one male collected in
New Caledonia. The new material collected in New Caledonia and Chesterfield
Islands agree quite well with the holotype, although the distomesial spine of the
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antennular article 1 is shorter than the distolateral spine (subequal in the holo-
type). Furthermore, the distalmost movable spinule along the flexor margin of
the P2-P4 dactyli can be lost (although the insertion point is always present).
Therefore, these characters should be considered with caution because these
spines/spinules can be broken or regenerating in some specimens.

Morphologically and genetically the closest species of T. brachytes is T. stia
(Macpherson, 1994), also known from New Caledonia and Chesterfield islands.

Trapezionida stia and T. brachytes can be distinguished by the following char-
acters:

Pleomeres Ill and IV tergites have an additional ridge behind the anterior
ridgein T. stia, whereas these additional ridges are absent in the new species.
P2-P4 dactyli are shorter and stouter in T. stia than in T. brachytes. The
dactyli are ~ 2/3 the propodi length in T. stia, whereas they are as long as
or slightly shorter than propodi in T. brachytes. The P2 dactylus is 6.1-
6.3x as long as wide in the new species, instead of 4x in T. stia. Finally,
the terminal 1/3 of the flexor margin of the dactyli are unarmed in T. stia,
whereas there are spines along the entire margin in T. brachytes.
Genetically T. brachytes is different from T. stia (5.96% 16S) and (10.6%
col).

Distribution. New Caledonia and Chesterfield Islands, between 310 and 550 m.

Trapezionida brevitas sp. nov.
https://zoobank.org/BB8E911E-4EC6-438C-8D86-81D6DD43BCE2
Fig. 4

Trapezionida aff. fornacis: Machordom et al. 2022: table 2, suppl. figs S1-S6.

Material. Holotype: NEw CALEDONIA. Smib 8 Stn DW163, 28 January 1993,
24°49.12'S, 168°08.93'E, 310-460 m: male, 4.1 mm (MNHN-IU-2017-1336).
Paratype: NEw CALEDONIA. Norfolk 2 Stn DW2024, 21 October 2003, 23°27.92'S,
167°50.90'E, 370-371 m: 1 male, 4.6 mm (MNHN-IU-2014-13973).

Description. Carapace: Slightly longer than broad, moderately convex, with
a few secondary striae and scales between main transverse ridges. Dorsal
ridges with dense short plumose setae and a few scattered long iridescent
setae. Gastric region with four pairs of epigastric spines, longest pair behind
supraocular spines, one pair between largest pair of spines. One parahepatic,
two branchial dorsal and one postcervical spine on each side. Frontal margins
oblique. Lateral margins slightly convex. First lateral spine at anterolateral an-
gle, moderately long, clearly not reaching level of sinus between rostrum and
supraocular spines; one—two small spines in front of anterior branch of cervical
groove; end of anterior branch of cervical groove without tuft of iridescent se-
tae. Branchial margins slightly convex, with four spines. Rostrum spiniform, ~
0.6x length of remaining carapace, slightly upwards directed, dorsally slightly
carinated. Supraocular spines reaching midlength of rostrum and not reaching
end of cornea, slightly divergent, directed slightly upwards. Pterygostomian re-
gion unarmed, ending in blunt angle.
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Figure 4. Trapezionida brevitas sp. nov., male holotype, 4.1 mm (MNHN-IU-2017-1336), New Caledonia A carapace and
pleon, dorsal view B sternal plastron C cephalic region, showing antennular and antennal peduncles, ventral view D right
Mxp3 ischium and merus, lateral view E right P1, dorsal view F right P2, lateral view G dactylus of right P2, lateral view
H right P4, lateral view. Scale bars: 1.0 mm (A, E, F, H); 0.5 mm (B, C, D, G).

Thoracic sternum: 0.8x as long as broad. Surface of thoracic sternites IV-VI
smooth. Sternite IV trapezoidal, anterior margin contiguous to sternite Il along
% of its length. Sternite Il 3.5x as wide as long; sternite IV 2.5x as wide as long,
and 2.3x as wide as sternite Ill.
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Pleon: Anterior ridge of pleomere tergites unarmed; tergites Il and Ill each
with one uninterrupted transverse ridge on tergite behind anterior ridge, absent
on tergites IV and V; some iridescent setae on each side of anterior ridges of
tergites; posteromedian margin of tergite VI straight.

Eye: Ocular peduncle as long as broad. Cornea dilated, maximum corneal
diameter 0.4 distance between bases of anterolateral spines.

Antennule: Article 1 (distal spines excluded) ~ 0.3x carapace length, 2x as
long as wide (excluding spines), slightly exceeding end of cornea, with two dis-
tal spines, distomesial subequal or slightly longer than distolateral; two spines
on lateral margin, proximal one short, located at midlength of segment, distal
one long, nearly reaching end of distolateral spine.

Antenna: Article 1 with distomesial spine slightly exceeding distal margin
of article 2. Article 2 with subequal distomesial and distolateral spines, nearly
reaching end of article 3. Article 3 unarmed.

Mxp3: Ischium with strong distal spine on flexor margin. Merus shorter than
ischium; flexor margin with 2 spines, proximal stronger than distal; extensor
margin with small distal spine. Carpus unarmed.

P1: 3.5-3.7x carapace length, with minute scales, short plumose setae on
each scale, and some scattered long spines. Merus 1.3x length of carapace,
2.2x as long as carpus, with some dorsal and mesial spines, distomesial spine
strong, not reaching first quarter of carpus. Carpus 0.8 length of palm, 2.3x as
long as broad, with some spines along mesial and dorsal sides. Palm 1.8-2.3x
as long as broad, with some small dorsal spines; row of spines along mesi-
al and lateral margins. Fingers as long as palm; movable with small proximal
spine at base, otherwise unarmed, with minute distal spine on fixed finger.

P2-P4: Moderately long and slender, covered with setose scales, with some
long plumose setae and some long iridescent setae along extensor margin
of articles. P2 2.0x carapace length. Meri shorter posteriorly (P3 merus 0.9x
length of P2 merus, P4 merus 0.8x length of P3 merus); P2 merus 0.8x length
of carapace, 4.2x as long as broad, 1.4x as long as P2 propodus; P3 merus
4.5xas long as broad, 1.3x length of P3 propodus; P4 merus 3.5x as long as
broad, 1.1x length of P4 propodus. Extensor margins of P2—P3 meri with row of
seven—eight proximally diminishing spines, one small distal spine on P4; flexor
margins distally with one—two spines followed proximally by several eminenc-
es; lateral sides unarmed. Carpi with three spines on extensor margin of P2-P3,
one minute distal spine on P4; lateral surface with several granules sub-paral-
leling extensor margin on P2-P4; flexor margin with distal spine. Propodi 4.5-
5.5x as long as broad; extensor margin unarmed; flexor margin with four—ten
slender movable spines on P2-P4, distal end with one minute fixed spine. Dac-
tyli slender, length 0.6 that of propodi; flexor margin with six—seven movable
spinules, without spinule at base of unguis, distal third unarmed; P2 dactylus
4.0x as long as wide. P4 merocarpal articulation reaching anterior end of cervi-
cal groove; P4 merus > % length of P2 merus.

Genetic data. COI, 16S.

Etymology. From the Latin, brevitas, shortness, in reference to the small size
of the species.

Remarks. Trapezionida brevitas belongs to the group of species having
four spines on the branchial lateral margins of the carapace, frontal margins
oblique, thoracic sternites without granules or carinae, anterior ridge of the
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pleomeres Il and lll tergites unarmed, article 1 of antennule with subequal
distal spines or distomesial spine slightly longer than distolateral, extensor
margin of Mxp3 merus with small distal spine and flexor margin of P2-P4
dactyli with spinules along entire margin. The new species is closely related
to T. fornacis (Macpherson, 2006) and T. descensa (Macpherson, 2006), both
from French Polynesia. However, the three species differ from each other in
some characters.
The differences between T. brevitas and T. fornacis are as follows:

+ The dorsal carapace surface has two branchial dorsal spines in T. brevitas,
and only one in T. fornacis.

+ The pleomeres Il and Il tergites each with one uninterrupted transverse
ridge on tergite behind anterior ridge in the new species, these ridges are
interrupted or scale-like in T. fornacis.

+ The distal spines of the antennular article 1 are subequal or slightly dif-
ferent in the new species, whereas the distomesial spine is clearly longer
than the distolateral in T. fornacis.

+ The distomesial spine of the antennal article 1 is very long, reaching the
end of the antennal peduncle in T. fornacis, whereas this spine only slightly
exceeds the antennal article 2.

+ The dorsal surface of P1 palm is unarmed in T. fornacis, whereas it has
numerous spines in T. brevitas.

Genetically both species are different. T. brevitas showed high divergence
values with T. fornacis (15.9% COI).
The differences between T. brevitas and T. descensa are as follows:

+ The dorsal carapace surface has two branchial dorsal spines in T. brevitas,
and only one in T. descensa.

« P2-P4 are more slender in T. descensa (P2 merus and dactylus, 6 and 5x
as long as wide, respectively) than in T. brevitas (P2 merus and dactylus, 4
and 4x as long as wide, respectively).

+ Genetically both species are different. T. brevitas showed divergence val-
ues with T. descensa of ~ 4.3% for COI).

Distribution. New Caledonia, at 310-460 m.

Trapezionida diluta sp. nov.
https://zoobank.org/DF07441C-1C86-49E7-9BEB-BDDF8141E36A
Fig. 5

Trapezionida aff. gordoae: Machordom et al. 2022: table 2, suppl. figs S1-S6.

Material. Holotype: NEw CALEDONIA. Lifou 2000 Stn DW1462, 9 November
2000, 20°47.1'S, 167°03.2'E, 70-120 m: male, 4.3 mm (MNHN-IU-2016-9652).
Paratypes: NEw CALEDONIA. Lifou 2000 Stn DW1462, 9 November 2000,
20°47.1'S, 167°03.2'E, 70-120 m: 3 males, 3.5-4.6 mm, 1 ovigerous female,
3.9 mm (MNHN-IU-2014-13974).
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Figure 5. Trapezionida diluta sp. nov., male holotype, 4.3 mm (MNHN-IU-2016-9652), New Caledonia A carapace and
pleon, dorsal view B sternal plastron C cephalic region, showing antennular and antennal peduncles, ventral view D right
Mxp3 ischium and merus, lateral view E right P1, dorsal view F right P2, lateral view G dactylus of right P2, lateral view
H left P3, lateral view I right P4, lateral view. Scale bars: 1.0 mm (A, B, F, H, I); 0.5 mm (C, D, G); 2.0 mm (E).

Description. Carapace: 1.2x as long as broad, moderately convex, with a few
secondary striae between main transverse ridges. Ridges with short non-iri-
descent setae and few scattered long iridescent setae. Intestinal region with-
out scales. Gastric region with four or five pairs of epigastric spines, longest
pair behind supraocular spines, one pair between longest pair; one median
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protogastric spine. One parahepatic, one anterior branchial, and one postcervi-
cal spine on each side. Frontal margins oblique. Lateral margins slightly convex
and convergent posteriorly. First lateral spine at anterolateral angle, long, not
reaching level of sinus between rostrum and supraocular spines; second spine
well developed, in front of anterior branch of cervical groove, < % length of first
spine. Branchial margins straight, with three or four spines. Rostrum spiniform
horizontal, ~ 0.4-0.6x length of remaining carapace, not dorsally carinated.
Supraocular spines reaching midlength of rostrum and not reaching end of
cornea, subparallel, slightly upwards directed. Pterygostomian flap unarmed,
ending in round tip.

Thoracic sternum: 0.8x as long as wide. Surface of thoracic sternites IV-VI
smooth, only a few short scales on sternite IV. Sternite 11l 3.5x as wide as long.
Sternite IV trapezoidal, anterior margin contiguous to sternite Ill along % of its
length; 2.5x as wide as long, and 2.0x as wide as sternite IIl.

Pleon: Ridges of pleomeres unarmed; tergites Il and Ill each with uninter-
rupted transverse ridge on tergite behind anterior ridge: tergites IV and V with
anterior ridge only; posteromedian margin of tergite VI straight.

Eye: Ocular peduncle longer than broad. Cornea dilated; maximum diameter
0.4x distance between bases of anterolateral spines.

Antennule: Article 1 (distal spines excluded) very long, ~ 0.5x carapace
length, 3.5x as long as wide (excluding spines), clearly overreaching end of
cornea, with two distal spines, mesial spine longer than lateral; two spines on
lateral margin, proximal one short, located at midlength of segment, distal one
long, not reaching end of distal spines.

Antenna: Article 1 with distomesial spine barely exceeding article 2. Article
2 with distomesial spine, exceeding article 3; distolateral spine as long as or
slightly larger than distomesial, exceeding article 3. Articles 3 and 4 unarmed.

Mxp3: Ischium with well-developed spine on flexor distal margin. Merus
shorter than ischium; flexor margin with two spines, median slightly stronger
than distal spine; extensor margin unarmed. Carpus unarmed.

P1:2.3-3.0x carapace length, with scattered long plumose setae, and some
long iridescent setae; some short setae on spines and scales. Merus 1.0-1.1
length of carapace, 2.0-2.2x as long as carpus, with some dorsal and mesial
spines; distal spines strong, distomesial spine barely reaching proximal fourth
of carpus. Carpus 0.8-1.0 length of palm, 2.3-2.5x as long as broad; with
spines along mesial and dorsal sides. Palm 2.3-2.8x as long as broad, with
row of small dorsal spines; one row of spines along mesial and lateral margins,
continuing along movable and lateral fingers, respectively. Length of fingers
1.1-1.3x that of palm.

P2-P4: Long and slender, with some short setae and some scattered irides-
cent setae along extensor margins of all articles. P2 2.1-2.2x carapace length.
Meri shorter posteriorly (P3 merus 0.8-0.9x length of P2 merus, P4 merus
0.8-0.9x length of P3 merus); P2 merus 0.7-0.8x carapace length, 5.8-6.5x as
long as broad, 1.2-1.3x as long as P2 propodus; P3 merus 6.0-6.2x as long as
broad, 1.2-1.2x as long as P3 propodus; P4 merus 4.5-4.7x as long as broad,
as long as P4 propodus. Extensor margins of meri with row of 5-7 proximally
diminishing spines on P2—-P3, one or two spines on P4; flexor margins with
three or four spines followed proximally by several eminences; lateral sides un-
armed. Carpi with three or four spines on extensor margin of P2—-P3, one distal
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on P4; lateral surface with several granules sub-paralleling extensor margin on
P2-4; flexor margin with well-developed distal spine. Propodi 6.5-7.6x as long
as broad; extensor margin unarmed; flexor margin with eight—ten slender mov-
able spines on P2-P4, one fixed distal spine. Dactyli slender, length 0.7-0.8x
that of propodi; flexor margin with 10-11 movable spinules along entire bor-
der, with ultimate spinule at base of unguis, penultimate spine equidistant be-
tween antepenultimate and ultimate spines; P2 dactylus 7.4-7.5x as long as
wide. P4 merocarpal articulation exceeding anterior end of cervical groove; P4
merus > % length of P2 merus.

Genetic data. COl, 16S.

Etymology. From the Latin, dilutus, thin, in reference to the shape of the an-
tennular peduncle.

Remarks. Trapezionida diluta belongs to the group of species having
the anterior ridge of the pleomere Il tergite unarmed, the thoracic sternites
smooth and the antennular article 1 very slender, exceeding eye, and with
the distomesial spine longer than the distolateral spine. The new species is
close to T. macilenta sp. nov., from Papua-New Guinea (see below under the
Remarks of this species).

Distribution. New Caledonia, 70-120 m.

Trapezionida leptitis (Macpherson, 1994)

Munida leptitis Macpherson 1994: 487, fig. 27. — Baba 2005: 267 (in part). —
Macpherson 2006: 318 (in part). — Baba et al. 2008: 104 (in part). — Baba et
al. 2009: 171, figs 151-152. — Macpherson 2013: 301 (in part).

Trapezionida leptitis: Machordom et al. 2022: table 2, suppl. figs S1-S6.

Material. Holotype: NEw CALEDONIA, Loyalty Islands, Musorstom 6 Stn DW431,
18 February 1989, 20°22.25'S, 166°10'E, 21 m: female, 3.4 mm (MNHN-
[U-2014-10854 (= MNHN Ga2810). Paratype: NEw CALEDONIA, Loyalty Islands,
Musorstom 6 Stn DW392, 13 February 1989, 20°47.32'S, 167°04.60'E, 340 m:
1 ovigerous female, 4.4 mm (MNHN-IU-2017-8971). FRENCH POLYNESIA, Tara-
soc Stn DW3413, 13 October 2009, 16°34'S, 151°46'W, 385-486 m: 2 males,
4.5-6.0 mm, 4 ovigerous females, 4.0-5.2 mm, 1 female, broken (MNHN-
IU-2010-5816), 1 ovigerous female, 5.3 mm (MNHN-IU-2016-520). — Lifou
2000 Stn 1650, 15/18 November 2000, 20°54.15'S, 167°01.7'E, 120-250 m: 2
female, 2.5-3.4 mm (MNHN-IU-2016-519). — Stn 1442, 13-14 November 2000,
20°46.4'S,167°02'E, 47 m: 1 ovigerous female, 4.2 mm (MNHN-IU-2014-13820).

Colour in life (from Baba et al. 2009). Ground colour of body and appendag-
es orange. P1 with numerous red spots, mesial borders of articles darker than
lateral margins; proximal half of fingers whitish, distal half reddish, tips white.
P2-P4 scattered with red spots; dactyli whitish.

Genetic data. COI, 16S.

Remarks. This species has been cited in numerous localities from the West
and Central Pacific. However, as it was mentioned in previous papers (see
above) some slight morphological differences among specimens from differ-
ent areas were observed, suggesting the existence of a complex of species.
Therefore, after the morphological and molecular revision of the material from
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the different areas, we have confirmed the existence of two species (see below
in the Remarks of T. pulex sp. nov.).

Distribution. The species has been collected in New Caledonia, French Poly-
nesia and Taiwan. The depth range of the specimens examined is 21— 486 m.

Trapezionida macilenta sp. nov.
https://zoobank.org/6366F93A-8096-43F6-8FFD-31F15DC11275
Figs 6, 9A

Trapezionida aff. acola: Machordom et al. 2022: table 2, suppl. figs S1-Sé.

Material. Holotype: Papua-New Guinea. Papua Niugini Stn PT05, 3 December
2012,05°12.4'S, 145°49.3'E, 80 m: male, 5.7 mm (MNHN-IU-2013-1094).

Description. Carapace: 1.2x as long as broad, feebly convex, with a few sec-
ondary striae and scales between main transverse ridges. Ridges with very
short plumose setae and a few scattered long iridescent setae. Intestinal re-
gion without scales. Gastric region with five pairs of epigastric spines, longest
pair behind supraocular spines, one pair between longest pair; one median pro-
togastric spine. One parahepatic, one anterior branchial, and one postcervical
spine on each side. Frontal margins oblique. Lateral margins slightly convex
and convergent posteriorly. First lateral spine at anterolateral angle, well-devel-
oped, not reaching level of sinus between rostrum and supraocular spines; two
or three small spines in front of anterior branch of cervical groove. Branchial
margins slightly convex, with five spines. Rostrum spiniform, ~ 0.8x length of
remaining carapace, slightly upwards directed, not dorsally carinated. Supra-
ocular spines reaching midlength of rostrum and not reaching end of cornea,
subparallel, slightly upwards directed. Pterygostomian region unarmed, ending
in round tip.

Thoracic sternum: 0.7x as long as broad. Surface of thoracic sternites IV-VI
smooth, only a few short scales on sternite IV. Sternite 11l 3.7x as wide as long.
Sternite IV trapezoidal, anterior margin contiguous to sternite Il along % of its
length; 2.5x as wide as long, and 2.0x as wide as sternite Ill.

Pleon: Ridges of pleomeres unarmed; somites Il and Il each with three unin-
terrupted transverse ridges on tergite behind anterior ridge: pleomeres IV and V
with anterior ridge only; posteromedian margin of pleomere VI straight.

Eye: Ocular peduncle longer than broad. Cornea moderately dilated, max-
imum corneal diameter 0.3 distance between bases of anterolateral spines.

Antennule: Article 1 (distal spines excluded) very long, ~ 0.5x carapace
length, 3.0x as long as wide (excluding spines), clearly overreaching end of
cornea, with two distal spines, mesial spine longer than lateral; two spines on
lateral margin, proximal one short, located at midlength of segment, distal one
long, not reaching end of distal spines.

Antenna: Article 1 with distomesial spine not exceeding article 2. Article 2
with distomesial spine, exceeding article 3, distolateral spine shorter than di-
stomesial, slightly exceeding article 3. Articles 3 and 4 unarmed.

Mxp3: Ischium with well-developed spine on flexor distal margin. Merus slight-
ly shorter than ischium; flexor margin with two spines, median slightly stronger
than distal spine; extensor margin with minute distal spine. Carpus unarmed.
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Figure 6. Trapezionida macilenta sp. nov., male holotype, 5.7 mm (MNHN-IU-2013-1094), Papua-New Guinea A carapace
and pleon, dorsal view B sternal plastron C cephalic region, showing antennular and antennal peduncles, ventral view
D right Mxp3 ischium and merus, lateral view E right P1, merus and carpus, dorsal view F right P1, palm and fingers,
dorsal view G right P2, lateral view H dactylus of right P2, lateral view I right P3, lateral view. Scale bars: 1.0 mm (A, E, F,
G, I); 0.5 mm (B, C, D, H).

P1: 4x carapace length, with scattered long plumose setae, and some long
iridescent setae; some short setae on spines and scales. Merus 1.5 length of
carapace, 2.2x as long as carpus, with some dorsal and mesial spines; distal
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spines strong, distomesial spine barely reaching proximal fourth of carpus.
Carpus 0.6x length of palm, 3.2x as long as broad, with spines along mesial
and dorsal sides. Palm 4.4x as long as broad, with row of dorsal spines; one
row of spines along mesial and lateral margins, continuing along movable and
lateral fingers, respectively. Fingers 0.7x length of palm.

P2-P3 (P4 lost): Long and slender, with some short setae and some scattered
iridescent setae along extensor margins of all articles. P2 2.8 carapace length.
Meri shorter posteriorly (P3 merus 0.9x length of P2 merus); P2 merus as long as
carapace, 7.2x as long as broad, 1.2x as long as P2 propodus; P3 merus 6.2x as
long as broad, 1.1x as long as P3 propodus. Extensor margins of meri with row of
six—eight proximally diminishing spines on P2-P3; flexor margins with three or
four spines followed proximally by several eminences; lateral sides unarmed. Carpi
with three or four spines on extensor margin; lateral surface with several granules
sub-paralleling extensor margin; flexor margin with well-developed distal spine.
Propodi 9.0-9.5x as long as broad; extensor margin unarmed; flexor margin with
nine or ten slender movable spines, one fixed distal spine. Dactyli slender, length
0.8x that of propodi; flexor margin with ten movable spinules along entire border,
with ultimate spinule at base of unguis; P2 dactylus 8.0x as long as wide.

Colour in life. Ground colour of the carapace, pleon and appendages orange
with large reddish patches. P1-P4 with reddish and whitish transverse bands.
Distal P1 palm reddish (Fig. 9A).

Genetic data. COI, 16S.

Etymology. From the Latin, macilentus, thin, in reference to the long and slen-
der antennular peduncle.

Remarks. Trapezionida macilenta belongs to the group of species having one
median protogastric spine, anterior ridge of the pleomere Il tergite unarmed,
thoracic sternites smooth and the antennular article 1 very slender, with the
distomesial spine longer than the distolateral spine.

The new species is closely related to T. diluta sp. nov. from New Caledonia (see
above). However, both species are easily distinguished by several characters:

+ The branchial lateral margin of the carapace has four spines in T. diluta
and five in T. macilenta. The pleomeres Il and Il tergites each with two or
three uninterrupted transverse ridges behind the anterior ridge T. macilen-
ta, whereas there is only one transverse ridge in T. diluta.

+ The extensor margin of the Mxp3 merus has one minute distal spine in
T. macilenta, absent in T. diluta.

+ Genetically both species are different. T. macilenta showed high diver-
gence values compared with T. diluta (6.42% COI, 4.6% 16S).

Distribution. Papua-New Guinea, 80 m depth.

Trapezionida microtes sp. nov.
https://zoobank.org/AB42F369-2D53-4AB1-89FD-EEA3C6083348
Fig. 7

Trapezionida pumila: Machordom et al. 2022: table 2, suppl. figs S1-S6 (non
T. pumilla Macpherson, 2004).
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Material. Holotype: VANUATU. Santo Stn AT9, 17 September 2006, 15°41.5'S,
167°01.3'E, 481 m: ovigerous female, 3.4 mm (MNHN-IU-2017-1337). Paratypes:
PHILIPPINES. Musorstom 2 Stn DG32, 24 November 1980, 13°40'N, 120°54'E,
192-220 m: 1 male, 2.0 mm, 2 ovigerous females, 2.3-2.4 mm, 1 female, 2.1
mm (MNHN-IU-2014-13975). New Caledonia. Halipro 2 Stn BT94, 24 November
1996, 23°33'S, 167°42'E, 448-880 m: 1 male, 3.0 mm (MNHN-IU-2014-13978).
— Lithist Stn DW1, 10 August 1999, 23°37.4'S, 167°42.07'E, 440 m: 1 ovigerous
female, 3.3 mm (MNHN-IU-2014-13979).

Description. Carapace: Slightly longer than broad, with a few scales between
main transverse ridges in epigastric and anterior branchial areas. Ridges with
very short setae. Gastric region with five pairs of epigastric spines, longest
pair behind supraocular spines, one pair between longest pair. One parahepat-
ic spine on each side. Frontal margins transverse. Lateral margins subparallel
and convergent posteriorly. First lateral spine at anterolateral angle, well-de-
veloped, not reaching level of sinus between rostrum and supraocular spines.
Branchial margin with four small spines. Rostrum slightly triangular, ~ 0.5x
length of remaining carapace, slightly upwards directed, dorsally carinated.
Supraocular spines short, not reaching midlength of rostrum and clearly not
reaching end of cornea, subparallel. Pterygostomian region unarmed, ending
in a round tip.

Thoracic sternum: 0.8x as long as wide. Surface of thoracic sternites IV-VI
smooth, only a few short scales on sternite IV. Sternite 11l 3.5x as wide as long.
Sternite IV trapezoidal, anterior margin contiguous to sternite Il along % of its
length; 2.5x as wide as long, and 2.3x as wide as sternite Ill.

Pleon: Ridges of pleomeres unarmed; tergites Il and Il each with one or two
uninterrupted transverse ridges on tergite behind anterior ridge: tergites IV and
V with anterior ridge only; posteromedian margin of tergite VI straight.

Eye: Ocular peduncle longer than broad, cornea dilated, maximum corneal
diameter 0.3 distance between bases of anterolateral spines.

Antennule: Article 1 (distal spines excluded) ~ 0.3x carapace length, 2.0x as
long as wide (excluding spines), not overreaching end of cornea, with two distal
spines, mesial spine shorter than lateral; two spines on lateral margin, proximal
one short, located at midlength of segment, distal one long, not reaching end
of distolateral spines.

Antenna: Article 1 with short distomesial spine not exceeding end of article
2. Article 2 with distomesial and distolateral subequal spins, not reaching end
of article 3. Article 3 with distomesial spine.

Mxp3: Ischium with well-developed spine on flexor distal margin. Merus slight-
ly shorter than ischium; flexor margin with two spines, median slightly stronger
than distal spine; extensor margin with minute distal spine. Carpus unarmed.

P1: 2.5x carapace length, with scattered long setae and some short setae
on spines and scales. Merus 0.9x carapace length, 2.0x as long as carpus, with
some dorsal and mesial spines; distal spines strong, distomesial spine barely
reaching proximal fourth of carpus. Carpus as long as palm, 2.0x as long as
broad, with spines along mesial and dorsal sides. Palm 2.0x as long as broad,
with row of minute dorsal spines; one row of spines along mesial and lateral
margins. Fingers unarmed, 1.3x length of palm.

P2-P4: Long and slender, with some short setae and some scattered irides-
cent setae along extensor margins of all articles. P2 2.2x carapace length. Meri
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Figure 7. Trapezionida microtes sp. nov., ovigerous female holotype, 3.4 mm (MNHN-IU-2017-1337), Vanuatu A carapace
and pleon, dorsal view B sternal plastron C cephalic region, showing antennular and antennal peduncles, ventral view
D right Mxp3 ischium and merus, lateral view E right P1, dorsal view F right P2, lateral view G dactylus of right P2, lateral
view H right P3, lateral view I right P4, lateral view. Scale bars: 1.0 mm (A, E, F, H, I); 0.5 mm (B, C, D, G).

shorter posteriorly (P3 merus 0.9x length of P2 merus, P4 merus 0.7x length of
P3 merus); P2 merus 0.9x carapace length, 6.0x as long as broad, 1.4x as long
as P2 propodus; P3 merus 5.5x as long as broad, 1.2x as long as P3 propodus.
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Extensor margins of meri with row of 10-12 proximally diminishing spines on
P2-P3, only distal spine on P4; flexor margins with three or four spines followed
proximally by several eminences on P2—P3, only distal spine on P4; lateral sides
unarmed. Carpi with one or two spines on extensor margin; lateral surface with
several granules sub-paralleling extensor margin; flexor margin with well-devel-
oped distal spine. Propodi 6.0 (P2), 5.5 (P3), 4.2 (P4) x as long as broad; extensor
margin unarmed; flexor margin with four or five five slender movable spines, one
fixed minute distal spine. Dactyli slender, length 0.6—0.7 that of propodi; flexor
margin with eight or nine movable spinules along entire border, with ultimate
spinule at base of unguis; P2 dactylus 5.0x as long as wide. P4 merocarpal articu-
lation reaching anterior end of cervical groove; P4 merus > %2 length of P2 merus.

Genetic data. COI, 16S.

Etymology. From the Greek, mikros, small, in reference to the small size of
the species.

Remarks. Trapezionida microtes belongs to the group of species having four
spines on the branchial lateral margins of the carapace, rostrum narrowly tri-
angular (not spiniform), short supraocular spines, thoracic sternites smooth,
moderately large eyes, pleomere |l tergite unarmed, and the distomesial spine
of the antennular article 1 smaller than the distolateral spine.

The new species is closely related to T. alonsoi (Macpherson, 1994) from
New Caledonia area and T. pumilla (Macpherson, 2004) from Tonga. However,
T. microtes is easily distinguished from these species by several characters:

+ The branchial lateral margin has four spines in the new species, whereas it
is armed with five spines (rarely three or four) in T. alonsoi and T. pumilla.

+ The extensor margin of the Mxp3 merus has a distal spine in T. alonsoi
and T. pumilla, whereas it is unarmed in the new species.

+ The P2-P4 dactyli are clearly more slender in T. microtes than in T. alon-
soi: 5.0x vs. 2.5x as long as wide.

+ Genetically T. microtes showed high divergence values with T. alonsoi
(6.43% COI, 3.77% 16S). No genetic data is available for T. pumilla.

The new species is also close to T. trigonocornus from Japan (Komai 2012).
However, the dorsal surface of the carapace has branchial dorsal and postcer-
vical spines in T. trigonocornus, whereas these spines are absent in the new
species. No genetic data is available for T. trigonocornus.

Distribution. Vanuatu, New Caledonia, at 192-880 m.

Trapezionida pulex sp. nov.
https://zoobank.org/FF992C41-5EC1-4109-9206-EB62CB87243B
Figs 8,9B

Munida leptitis: Macpherson 1996: 394, fig. 14. — Macpherson 1997: 607. —
Macpherson 2000: 419. — Macpherson 2004: 263. — Baba 2005: 267 (in
part). — Macpherson 2006: 318 (in part). — Baba et al. 2008: 104 (in part).
— Macpherson 2013: 301 (in part). — Macpherson et al. 2020: 59. (non
M. leptitis Macpherson, 1994).

Trapezionida aff. leptitis1: Machordom et al. 2022: table 2, suppl. figs S1-S6.

ZooKeys 1188:91-123 (2024), DOI: 10.3897/z00keys.1188.114984 111



Enrique Macpherson et al.: New species of squat lobsters

Material. Holotype: NEw CALEDONIA, Exbodi Stn DW3902, 19°53'S, 165°49'E,
410 m, 22 September 2011: male, 5.4 mm (MNHN-IU-2016-5809). Paratypes:
INDONESIA, Kei Islands, Karubar Stn DW02, 22 October 1991, 05°47'S, 132°13'E,
209-240 m: 3 males, 4.8-5.3 mm, 2 females, 3.6-4.3 mm, 1 juv. 2.4 mm
(MNHN-1U-2014-14752, MNHN-IU-2016-516). PAPUA-NEW GUINEA, Biopapua
Stn CP3759, 14 October 2010, 03°59.690'S, 153°37.070'E, 287-352 m: 1 ovig-
erous female, 5.3 mm (MNHN-IU-2011-3829). — Papua Niugini Stn CP4016,
12 December 2012, 05°40'S, 148°14'E, 280-285 m: 1 female, 3.2 mm (MNHN-
IU-2016-5816). — Madeep Stn DW4310, 3 May 2014,09°50'S,151°31'E, 390-500
m: 1 male, 4.2 mm (MNHN-IU-2016-5804). — Stn DW4311, 3 May 2014, 09°50'S,
151°32'E, 270-486 m: 1 male, 5.7 mm, 1 ovigerous female, 5.2 mm (MNHN-
IU-2015-828). —Kavieng 2014 Stn DW4485, 5 September2014,02°26'S,149°54'E,
240-242 m: 1 male, 3.4 mm (MNHN-IU-2014-9905). Solomon Islands, Salomon
1 Stn CP1831, 05 October 2001, 10°12.1'S, 161°19.2'E, 135—-325 m: 1 ovigerous
female, 6.0 mm; (MNHN-IU-2016-2997), 3 males, 3.4-5.5 mm, 1 ovigerous fe-
male, 3.7 mm, 1 female, 5.0 mm (MNHN-IU-2014-14750). Vanuatu, Musorstom 8
Stn CP983, 23 September 1994, 19°22'S, 169°28'E, 475-480 m: 1 male, 3.5 mm
(MNHN-1U-2016-515). New Caledonia, Chesterfield Islands, Ebisco Stn CP2620,
20 October 2005, 20°05.864'S, 160°22.318'E, 270-532 m: 1 female, 5.8 mm
(MNHN-1U-2014-14714). — Kanadeep 1 Stn DW5007,22°12'S, 159°02'E, 19 Sep-
tember 2017, 290-750 m: 1 male, 5.6 mm (MNHN-IU-2013-19924). New Cale-
donia, Terrasse Stn DW3083, 24 October 2008, 22°27'S, 167°25'E, 470-570 m: 1
male, 5.2 mm (MNHN-IU-2011-4956). — Exbodi Stn CP3927, 26 September 2011,
18°36'S, 164°20'E, 381 m: 1 ovigerous female, 4.7 mm (MNHN-IU-2016-5815).
— Stn DW3928, 26 September 2011, 18°38'S, 164°20'E, 362-402 m: 2 males,
4.5-5.2 mm (MNHN-IU-2016-5811). — Stn DW3930, 26 September 2011,
18°37'S, 164°26'E, 448-464 m: 2 males, 5.3-6.0 mm (MNHN-IU-2011-6466).
— Stn DW3937, 27 September 2011, 18°37'S, 164°26'E, 446-604 m: 1 male,
7.8 mm (MNHN-IU-2013-1793), 2 males, 4.2-6.0 mm, 2 ovigerous females,
5.2-6.0 mm, 1 female, 3.8 mm(MNHN-IU-2011-7263). — Stn CP3841, 10 Sep-
tember 2011, 22°23'S, 167°24'E, 477-503 m: 2 ovigerous females, 4.8-5.3 mm
(MNHN-1U-2016-5819). — Stn DW3847, 13 September 2011, 22°04'S, 168°41'E,
414-435m: 1 ovigerous female, 4.4 mm (MNHN-IU-2013-1882). — Stn CP3848,
13 September 2011, 22°03'S, 168°42'E, 430-440 m: 3 males, 4.2-5.1 mm, 4
ovigerous females, 4.4-4.7 mm (MNHN-IU-2014-18231). — Stn CP3849, 13
September 2011, 22°03'S, 168°41'E, 360—-560 m: 1 male, 6.0 mm (MNHN-
IU-2016-5812). — Kanacono Stn DW4764, 27 August 2016, 23°20'S, 168°15'E,
350-356 m: 1 male, 7.0 mm (MNHN-IU-2017-8561). Wallis and Futuna Islands,
Musorstom 7 Stn DW605, 13°21.3'S, 176°08.4'W, 335-340 m, 26 June 1992: 1
ovigerous female, 4.5 mm (MNHN-IU-2016-517), 7 males, 3.1-6.1 mm, 3 ovig-
erous females, 4.4-5.3 mm, 2 females, 3.6-4.0 mm (MNHN-IU-2014-14735).
Tonga, Bordau 2 CP1545, 5 June 2000, 21°17'S, 17517°W, 444-447 m: 3 males,
4.1-6.2 mm, 1 ovigerous female, 6.0 mm (MNHN-IU-2014-14739). — Stn
CP1643,21°04.54'S, 175°22.50'W, 487 m, 22 June 2000: 2 males, 5.7-6.8 mm
(MNHN-1U-2014-14748), 1 female, 4.6 mm (MNHN-IU-2016-518).

Description. Carapace: Slightly longer than broad, feebly convex, with some
secondary striae and scales between main transverse ridges. Dorsal ridges
with dense short setae, and numerous scattered, long, non-iridescent setae.
Gastric region with four or five pairs of epigastric spines, longest pair behind
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Figure 8. Trapezionida pulex sp. nov., male holotype, 5.4 mm (MNHN-IU-2016-5809), New Caledonia A carapace and
pleon, dorsal view B sternal plastron C cephalic region, showing antennular and antennal peduncles, ventral view D right
Mxp3 ischium and merus, lateral view E right P1, dorsal view F left P2, lateral view G dactylus of left P2, lateral view H left
P3, lateral view I left P4, lateral view. Scale bars: 1.0 mm (A, E, F, H, I); 0.5 mm (B, C, D, G).

supraocular spines, with intermediate pair of minute spines between large epi-
gastric pair. One or two small hepatic and one parahepatic spine on each side,
branchial dorsal and postcervical spines absent. Frontal margins transverse.
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Lateral margins slightly convex. First lateral spine on anterolateral angle, short,
clearly not reaching level of sinus between rostrum and supraocular spines;
two small spines in front of anterior branch of cervical groove; end of anteri-
or branch of cervical groove with tuft of iridescent setae. Branchial margins
straight, with five small spines, decreasing in size posteriorly. Rostrum spini-
form, ~ 0.6—0.7x length of remaining carapace, laterally carinate, slightly up-
wards directed. Supraocular spines short, not reaching midlength of rostrum
and clearly not reaching end of cornea, subparallel, directed slightly upwards.
Grooves between rostrum and supraocular spines moderately shallow. Ptery-
gostomian region unarmed, ending in round tip.

Thoracic sternum: Approximately 0.7x as long as wide. Maximum width of
sternum at sternite VII. Surface of thoracic IV-VI sternites smooth, with a few
short striae in sternite V. Sternite |V trapezoidal; anterior margin wide and sub-
parallel to sternite Il along its entire length. Sternite Il ~ 2.5-3.0x as wide as
long, sternite IV 2.5x as wide as long, 2.5x as wide as sternite lll.

Pleon: Tergites Il and Il each unarmed along anterior ridge, with three unin-
terrupted transverse ridges on tergite behind anterior ridge, tergites IV and V
each with two uninterrupted transverse ridges; ridges with some short setae
and a few iridescent setae.

Eye: Cornea dilated, much wider than peduncle. Maximum corneal diameter
0.4 distance between bases of anterolateral spines.

Antennule: Article 1 more than 2.0x as long as wide, with two well-developed
distal spines, distomesial spine clearly shorter than distolateral; two lateral
spines, distal much longer than proximal and nearly exceeding distolateral spine.

Antenna: Article 1 with short distomesial spine nearly reaching end of article
2. Article 2 with distomesial and distolateral spines exceeding end of article 3.
Article 3 unarmed.

Mxp3: Ischium with strong distal spine on flexor margin. Merus shorter than
ischium; flexor margin with two spines, proximal stronger than distal; extensor
margin unarmed or with minute spine. Carpus unarmed.

P1: 2.5-2.7 (females), 3.0-3.2 (males) x carapace length, squamate, cov-
ered with numerous long plumose and iridescent setae along mesial margin
of articles. Merus 1.0-1.2 length of carapace, 2.1-2.2x as long as carpus, with
some dorsal and mesial spines; distal spines strong, distomesial spine nearly
reaching proximal third of carpus. Carpus 0.9-1.0 length of palm, 1.4-1.6x as
long as broad, with strong spines along mesial margin, some small spines on
dorsal side. Palm 1.3-1.7x as long as broad, with some small dorsal spines;
well-developed spines along lateral and mesial margins. Fingers 1.2-1.4x as
long as palm; fixed finger with spines along lateral margin; movable finger with
basal and distal spines.

P2-P4: Moderately long and slender, with numerous iridescent setae along ex-
tensor margin of articles. P2 1.9-2.0x carapace length. Meri shorter posteriorly
(P3 merus 0.8-0.9 length of P2 merus, P4 merus 0.7-0.8 length of P3 merus); P2
merus 0.7-0.8 length of carapace, 4.8—-4.9x as long as broad, 1.3-1.4x as long as
P2 propodus; P3 merus 4.8—4.2x as long as broad, 1.2-1.3x as long as P3 propo-
dus; P4 merus 3.5-3.7x as long as broad, 1.1-1.2x length of P4 propodus. Exten-
sor margins of P2—P4 meri with row of spines, decreasing in size proximally; flexor
margins with some well-developed spines followed proximally by several eminenc-
es; lateral sides unarmed. Carpi with three or four spines on extensor margin of
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Figure 9. Colour in life A Trapezionida macilenta sp. nov., male holotype, 5.7 mm (MNHN-IU-2013-1094), Papua-New
Guinea B Trapezionida pulex sp. nov., ovigerous female paratype, 4.4 mm (MNHN-IU-2013-1882), New Caledonia.

P2-P3, unarmed on P4; lateral surface with several granules sub-paralleling exten-
sor margin on P2-P4; flexor margin with distal spine. Propodi 4.0—4.7x as long as
broad; extensor margin unarmed; flexor margin with nine or ten slender movable
spines on P2—-P4, distal end with one fixed spine. Dactyli slender, slightly shorter
than propodi; flexor margin with 7-9 movable spinules, with ultimate spinule at
base of unguis, penultimate spine much closer to antepenultimate than to ultimate
spine; P2 dactylus 3.7—-4.5x as long as wide. P4 merocarpal articulation not reach-
ing anterior end of cervical groove; P4 merus ~ % length of P2 merus.

Colour in life. Ground colour of carapace and pleomere tergites pale orange.
Rostrum orange, supraocular spines whitish. Transverse whitish stripes on me-
dian and posterior parts of carapace. Median and lateral parts of pleomere
tergites with orange spots. P1-P4 pale orange without transverse stripes; P1
with a few dorso-median red spots; distal portion of fingers whitish. P2-P4
dactyli whitish (Fig. 9B).

Genetic data. COI, 16S.

Etymology. From the Latin, pulex, flea, in reference to the small size of the
species.

Remarks. The new species is morphologically very close to T. leptitis
(Macpherson, 1994) (see above), whichwas described from specimens collect-
ed in New Caledonia, and it was found later off Wallis and Futuna area, Tai-
wan, Indonesia, Papua-New Guinea, Vanuatu, Fiji, Tonga, and French Polynesia
(see Macpherson et al. 2020 and references cited therein). Nevertheless, some
slight morphological differences among specimens suggest the existence of
a complex of cryptic species with overlapping distribution ranges. The molec-
ular analysis of specimens from the different localities has demonstrated the
existence of two species, T. leptitis and T. pulex. Both species are genetically
distinct, although only separated morphologically by slight differences.
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Both species can be differentiated by the following aspects:

+ The thoracic sternite Ill is more slender in T. leptitis than in T. pulex (3.5—
4.5x as wide as long in T. leptitis and 2.5-3.0x in T. pulex).

+ The P2-P4 are more slender in T. pulex than in T. leptitis. The propodi are
5.3-5.7x as long as broad and the dactyli 5.0x as long as broad in T. pulex.
These values are 4.0-4.6 and 3.7-4.5x, respectively, in T. leptitis .

+ The colour patterns of both species are different. For instance, the dorsal
surface of the P1 has numerous red spots in T. leptitis, whereas these
spots are very few in T. pulex.

+ Genetically the new species is different from T. leptitis: 7.44% 16S and
13.54% COl.

Distribution. The species is found in Indonesia, Vanuatu, Loyalty Islands,
New Caledonia, Wallis and Futuna Islands, Fiji, Tonga, and French Polynesia.
The depth range of these specimens is 135-750 m.

Genus Typhlonida Macpherson & Baba, 2022 in Machordom et al. 2022

Typhlonida eluminata sp. nov.
https://zoobank.org/DC2ED9D2-2F9E-4C5D-B3CA-C24513DA6109
Fig. 10

Typhlonida sp.: Machordom et al. 2022: fig. 3H, table 2.

Material. Holotype: NEwW CALEDONIA, Exbodi Stn DW3941, 19°04'S, 164°03'E,
980-1090 m, 28 September 2011: female, 6.6 mm (MNHN-IU-2011-6787).

Description. Carapace: Slightly longer than broad, feebly convex, with a few
secondary striae between main transverse ridges and some scales on gastric
and anterior branchial areas. Dorsal ridges with dense short plumose setae,
and a few scattered long setae. Gastric region with two pairs of epigastric
spines, longest pair behind supraocular spines. Parahepatic, branchial dorsal
and postcervical spines absent. Frontal margins slightly oblique. Lateral mar-
gins slightly convex. First lateral spine at anterolateral angle, well-developed,
reaching level of sinus between rostrum and supraocular spines; one small
spine in front of anterior branch of cervical groove. Branchial margins slight-
ly convex, with five spines, decreasing in size posteriorly. Rostrum spiniform,
~ 0.5x length of remaining carapace, horizontal. Supraocular spines reaching
midlength of rostrum and exceeding end of cornea, subparallel, directed slight-
ly upwards. Pterygostomian region ending in round tip.

Thoracic sternum: Approximately 0.7x as long as wide. Surface of thoracic
IV-VI sternites smooth, with a few short striae in sternite IV. Sternite lll ~ 4x
as wide as long. Sternite |V triangular, anterior margin clearly narrower than
preceding sternite, anterolateral margins slightly convex; 2.0x as wide as long,
2.3x as wide as sternite Ill.

Pleon: Pleomere Il tergite with three—four pairs of spines along anterior
ridge, with one uninterrupted transverse ridge on tergite behind anterior ridge;
tergites Ill and IV each with additional ridge behind anterior ridge; ridges with
some short setae and a few iridescent setae.
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Figure 10. Typhlonida eluminata sp. nov., female holotype, 6.6 mm (MNHN-1U-2011-6787), New Caledonia A carapace
and pleon, dorsal view B sternal plastron C cephalic region, showing antennular and antennal peduncles, ventral view
D right Mxp3 ischium and merus, lateral view E right P1, dorsal view F right P2, lateral view G dactylus of right P2, lateral
view H right P4, lateral view. Scale bars: 1.0 mm (A, E, F, H); 0.6 mm (B, C, D, G).
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Eye: Cornea not dilated, as wide as peduncle. Maximum corneal diameter
< 0.3x distance between bases of anterolateral spines.

Antennule: Article 1 (basal) 0.7x as wide as long, with two well-developed
distal spines, distomesial spine shorter than distolateral; two lateral spines, dis-
tal much longer than proximal and not reaching distolateral spine.

Antenna: Article 1 with short distomesial spine reaching end of article 2.
Article 2 with subequal distomesial and distolateral spines not reaching end of
article 3; article 3 with well-developed distomesial spine.

Mxp3: Ischium with strong distal spine on flexor margin. Merus shorter than
ischium; flexor margin with two well-developed spines, proximal stronger than
distal; extensor margin unarmed. Carpus unarmed.

P1: 2.2x carapace length, with dense long setae along mesial and dorsal
margins of articles, more numerous in paratypes than in holotype. Merus 0.9x
length of carapace, 2.1x as long as carpus, with some dorsal and mesial spines;
distal spines strong, distomesial spine nearly reaching proximal 1/3 of carpus.
Carpus 0.9x length of palm, 2.0x as long as broad, with strong spines along
mesial margin, some small spines on dorsal side. Palm 2.0x as long as broad,
with row of small dorsal spines; well-developed spines along lateral and mesial
margins. Fingers 1.2x as long as palm; movable finger unarmed, fixed finger
with distal spine.

P2-P4: Moderately long and slender, with some plumose setae and scat-
tered longer setae along extensor margin of articles. P2 2.0x carapace length.
Meri successively shorter posteriorly (P3 merus 0.9x length of P2 merus, P4
merus 0.7x length of P3 merus); P2 merus 0.8x length of carapace, 5.2x as long
as broad, 1.5x as long as P2 propodus; P3 merus 5.0x as long as broad, 1.3x as
long as P3 propodus; P4 merus 4.0x as long as broad, 1.2x length of P4 propo-
dus. Extensor margins of P2—P4 meri with row of spines, decreasing in size
proximally; flexor margins with well-developed distal spine followed proximally
by several spines or eminences; lateral sides unarmed. Carpi with distal spine
on extensor margin of P2-P4; lateral surface with several granules sub-paral-
leling extensor margin on P2—-P4; flexor margin with distal spine. Propodi 7.5
(P2) to 6.0 (P4) x as long as broad; extensor margin unarmed; flexor margin
with five or six slender movable spines on P2-P4, distal end with one fixed
spine. Dactyli slender, 0.6-0.7x as long as propodi; flexor margin with seven—
eight movable spinules, with ultimate spinule at base of unguis, penultimate
spine equidistant between antepenultimate and ultimate spines; P2 dactylus
4.5x as long as wide.

Genetic data. COI, 16S, 18S.

Etymology. From the Latin, eluminatus, blinded, in reference to the small
eyes.

Remarks. Typhlonida eluminata belongs to the group of species having five
minute spines on the branchial lateral margins of the carapace, short supraocu-
lar spines, eyes small, cornea as wide as peduncle, maximum corneal diameter
< 0.3x distance between bases of anterolateral spines, the anterior ridge of the
pleomere Il tergite with spines and the distomesial spine of the antennal article
1 well-developed, exceeding midlength of article 2. The new species is closely
related to T. typhle (Macpherson, 1994), from New Caledonia and T. galalala
(McCallum et al., 2021) from NW Australia.
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The new species can be distinguished from T. typhle by the presence of a
distomesial spine on the antennal article 3 in the new species, which is absent
in T. typhle. Furthermore, the anterolateral spine of the carapace clearly not
reaching the level of the sinus between the rostrum and the supraocular spines
in T. typhle, whereas this spine is reaching this sinus in the new species. Finally,
the flexor margin of the Mxp3 merus has two well-developed spines in the new
species, whereas there is only one median spine in T. typhle.

The differences between T. typhle and T. galalala are the following:

+ The anterolateral spine of the carapace is as long as the supraocular spine
in the new species, whereas it is smaller in T. galalala.

+ The P2 merus is longer than the carapace in T. galalala, whereas it is short-
er in the new species.

+ The dorsal surface of the P1 palm is unarmed in T. galalala, whereas there
are some small spines in the new species.
Genetically the new species is different from T. typhle and T. galalala:
T. eluminata diverges respect to T. typhle 3.97% for 16S and 11.42% for
COl, and the values are ~ 11.61% for COl and 3.86% for 16S compared to
T galalala.

The new species is also close to T. lanciaria (Cabezas et al., 2011), from
Taiwan, but this species has the cornea clearly wider than the peduncle. Fur-
thermore, both species are genetically quite different (3.01% for 16S) and 13.
4% (COl).

Distribution. New Caledonia, between 980 and 1090 m.
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Abstract

The classification of the Neotropical Cybistrinae Sharp, 1880 (Coleoptera: Adephaga:
Dytiscidae) is extensively revised based on a phylogenetic analysis of morphological
features of the group. A new genus, Nilssondytes gen. nov. is described for a unique
new species, Nilssondytes diversus sp. nov. from Venezuela. The New World genus,
Megadytes Sharp, 1882, with several subgenera, was found to not be monophyletic.
The type species of Megadytes, Dytiscus latus Fabricius, 1801 and the species Cybis-
ter parvus Trémouilles, 1984 were found to be monophyletic together, and phyloge-
netically more closely related to Cybister Curtis, 1827 than to other species assigned
to Megadytes sensu stricto, which were found to also be monophyletic. The name
Megadytes is here restricted to include only Megadytes latus and Megadytes parvus.
These two species assigned to this newly restricted genus concept are reviewed and di-
agnosed. A new genus, Metaxydytes gen. nov., is erected to include all the other species
currently assigned to Megadytes sensu stricto. The current subgenus names assigned
to Megadytes, Bifurcitus Brinck, 1945, Paramegadytes Trémouilles & Bachmann, 1980,
and Trifurcitus Brinck, 1945, are elevated to genus rank since they are variously para-
phyletic. The two species assigned to Cybister (Neocybister) Miller, Bergsten & Whiting,
2007, Cybister (Neocybister) festae Griffini, 1895, and Cybister (Neocybister) puncticollis
(Brullé, 1837) re reviewed and diagnosed with the former redescribed and its type spec-
imens considered for the first time since its description. Another evidently new species
and possible new genus, Megadytes species, IR57 (Ribera et al. 2008), from Peru, is also
characterized, but not formally treated because of lack of important data for the single,
partial specimen. Diagnostic features are illustrated for the entire group.

Resumen

La clasificacion de Cybistrinae Sharp, 1880 neotropicales (Coleoptera: Adephaga: Dytis-
cidae) se revisa ampliamente con base en un andlisis filogenético de caracteristicas
morfoldgicas del grupo. Un nuevo género, Nilssondytes gen. nov. se describe para la
Unica nueva especie Nilssondytes diversus sp. nov. de Venezuela. Se encontré que el
género, Megadytes Sharp, 1882, del Nuevo Mundo y con varios subgéneros, no es mo-
nofilético. Se encontré que la especie tipo de Megadytes, Dytiscus latus Fabricius, 1801
y la especie Cybister parvus Trémouilles, 1984 forman un grupo monofilético y filoge-
néticamente mas estrechamente relacionado con Cybister Curtis, 1827 que con otras
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especies asignadas a Megadytes sensu stricto, que se encontré que también forman
un grupo monofilético. El nombre Megadytes se restringe aqui para incluir solo a Meg-
adytes latus y Megadytes parvus. Se revisan y diagnostican estas dos especies asigna-
das a este nuevo concepto restringido del género. Un nuevo nombre, Metaxydytes gen.
nov., se erige para incluir a todas las demads especies actualmente asignadas a Meg-
adytes sensu stricto. Los nombres subgenéricos actuales asignados a Megadytes, Bi-
furcitus Brinck, 1945, Paramegadytes Trémouilles y Bachmann, 1980y Trifurcitus Brinck,
1945, se elevan al rango de género, nuevo estado, ya que son parafiléticos de diversas
formas. Se revisan y diagnostican las dos especies asignadas a Cybister (Neocybister)
Miller, Bergsten y Whiting, 2007, Cybister (Neocybister) festae Griffini, 1895 y Cybister
(Neocybister) puncticollis, redescribiendo la primera y considerando sus especimenes
tipo por primera vez desde su descripcion. Otra especie evidentemente nueva y posible
nuevo género, Megadytes, IR57 (Ribera et al. 2008), de Pert, también se caracteriza,
pero no se trata formalmente debido a la falta de datos importantes para el Unico espé-
cimen parcial. Las caracteristicas diagnosticas se ilustran para todo el grupo.

Key words: Diving beetle, phylogeny, South America, taxonomy, water beetle

Introduction

Cybistrinae Sharp, 1880 prior to this paper included seven genera, some with
subgenera, from throughout much of the world, but especially in lower latitudes.
The classification of the group was phylogenetically revised most recently
by Miller et al. (2007). Until now, the New World has included two genera,
Megadytes Sharp and Cybister Curtis. Megadytes has included 21 species in
four subgenera (Miller and Bergsten 2016; Nilsson and Hajek 2023) mainly from
the Neotropical region but also from the southeastern Nearctic. The New World
Cybister until recently has included three species in C. (Cybister) from North and
Central America (Miller 2013), two species of C. (Neocybister) Miller, Bergsten
& Whiting from South America and one species, Cybister parvus Trémouilles,
from South America, which has remained unplaced with respect to subgenus
(Trémouilles and Bachmann 1980; Trémouilles 1984; Miller and Bergsten 2016;
Nilsson and Hajek 2023). Remarkably, an overlooked new species of very large-
bodied Cybister was recently added to Cybister (Cybister) from Mexico, Cybister
(Cybister) poblanus Arce-Pérez, Novelo-Gutiérrez & Fery, 2021 supporting the
idea that, among water beetles, the larger-bodied groups of species tend to be
more overlooked taxonomically (Miller 2013).

Cybistrines in the Neotropical region occur especially in sunny lentic situa-
tions with extensive emergent vegetation, although they may be found in many
aquatic habitats. Some species can be abundant at certain sites, but many are
only rarely collected and are uncommon in collections. Neotropical cybistrines
include the largest diving beetles in the world (Hendrich et al. 2019).

Upon the discovery of new taxa and reevaluation of certain described spe-
cies with some unique character combinations, it became clear that the situ-
ation with Cybistrinae in South America is more complicated than the current
classification reflects. The goal of this paper is to revise the Neotropical Cy-
bistrinae genus groups and some of the species groups. The largest group of
Neotropical species, historically placed in Megadytes, is not reviewed here and
remains in need of revision with only analysis of the southern species having
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been made by Trémouilles and Bachmann (1980). The previous paper revising
the classification of Cybistrinae of the world by Miller et al. (2007) should be
consulted for additional illustrations, details and discussion about the group,
and the project presented here supplements that paper specifically.

Material and methods

Methods for specimen preparation and examination largely follow Miller et al.
(2007) and Miller and Bergsten (2016).
Specimens were examined or are referenced from the following collections:

DZRJ  Colegcdo Entomoldgica Prof. José Alfredo Pinheiro Dutra, Departa-
mento de Zoologia, Universidade Federal do Rio de Janeiro, Rio de
Janeiro, Brazil (N. Ferreira Jr);

KBMC Kelly B. Miller Collection, University of New Mexico, Albuquerque, NM,
USA (K. B. Miller);

MIZA  Museo del Instituto de Zoologia Agricola Francisco Fernandez Yépez,
Universidad Central de Venezuela, Maracay, Venezuela (L. Joly);

MLP Museo de La Plata, La Plata, Argentina (P. M. Dellapé);

MNHN Museum National d’Histoire Naturelle, Paris, France (A. Mantilleri);

MRSN Museo Regionale di Scienze Naturali di Torino (Museum of Turin)
(F. Giachino);

MSBA  Museum of Southwestern Biology, Division of Arthropods, University
of New Mexico, Albuquerque, NM, USA (K. B. Miller);

MZLU  Museum of Zoology, University of Lund, Lund, Sweden (J. Ekstrom);

MZSP  Museu de Zoologia, Universidade de Sdo Paulo, Sdo Paulo, Brazil (S.
A. Casari);

SEMC Snow Entomological Collection, University of Kansas, Lawrence, KS,
USA (A. E. Z. Short);

USNM  United States National Museum, Department of Entomology, Wash-
ington, DC, USA (L. Chamorro).

Measurements are based on the range of available specimens and/or published
values. Measurements were taken either using a standard steel ruler (longer mea-
surements) or an ocular scale on a Zeiss Discovery V8 dissecting microscope at
50x magnification (shorter measurements). Emphasis was placed on measuring
the largest and smallest specimens to describe the range of size in a species.
Measurements include: (1) total length (TL); (2) greatest width across elytra (GW);
(3) greatest pronotal width (PW); (4) greatest width of the head (HW); (5) distance
between the eyes (EW); (6) narrowest width of metaventral wing (MV, Fig. 6); and
(7) width across lateral portion of metacoxa (MC, Fig. 6). The ratios TL/GW, HW/
EW, and MC/MV were also calculated to provide an indication of overall shape, eye
size, and relative sizes of morphological features. Published measurements were
included for some species if they are outside the range of observed specimens.

Male and female genitalia were dissected using methods similar to Miller
(2001), Miller and Bergsten (2014, 2016), and Miller et al. (2007, 2009). Line
drawings were created by sketching the structure in pencil using a drawing tube
attached to a Zeiss Discovery V8 microscope then scanning and digitizing the
sketch, inking, and editing using Adobe lllustrator.
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Distribution data are based on examined specimens and published accounts
for better-known species. Species historically placed in Megadytes have not
been revised, and there may be confusion regarding their species identities in
publications, so only type localities are referenced for these unrevised groups.

Fresh material suitable for DNA sequence acquisition and analysis was un-
available for many of the new and reinterpreted taxa treated here. Therefore,
phylogenetic analysis is based on morphological characters historically used
for these groups and a subset of taxa representative of the evident phyloge-
netic diversity and morphological combinations exhibited by Cybistrinae taxa
(e.g., Miller et al. 2007). A few characters are newly analyzed. See below and
the Appendix 1 for character discussions.

Numerous characters relevant to Cybistrinae phylogeny are reviewed by Mill-
er et al. (2007) for adults and by Ferreira Jr (2000) and Michat (2006, 2017) for
larva and those papers should be consulted for information regarding the mor-
phology analyzed in this paper (see Appendix 1). However, some clarification is
required for certain characters important for the classification and reclassifica-
tion of taxa included here and for Cybistrinae in general. There are also some
new characters included in this analysis. These are discussed below and in the
Appendix 1. Character coding is included in Suppl. material 1.

One of these problematic characters is the nature of the metatarsal claws
(Character (hereafter Char. 25). In certain Australian and Afrotropical Cybistri-
nae genera (Austrodytes Watts, Onychohydrus Schaum & White, Regimbartina
Chatanay, Spencerhydrus Sharp & Sternhydrus Brinck), the metatarsal claws are
unequal in length with the anterior claw shorter than the posterior. But in those
species historically placed in Megadytes and Cybister the claws are character-
ized by a wider variety of configurations (Figs 15-18, 21-24, 26-29). Some ge-
nus groups (e.g., M. (Bifurcitus) Brinck and M. (Trifurcitus) Brinck) have males
and females each with equal-length metatarsal claws. Others are sexually di-
morphic with either males or both males and females with the posterior claw
reduced and shorter than the anterior claw or absent altogether (see Table 1).
Because of the complexity of this variation, the claw features are problematic
for coding. A single character is analyzed for this with multiple additive states
(Char. 25, Figs 15-29).

Another complicated set of characters includes the male genitalia. The me-
dial margin of male abdominal sternite IX (Char. 31) is either linear (with each
medial margin together parallel, Figs 53, 56, 57) or with the medial margins
each distinctly emarginate (Figs 51, 52, 54, 55). Emarginate medial margins
are characteristic of Cybister (Miller et al. 2007) and species here placed in a
redefined Megadytes (see below). All other Cybistrinae have linear medial mar-
gins. Other male genitalic features include the shape of the apex of the male
ventral sclerite (Char. 34, see Miller 2001 for discussion of this structure). In
South American Cybister the apex is distinctly bifid (Figs 31, 34) and in certain
species previously in Megadytes (see below) it is apicolaterally lobate and fine-
ly setose (Figs 42, 43, 45, 47). In other groups it is variable at the species level.

The female reproductive tract (RT) in Cybistrinae is distinctive and requires
explanation. In cybistrines there is a single genital opening with an extremely
long, heavily muscular vagina (Miller 2001). The spermatheca is elongate and
tubular and attached to an enlarged sac-like region at the base of the com-
mon oviduct at the end of the vagina (Figs 58, 59, 61-66). There are a pair

ZooKeys 1188: 125-168 (2024), DOI: 10.3897/z00keys.1188.110081 128



Kelly B. Miller et al.: Neotropical Cybistrinae

Table 1. Numbers and relative lengths of metatarsal claws in males and females of
genera of Cybistrinae.

Male Female
Austrodytes 2 claws, anterior < posterior 2 claws, anterior < posterior
Spencerhydrus | 2 claws, anterior < posterior 2 claws, anterior < posterior
Sternhydrus 2 claws, anterior < posterior 2 claws, anterior < posterior
Onychohydrus | 2 claws, anterior < posterior 2 claws, anterior < posterior

Regimbartina

2 claws, anterior < posterior

2 claws, anterior < posterior

Nilssondytes 2 claws, anterior > posterior 2 claws, anterior > posterior
Bifurcitus 2 claws, anterior = posterior 2 claws, anterior = posterior
Trifurcitus 2 claws, anterior = posterior 2 claws, anterior = posterior
Metaxydytes 2 claws, anterior = posterior 2 claws, anterior > posterior
Paramegadytes | 2 claws, anterior = posterior 2 claws, anterior > posterior
Megadytes 2 claws, anterior > posterior 2 claws, anterior > posterior
Cybister 1 claw Some species with 1 claw, some species with 2

claws, anterior > posterior, few species dimorphic,
either 1 claw or 2 claws, if 2, anterior > posterior

of structures (possibly gland reservoirs, although sperm have been found in
these regions Miller 2001) on the sides of this sac-like region (Char. 36, Figs 58,
59, 61-66). The basic structure is relatively conserved across Cybistrinae with
mainly differences in relative lengths of various structures. The gonocoxae are
together fused and knifelike for endophytic oviposition (Char. 39, Figs 58—-66).
The vagina terminates ventrally between the fused gonocoxae with two elon-
gate sclerotized rami (Figs 58-66; Miller 2001). There is some species level
variation in the relative sizes and shapes of these structures and whether the
rami are smooth (Figs 58-63, 66) or corrugated (Char. 42; Figs 64, 65). The
gonocoxosternite exhibits variation in relative size and shape as well (Figs 58—
66). The medial margin is distinctly emarginate in Neotropical Cybister females
(Figs 58, 59) and has a distinctive series of spinous setae in most species
previously placed in Megadytes (Megadytes) and Megadytes (Paramegadytes)
Trémouilles & Bachmann (Figs 60, 62, 63). Several characters are coded to cap-
ture this variation (see Appendix 1).

A particularly problematic set of characters is the subdivisions of antenno-
meres and maxillary and labial palpomeres in larvae (Chars 45-53). Species of
Dytiscinae and Cybistrinae in particular, but other groups as well, have subdivid-
ed antennomeres and maxillary and labial palpomeres in various instars giving
these structures the appearance of a greater number of segments. Technically
they are not additional segments, but are instead subdivisions called articles by
Michat et al. (2017). However, homologizing and coding these subdivisions is
problematic. For one thing, it can be somewhat challenging determining which
of the basic antennomeres and palpomeres are the ones that are subdivided. In
addition, it seems likely that these subdivisions may be correlated both within
a single larval instar, but also between larval instars and between antennae and
palps. That is, it appears that specimens with at least one subdivided anten-
nomere or palpomere have others subdivided, or if subdivided in the antennae,
they are also subdivided in the palps making them potentially non-independent.
In addition, in some cases, subdivided antennomeres appear to be retained
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between instars, but not in others (they tend to accumulate between instars).
For this analysis, these characters are coded separately, as they are by Michat et
al. (2017). An effort was made to maximize information gained by coding these
characters but also avoiding overweighting of them. Other phylogenetic char-
acters are discussed more thoroughly in the Appendix 1 and cited references.

The matrix was developed and trees were examined and analyzed using Win-
Clada (Nixon 2002). Characters were analyzed in a parsimony framework using
NONA (Goloboff 1995) and the commands “h 10000,” “mu* 400,” and “h/100.”
Trees accumulated during this process were further swapped using the com-
mand “max*.” Resultant trees were examined under various optimizations and
consensus trees were calculated using WinClada (Nixon 2002).

Results

Cybistrinae Sharp, 1880
Cybistrini Sharp, 1880, as group of ‘Dytisci complicati'.

Type genus. Cybister Curtis, 1827.

Diagnosis and classification. These are large to very large Dytiscidae (length
13.0-47.0 mm). The subfamily is demonstrably monophyletic and is charac-
terized by the following synapomorphies (among others): in adults (Miller et al.
2007; Miller and Bergsten 2014, 2016), (1) the apicoventral elytral setal patch
small, composed of a field of short, coarse setae; (2) a large cluster of apically
bifid setae present on the posteroapical surface of the metatibia (Fig. 1); (3) the
anteroapical metatibial spur acuminate and broader than the posteroapical
spur (Figs 1-3); and (4) the oblongum cell sub-triangular (Fig. 7); in larvae (Fer-
reira Jr 2000; Michat et al. 2017), (5) the anterior margin of the frontoclypeus
trilobed (Figs 67-71), (6) antennomeres Il and Ill each subdivided into three ar-
ticles (in three instars), (7) the premaxillary lobes well developed and projected
anteriorly, (8) maxillary palpomere Il subdivided into three articles in instars Il
and II, (9) labial palpomeres | and Il each subdivided into two articles in all three
instars, (10) a dense row of short spiniform setae in the third basal of the ven-
tral margin of the protarsus (although also characteristic of a number of other
diving beetle taxa), (11) protarsus with a ventral row of spines (spinulae, not se-
tae), and meso- and metatarsus each with a row of setae (other dytiscids have
spinulae on all tarsi), (12) tergal sclerites reduced to small rectangular plates in
abdominal segments | to VI, (13) a subapically located anus, and (14) strongly
reduced urogomphi. Male cybistrines have the synapomorphy of protarsomeres
I-1Il broadly laterally expanded into a “palette” that is broader than its medial di-
mension with a large field of adhesive setae ventrally. Most cybistrines are dark
greenish to black, often with a lateral yellow margin along the pronotum and/or
the elytron, depending on the species, genus or subgenus. These features with
several additional synapomorphies in the female genitalia, larvae, other mor-
phological systems, and DNA sequence data make this group among the most
characteristic in Dytiscidae (Nilsson 1988; Ferreira Jr 2000; Miller 2000, 2001;
Miller et al. 2007; Miller and Bergsten 2014, 2016; Michat et al. 2017).

Cybistrinae prior to this study included seven genera, several with single or
few species and Megadytes and Cybister, each of which are species rich and
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include multiple subgenera. The most recent phylogenetic classification of the
group was developed by Miller et al. (2007).

The subfamily Cybistrinae has long been associated with Dytiscinae as a
tribe of that subfamily and sister to the rest of the clade (e.g., Miller 2000, 2001),
but was somewhat reluctantly elevated to subfamily rank by Miller and Berg-
sten (2014) after they found cybistrines not resolved together with dytiscines.
The two clades share an exceptional number of adult and larval features in
common, however, and new data and additional taxon sampling may change
an understanding of their relationships. Morphological characters supporting
monophyly of Dytiscinae and cybistrines are numerous, adults have: (1) the an-
terior margins of the eyes rounded, not emarginate; (2) the median lobe of the
male aedeagus bilaterally symmetrical with a distinct, elongate ventral sclerite;
(3) females with a single genital opening in the female reproductive tract for
both reception of sperm and oviposition (secondarily within Adephaga); and
(4) the female gonocoxae fused together along their dorsal margins, evidently
plesiomorphically to facilitate endophytic oviposition although apomorphically
this is lost (Miller and Bergsten 2014, 2016). Also, larvae have (among oth-
er less clear features): (1) abdominal segments VII-VIII with distinct lateral
fringes of natatory setae (present also on abdominal segment VIII in instars
[l and Ill of Coptotominae), and (2) the larval antennomeres and maxillary and
labial palpomeres subdivided into articles (Ferreira Jr 2000; Michat et al. 2017).
Although generally regarded as characteristic of Dytiscinae + Cybistrinae, the
subdivision of larval antennomeres and palpomeres in the included taxa is
quite variable and likely involves multiple independent characters requiring fur-
ther investigation to determine homologies within this general condition (see
discussion above and character coding scheme below). Subdivision of anten-
nae and palps also occurs (probably homoplasiously) in other diving beetle
taxa in different ways.

Immature semaphoronts. Cybistrinae larvae are very characteristic with-
in Dytiscidae (see diagnostic features above). They are often prominent and
abundant large predators in systems where they occur. Knowledge of larvae
in the group is increasing, but lags behind knowledge of adults, and even lags
well behind knowledge of larvae of other diving beetle groups, despite their
conspicuousness, although they have been investigated within the context of
the phylogeny and taxonomy of Dytiscinae and Cybistrinae (Larson et al. 2000;
Alarie et al. 2011; Michat et al. 2017). Table 2 details the state of descriptive
knowledge of the morphology of the three instars of each genus group and
a key is presented to the known taxa (see below). The pupa of Megadytes
(Paramegadytes) glaucus Brullé was described by Crespo (1982). Eggs are un-
known for Cybistrinae in general.

Distribution. Cybistrinae are found throughout the world, mainly at low lat-
itudes. Most members of the group are tropical, although some occur north
to southern Canada and northern Europe and south through temperate South
America and Australia and throughout southern Africa.

Phylogeny. Parsimony analysis of the matrix resulted in seven equally par-
simonious cladograms (length 102, Cl = 68, RI = 93) one of which is shown
in Fig. 75 with characters and states optimized on branches. Disagreement
among trees is primarily within Cybister, but also in relative placement of Nils-
sondytes and Paramegadytes. In some solutions, Paramegadytes is resolved as
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Table 2. Descriptive knowledge of each larval instar for Cybistrinae. Known instars indi-

cated with “X".
Instar
o Tm Citations

Austrodytes None

Bifurcitus X Ferreira Jr (1993, 2000); Michat (2006)
Cybister (Cybister) X | X X Fiori (1949); Watts (1964); Alarie et al. (2011)
Cybister (Megadytoides) None

Cybister (Melanectes) None

Cybister (Neocybister) None

Megadytes X Ferreira Jr et al. (2006)
Metaxydytes X | X X Ferreira Jr (1995); Michat (2010)
Nilssondytes None

Onychohydrus X | X | X Watts (1963, 1964); Alarie et al. (2011)
Paramegadytes X X X Crespo (1982); Michat (2006)
Regimbartina None

Spencerhydrus X | X X Michat et al. (2019)
Sternhydrus X | X X Watts (1964); Michat et al. (2015)
Trifurcitus X Ferreira Jr (1995); Michat (2006, 2010)

sister to a clade of species previously in Megadytes (in a new genus described
below), and in other solutions is sister to the clade Megadytes + Cybister. Simi-
larly, Nilssondytes is either resolved as sister to a large clade containing a new
genus (previously in Megadytes), Paramegadytes, Megadytes, and Cybister or is
sister to Megadytes + Cybister. This conflict resulted in a consensus cladogram
(Fig. 76) with Nilssondytes and Paramegadytes in unresolved positions with
respect to a new genus (previously in Megadytes) and Megadytes + Cybister.

Cybistrinae and Dytiscinae have historically been regarded as individually
monophyletic and together monophyletic (with cybistrines as a tribe within Dy-
tiscinae) based on a large number of adult and larval morphological characters
(e.g., Miller 2001, and see above). The most extensive phylogenetic analysis
of the family to date by Miller and Bergsten (2014), however, resulted in Cy-
bistrinae and Dytiscinae not together monophyletic, with each of the groups
individually monophyletic as historically constituted. In the analysis presented
here which is admittedly more limited only to morphological features and fewer
taxa, Cybistrinae and Dytiscinae are each monophyletic, and they are together
monophyletic (Figs 75, 76).

Taxonomic implications of phylogenetic analyses. An analysis of Cybistri-
nae and reclassification was presented by Miller et al. (2007) (as Cybistrini in
Dytiscinae). Based on that work, Cybistrinae include certain genera character-
ized by apomorphic features, but also genera characterized by plesiomorphies
that do not include any Neotropical species. These are primarily Australian in
distribution including Spencerhydrus Sharp, 1882, Austrodytes Watts, 1978,
Onychohydrus Schaum & White, 1847, and Sternhydrus Brinck, 1945, but also
the one Afrotropical species in the genus Regimbartina Chatanay, 1911 (Miller
et al. 2007). The remaining two genera, Megadytes Sharp, 1882 (as historically
defined), and its several subgenera, and Cybister Curtis, 1827 (also with several
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subgenera) were found to be together monophyletic based especially (unam-
biguously) on the presence of an oblique groove across the posterior surface of
the metatrochanter (Fig. 8), as well as DNA sequence data, with strong support
(Miller et al. 2007). These genera occur in the Neotropical region. Megadytes
(as then defined) was found to be monophyletic as was Cybister (Miller et al.
2007). All South American species of Cybistrinae are evidently part of this
clade since they have an oblique, ventral metatrochanteric groove (Miller et al.
2007, and see below).

The analysis presented here is somewhat limited as regards taxon sampling
overall, but it expands the Cybistrinae taxa available with morphological data
and results largely support previous analyses including; 1) monophyly of Cybis-
trinae, 2) monophyly of the Australian genera (Regimbartina not included here)
2) monophyly of Cybister (except Cybister parvus), and 3) monophyly of taxa
previously included in Megadytes together with Cybister (Figs 75, 76; Miller et
al. 2007; Miller and Bergsten 2014). However, the addition of newly discovered
taxa and poorly known historical taxa with unique new combinations of mor-
phological features resulted in some new phylogenetic relationships. Specifi-
cally, Megadytes, as historically constituted, is not monophyletic (Figs 75, 76).
Previously recognized subgenera of Megadytes (several elevated to genus rank,
see below) and some of those species historically in Megadytes (Megadytes)
(here placed in a new genus, see below) are not monophyletic (Figs 75, 76).
An undescribed species from northern South America is ambiguously resolved
near these two groups based on a unique combination of features requiring
a new genus (Figs 75, 76, see below). In addition, two species (previously
Megadytes latus Fabricius and Cybister parvus) with an intermediate character
combination between Megadytes and Cybister are resolved in a monophyletic
group between these other two groups requiring generic reclassification, as
well (see below).

Reclassification of Neotropical Cybistrinae

Bifurcitus Brinck, 1945, stat. nov.
Figs 1, 2, 64, 67

Bifurcitus Brinck, 1945: 8.

Type species. Cybister giganteus Laporte, 1835: 99 by original designation
(= Dytiscus Iherminieri Guérin-Méneville, 1829).

Diagnosis. Within Cybistrinae Bifurcitus have (1) the lateral margins of the
pronotum and elytra margined with yellow, (2) males and females each with
two equal-length metatarsal claws, and (3) the posterior metatibial spur bifid
(Figs 1, 2). These are the largest of all diving beetles with adult specimens
36—47 mm in total length (Hendrich et al. 2019). Third instar larvae have (1)
the median lobe of the frontoclypeus truncate apically with a tuft of setae
(Fig. 67), (2) the median and lateral lobes of the frontoclypeus separated by a
wide emargination (Fig. 67), (3) the lateral lobes of the frontoclypeus apical-
ly simple (Fig. 67), (4) the lateral lobes of the frontoclypeus obtusely angu-
late (Fig. 67), and (5) the cephalic capsule relatively short (head length / head
width < 1.20).
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Phylogenetic relationships. Bifurcitus is sister group to the similar Trifurcitus
(Figs 75, 76; Miller et al. 2007). Both have males and females with equal-length
metatarsal claws and the anterior metatibial spur either bifid or trifid (although
these two conditions may not be homologous) (Figs 1-3).

Discussion. Although previous evidence suggested that the several subgenera
of “Megadytes” are monophyletic, monophyly of this group is not supported here
based in part on the discovery of undescribed cybistrine species with unique
combinations of character states (Figs 75, 76). Given the situation, it seems ap-
propriate to recognize these subgenera at the genus rank including Bifurcitus.

There are three currently valid species in Bifurcitus which were differentiated
and characterized recently by Hendrich et al. (2019).

Cybister Curtis, 1827
Figs 5,7,9,10,15-18, 30-35, 51, 52, 58, 59, 66, 72

Type species. Dytiscus lateralis Fabricius, 1798.

Diagnosis. Within Cybistrinae Cybister is characterized by the following:
(1) a series of setae present along the posteroventral apical margin of the
mesotarsomeres of males and pro- and mesotarsomeres of females (Fig. 5);
(2) males with a single metatarsal claw, females with one or two, and if two,
then the posterior claw small (some species with females dimorphic, some
with a small posterior claw, others with only a single claw) (Figs 15-18); and
(3) the medial margin of the lobes of the male abdominal sternite IX emargin-
ate (Figs 51, 52). Larvae of Cybister (Neocybister) are unknown.

Distribution. Cybister are found in all major biogeographic regions but are
most diverse in the Afrotropical and Oriental regions, mainly in low latitudes.
The group is not diverse in the Neotropical region where it is largely replaced
in numbers of species and individuals by species previously in Megadytes
(Megadytes) (most of these in a newly described genus, see below).

Phylogenetic relationships of Neotropical Cybister. Cybister is the sister
group to Megadytes as newly constituted (Figs 54, 76, see below). The Neo-
tropical species of Cybister are in the subgenus Cybister (Neocybister) Miller,
Bergsten & Whiting, 2007, which is restricted to the New World (Miller et al.
2007). This subgenus was resolved as sister group to all other Cybister in the
analysis by Miller et al. (2007). It is resolved nested within Cybister here based
on morphological data (Figs 75, 76), although previously examined molecular
data (Miller et al. 2007) are not analyzed here. More investigation is needed.
The two South American species are different from other Cybister in having (1)
females always with a second, rudimentary posterior claw (Figs 15-18), (2) the
medial margin of the gonocoxa distinctly emarginate (Figs 58, 59), and (3) the
apex of the ventral sclerite of the male median lobe distinctly bifid (Figs 31, 34).

Key to Cybister species of the Neotropical region

South of Mexico and Caribbean islands including Cuba and the Bahamas.

1 Sizelarger (TL =26.6—27.6 mm); male median lobe in ventral aspect apical-
ly broadly expanded, apex very broad, subtruncate with medial, small point

ZooKeys 1188: 125-168 (2024), DOI: 10.3897/z00keys.1188.110081 134



Kelly B. Miller et al.: Neotropical Cybistrinae

or projection, median lobe broadly expanded medially and apically making
lateral margins distinctly sinuate (Fig. 34) ...... Cybister puncticollis (Brullé)
- Size smaller (TL = 20.3-21.7 mm); male median lobe in ventral aspect api-
cally very slightly expanded, apex truncate without medial small point or
projection, median lobe slightly expanded laterally in basal half, but mar-
gins not characteristically sinuate (Fig. 31) ......... Cybister festae (Griffini)

metatrochanter groove

Figures 1-8. Cybistrinae morphological features 1 Bifurcitus lherminieri, right metatibia, posterior surface 2 Bifurcitus lher-
minieri, left metaleg, anterior surface 3 Trifurcitus robustus, left metaleg, anterior surface 4 Metaxydytes fraternus, left me-
sotarsomeres IlI-V, posterior surfaces 5 Cybister tripunctatus, left mesotarsomeres Il1-V, posterior surfaces 6 Megadytes
latus, left half of metaventrite and left metacoxa (WV = metaventrite wing width, WC = metacoxal width) 7 Cybister tripunc-
tatus, right metathoracic wing 8 Trifurcitus robustus, right metatrochanter, ventral surface. Scale bars: 1.0 mm.
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Cybister (Neocybister) festae Griffini, 1895
Figs 9,15, 16,30-32, 51, 58, 72

Cybister festae Griffini, 1895: 1.
Cybister (Meganectes) festae: Brinck 1945: 18.
Cybister (Neocybister) festae: Miller et al. 2007: 54; Nilsson and Hajek 2023: 84.

Type locality. Panama, Darién, Matusagrati Lake (Laguna della Pita).

Type specimens. The syntype specimens are in Museo Regionale di Scienze
Naturali di Torino (Museum of Turin, MRSN) (Fig. 72). Images of the specimens
were examined (Fig. 72, courtesy of F. Giachino, MRSN). Two specimens are
included in the type series, a male and a female (Fig. 72; Griffini 1895). Neither
are dissected. The male specimen is here designated as the lectotype to sta-
bilize the nomenclature of the species (see Material examined below; Fig. 72).
Although the male is not dissected and the genitalia were not examined, the
specimens agree well with the others examined for this study in size, shape,
coloration, distribution, and other features.

Diagnosis. This species differs from the other Neotropical Cybister spe-
cies, C. puncticollis, in smaller size (TL = 20.3-21.7 mm in C. festae vs. 26.6—
27.6 mm in C. puncticollis) and the shape of the male genitalia. The male me-
dian lobe in C. puncticollis is apically broadly expanded (Fig. 34) whereas in
C. festae the median lobe is apically less strongly expanded with lateral mar-
gins that are somewhat more parallel-sided (Fig. 31). The specimens examined
match the description of C. festae, but it is possible that the species illustrated
and described here is not the same as C. festae since the lectotype (in MRSN)
was not dissected.

Description. Measurements. TL = 20.3-21.7 mm, GW = 11.7-13. mm,
PW = 8.8-9.2 mm, HW = 5.1-5.5 mm, EW = 2.9-3.0 mm, TL/GW = 1.7-1.8,
HW/EW = 1.7-1.8, WC/WV = 4.3-4.4. Body shape oval, widest slightly poste-
riad of middle; lateral margins broadly curved, continuously curved between
pronotum and elytron. Depressed and somewhat flattened in lateral aspect.

Coloration. Head dark green-black, clypeus and labrum pale yellow. Prono-
tum dark green-black, with broad lateral yellow marginal band, medial margin of
band distinctly delimited, band separated from posterolateral margin by narrow
green strip (Fig. 9). Elytron dark green-black with broad lateral yellow marginal
band, medial margin of band distinctly delimited, lateral margin of band slightly
remote from lateral elytral margin for medial portion of length, extending lat-
erally to margin of elytron anteriorly and posteriorly, apex of yellow band dif-
fusing into coloration of elytron (Fig. 9). Ventral surfaces mostly black except
antennae and palpi orange, pro- and mesothoracic legs with basal segments
(trochanter and femur) pale orange and apical segments (tibia and tarsus) tes-
taceous, metathoracic legs with mix of testaceous and orange, propleuron and
elytral epipleuron pale orange to testaceous, and with small orange maculae
laterally on abdominal ventrites IV-VI.

Sculpture and structure. Head broad, anteriorly produced, eyes prominent;
dorsal surface evenly covered with exceptionally fine micropunctures but ap-
pearing smooth and shiny. Pronotum with lateral margins evenly and shallowly
curved; surface of pronotum similar to surface of head in micropunctation; pro-
notum dorsally evenly curved. Elytron with margins very broadly curved, more
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strongly curved posteriorly; surface similar to surface of head in micropuncta-
tion and surface appearance. Prosternal process anteriorly rounded, surface
nearly flat throughout and moderately broad, apex broadly elongate and sharply
pointed. Metaventral wing narrow (WC/WV = 4.3-4.4); surface smooth, with
extremely fine microsculpture, shiny. Lateral portion of metacoxa large, broad,
surface smooth and shiny, with extremely fine microsculpture; metacoxal lines
short and strongly curved, well-incised, extending anteriorly less than half dis-
tance across metacoxa. Abdominal ventrites smooth, unsculptured.

Male genitalia. Male median lobe in lateral aspect slender throughout length,
apically slender, straight, and apically pointed, dorsal sclerite slender, evenly
curved basally, apically straight, and slender, (Fig. 30); in ventral aspect broad
basally, laterally somewhat constricted medially, apically broadly truncate
(Fig. 31). Lateral lobe slender broad basally, apically strongly narrowed and
slender, with long dorsal series of setae (Fig. 32).

Female genitalia (Fig. 58). Gonocoxosternite moderately broad, basal portion
broadly ovate; gonocoxae together knifelike, evenly convergent to apex; rami
smooth, short; vagina elongate; spermatheca elongate, ~ 2/3 length of vagina.

Sexual dimorphism. Males have a broad protarsal palette with ventral ad-
hesive setae with apical structures in the form of elongate flattened spatulate
surfaces; males also have mesotarsomeres with posteroventral fields of setae
which are absent in females. Females lack natatory setae along the ventral mar-
gins of the metatarsomeres, but these are present in males. Males have a single
metatarsal claw (the anterior, Fig. 15), whereas females have a second posteri-
or claw that is ~ 2/3 length of the anterior, curved, and apically sharp (Fig. 16).

Variation. Two specimens were examined, a male and a female. The female
has the extent and intensity of greenish-rufous coloration somewhat greater
than the male and is larger, but otherwise the two specimens are similar.

Distribution. This species is known from the type locality in the Darién in
Panama (Griffini 1895; Brinck 1945) and Venezuela, Apure State (new coun-
try record).

Material examined. The lectotype (here designated) in MRSN is labeled,
“Laguna d. Pita (Darien) [handwritten]/ Cybister festae & Griffini tipo./ Cybis-
ter festae (tipo) Griffini Darien [green label, black line border, horizontal black
lines).” Other than the type specimens (not directly examined), two specimens
were examined from Apure State, between La Ye and Bruzual, Venezuela
from a roadside lake (7.6443333 -69.3000667) (SEMC, accession numbers:
SEMC0846768, SEMC0846766).

Cybister (Neocybister) puncticollis (Brullé, 1837)
Figs 10,17, 18, 33-35, 52, 59

Dyticus puncticollis Brullé, 1837: 46.

Cybister puncticollis: Aubé 1838: 52.

Trogus puncticollis: Gemminger and Harold 1868: 460.

Megadytes puncticollis: Sharp 1882: 709; van den Branden 1885: 29; Regimbart
1889: 267; 1904: 225; Chatanay 1910: 434; Bruch 1915: 479; Zimmermann
1919: 235; 1920: 256; Wilke 1921: 24; Bruch 1927: 543; Blackwelder 1944: 80;
Brinck 1945: 8; Mouchamps 1957: 283; Trémouilles and Bachmann 1980: 105.
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Cybister (Meganectes) kemneri Brinck, 1945: 18; Trémouilles and Bachmann
1980: 105.

Cybister (Meganectes) puncticollis: Trémouilles and Bachmann 1980: 105.

Cybister (Neocybister) puncticollis: Miller et al. 2007: 54; Nilsson and Hajek
2023: 84.

Type locality. Cybister puncticollis: Bolivia, San Miguel. Cybister kemneri: Brazil,
La Plata, Amazonas, Rio Autaz.

Type specimen. Cybister puncticollis, in MNHN (not examined). Cybister
kemneri, in MZLU (not examined).

Diagnosis. This species is larger (Fig. 10) than the other Neotropical species
in the genus, C. festae (Fig. 9) and the male genitalia are distinctly different
(Figs 33-35). See above under that species for details about this and addition-
al diagnostic differences between these two species of Cybister.

Description. Measurements. TL = 26.6—-27.6 mm, GW = 15.0-15.9 mm,
PW =10.8-11.6 mm, HW = 6.5-6.8 mm, EW = 3.7-3.8 mm, TL/GW = 1.7-1.8,
HW/EW =1.7-1.8, WC/WV = 2.9-3.2. Body shape oval, widest slightly posterad
of middle; lateral margins broadly curved, continuously curved between prono-
tum and elytron. Depressed and somewhat flattened in lateral aspect.

Coloration. Head dark green, clypeus and labrum pale yellow. Pronotum
dark green, with broad lateral yellow marginal band (Fig. 10), medial margin of
band distinctly delimited, band separated from posterolateral margin by narrow
green strip (Fig. 10). Elytron dark green with broad lateral yellow marginal band,
medial margin of band distinctly delimited, lateral margin of band slightly re-
mote from lateral elytral margin for medial portion of length, extending laterally
to margin of elytron anteriorly and posteriorly, apex of yellow band diffusing
into coloration of elytron, less distinct (Fig. 10). Ventral surfaces mostly black
except antennae and palpi orange, pro- and mesothoracic legs mostly orange,
tarsi dark orange, metathoracic legs testaceous, anterodorsal surface of tibia
orange, propleuron and elytral epipleuron pale orange to testaceous, and with
small orange maculae laterally on abdominal ventrites IV-VI.

Sculpture and structure. Head broad, anteriorly produced, eyes prominent;
dorsal surface evenly covered with exceptionally fine micropunctures but
smooth and shiny. Pronotum with lateral margins evenly and shallowly curved;
surface of pronotum similar to surface of head in micropunctation; pronotum
dorsally evenly curved. Elytron with margins very broadly curved, more strong-
ly curved posteriorly; surface similar to surface of head in micropunctation
and surface appearance. Prosternal process anteriorly distinctly emargin-
ate medially, remaining surface nearly flat throughout and moderately broad,
apex broadly elongate and sharply pointed. Metaventral wing narrow (WC/
WV =2.9-3.2); surface smooth, with extremely fine microsculpture, shiny. Lat-
eral portion of metacoxa large, broad, surface smooth and shiny, with extreme-
ly fine microsculpture; metacoxal lines short and curved, extending anteriorly
less than half distance across metacoxa. Abdominal ventrites smooth, rela-
tively unsculptured.

Male genitalia. Male median lobe in lateral aspect moderately slender
throughout, evenly curved, apically abruptly expanded with a narrowly round-
ed apex, ventral sclerite slender and evenly curved basally, apically straight
and apically pointed (Fig. 33); in dorsal aspect median lobe moderately broad
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basally, lateral margins broadly sinuate, apex broadly expanded, with apex
broadly sub-truncate, medially broadly pointed (Fig. 34). Lateral lobe moder-
ately broad throughout length, evenly curved, apex narrowly rounded, with long
series of setae along dorsal margin (Fig. 35).

Female genitalia. Vagina extremely elongate, slender; with enlarged area at
base of common oviduct and spermatheca, with enlarged lateral sacs on this
enlarged area; spermatheca extremely slender and elongate (Fig. 59); gono-
coxae together slender and apically pointed (Fig. 59); gonocoxosternite broad,
anterolateral lobe broad, medial margin distinctly, narrowly emarginate, baso-
medially with field of setae (Fig. 59).

Sexual dimorphism. Males have a broad protarsal palette with ventral ad-
hesive setae with apical structures in the form of elongate flattened spatulate
surfaces; males also have mesotarsomeres with posteroventral fields of setae
which are absent in females. Females lack natatory setae along the ventral
margins of the metatarsomeres, but these are present in males. Males have
a single metatarsal claw (the anterior claw, Fig. 17), whereas females have a
second, posterior claw that is ~ 1/2 the length of the anterior, is abruptly curved
apically and sharply pointed (Fig. 18).

Variation. Specimens vary somewhat in size and coloration, with some spec-
imens more greenish and others darker, less greenish.

Distribution. This species is known from Argentina, Bolivia, Brazil, French
Guyana, and Peru. There is also a previously unpublished record from Paraguay.

Material examined. Specimens were examined from Argentina, Bolivia, Peru,
and Paraguay.

Megadytes Sharp, 1882
Figs 6,12, 13,21-24,39-47, 54, 55, 60, 68

Megadytes Sharp, 1882: 701.

Type species. Megadytes latus Fabricius, 1801: 260.

Classification. The concept of the genus presented here differs significantly
from previous ones (e.g., Trémouilles and Bachmann 1980; Miller et al. 2007;
Miller and Bergsten 2016). The type species of Megadytes is M. latus Fabricius,
1801, a species which differs in important phylogenetic characters from most
other species historically assigned to Megadytes. Here the species M. latus is
placed together with Megadytes parvus comb. nov. in Megadytes, whereas the
other species historically in Megadytes are placed in other genera based on
the phylogenetic hypothesis developed here (Figs 75, 76). Given the character
distribution in this group and the diagnosis of the type species, M. latus, this
new classification is unavoidably disruptive of the historical concept of the ge-
nus (which included all species here placed in the genera Bifurcitus stat. nov.,
Paramegadytes new status, and Trifurcitus new status, see below) and a new
genus described below. The unusual characteristics of M. parvus were recog-
nized by Trémouilles (1984) who placed the species in Cybister (Meganectes)
Brinck, 1945.

Diagnosis. Within Cybistrinae Megadytes are similar to Cybister (Figs 51,
52) in having the medial margin of the lobes of the male abdominal sternum IX
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emarginate (Figs 54, 55), but differ from Cybister (Fig. 5) in lacking a series of
setae along the posterodorsal apical angle of the mesotarsomeres of males and
pro- and mesotarsomeres of females (as in Fig. 4) This places them in an inter-
mediate phylogenetic position between other Cybistrinae and Cybister (Figs 75,
76, see below). Males and females both have two metatarsal claws with the pos-
terior claw strongly reduced (Figs 21-24). Third instar larvae (based on M. latus)
have (1) the median lobe of the frontoclypeus truncate apically with a tuft of
setae, (2) the median and lateral lobes of the frontoclypeus separated by a wide
emargination (Fig. 68), (3) the lateral lobes of the frontoclypeus apically simple
(Fig. 68), (4) the lateral lobes of the frontoclypeus acutely angulate (Fig. 68), and
(5) the cephalic capsule relatively long (head length / head width > 1.25).

Distribution. Megadytes are found in the Neotropical region. Megadytes par-
vus is known only from the type locality in Bahia State, Brazil, and M. latus is
known from Brazil, Uruguay, Argentina, French Guiana, and Venezuela.

Phylogenetic relationships. Megadytes is sister to Cybister (Figs 75, 76)
based on both genera with distinctly emarginate medial margins of abdominal
sternite IX in males (Figs 51-55). However, Megadytes lack a series of setae at
the apicodorsal angle of the posterior surface of mesotarsomeres I-1V (and of
protarsomeres |-V of females). This feature is remarkably consistent across
the numerous Cybister species in the world (Miller et al. 2007).

Key to Megadytes species

1  Sizelarger (TL = 19.5-23.2 mm), and relatively broader (TL/GW = 1.7-1.8)
(Fig. 13); male median lobe in lateral aspect moderately slender, evenly
curved throughout along dorsal and ventral margins (Fig. 44) ....................
........................................................................... Megadytes latus (Fabricius)

- Size smaller (TL = 13.0-14.6 mm), and relatively narrower (TL/GW = 1.9-
2.1) (Fig. 12); male median lobe in lateral aspect broad, subapically with
ventral margin (ventral sclerite) abruptly and strongly curved dorsad
(Fig. 39) i Megadytes parvus (Trémouilles)

Megadytes latus (Fabricius, 1801)
Figs 6,13, 21, 22, 44-47, 54, 60, 68

Dytiscus latus Fabricius, 1801: 260.

Trogus latus: Gemminger and Harold 1868:459.

Megadytes latus: Sharp 1882: 706; van den Branden 1885: 110; Chatanay 1910:
435; Bruch 1915: 478; Zimmermann 1919: 235; 1920: 256; Bruch 1927: 543;
Guignot 1946: 118; Mouchamps 1957: 282; Trémouilles and Bachmann
1980: 108.

Cybister (Megadytes) latus: Wilke 1921: 248.

Megadytes lata: Blackwelder 1944: 80.

Megadytes (Megadytes) latus: Brinck 1945: 7.

Type locality. South America.
Type specimens. Syntypes in Zoological Museum der Universitat Kiel, Ger-
many, not examined.
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Diagnosis. This species differs from M. parvus in its larger size (TL = 19.5-
23.2 mm in M. latus, Fig. 13 vs. TL = 13.0-14.6 mm in M. parvus, Fig. 12),
broader shape (TL/GW = 1.7-1.8 in M. latus, Fig. 13, vs. TL/GW = 1.9-2.1 in
M. parvus, Fig. 12) as well as features of the male genitalia. In M. latus the male
median lobe is relatively simple and evenly curved in lateral aspect with the
apex narrowly rounded to somewhat pointed (Fig. 44). In M. parvus the median
lobe is very broad in lateral aspect with the dorsal sclerite strongly expanded
ventrally and curved with the apex strongly recurved (Fig. 39). The lateral lobe
in M. latus is very slender apically (Fig. 44), butin M. parvus it is relatively broad
throughout (Fig. 41).

Description. Measurements. TL = 19.5-23.2 mm, GW = 11.4-13.4 mm,
PW =8.7-10.3 mm, HW = 5.3-6.2 mm, EW = 3.1-4.0 mm, TL/GW = 1.7-1.8,
HW/EW = 1.6—-1.7, WC/WV = 2.7-3.4. Body shape large and broadly oval, wid-
est slightly posteriad of middle; lateral margins broadly curved, continuously
curved between pronotum and elytron. Depressed and somewhat flattened in
lateral aspect.

Coloration. Head dark green to dark brown, anteriorly somewhat green-rufous,
clypeus pale rufous, labrum pale yellow. Pronotum dark green to dark brown, lat-
erally broadly dark green-rufous. Elytron dark green with broad lateral green-ru-
fous margins in some specimens. Ventral surfaces black, legs dark rufous.

Sculpture and structure. Head broad, anteriorly produced, eyes prominent;
dorsal surface evenly covered with exceptionally fine microsculpture and dis-
persed micropunctures. Pronotum with lateral margins evenly and shallowly
curved; surface of pronotum similar to surface of head in microsculpture and
micropunctation; pronotum somewhat swollen anteriorly. Elytron with margins
very broadly curved, more strongly curved posteriorly; surface similar to surface
of head in microsculpture, but with extensive, very fine micropunctation over en-
tire surface. Prosternal process anteriorly rounded, surface flat and moderately
broad, apex broadly elongate and sharply pointed. Metaventral wing moderate-
ly broad, ~ 1/3 width of lateral portion of metacoxa; surface smooth, without
sculpturing. Lateral portion of metacoxa large, broad, surface smooth, without
sculpturing; metacoxal lines short and fine, extending anteriorly less than half
distance across metacoxa. Abdominal ventrites smooth, unsculptured.

Male genitalia. Male median lobe in lateral aspect moderately slender
throughout, evenly curved, apically narrowed, apex narrowly pointed (Fig. 44); in
dorsal aspect moderately narrow, apically narrowed to narrowly rounded apex,
ventral sclerite slender throughout length, apically abruptly expanded, apex
rounded (Fig. 45). Lateral lobe slender throughout length, apically very slender,
with long series of setae along dorsal margin (Fig. 46).

Female genitalia. The only female examined has the internal genitalia miss-
ing. Externally, the female gonocoxosternite is broad with the medial margin lin-
ear; the gonocoxae are together fused and knifelike, broad anteriorly, abruptly
constricted subapically and apically linear to narrowly rounded apex (Fig. 60);
rami short; other internal structures (vagina, spermatheca, etc.) not observed.

Sexual dimorphism. Males have a broad protarsal palette with ventral adhe-
sive setae with apical structures in the form of elongate flattened structures;
males also have mesotarsomeres with posteroventral fields of setae. Females
lack natatory setae along the ventral margins of the metatarsomeres, but these
are present in males. Males and females each have two metatarsal claws with
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the posterior shorter, but females have the posterior claw slightly longer than
in the male (Figs 21, 22).

Variation. Specimens exhibit variation in size (TL = 19.5-23.2 mm) but are
consistent in shape (TL/GW = 1.7-1.8), and male genitalic shape and other fea-
tures are relatively consistent across the range of the species. There is some
variation in coloration with most specimens dark green-black, but a single
specimen from the Gran Sabana, Venezuela (MIZA) is dorsally strikingly green.
This specimen is also smaller than most (TL = 19.5 mm) and may represent a
distinctive regional population or separate species.

Distribution. This species is known from Argentina, Brazil, French Guiana, Uru-
guay (Sharp 1882; Blackwelder 1944; Mouchamps 1957; Trémouilles and Bach-
mann 1980; Trémouilles 1989b), and Venezuela (MIZA, new country record).

Material examined. Few specimens of this species exist in collections. Two
specimens from Argentina, one from Bolivia (new country record), one from
Brazil (KBMC), and a specimen from the Gran Sabana, Venezuela (MIZA) were
examined for this study.

Megadytes parvus (Trémouilles, 1984), comb. nov.
Figs 12,23, 24, 39-43, 55

Cybister parvus Trémouilles, 1984: 187.

Type locality. Brazil, Bahia State, Santa Rita.

Type specimens. Holotype and nine paratypes in Museu de Zoologia, Uni-
versidade de Sao Paulo, Brazil and two paratypes, one male and one female, in
Museo de La Plata, La Plata, Argentina.

Diagnosis. This species differs from the other species in the genus, M. la-
tus, in smaller size (TL = 13.0-14.6 mm), narrower shape (TL/GW = 1.9-2.1)
(Fig. 12) and features of the male genitalia (Figs 39-43). See above under M. la-
tus for details about these differences between the two species.

Description. Measurements. TL=13.0-14.6 mm,GW =6.2-7.7 mm,PW =5.4-
5.9 mm, HW = 3.3-3.4 mm, EW = 2.0-2.1 mm, TL/GW = 1.9-2.1, HW/EW = 1.6~
1.7, WC/WV = 4.1-4.8. Body shape elongate oval, widest slightly posteriad of
middle; lateral margins broadly curved, continuously curved between pronotum
and elytron (Fig. 12). Depressed and somewhat flattened in lateral aspect.

Coloration. Head dark green to green-rufous throughout. Pronotum dark
green with broad lateral green-rufous margins. Elytron dark green with broad
lateral green-rufous margins. Ventral surfaces dark rufous.

Sculpture and structure. Head broad, anteriorly produced, eyes prominent;
dorsal surface evenly covered with extremely fine microsculpture and micro-
punctures. Pronotum with lateral margins evenly and broadly curved; surface
similar to surface of head in microsculpture and micropunctation; pronotum
somewhat swollen anteriorly. Elytron with margins very broadly curved; surface
similar to surface of head in microsculpture, but with extensive, very fine micro-
punctation. Prosternal process anteriorly rounded, surface flat and broad, apex
elongate and sharply pointed. Metaventral wing moderately broad, ~ 1/3 width
of lateral portion of metacoxa; surface smooth, without sculpturing. Lateral por-
tion of metacoxa large, broad, surface smooth, without sculpturing; metacoxal
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lines short, extending anteriorly less than half distance across metacoxa. Ab-
dominal ventrites smooth, unsculptured.

Male genitalia. Male median lobe in lateral aspect broad throughout, subapi-
cally somewhat expanded, apically narrowed, apex with multiple small process-
es (Fig. 39); in dorsal aspect moderately narrow, evenly narrowed apically, apex
narrowly lobed, ventral sclerite apically broadly lobed, extending to near apex
(Fig. 40). Lateral lobe broad throughout length, evenly curved, apex rounded,
with long series of setae along ventral margin (Fig. 41).

Female genitalia. The single female specimen available for examination
lacks female genitalia which apparently have been dissected and lost.

Sexual dimorphism. Males have a broad protarsal palette with ventral adhesive
setae with apical structures in the form of elongate flattened structures; males
also have mesotarsomeres with posteroventral fields of setae. Females lack nata-
tory setae along the ventral margins of the metatarsomeres, but these are present
in males. Males and females each have unequal length metatarsal claws with the
posterior shorter, butin males the posterior claw is relatively longer than in females,
and distinctly, but only somewhat, shorter than the anterior (~ 4/5 of length).

Variation. Two paratype specimens were examined, a male and a female.
The female has the extent and intensity of greenish-rufous coloration some-
what greater than the male, but otherwise the two specimens are similar.

Distribution. This species is known only from Santa Rita, Bahia State, Brazil.
Indication by Trémouilles (1984) of the locality “Santa Rita” to Goyas State, Bra-
zil is erroneous. In Brazil, there are several locations called Santa Rita, but in all
labels of the type materials indicate “Santa Rita BA” in clear reference to Bahia
State, Brazil (BA = abbreviation of Bahia) and not to Goids State (= GO). “Goyaz”
is an old spelling of Goias State.

Habitat. Nothing is known of the habitat of this species.

Material examined. Twelve specimens in MZSP - holotype male and nine
paratypes, six males and three females, each specimen labeled, “Santa Rita BA
- Brasil 1V.1958 E. Dente col. [label with black line border]/ Cybister (Cybister)
parvus E. Tremouilles [handwritten] 1990 det. E. R. Tremouilles [label with black
line border]/ Cybister (Meganectes) parvus. 1984 Tremouilles [red label, black
line border, handwritten]”. Holotype, one paratype female and the other para-
types respectively labeled, “Holotypus [red label, black line border], Holotypus
[red label, black line border], Paratypes [label with black line border]”; two para-
types in MLP — one male and one female, each specimen labeled, “Santa Rita
BA - Brasil IV.1958 E. Dente col. [label with black line border]/ Cybister (Cybis-
ter) parvus E. Tremouilles [handwritten] 1990 det. E. R. Tremouilles [label with
black line border]/ PARATYPUS/ MUSEO DE LA PLATA PARATIPO Cybister (Me-
ganectes) parvus. 1984 Tremouilles [red label, black line border, handwritten].”

Metaxydytes gen. nov.
https://zoobank.org/99CCA782-DD1A-4DE2-8D5D-F71909BEOESF
Figs 4, 28, 29, 57, 62, 69

Megadytes sensu auctorum.

Type species. Megadytes fraternus Sharp, 1882: 708, by current designation.
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Diagnosis. These species have males with equal-length metatarsal claws
and females with two claws of unequal length with the posterior claw distinctly
reduced (Figs 28, 29). The medial margins of male sternite IX are linear, not
emarginate (Fig. 57). This group and Paramegadytes are similar in having fe-
males with the medial margins of the gonocoxosternite with a series of spi-
nous setae (Fig. 62). From Paramegadytes these species differ in being smaller
(= 24 mm in Metaxydytes, compared with = 27 mm in Paramegadytes) and hav-
ing the metasternal wings relatively narrow (WC/WV = 2.5-2.6 in Metaxydytes,
compared with WC/WV = 1.8-1.9 in Paramegadytes). Third instar larvae have;
(1) the median lobe of the frontoclypeus truncate apically with a tuft of setae
(Fig. 69), (2) the median and lateral lobes of the frontoclypeus separated by a
narrow emargination (Fig. 69), and (3) the lateral lobes of the frontoclypeus
apically simple and acutely angulate (Fig. 69).

Etymology. Metaxydytes is from the Greek metaxy, meaning “between,” and
dytes, meaning “diver,” the root word for many genera of Dytiscidae including
in this subfamily. The genus is named to signify its intermediate phylogenetic
placement among other genera of Cybistrinae.

Phylogeneticrelationships. This genus may be sister group to Paramegadytes
based especially on the presence of distinctive stiff, spinous setae along the
medial margins of the female gonocoxosternite (Miller et al. 2007), although in
the analyses presented here the group is ambiguously resolved near Nilsson-
dytes, Paramegadytes and Megadytes + Cybister (Figs 75, 76).

Discussion. These species were previous placed in Megadytes. The type
species of Megadytes s. str. is M. latus which belongs to a different genus from
all other known species previously placed in Megadytes (Figs 75, 76) requiring
this new name for those species now in Metaxydytes. The species of Metaxy-
dytes have never been completely revised, although Trémouilles (19894, b) and
Trémouilles and Bachmann (1980) addressed the species in southern South
America. The genus is in need of a comprehensive revision.

Nilssondytes gen. nov.
https://zoobank.org/DF8AFDB0-B369-4936-B231-84B942B58258
Figs 11, 19, 20, 36-38, 53, 61, 73

Type species. Nilssondytes diversus sp. nov., by current designation.
Diagnosis. From other Cybistrinae this genus differs in having: (1) the
metatibial spurs apically simple, (2) metacoxal lines clearly present, (3) the
pronotum and elytron with broad, distinct lateral yellow bands along mar-
gins (Fig. 11), (4) males and females each with two metatarsal claws, the
posterior much reduced in both sexes (Figs 19, 20), (5) the prosternum and
prosternal process relatively shallowly but distinctly sulcate, (6) the medial
margins of the male sternite IX straight, not emarginate (Fig. 53), (7) no clus-
ter or line of setae at the apicodorsal angle of the posterior surface of the
mesotarsomeres, and (8) the ventral surface of the metatrochanter with an
oblique, transverse groove. The single species in this genus (described below)
is somewhat similar in size, shape and coloration to Metaxydytes laevigatus
(Olivier) and may be present among series of that species in collections. Nils-
sondytes differ from M. laevigatus in several features (see above) including
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the presence of yellow lateral elytral margins (Fig. 11) which are absent in
M. laevigatus. Larvae are unknown.

Etymology. This genus is named Nilssondytes from the Latin dytes meaning
“diver,” and Nilsson, after the great diving beetle worker and excellent friend,
Anders Nilsson, in honor of his inestimable contribution to the science of diving
beetle biology.

Phylogenetic relationships. The single species of Nilssondytes is part of the
clade that includes species with an oblique metatrochanteric groove, but it has
an unresolved position with respect to other genera (Figs 75, 76). The presence
of a reduced posterior metatarsal claw in both males and females (Figs 19, 20)
with the straight medial margins of the male abdominal sternite IX (Fig. 53) is
a unique combination of features within Cybistrinae. Unique among this larger
clade is also the sulcate prosternum and prosternal process which is some-
what similar to the Australian genera Spencerhydrus and Sternhydrus.

Nilssondytes diversus sp. nov.
https://zoobank.org/3F2BEED6-5AA7-4394-9309-788F3ACFACD1
Figs 11,19, 20, 36-38, 53,61, 73,74

Type locality. Venezuela, Amazonas State, roadside pond ca. 7 km S Samaria-
po 5°10.900'N, 67°46.078'W, 95 m elev.

Diagnosis. This is the only species in the genus and is characterized by its
diagnostic combination (see above). Typically, species-level features include
the shape of the male median lobe which is unique. In ventral aspect the apex is
abruptly constricted with the apex narrowly truncate with laterally pointed pro-
cesses (Fig. 37). In lateral aspect, the median lobe is moderately evenly curved
on the dorsal margin, lobe apically abruptly narrowed with the apex elongate
and slender, apically narrowly rounded (Fig. 36).

Description. Measurements. TL = 16.7-19.4 mm, GW = 9.6-10.7 mm,
PW = 7.0-8.1 mm, HW = 4.2-4.7 mm, EW = 2.7-2.9 mm, TL/GW = 1.7-1.8,
HW/EW = 1.6-1.7, WC/WV = 3.1-3.2. Body shape suboval, slightly expand-
ed posteriorly, widest at ~ 3/5 of length; lateral margins evenly, continuously
curved between pronotum and elytron. Depressed and somewhat flattened in
lateral aspect (Figs 11, 73).

Coloration (Figs 11, 73). Head dark green, anterior clypeal margin yellow,
more so laterally, testaceous near eyes. Pronotum dark green with broad lateral
yellow margin, posteriorly interrupted and green in one of the four examined
specimens, in other specimen yellow extending to posterior angle. Elytron dark
green with broad lateral yellow band, separated narrowly from lateral margin,
slightly expanded near apex. Ventral surfaces largely black, testaceous on
head, basal leg segments and elytral epipleuron.

Sculpture and structure. Head broad, frontoclypeal lines elongate, straight,
strongly oblique; anterior clypeal margin broadly, shallowly, and evenly concave;
dorsal surface evenly covered with fine microsculpture and micropunctures.
Pronotum with lateral margins evenly and broadly curved; surface similar to
surface of head in microsculpture and micropunctation. Elytral lateral margin
evenly and slightly curved for most of length, apically broadly curved; surface
of elytron similar to surface of head in microsculpture and micropunctation.
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Prosternal process apically rounded, ventral surface distinctly sulcate, apex
robust, acutely pointed. Metaventral wing broad, slightly less than 1/3 width
of lateral portion of metacoxa (WC/WV = 3.1-3.2); surface smooth, without
sculpturing. Lateral portion of metacoxa large, broad, surface smooth, without
sculpturing; metacoxal lines short, extending less than half distance across
metacoxa. Abdominal ventrites smooth, unsculptured.

Male genitalia. Male median lobe in lateral aspect shallowly curved, apically
abruptly narrowed, apex narrowed, slightly curved, apically narrowly rounded,
broad medially (Fig. 36). In dorsal aspect broad throughout most of length,
apically abruptly narrowed, apex laterally produced, submedially with broad,
elongate lobes on each side, ventral sclerite short, apically sharp, acuminate,
extending to 3/5 length of median lobe, apex sharply pointed (Fig. 37). Lateral
lobe broad in basal half, apically distinctly narrowed, apex narrowly rounded,
with series of elongate setae along more than apical half of dorsal margin of
lateral lobe (Fig. 38).

Female genitalia. With a single genital opening, vagina elongate, slender,
with enlarged, bulbous region at base of common oviduct; spermatheca short,
curved, at apex of enlarged region, with soft tissue region on each side of en-
larged region (Fig. 61); gonocoxae together broad, apically broadly pointed
(Fig. 61); gonocoxosternite broad, with elongate anterolateral lobe, with medial
margin sublinear, without conspicuous setae (Fig. 61).

Sexual dimorphism. Males have a characteristic broad protarsal palette with
ventral adhesive setae. Males also have mesotarsomeres with clumps of pos-
teroventral setae. Females lack pro- and mesotarsal expansions or adhesive se-
tae. Both males and females have two metatarsal claws with the posterior short-
er than the anterior, but females have the posterior somewhat more curved than
in males (Figs 19, 20). Females have distinctive microsculpture on the surface of
the elytron anteriorly in the form of a field of short striae which is absent in males.

Variation. Five specimens were examined. One specimen has the lateral pro-
notal yellow band extending to the posterior margin of the pronotum, the others
have a narrow dark green separation from the posterior margin.

Distribution. This species is known from few localities in Venezuela along
the northwestern margins of the Guiana Shield craton (Fig. 74).

Natural history. The only natural history information available from labels is
“roadside pond,” “river margin,” and “rock outcropping.”

Etymology. The species is named from the Latin diversus, meaning “dif-
ferent,” in recognition of the different lengths of the metatarsal claws in both
males and females (Figs 19, 20).

Material examined. Holotype, male labeled, “VENEZUELA: Amazonas State
5°10.900'N, 67°46.078'W, 95 m ca. 7 km S. Samariapo 15.i.2009; leg. Short,
Miller, Garcia, Camacho, Joly VZ09-0115-02X: roadside pond/ SM0846115
KUNHM-ENT [barcode label]/ HOLOTYPE: Nilssondytes diversus Miller, Michat
and Ferreira-Jr., 2023 [red label with double black line border].” Paratypes, 1
male labeled, “Suapure VENEZ. Caura River 4.20.1900 [handwritten] E.A. Klag-
es.”, 1 female labeled “VENEZUELA: Bolivar State 7°41'23.6"N, 64°1'56.0"W,
134 m ca. 14 km E Rio Aro; 5.viii.2008 leg. A. Short $ M. Garcia AS-08-073;
rock outcropping/ SM0829328 KUNMH-ENT [barcode label],” 1 female labeled
“VENEZUELA: Guarico State 8°6.226'N, 66°26.228'W, 52 m UCV San Nicolasito
Field Station: Rio Aguaro; 10.i.2009 leg. Short, Miller, Joly, Garcia, Camacho;
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VZ09-0110-01A/ SEMC0852602 KUNHM-ENT,” 1 male labeled “VENEZUELA:
Bolivar State 6.58694°N; 67.02912°W Rio Caripito 12.i.2009; leg. Short Miller
VZ09-0112-02A: river margin/ SM0844405 KUNHM-ENT [barcode label].” All
paratypes with, “..PARATYPE Nilssondytes diversus Miller, Michat and Ferrei-
ra-Jr., 2023 [blue label with black line border]”

Paramegadytes Trémouilles & Bachmann, 1980, stat. nov.
Figs 26, 27, 56, 63, 70

Paramegadytes Trémouilles & Bachmann, 1980: 101.

Type species. Dyticus glaucus Brullé, 1837: 46 by original designation.

Diagnosis. Like Metaxydytes these species have both metatibial spurs api-
cally simple, the medial margins of male abdominal sternite IX straight, and
both males and females with two metatarsal claws, males with equal-length
claws and females with the posterior claw reduced (Figs 26, 27). Females also
share the characteristic of the medial margins of the gonocoxosternite with
a series of spinous setae (Fig. 63). The lateral pronotal margin has a diffuse,
but distinctive lateral pale band. From Metaxydytes these specimens are larger
with the metaventrite wings relatively broader (see above under Metaxydytes
for details of diagnostic comparisons). Third instar larvae have (1) the median
lobe of the frontoclypeus truncate apically with a tuft of setae (Fig. 70), (2) the
median and lateral lobes of the frontoclypeus separated by a wide emargina-
tion (Fig. 70), and (3) the lateral lobes of the frontoclypeus bilobed (Fig. 70).

Phylogenetics. This may be the sister genus to Metaxydytes (Figs 75, 76;
Miller et al. 2007) although here it is in an unresolved position relative to Nils-
sondytes, Metaxydytes and Megadytes + Cybister (Figs 75, 76). See under
Metaxydytes for further discussion.

Discussion. There are currently two valid species in this genus, P. australis
(Germain) and P, glaucus (Brullé). Trémouilles and Bachmann (1980) character-
ized and differentiated them.

Trifurcitus Brinck, 1945, stat. nov.
Figs 3, 8, 65, 71

Trifurcitus Brinck, 1945: 8.

Type species. Cybister fallax Aubé, 1838b: 54, by original designation.

Diagnosis. These are former Megadytes species with the anterior metatibial
spur apically trifid (Fig. 3). Specimens are very large for diving beetle species
(TL = 27-36 mm). They are somewhat similar to Bifurcitus specimens. See un-
der that genus for diagnostic comparisons. Larvae are distinctive in having the
median lobe of the frontoclypeus sharp apically without an apical tuft of setae.

Phylogenetic relationships. Trifurcitus is sister group to Bifurcitus (Figs 75,
76). Both males and females have equal-length metatarsal claws and the ante-
rior metatibial spur is either bifid (Figs 1, 2) or trifid (Fig. 3), although these two
conditions may possibly not be homologous.
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Discussion. See above under Bifurcitus for more discussion of these two
taxa. Six species are currently recognized. Although they have not been revised
thoroughly, most of the species were described or illustrated by Trémouilles
(1989a) and Trémouilles and Bachmann (1980).

Other species

“Megadytes species” Ribera et al. 2008
Figs 14, 25, 48-50

Megadytes species IR57: Ribera et al. 2008: 25.
Discussion. This single male specimen of a cybistrine from Peru presents

some problems. It appears to be an undescribed species based on the male
genitalia (Figs 48—50). The specimen was DNA sequenced and analyzed for

11

14

13

Figures 9-14. Neotropical Cybistrinae species, habitus 9 Cybister festae 10 Cybister puncticollis 11 Nilssondytes diver-
sus 12 Megadytes parvus 13 Megadytes latus 14 species “IR57” (Ribera et al. 2008). Scale bar: 10.0 mm.
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Figures 15-29. Neotropical Cybistrinae species, metatarsal claws and tarsomere VI of males and females 15, 16 Cy-
bister festae 17, 18 Cybister puncticollis 19, 20 Nilssondytes diversus 21, 22 Megadytes latus 23, 24 Megadytes parvus
25 species “IR57" (Ribera et al. 2008) 26, 27 Paramegadytes glaucus 28, 29 Metaxydytes fraternus. Scale bars: 1.0 mm.

a project by Ribera et al. (2008) where it was found to be in a group with
species then assigned to Megadytes (including species of M. (Bifurcitus),
M. (Paramegadytes) and M. (Megadytes)). The male specimen currently in-
cludes a single metathoracic leg (the other is absent). On it, there are two
unequal length metatarsal claws with the posterior short, much shorter
than the anterior (Fig. 25), which places it outside the historical diagnosis
of Megadytes which includes males with equal-length metatarsal claws (al-
though see above). However, the specimen is missing important morpho-
logical structures for further interpreting its placement within Cybistrinae
including the mesothoracic legs (which are important for examining the pos-
terodorsal series of setae on the mesotarsomeres) and components of the
genital capsule (which are important for examining the emargination of the
medial margins of abdominal sternite 1X). Because of this, the specimen
cannot be placed within a known genus. Nor is it reasonable to place it in a
new genus or expand the definition of an existing genus to include it given
the lack of information about its features. Hopefully, additional specimens
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Figures 30-50. Neotropical Cybistrinae species, male genitalia 30-32 Cybister festae: 30 median lobe, right lateral as-
pect 31 median lobe, ventral aspect 32 right lateral lobe, right lateral aspect 33-35 Cybister puncticollis: 33 median
lobe, right lateral aspect 34 median lobe, ventral aspect 35 right lateral lobe, right lateral aspect 36—38 Nilssondytes
diversus: 36 median lobe, right lateral aspect 37 median lobe, ventral aspect 38 right lateral lobe, right lateral aspect
39-43 Megadytes parvus: 39 median lobe, right lateral aspect 40 median lobe, ventral aspect 41 right lateral lobe, right
lateral aspect 42 apex of median lobe, right lateral aspect 43 apex of median lobe, ventral aspect 44—-47 Megadytes latus:
44 median lobe, right lateral aspect 45 median lobe, ventral aspect 46 right lateral lobe, right lateral aspect 47 apex of
median lobe, ventral aspect 48-50 species “IR57" (Ribera et al. 2008): 48 median lobe, right lateral aspect 49 median
lobe, ventral aspect 50 right lateral lobe, right lateral aspect.

will be found to allow this species to be described and placed. The spe-
cies is described here to the extent possible to allow for future identification
and investigation.
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Figures 51-57. Neotropical Cybistrinae species, male sternite IX, ventral aspect 51 Cybister festae 52 Cybister puncticollis
53 Nilssondytes diversus 54 Megadytes latus 55 Megadytes parvus 56 Paramegadytes glaucus 57 Metaxydytes fraternus.
Scale bars: 1.0 mm.

Collection locality. Peru, Atalapa, Rio Carbon at Rio Madre de Dios, in river,
Apr 1999 (Ribera et al. 2008).

Description. Measurements. TL = 17.5 mm, GW = 10.4 mm, PW = 12.8 mm,
HW = 4.8 mm, EW = 2.4 mm, TL/GW = 1.7, HW/EW = 2.0, WC/WV = 4.2. Body
shape (Fig. 14) broad, expanded posteriorly, widest at ~ 3/5 of length; lateral
margins evenly, continuously curved between pronotum and elytron. Depressed
and somewhat flattened in lateral aspect.

Coloration. All dorsal surfaces dark reddish brown, without yellow margins
on pronotum or elytron. Ventral surfaces entirely dark reddish brown, somewhat
more reddish on ventral surfaces of prothorax and pro- and mesothoracic legs.

Sculpture and structure. Head broad; anterior clypeal margin broadly, shal-
lowly and evenly concave; eyes large (HW/EW = 2.0). Dorsal surface shiny and
evenly covered with fine micropunctures on head and pronotum, very few sparse
micropunctures on elytron. Pronotum with lateral margins evenly and broadly
curved. Elytral lateral margin evenly and slightly curved for most of length, apical-
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Figures 58-61. Neotropical Cybistrinae species, female genitalia including left gonocoxosternite, ventral aspect, except
Fig. 60 without internal genitalia 58 Cybister festae 59 Cybister puncticollis 60 Megadytes latus 61 Nilssondytes diversus.

Scale bars: 1.0 mm.
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Figures 62-66. Neotropical Cybistrinae species, female genitalia including left gonocoxosternite, ventral aspect
62 Metaxydytes fraternus 63 Paramegadytes glaucus 64 Bifurcitus lherminieri 65 Trifurcitus robustus 66 Cybister fimbri-

olatus. Scale bars: 1.0 mm.
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Figures 67—-71. Third instar larva, anterior clypeal margin 67 Bifurcitus magnus 68 Megadytes latus 69 Metaxydytes carchari-
as 70 Paramegadytes glaucus 71 Trifurcitus fallax.

ly broadly curved. Prosternal process apically broadly, shallowly concave, ventral
surface flat throughout, apex robust, acutely pointed. Metaventral wing narrow, ~
1/4 width of lateral portion of metacoxa (WC/WV = 4.2); surface smooth, with ex-
tremely fine punctation. Lateral portion of metacoxa large, broad, surface smooth,
with dispersed, very fine micropunctures; metacoxal lines short, extending only ~
1/3 distance across metacoxa. Abdominal ventrites smooth, unsculptured.
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Figure 72. Cybister (Neocybister) festae, lectotype male (left) and paralectotype female (right). Photograph courtesy of
F. Giachino, MRSN.

Figure 73. Nilssondytes diversus, holotype specimen. Scale bar: 5.0 mm.

ZooKeys 1188: 125-168 (2024), DOI: 10.3897/z00keys.1188.110081 155



Kelly B. Miller et al.: Neotropical Cybistrinae

Figure 74. Distribution of Nilssondytes diversus in northern South America.

Male genitalia. Male median lobe in lateral aspect slender, broader submedi-
ally and gradually narrowed apically to slightly curved apex, apex bluntly round-
ed (Fig. 48). In dorsal aspect slender, evenly and gradually narrowed to narrowly
rounded apex; dorsal sclerite very slender and elongate (Fig. 49). Lateral lobe
extremely slender throughout, broadly curved with long series of long setae
along dorsal margin (Fig. 50).

Female genitalia. Females are not known.

Sexual dimorphism. Only a single male was examined. However, this male
has a characteristic broad protarsal palette with ventral adhesive setae. Males
also have mesotarsomeres with clumps of posteroventral setae. Other typical
sexually dimorphic features cannot be compared.

Variation. Only a single specimen was examined.

Material examined. A single male specimen examined labeled, “271297
PERU ZUNGARO COHA 16u:TO [handwritten, somewhat illegible].”

Key to genus groups of Adult Cybistrinae of the world

Adapted from Miller et al. (2007) and Miller and Bergsten (2016) and including
revised classification of some groups, see below.

1 Posterior metatibial spur bi- or trifurcate (e.g., Figs 1, 2); Neotropical......2
- Posterior metatibial spur simple (e.g., Fig. 3); Neotropical and other re-

o] L0] o < J RSP S U U PR U PR PP PSPPI 3
2  Posterior metatibial spur bifurcate (Figs 1, 2)... Bifurcitus Brinck, stat. nov.
—  Posterior metatibial spur trifurcate.................. Trifurcitus Brinck, stat. nov.
3  Prosternal process longitudinally conspicuously sulcate; Australian and
NEOIIOPICA ... 4

—  Prosternal process without longitudinal sulcus although lateral margins
may be variously bordered and anterior portion may be shallowly sulcate
or excavated; distribution VarioUsS ..........ccccoeieoiiiieeeeeeeee e 6
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4 Metacoxal lines absent..........cccocoeveiecieieniiicieee, Sternhydrus Brinck
= Metaxocal INes present. ... 5
5  Prosternal process longitudinally narrowly and deeply sulcate throughout
length; male and female each with metatarsal claws unequal in length,
anterior claw shorter than posterior claw.................. Spencerhydrus Sharp
—  Prosternal process longitudinally broadly sulcate, mainly in anterior half;
male and female each with metatarsal claws unequal in length, posterior

claw rudimentary and short (Figs 19, 20)................. Nilssondytes gen. nov.
6  Metacoxal lines absent; Australian.......................... Onychohydrus Schaum
—  Metacoxal lines present; distribution various................ccccoeeeeiiiiiiiciien, 7

7  Male with a single metatarsal claw, female either with one claw or with an
additional, small posterior rudimentary claw (Figs 15-18); with postero-
ventral series of setae near apical margin of mesotarsomeres of males
and pro- and mesotarsomeres of females (Fig. 5) Cybister Curtis)........... 8

—  Male and female with two metatarsal claws, in some cases with posterior
claw rudimentary and small (Figs 21-29); without posteroventral series of
setae on pro- and mesotarsomeres (Fig. 4) ......ccoeeverieeriiieinieeeieees 11

8  Elytron without distinct yellow lateral margins; female always with a sec-
ond, rudimentary posterior metatarsal Claw .........c.cccceeveviiviiieieiciee, 9

- Elytron with distinct yellow lateral margins; female with either a single
metatarsal claw or with a second rudimentary posterior claw................ 10

9  Pronotum with distinct yellow lateral margins...........ccoccoeeeivieciecieieiennnn.
..................................................................... Cybister (Megadytoides) Brinck

—  Pronotum without distinct yellow lateral margins ..........c..cccoovveeieiienienn.
......................................................................... Cybister (Melanectes) Brinck

10 Female with a single metatarsal claw or, in few species, dimorphic with
some specimens with a second, rudimentary posterior claw; apex of dor-
sal sclerite of male median lobe various, but not bifid; medial margin of
female gonocoxosternite straight or slightly concave; distribution North
and Central America, Africa, Eurasia and Australia, absent from most of
Neotropical Region except Mexico and certain Caribbeanislands .............
............................................................................... Cybister (Cybister) Curtis

- Female always with two metatarsal claws, posterior claw short and
curved (Figs 15-18); apex of dorsal sclerite of male median lobe bifid
(Figs 31, 34); medial margin of female gonocoxosternite distinctly emargi-
nate (Figs 58, 59); species from Panama to southern South America........
....................................... Cybister (Neocybister) Miller, Bergsten & Whiting

11 Dorsal surface light green with sparsely distributed, small black dots, lat-
erally without distinct pale margins; central Afrotropical.............c.cceeuee....
.................................................................................. Regimbartina Chatanay

—  Dorsal surface dark green to green-black without black dots, laterally with
or without distinct pale margins; Australian, Nearctic or Neotropical .....12

12 Prosternal process with distinct lateral carinae; male and female meta-
tarsal claws similar, anterior claw shorter than posterior; dorsal surface
dark green with distinct lateral pale margins; Australian............................
....................................................................................... Austrodytes Watts

- Prosternal process without distinct lateral carinae; male and female claws
various, male with either equal-length metatarsal claws or with posterior
claw reduced, shorter than anterior, female with two claws, posterior re-
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13

14

duced, shorter than anterior (Figs 21-29); dorsal surface dark green to
brown or black with or without lateral pale margins; Neotropical or south-
€N NEAICTHIC ..ottt 13
Male and female both with two metatarsal claws, anterior claw shorter
than posterior (Figs 21-24); male with medial margins of sternite IX emar-
ginate (Figs 54, 55)...ccccveirieriiiieiiieieieeeeeeeeeeee e Megadytes Sharp
Male with two metatarsal claws that are subequal in length, female with
two metatarsal claws, with posterior claw shorter, rudimentary (Figs 26—
29); male with medial margins of sternite IX straight (Figs 56, 57).......... 14
Size large, TL = 27 mm; metasternal wings relatively broad (WC/WV = 1.8~

T.9) o, Paramegadytes Trémouilles & Bachmann, stat. nov.
Size smaller, TL < 24 mm; metasternal wings relatively narrow (WC/
WV = 2.52.6) .o Metaxydytes, gen. nov.

Key to Instar Il larvae of Neotropical Cybistrinae

Nilssondytes and Cybister (Neocybister) not included (larvae unknown)

Median lobe of frontoclypeus apically sharp, without apical tuft of setae

(Fig. 7)) oo Trifurcitus Brinck, stat. nov.
Median lobe of frontoclypeus apically truncate, with apical tuft of setae
(FIGS B7770) ..ottt ettt ettt ettt 2
Median and lateral lobes of frontoclypeus separated by a narrow emargi-
Nation (Fig. 69) ....ccooveieieieieieeieeeeeeeeee e Metaxydytes, gen. nov.
Median and lateral lobes of frontoclypeus separated by a wide emargina-
tiON (FigS 67, 68, 70) ..ottt 3

Lateral lobes of frontoclypeus bilobed (Fig. 70) ........ccccooveveeirieiiereieiereennes
................................... Paramegadytes Trémouilles & Bachmann, stat. nov.
Lateral lobes of frontoclypeus with a single lobe (Figs 67, 68).................. 4
Lateral lobes of frontoclypeus acute (Fig. 68); cephalic capsule relatively
long (ratio head length / head width > 1.25).................... Megadytes Sharp
Lateral lobes of frontoclypeus obtuse (Fig. 67); cephalic capsule relatively
short (ratio head length / head width < 1.20) ... Bifurcitus Brinck, stat. nov.

List of Neotropical genera and species of Cybistrinae

Bifurcitus Brinck, 1945, stat. nov.

Bifurcitus ducalis (Sharp, 1882: 713); Brazil.
Bifurcitus lherminieri (Guérin-Méneville, 1829: pl. 8); type locality not given,
Guadeloupe by indication.

= Cybister giganteus Laporte, 1835: 99; Brazil.
= Trogus olivieri Crotch, 1872: 205, by indication to Dytiscus costalis Fabri-
cius sensu Olivier 1795: 9; French Guiana (Cayenne), Suriname.

Bifurcitus magnus (Trémouilles & Bachmann, 1980: 118); Argentina, Santa Fe.

Cybister Curtis, 1927
Cybister (Neocybister) Miller, Bergsten, & Whiting, 2007

Cybister festae Griffini, 1895: 1; Panama, Darién, Matusagrati Lake (Laguna
della Pita).
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Cybister puncticollis (Brullé, 1837: 46) (Dytiscus); Bolivia, San Miguel.
= Cybister kemneri Brinck, 1945: 18; Brazil, La Plata, Amazonas, Rio Autaz.

Megadytes Sharp, 1882
Megadytes latus (Fabricius, 1801: 260) (Dytiscus); South America.
Megadytes parvus Trémouilles, 1984: 187; Brazil, Bahia State, Santa Rita,
comb. nov.

Metaxydytes, new genus
Metaxydytes carcharias (Griffini, 1895: 5) (Megadytes); Paraguay, Apa River,
Asuncién, comb. nov.
Metaxydytes ecuadorius (Zimmermann, 1919: 236) (Megadytes); Ecuador,
Esmeraldas, comb. nov.
Metaxydytes flohri (Sharp, 1882: 709) (Megadytes); Mexico, comb. nov.
Metaxydytes fraternus (Sharp, 1882: 708) (Megadytes); Panama, comb. nov.
Metaxydytes guayanensis (Wilke, 1920: 249) (Cybister); Guyana, comb. nov.
Metaxydytes guignoti (Mouchamps, 1957: 284) (Megadytes); Costa Rica,
Bebedero, comb. nov.Metaxydytes laevigatus (Olivier, 1791: 308) (Dytiscus);
French Guiana (Cayenne), comb. nov.Metaxydytes marginithorax (Perty,
1830: 15) (Dyticus); Brazil, comb. nov.
Metaxydytes steinheili (Wehncke, 1876: 359) (Trogus); Colombia, Medellin,
comb. nov.

Nilssondytes, gen. nov.
Nilssondytes diversus, sp. nov.; Venezuela, Amazonas State.

Paramegadytes Trémouilles & Bachmann, 1980, stat. nov.
Paramegadytes australis (Germain, 1854: 326) (Cybister); Chile, Santiago.
= Megadytes expositus Sharp, 1882: 705; Chile.
Paramegadytes glaucus (Brullé, 1837: pl. 4) (Dyticus); Argentina, Buenos Ai-
res; Uruguay, Maldonado, Montevideo.
= Cybister aeneus Ormancey, 1843: 332; Brazil.
= Cybister biungulatus Babington, 1842: 3; Uruguay, Rio de la Plata, Maldonado.

Trifurcitus Brinck, 1945, stat. nov.
Trifurcitus aubei (Wilke, 1920: 245) (Cybister), by indication to Dytiscus cos-
talis Fabricius sensu Aubé 1838: 50; French Guiana.
ssp. meridionalis Mouchamps, 1957: 286; Brazil, Amazonas.
Trifurcitus fallax (Aubé, 1838: 54) (Cybister); French Guiana (Cayenne).
Trifurcitus gravidus (Sharp, 1882: 712) (Megadytes); Brazil, Santa Cruz.
Trifurcitus obesus (Sharp, 1882: 710) (Megadytes); Panama.
Trifurcitus perplexus (Sharp, 1882: 711) (Megadytes); South America.
Trifurcitus robustus (Aubé, 1838: 49) (Cybister); Brazil.

Neotropical Cybistrinae incertae sedis with respect to genus
?? costalis (Fabricius, 1775: 230) (Dytiscus); Suriname.
?? obovatus (Kirby, 1826: 694) (Dytiscus); Brazil.
“Megadytes species, IR57", (undescribed species, unknown genus, Ribera et
al. 2008).
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Appendix 1

Morphological characters used in phylogenetic analysis. Citations are provided
for previous use of the characters in phylogenetic analyses. These should be
consulted for more detailed descriptions and review of these characters.

Adult
Head
1. Setae on mandible; (0) discontinuous line, (1) continuous line (Char. 1,
Miller 2000).
2. Eyes; (0) anteriorly emarginate, (1) anteriorly rounded (Char. 2, Miller 2000).

Thorax

3. Prosternal process; (0) not sulcate, (1) sulcate (Char. 48, Miller 2001).

4. Lateral marginal yellow band on pronotum; (0) absent (Figs 12-14), (1)
present (Figs 9-11) (Char. 4, Miller et al. 2007).

5. Apicoventral setal patch on elytron; (0) absent, (1) present (Char. 8, Miller
2000).

6. Apicoventral setal patch on elytron; (0) line of stiff setae only along apical
margin, (1) large field of fine setae, (2) large field of stiff setae (Char. 9, Mill-
er 2000). Coded as “?” for taxa without an apicoventral setal patch (Char. 5).

7. Sexual sculpture on female elytron; (0) without short striae, (1) with short,
longitudinal striae on elytra (2) with extensive anastomozing lines (Char.
7, Miller 2003).

8. Lateral marginal yellow band on elytron; (0) absent (Figs 12-14), (1) pres-
ent (Figs 9-11) (Char. 9, Miller et al. 2007).

9. Oblongum cell on metathoracic wing; (0) oval shaped, (1) subtriangular
(Fig. 7) (Char. 10, Miller et al. 2007).

Legs

10. Male anterior protibial spur; (0) absent, (1) present (Char. 11, Miller 2000).

11. Male posterior protibial spur; (0) absent, (1) present (Char. 12, Miller 2000).

12. Ventral protarsal adhesive setae on male; (0) apically with elongate, thin, flat-
tened structures, (1) apically rounded, sucker-shaped (Char. 13, Miller 2000).

13. Posteroapical marginal setae on mesotibia; (0) absent medially, (1) pres-
ent across entire margin (Char. 15, Miller 2000).

14. Posterodorsal series of setae on mesotibia; (0) apically simple, (1) apical-
ly bifid (Char. 17, Miller 2000).

15. Posteroventral series of setae on mesotibia; (0) apically simple, (1) apical-
ly bifid (Char. 18, Miller 2000).

16. Ventral adhesive setae on male mesotarsomeres; (0) absent, (1) present
(Char. 22, Miller 2000).
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

Ventral adhesive setae on male mesotarsomeres; (0) dense field of api-
cally simple setae, (1) apically with elongate, thin, flattened structures, (2)
setae apically sucker-shaped (Char. 23, Miller 2000). Coded as “?” for taxa
without ventral adhesive setae on male mesotarsomeres (Char. 15).

Line of setae at posterodorsal apical angle on mesotarsomeres I-1V (and
protarsomeres I-1V of female); (0) absent, (1) present. Note that this se-
ries of setae was erroneously described as being “posteroventral” in po-
sition by Miller et al. (2007). All cybistrines have posteroventral series of
setae, but only members of Cybister have a posterodorsal series of setae.
This error was pointed out and corrected by Arce-Pérez et al. (2021).
Metacoxal processes: (0) not concave laterally; (1) concave laterally (Char.
6, Miller 2000).

Obligue groove across posterior surface of metatrochanter; (0) absent, (1)
present (Char. 24, Miller 2000).

Natatory setae on dorsal margin of metafemur; (0) absent, (1) present
(Char. 27, Miller 2000).

Anterior metatibial spur; (0) similar to posterior spur, unmodified, (1) api-
cally acuminate, much broader than posterior spur (Figs 1-3) (Char. 31,
Miller 2000).

Posterodorsal series of setae on metatibia; (0) a linear series, (1) a cluster
(Fig. 1) (Char. 29, Miller 2000).

Natatory setae on ventral margin of metatarsomeres; (0) absent on fe-
males, present on males, (1) present in both sexes (Char. 36, Miller 2000).
Metatarsal claws; (0) male and female each with two claws, anterior
shorter than posterior, (1) male and female with two claws, each the same
length, (2) male and female with two claws, male with each the same
length, female with posterior shorter than anterior (Figs 26-29), (3) male
and female each with two claws, posterior shorter than anterior (Figs 19-
25), (4) male with a single claw, female with two claws, posterior shorter
than anterior (Figs 15-18), (5) male and female each with a single claw
(Char. 35, Miller 2000).

Male stridulatory device using metacoxa and metatrochanter: (0) absent;
(1) present (Char. 26, Miller et al. 2007).

Metacoxal lines; (0) absent, (1) present (Char. 27, Miller et al. 2007).
Anterior metatibial spur; (0) simple, (1) bifid or trifid (Figs 1-3). It seems
likely that a spur that is apically branched is homologous whether it is bifid
or trifid.

Abdomen

20.

Transverse carinae on dorsolateral surface of abdominal ventrite Il; (0)
absent, (1) present (Char. 59, Miller 2001).

Male genitalia

30.

31.

32.

Series of long setae on dorsal margin of lateral lobe; (0) absent, (1) pres-
ent (Figs 32, 35, 38, 41, 46, 50) (Char. 38, Miller 2000).

Medial margin of male abdominal ventrite IX; (0) linear (Figs 53, 56, 57),
(1) emarginate (Figs 51, 52, 54, 55).

Setae on dorsal margin of median lobe; (0) absent, (1) present (Char. 54,
Miller 2003).
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33.

34.

Male median lobe; (0) asymmetrical, (1) symmetrical (Figs 31, 34, 37, 40,
43, 45, 47, 49) (Char. 62, Miller 2001).

Apex of ventral sclerite; (0) various, (1) bifid (Figs 31, 34), (2) expanded
and bilobate, spiny (Figs 42, 43, 45, 47).

Female genitalia

35.

36.

37.

38.

39.

40.

41.

42.

Female genital configuration; (0) Hydroporinae-type; (1) Dytiscinae-type
(Char. 1, Miller 2001).

Accessory glands (or possibly other structures) on either side of base of
common oviduct; (0) absent, (1) present (Figs 58, 59, 61-66) (Char. 32,
Miller 2001).

Very large muscles surrounding vagina; (0) absent, (1) present (Char. 33,
Miller 2001).

Series of short, stiff setae along medial margin of gonocoxosternite; (0)
absent, (1) present (Figs 60, 62, 63) (Char. 14, Miller 2001).

Gonocoxae; (0) not fused, (1) fused along medial margin (Figs 58-66)
(Char. 41, Burmeister 1976; Miller 2000).

Apicolateral setal pencil on gonocoxa; (0) absent, (1) present (Char. 44,
Miller 2000).

Medial margin of gonocoxa; (0) not emarginate (Figs 60—-66), (1) emargi-
nate (Figs 58, 59).

Rami at apex of vagina; (0) smooth (Figs 58-63, 66), (1) laterally corrugat-
ed (Figs 64, 65).

Larva
Head

43.

44.

45.

46.
47.

48.
49.

50.

Anterior margin of clypeus; (0) evenly curved, (1) strongly excavated
(Figs 67-71) (Char. 70, Miller 2003).

Rudimentary visual organ; (0) absent, (1) present. In larvae of Dytiscinae,
anteromedially of the anterior row of stemmata there is a clear and round-
ed spot in the cuticle (Ferreira Jr 2000) called a “rudimentary visual organ”
by Blunck (1917) and an “ocular spot” by Bertrand (1928).

Subdivision of the cephalic appendages (antenna, maxillary and labial
palpi) into articles; (0) not subdivided, (1) subdivision of at least one seg-
ment into two articles, beginning with the second instar, (2) subdivision
of at least one segment into three articles, beginning with the first instar
(non-additive).

Antennomere [; (0) not subdivided, (1) subdivided into two articles.
Antennomeres Il and Ill, subdivision; (0) not subdivided, (1) basal segment
subdivided resulting in two unequal articles, beginning in the second in-
star, (2) basal segment subdivided into three articles, subequal in length,
beginning with the first instar (non-additive).

Galea; (0) absent, (1) present.

Maxillary palpomere | (not including palpifer); (0) not subdivided, (1) basal
segment subdivided, resulting in two unequal articles, beginning with the
second instar, (2) basal segment subdivided into two subequal articles
beginning with the first instar (non-additive).

Maxillary palpomere II; (0) not subdivided, (1) basal segment subdivid-
ed, resulting in two unequal articles beginning with the second instar, (2)
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basal segment subdivided into two subequal articles beginning with first
instar (non-additive).

51. Maxillary palpomeres IlI; (0) not subdivided, (1) basal segment subdivid-
ed, resulting in two unequal articles, (2) basal segment subdivided into
two subequal articles (non-additive).

52. Apicomedial margin of labial prementum; (0) unmodified, (1) with single
rounded projection, (2) with single, elongate, spinous projection.

53. Labial palpomeres; (0) not secondarily subdivided, (1) secondarily subdi-
vided.

Abdomen
54. Abdominal tergites |I-VI; (0) large, covering dorsum of each segment (1)
reduced to a small plate located anteriorly on dorsum of segment.
55. Venter of abdominal segment VII; (0) not sclerotized, (1) sclerotized.
56. Urogomphi; (0) reduced, (1) well developed.
57. Urogomphi; (0) without fringe of setae, (1) with fringe of setae along later-
al margins only; (2) with fringe of setae along lateral and medial margins.

Supplementary material 1
Character coding for phylogenetic analysis

Authors: Kelly B. Miller, Mariano C. Michat, Nelson Ferreira Jr

Data type: docx

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

Link: https://doi.org/10.3897/zookeys.1188.110081.suppl1
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Abstract

Factors such as the Andean uplift, Isthmus of Panama, and climate changes have influ-
enced bird diversity in the Neotropical region. Studying bird species that are widespread in
Neotropical highlands and lowlands can help us understand the impact of these factors on
taxa diversification. Our main objectives were to determine the biogeographic factors that
contributed to the diversification of Euphoniinae and re-evaluate their phylogenetic rela-
tionships. The nextRAD and mitochondrial data were utilized to construct phylogenies. The
ancestral distribution range was then estimated using a time-calibrated phylogeny, current
species ranges, and neotropical regionalization. The phylogenies revealed two main Eu-
phoniinae clades, Chlorophonia and Euphonia, similar to previous findings. Furthermore,
each genus has distinctive subclades corresponding to morphology and geography. The
biogeographic results suggest that the Andean uplift and the establishment of the western
Amazon drove the vicariance of Chlorophonia and Euphonia during the Miocene. The Chlo-
rophonia lineage originated in the Andes mountains and spread to Central America and the
Mesoamerican highlands after the formation of the Isthmus of Panama. Meanwhile, the
ancestral area of Euphonia was the Amazonas, from which it spread to trans-Andean areas
during the Pliocene and Pleistocene due to the separation of the west lowlands from Am-
azonas due to the Northern Andean uplift. Chlorophonia and Euphonia species migrated to
the Atlantic Forest during the Pleistocene through corridors from the East Andean Humid
Forest and Amazonas. These two genera had Caribbean invasions with distinct geograph-
ic origins and ages. Finally, we suggested taxonomic changes in the genus Euphonia based
on the study’s phylogenetic, morphological, and biogeographic findings.

Key words: Atlantic Forest, Caribbean, diversification, Euphoniinae, Isthmus of Panama,
Neotropical, trans-cis Andean areas

Introduction

The Neotropical region is known for its significant diversity, which results
from a combination of events including the Andean uplift, the formation of
the Isthmus of Panama, changes in the Amazon basin and riverine landscape,
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and variations in vegetation biomes due to climatic oscillations and geologic
events (Mittermeier et al. 2005; Hoorn et al. 2010; Smith and Klicka 2010; Ribas
et al. 2012; Fox et al. 2015; Capurucho et al. 2018; Carneiro et al. 2018; Thode
et al. 2019; Méndez-Camacho et al. 2021). Studies on biogeography and phy-
logeny have helped to identify the key drivers of biodiversity in the region. For
instance, research on the phylogenetic relationships of widespread Neotropi-
cal avian lineages has revealed that biogeographic patterns may have resulted
from multiple historical events at different periods (Smith et al. 2014), which
have impacted highland and lowland species differently.

The Andean uplift had a significant impact on the diversification of both high-
land and lowland avifauna. One example of how the Andes Mountain range has
impacted avifauna diversification is through the gradual uplift chain. This pro-
cess resulted in speciation as species dispersed from lowlands to different al-
titudes (Ribas et al. 2007). Additionally, vicariant speciation occurred along the
separated mountain blocks and changes in highland biomes due the climatic
shifts (Gutiérrez-Zuluaga et al. 2021). Another way in which the Andean uplift
influenced the avifauna is through the Miocene-Pliocene Northern uplift pulses.
These pulses transformed the landscape of the northwestern Amazonas areas,
creating a humid forest where there was once a wetland. This event was respon-
sible for many Amazonas bird lineages originating in Western Amazonas (Car-
neiro et al. 2018). The Andean chain also separated avian lineages of the Pacific
lowland forest from those of western Amazonas during the Pliocene. The impact
of the Andean uplift on these biomes has also been observed in younger avian
lineages (Reyes et al. 2023). In the lowlands, the Dry Diagonal also created a
divide between the East Areas of the Amazonas, resulting in the formation of the
Atlantic Forest, a biome with various endemic bird species. Biogeographic and
phylogenetic research indicates that the diversification in this region may have
been impacted by historical cycles of moist forest corridors in different parts of
the Dry Diagonal that connected the Amazonas and the East Andean Forests with
the Atlantic Forest (Capurucho et al. 2018; Trujillo-Arias et al. 2018). The Isthmus
of Panama also played a role in the diversity of bird species in both the highlands
and lowlands, facilitating the exchange of taxa in northward and southward direc-
tions across the Isthmus (Antonelli et al. 2010; Smith and Klicka 2010).

Phylogenetic and biogeographic studies on Neotropical birds that are wide-
spread in highland and lowland tropical forests can provide insight into the drivers
of biodiversity in lineages that inhabit the main Neotropical biomes. An interest-
ing model taxon is the subfamily Euphoniinae, which belongs to the cosmopolitan
family Fringillidae and is an extensive Neotropical endemic lineage (Zuccon et al.
2012). The subfamily consists of two genera, Chlorophonia (Bonaparte, 1851) and
Euphonia (Desmarest, 1806), according to the current classification by the Amer-
ican Ornithological Society (Chesser et al. 2021). The first phylogenetic and bio-
geographic revision for this group was published just three years ago (Imfeld et
al. 2020), which was significant for understanding Euphoniinae diversity in three
different contexts: phylogenetic relationships, taxonomic implications, and biogeo-
graphic history. The study confirmed the paraphyly of the genus Euphonia, with
the blue-headed Euphonias being the sister group of the Chlorophonia (Imfeld et
al. 2020), based on this they formally resurrected the genus Cyanophonia (Bona-
parte, 1851). However, the paraphyly was resolved by included these species into
Chlorophonia genus (Chesser et al. 2021). This work also revealed that the genus
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Euphonia represents the most speciose and oldest group in the subfamily (Imfeld
et al. 2020), with five clades that partially agree with the previous morphological
grouping (Isler and Isler 1999). Biogeographic analysis indicated that the ances-
tor of Euphoniinae arrived in South America from the Eastern Hemisphere via a
transoceanic route (13.8—7.1 Mya), and then diversified in South America (Imfeld
et al. 2020). The biogeographic patterns for the two Euphoniinae genera are differ-
ent. The blue-headed Chlorophonia were widespread throughout North and South
America until 1.8 Mya, and species diversification in this group could be the result
of vicariant speciation drivers by Pleistocene climate cycles that isolated highland
Neotropical forests (Imfeld et al. 2020). Meanwhile, in Euphonia and the rest of
Chlorophonia, the older lineages evolved in South America, and the adaptations to
the tropical environment implied northward migrations until the Isthmus of Pana-
ma was entirely formed, after which the tropical forest expanded to North America
(Imfeld et al. 2020). According to the authors, these migrations to new areas result-
ed in new lineage diversification in both genera and added evidence that the Isth-
mus of Panama could have been completely closed during the Pliocene (Imfeld et
al. 2020). The study also identified two independent Caribbean migrations from
South America by island-hopping and over-water dispersal (Imfeld et al. 2020).

Despite this remarkable knowledge on Euphoniinae diversification, there are
still unanswered questions. While it is suggested that the Euphoniinae lineage
reached South America via a transoceanic route, doubt has been cast on this
explanation by biogeographic evidence that indicates that deep lineages of Frin-
gillidae could have originated in North America at an earlier stage (Oliveros et al.
2019), and the deepest nodes of other Fringillidae subfamilies have Palearctic
distributions (Zuccon et al. 2012; Tietze et al. 2013). There is more than one ex-
ample of Neotropical linages that arrived from North America. Moreover, the arriv-
al of Nearctic lineages to southern areas seems to be explained by the hypothesis
of winter expansion ranges during the Miocene in Nearctic birds, which supports
the northern origin of some Neotropical birds and posterior niche conservatism
in the Neotropics (Kondo et al. 2008; Rolland et al. 2014; Winger et al. 2014; Zink
and Gardner 2017). Furthermore, the factors that promoted the diversification
of Euphoniinae in South America are still unclear because the study by Imfeld et
al. (2020) did not represent the subregions in the Neotropics. This study aims to
reconstruct the biogeographic history of Euphoniinae using a calibrated phylog-
eny and ancestral areas reconstruction based on current species ranges, South
American Neotropical biomes, and Neotropical regionalization. Our main goal is
to identify the biogeographic factors that led to the diversification of Euphoniinae,
and our secondary objective is to reevaluate the phylogenetic relationships of Eu-
phoniinae, using multiple samples of individual species and some allopatric sub-
species to explore some intraspecific lineages for future research on the diversity
of Euphoniinae. We also discuss the taxonomic implications of our findings.

Materials and methods
Sampling

We obtained 94 samples from the following collections: Louisiana State Uni-
versity Museum of Natural Science (LSU), The Field Museum of Natural History
(FMNH), The Academy of Natural Sciences Philadelphia (ANSP), The Natural

ZooKeys 1188: 169-195 (2024), DOI: 10.3897/z0okeys.1188.107047 171



Melisa Vazquez-Ldpez et al.: Ancestral reconstruction and diversification on Euphoniinae

History Museum at the University of Kansas (KU), The Museo Alfonso L. Her-
rera Facultad de Ciencias (MZFC), The American Museum of Natural History
(AMNH), and The Consejo Superior de Investigaciones Cientificas (CSIC) (Sup-
pl. material 1: table S1). This dataset included 23 tissue samples from the eight
species of the genus Chlorophonia and 65 samples from 22 of 25 species of
the genus Euphonia. Tissue samples were not available only for three species
of Euphoniinae (E. chalybea, E. trinitatis, and E. concinna). We could not obtain
DNA from toe pad samples, so they are not included in our analysis. We in-
cluded samples from allopatric morphotypes of three subspecies: Chlorophonia
cyanea cyanea, C. musica sclateri, and C. musica musica. Also, we included rep-
resentatives of the subspecies of three polytypic species: E. chlorotica, E. viola-
cea, and E. xanthogaster. We included three representatives of the Carduelinae
subfamily as outgroups: two samples of Coccotharutes abeillei and one of Hae-
morhous mexicanus. Samples deposited at the MZFC collection were obtained
under a field collection permit provided by the Instituto Nacional de Ecologia,
SEMARNAT, Mexico (FAUT-0169). To estimate divergence times, we incorporat-
ed three samples of the Fringillinae subfamily: F. coelebs, F. montifringilla, and
one sample of Rhodinocichla rosea representing the sister group to Fringillidae,
the New World nine-primaried Oscines (See Divergence time estimation below).

Laboratory processing and preparation for nextRAD sequencing

We extracted total genomic DNA from the tissue samples using the DNeasy
tissues kit (Qiagen, Valencia, CA, USA) or the phenol: chloroform protocol (Hillis
et al. 1996). The quality of DNA extractions was verified using gel electrophore-
sis. The DNA concentration was determined with a Qubit 3 fluorometer (Ther-
moFisher). The RAD sequence data was obtained using the nextRAD protocol
(Russello et al. 2015) by the company SNPsaurus (http://snpsaurus.com/) (See
Suppl. material 1: text S1 for details). The nextRAD libraries were sequenced
on a single lane of an lllumina HiSeq 4000 with a single-end 150 bp protocol
(University of Oregon). Raw sequence reads are available at GenBank SRA (Bio-
Project accession PRINA875486, see Suppl. material 1: table S1, the raw data
are in the figshare repository: https://doi.org/10.6084/m9.figshare.20744656).

Quality filtering and de novo alignment

We used IPYRAD 0.9.50 (Eaton and Overcast 2020) to filter the raw reads and
perform de novo alignment of the nextRAD data. To filter reads by quality, we
only retained reads with a Phred Q score of 43, and adapters were strictly filtered.
We retained reads with more than 100 base pairs. We avoided variations due to
sequencing errors by setting to 12 the minimum statistical depth and minimum
depth for majority-rule base calling parameters. We set the maximum number
of unique alleles to two and the maximum proportion of shared polymorphic
sites per locus to 0.5. To minimize paralogues in the alignment we optimized
the cluster threshold (CT) with five metrics. The first three of these metrics were
proposed by McCartney-Melstad et al. (2019): (1) the correlation of pairwise
divergence with pairwise missingness, (2) the mean bootstrap values in a max-
imum likelihood tree-building framework, and (3) the cumulative variance of the
first three PCs. The fourth was the total number of loci and SNPs recovered
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(proposed by Mastretta-Yanes et al. 2015), and the fifth was the heterozygosity,
proposed by llut et al. (2014). The rest of the parameters were set to their default
values. The minimum number of samples with data for a locus to be included in
the alignments was set to 43 (~ 50%). We performed the phylogenetic and time
calibrated analysis using this final nextRAD sequence alignment.

Laboratory processing and alignment for the ND2 marker

We amplified the mitochondrial marker ND2 (NADH Dehydrogenase Subunit 2; So-
renson 1999) via PCRin 12.5 mL reactions at a temperature of 54 °C. The sequenc-
ing was done by the Laboratorio de Secuenciacion Gendmica de la Biodiversidad y
de la Salud, Instituto de Biologia, UNAM. Sequence alignment was done with the al-
gorithm MUSCLE (Edgar 2004) in the CIPRES Science Gateway (Miller et al. 2010).
We included 68 sequences obtained from our tissue samples, for eight species
of the genus Chlorophonia and 22 species of the genus Euphonia (GenBank ac-
cession numbers OP056102-0P056169, also see Suppl. material 1: table S1). Se-
quences were obtained from GenBank (Suppl. material 1: table S2) for Chloropho-
nia occipitalis, E. affinis, E. godmani, and E. chlorotica, including two samples from
Imfeld et al. 2020 for E. affinis and E. jamaica. We also added outgroup species
(one individual of Haemorhous mexicanus, one of Coccothrautes coccothrautes,
and one of Fringilla coelebs) obtained from GenBank (Suppl. material 1: table S2).

Phylogenetic analyses

For the alignment of the nextRAD sequences, we calculated the partitions and
evolutionary models using PARTITIONFINDER 2 (Lanfear et al. 2016) under the
following configuration: branch lengths linked, rcluster search algorithm (Lan-
fear et al. 2012), and Bayesian Information Criterion (BIC) for model selection.
Then, a Maximum Likelihood (ML) tree was generated using RAXML v. 8.0.0 (Sta-
matakis 2014) in the CIPRES Science Gateway (Miller et al. 2010), using the par-
titions obtained above under a GTRGAMMA nucleotide substitution model with
1000 bootstrap replicates, using simple bootstrap analysis. For the mitochondri-
al ND2 marker, we obtained the evolutionary model for each codon position with
PARTITIONFINDER 2 (Lanfear et al. 2012). Then, we generated a ML phylogeny
with RAXML v. 8.0.0 (Stamatakis 2014), using the partitions obtained above un-
der a GTRGAMMA nucleotide substitution model with 1000 bootstrap replicates.

Time calibration tree

Divergence times were estimated for nextRAD sequences matrix with BEAST 2.6.3
(Bouckaert et al. 2019) implemented in the CIPRES Science Gateway (Miller et
al. 2010). We assigned the partition schemes and evolutionary models obtained
with PARTITIONFINDER 2 (Lanfear et al. 2012) (See section Phylogenetic analy-
ses). We used secondary dating with a normal distribution and a calibration point
based on the divergence between Fringillidae and the New World nine-primaried
Oscines (17.1104 Mya; 95% HPD 14.7743-19.6278) calculated by Oliveros et al.
(2019). For the molecular clock model, we selected the normal relaxed molecu-
lar clock following the recommendations of Drummond et al. (2006) and Li and
Drummond (2012). We ran 50,000,000 generations, sampling every 1,000 genera-

ZooKeys 1188: 169-195 (2024), DOI: 10.3897/z0okeys.1188.107047 173



Melisa Vazquez-Ldpez et al.: Ancestral reconstruction and diversification on Euphoniinae

tions, then we corroborated the effective sample size (ESS > 200) with TRACER v.
1.7.1 (Rambaut et al. 2018). Finally, we discarded the first 2,000 trees as burn-in
and produced the maximum clade credibility tree with the highest 95% probability
densities in TREE ANNOTATOR v. 1.8.0 (Rambaut and Drummond 2013). The tree
was visualized with FIGTREE v. 1.4.1 (Rambaut and Drummond 2014).

Biogeographic range estimation

We estimated the biogeographic history of Euphoniinae species with Bio-
GeoBears (Biogeography with Bayesian and likelihood Evolutionary Analysis
in R Scripts) (Matzke 2013). This package implements a likelihood version
of Dispersal Vicariance Analysis (DIVA; Ronquist 1997), Dispersal-Extinction
Cladogenesis (DEC) from the LAGRANGE program (Ree and Smith 2008), and
BayArea and Bayesian Binary Model (BBM) (RASP; Yu et al. 2015). We did not
include the +j due to controversy over these models (see Ree and Smith 2008;
Ree and Sanmartin 2018; Matzke 2022).

We used the nextRAD matrix data to obtain a calibrated tree (see section
above for specifications) and we collapsed the sampling tree to a specie tree
as is suggested in the WikiSite of BioGeoBears (http://phylo.wikidot.com/bio-
geobears-mistakes-to-avoid#no_specimen_trees). Because we were unable to
sample all subspecies across the subfamily, we performed the BioGeoBears
analysis at the species level. We defined seven areas based on the current spe-
cies distributions of Euphoniinae, the principal biomes of South America (Nores
2020) and the Biogeographical regionalization of the Neotropical region by Mor-
rone (2014), using as reference the shapefiles by Lowenberg (2014): Caribbean;
Mexican Transition Zone + Mesoamerica + Central America; Andes; Pacific W
of Andes; Amazonas (the Amazon rainforest); Dry diagonal; and Parana-Atlantic
Forest. We allowed the occupation of up to three areas based on the ranges of
the extant species. Finally, we compared the six different models for statisti-
cal fit via comparison of the Akaike weight (wi) values. BioGeoBears (Matzke
2013) was used to obtain the range expansion (d), and range contraction (e).

Results
Quality filtering and de novo alignment

The percentage of reads that passed the quality filters was 97.66—98.95%, and
the number of retained reads per sample ranged from 1,016,414 to 6,242,114.
The optimal CT value was 0.87 (see the Suppl. material 1: Text S1 for details)
Consensus sequence heterozygosis ranged from 0.00312 to 0.01760. The
alignment used for phylogenetic inference recovered 2,570 loci and a total of
369,000 bp, the mean locus length was 141. The percentage of missing data
for the sequence matrix was 37.43%, and the sample coverage ranged from
2165 loci to 311 loci (Suppl. material 1: tables S3, S4).

Phylogenetic analyses

For the nextRAD alignment, a total of 29 partitions were identified (See Suppl.
material 1: table S5). The nextRAD ML phylogeny showed strong support for
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two main clades, A and B, which had two and three strongly supported sub-
clades, respectively (A1, A2 and B1, B2, B3; bootstrap values for all five clades
= 100) (Fig. 1). These clades were also recovered in the ND2 ML phylogeny
with lower support (Fig. 2). Clade A1 contained the green Chlorophonia species:
C. callophrys, C. cyanea, C. flavirostris, C. occipitalis, and C. pyrrhophrys. Clade
A2 contained the Blue-headed Euphonias: C. elegantissima, C. cyanocephala,
and C. musica. Clade B1 contained the blue-black throated Euphonias: E. affinis,
E. chlorotica, E. finschi, E. godmani, E. saturata, E. luteicapilla, E. plumbea, E. sat-
urata, and E. jamaica. The sample of E. affinis from the study of Imfeld et al.
(2020) was in the E. luteicapilla clade. The B2 clade contained nine species that
we refer as the rufous Euphonias since they have characteristic patches of ru-
fous color on their bellies, crest and/or undertail-coverts: E. anneae, E. cayennen-
sis, E. fulvicrisa, E. imitans, E. gouldi, E. mesochrysa, E. pectoralis, E. rufiventris,
and E. xanthogaster). The B3 clade contained the yellow-throated Euphonias:
E. chrysopasta, E. hirundinacea, E. laniirostris, E. minuta, and E. violacea).

The nextRAD phylogeny and ND2 phylogeny presented some differences
in the clade B2 (Figs 1, 2). In the ND2, tree E. gouldi was closer to E. imitans
(bootstrap value = 52), while in the nextRAD tree E. gouldi was the sister spe-
cies of E. fulvicrisa. Interestingly, in the nextRAD phylogeny E. rufiventris was
paraphyletic with respect to E. pectoralis, whereas E. cayennensis was strongly
supported as monophyletic (bootstrap value = 100). However, in the ND2 phy-
logeny, E. rufiventris was closer to E. cayennensis (bootstrap value = 78), and
E. pectoralis was the sister group (bootstrap value = 100). E. chrysopasta also
showed disagreement in its phylogenetic relationships between the nextRAD
and ND2 trees: in the nextRAD tree it was placed in clade B3 with the yellow
throated-euphonias (bootstrap value = 100), while in the ND2 tree it was placed
in the rufous Euphonias group (bootstrap value = 87) (Fig. 2).

Our sampling included allopatric subspecies with unique morphotypes for C.
musica and C. cyanea. We found a split between C. musica musica from the Do-
minican Republic and C. musica sclateri from Puerto Rico. A split also was recov-
ered between the C. cyanea cyanea populations from Paraguay and the rest of the
C. cyanea samples. We included in the genus Euphonia intraspecific samples for
E. chlorotica, E. xanthogaster and E. violacea species. For the species E. chlorotica,
we included six samples, which represented four subspecies—E. c. serrirrostris
from Paraguay, E. chlorotica amazonica from Brazil, Euphonia chlorotica amazon-
ica from Brasil and E. c. taczanowskii from Bolivia and Peru (Hilty 2020b)—which
formed a monophyletic group without phylogenetic structure within the group.
For Euphonia xanthogaster, the sample from Panama, E. xanthogaster chocoen-
sis, was the sister taxon of the rest of the E. xanthogaster samples, and the sam-
ples from Cochabamba Bolivia formed a clade and represented the subspecies
E. x. ruficeps. In E. violacea, our phylogeny recovered two clades, one for E. v. rod-
wayi from Trinidad and Tobago and E. violacea violacea from Guyana, and another
from East Brazil, which corresponded to E. violacea aurantiicollis.

Calibrated tree

The Euphoniinae crown age was 7.58 Mya ago (95% HPD= 5.52-9.76)
(Fig. 3). The Chlorophonia node split 5.52 Mya (95% HPD = 3.87-7.39), with
the blue-headed Chlorophonia originating 1.8 Mya (95% HPD = 1.21-2.52)
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flavirostris B11778 Ecuador
flavirostris B30015 Ecuador
callophrys B27273 Costa Rica
callophrys B72212 Costa Rica
callophrys B19863 Costa Rica
occipitalis MISA-68 México
pyrrhophrys B32512 Peru
pyrrophrys B6223 Ecuador
cyanea longipennis B27826 Perd
cyanea longipennis 433910 Peru
cyanea longipennis 474515 Peru
c. cyanea 88482 Paraguay

¢. cyanea 91216 Paraguay
elegantissima B72152 Costa Rica
c. cyanocephala BS5592 Perd
c. cyanocephala B12875 Bolivia
c. cyanocephala B38380 Bolivia
c. cyanocephala B38489 Bolivia
m. musica 95132 DR

m. musica 85133 DR

m. sclateri B11338 Puerto Rico
m. sclateri B11319 Puerto Rico
saturata B67621 Perd

godmani ORT-003

godmani VGR-1073 México
godmani VGR-1189 México
affinis 1983 México

affinis 2099 México

affinis Conacyt-1301 México
affinis 9346 El Salvador
jamaica 33115 Jamaica

jamaica 33116 Jamaica
plumbea 21732 Brasil

plumbea B25459 Guayana

c. serrirrostris 3199 Paraguay
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Figure 1. Maximum likelihood phylogeny with nextRAD data for Euphoniinae. A1, A2: genus Chlorophonia, B1, B2, and B3
genus Euphonia. From top to bottom, the illustrations depict A C. occipitalis B C. elegantissima C E. jamaica D E. luteicapilla
E E. pectoralis F E. anneae G E. hirundinacea. The illustrations were created by German Garcia Lugo.
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Figure 2. Maximum likelihood phylogeny based on ND2 data for Euphoniinae. A1 and A2: genus Chlorophonia, B1, B2,

and B3 genus Euphonia.
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and the green Chlorophonia node emerging 3.77 Mya (95% HPD = 2.63-5.10)
(Fig. 3). The Euphonia crown age was estimated at 6.65 Mya ago (95% HPD =
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=4.06-7.12), and clade B2-B3 5.66 Mya (95% HPD = 4.58-7.77), B2 node 4.20
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Biogeographic range estimation

Our BioGeoBEARS results suggested that Fig. 4 was the best supported biogeo-
graphic model for our data, with an Akaike weight (wi) of 0.0004 (Table 1) (See
Suppl. material 1: figs S1-S3). The range expansion d value was 0.041, and the
value of range extinction was of 1.0e-12. According to our results, the Euphoni-
inae ancestor established in northern South America, Andes, and Amazonas
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Figure 3. Time Calibrated Tree based on nextRAD data for Euphoniinae.
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Figure 4. Biogeographical ancestral area reconstruction from BioGeoBEARS. Time Calibrated Tree with hypothetical
ancestral areas and present areas and Biogeographical areas used in this study. The areas were mapped using ArcGIS
(ArcMAP 10.2.2; Esri, Redlands, CA, USA) and the Biogeographic Regionalization on the Neotropical region shapefiles
(Léwenberg 2014; Morrone 2014) see the text for more information.

C. callophrys moved northward and colonized Mesoamerica by range expansion.
The first split event of Euphonia occurred in the biogeographic area of Amazonas,
following by the split of the three main clades of Euphonia with different ances-
tral area: 1. Amazonas, Pacific W Andes, and Mesoamerica for Euphonia B1, 2.
Amazonas and Mesoamerica for B2, and 3. Amazonas for B3. In the three main
clades, posterior speciation events involved range expansion to trans-Andes ar-
eas such as Mesoamerica (by E. imitans, E. gouldi, E. fulvicrisa, E. anneae, E. minu-
ta, E. hirundinacea, E. luteicapilla, E. affinis, and E. godmani), and the Pacific (by E.
fulvicrisa, E. saturata, and E. xanthogaster). There were also dispersals into other
South American areas: Parana-Atlantic Forest (by E. xanthogaster, E. pectoralis,
E. violacea, and E. chlorotica) and the Andes area (by E. mesochrysa).

Discussion

This study aimed to identify the biogeographic patterns of Euphoniinae in the
Neotropical Region and enhance our understanding of their phylogenetic rela-
tionships. The analysis revealed that the Euphoniinae ancestor likely migrated
to the Neotropics from North America and arrived to South America via the
Isthmus of Panama. In the Neotropics, the establishment of the Western Am-
azonas and the Northern Andean Miocene pulse likely led to vicariance events
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between Chlorophonia and Euphonia ancestor. The ancestral range of Chlo-
rophonia was in the Andes, whereas that of Euphonia was in the Amazonas.
Speciation occurred in situ in the Andes for the green Chlorophonia, and the
blue-headed Chlorophonia were widespread in the Neotropical highlands and
the Caribbean. In Euphonia, some lineages diversified in trans-Andean areas
by range expansion, while others reached South America's eastern zones, in-
cluding the eastern Amazonas, Dry Diagonal, and Atlantic Coast. The findings
are mostly consistent with the phylogeny reported by Imfeld et al. (2020) and
other morphologically based groupings (Sibley and Monroe 1990; Isler and Isler
1999). Based on the results, in the discussion we propose genus-level taxo-
nomic rearrangements.

Phylogenetic relationships

Our analysis of the phylogenetic relationships between Euphoniinae has identi-
fied two main groups, known as Chlorophonia and Euphonia, according to the cur-
rent classification by the American Ornithological Society (Chesser et al. 2021).
Within Chlorophonia, we have identified two distinct subgroups: Chlorophonia
sensu stricto and the blue-headed Chlorophonia, subgroups A1 and A2 respec-
tively, as shown in Figs 1, 2. These findings have been strongly supported by high
bootstraps in both the nextRAD and ND2 phylogenies, which are consistent with
the work of Imfeld et al. (2020). The relationships among the eight Chlorophonia
species are also consistent with the findings of Imfeld et al. Our nextRAD phylog-
eny has confirmed that Chlorophonia occipitalis and C. callophrys are sister spe-
cies, as previously shown in the mitochondrial phylogeny of Imfeld et al. (2020).
Although some authors previously considered these to be a single species (Isler
and Isler 1999), they are now recognized as separate species due to differences
in their physical characteristics and geographic distributions.

The genus Euphonia is separated into three main groups (B1, B2, and B3) in
both the nextRAD (Fig. 1) and the ND2 (Fig. 2) phylogenies. We will now present
the significant findings for each of these groups in Euphonia. The Euphonia B1
group consists of the species from group 2 suggested by Isler and Isler (1999)
plus E. jamaica, which was not associated with any species in Isler and Isler
(1999). The coloration patterns support the evolutionary relationships between
the members of this group, with the basal coloration pattern being the blue-
black throat and yellow belly found in E. saturata and its two sister groups. One
of these groups is the clade of E. affinis + E. godmani, whose sister group is
E. jamaica (Figs 1, 2). Our calibrated phylogeny and ancestral reconstruction
(Figs 3, 4) suggest that the ancestral lineage of these three species established
in Mesoamerica and Central America from South America 2.39-4.71 Mya, like-
ly due to the closure of the Panama Isthmus and the establishment of tropical
forest in this area (Smith and Klicka 2010). Later, E. affinis and E. godmani split
due to the formation of dry forest vegetation in the west Mesoamerica lowlands
(Vazquez-Lépez et al. 2020). The ancestral population of E. jamaica could have
reached the island from Mesoamerica (see Fig. 4), and its unique color pattern
is likely the result of environmental adaptations to the island, as suggested
by Pregill and Olson (1981; cited in Isler and Isler 1999). In another group, we
find E. luteicapilla as the sister taxon of E. finschi, and these two taxa formed
a group with E. chlorotica and E. plumbea. Our phylogeny is consistent with
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the geographic distribution of this group, as these species are distributed from
Panama to South America with allopatric distributions. The predominant color
pattern is blue-black throat and yellow belly, though E. plumbea is an exception.
The species E. trinitatis and E. concinna were not included in the present study
but were placed in this group by Imfeld et al. (2020), which did not include
E. godmani. In this work, E. affinis + E. godmani are the sister group of E. jamaica,
rather than E. luteicapilla, as previously reported by Imfeld et al. (2020). Indeed,
in the ND2 phylogeny, the E. affinis sample of Imfeld et al. (2020) (MT063173)
is embedded in the E. luteicapilla group, suggesting that the E. affinis sample of
Imfeld et al. (2020) may have been misidentified. Future phylogenetic research
that samples these species with more than one specimen could provide new
information about this group’s evolutionary relationships and diversification.
The phylogenetic relationships in the B2 and B3 clades are similar in those
in the Imfeld et al. (2020) phylogeny, as well as the species groups of Sibley
and Monroe (1990) and Isler and Isler (1999). Although these clades are sis-
ters, they have differences in their color patterns, indicating species radiation.
The Euphonia imitans, E. gouldi, and E. fulvicrisa species are in one clade, while
E. anneae and E. xanthogaster are in another, consistent with the phylogeny of
Imfeld et al. (2020) and previous species groups. The phylogenetic relation-
ships coincide with coloration and geographic distribution, as these species
are allopatric. Another clade contains E. mesochrysa, E. pectoralis, E. rufiventris,
and E. cayennensis, with high support for the nextRAD phylogeny. The phylo-
genetic relationships of E. pectoralis, E. rufiventris, and E. cayennensis are less
clear due to discordance between nuclear and mitochondrial data. Despite the
uncertain relationships, the phylogenetic patterns could result from the his-
tory of the distribution of their habitat. These species inhabit humid forests
with allopatric distributions in the Amazonas and the Atlantic Forest. However,
evidence suggests that these biomes may have been in contact in the past,
through corridors across the Dry Diagonal or the Northern Areas of the Atlantic
East Coast (Prates et al. 2016; Trujillo-Arias et al. 2018). Further research is
needed to resolve these species’ phylogenetic relationships and biogeograph-
ic patterns. The B3 clade includes five species, with E. violacea, E. laniirostris,
and E. hirundinacea forming a group due to their similar coloration (Isler and
Isler 1999). Meanwhile, E. minuta and E. chrysopasta form their own group in
Isler and Isler (1999). The ND2 phylogeny shows different relationships, with
E. chrysopasta as the external branch of the B2 clade in the mitochondrial tree
and as the external branch of the clade B3 in the nextRAD phylogeny. The re-
lationship between E. hirundinacea and E. laniirostris may be inaccurate due to
the lack of E. chalybea in the phylogeny, which is the external branch of these
three species in the Imfeld et al. (2020) phylogeny. Further research is needed to
resolve these species’ phylogenetic relationships and biogeographic patterns.
Our research discovered distinct lineages in both C. cyanea and C. musica
allopatric morphotype samples, which were strongly supported in the nextRAD
phylogeny. The C. cyanea cyanea in the Atlantic Forest exhibited a different
coloration pattern compared to other subspecies (Hilty and Bonan 2020), and
the calibrated phylogeny backed the split for the C. cyanea cyanea clade 0.72
Mya ago. This may have been due to movement from the East Andes to the
Atlantic Forest, crossing the corridor in the dry areas of the Cerrado and Cha-
co (Trujillo-Arias et al. 2017). Chlorophonia musica has two distinct clades in
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our phylogenies, one from Puerto Rico and one from the Dominican Republic.
Chlorophonia musica has three subspecies with allopatric distribution and dif-
ferences in coloration, leading to these subspecies being considered separate
species on multiple occasions (Greeney 2021). The phylogenies show intra-
specific lineages for E. xanthogaster and E. violacea (Figs 1, 2). More extensive
sampling is required to evaluate species boundaries in E. xanthogaster due to
geographic variation and large genetic distance between samples and remark-
able geographic variation (Hilty 2020a; Imfeld et al. 2020). Samples of E. vi-
olacea rodwayi and E. violacea violacea formed a monophyletic group, while
E. violacea aurantiicollis formed its own clade; this subspecies is larger and
isolated in the Atlantic Forest. These findings emphasize the importance of
future studies with extensive sampling to better understand species limits and
diversification in Euphoniinae (Vazquez-Lépez et al. 2020).

Neotropical biogeographic patterns in Euphoniinae

Our analysis using BioGeoBears indicated that the biogeographic model DIVA-
LIKE is the most suitable (see Table 1). The models suggest that range expan-
sion and vicariance were the primary mechanisms behind the diversification of
Euphoniinae in the Neotropical Region (see Table 1). Euphoniinae was present
in South America ~ 7.58 million years ago (5.52-9.76 Mya) (Fig. 4). This sug-
gests that the Euphoniinae lineage could have reached South America from
North America across the first emergences of the Isthmus of Panama (Morgan
2008; Verzi and Montalvo 2008; Bacon et al. 2015; Montes et al. 2015). It is pos-
sible that the Euphoniinae ancestor colonized the Neotropics from North Amer-
ica (Oliveros et al. 2019) due to the expansion of their winter ranges during
the Miocene climate changes, followed by range contraction in the northern
areas. There is substantial evidence of this pattern in Neotropical decedents of
temperate avian lineages (Kondo et al. 2008; Rolland et al. 2014; Winger et al.
2014; Zink and Gardner 2017). After diversifying in South America, Euphoniinae
could not recolonize temperate zones due to niche conservatism (Winger et al.
2019). Our results suggest that the two main lineages of Euphoniinae occupied
the Andes and Amazonas during the late Miocene (Fig. 4), with Chlorophonia
(5.52 Mya) in the Andes and Euphonia (6.65 Mya) in the Amazonas (Figs 3, 4).
This pattern could result from the Central and North Andes uplift pulses and
the establishment of the Western Amazonas (Antonelli et al. 2010; Hoorn et
al. 2010; Carneiro et al. 2018). The Chlorophonia genus has an ancestor that
was primarily found in the Andes mountains, and only a few subspecies (C. cy-
anea, C. musica, and C. cyanochephala) have dispersed to lowlands. Similar
patterns have been observed in other Andean bird species (Sedano et al. 2010;
Beckman and Witt 2015). The biogeographic results suggest that the majority

Table 1. BioGeoBEARS analysis models, parameters, and scores Models. Values of Log-Likelihood (LnL), Numbers of
Parameters (P), Range expansion (d), Range Contraction (e), Akaike Information Criterion (AIC), and Akaike weight (wi).

Model LnL P d e AlC wi
DEC -98.32 2 0.039 0.032 200.6 2.9e-06
DIVALIKE -93.32 2 0.041 1.0e-12 190.6 0.0004
BAYAREALIKE -103.2 2 0.043 0.26 210.5 2.1e-08
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of speciation events for the A1 clade occurred in the Andes, with some range
expansion events to the Central American Forests and one event of dispersion
to Eastern South America. Meanwhile, the ancestor of the A2 clade dispersed
in Mesoamerica, the Andes and the Caribbean ~ 1.8 million years ago, before
C. elegantissima split in Mesoamerica and after C. musica split in the Caribbe-
an (Fig. 3); similar patterns were found by Imfeld et al. (2020). In contrast, the
biogeographic results for the genus Euphonia suggests that the ancestor of the
main clades of Euphonia originated in the Amazonas region, likely in the west-
ern area; this pattern has been previously observed in other bird taxa (Carneiro
et al. 2018; Silva et al. 2019). Allopatric distributions are common among sister
species in Euphonia, this could be resulted from range expansion and some
dispersal events to new areas followed by vicariance, as the biogeographic
results indicate. The three main clades of Euphonia have different ancestral
areas, and there were two independent trans-Andean migration events: Pacific
W Andes and Mesoamerica for Euphonia B1 and Mesoamerica for Euphonia
B2. Meanwhile, B3 remained in the Amazonas. Further discussion on the areas
and timing of Euphoniinae diversification in the Neotropics can be found below.

Trans-Andean diversification and the role of the Isthmus of Panama

According to the biogeographic analysis, multiple invasions to trans-Andean ar-
eas occurred with different origins and ages in both Euphonia and Chlorophonia.
During the Pliocene, the Euphonia B1 and B2 lineages moved from the Amazo-
nas to trans-Andean areas, while another three lineages split after reaching the
trans-Andean areas during the Pleistocene: E. luteicapilla; E. anneae — E. xan-
thogaster; and the ancestor of E. hirundinacea, E. laniirostris, and E. violacea.
The Pliocene splits from the Amazon could be explained by the isolation of
the lowland forests west of the Amazon basin by the final Northern uplift (8—4
Mya) (Gregory-Wodzicki 2000; Pérez-Consuegra et al. 2021), while the younger
trans-Andean lineages could be explained by dispersal events after the northern
Andean uplift. Additionally, the analysis suggests that E. mesochrysa split in the
Andes, after the range expansion of its ancestor. For Chlorophonia, diversifica-
tion in the trans-Andean areas involved range expansion to Central America from
the Andes. The A2 clade was in northern areas, and C. elegantissima split in Me-
soamerica. This pattern agrees with the previous report for Euphoniinae (Imfeld
et al. 2020) and with the sinking finches (Beckman and Witt 2015). Overall, the
trans-Andean species established in Mesoamerica and Central America during
the Pliocene and Pleistocene, which could be the effect of the entirely closed of
the Isthmus of Panama and Neotropical habitats outside of South America, be-
fore 3.5 Mya ago (Smith and Klicka 2010; Bacon et al. 2015; Imfeld et al. 2020).

Diversification in the Cis Andean areas

The distribution patterns of Euphoniinae in the East side of South America con-
trast between Chlorophonia and Euphonia since the analyses suggest that Chlo-
rophonia reached east areas from the Andes and Euphonia reached east areas
from the Amazonas (Fig. 4). The Atlantic Forest is separated from the East South
Andean Forest by the dry diagonal of South America. However, many related avi-
an lineages inhabit both biomes, which suggests a past connection. Additionally,
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paleoclimatic studies suggest that the East South Andean Forest and Atlantic For-
est were connected during the Quaternary by cyclical corridors of humid forest in
the currently dry areas of the Cerrado and Chaco (Trujillo-Arias et al. 2017). This
evidence, along with our phylogenetic analysis, suggest that C. cyanea could have
reached the Atlantic Forest by the Cerrado and Chaco corridors ~ 0.7233 Mya (Fig.
3), consistent with other endemic lineages of the Atlantic Forest (Trujillo-Arias et
al. 2017, 2018; Cabanne et al. 2019). In Euphonia, older taxa are found in the west-
ern area of the Amazonas and younger taxa in the areas east of the Amazon basin
(Fig. 4): E. plumbea, E. finschi, and E. chlorotica. This pattern could be the result of
a combination of factors such as Andean uplift, Pleistocene climate, and changes
in the river (Hoorn et al. 2010; Carneiro et al. 2018; Silva et al. 2019). However, a
detailed description of the Amazonian diversification of these taxa is outside the
scope of this work. The Amazonas is isolated from the Atlantic Humid Forest by
the Dry Diagonal, and some Euphonia species have allopatric populations in the
Atlantic Forest. Euphonia chlorotica is an exception, as it migrated from the Ama-
zon River to the Dry Diagonal and the Atlantic Forest ~ 2.57 Mya, probably during
the Plio-Pleistocene expansion of the Dry Diagonal (Coscaron and Morrone 1998;
Luebert et al. 2011; Luebert 2021). Meanwhile, the related species, E. rufiventris, E.
cayennensis, and E. pectoralis, have separate distributions in the Western-Central
Amazonas, East Amazonas, and Atlantic Forest, respectively. According to the cal-
ibrated tree and the biogeographic analysis, it is likely that E. pectoralis arrived in
the Atlantic Forest from either the Southeast Amazonas or Northeastern Brazil, the
corridors proposed between the Amazonas and Atlantic Forest (Prates et al. 2016;
Trujillo-Arias et al. 2018). Similar phylogenetic patterns were found for E. violacea
aurantiicollis, an Atlantic Forest subspecies. Other Euphonia species also inhabit
the Atlantic Forest area, such as E. xanthogaster xanthogaster, E. chalybea, and E.
chlorotica amazonica, but were not included in the biogeographic analysis. Further
research on phylogeography will help us better understand the biogeographic pat-
tern for each Chlorophonia and Euphonia species in the East Atlantic Coast area.

Caribbean invasions

In Euphoniinae, two species are distributed in the Caribbean: E. jamaica and
C. musica. The biogeographic analysis conducted has revealed that they mi-
grated to the Caribbean from continental North American and South American
regions at different times. The findings suggest that the ancestor of C. cyano-
cephala - C. musica was in South America and the Caribbean during the Pleis-
tocene period, which occurred ~ 1.18 million years ago, possibly traveling in a
northward direction from the Andes as was described by Imfeld et al. (2020).
Meanwhile, the E. jamaica lineage arrived in the Caribbean earlier, ~ 3.5 million
years ago, after migrating from the Mesoamerica-MTZ-CA area, possibly over
water. The Parsimony Biogeographic Patterns of the Caribbean Basin have re-
vealed that the Greater Antilles and Yucatan-Central American countries are
sister areas, nested from north to south (Vazquez-Miranda et al. 2007).

Taxonomic revisions

Imfeld et al. 2020 proposed the resurrection of Cyanophonia (Bonaparte, 1851)
as the genus of blue-headed Euphonia and they assigned Cyanophonia musica
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as the type species for the genus (Gmelin 1789). Type locality: Santo Domingo,
Dominican Republic). However, in the Sixty-second Supplement to the Ameri-
can Ornithological Society’s Checklist of North American Birds (Chesser et al.
2021), the three blue-headed Euphonia were merged into the genus Chloropho-
nia. We believe that the blue-headed Euphonia taxonomy needs to be reconsid-
ered, and we also recommended the resurrection of Cyanophonia (Bonaparte,
1851) to denote the three species of blue-headed Chlorophonia. Furthermore,
three lines of evidence suggest an independent evolutionary history of these
three species from the rest of Chlorophonia:

1. The differences in the color pattern (Fig. 1) — the blue head patches are a
shared character between the Chlorophonia sensu stricto and blue-headed
Chlorophonia. However, Chlorophonia sensu stricto has a predominantly
green coloration, while blue-headed Chlorophonia have a rufous belly and
glossy dark blue back and throat.

2. The phylogenetic distinction — all the phylogenies so far show a well-sup-
ported split into two clades.

3. The biogeographic patterns also show differences between these groups —
both share an ancestral population in the Andes, but in Chlorophonia sensu
stricto cladogenesis continued in the Andes and from there reached oth-
er South American Areas and Mesoamerica; meanwhile, the blue-headed
Chlorophonia lineages were widespread in North and South America. Imfeld
et al. (2020) also reported these differences in the biogeographic patterns.

We also propose that the Euphonia taxonomy be reviewed, since this is a
larger group than Chlorophonia — Cyanophonia, with three phylogenetic groups
that also display morphological particularities.

1. The first group include the groups proposed by Isler and Isler (1999), 1
Euphonia jamaica and 2 — E. saturata, E. chlorotica, E. luteicapilla, E. finschi,
E. plumbea, E. godmani, E. affinis, E. trinitatis, and E. concinna. These spe-
cies inhabit lowlands habitats and display the classic Euphonia pattern of
dark blue throat with yellow belly (Fig. 1). Even E. plumbea displays similar
patterns but with paler coloration. Euphonia jamaica has a classic finch
bill and does not have the pattern of a black throat; however, we assign it
to this group because of its phylogenetic position.

2. The second group include the Isler and Isler (1999) group 3: E. violacea,
E. laniirostris, E. hirundinacea, E. chalybea; group 6 E. minuta; and E. chrys-
opasta from group 7. These species display a pattern of yellow throat,
yellow crest, and black back that can have purple, blue or green gloss. In
this group E. chrysopasta and E. minuta do not show yellow throat plum-
age, however, the females display a similar pattern to E. hirundinacea and
E. chalybea.

3. The third group has nine species of three of the groups Isler and Isler
(1999); group 5: E. fulvicrissa, E. imitans, E. gouldi, E. mesochrysa; group
7: E. anneae, E. xanthogaster; and group 8: E. rufiventris, E. pectoralis, and
E. cayennensis. The character that defines this group is the rufous color
patches, which can be on the belly, the crest and/or the undertail-coverts,
in adult males and females.
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The genus Euphonia was established by Desmarest (1806) with a female
specimen of Euphonia olivacea, which is listed as a synonym of Euphonia minu-
ta in the ‘Histoire naturelle des Tangaras, des Manakins et des Todiers’ by name
(date), but without a clear description for the genus:

The bird for which we give a figure named Euphone olive is entirely in a different
case. It does not have very bright colors, and its small size makes us suspect that
it is a female or a young individual, but we do not know to what species to refer it
because its plumage presents no clue which could serve to establish a connection.
It was recently sent to the Jardin des Plantes among many birds from Cayenne.

Bonaparte (1851) suggested the genus Pyrrhuphonia for finch-billed Eupho-
nia, the type species of which is Euphonia jamaica (Linnaeus, C 1766) (type
locality: Jamaica). Cabanis (1861) suggest the genus Phonasca for Euphonia
similar to E. chlorotica and E. violacea, and he listed the following species as
Phonasca: E. chlorotica, E. xanthogaster, E. fulvicrissa, E. trinitatis, E. luteicapilla,
E. affinis, E. minuta, E. chalybea, E. hirundinacea, E. laniirostris, and E. violacea.
In that work, he described E. saturata and E. luteicapilla. Many Euphonia species
were described under the genus Tanagra (Linnaeus 1764 or 1766); however,
this genus is unavailable because it has been suppressed and placed on the Of-
ficial Indices of Rejected and Invalid Names in Zoology (ICZN Opinion 852, Bull.
Zool. Nom., 25: 74-75, 27 September 1968), since it was described twice for
very different species. Also, this genus was widely used to name species that
now are in different families (e.g., Thraupidae: Anisoganthus notabilis, Passeril-
lidae: Chlorospingus flavopectus, Cardinalidae: Piranga ludoviciana, Fringillidae:
Euphonia affinis).

Consequently, we propose that the blue-black throated group remain as
Euphonia (Desmarest, 1806), since it is the core group of the “true” Euphonia
clade, with ten species, and these species display the characteristic pattern col-
oration of euphonias. The oldest Euphonia species in this group were described
by Linnaeus (1766)—E. jamaica and E. chlorotica—of these two only Euphonia
chlorotica has the classic euphonia pattern coloration. The yellow-throated
group could be named Phonasca (Cabanis, 1861), which was previously nomi-
nated for five of the six species of this group by Cabanis (1861). We designate
the Violaceus Euphonia, Phonasca violacea as the type species, since it is the
first species described in 1758 by Linnaeus. Finally, we propose a new genus
for the rufous clade: Rufiphonia gen. nov. based on their rufous patches, and we
designate the Rufous-bellied Euphonia Rufiphonia rufiventris (Vieillot, 1819) as
the type species. We propose a new genus because there is no available name
for a third group in Euphonia.

Rufiphonia Vazquez-Lépez & Hernandez-Baiios, gen. nov.
https://zoobank.org/D112E1E4-502C-438F-BF66-2C081D6D5745

Type species. Rufiphonia rufiventris (Vieillot, 1819). Type locality: Peru.
Included species. Rufiphonia fulvicrissa (Sclater, 1857), type locality: Santa

Martha, New Granada; R. imitans (Hellmayr, 1936), type locality: El Pozo, Rio

Terraba, Costa Rica; R. gouldi (Sclater, 1857), type locality: Guatemala; R. me-
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sochrysa (Salvadori, 1873) type locality: No locality given, Bogotd, Colombia;
R. anneae (Cassin, 1865), type locality: Santa Rosa, Costa Rica, R. xanthogaster
(Sundevall, 1834), type locality: Rio de Janeiro, Brazil; R. pectoralis (Latham,
1801), and R. cayennensis (Gmelin, 1789), type locality: Guyana.

Morphological description. Most males of this genus display the classic Eu-
phonia pattern of dark blue throat and back with yellow belly, with four excep-
tions. R. gouldi and R. mesochrysa have olive upper parts with grey-blue gloss-
es. The males of R. cayennensis and R. pectoralis have predominantly dark and
glossy metallic-blue plumage. Also, the males could have a forehead in yellow or
rufous, a rufous belly, and undertail coverts in rufous. The females are primarily
olive with contrasting rufous patches on the forehead, belly, or undertail coverts.

Diagnosis. The new genus can be distinguished from all other Euphonia spe-
cies by the rufous color patches, which can be on the belly, the crest, and/or the
undertail-coverts, in both male and female adults.

Conclusions

1. The nextRAD and ND2 phylogenies obtained in this study are generally con-
sistent with the UCE and mitochondrial phylogenies of Imfeld et al. (2020).

2. Minor clades contained morphologically similar species with allopatric
distribution ranges.

3. The biogeographic results suggest that the Andean uplift and the estab-
lishment of the western Amazonas drove the vicariance of Chlorophonia
and Euphonia during the Miocene, with the Andes and the Amazonas as
each ancestral area, respectively. The green Chlorophonia has an ancestor
that was primarily found in the Andes mountains; after the establishment
of the Isthmus of Panama, the Chlorophonia lineage reached the Central
American and Mesoamerican highlands from the Andes. In contrast, Eu-
phonia suggests that the ancestor of the main clades of Euphonia could
have originated in the western Amazonas. The genus Euphonia reached
trans-Andean areas from the Amazonas during the Pliocene and Pleis-
tocene as a consequence of the vicariance of the west lowlands and the
Amazonas. Chlorophonia and Euphonia species reached the Atlantic For-
est biome during the Pleistocene, probably through the corridors that con-
nected the East Andean Humid Forest and the Amazonas. Chlorophonia
and Euphonia each had a Caribbean invasion with different geographic
origins and ages.

4. We recommend recognizing the genus Cyanophonia for the species Chloro-
phonia musica, Chlorophonia cyanocephala, and Chlorophonia elegantissima
since they represent a differentiated lineage in phylogeny, in their coloration
patterns, and in their biogeographic history. Lastly, we propose a revision of
the taxonomy of the genus Euphonia because there are three differentiated
lineages at the phylogenetic, biogeographic, and morphological levels.
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Abstract

Seven new species of the family Psychomyiidae Walker, 1852 are described and illustrat-
ed from China; they are Psychomyia shuni sp. nov., Ps. mangshanensis sp. nov., Ps. cap-
ricornis sp. nov., Lype sagittalis sp. nov., Paduniella fasciaria sp. nov., Pa. sanyaensis
sp. nov., and Tinodes aviformis sp. nov. The genus Lype is reported for the first time
from mainland China. In addition, four psychomyiids are found to be new to the Chinese
caddis fauna: Psychomyia indra Malicky & Chantaramongkol, 1993; Paduniella andama-
nensis Malicky, 1979; Pa. dendrobia Malicky & Chantaramongkol, 1993; and Tinodes gap-
bona Johanson & Olah, 2008. Moreover, Psychomyia polyacantha Li, Qiu & Morse, 2021
is reviewed and synonymized with Psychomyia imamiah Malicky, 2020.

Key words: Caddisflies, morphology, new geographical records, new synonym, Oriental
Region

Introduction

The family Psychomyiidae Walker, 1852 currently includes 648 extant species
in eight genera, of which 202 species are included in the genus Psychomyia
Latreille, 1829 (Latreille 1829-1830; Laudee et al. 2020; Malicky 2020; Peng
et al. 2020; Qiu and Morse 2021; Morse 2023), 316 species in Tinodes Curtis,
1834 (Curtis 1834; Malicky 2020; Peng et al. 2022; Morse 2023), 79 species in
Paduniella Ulmer, 1913 (Ulmer 1913; Malicky et al. 2019; Morse 2023), 23 spe-
cies in Eoneureclipsis (Kimmins 1955; Malicky 2020; Suwannarat et al. 2020;
Morse 2023; Peng et al. 2023), 15 species in Lype McLachlan, 1878 (McLach-
lan 1878; Morse 2023), 11 species in Metalype Klapalek, 1898 (Klapalek 1898;
Morse 2023), and one species each in the genera Padangpsyche Malicky, 1993
and Trawaspsyche Malicky, 2004 (Malicky 1993, 2004). They are widely distrib-
uted in the world’s major biogeographic regions except for the Neotropical and
Antarctic regions, of which more than 400 species are in the Oriental Region.
In this study, we describe three new species of the genus Psychomyia (Psy-
chomyia shuni sp. nov., Ps. mangshanensis sp. nov., and Ps. capricornis sp.
nov.), two of Paduniella (Paduniella fasciaria sp. nov. and Pa. sanyaensis sp.
nov.), and one each in Lype (Lype sagittalis sp. nov.) and Tinodes (Tinodes
aviformis sp. nov). The genus Lype is newly reported from mainland China. In
addition, the present study provides four new geographical records for China
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(Psychomyia indra Malicky & Chantaramongkol, 1993; Paduniella andamanen-
sis Malicky, 1979; Pa. dendrobia Malicky & Chantaramongkol, 1993; Tinodes
gapbona Johanson & Olah, 2008) and suggests a species synonymy (Psycho-
myia polyacantha Li, Qiu & Morse, 2021 (in Qiu and Morse 2021), syn. nov. of
Psychomyia imamiah Malicky, 2020).

Materials and methods
Sample collection

Adult specimens were captured in 100% ethanol by light traps with ultravio-
let light bulbs and by Malaise trap. All specimens were stored in 95% ethanol
immediately after being sorted into species. All specimens and collectors or
collecting institutions are listed in Table 1; the collectors including Dr Christy
Jo Geraci (CJG), Mr Wei Cao (CW), Ms Xiao Chen (CX), Dr Xin-yu Ge (GXY),
Prof. John C. Morse (JCM), Mr Kun Jiang (JK), Mr Wei Han (HW), Dr You-wen Li
(LYW), Ms Lang Peng (PL), Dr Hai-tian Song (SHT), Prof. Lian-fang Yang (YLF),
Mr Hao-ming Zang (ZHM), Ms Jin Zhu (ZJ), Prof. Xin Zhou (ZX), Institute of
Zoology, Guangdong Academy of Sciences (GDAS).

Morphological study

Male abdomens used for illustrations were cleared with 10% NaOH solution and
heated to 90 °C for 10 min to remove all the non-chitinous tissues. Then the
cleaned genitalia were rinsed in distilled water and mounted on a depression
slide with lactic acid for examination. Genitalia structures of males were traced
with the pencil using a Nikon Eclipse 80i microscope equipped with a camera lu-
cida. Pencil drawings were scanned with an Epson Perfection (V30 SE) scanner,
then placed as templates in Adobe Photoshop v. 19.0 (Adobe Inc 2018) software
and inked digitally with a Wacom CTL-671 tablet to produce final illustrations.
Then each abdomen was stored in a microvial together with the remainder of the
specimen in 95% ethanol. All specimens are deposited in the Insect Collection,
Nanjing Agricultural University, Nanjing, Jiangsu Province, P.R. China (NJAU).

Terminology

The terminology of the male genitalia for the genus Psychomyia mainly follows
Schmid (1998), with the adoption of the term “mesal ridge” from Qiu and Morse
(2021) to refer to the piece along the inner side of each superior appendage; the
term “basoventral process” refers to a single or paired protruding structure at
the base of the phallotheca, and “basal process” refers to the paired protruding
structure at the base of the superior appendages. Terminology for the genus
Lype largely follows Schmid (1998), with the adoption of the term “subapical
projection of aedeagus” from Arefina (2002) to refer to the dorsal process near
the distal end of the aedeagus. Terminology for the genus Paduniella follows
Li and Morse (1997), and that for the genus Tinodes follows Peng et al. (2022).
To ensure coherency, “superior appendages” are used to refer to the “preanal
appendages”, and “coxopodite” and “harpago” are used to refer to the first and
second segments of the inferior appendages, respectively.
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Table 1. Detailed information on Psychomyiidae specimens collected in China. Specific dates are for specimens collect-
ed by light trap, while a date range represents specimens collected by Malaise trap over several days.

Province/ City/ Geographic

No. municipality  county Site coordinates Elevation (m) Date Collector(s) Specimens
1 Fujian Long- | Liangyeshan National Nature | 25°12.37'N, 750 2-vii-2021 zJ Ps. capricornis 23
yan Reserve 117°11.03'E
Linies T PRET L R E R R X HW
2 | Gansu Wenx- Bifeng Gully 32°44.72'N, 650 16-vi-1998 YLF Ps. imamiah 67
ian 105°14.64'E*
HR XE I
3 Guangdong | Huizhou | Yuguishan Nature Reserve 22°25.80'N, 290 17-ix-22-x-2020 GDAS T. gapbona 23
IS 1 U R RDX 113°26.39E
4 Guangdong Zhao- | Dinghushan National Nature = 23°09.50'N, 170 9-ix—9-x-2021 GDAS T. gapbona 203
qing Reserve 112°32.46'E
JUAR HEIR AT R A SRR X
5 Hainan Ledong | Jianfengling National Forest | 18°44.72'N, 640 17-iv-2019 SHT Ps. indra 13
Park, Rainforest Valley 108°56.08'E
fiate) AR ARG E R A R, MRS
6 Hainan Sanya Tangta reservoir 18°24.55'N, 240 24-vii-2022 PL Pa. fasciaria 263169
i = wttuk e 109723.27€ ZHM
7 Hainan Sanya Hongxinxi River 18°27.78N, 150 22-vii-2022 PL Pa. sanyaensis 33
i3] =iE AR 0] 109727.88 ZHM
8 Hainan Sanya Fuwan reservoir 18°16.80'N, 60 25-vii-2022 PL Pa. sanyaensis 27
gz} =1 AT K P 109°28.94E ZHM T. aviformis 13
9 Hunan Chen- Mangshan National Forest 24°58.80'N, 730 1-ix-2020 CwW Ps. mangshanensis
zhou Park 112°55.65'E 18
W B EFIEE AT
10 | Hunan Shaoy- Shunhuangshan National 26°23.78'N, 750 22-viii-2020 cw Ps. shuni 283
ang Forest Park 111°00.47'E
1 HRRH Ji 5211 [ AR A el
11 | Hunan Shaoy- Yaorenping hydropower 26°14.95'N, 900 24-v-2021 PL Ps. shuni 13
ang station 110°30.26'E
L) ARRH PENFF/K
12 | Hunan Shaoy- Jiuxi Bamboo Tower Villa 26°24.39'N, 630 25-v-2021 PL L. sagittalis 23
ang 110°05.68'E
L) HERH VRN
13 | Hunan Shaoy- Guanyinxing 26°24.77'N, 550 28-v-2021 PL L. sagittalis 13
ang 110°05.39'E
i) HBBH WE T
14 | Sichuan Kang- Dadu River, Wasigou 30°04.53'N, 1430 29-vi-2005 ZX Ps. imamiah 163
ding 102°09.61'E
] REsE KUY, P CJG
15 | Sichuan Pingwu | tributary of Fujiang, 19 kmE | 32°24.72'N, 1090 27-vi-1990 JCM Ps. imamiah 200+
of Pingwu downtown 104°45.49'E
g ik RHLS, “FRER19TK
16 | Sichuan Pingwu | 17 km E of Ping-wu trib. of 32°24.48'N, 1090 27-vi-1990 YLF Ps. imamiah 200+J
Fujianghe 104°44.36'E*
g FR | EHEESOR, CFERERITTR Lyw
17 | Sichuan Yibin Xining River 28°41.15'N, 370 12-v-2020 GXY Pa. dendrobia 13
. . 103°45.97'E
by HIE [l CcX
18 | Yunnan Jing- Yunjinghong Street G214 22°01.75'N, 660 26-vii-2021 JK Pa. andamanensis 13
hong 100°52.12'E
= St G214, Fstdtirid

* indicates the lack of original records for geographic coordinates; the data are based on location information.
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Results
Taxonomy

Psychomyia shuni Peng & Sun, sp. nov.
https://zoobank.org/1FC53A2C-FA77-40B1-A8BC-124A3B949D5E
Fig. TA-D

Type materials. Holotype: CHINA « 1J; Hunan Province, Shaoyang City, Xin-
ning County, Shunhuangshan National Forest Park; 26°23.78'N, 111°00.47'E;
alt. 750 m; 22-viii-2020; light trap; W. Cao leg.; NJAU Tricho-20200822-0001.

ste. .LX

Figure 1. Psychomyia shuni sp. nov., male adult, holotype A genitalia, ventral B genitalia, dorsal C genitalia, left lateral
D superior appendage, ventral. Abbreviations: ste. IX = sternum IX; ter. IX = tergum IX; sup. app. = superior appendage
(paired); cox. = coxopodite (paired); har. = harpago (paired); phb. = phallobase; pht. = phallotheca; sub. pro. = subapical
process of phallic apparatus.
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Paratypes: CHINA * 1J; same data as holotype; NJAU Tricho-20200822-0002 «
1d; Hunan Province, Shaoyang City, Chengbu County, Yaorenping hydropower
station; 26°14.95'N, 110°30.26'E; alt. 900 m; 24-v-2021; light trap; L. Peng leg;
NJAU Tricho-20210524-0001.

Diagnosis. This species is unique among Psychomyia in that the coxopo-
dites and the harpagones are completely fused and together form an S or Z
shape in ventral view.

Description. Male. Length of each forewing 3.6-3.8 mm (n = 3); holotype
3.7 mm. Specimens in alcohol with compound eyes black; body brown dorsally
and light yellow ventrally. Forewings with forks 1=V present, hind wings with
forks Il, lll, and V present. Genitalia. Sternum IX nearly trapezoidal with ante-
rior margin concave in ventral view (Fig. 1A); rounded, semicircular in lateral
view (Fig. 1C). Tergite IX produced from dorsoposterior margin of sternum IX,
membranous, somewhat bowl-shaped with apical margin sinuate and partially
hidden under two superior appendages in dorsal view (Fig. 1B), tongue-shaped
in lateral view (Fig. 1C). Superior appendages in dorsal view wide and long, each
with larger mesobasal lobe and smaller subapical lobe both directed mesad and
with apex truncate (Fig. 1B), twisted and clavate, each with inner side having
cluster of spines subapically in ventral view (Fig. 1D); subrectangular in lateral
view, each with blunt basodorsal process, angled posterodorsad at 2/3 length to
truncate apex (Fig. 1C). Phallobase slender, basally directed anterad and evenly
recurved posterad in lateral view (Fig. 1C). Phallotheca tubular, basally direct-
ed anterad, evenly recurved dorsad, caudad at midlength, and posteroventrad
distally; apically depressed and trifurcate, acute mesally and with pair of long,
subapical processes projecting caudad, then recurved dorsad and diverging an-
terolaterad (Fig. TA-C). Inferior appendages in ventral view sigmoid (Fig. 1A),
in lateral view strongly C-shaped (Fig. 1C); coxopodites elongate-rectangular in
lateral view, heavily setose, and fused with slender harpago (Fig. 1C).

Etymology. Latin noun in genitive singular. The new species is named after
Shun, a leader of tribal alliances in ancient China, who is considered an import-
ant founder of the Chinese civilization. Moreover, the holotype and one of the
paratypes were collected at Mt Shun-huang, the mountain named after Shun.

Distribution. China (Hunan).

Psychomyia mangshanensis Peng & Sun, sp. nov.
https://zoobank.org/2D8150C9-717B-46BF-A82D-E3DFDB7EA29A
Fig. 2A-C

Type materials. Holotype: CHINA ° 1J; Hunan Province, Chenzhou City,
Yizhang County, Mangshan National Forest Park; 24°58.80'N, 112°55.65'E;
alt. 730 m; 1-ix-2020; light trap; W. Cao leg.; NJAU Tricho-20200901-0001.
Paratypes: CHINA * 10J; same data as holotype; NJAU Tricho-20200901-0002
to Tricho-20200901-00011.

Diagnosis. This species is similar to Psychomyia cuspidata Li, Qiu & Morse,
2021 from China (Qiu and Morse 2021). However, P mangshanensis sp. nov.
can be easily distinguished by the following characteristics: (1) each superior
appendage has a small triangular protrusion in the middle of the ventral margin
in lateral view, which is missing in P. cuspidata; (2) the basal process of each
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—— bas. pro. pha.

bas. pro. sup.

ste. IX
sup. app.

bas. pro. sup.

pht.

sup. app.

e pht.
bas. pro. sup.

' \&

har.
Figure 2. Psychomyia mangshanensis sp. nov., male adult, holotype A genitalia, ventral B genitalia, dorsal C genitalia,
left lateral. Abbreviations: ste. IX = sternum IX; ter. IX = tergum IX; seg. X = segment X; sup. app. = superior appendage
(paired); bas. pro. sup. = basal process of superior appendage (paired); cox. = coxopodite (paired); har. = harpago (paired);
pht. = phallotheca; bas. pro. pha. = basoventral process of phallic apparatus.

superior appendage is unbranched and with thick spine apically, whereas each
superior appendage is two-branched, each branch has a thick spine apically in
P. cuspidata; and (3) the phallotheca is slightly wavy at midlength in lateral view
but with an obtuse angle in P. cuspidata.
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Description. Male. Length of each forewing 2.8-3.1 mm (n = 10), holotype
forewing 3.0 mm. Specimens in alcohol with compound eyes black; body dark
brown dorsally and light brown ventrally. Forewings each with forks [I-V pres-
ent, and hind wings each with forks Il and V present. Genitalia. Sternum IX sub-
rectangular in ventral, dorsal, and lateral views (Fig. 2A, C). Tergite IX short and
triangular in dorsal and lateral views (Fig. 2B, C). Division between tergite IX
and segment X indiscernible in dorsal view (Fig. 2B) but distinguished by mem-
brane in lateral view (Fig. 2C). Segment X parallel-sided, same width as apex of
tergite I1X, apically truncate in dorsal view, digitate in lateral view (Fig. 2C); with
several long thick apical setae in dorsal and lateral views (Fig. 2B, C). Superior
appendages well developed in lateral view, each tapering from base towards
apey, divided into one narrow dorsomesal branch and one broad ventrolateral
branch subapically; dorsomesal branch sclerotized and bare, acute in lateral
view, ventrolateral branch setose about twice as wide as upper branch in lateral
view (Fig. 2C); in ventral and dorsal views (Fig. 2A, B), dorsomesal branches of
superior appendages angled mesad, ventrolateral branches curved slightly me-
sad; paired basal processes of superior appendages tubular, and slender, each
with thick spine apically; in lateral view each with base directed dorsad, then re-
curved posteroventrad and evenly curved caudad (Fig. 2C); in ventral and dorsal
views each slightly curving outwards (Fig. 2A, B). Phallobase slender, lanceo-
late in lateral view (Fig. 2C). Phallotheca tubular, with base produced caudad in
lateral view (Fig. 2C), main portion sinuate, with apex hooked dorsad; phalloth-
eca stick-like in ventral view (Fig. 2A), basoventral process plate-shaped, three
times wider than main portion of phallotheca. Inferior appendages extending
posterolaterad; coxopodites subtriangular, with their bases fused in ventral
view (Fig. 2A); subrectangular, about 3 times as long as tall with middle of dor-
sal margin concave in lateral view (Fig. 2C); harpagones setose, arising from
apices of coxopodites, fingerlike (Fig. 2A, C).

Etymology. Latin feminine adjective mangshanensis, referring to the type locality.

Distribution. China (Hunan).

Psychomyia capricornis Peng & Sun, sp. nov.
https://zoobank.org/8B56550A-37E4-45D0-832F-BC73AB818566
Fig. 3A-D

Type materials. Holotype: CHINA * 1J; Fujian Province, Longyan City, Wuping
County, Liangyeshan National Nature Reserve; 25°12.37'N, 117°11.03'E; alt.
750 m; 2-vii-2021; light trap; J. Zhu & W. Han leg.; NJAU Tricho-20210702-0001.
Paratype: CHINA * 1J; same data as holotype; NJAU Tricho-20210702-0002.
Diagnosis. This species is similar to Psychomyia shuni sp. nov. from China
in having the superior appendages with dense spines mesally and in having
well-developed subapical processes on the phallic apparatus. However, P. cap-
ricornis sp. nov. can be easily distinguished by the long, slender processes aris-
ing from the bases of the coxopodites, which are absent in P. shuni.
Description. Male. Length of each forewing 3.5-3.7 mm (n = 2), holotype
forewing 3.7 mm. Specimens in alcohol with compound eyes black, body
brown dorsally, light yellow ventrally. Forewings with forks 1=V present, hind
wings with forks Il, lll, and V present. Genitalia. Sternum IX nearly trapezoidal
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A

sup. app.

ste.

Figure 3. Psychomyia capricornis sp. nov., male adult, holotype A genitalia, ventral B genitalia, dorsal C genitalia, left
lateral D superior appendages, ventral (mesal spines omitted on right superior appendage). Abbreviations: ste. IX =
sternum IX; ter. IX = tergum IX; sup. app. = superior appendage (paired); mes. rid. = mesal ridge of a superior appendage
(paired); cox. = coxopodite (paired); bas. cox. = basal process of coxopodite (paired); har. = harpago (paired); phb. =
phallobase; pht. = phallotheca; sub. pro. = subapical process of phallic apparatus.

with anterior margin concave in dorsal view (Fig. 3B); rounded anteriorly, subel-
liptical in lateral view (Fig. 3C); with posterior margin narrowly notched mesally
in ventral view (Fig. 3A). Tergite IX membranous with irregular posterior margin
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in dorsal view (Fig. 3B); hemispherical in lateral view (Fig. 3C). Superior append-
ages elongate-triangular in dorsal view (Fig. 3B); subrectangular in lateral view
(Fig. 3C), anterior margin of each produced into apodeme, distal half setose,
upper margin sinuate and lower margin straight, with apex oblique and round-
ed; each with base produced dorsomesad (Fig. 3B, C); mesal ridge cambered
and subtriangular with ventral side covered with spines (Fig. 3B, D); elliptical
in lateral view (Fig. 3C); and with subapex produced into blunt process mesal-
ly in ventral and dorsal views (Fig. 3B, D). Phallobase hemispherical in lateral
view (Fig. 3C). Phallotheca directed dorsad basally, then curved dorsocaudad
about 90°, subapically with dorsal margins produced into pair of slender and
apically acute subapical processes (or “horns”), and distal end hooked dorsad
(Fig. 3C); in ventral and dorsal views subapical processes curved outwards at
middle (Fig. 3A). Coxopodites setose, each with subapical harpago produced
inwards as triangular process in ventral view (Fig. 3A); inconspicuous in lateral
view (Fig. 3C). Long, slender, bare process arising from base of each coxopo-
dite, sinuate, apically acute in ventral and lateral views (Fig. 3A, C); extending
far beyond apex of coxopodite and harpago, and with distal ends of opposing
processes crossed above phallotheca in ventral and dorsal views (Fig. 3A, B).
Etymology. The Latin feminine adjective capricornis means “goat’s horn”, re-
ferring to the shape of the pair of subapical processes on the phallic apparatus.
Distribution. China (Fujian).

Lype sagittalis Peng & Sun, sp. nov.
https://zoobank.org/5375CC60-19B5-4322-B59A-4856D5F5F6F5
Fig. 4A-E

Type materials. Holotype: CHINA + 1J; Hunan Province, Shaoyang City, Suining
County, Jiuxi Bamboo Tower Villa; 26°24.39'N, 110°05.68'E; alt. 630 m; 25-v-
2021; light trap; L. Peng leg.; NJAU Tricho-20210525-0001. Paratypes: CHINA
* 14, same data as holotype; NJAU Tricho-20210525-0002 * 1&; Hunan Prov-
ince; Shaoyang City, Suining County, Guanyinxing; 26°24.77'N, 110°05.39'E; alt.
550 m; 28-v-2021; light trap; L. Peng leg.; NJAU Tricho-20210528-0001.
Diagnosis. This species is similar to Lype lubaretsi Arefina, 2005 from Rus-
sia. However, the new species can be easily distinguished by the following
characteristics: (1) longitudinally, sternum IX of L. sagittalis sp. nov. is subtri-
angular in lateral view, rather than subrectangular in L. lubaretsi; (2) each of
the coxopodites of the new species is subcircular in lateral view, but elliptical
in L. lubaretsi; (3) the fused coxopodites in ventral view have a narrow mesal
notch in the new species, rather than with a wide mesal notch in L. lubaretsi; (4)
the aedeagus is sagittal, with its apex truncate in dorsal view and pipe-shaped
in lateral view in L. sagittalis sp. nov., but nearly triangular with apex broad in
ventral view, triangular with a sharp apex in lateral view in L. lubaretsi.
Description. Male. Length of each forewing 4.2-4.4 mm (n = 3), holotype 4.4
mm. Specimens in alcohol with compound eyes black; antennae, legs, and thorax
brown; wings light brown without any distinctive markings; abdomen dark brown
dorsally, pale yellow ventrally. Genitalia: Sternum IX subrectangular, anterior mar-
gin shallowly concave, posterior margin more deeply concave in ventral view (Fig.
4A); subtriangular in lateral view (Fig. 4C). Tergite IX covered with fine microchae-
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Figure 4. Lype sagittalis sp. nov., male adult, holotype A genitalia, ventral B genitalia, dorsal C genitalia, left lateral D phal-
lotheca apex, dorsal E phallotheca apex and segment X, ventral. Abbreviations: ste. IX = sternum IX; ter. IX = tergum
IX; seg. X = segment X; sup. app. = superior appendage (paired); cox. = coxopodite (paired); har. = harpago (paired);
pht. = phallotheca; aed. = aedeagus; sub. pro. aed. = subapical projection of aedeagus.

tae, subtriangular with distal end truncate in dorsal view (Fig. 4B); tongue-shaped
in lateral view (Fig. 4C), broadly fused with segment X. Segment X subrectangular
and almost surrounding phallic apparatus in lateral and ventral views (Fig. 4C, E);
apex excised mesally in dorsal view (Fig. 4B). Superior appendages elongate-oval
in dorsal view (Fig. 4B); lanceolate, tilted posterodorsad in lateral view (Fig. 4C).
Coxopodites each subcircular in lateral view (Fig. 4C); bases fused with each
other in ventral view and with narrow notch between them apically about half
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their length, each with setose posteromesal corner produced caudad (Fig. 4A).
Harpagones twice as long as coxopodites, each more-or-less parallel-sided, each
with lower margin slightly concave, upper margin sinuate in lateral view (Fig. 4C);
the pair divergent basally, evenly curved laterad and mesad to become some-
what forcipiform, with bases and distal ends enlarged in ventral view (Fig. 4A).
Phallotheca massive, constricted at middle in lateral view (Fig. 4C), with apical
margin membranous. Aedeagus sclerotized, depressed, broad in dorsal and ven-
tral views (Fig. 4D, E); pipe-shaped in lateral view (Fig. 4C). Subapical projection of
aedeagus sclerotized, finger-like in lateral and dorsal views (Fig. 4C, D).
Etymology. The Latin feminine adjective sagittalis, meaning “arrow-shaped”,
and refers to the shape of the aedeagus in dorsal and ventral views.
Distribution. China (Hunan).

Paduniella fasciaria Peng & Sun, sp. nov.
https://zoobank.org/80C19FBF-FCB6-457E-80BA-E585E4E4F6FE
Fig. 5A-E

Type materials. Holotype: CHINA * 1J; Hainan Province, Sanya City, Tianya dis-
trict, Tangta reservoir; 18°24.55'N, 109°23.27'E; alt. 240 m; 24-vii-2022; light
trap; L. Peng & H. Zang leg.; NJAU Tricho-20220724-0001. Paratypes: 257,16 9;
same data as holotype; NJAU Tricho-20220724-0002 to Tricho-20220724-0042.

Diagnosis. This species is similar to Paduniella sampati Malicky & Chantar-
amongkol, 1993 from Thailand in having the superior appendages furcated at
their bases in dorsal view and in the shape of the phallic apparatus in the lateral
view. However, P. fasciaria sp. nov. can be easily distinguished by the posses-
sion of a slender median process.

Description. Male. Length of each forewing 2.6-3.0 mm (n = 10), holotype
2.9 mm. Specimens with compound eyes black, antennae approximately of same
length as forewings; body brown; head, bases of antennae, thorax covered with
brown, short hair; wings mostly covered with brown, short hair; each forewing
with transversal white band at middle (Fig. 5D, E). Genitalia. Sternum IX subrect-
angular with anterodorsal angle produced into subrectangular process in lateral
view (Fig. 5C); and transversely elongate-rectangular with anterior margin having
deep U-shaped incision in ventral view (Fig. 5A). Tergum IX membranous, with
base fused with superior appendages, somewhat clavate in lateral view (Fig. 5C),
directed posterodorsad; transversely subrectangular in dorsal view, with anterior
margin slightly convex and posterior margin undulated (Fig. 5B). Superior append-
ages large, forming a parallelogram shape in lateral view (Fig. 5C); in dorsal view
(Fig. 5B) each with basal portion furcate, basolateral lobe slightly longer than in-
ner one, tapering distally with apex curved mesad and crossing apex of opposing
superior appendage, setose subapically. Sclerotized strips slightly clavate in later-
al view (Fig. 5C) and somewhat V-shaped in dorsal view (Fig. 5B). Median process
mostly slender with sharp apex, insertion between sclerotized strips broad in dor-
sal view (Fig. 5B). Inferior appendages each with basal half broad, then abruptly
narrowed at mid length and tapered towards apex in lateral view (Fig. 5C); basal
half broad, then abruptly narrowed, with apex slightly enlarged and curved mesad
in ventral view (Fig. 5A), mesal branch lamellar, setose, arising from middle part
of inner surface (Fig. 5B, C). Phallobase well developed, basally clavate in lateral
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Figure 5. Paduniella fasciaria sp. nov., male adult, holotype (A-C) and paratypes (D, E) A genitalia, ventral B genitalia, dor-
sal C genitalia, left lateral D male adult habitus, right lateral E male adult habitus, dorsal. Abbreviations: ste. IX = sternum
IX; ter. IX = tergum IX; sup. app. = superior appendage (paired); med. pro. = median process; inf. app. = inferior appendage
(paired); m. b. inf. app. = mesal branch of inferior appendage (paired); scl. str. = sclerotized strip; phb. = phallobase; phc.
= phallicata. The scale bar refers to A-C.

view (Fig. 5C); with upper margin having deep incision in ventral and lateral views
(Fig. 5A, C), tapering from base to apex, phallicata tubular, curved slightly upwards
in lateral view (Fig. 5C); about same length as phallobase (Fig. 5A, C).
Etymology. The Latin feminine adjective fasciaria, meaning “banded,” refers
to the band of white hairs across each wing in dorsal view.
Distribution. China (Hainan).
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Paduniella sanyaensis Peng & Sun, sp. nov.
https://zoobank.org/291BCBF2-64D5-4144-9B56-1533FE24E023
Fig. 6A-C

Type materials. Holotype: CHINA * 1&; Hainan Province, Sanya City, Tianya
district, Hongxin village, Hongxinxi River; 18°27.78'N, 109°27.88'E; alt. 150 m;
22-vii-2022; light trap; L. Peng & H. Zang leg.; NJAU Tricho-20220722-0001.
Paratypes: CHINA - 2J; same data as holotype; NJAU Tricho-20220722-0002
to Tricho-20220722-0003 - 23; Hainan Province, Sanya City, Tianya district, Fu-
wan reservoir; 18°16.80'N, 109°28.94'E; alt. 60 m; 25-vii-2022; light trap; L. Peng
& H. Zang leg.; NJAU Tricho-20220725-0001 to Tricho-20220725-0002.

Diagnosis. This species is similar to Paduniella nama Johanson & Olah, 2010
from Vietnam. However, P. sanyaensis sp. nov. can be easily distinguished by
the following characteristics: (1) the tergum IX is similar in width to the sclero-
tized strips in lateral view, whereas in P nama tergum IX significantly wider than
sclerotized strips; (2) the superior appendages are elongate-triangular in lateral
view, but subrectangular in P nama; and (3) the phallobase is enlarged, nearly
triangular in lateral view, a feature missing in P nama.

Description. Male. Length of each forewing 2.1-2.3 mm (n = 5), holotype
2.3 mm. Specimens in alcohol uniformly pale yellow-brown, antennae annulate
with brown. Genitalia. Sternum IX in lateral view with lower portion subrectan-
gular and upper portion produced anterodorsad on each side into slender lobe

m. b. inf. app.

pﬁb.

\ inf. app.
ste. IX.
med. pro.
c
ter. IX med. pro.
b y - Sup. app.
scl, str. )
~ f / _~m. b, inf. app.
0.2 mm
_-'l/-r.
——— inf. app.

|
ste. IX

Figure 6. Paduniella sanyaensis sp. nov., male adult, holotype A genitalia, ventral B genitalia, dorsal C genitalia, left lateral.
Abbreviations: ste. IX = sternum IX; ter. IX = tergum IX; sup. app. = superior appendage (paired); med. pro. = median pro-
cess; inf. app. = inferior appendage (paired); m. b. inf. app. = mesal branch of inferior appendage (paired); para. = param-
ere; scl. str. = sclerotized strip; phb. = phallobase; phc. = phallicata.
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(Fig. 6C); in ventral view transversely subrectangular (Fig. 6A). Sclerotized portion
of tergum IX L-shaped, upturned distally, distal end membranous in lateral view
(Fig. 6C); somewhat crescentic in dorsal view (Fig. 6B). Superior appendages
elongate-triangular in lateral view (Fig. 6C); lightly twisted and triangular in dorsal
view (Fig. 6B). Sclerotized strips slightly clavate in lateral view (Fig. 6C). Median
process slender, tubular, arising from anterior bases of sclerotized strips above
phallobase (Fig. 6B, C). Inferior appendages each with basal 1/4 broad, then nar-
rower, with upper and lower margins parallel to each other and slightly sinuous,
apex truncate in lateral view (Fig. 6C); curved mesad with apex slightly enlarged
in ventral view (Fig. 6A); mesal branch of each inferior appendage arising from
middle part of inner surface, elongate-triangular in ventral view (Fig. 6A). Phallo-
base well developed, subtriangular, about half as long as phallicata in lateral view
(Fig. 6C); subcircular in ventral view (Fig. 6A); phallicata curved posteroventrad,
compressed, with apex enlarged in lateral view (Fig. 6C); slender in ventral view
(Fig. 6A); paramere slender, shorter than phallicata in lateral view (Fig. 6C).

Etymology. Latin feminine adjective sanyaensis, the name referring to the
location of the type locality in Sanya City.

Distribution. China (Hainan).

Tinodes aviformis Peng & Sun, sp. nov.
https://zoobank.org/6B523126-44D5-4152-BC2B-3C8971A42BCD
Fig. 7A-E

Type materials. Holotype: CHINA * 1J; Hainan Province, Sanya City, Tianya dis-
trict, Fuwan reservoir; 18°16.80'N, 109°28.94'E; alt. 60 m; 25-vii-2022; light trap;
L. Peng & H. Zang leg.; NJAU Tricho-20220725-0003.

Diagnosis. This species is similar to Tinodes igok Kimmins, 1955 from Ma-
laysia in the composition and morphology of the male genitalia, but it can be
distinguished by: (1) two unpaired inner branches of the phallic sheath process-
es, of which one is short and straight and the other one curved, whereas both
branches are curved in T. igok; (2) the mesal digitate process of each coxopo-
dite is shorter than the harpago, curved, and with a sharp apex in ventral view,
but is undulated and almost the same length as the harpago in T. igok; and (3)
the phallic guide is divided into two branches with the dorsal one extending
backward beyond the coxopodites in lateral view, rather than having only one
uncinate branch that is not longer than the coxopodites in T. igok.

Description. Male. Length of each forewing 3.1 mm (n = 1). Specimen in alco-
hol with compound eyes black, antennae yellowish white; thorax and legs brown,
wings light brown without any distinctive markings; abdomen dark brown dor-
sally, pale yellow ventrally. Genitalia. Sternum IX transversely subrectangular in
ventral view (Fig. 7A); subtriangular in lateral view (Fig. 7C). Tergum IX covered
with microchaetae, with anterior margin slightly sinuate and middle of posterior
margin produced posterad in dorsal view (Fig. 7B); broader and subapically an-
gled slightly caudad in lateral view (Fig. 7C). Segment X membranous, closely
fused with tergum IX, its posterior margin nearly truncate in dorsal view (Fig. 7B);
subrhomboid in lateral view (Fig. 7C). Superior appendages each with distal
half setose, clavate, and with apex rounded in lateral view (Fig. 7C); parallel-sid-
ed in dorsal view (Fig. 7B). Phallic sheath process consisting of paired lateral
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COX.

A D

lat. pha. she. pro. pha.

inn. pha. she. pro.

0.2 mm

¢ja. duc.

ter. IX

lat. pha. she. pro.

inn. pha. she. pro.

lat. pha. she. pro.
(not showing spines)

har.

/ | \
i
ste. [X

COX.

Figure 7. Tinodes aviformis sp. nov., male adult, holotype A genitalia, ventral B genitalia, dorsal C genitalia, left lateral
D phallic complex, ventral E phallic complex, left lateral. Abbreviations: ste. IX = sternum IX; ter. IX = tergum IX; seg.
X = segment X; sup. app. = superior appendage (paired); cox. = coxopodite (paired); har. = harpago (paired); pha. = phal-
lus; pha. gui. = phallic guide; inn. pha. she. pro. = inner phallic sheath process; lat. pha. she. pro. = lateral phallic sheath
process (paired); eja. duc. = ejaculatory duct.

branches and unpaired inner branches; paired lateral branches compressed and
spoon-like, semicircular, and resembling nesting bird in lateral view (Fig. 7C, E),
each with several strong spines at middle near ventral edge and distal half se-
tose; fused basally, resembling pair of clam shells in ventral view (Fig. 7D); two
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unpaired inner branches strongly sclerotized (Fig. 7D, E); one of them straight,
one curved; phallus slightly extending beyond tip of phallic sheath process, with
distal end membranous in ventral view (Fig. 7D), base and apex swollen in later-
al view (Fig. 7E); ejaculatory duct slender, with subapex S-shaped in lateral view
(Fig. 7C). Phallic guide with subapex wider and then divided into two branches
in lateral view (Fig. 7C), dorsal branch slender, curved downwards distally and
gradually narrowed to sharp apex; ventral branch short. Coxopodites elliptical in
lateral view (Fig. 7C); fused with each other basally in ventral view (Fig. 7A), each
with posterodorsal angle digitate and posterior margin having tiny submesal
digitate process; harpago setose, small, and simple (Fig. 7A, C).

Etymology. The Latin masculine adjective aviformis, meaning “bird-shaped,’
and refers to the shape of the pair of lobes of the lateral phallic sheath process
in lateral view.

Distribution. China (Hainan).

Psychomyia indra Malicky & Chantaramongkol, 1993

Psychomyia indra Malicky & Chantaramongkol, 1993: 1162 (type locality: Thai-
land, Tramot; &).

Material examined. CHINA —Hainan Province* 1J3;Ledong County,Jianfeng Town,

Jianfengling National Forest Park, Rainforest Valley; 18°44.72'N, 108°56.08'E;

alt. 640 m; 17-iv-2019; light trap; H. Song leg.; NJAU Tricho-20190417-0001.
Distribution. China (Hainan [new record]); Thailand.

Paduniella andamanensis Malicky, 1979

Paduniella andamanensis Malicky, 1979: 98 (type locality: India, Stid-Andaman,
Nayachul-FluR bei Mongelutonge, Lichtfang [India, South Andaman, Naya-
chul River, near Manglutan, light trap]; ).

Material examined. CHINA — Hainan Province « 14, Yunnan Province, Xishuang-
banna Dai Autonomous Prefecture, Jinghong City, Yunjinghong Street G214;
22°01.75'N, 100°52.12'E; alt. 660 m; 26-vii-2021; light trap; K. Jiang leg.; NJAU
Tricho-20210726-0001.

Distribution. China (Yunnan [new record]); India (Andaman Islands).

Paduniella dendrobia Malicky & Chantaramongkol, 1993

Paduniella dendrobia Malicky & Chantaramongkol, 1993: 1159 (type locality:
Thailand, Doi Inthanon; &).

Material examined. CHINA — Sichuan Province * 1J; Yibin City, Pingshan Coun-
ty, Xining River; 28°41.15'N, 103°45.97'E; alt. 370 m; 12-v-2020; X.Y. Ge & X.
Chen leg.; NJAU Tricho-20200512-0001.

Distribution. China (Sichuan [new record]); Thailand.
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Tinodes gapbona Johanson & Olah, 2008

Tinodes gapbona Johanson & Olah, 2008: 7 (type locality: Vietnam, Hoabinh
towards Dabac; ).

Materials examined. CHINA - Guangdong Province * 2J&; Huizhou City,
Yuguishan Nature Reserve; 22°25.80'N, 113°26.39'E; alt. 290 m; 17-ix—
22-x-2020; Malaise trap; Institute of Zoology, Guangdong Academy of Sciences
leg.; NJAU Tricho-20201022-0001 to Tricho-20201022-0002 + 204; Zhaoging
City, Dinghushan National Nature Reserve; 23°09.50'N, 112°32.46'E; alt. 170
m; 9-ix—9-x-2021; Malaise trap; Institute of Zoology, Guangdong Academy of
Sciences leg.; NJAU Tricho-20201009-0001 to Tricho-20201009-0020.
Distribution. China (Guangdong [new records]); Vietnam.

Psychomyia imamiah Malicky, 2020

Psychomyia polyacantha Li, Qiu & Morse, 2021 (in Qiu and Morse 2021)
syn. nov. (type locality: China, Sichuan Province, Pingwu County, tributary
of Fu-Jiang, 19 km E of Pingwu downtown, 32°24.72'N, 104°45.49'E, alt.
1090 m; &).

Materials examined. CHINA — Sichuan Province * 200+d; Pingwu County,
tributary of Fujiang, 19 km E of Pingwu downtown; 32°24.72'N, 104°45.49'E;
alt. 1090 m; 27-vi-1990; J.C. Morse leg.; NJAU Tricho-19900627-0001 to
Tricho-19900627-0200 + 200+d; Pingwu downtown; 17 km E of Ping-wu
trib. of Fujianghe; 32°24.48'N, 104°44.36'E; alt. 1090 m; 27-vi-1990; L. Yang
& Y. Li leg.; NJAU Tricho-19900627-0201 to Tricho-19900627-0400 + 164,
Kangding County, Guzazhen Town, Dadu River, Wasigou, at suspension foot-
bridge, across the river from G318 at 2819.9 km stone marker 30°04.53'N,
102°09.61'E, alt. 1430 m, 29-vi-2005, Coll. X. Zhou, CJ Geraci leg.; NJAU
Tricho-20050629-0001 to Tricho-20050629-0016 - Gansu Province
6J; Wenxian County, Bikou Town, Bifeng Gully; 32°44.72'N, 105°14.64'E;
alt. 650 m; 16-vi-1998; L. Yang leg.; NJAU Tricho-19980616-0001 to
Tricho-19980616-0006.

Distribution. China (Sichuan, Gansu).

Remarks. The specimens that we examined included topotypes that were
collected at the same time as the type specimen of this species (Qiu and Morse
2021). We found that the harpagones each had four apical processes, which is
rare in Psychomyia, occurring only in P. polyacantha and P. imamiah. By compar-
ing these specimens and published descriptions and figures of the male gen-
italia of these two species, we believe that the morphological characteristics
of the two species overlap. The type locality of P. polyacantha is in the basin
of the Fujiang River, and the Fujiang River flows into the Jialing River, and the
paratypes of P. polyacantha and the holotype of P imamiah are from the basin
of the Dadu River, which merges into the Minjiang River. Both the Jialing and
Minjiang rivers are tributaries of the Yangtze, and their upstream habitats are
similar and geographically adjacent. In summary, we identify P polyacantha as
a synonym of P imamiah.
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Discussion

The Psychomyiidae is a moderately sized family of caddisflies (Holzenthal
et al. 2007). However, the number of species has increased rapidly in recent
years as new species are discovered and named; in 2008 there were about
400 species (de Moor and Ivanov 2008), in 2019 there were about 600 spe-
cies (Morse et al. 2019), and now there are more than 650 species (including
this study). Though the members of this family are widespread over nearly
all the world (Holzenthal et al. 2007), the family’s species diversity is uneven
across zoogeographical regions. Psychomyiids are found mostly in the Ori-
ental and Palaearctic regions, with the combined total number of species in
those two regions constituting more than 90% of the world’s species for this
family. Of the two regions, the Oriental Region is the only one with all eight
psychomyiid genera present, and it has about 65% of the world’s recorded
species, significantly higher than the number of Palaearctic species, which
constitute about 25% of the species among six genera (Psychomyia, Tinodes,
Paduniella, Metalype, Eoneureclipsis, and Lype). Additionally, the Afrotropical
region has three genera (Tinodes, Paduniella, and Lype) and 6.9% of the world'’s
species, the Nearctic region has four genera (Psychomyia, Tinodes, Paduniella,
and Lype) and 2.8% of the world’s species, and the Australian region has only
one genus (Tinodes) and 1.5% of the world’s species. China covers parts of the
Oriental and Palaearctic regions and has more than 111 species in six genera
(including those in this study), constituting about 17% of psychomyiid species,
of which six genera (Psychomyia, Tinodes, Paduniella, Metalype, Eoneureclip-
sis, and Lype) and 100 species are recorded in China’s Oriental region, and four
genera (Psychomyia, Tinodes, Paduniella, and Metalype) and 18 species are
recorded in its Palaearctic region.

Most of the species in our study were collected from low latitudes, with a few
from mid- latitudes (Table 1). Collection sites are near the source of streams or
near a reservoir. Headwater streams had high forest cover and were small and
cool, which is consistent with most psychomyiid larvae living in cool running
water (Fig. 8A-D). While Tinodes aviformis sp. nov. was collected near a reser-
voir, similar to the habitats of some Tinodes, which have been reported to live in
isolated stream pools in western North America and in lake littorals in Europe
(Flint 1964; Wiggins 1996).

The male genitalia of the family vary among psychomyiid genera. In some
genera, such as Paduniella and Lype, the structures of the male genitalia are
simple enough to use common terms for describing them; however, in other
genera, for example, in the genus Tinodes, extra structures are present in the
genitalia, resulting in the different understanding on their homology, and ac-
cordingly, the terminology for the structures has varied among authors. The
situation hinders phylogenetic study of the family based on morphology. We
sincerely hope that, with phylogenetic studies using DNA sequences, the ho-
mology of these extra structures will become more generally understood and
consensus for these terms will one day be reached, making interpretation of
the evolution of the morphology and functional traits of these interesting and
ecologically important animals more reliable.
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Figure 8. Photographs of habitat A a slow-flowing stream in the upper reaches of Yaorenping Hydropower Station, in
Hunan Province B a rapids flowing stream in the upper reaches of Yaorenping Hydropower Station, in Hunan Province
C atemporary pond in Jianfengling National Forest Park, Rainforest alley, in Hainan Province D the retreat of Psychomyii-
dae larvae and substratum composition of Hongxinxi River, in Hainan Province.
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Abstract

Three species assigned to the same nominal genus of Paleozoic xenacanthiform shark
have been combined with the name Orthacanthus gracilis (Chondrichthyes, Xenacan-
thiformes, Orthacanthidae). Orthacanthus gracilis (Giebel, 1848), which was originally
combined as Chilodus gracilis Giebel, 1848, is the senior synonym; it has priority over
both Orthacanthus gracilis (Newberry, 1857), which was originally combined as Diplo-
dus gracilis Newberry, 1857, and Orthacanthus gracilis Newberry, 1875a. Proposed spe-
cies-group replacement names are Orthacanthus lintonensis nom. nov. for O. gracilis
(Newberry, 1857) and Orthacanthus adamas nom. nov. for O. gracilis Newberry, 1875a.
Chilodus gracilis Giebel, 1848 is designated as the type species of Chilodus Giebel, 1848;
this species becomes the type species for Giebelodus Whitley, 1940, which is a replace-
ment name for Chilodus Giebel, 1848 (preoccupied by Chilodus Miiller & Troschel, 1844,
Actinopterygii). Giebelodus Whitley, 1940 is a junior subjective synonym of Orthacanthus
Agassiz, 1843.

Key words: Carboniferous, Chilodontidae, headstander, junior homonym, Orthacanthidae,
shark

Introduction

Three species of xenacanthiform sharks described from Carboniferous strata
have been assigned to the same nominal genus and combined with the name
Orthacanthus gracilis (Chondrichthyes, Xenacanthiformes, Orthacanthidae), ei-
ther originally or subsequently. The basionym of the senior synonym, in its orig-
inal combination, Chilodus gracilis Giebel, 1848, is homonymous with the name
of an extant species of characiform fish, Chilodus gracilis Isbriicker & Nijssen,
1988 (Actinopterygii, Characiformes, Chilodontidae). Chilodus is a genus-group
name that was proposed for two different nominal genera. One is a genus of
characiform fish (Miiller and Troschel 1844: 85-86) and the other is a genus of
extinct xenacanthiform shark (Giebel 1848: 352).
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The purpose of this paper is to clarify, detangle, and stabilize the nomencla-
ture of these genus-group and species-group names.

Nomenclatural history

Species-group names of fossil xenacanthiform sharks that have been com-
bined as Orthacanthus gracilis are as follows:

1. Chilodus gracilis Giebel, 1848 (Fig. 1A), reassigned to Orthacanthus Agas-
siz, 1843 by Boy and Martens (1991) and Hampe (1994, 2003). According
to Articles 23.3.5, 52, 57, and 60.3 of the International Code of Zoolog-
ical Nomenclature (International Commission on Zoological Nomencla-
ture 2000), this species has priority over two species named by Newberry
(1857, 1875a) (see below) that have the name Orthacanthus gracilis origi-
nally or after recombination.

2. Diplodus gracilis Newberry, 1857 (Fig. 1B), reassigned to Orthacanthus by
Hampe (1994, 2003). It is a junior secondary homonym of Orthacanthus
gracilis (Giebel, 1848) when both species are treated as valid species of
Orthacanthus Agassiz, 1843 (Hampe 1994: 56-63). To remove the hom-
onymy, the name Orthacanthus lintonensis nom. nov. is proposed as a new
replacement name for Diplodus gracilis (Newberry, 1857).

3. Orthacanthus gracilis Newberry, 1875a (Fig. 1C). This species is a junior
secondary homonym of Chilodus gracilis Giebel, 1848 when C. gracilis
Giebel, 1848 is placed in Orthacanthus Agassiz, 1843 (Hampe 1988, 1994,
2003; Boy and Martens 1991: figs 1, 8). To remove the homonymy, the
name Orthacanthus adamas nom. nov. is proposed as a new replacement
name for Orthacanthus gracilis Newberry, 1875a.

Proposals of Chilodus as a genus-group name are as follows:

1. Chilodus Miiller & Troschel, 1844 was erected for an extant characiform
fish with Chilodus punctatus Miiller & Troschel, 1844 (Actinopterygii,
Characiformes, Chilodontidae) as the type species, by monotypy.

2. Chilodus Giebel, 1848 was erected for an extinct Paleozoic xenacan-
thiform shark (Chondrichthyes, Xenacanthiformes, Orthacanthidae), em-
bracing two species, Chilodus tuberosus Giebel, 1848 (Fig. 1D) and Chilo-
dus gracilis Giebel, 1848 (Fig. 1A).

The type species of Chilodus Giebel, 1848, designated here for nomenclatur-
al stability, is Chilodus gracilis Giebel, 1848. It is the best-known species and the
only one that Giebel (1848) included in Chilodus that is represented by a known,
existing type specimen (Hampe 1994; Fig. 1A). Designation of this species as
the type species follows Recommendation 69A of the Code (International Sub-
commission on Zoological Nomenclature 2000). The other species originally
included in Chilodus Giebel, 1848, C. tuberosus Giebel, 1848, was synonymized
by Giebel (1849) with Lamna carbonaria Germar, 1844 (Fig. 1E); but see Roma-
novski (1857), who retained the combination C. tuberosus Giebel, 1848. Here,
L. carbonaria, including C. tuberosus as a junior subjective synonym, is recom-
bined as Orthacanthus carbonarius (Germar, 1844).

ZooKeys 1188: 219-226 (2024), DOI: 10.3897/z0okeys.1188.108571 220



Loren E. Babcock: Replacement names for two Orthacanthus species

Whitley (1940: 243) proposed the name Giebelodus as a replacement name
for Chilodus Giebel, 1848 because the genus-group name is preoccupied by
Chilodus Miiller & Troschel, 1844. Following Article 67.8 of the Code (Interna-
tional Commission on Zoological Nomenclature 2000), C. gracilis Giebel, 1848
automatically becomes the type species of Giebelodus Whitley, 1940.

Chilodus gracilis Giebel, 1848 is here assigned to Orthacanthus, and Giebelodus
Whitley, 1940 is thus a junior subjective synonym of Orthacanthus Agassiz, 1843.

Uses of the combination Chilodus gracilis are as follows:

1. Chilodus gracilis Giebel, 1848 (Chondrichthyes, Xenacanthiformes, Ortha-
canthidae), a fossil shark described from the Carboniferous of Germany.

2. Chilodus gracilis Isbriicker & Nijssen, 1988 (Actinopterygii, Characiformes,
Chilodontidae), an extant freshwater characiform fish also known as the
graceful headstander, described from Trovdo, Rio Aaupés, Amazonas,
Brazil.

Chilodus gracilis Isbriicker & Nijssen, 1988 is not a junior homonym of C.
gracilis Giebel, 1848 because, according to the exception in Art. 57.8 of the
Code, and the related example, homonymy between identical species-group
names in combination with homonymous generic names having the same
spelling but established for different nominal genera is to be disregarded (In-
ternational Commission on Zoological Nomenclature 2000).

Systematics

Class Chondrichthyes Huxley, 1880

Subclass Elasmobranchii Bonaparte, 1838

Superorder Euselachii Hay, 1902

Order Xenacanthiformes Berg, 1955

Family Orthacanthidae Heyler & Poplin, 1990 (see van der Laan 2018)
Genus Orthacanthus Agassiz, 1843

Orthacanthus gracilis (Giebel, 1848)
Fig. 1A

Chilodus gracilis Giebel, 1848: 352-353.

Chilodus gracilis: Giebel 1849: 70, pl. XXIX, fig. 2.

Pleuracanthus sp.: Gocht 1955: pl. VIII, fig. 5.

Orthacanthus-Typ UG: Schneider 1985: 91-92, fig. 2.

Orthacanthus carbonarius (Germar, 1844): Schneider 1988: pl. 1, fig. 4.
Orthacanthus gracilis (Giebel, 1848): Boy and Martens 1991: figs 1, 8.
Orthacanthus gracilis: Hampe 1994: 56-63, figs 1-5.

Orthacanthus gracilis: Hampe 2003: 209-210.

Holotype. Tooth; Geiseltalmuseum Halle, GTM 1095, previously illustrated by
Giebel (1849: pl. XXIX, fig. 2) and Hampe (1994: Fig. 1Ta-c).

Type locality. Slate of the Wettin-Schichten (Carboniferous) from Wettin,
north of Halle, Saale area, Saxony-Anhalt, Germany.
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d

u//Ba

Figure 1. Original 19" century figures of Carboniferous-age xenacanthiform shark fossils from Saxony-Anhalt, Germany,
and Ohio, USA A Orthacanthus gracilis (Giebel, 1848), tooth, holotype (Geiseltalmuseum Halle, GTM 1095), two views; repro-
duced from Giebel (1849: pl. XXIX, fig. 2a, b), 7.7 mm long. Wettin-Schichten, Wettin/Saalegebiet, Saxony-Anhalt, Germany
B Orthacanthus lintonensis nom. nov., replacement name for Diplodus gracilis Newberry, 18573, two teeth, syntypes (reposi-
tory unknown); reproduced from Newberry (1875a: pl. LVIII, figs. 3, 3a), ca 5 and 13 mm long. Upper Freeport Coal, Allegheny
Group, Diamond Coal Mine, Linton, Ohio, USA C Orthacanthus adamas nom. nov., replacement name for Orthacanthus grac-
ilis Newberry, 1875a, dorsal spine, illustration is a composite based on syntypes (Orton Geological Museum, OSU 4467A,
4467B); reproduced from Newberry (18754, pl. LIX, fig. 7), ca 71 mm long. Upper Freeport Coal, Allegheny Group, Diamond
Coal Mine, Linton, Ohio, USA D Orthacanthus carbonarius (Germar, 1844), two teeth, syntypes (repository unknown) of Chilo-
dus tuberosus Giebel, 1848; reproduction of Giebel (1849: pl. XXIX, figs. 1, 1a, 1b as), length unknown. Wettin-Lobejun, Sax-
ony-Anhalt, Germany E Orthacanthus carbonarius (Germar, 1844), tooth, syntype (repository unknown) of Lamna carbonaria
Germar, 1844; reproduced from Germar (1844: pl. 1, fig. 1), ca 20 mm long. Presumably from Saxony-Anhalt, Germany.

Remarks. The basionym Chilodus gracilis Giebel, 1848 is designated herein
as the type species of Chilodus Giebel, 1848. Whitley (1940: 243) proposed
Giebelodus as a replacement name for Chilodus Giebel, 1848 (preoccupied by
Chilodus Miiller & Troschel, 1844), and C. gracilis Giebel, 1848 is thus the type
species of Giebelodus. Following Boy and Martens (1991) and Hampe (1994,
2003), Giebelodus gracilis (Giebel, 1848), which is known only from teeth, is
referred to the genus Orthacanthus Agassiz, 1843.

Orthacanthus lintonensis nom. nov.
Fig. 1B

Diplodus gracilis Newberry, 1857: 99.
Diplodus gracilis: Newberry 1873: 334-336.
Diplodus gracilis: Newberry 1874: 330-331.
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Diplodus gracilis: Newberry 1875a: 45, pl. LVIII, figs 3, 3a.

Diplodus gracilis: Newberry 1875b: 45, pl. LVII, figs 3, 3a.

Xenacanthus gracilis (Newberry, 1857): Olson 1946: 290-291.
Xenacanthus compressus (Newberry, 1857): Hotton 1952: 496, 499.
Orthacanthus compressus (Newberry, 1857): Hook and Baird 1986: table 2.
Orthacanthus gracilis (Newberry, 1857): Hampe 1988: 292.

Orthacanthus compressus: Hook and Baird 1988: table 1.

Orthacanthus gracilis: Hampe 1994: 63.

Orthacanthus compressus: Johnson 1999: 243-245,

Orthacanthus gracilis: Hampe 2003: 209-210.

Syntypes. Teeth, repository unknown, previously illustrated by Newberry
(1875a: 45, pl. LVIII, figs 3, 3a; 1875b:45, pl. LVIII, figs 3, 3a).

Type locality. Upper Freeport Coal (Carboniferous), from the Diamond Coal
Mine, Linton, Jefferson County, Ohio, USA.

Etymology. The species refers to Linton, Ohio, the type locality.

Remarks. The new species-group name Orthacanthus lintonensis nom.
nov. replaces Diplodus gracilis Newberry, 1857, which after recombination
as Orthacanthus gracilis (Newberry, 1857) is a junior secondary homonym of
Orthacanthus gracilis (Giebel, 1848).

Detailed study of xenacanthiform materials from the Linton Lagerstatte is
needed, and the type specimens need to be re-examined. Much of the system-
atic work on fish taxa described from Linton after 1900 has involved non-type
specimens. Indeed, most published illustrations of Linton fish types are line-art
drawings (e.g. Newberry 1873, 1874, 1875a, 1875b; herein, Fig. 1B, C), often
with generous “restoration;” few of the types, even the ones whose repositories
are known, have been photographically illustrated. Pending restudy of the type
specimens of xenacanthiform sharks from the Linton Lagerstétte, O. lintonen-
sis nom. nov. is proposed here as an available name that can compete in pri-
ority with other names, not as a junior synonym of any other species (compare
Hotton 1952; Hook and Baird 1986; Johnson 1999).

Orthacanthus adamas nom. nov.
Fig. 1C

Orthacanthus gracilis Newberry, 1875a: 56-57, pl. LIX, fig. 7.
Orthacanthus gracilis: Newberry 1875b: 56-57, pl. LIX, fig. 7.
Orthacanthus gracilis: Cope 1881: 163.

Pleuracanthus (Orthacanthus) gracilis: Case 1900: 701, pl. |, fig. 4.
Orthacanthus gracilis: Morningstar 1924: 53.

Xenacanthus gracilis (Newberry, 1875a): Olson 1946: 287.
Xenacanthus gracilis: Hook and Baird 1986: 179, table 2.
Xenacanthus gracilis: Hook and Baird 1988: table 1.

Orthacanthus gracilis: Hampe 2004: 209.

Syntypes. Two dorsal spines, Orton Geological Museum, The Ohio State Uni-
versity, Columbus, Ohio, USA (OSU) 4467A, 4467B, previously illustrated as a
composite by Newberry (1875a: pl. LIX, fig. 7; 1875b: pl. LIX, fig. 7).
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Type locality. Upper Freeport Coal (Carboniferous), from the Diamond Coal
Mine, Linton, Jefferson County, Ohio, USA.

Etymology. Adamas (Latin, diamond), in allusion to the Diamond Coal Mine,
where the species was first collected.

Remarks. The new species-group name Orthacanthus adamas nom. nov.
replaces Orthacanthus gracilis Newberry, 1875a, which is a junior homonym
of Orthacanthus gracilis (Giebel, 1848). Newberry (1875a: pl. LIX, fig. 7;
1875b: pl. LIX, fig. 7) illustrated this species with a composite figure based
on syntypic dorsal spines. This species should not be confused with the
other xenacanthiform species from Linton bearing the species epithet grac-
ilis, based on teeth, and also referred to Orthacanthus, as discussed above.
Replacement names for both taxa will reduce potential confusion. Cope
(1881) and Case (1900) extended the stratigraphic range of this species
into the Permian.
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Abstract

In the search for insects as biological control agents for the water primrose, the delpha-
cid Pissonotus paraguayensis (Delphacidae) was found on Ludwigia grandiflora subsp.
hexapetala (Onagraceae) in a wetland of Central East Argentina. The morphology of the
unknown females (brachypterous and macropterous) and immature stages are described
and illustrated. Adults and nymphs were collected in wetlands of Del Plata River Basin,
from Buenos Aires to the northeastern part of Argentina. A rearing methodology was
developed to perform biological studies. Both winged forms and structural features of
the female genitalia are described for the first time at the genus level. Eggs and immature
stages are described and keyed; fifth nymphal instars may be easily recognised by the
yellowish colouration, blackish on dorsal of head, thorax and abdomen with conspicuous
yellowish pits, ventrally only darkened on base of frons extended to lower level of eyes
and dorsal surface of antennomeres | and Il, and legs with distinctive black marks at
femoro-tibial joint and apex. The geographical distribution is updated, expanding its range
into Argentina, making Buenos Aires the southernmost limit of the genus in America.
Biological information of the species is also reported here: life cycle, fecundity, oviposition
behaviour, and host plant. Field observations showed that P paraguayensis breeds, feeds,
and causes damage to L. g. subsp. hexapetala. This delphacid presents a certain degree
of specificity to the Ludwigia species in the Jussiaea section in host specificity tests.
More studies are required to test this species as a potential biological control agent.

Key words: Biology, female wing polymorphism, host range, immature stages key,
Ludwigia, morphology, new record distribution, planthopper

Introduction

The water primrose, Ludwigia g. subsp. hexapetala (Hook. & Arn.) G.L. Nesom
& Kartesz, Michx. (Onagraceae) is a native South American plant (Wagner et al.
2007) that has been introduced in many countries around the world, invading both
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aquatic and riparian ecosystems, and is considered among the most aggressive
weeds in the world (Thouvenot et al. 2013). In the search for insects as biological
control agents for water primrose, a delphacid Pissonotus paraguayensis Bartlett,
2000 was found on this plant in a wetland of Central East Argentina. This delpha-
cid species has a detailed description of the brachypter male but little is known
about the female form and nothing about its immature stages and biology.

Pissonotus Van Duzee, 1897 is a genus widespread in North America, from
southern Canada, with a few species in the Caribbean and Neotropics (Bartlett
and Deitz 2000). Since the description of the first eight North American species
by Van Duzee, several authors have studied this genus, describing new species
or relocating them within Pissonotus from other genera (Spooner 1912; Craw-
ford 1914; Metcalf 1923; Muir and Giffard 1924; Oman 1947). The first revision
of the genus was carried out by Morgan and Beamer (1949) and more recently
Bartlett and Deitz (2000) presented an integrative contribution about aspects
of its taxonomy, phylogenetic relationships, distribution and host plant associ-
ations with descriptions and keys for all 43 recognised species. This revision
shows that colour and the morphological features provided mostly by male
genitalia, particularly the shape of the paired median processes of the pygofer,
are distinctive among the species. Although wing polymorphism is frequent
in delphacid populations, brachypterism in both sexes prevails in more than
half of the species of the genus, and the macropters are more erratically found
(Bartlett and Deitz 2000). The wing dimorphism, as a life history strategy in
Pissonotus, was investigated by Denno et al. (1991) and Denno and Roderick
(1990), who used this feature to test hypotheses concerning the effects of per-
sistence and architectural complexity of habitat on the occurrence and disper-
sion of populations.

Further studies are needed on immature stages of the genus, their morphol-
ogy, and behaviour. Of North American species, only P. delicatus Van Duzee is
known from immature stages (Wilson and Tsai 1991). Knowledge of immature
morphology also adds new characters for identification, taxonomic diagnosis,
and phylogenetic analysis as proposed by Yang and Fang (1993), Chen and Yang
(1995), and Emeljanov (1996, 2002). This information can help estimate their
richness, diversity and particularly, their association with invasive host plants.

Bartlett and Deitz (2000) reported aspects of the geographical distribution
pattern and some information about host plants of Pissonotus spp. In same con-
tribution, mentioned that 91% of the total species occur in North America while
6% (3 species) are restricted to South American environments, two of them,
P. boliviensis Bartlett and P. neotropicus (Muir) are recorded from Argentina.

Plant associations are relatively rare, and only 20 of 43 species have their
hosts recorded, although they have been confirmed in few species. Those re-
cords suggest that Pissonotus feeds primarily on dicots, especially Asteraceae
with some few exceptions on other aquatic host plants outside of this family.
For example, P. boliviensis, distributed in Central South America, was reported in
Bolivia on Pontederiaceae: Pontederia rotundifolia L. and Pontederia sp. as hosts;
and P, piceus (Van Duzze), widely distributed in Central and Eastern United States
of America (USA), Central America, Northern South America, and the Caribbe-
an were recorded in the USA on Onagraceae: Ludwigia peploides (H.B.K.) Raven
(as Jussiaea diffusa Forskal) (Morgan and Beamer 1949), L. grandiflora (Michx.)
Greuter & Burdet and L. uruguayensis (Camb.) Hara (now L. g. subsp. grandiflora
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(Michx.) Greuter & Burdet and L. g. subsp. hexapetala). Additionally, this last spe-
cies has several other hosts, including species in the Poaceae and non-Poaceae
families (Wilson et al. 1994; Bartlett and Deitz 2000). Particularly in Argentina,
eight species of Delphacidae have been the subjects of research, specifically
investigating their level of association with macrophytes (Sosa et al. 2004, 2007;
Mariani et al. 2013; Remes Lenicov and Cabrera Walsh 2013). Among these spe-
cies, information regarding their life cycles has been gathered for three of them
(Sosa et al. 2005; Mariani et al. 2007; Marino de Remes Lenicov et al. 2017).

During an ongoing search for native South American herbivores as poten-
tial biological control agents against L. g. subsp. hexapetala, three unidentified
delphacids were collected (Hernandez and Cabrera Walsh 2014). Those speci-
mens were examined and are reported here as P. paraguayensis.

Herein this study presents new morphological features of the female and
immature stages of P paraguayensis contributing to the complete description
of the species including a standard COI barcode sequence and a key to the
instars. It also documents new distribution records, rearing methodology and
biological information based on field and laboratory observations. Since this
delphacid could be considered a biological control candidate, the host range
is estimated.

Materials and methods

Insect collection

Between 2009 and 2011, specimens of delphacids (adults and nymphs) were
collected by Hernandez and Cabrera Walsh (2014) feeding on L. g. subsp. hexa-
petala. Samples were identified as P paraguayensis, collection field trips were
resumed in 2019 in areas where L. g. subsp. hexapetala is most commonly dis-
tributed (from Buenos Aires to the northeastern part of Argentina). Adults and
nymphs of P paraguayensis were collected both, by aspirating individuals from
the leaves and stems of field host plants, and laboratory colonies. Specimens
were preserved in 70% EtOH for morphological studies. Live adults and immature
specimens from the lower Delta were used to describe colour patterns (Table 1).

Rearing methodology

During summer months (December to March), general culture consisted of out-
door pools (1x1.5 m) with L. g. subsp. hexapetala plants brought from the field
and enclosed in square meshed cages. In cooler months (May to August) or
if there is no availability of greenhouse conditions, P paraguayensis can also
be reared in small containers inside rearing chambers at FUEDEI facilities. We
were able to maintain colonies in two types of containers with different water
availability and size. One to three L cylindrical plastic containers with polyester
gauze or nylon covers and enough water to irrigate the plant roots (Fig. 1A).
Here, 10—20 cm plants can be placed vertically but insects are harder to ob-
serve or retrieve. The second device consisted of 20x15x5 cm rectangular plas-
tic containers with pierced plastic lids and polyester gauze. Stems were placed
horizontally and inside water picks for irrigation (Fig. 1B). Excess condensation
on the walls is not recommended.
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Table 1. First distribution sites for Pissonotus paraguayensis in Argentina (geographical coordinates in Degrees, Minutes,

and Seconds (DMS)).
Location Province GPS coordinates Obs:;::tion Status Host plant
Arroyo Ceibal Santa Fe 28°42'57.7"S, 59°26'21.7"W Herndndez | Ludwigia grandiflora subsp. hexapetala
et al. 2014+
Médanos Entre Rios 33°25'25.4'S,59°5'47.4"W | 30—-03-2022 new Ludwigia grandiflora subsp. hexapetala
Islas del Ibicuy | Entre Rios | 33°41'50.4"S, 58°55'12.3"W | 05-02-2022 new Ludwigia grandiflora subsp. hexapetala
Brazo Largo Entre Rios | 33°51'53.4"S, 58°52'59.4"W  05-03-2022 new Ludwigia grandiflora subsp. hexapetala
San Pedro Buenos Aires | 34°40'46.9"S, 59°38'52.4"W | 06—02-2022 new Ludwigia grandiflora subsp. hexapetala
Otamendi Buenos Aires | 34°03'48.2"S, 58°49'19.6"W Herndndez | Ludwigia grandiflora subsp. hexapetala
et al. 2014*
Lujan Buenos Aires | 34°33'57.6"S, 59°4'4.8'"W | 11-03-2022 new Ludwigia grandiflora subsp. hexapetala
Dique Lujan Buenos Aires | 34°21'17.1"S, 58°41'13.0"W | 20-07-2023 new Ludwigia grandiflora subsp. hexapetala
Magdalena Buenos Aires | 35°3'48.9"S, 57°3314.9'W | 03-11-2021 new Ludwigia grandiflora subsp. hexapetala
La Plata Buenos Aires | 35°0'50.2"S, 58°0'36.6"W | 03-01-2023 new Ludwigia grandiflora subsp. hexapetala

* reported as sp. 1, sp. 2, and sp. 3.

Figure 1. Different rearing and test devices for Pissonotus paraguayensis A device for aquatic plants utilised for rearing
and host range tests B device for rearing and tests with plants in water-pics C small petri dishes with L. g. susp. hexapeta-
la utilised in life cycle study D hanging plastic cylinders utilised in host range test for terrestrial plants.
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Morphology

Identification of P. paraguayensis was based on the original description
and photographs of the holotype from the Arizona State University, Lois B.
O’Brien Collection (ASU: ASULOB). Female (brachypters and macropters)
specimens, captured in the same place and host plant were structurally
matched with available males, then used for dissections, images and
complementary descriptions are deposited in the Museo de La Plata
entomological collection (MLP). Immature stages: description was based on
24-hour-old nymphs from laboratory colonies. Specimens were submitted to
95% ethyl ether to preserve colour, cleared in cold 10% KOH solution and fixed
in Faure liquid for microscopic examination and illustration. Eggs: obtained
by dissecting oviposition scars. First instar: described in detail, focused
on major differences are highlighted for older stages and also between
presumptive brachypterous and macropterous forms of the fifth instar.
Measurements: range and median, given in mm, taken from anaesthetised
specimens. Dimensions were expressed as L.: total body length (from
the tip of vertex to the tip of abdomen), W.: maximum body width (across
the widest part of the mesothorax), t.l.: thoracic length (from the anterior
margin of the pronotum to the posterior margin of the metanotum along
the midline). Other measurements are relative. Morphological terminology
and measurements of adults follow Bartlett and Deitz (2000), but the
wing venation and female genitalia refer to Bourgoin et al. (2015) and
Asche (1985) respectively. Carination and arrangement of pits of nymphs
generally follows Vilbaste (1968) updated after by Yang and Yeh (1994).
External morphology was observed with a Leica EZ5 stereomicroscope and
photographs were taken with an adapted RRID 18 HD digital camera and a
Canon EOS 90D. Illustrations were imported into Adobe Photoshop 7.0 for
labelling and plate composition.

DNA extraction and sequencing

DNA was extracted from whole bodies of adults using Qiagen DNeasy Blood
& Tissue Kit. A fragment of 658 bp of the cytochrome c oxidase | (COI) gene
was amplified using universal barcoding primers LCO1490 and HC02198
(Folmer et al. 1994). PCR amplification was done in a 25 pL volume using the
following thermocycling protocol: 2 min at 95 °C; 5 cycles of 40 secs at 94 °C,
40 secs at 45 °C, 1 min at 72 °C; 35 cycles of 40 secs at 94 °C, 40 secs at
51 °C, T minat 72 °C; 5 min at 72 °C; held at 4 °C. PCR products were checked
in 1% agarose gels and purified by adding 0.5 pL (10 u) Exonuclease | (Exo
[) and 1 pL (1 u) Shrimp Alkaline Phosphatase (SAP). Samples were incu-
bated at 37 °C for 15 min and reaction was stopped by heating the mixture
at 85 °C for 15 min. Both strands of each fragment were sequenced using
Sanger technology in Macrogen Inc. sequencing service (South Korea) with
the same primers used for PCR amplification. Sequence quality check, prim-
er trimming, and alignment were performed on CodonCode Aligner version
10.0.2. Sequences were deposited in GenBank after running a BLAST search
to check for possible contaminations.
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Biology

Tests were performed inside rearing chambers (25 °C, 12 hrs. light/12 hrs.
dark). Mature couples (n = 10) were collected from the colony and placed in-
dividually in rectangular plastic containers (20x15 cm) with fine pierced lids.
Inside, a 10-cm long stem of L. g. subsp. hexapetala with a water pic was ex-
posed for 24 hrs to each couple (Fig. 1B). Only brachypterous females were
used for this test since macropterous females might have different reproduc-
tive behaviour. After the exposure, the number of oviposition scars per stem
were recorded and plants were stored again in the rearing chamber until nymph
emergence. Development time of eggs and the number of emerged nymphs
per stem after 24 hrs of exposure were recorded. Also, laboratory-reared plants
were dissected to quantify the number of eggs per oviposition scars.

To follow the developmental time of the immature stages, newly emerged
nymphs (n = 50) were randomly selected from the previously mentioned con-
tainers and placed individually in Petri dishes with 5-cm long stems and wet
tissue paper (Fig. 1C). Nymphs were observed every 1-2 days and develop-
mental time for each instar was recorded by checking for exuviae. All means
are reported with +SD.

To estimate the host range, no-choice tests were performed in a green-
house with controlled temperatures (26 °C day/24 °C night) and natural light
conditions (summer). Because the planthopper is a sap-feeding insect, whole
plants were utilised. Depending on the plant species life form, two different
devices were used. If the plant was terrestrial or did not resist/withstand
stems being cut to be enclosed in small containers, hanging acetate cylin-
ders with nylon mesh on both ends were placed containing ~ 15 cm of a
stem (Fig. 1D). Each cylinder was placed on independent plants. If plants
were aquatic, then a single 15-cm long stem was placed inside a 3-It plastic
container with water and polyester gauze as a lid (Fig. 1A). For each plant
species, between three and five repetitions were carried out, depending on
plant availability. Inside each device, one male and one brachypterous female
of P paraguayensis were released to test survival and oviposition. For sur-
vival, the number of days elapsed from the beginning of the experiment un-
til the death event of both males and females, were recorded. Two types of
feeding controls were set up: one with the insects on the known host plant,
L. g. subsp hexapetala as a positive control, and another with insects only
with wet tissue paper as a negative control with no food. The experiment was
terminated at 52 days. For the test plant list, nine Ludwigia species were con-
sidered, six from the Jussiaea section, to which the main host plant belongs
(L. grandiflora (Michx.) Greuter & Burdet subsp. grandiflora, L. g. subsp. hexa-
petala, L. peploides (Kunth) P. H. Raven subsp. peploides, L. p. subsp. montevi-
densis (Spreng.) P. H. Raven, Ludwigia peploides (Kunth) P. H. Raven subsp.
glabrescens (0. Kuntze) P. H. Raven and Ludwigia hookeri (Micheli) H. Hara;
two from the Macrocarpon section, Ludwigia bonariensis (Micheli) Hara and
Ludwigia neograndiflora (Munz) Hara; and one from the Myrtocarpus section,
Ludwigia sericea (Cambess.) Hara. Two other species, one closely related
species from another genus of Onagraceae, Oenothera affinis Cambess. and
one that is not closely related but commonly co-exist in the natural habitat,
Myriophyllum aquaticum (Vell.) Verdc were also evaluated.
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Data analysis

Survival data of females was analysed through Kaplan-Meier survival curves
using the ‘survfit’ and ‘ggsurvplot’ functions from Survival package (ver. 3.4-0)
of RStudio statistical program (ver. 2023.06.1). A non-parametric Log-rank sta-
tistical test was used to assess statistical differences in overall survival. To
better understand the influence of each test plant in P paraguayensis survival,
the Cox regression model was employed to estimate the hazard ratio (HR) and
P values based on x? test, and 95% confidence intervals (95%-Cl). HR is the rate
of occurrence of an event during a given time interval, where HR > 1 means
that exposure to the factor increases the rate of occurrence of the event, and
HR < 1 decreases the rate. If the HR = 1 we say that the factor behaves as the
reference (Kleinbaum and Klein 2012). Forest Plot for Cox proportional hazards
model was created using the ‘coxph” and ‘ggforest’ functions of R packages
survival and survminer (0.4.9). P < 0.05 defined significance. All analyses were
conducted with R 4.3.1 (R Core Team 2022).

Results
Morphology of Pissonotus paraguayensis Bartlett, 2000: 144
Adult

This species was described in detail by the author from a brachypterous male
from Paraguay; the brachypterous female was briefly discussed, referring only to
its body size with some observations on the variations in colour patterns among
specimens from different geographic locations (Bartlett and Deitz 2000).

Male (Fig. 2). Although the brachypterous male has been fully described and
illustrated by the author, we added representative images of that morph in order
to facilitate its association and recognition, given the dimorphic sexual color-
ation of this species.

Female (Figs 3, 4). Note: As Bartlett and Deitz (2000) noted, females
of Pissonotus have been little used in taxonomy probably due to the scarce
availability of specimens reliably associated with males. lllustrations and
complementary comments not included in the original description, particularly
onvariationincolour between or within conspecific populations and descriptions
of some structural features of the female genitalia are given for the first time.

Brachypter. Body length: 2.91-3.16 (3.01, n = 5); tegmina length: 0.80-0.90
(0.82, n = 4) (Fig. 3A, B).

Colouration: In dorsal view body generally dark brown, paler on vertex and
along midline of abdomen and widening above genital and anal segments. Ver-
tex and upper frons are mostly brownish with carinae and anterior margin paler.
Tegmina dark brown with a distinguishable distal transverse narrow white band,
sometimes medially incomplete; veins concolourous with venation obscure be-
coming obsolete toward apex (not reticulate). In ventral view, head with a dis-
tinctive transverse whitish band on epistomal margin of frons, which extends
laterally along the genae to the base of the pre- and mesocoxae; blackish brown
area over postclypeus and basal % of coxae contrasting with the yellowish co-
louration of anteclypeus, rostrum, thoracic sternites and legs. Apex of rostrum,
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Figure 2. Pissonotus paraguayensis. Habitus. Brachypter male A dorsal view B ventral view.

longitudinal anterior highlights on antennomeres | and Il and dorsal margins
of femora and tibiae, and the apex of last tarsal segments and ungues, black.
Abdomen paler along midventral line from sternum V to the caudal region.

Structure: Antennal foveae elevated, placed close to ventral margin of the
compound eye. Tegmina quite longer as broad (6:1), distally rounded on lead-
ing margin and apically truncate, not exceeding tergite Il. Calcar slender, mod-
erately foliaceous; shorter than basitarsus (0.8:1), usually with a row of 13-15
black tipped teeth on ventral margin with 2—4 smaller teeth irregularly spaced
external to the row (Fig. 4E).

Macropter. Total length (including wings): 3.66-3.70 (3.68, n = 4). Body
length (excluding wings): 3.00 (3.00, n = 4), fore-wings length: 2.90 (n = 4).
(Fig. 3C, D).

Colouration: Similar to brachypterous form in colour pattern of head, anten-
nae, sternothorax, and legs. General body colouration uniformly darker; with dis-
tinctive yellowish areas: dorsally, restricted on caudal apex of mesonotum, base
of tegula and anal segment, and ventrally, on the posterior margin of abdominal
sternites, pregenital sternite, inner margins of gonocoxa VIl and gonapophysis
VIIl. Wings semi-hyaline, fore-wing veins light brown, proximal portion of remigi-
um and clavus and some longitudinal and transverse veins, quite dark.

Structure: Similar to the brachypterous form, with mesothorax more robust.
Wings fully developed, longer than abdomen, fore-wings extending ~ 1/3 of
their length beyond the tip; hind-wings shorter. Fore-wing with a simple vena-
tion pattern, with scattered small seta-bearing tubercles irregularly distributed
on the veins. Remigium veins mainly non-bifurcated, nodal cells poorly defined,
sometimes absent, with four long postnodal cells distally open, CuP apically
weakened; pre and post nodal cells elongated; clavus in angle, postclaval mar-
gin forming an obtuse angle (100-120°).
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Figure 3. Pissonotus paraguayensis. Habitus. Brachypter female A dorsal view B ventral view. Macropter female C dorsal
view D ventral view.
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0.3 mm

Figure 4. Pissonotus paraguayensis female A abdomen, genital region, ventral view B pregenital sternite C gonapophysis
IX D apex of gonapophysis IX E apex of hind leg (post tibial spur and tarsi) of adults.

Genitalia (Fig. 4A-D): Ovipositor sclerotised and relatively long and narrow,
shortly surpassing the posterior margin of anal segment. Pregenital sternite
subtriangular, elongate, longer in middle line than its wide at its widest part
(1.5:1), anterior margin strongly narrowed “like a neck” and lightly rounded at
apex (Fig. 4A, B). Gonocoxa VIII, more or less lanceolate, regularly expanded at
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base; as long as 1/3 the length of the gonapophyses VIII (Gy VIII) which is uni-
formly slender and elongated. Gonapophyses IX slender, slightly curved, wider
at basal 1/3, distal 1/3 with minute teeth on dorsal margin (Fig. 4C, D); dorsal
gonoplac (Gp) or third valvula uniformly wide. Anal style moderately short.

Host Plant. In the field, adults and nymphs were observed feeding on
Ludwigia grandiflora subsp. hexapetala.

Recorded natural enemies. None.

Distribution. South Central South America: Brazil, Paraguay and apparently Bo-
livia (Bartlett and Deitz 2000). Argentina: Santa Fé, Entre Rios and Buenos Aires.

Pissonotus paraguayensis was found in wetlands of central Argentina that
belong to the Del Plata Basin, expanding its geographic range to central-east
of Argentina and now making Buenos Aires province its southernmost limit of
distribution in America (Table 1).

DNA barcode. The two sequenced specimens (12b, 1db) from Brazo Largo,
Entre Rios (33°51'53.4"S, 58°52'59.4"W) had the same 658 bp COI haplotype,
which was deposited in GenBank under accession number OR523788.

Material examined. ARGENTINA: 6%b, 19m, Buenos Aires, Otamendi,
34°13'04"S, 58°55'52"W, s/ L. g. subsp. hexapetala, 21-01-2019, Faltlhauser col;
104, same place and host, 10-03-2019, Hernéndez col.; 15 &, same place and
host, 07-06-2019, Hernandez col.; 1 2m, 8-10-2008, (named 1 @ Delphacidae),
Cabrera Walsh col.; 157, 39b, laboratory reared (FUEDEI), 7-06-2019, Hernan-
dez; 59m, 29b, 18b, Buenos Aires, Magdalena, 35°3'48.9"S, 57°33'14.9"W, s/
L. g. subsp. hexapetala, 3-11-2021, Faltlhauser col.

Remarks. Although the colour pattern is useful to recognise members of
the genus, some variations were observed among brachypterous specimens
of both sexes. General colouration varies from black to blackish-orange, par-
ticularly the distal transverse white band of tegmina that may be complete,
medially incomplete, or exceptionally absent, and the dorsal surface of the ab-
domen with more diffuse colouration towards the caudal region. Nevertheless,
the distinctive pattern colouration described on the head and thorax is rather
uniform in both sexes and morphs. The drumming organ in males shows a
dimorphic distinctive yellowish colouration. Macropterous forms show more
homogeneous colouration among specimens.

Immature stages. Fig. 5.

Key to the instars of Pissonotus paraguayensis

1 Metatarsi two-segmented. General colour pale, uniform yellow on dorsal

—  Metatarsi tri-segmented, or metatarsomere 2 partially subdivided in the
middle. General colour grey to pale yellow dorsally mottled dark brown
ANA CTBAMN ...ttt ettt ettt ettt b et e se et st ese e s e besbeeseeneensenes 4
2 Body uniformly yellow, antenna uniformly grey. Metatibia without lateral
spines, spur < 2x length of the longest apical spines of the metatibia. An-
tennal pedicel without sensorial pits (Fig. 5A, B) ........ccocveveee.... First instar
-  Body yellow with a dark marking on upper frons, antenna, apex of ros-
trum, femoro-tibial joins, dorsal pro and mesotarsite, apex of tarsites and
ungues. Metatibia with lateral spines, spur > 2x the length of the longest
apical spine of the metatibia. Antennal pedicel with sensorial pits .......... 3
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3 Metatibial spur without marginal teeth. Metatarsomere 1 with a trans-

verse apical row of 4 spines (Fig. 5C, D)......ccccocvvveviririeeennen. Second instar
—  Metatibial spur with > 2 marginal teeth. Metatarsomere 1 with a trans-
verse apical row of 5 spines (Fig. 5F) ......ccoceoevieiiieieeiceeeeeee e 4
4  Metatibial spur with two or three marginal teeth. Wing pads weakly devel-
oped, barely projecting laterally (Fig. 5E, F) ......cccoevvvveviiriennn. Third instar
—  Metatibial spur with = 3 marginal teeth. Wing pads developed ................. 5
5  Metatibial spur with 4 or 5 marginal teeth. Fore-wing pads laterally reach-
ing the middle of hind-wing pad (Fig. 5G, H) ......c.ccocvvvevennnne. Fourth instar

—  Metatibial spur with 7-9 marginal teeth. Fore-wing pads covering lateral
2/3 of hind wing pads; hind-wing pads not reaching third tergite (Fig. 5I, J)
(brachypterous form) or extending near apex of hind wing pads, overlap-
ping third tergite (Fig. 6A, B) (macropterous form).................... Fifth instar

Description: Eggs. (Fig. 7A) (n = 10). Length: 0.86, width: 0.23.

Eggs milky white, ellipsoidal. Chorion translucent.

First Instar. (Fig. 5A, B) (n = 5). L:1.04 (0.93-1.07) W: 0.33 (0.29-0.36); t.I:
0.35(0.25-0.41).

Uniform whitish body; with distinctive red eyes; uniform greyish antennal
segments.

Form elongate, subcylindrical, dorsoventrally slightly flattened. Vertex sub-
quadrate, with lateral margins often divergent in front and behind the eyes;
length sub-equal to width (1.2:1); fastigium (lateral view) rounded; lateral and
submedian carinae of vertex extending onto frons. Frons with lateral margin
slightly convex and carinate, ~ 2x longer than wide in midline, regularly wid-
er towards the frontoclypeal suture; lateral margins carinate and paralleled
by submedian carina which is prominent at base and regularly evanescent to-
wards apex; each laterofrons at level below the eyes 1.5x wider than interfrons;
with 13 sensorial pits on each side: nine pits on area between submedian and
lateral carinae (six visible in ventral view, three in dorsal view); dorsally four
pits between lateral carina and eyes. Antennae three-segmented; scape, short,
slightly wider than long, antennal pedicel sub-cylindrical ~ 2-2.5x the length
of scape, without sensory pits; base of flagellum bulbous ~ 0.5x the pedicel
length. Rostrum reaching the posterior margin of metacoxae, apical segment
0.6x longer than subapical.

Thoracic nota divided into three pairs of plates by longitudinal mid-dor-
sal line. Pronotal plates subtrapezoidal, lateral carinae divergent and slightly
convex towards posterior margin. Each plate with seven pits extending from
near middorsal line posterolaterally to lateral margin (two pits in line next
to lateral carinae on posterior % of segment and five pits extending laterally
from the external side of carina along the posterior border of plate, one proxi-
mal to it and four most lateral not visible in dorsal view). Mesonotum as long
as metanotum. Mesonotal plate with four pits, two median on disk, and two
next to lateral margin. Pro, meso, and metatarsi with two tarsomeres; apical
tarsomeres subconical, curved, with a pair of apical claws. Metatibiae without
lateral spines, with apical transverse row of four stiff spines; tiny spur < 2x the
length of longest apical spines of the metatibia and ~ 1/4 length of metatar-
somere 1. Metatarsomere 1 shorter than metatarsomere 2 (0.5:1) with four
apical spines.
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Figure 5. Immature stages in dorsal view of Pissonotus paraguayensis A first instar C second instar E third instar G fourth
instar I fifth instar (presumptive brachypter form). Apical portion (from tibiae) of hind leg B first instar D second instar
F third instar H fourth instar J fifth instar (presumptive brachypter form). Scale bars: 0.5 mm (A); Tmm (C, E, G. I).
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Abdomen with nine apparent segments, widest across segment 5. Tergite 5
with one pit and tergites 6—8 each with three pits on either side of the midline.
Segment 9 surrounds anus with three pits on each side, two subapical and one
dorsal median.

Second Instar. (Fig. 5C, D) (n = 5). L: 1.57 (1.54-161); W: 0.61 (0.61-0,73);
t.1.:0.48 (0.44-0.52).

Pale yellowish body, with distinctive black markings on the head and legs:
a stripe on apex of vertex and upper frons extended at lower level of the eyes,
along the frontal surface of antennal segments | and Il, and several marks lim-
ited to: upper border of antennal fovea, apex of rostrum, outside apices of fem-
oro-tibial joints, base of basitarsus and apices of legs.

Antennal foveae elevated, placed under the compound eyes, close to its
lower margin; antennal pedicel sub-cylindrical ~ 3x the length of scape, with
three small pits: two on apical margin and the third subapical on posterior sur-
face; flagellum whip-like distally, bulbous at base, ~ 0.25x the pedicel length.
Rostrum extends almost to bases of metacoxae, apical segment 0.2x shorter
than subapical. Pro, meso, and metanotum subequal, pronotum slightly shorter
(0.7:1); posterior margin of mesonotum straight at middle, metanotum deeply
excavated. Wing-pads undeveloped. Metatibiae with two small lateral spines
(one near base and one in basal %), and five stiff spines on the apical trans-
versal row; spur ~ 1/4 length of metatarsomere 1, with two similar sized teeth,
one on lateral aspect added to the apical. Metatarsomere 1 as long as metatar-
somere 2, with apical transversal row of five spines.

Third instar. (Fig. 5E, F) (n = 4). L: 1.78 (1.62-1.81); W: 0.89 (0.85-0.93));
1.1.:0.56 (0.50-0.62).

Similar pattern colour to second instar, with darker markings.

Antennal pedicel sub-cylindrical, ~ 3x the length of scape, with four to five sen-
sory pits; flagellum with bulbous portion ~ 0.1 the pedicel length. Rostrum over-
lapping the bases of metacoxae, apical segment 0.3x shorter than subapical.

Mesonotal plate with the two discal pits on both sides of the lateral carinae.
Fore-wing pads short, each covering 1/2 of metanotal segment laterally, with
three pits, a pair on costal area and another near middle. Metanotum plates
median length as long as mesonotum, shallowly excavated on posterior mar-
gin. Metatrochanter subcylindrical, with row of ten or eleven interlocking flat-
tened folds on posteromedial aspect. Metatibial spur 3/4 the length of meta-
tarsomere 1, with one apical tooth and two to three teeth on lateral margin.
Metatarsomere 1 with apical transverse row of five spines; apical tarsomere
with an arrange of fine sensory hairs along it.

Fourth instar. (Fig. 5G, H) (n = 10). L: 1.80 (1.69-1.89); W: 0.87 (0.73-1.00);
1.1: 0.55 (0.51-0.56).

Colour pattern similar to former instar. Most specimens with conspicuous
brownish marking along dorsal portions of thoracic nota continuing onto wings
pads and abdomen.

Antennal pedicel sub-cylindrical ~ 2x the length of scape, with approx. five
or six pits on the apical % (Fig. 5B). Rostrum extending to bases of metacoxae,
apical segment slightly shorter than subapical.

Fore-wing pads short, each covering ~ 1/2 of hind wing pad, laterally with
three pits, one on costal area and two next to subcostal carina. Metanotum
median length sub-equal to mesonotum; hind-wing pad oval, reaching the base
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of the first abdominal segment. Metatibial spur almost as long as the meta-
tarsomere 1 in middle, with one apical tooth and three or four on lateral mar-
gin. Metatarsi with two tarsomeres: tarsomere 1 with apical transverse row of
six spines, tarsomere 2 subconical, similar to apical tarsomeres of other legs,
slightly shorter than length of tarsomere 1, partially subdivided in middle, with
three short ventrolateral spines in middle of plantar surface.

Fifth instar. Presumptive brachypterous form (Fig. 51, J) (n = 10) L: 2.27
(2.18-2.36); W: 0.99 (0.96-1.01); t. I: 0.65 (0.62-0.70). Presumptive macrop-
terous form (Fig. 6A, B) (n = 2). L: 2.3; W: 1; t.1; 0.9.

Colour pattern similar to former instars but darker. Dorsally blackish mottled
with light to dark brown and cream on head, thorax and abdomen, with noto-
rious yellowish pits; ventrally, head with postclypeus also darkened at base.
Obvious black mark on legs: on base of coxae, outside apices of femoro-tibi-
al joint, longitudinal stripes on dorsal margins of femora and tibiae, basal tar-
somere of pro and mesotarsi and the apex of last tarsal segments and claws.

Form elongate, sub-cylindrical, widest across mesothoracic wing pads. Head
lightly protruding beyond the anterior margin of eyes, ~1/4 of the eyes length.
Vertex subquadrate, length slightly longer than wide (1:07), anterior margin
straight, posterior convex, basal compartments shallowly concave; lateral and
submedian carinae prominent, continuing onto frons from the level of middle
of the eyes to clypeal margin. Frons sub-rectangular; widest at middle, width.
~ 0.9x the length; carinate lateral margins slightly convex, these lateral carinae
extending from vertex to clypeal border and paralleled by a pair of straighter
submedian carinae regularly evanescent towards clypeal border. Clypeus nar-
rowing distally, consisting of subconical basal postclypeus not carinated along

Figure 6. Fifth instar (presumptive macropterous form) Pissonotus paraguayensis A dorsal view B ventral view.
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its length, and cylindrical distal anteclypeus. Antennae with scape cylindrical,
length subequal to width; pedicel subcylindrical, ~ 3x longer than scape, with
nine or ten pits on the apical %. Rostrum surpassing mesocoxae, apical seg-
ment slightly longer than apical (1.2:1).

Pronotal plates sub rectangular; anterior margin follows posterior margin
of head, posterior border almost straight; each plate with straight short pos-
terolaterally directed carina originating on anterior margin in median 1/3 and
terminating near middle of plate, carina bordered along inner margin by row
of six pits extending posterolaterally to lateral border of plate (three pits in line
next to lateral carinae and three near posterior margin; one lateralmost pits not
visible in dorsal view). Mesonotal median length ~ 1.5x that of pronotum; each
plate bearing an elongate lobate wingpad covering lateral %2 of metanotal wing-
pad; with posterolaterally directed carina originating on anterior margin in me-
dian 174 and terminating on posterior margin, with five pits: two on notum, one
on each side of carina, and three laterad (two on wingpad). Metanotal median
length ~ 0.75x that of mesonotum; each plate bearing an elongate lobate wing-
pad extending to tergite 2; with weak longitudinal carina originating on anterior
margin in median terminating near posterior margin; one pit on wingpad, just
lateral to carina. When developing to macropterous adults the fore-wing pads
extend up to the apices of the hind pads, reaching tergite 5.

Pro- and mesocoxae elongate, posteromedially directed; metacoxae fused to
sternum. Metatrochanter subcylindrical, with a row of 12-14 flattened folds on
the posteromedial aspect which interlocks with those on the adjoining trochanter.
Metatibiae with subtriangular, slender, moderately foliaceous spur, a little shorter
than metatarsomere 1, with a row of seven-nine teeth on lateral margin and one
apical tooth. Metatarsomere 1, longer than tarsomere 2 plus 3 (1:05), with api-
cal transverse row of seven black-tipped spines on plantar surface; tarsomere
2 cylindrical, with apical transverse row of four black-tipped spines on plantar
surface; tarsomere 3 sub conical, similar to apical tarsomere of other legs.

Abdomen with nine apparent segments, slightly flattened dorsoventrally,
widest across segment 5. Segment 9 surrounds anus with three evident pits on
each side, two subapical and one dorsal median, in both sexes.

Specimens examined. ARGENTINA: Otamendi, Buenos Aires (34°03'48.2"S,
58°49'19.59"W), 10 nymphs V, 10 nymphs 1V, 10 nymphs Ill, 10 nymphs Il and
10 nymphs |, 07-06-2019, on L. g. subsp. hexapetala, Faltlhauser col.; 2 nymphs
[, 1 nymph I; 21-1-19, on L. g. subsp. hexapetala, Faltlhauser col.

Biology

Field observations

In this region, the early months of summer are not the most suitable to find this
planthopper. A peak of abundance in the Buenos Aires region was observed
between March and July. In the field, they were found on Ludwigia grandiflora
subsp. hexapetala, normally higher up on the plant. Adults and nymphs tended
to move to the underside of the leaves and stems or hop to the water surface
when disturbed. Adults were more often found on glabrescent stems. The in-
sertion of eggs on the plant stems produces a corkscrew distortion damage
that can be easily observed (Fig. 7B).
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Figure 7. A Pissonotus paraguayensis eggs oviposited in Ludwigia grandiflora subsp. hexapetala B damage observed on
L. g. subsp. hexapetala produced by ovipositions C oviposition marks.

Life history

The female of Pissonotus paraguayensis inserts its eggs in the plant tissue on
either side of the leaf and in the upper part of the stems further away from the
water surface (Fig. 7A-C). After 24 hrs of exposure to L. g. subsp. hexapetala,
brachypterous females produced an average of 18.13 + 3.68 oviposition scars
(range 13-23; n = 10, hereafter means are reported with +SD) in a 10-cm stem
at 25 °C. Each oviposition scar had a mean number of 2.3 + 0.82 eggs (range
1-3; n = 10) (Fig. 7C). The mean development time from oviposition to hatch
was 10.6 + 0.9 days (range 9-12; n = 214). Generation time (egg to adult) was
36.71 + 1.98 days (range 33—-41; n = 21). The development time for nymphs |, II,
I, 1V, and V were 6.7 + 0.5 days (range 6-8; n = 36), 3.2 + 0.7 days (range 2-6,
n=235),4.6 £ 1.0 (range 3-7;n = 31), 4.1 + 1.2 days (range 2-6; n = 25), 7.1 £
1.6 days (range 5-11, n = 21) respectively. Female adults can live over 50 days
(n =30) in laboratory conditions.

Host range

This species of delphacid was found in the field on L. g. subsp. hexapetala.
However, survival and host range revealed that P. paraguayensis was able to
survive in other congeneric species to the known host plant. Through the Ka-
plan-Meier analysis, we observed that P paraguayensis had better survival
probability for species inside the Jussiaea section except for L. g. subsp. gran-
diflora. Log-Rank tests determined that there were significant median differenc-
es in the survival probability between plant species, both for females and males
(x2=117,11df, p=<2e7% x2=93.3,11 df, p = 4e7°, respectively (Suppl. material
1)). Cox proportional hazard analysis revealed that both males and females of
P. paraguayensis behaved similarly (Fig. 8A, B). P paraguayensis survived an
average of five days without food, only water, and the same performance was
observed when offered M. aquaticum and O. affinis. There were no significant
differences between species inside the Jussiaea section, surviving the longest
in L. g. subsp. hexapetala (45.8 + 10.0 days). However, Ludwigia g. subsp. gran-
diflora was detrimental to survival, dying even sooner than the control. Survival
in species of other Ludwigia sections was significantly lower (HR closer to 1)
and are not considered suitable hosts.

ZooKeys 1188: 227-250 (2024), DOI: 10.3897/z0okeys.1188.113350 243



Ana M. Marino de Remes Lenicov et al.: Morphology, biology and new record of Pissonotus paraguayensis in Argentina

A

Plant species Mean Survival Hazard Ratio Females
(days) ;
Control Pissonotus paraguayensis ~ 4.78 + 1.30 (9) [ ]
Ludwigia g. subsp. hexapetala * 458+ 10.0(8)
Ludwigia p. subsp. glabrescens * 396+ 17.9(5) | (2 3e.5-7. —_——
= = 1.4e-3

Ludwigia hookeri 335574 (4) | (8565~ 2.26-2) —

0 4 1.3e-1
Ludwigia neograndifiora 8.5230(4) | (3202 54e-1) —a—
Myriophyllum aquaticum 460£0.9 Jhed '5

aqu 60£0.8(5) | (4.8e-1~4.6e+0) -
# Events: 48; Global p-value (Log-Rank); 8.257e-21 ' 18.05 0001 01 1 10
AIC: 234.37; Concordance Index: 0.91
Plant species Mean Survival Hazard Ratio Males
(days) ;
Control Pissonotus paraguayensis 50+1.73(9) reference l
a 1.5e-4
Ludwigia g. subsp. hexapetala 40.4£152(8) | (5,966 < 3.3¢-3)
a 1.0e-4

Ludwigia p. subsp. glabrescens 45.848.35(5) | (4 0 6~ 2.60-3)
Ludwigia hookeri * 16.0+1.63 (4)| (1 1625 0.09) o
Ludwigia neograndifiora 15230 4)| (3162 0.50) ——
Myriophyllum aquaticum 5213(5)| 3412 3.11) I B
# Events: 50; Global p-value (Log-Rank): 3.3e-19 1e-06 00001 001 1

AIC: 251.71; Concordance Index: 0.89

<0.007 ™

<0.007 ™

<0.007 ™

0.005 **

0.485

<0.001 ***

<0.001 ***

<0.007 ***

0.008 **

0.958

Figure 8. Forest plot of Cox proportional hazard analysis for Pissonotus paraguayensis A females and B males survival
where hazard ratio (HR) > 1 means that exposure to the factor increases the rate of occurrence of the event (cavity lost),
and HR < 1 decreases the rate. If the HR = 1 the factor does not influence survival (Kleinbaum and Klein 2012). HR are
depicted by box symbols with confidence bands and parenthetical values representing 95% confidence intervals. The
p values represent Wald test of significance and magnitude of significance is denoted with asterisks (*). AIC, Akaike
information criterion. Small letters next to plant species indicate sectional classification of Ludwigia: @ Jussiaea, ® Mac-

rocarpon, ¢ Myrtocarpus based on Raven (1963) and Wagner et al. (2007).

Discussion

This study contributes to the actualisation of Pissonotus paraguayensis by
describing adult females (brachypterous and macropterous) and immature
stages for the first time. Although the female genitalia had not been described
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or used in Pissonotus systematics, the combination of pregenital sternite and
ovipositor morphology of P paraguayensis is here proposed as a new com-
plementary diagnostic trait for the delimitation of the genus and its species.
However, future studies will allow us to analyse its importance. Photographs of
P. marginatus Van Duzee female available in Bartlett (2020) show the presence
of the pregenital sternite although it did not receive any mention by the author.

Macropterous females, previously unknown for the species, show the ve-
nation pattern quite simplified, which could correspond to the brachypterism
pattern described by Bourgoin et al. (2015). DNA-based taxonomic methods
can help clarify species relationships within this group as well as aid in the iden-
tification of both adult and immature stages. The obtained COI sequence for
P. paraguayensis is the first one recorded for the genus in South America and
joins 14 other species for which sequences are available on GenBank and BOLD
databases at the time of writing (7 Sept 2023). Of the 43 known species of the
Pissonotus genus, only the North American P, delicatus had the immature stag-
es described (Bartlett and Deitz 2000). Based on the Wilson and Tsai (1991)
description, fifth instar nymphs of P. paraguayensis differ from the latter mainly
by the pattern colouration: blackish colouration on dorsal of head, thorax and
abdomen with conspicuous yellowish pits, ventrally only darkened on base of
frons extended to lower level of the eyes and dorsal surface of antennomeres
I and Il, and legs with distinctive black marks on femoro-tibial join and apex.

Immature stages of P. paraguayensis can be distinguished from other three
species of delphacids that inhabit and feed on aquatic macrophytes in Argen-
tina, Megamelus scutellaris Berg (Sosa et al. 2005), M. bellicus Remes Lenicov
and Sosa (Mariani et al. 2007) and Lepidelphax pistiae Remes Lenicov (Marino
de Remes Lenicov et al. 2017), by a combination of morphological and co-
louration features. These main features are the yellowish colouration without
defined stripes on frontoclypeal area, distinctive blackish marks on the upper
front of the head, basal antennal segments, thorax, legs and abdomen; also the
slender spur has eight subequal marginal fine black tipped teeth.

The previous distribution range reported for P. paraguayensis was Paraguay,
Bolivia, and Brazil (Bartlett and Deitz 2000). This work provides an updated
distribution, expanding its range for the first time into Argentina, being Buenos
Aires the southernmost limit of the genus (35°3'48.9"S, 57°33'14.9"W). More-
over, the aquatic invasive plant, L. g. subsp. hexapetala is recorded as the only
known host plant in natural conditions.

Little information is known on the ecology of the genus. Records from Bue-
nos Aires province indicate that P. paraguayensis was more frequently observed
in autumn months, specifically from March to July. This differs from the record-
ed patterns for the South American species P. boliviensis and P. neotropicus,
which are primarily observed between January and April, as reported by Bartlett
and Deitz (2000). In the field, P paraguayensis can be indirectly detected by
observing a corkscrew or wavy distortion of the L. g. subsp. hexapetala stems
produced by the damage of the egg insertions.

Although there are no natural enemies recorded for this species, members of
the Order Hymenoptera (Dryinidae and Mymaridae) and Strepsiptera have been
reported as parasitoids of adults and nymphs of three North American spe-
cies (adults of P. dorsalis (Van Duzee), third instar of P. delicatus and eggs of
P. quadripustulatus (Van Duzee)) (Stiling and Moon 2005). Bartlett (2020) (and
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updates) mentioned Anagrus flaveolus Waterhouse (Mymaridae) as an egg par-
asite of Pissonotus sp. and an undetermined Dryinidae on probably Pissonotus
concolor Bartlett.

Summarising information on the species biology and host plants, host range
tests showed that P paraguayensis presents a certain degree of specificity to
the Jussiaea section of the genus Ludwigia and that therefore it can survive not
only in L. g. subsp. hexapetala. Even though L. g. subsp. grandiflora is closely
related to the main host plant, it was the only species inside the section where
P. paraguayensis did not survive. Stems of this species are covered by dense
pubescence of soft, viscid hairs, sticky when fresh, which usually trap small
insects impeding any further movements. The results obtained are similar to
others observed in the search for other control agents for L. g. subsp. hexapeta-
la (Reddy et al. 2021; DaSilva et al. 2022). The species of the section Jussiaea
form a distinctive, closely related group, especially due to the apparent lack of
genetic barriers between entities of this group (Zardini et al. 1991). Nearly all
species of this section can be crossed with one another and produce vigorous
F1 hybrids (Peng 1990); therefore, finding a control agent specific to one of
those species has been proven to be difficult. However, P paraguayensis did
not survive in the other Ludwigia species tested outside Jussiaea. There are
successful records of delphacids as biological control agents against invasive
aquatic plants, Prokelisia marginata (Van Duzee) to control Spartina alterniflora
Loisel. in Western USA (Grevstad et al. 2003) and M. scutellaris to control Pont-
ederia crassipes (Mart.) Solms. in South Africa and USA (Tipping et al. 2014;
Paterson et al. 2023). With the new morphological and biological knowledge
about P. paraguayensis, it is now possible to move forward and perform more
host specificity tests (e.g. multiple generations, ovipositions, field population
dynamics) with larger test plant lists to establish if this planthopper can be
proposed as a biological agent against Ludwigia.

In conclusion, the description of both forms of P paraguayensis females
and immature stages presented in this work, not only contributes to the spe-
cies complete description but also provides new morphological and molecular
tools to identify the species inside the genus. The collection of P. paraguay-
ensis in Argentina has extended the distribution of the species and genus and
enriched the country’s biodiversity. A new rearing methodology was developed
both to establish an indoor/outdoor colony and to perform different tests in
laboratory conditions to learn more about its biology and potential as a biolog-
ical control agent.
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Abstract

Three new species of the genus Oecleopsis Emeljanov, 1971 from China, O. acerbus Lv
& Chen, sp. nov. and O. panxianensis Lv & Chen, sp. nov. from Guizhou Province, and
0. digitatus Lv & Chen, sp. nov. from Sichuan Province, are described and illustrated.
With these additions, the number of species in the genus is increased to 18. An updated
identification key and checklist of all known species of Oecleopsis are provided as well
as a map of their geographic distributions.

Key words: Distribution, Fulgoroidea, morphology, Pentastirini, taxonomy

Introduction

Emeljanov (1971) established the planthopper genus Oecleopsis with the type
species Oecleopsis artemisiae (Matsumura, 1914) and transferred O. cucullatus
(Noualhier, 1896) from the genus Oliarus Stal, 1862 into the genus Oecleopsis.
This genus belongs to the tribe Pentastirini of the subfamily Cixiinae (Hemiptera,
Fulgoromorpha, Cixiidae) (Emeljanov 1971; Bourgoin 2023). Van Stalle (1991)
described O. articara Van Stalle, 1991, and transferred the following seven
species from Oliarus Stal, 1862 to Oecleopsis: O. petasatus (Noualhier, 1896),
0. mori (Matsumura, 1914), 0. sinicus (Jacobi, 1944), O. yoshikawai (Ishihara,
1961), O. bifidus (Tsaur, Hsu & Van Stalle, 1988), 0. chiangi (Tsaur, Hsu
& Van Stalle, 1988), and O. elevatus (Tsaur, Hsu & Van Stalle, 1988). Guo et
al. (2009) reviewed the genus and described three new species from China,
0. spinosus Guo, Wang & Feng, 2009, O. tiantaiensis Guo, Wang & Feng, 2009,
and O. wuyiensis Guo, Wang & Feng, 2009. Zhi et al. (2018) described two new
species from China, O. laminatus Zhi & Chen, 2018 and O. productus Zhi & Chen,
2018. Until now, 15 species have been recorded in the genus, which are widely
distributed in the Palaearctic (China, Japan, Russia, and Korea) and Oriental
(China, Cambodia, Indonesia, Malaysia, and Thailand) regions (Holt et al. 2013;
Bourgoin 2023).
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Herein, three new species from China, O. acerbus Lv & Chen sp. nov., O. panx-
ianensis Lv & Chen, sp. nov. and O. digitatus Lv & Chen, sp. nov., are described
and illustrated. Hence, the species number of Oecleopsis is raised to 18. All
Oecleopsis species are recorded from China (Guo et al. 2009; Zhi et al. 2018;
Luo et al. 2022; Bourgoin 2023).

Material and methods

The external morphology terminologies are as follows: male genitalia follows
Bourgoin (1987), female genitalia follows Bourgoin (1993), and wing venation fol-
lows Bourgoin et al. (2015). Body measurements are from apex of vertex to tip of
forewing; vertex length was measured the median length of vertex (from apical
transverse carina to tip of basal emargination). All measurements are in millime-
ters (mm). External morphology and drawings were done under the Leica MZ 12.5
stereomicroscope. Photographs were taken with NIKON SMZ 25 and VHX-1000E
digital camera. lllustrations were scanned with CanoScan LiDE 200 and imported
into Adobe Photoshop 7.0 for labeling and plate composition. The dissected male
and female genitalia are preserved in glycerin in small plastic tubes pinned togeth-
er with the specimens. The distribution map was generated with ARCGIS 10.7.

The type specimens examined are deposited in the Institute of Entomology,
Guizhou University, Guiyang, Guizhou Province, China (IEGU).

Results
Taxonomy

Class Insecta Linnaeus, 1758

Order Hemiptera Linnaeus, 1758
Infraorder Fulgoromorpha Evans, 1946
Family Cixiidae Spinola, 1839
Subfamily Cixiinae Spinola, 1839
Tribe Pentastirini Emeljanov, 1971

Oecleopsis Emeljanov, 1971

Oecleopsis Emeljanov, 1971: 621; Anufriev and Emeljanov 1988: 460; Van Stalle
1991: 20; Guo et al. 2009: 46; Zhi et al. 2018: 3.

Type species. Oliarus artemisiae Matsumura, 1914, original designation.
Diagnosis. For the diagnosis of Oecleopsis see Van Stalle (1991: 20) and
Guo et al. (2009: 46).
Distribution. China, Japan, Korea, Russia, Thailand, Malaysia, Indonesia and
Cambodia (Fig. 1).

Checklist and distributions of species of Oecleopsis Emeljanov, 1971

O. artemisiae (Matsumura, 1914); China (Sichuan Province), Japan (Chishi-
ma, Hokkaido, Honshu, Kyushu, Shikoku, Tsushima Islands), Korea, Russia
(Kunashir Island).
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0. articara Van Stalle, 1991; China (Hainan, Henan, Sichuan, Guizhou Provinc-
es), Indonesia (Borneo State), Malaysia (Borneo, Pahang States).

0. bifidus (Tsaur, Hsu & Van Stalle, 1988); China (Fujian, Taiwan Provinces).

0. chiangi (Tsaur, Hsu & Van Stalle, 1988); China (Fujian, Taiwan Provinces).

0. cucullatus (Noualhier, 1896); China (Guangdong, Hubei Provinces), Cambodia.

0. elevatus (Tsaur, Hsu & Van Stalle, 1988); China (Guizhou, Taiwan Provinces,
Guangxi Zhuang Autonomous Region), Japan (Honshu Island).

0. laminatus Zhi & Chen, 2018; China (Yunnan Province).

0. mori (Matsumura, 1914); China (Guangxi Zhuang Autonomous Region, Yun-
nan, Taiwan Provinces).

0. petasatus (Noualhier, 1896); China (Hainan, Sichuan, Yunnan Provinces),
Cambodia.

0. productus Zhi & Chen, 2018; China (Yunnan Province).

0. sinicus (Jacobi, 1944); China (Anhui, Beijing, Fujian, Guangdong, Guizhou,
Hubei, Henan, Hunan, Shanxi, Sichuan, Zhejiang, Taiwan Provinces, Guangxi
Zhuang Autonomous Region), Cambodia, Japan (Kyushu Island).

0. spinosus Guo, Wang & Feng, 2009; China (Shaanxi Province).

0. tiantaiensis Guo, Wang & Feng, 2009; China (Gansu, Shaanxi Provinces).
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Oecleopsis artemisiae (Matsumura, 1914) ( ); O. articara Van Stalle, 1991 ( ); O. bifidus
(Tsaur, Hsu & Van Stalle, 1988) (®); O. chiangi (Tsaur, Hsu & Van Stalle, 1988) (A); O.
cucullatus (Noualhier, 1896) (@ ); O. elevatus (Tsaur, Hsu & Van Stalle, 1988) (4); O. laminatus
Zhi & Chen (®); O. mori (Matsumura, 1914) (A); O. petasatus (Noualhier, 1896) (@ ); O.
productus Zhi & Chen (A); O. sinicus (Jacobi, 1944) (® ); O. spinosus Guo, Wang & Feng, 2009
(A); O. tiantaiensis Guo, Wang & Feng, 2009 (@ ); O. wuyiensis Guo, Wang & Feng, 2009 (A );
O. yoshikawai (Ishihara, 1961) (® ); O. acerbus Lv & Chen sp. nov. (A ); O. panxianensis Lv &

Chen sp. nov. (@ ); O. digitatus Lv & Chen sp. nov. (A).

Figure 1. Geographic distributions of Oecleopsis species.
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0. wuyiensis Guo, Wang & Feng, 2009; China (Fujian, Henan, Hunan, Shaanxi,
Yunnan Provinces).

0. yoshikawai (Ishihara, 1961); China (Guizhou, Yunnan Provinces), Thailand
(Doi Inthanon National Park).

0. acerbus Lv & Chen sp. nov.; China (Guizhou Province).

0. panxianensis Lv & Chen sp. nov.; China (Guizhou Province).

0. digitatus Lv & Chen sp. nov.; China (Sichuan Province).

Key to species of Oecleopsis Emeljanov, 1971

1  Vertex at least three times as long as broad..........ccooeieiiiiiiniiceee 2
—  Vertex less than three times as longas broad..............ccccooiiiiiiiin, 6
2 Apex of endosoma CIrCUlar.........c.oovioviiiiieiieeeeeeeeee e 3
= Apex of endoSOMa NOt CIFCUIAT ........cceieieiiieieieee e 4

3  Left side near apex of periandrium with a short spinose process; dorsal
margin of endosoma with a long spinose process and left side with a
short process (Zhi et al. 2018: figs 31=34) .....ccocoeervirreeinene. 0. productus

—  Left side of periandrium without spinose process; dorsal margin of endo-
soma without process and left side with a long process (Van Stalle 1991:
£1G. 79) et 0. articara

4 Aedeagus with four processes in total (Van Stalle 1991: fig. 72).................
..................................................................................................... 0. petasatus

—  Aedeagus with three processes in total...........cccocevieiiecieciicciiieeeeeee 5
5 Apical process of endosoma bifurcated at basal part, rami long
(Fig. BK=N)..coiitiieietiereeeeeeeee e 0. panxianensis sp. nov.
—  Apical process of endosoma bifurcated at apical part, rami short relatively
(Zhietal. 2018: figs 17=20) .....ceeveriereieieiiiereeeeree e 0. laminatus
6  Apical process of endosoma not bifurcated..............ccooooeeiiiiiiiil 7
- Apical process of endosoma bifurcated............cccooeeirineieiiineiee, 10
7  Apex of endosoma with four processes (Tsaur et al. 1988: fig. 10F, G).......
....................................................................................................... 0. elevatus
- Apex of endosoma without four processes ...........cccovevvrevieciieneiieeceenee 8
8  Left side of periandrium at apex of aedeagus with a short spine (Zhi et al.
20T8:fIg. 46) .. 0. yoshikawai
- Left side of periandrium at apex of aedeagus without a spine................. 9
9  Periandrium with a moderately long spine, situated on right-dorsal margin,
directed dorsocephalad (Tsaur et al. 1988: fig. 8C, D)................. 0. chiangi

- Periandrium with a short spine, situated on right side of periandrium at apex
of aedeagus, directed ventrad (Guo et al. 2009: figs 10, 11)........ 0. spinosus

10  Rami of bifurcation symmetrical, almost equal in length......................... 11
- Rami of bifurcation asymmetrical, unequal in length ..........c..ccccecveinnnen. 13
11 Endosoma with one subapical process (Tsaur et al. 1988: fig. 9C, D) ........

.......................................................................................................... 0. bifidus
—  Endosoma with two subapical processes.........ccccooveveiininininieeee, 12

12 Spine on right side of periandrium at apex of aedeagus very long and slen-
der (Anufriev and Emeljanov 1988: fig. 358; Van Stalle 1991: fig. 101).......
.................................................................................................... O. artemisiae

—  Spine on right side of periandrium at apex of aedeagus very short, basal
part wide (Van Stalle 19971: fig. 92) ....ccocoivveieieieeeeieeeeeee 0. sinicus
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13 Left ramus of bifurcation rudimentary, only a small protuberance (Guo et

al. 2009: figS 20, 27) .voviieiiieieeeieeeee s 0. tiantaiensis
—  Left ramus of bifurcation well developed...........c..ccooeviieiecieiiciei 14
14 Length of right ramus of bifurcation about three times as long as that of
left ramus (Van Stalle 1997: fig. 85)....ccccveirieiieieicieeeeeeea 0. mori
—  Length of right ramus of bifurcation less than three times as long as that
Of I FAMIUS ..o 15
15 Ventral margin near base of periandrium with a spinose process (Guo et
al. 2009: figs 37, 32) .uoieveeiieiieeieieeeeee e 0. wuyiensis

—  Ventral margin near base of periandrium without a spinose process.....16
16 Dorsal process of endosoma suddenly narrowed at middle part, long, nee-

dle-shaped (Fennah 1956:fig. 3 G) ....ccoecvvveviiereiieiieeeee, 0. cucullatus
—  Dorsal process of endosoma not suddenly narrowed at middle part, not
long and needle-shaped.............ccooiiiiieiiii e 17

17 Dorsal process of endosoma directed ventrocephalad, lateral margins
straight; ventral process constricted in the middle, curved ventrocephalad
on left side (Fig. 2K=N) ......ccooeiiiriiieeieeeeee e 0. acerbus sp. nov.

—  Dorsal process of endosoma directed dorsocephalad, lateral margins
slightly curved; ventral process smoothly tapering at end, curved ventrad
on left side (Fig. 4K=N) ......ccooeiiiriiireieeeee 0. digitatus sp. nov.

Oecleopsis acerbus Lv & Chen, sp. nov.
https://zoobank.org/754684CF-A1BB-4257-8655-A714390309A9
Figs 2A-N, 5A-C

Type materials. Holotype: CHINA * &; Guizhou Province, Yanhe County, Xinjing
Town; 28°53'N, 108°17'E; sweeping, 7 June 2007; Pei Zhang leg.; IEGU. Para-
types: 733,32 Q; CHINA - Guizhou Province, Yanhe County, Xinjing Town; 28°53'N,
108°17'E; sweeping, 7 June 2007; Zheng-Guang Zhang & Pei Zhang leg.; IEGU.

Diagnosis. The salient features of the new species include: vertex (Fig. 2A, C)
less than three times as long as broad; spinose process near apex of perian-
drium on right side (Fig. 2K) short, nib-like; left side (Fig. 2L) apical process of
endosoma bifurcated, rami of bifurcation asymmetrical; two subapical spines,
dorsal process long and tapering to apex, lateral margins straight, ventral pro-
cess constricted in the middle.

Measurements. Total length: male 7.20-7.76 mm (n = 8), female 7.61-
8.05mm (n = 3).

Description. Coloration. General color grayish brown (Fig. 2A, B). Vertex
blackish brown. Eyes yellowish brown, ocelli yellowish. Frons yellowish to
blackish brown, carinae lighter; rostrum blackish brown. Pronotum blackish
brown with carinae yellowish or light brown. Mesonotum blackish brown, ca-
rinae brown. Forewings semitranslucent, light grayish brown, distal part with
several small patches, stigma yellowish brown. Hindwings semitransparent.
Abdomen yellowish brown.

Head and thorax. Vertex (Fig. 2A, C) narrow, 2.36 times longer than wide. Frons
(Fig. 1D) with distinct median carina, longer in middle line than wide at widest
portion (about 1.33:1). Clypeus (Fig. 2D) with distinct median and lateral cari-
nae. Rostrum elongate, surpassing hind-coxae. Pronotum (Fig. 2C) wider than
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Figure 2. A-N Oecleopsis acerbus sp. nov., male A habitus, dorsal view B habitus, lateral view C head and thorax, dorsal
view D frons, ventral view E forewing F male terminalia, lateral view G gonostyli, inner lateral view H pygofer and gonostyli,
ventral view | anal segment, dorsal view J anal segment, right lateral view K aedeagus, right side L aedeagus, left side
M aedeagus, dorsal view N aedeagus, ventral view. Scale bars: 0.2 mm.

maximum width of head (including eyes) (1.30:1), lateral and median carinae
present. Mesonotum (Fig. 2C) about 6.41 times longer than pronotum in midline,
with 5 carinae, distal part of median carina blurry. Forewings (Fig. 2E) slender, lon-
ger than maximal width (2.85:1), with 12 apical and 6 subapical cells; fork ScP+R
distal to fork CuA,+CuA,; RP 3 branches, MP, , 3 branches, and MP,_, 2 branches.
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Male terminalia. Pygofer (Fig. 2F, H) symmetrical, in lateral view, lateral
lobes triangularly extended caudally; in ventral view, dorsal margin concave
and U-shaped. Medioventral process triangular in ventral view. Anal segment
(Fig. 2F, I, J) tubular, asymmetrical, widened towards apex in left side view; in
right side view, left ventral margin convex and right ventral margin excavated
near apex; 1.55 times longer than wide in dorsal view; anal style finger-like,
beyond anal tube. Aedeagus (Fig. 2K-N) in total with 4 processes; spinose
process near apex of periandrium on right side short relatively, nib-like, direct-
ed right-dorsocephalad, only a quarter length of periandrium; left side apical
process of endosoma bifurcated, curved outward, rami of bifurcation asym-
metrical, dorsal ramus longer and thicker, ventral ramus slender and shorter;
2 subapical spines, dorsal process long and tapering to apex, lateral margins
straight, directed ventrocephalad; ventral process constricted in the middle,
curved ventrocephalad. Gonostyli (Fig. 2F—H) slender, curved apically, tapering
into a process, T-shaped in ventral view.

Female terminalia. Terminalia as shown in Fig. 5A ventrally. Anal segment
(Fig. 5C) 1.79 times longer than wide in dorsal view. Posterior vagina (Fig. 5B)
elongate, with 4 sclerites in total, dorsal sclerite tapering at the end, median
and ventral sclerites long, oval and trapezoidal, respectively, left side of termi-
nal sclerite twist into angular process with straight lateral margins.

Distribution. China (Guizhou) (Fig. 1).

Etymology. The species name is derived from the Latin adjective “acerbus”,
referring to dorsal process of the endosoma which is pointed on the left side.

Remarks. This species is similar to Oecleopsis wuyiensis Guo, Wang & Feng,
2009, but differs from the latter in: (1) frons yellowish to blackish brown (frons
black in O. wuyiensis); (2) ventral margin near base of periandrium without a
spinose process (ventral margin near base of periandrium with a spinose pro-
cess in O. wuyiensis); (3) dorsal process of endosoma directed ventrocepha-
lad (dorsal process of endosoma directed dorsocephalad in O. wuyiensis); (4)
ventral process of endosoma curved and rounded at apex (ventral process of
endosoma straight and pointed in O. wuyiensis).

Oecleopsis panxianensis Lv & Chen, sp. nov.
https://zoobank.org/4A4CF424-4975-44BC-8605-DBA344D63753
Fig. 3A-N

Type materials. Holotype: CHINA * &; Guizhou Province, Panxian County, Ban-
giao Town; 25°44'N, 104°39'E; sweeping, 2 July 2011; Zhi-Hua Fan leg.; IEGU.
Paratype: 12, same collection data as for holotype; IEGU.

Diagnosis. The salient features of the new species include: vertex (Fig. 3A,
C) at least three times as long as broad; frons (Fig. 3D) yellowish brown, with
brown spots; aedeagus (Fig. 3K—N) in total with 3 processes; spinose process
near apex of periandrium on right side (Fig. 3K) long, half wide at base, half thin-
ner at end; left side (Fig. 3L) apical process of endosoma bifurcated, rami long,
approximately equal length; a subapical spine, lateral margins curved.

Measurements. Total length: male 7.23-7.65 mm (n = 2).

Description. Coloration. General color dark brown (Fig. 3A, B). Vertex black-
ish brown. Eyes brown, ocelli yellowish. Frons yellowish brown, with brown
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Figure 3. A-N Oecleopsis panxianensis sp. nov., male A habitus, dorsal view B habitus, lateral view C head and thorax,
dorsal view D frons, ventral view E forewing F male terminalia, lateral view G gonostyli, inner lateral view H pygofer and
gonostyli, ventral view | anal segment, dorsal view J anal segment, right lateral view K aedeagus, right side L aedeagus,
left side M aedeagus, dorsal view N aedeagus, ventral view. Scale bars: 0.2 mm.

spots, carinae lighter; rostrum blackish brown. Pronotum grayish to blackish
brown with carinae yellowish or light brown. Mesonotum dark brown, carinae
brown. Forewings semitranslucent, light brown, with several brown markings,
stigma yellowish brown. Hindwings semitransparent. Abdomen dark brown.
Head and thorax. Vertex (Fig. 3A, C) narrow, 3.23 times longer than wide. Frons
(Fig. 3D) with distinct median carina, longer in middle line than wide at widest
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portion (about 1.67:1). Clypeus (Fig. 3D) with distinct median and lateral carinae.
Rostrum elongate, surpassing hind-coxae. Pronotum (Fig. 3C) wider than maxi-
mum width of head (including eyes) (1.60:1), lateral and median carinae present.
Mesonotum (Fig. 3C) about 6.92 times longer than pronotum in midline, with 5
carinae, distal part of median carina blurry. Forewings (Fig. 3E) slender, longer
than maximal width (3.01:1), with 12 apical and 6 subapical cells; fork ScP+R dis-
tal to fork CuA,+CuA,; RP 3 branches, MP_ , 3 branches, and MP,,, 2 branches.

Male terminalia. Pygofer (Fig. 3F, H) symmetrical, in lateral view, lateral lobes
triangularly extended caudally; in ventral view, dorsal margin concave and
U-shaped, middle part narrow. Medioventral process triangular in ventral view.
Anal segment (Fig. 3F, I, J) tubular, asymmetrical, widened towards apex in left
side view; in right side view, left ventral margin convex and right ventral margin
excavated near apex; 1.68 times longer than wide in dorsal view; anal style
finger-like, beyond anal tube. Aedeagus (Fig. 3K—N) in total with 3 processes;
spinose process near apex of periandrium on right side long, half wide at base,
half thinner at end, directed cephalically, more than 1/2 length of periandrium;
left side apical process of endosoma bifurcated, rami long, approximately equal
length, dorsal ramus directed cephalad, ventral ramus directed ventrocephalad;
a subapical spine, lateral margins curved, curved dorsad, apical margin round-
ed. Gonostyli (Fig. 3F-H) slender, curved apically, tapering into a process, con-
stricted for about % its length, T-shaped in ventral view.

Distribution. China (Guizhou) (Fig. 1).

Etymology. The new species is named after its the county in which it
was collected.

Remarks. This species is similar to Oecleopsis laminatus Zhi & Chen, 2018,
but differs from the latter in: (1) spinose process near apex of periandrium long,
half wide at the base, % thinner at end (spinose process near apex of perian-
drium long, smoothly tapering at the end in 0. laminatus); (2) apical process of
endosoma bifurcated at base (apical process of endosoma bifurcated at apex
in O. laminatus); (3) left side near apex of endosoma with a spiniform process,
curved dorsad (left side near apex of endosoma with a large laminal process,
directed cephalad in O. laminatus).

Oecleopsis digitatus Lv & Chen, sp. nov.
https://zoobank.org/49B9BA46-A908-44F6-8CD8-92A1373CF46C
Figs 4A—-N, 5D-F

Type materials. Holotype: CHINA « ; Sichuan Province, Dayi County, Xiling Town;
30°38'N, 103°14'E; sweeping, 20 July 2022; Sha-Sha Lv leg.; IEGU. Paratypes:
CHINA * 63342 Q; Sichuan Province, Dayi County, Xiling Town; 30°38'N, 103°14'E;
sweeping, 20 July 2022; Sha-Sha Lv, Lan Zhang, Yong-Jin Sui & Feng-E Lileg.; IEGU.

Diagnosis. The salient features of the new species include: vertex (Fig. 4A,
C) less than three times 