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Abstract

Bamboo plays an important role in the animal world, including providing a nutritious food source, shel-
ter, and habitat. Inside of bamboo culm, we discovered a new genus of tarantula, which we describe here
as Taksinus gen. nov. (3'Q). Specimens of this new tarantula were collected from Mae Tho, Mueang Tak
district, Tak province, in Thailand, making it geographically distant from any other arboreal genera. Geni-
tal morphology was used to diagnose its genus, which is supported by distributional data, natural history,
morphological characters, and photographic illustrations of the male and female. Diagnosis of the new
genus was determined by distinguishing its different characters from those of other arboreal theraphosid
spiders distributed throughout Southeast Asia. This tarantula’s specialization is that it lives in the stalks of

the Asian bamboo Gigantochloa sp.
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Introduction

Theraphosidae Thorell, 1869, which are commonly known as tarantulas, comprises
the most diverse family among Mygalomorphae Pocock, 1892, with over 1,000 species
currently described (World Spider Catalog 2021). Asian tarantulas in the subfamily
Ornithoctoninae Pocock, 1895, which are commonly known as earth tigers, were
originally established by Pocock (1895). In this subfamily, four arboreal theraphosid
genera have been recognized: Omothymus Thorell, 1891, Lampropelma Simon, 1892
Phormingochilus Pocock, 1895, and Melognathus Chamberlin, 1917. Tarantulas have
not been observed to disperse aerially and thus have limited dispersal capabilities and
habitat fidelities (Hendrixson et al. 2013). The type of localities and distribution of
the Southeast Asian arboreal tarantula differ, as some species are restricted to a specific
island; therefore, the spider’s location can be used to alongside morphology to diagnose
species (Gabriel and Sherwood 2019). Lampropelma has been found in Indonesia
(Sangihe Island and Sulawesi); Omothymus was reported in Malaysia, Singapore, and
Sumatra; Phormingochilus currently contains four species, which are restricted to
Borneo. The type locality of Melognathus is unclear. It was formerly reported as “East
Indies? Philippines?” (Chamberlin 1917). In this study, we report a new genus, Zaksinus
gen. nov., discovered in northern Thailand, which is geographically distant from any
previous record of the Asian arboreal species (Figs 1, 2). Historically, the taxonomy of
arboreal Ornithoctoninae has been based primarily on unstable taxonomic characters,
resulting in highly problematic identification characters being used before 2019.
Pocock (1895) distinguished the genus Phormingochilus from Omothymus based on the
anterior narrowness of the sternum. In the key of the Ornithoctoninae, Raven (1985)
distinguished Phormingochilus based on the breadth of the ocular tubercle and the low
caput. He defined Lampropelma from Cyriopagopus by the presence of brush setae on
the retrolateral palpal femur. Smith (1994) proposed that the genus Phormingochilus
could be distinguished by an absence of tibial apophyses and brush setae on the
retrolateral face of the palpal femur, while exhibiting twin spermathecae. Smith and
Jacobi (2015) reported that Lampropelma, Omothymus, and Phormingochilus share
the following characteristics: a wide ocular tubercle, spermathecae with twin seminal
receptacles, and low caput, whereas terrestrial tarantulas, such as Cyriopagopus have
an extremely raised caput on the carapace. Recently, Gabriel and Sherwood (2019)
revised the arboreal Ornithoctoninae and proposed stable taxonomic features, which
clearly delineated the subfamily Ornithoctoninae, especially based on the male palpal
bulb and tibial apophyses, which remain constant and relevant for characterizing
arboreal species and genera. The comparative female leg measurements and geographic
distribution can be used to further elucidate these taxa. Thailand currently has two
genera of the tarantula subfamily Ornithoctoninae: Ornithoctonus Pocock, 1892 and
Cyriopagopus Simon, 1887 (World Spider Catalog 2021). The newly recorded arboreal
Taksinus gen. nov. was discovered in an extraordinary habitat, namely, bamboo culms
with silken retreat tubes covering the stem cavity (Fig. 1A, B). The type localities of
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Figure 1. Taksinus bambus sp. nov. paratype @, TAK2 A dorsal view B habitat in bamboo culm.

Taksinus gen. nov. and some Southeast Asian arboreal Ornithoctoninae are shown in
Figure 2. We describe and provide illustrations of the body and copulatory organs,
as well as information on the natural history and morphological characteristics that
distinguish the new genus from other arboreal Ornithoctoninae.
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Figure 2. Distribution records of Taksinus bambus sp. nov. from Tak province, Thailand, and some
arboreal Ornithoctoninae (Gabriel and Sherwood 2019), which demonstrate the separation of the genera
by color. The topographic map of Southeast Asia and data were obtained from OpenStreetMap and
OpenStreetMap Foundation OpenStreetMap (https://www.openstreetmap.org).

Materials and methods

Specimens were collected in Tak province, Thailand, on 21 July 2020. All tarantulas
were preserved in 95% ethanol. Specimens were transferred to the Department of
Entomology and Plant Pathology, Khon Kaen University, Khon Kaen, Thailand
(ENTOKKU), for dissection and identification. The total body length, including
cephalothorax and abdomen without spinnerets and appendage segments, were
measured using digital vernier calipers. Diagnostic features and genitalia were
photographed using a digital camera mounted to the phototube of a Nikon SMZ745T
stereomicroscope, and the NIS-Elements D program was employed for measurement
and counting morphology. Appendage measurements were made dorsally along the
central axis of the measured structures from the left side and recorded in millimeters
(mm). The length ratio of leg I-leg IV multiplied by 100 (von Wirth and Striffler
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2005) was used to calculate the relation factor (RF), which was compared with
data from Gabriel and Sherwood (2019) who proposed the difference between the
total lengths of leg I and IV to show the distinct characteristics of Phormingochilus,
Lampropelma, and Omothymus. The leg formula, with the leg length in decreasing order,
is also provided. Unless otherwise noted, the color of the morphological character was
observed in ethanol-preserved specimens. Female genitalia were dissected and cleared
in 3 M aqueous KOH solution. Specimens were identified by comparing them to
related species (Smith and Jacobi 2015; Gabriel and Sherwood 2019). Specimens are
deposited in the Entomology Museum, Faculty of Agriculture, Khon Kaen University
(ENTOKKU) in Khon Kaen, Thailand, and the Natural History Museum of the
National Science Museum (THNHM) in Pathum Thani, Thailand. The following
abbreviations are used in the text to describe characters: AER = anterior eye row; AME =
anterior median eyes; ALE = anterior lateral eyes; PER = posterior eye row; PME =
posterior median eyes; PLE = posterior lateral eyes, MOA = median ocular area, PLS
= posterior lateral spinnerets; PME = posterior median eyes; PMS = posterior median
spinnerets, Fem = femur, Pat = patella, Tib = tibia, Met = metatarsus, Tar = tarsus.
The terminology for leg spines is based on Petrunkevitch (1925), with modifications
proposed by Bertani (2001): r = retrolateral, p = prolateral, d = dorsal, and v = ventral.
If all the spines in the apical part were apically positioned, the term “apical” would be
used to refer to their position.

Other material examined

Omothymus sp. 2 & Surat Thani and Chumphon, Thailand.

Omothymus sp. 1 § specimen was donated from an unknown locality.

Cyriopagopus albostriatus (Simon, 1886) 2 @ Saraburi, Thailand.

Cyriopagopus minax (Thorell, 1897) 3 @ Chiang Mai, Thailand.

Cyriopagopus lividus (Smith, 1996) 1 & Chanthaburi and 4 @ Trat, Thailand.

Cyriopagopus longipes (von Wirth & Striffler, 2005) 1 & and 5 ¢ Ubon Ratchathani,
Thailand.

Ornithoctonus aureotibialis von Wirth & Striffler, 2005 2 @ Chumphon, 2 @ Ranong,
and 2 9 Krabi, Thailand.

Ornithoctonus costalis (Schmidt, 1998) 2 ¢ Phetchaburi, Thailand.

Taxonomy

Mygalomorphae Pocock, 1892
Theraphosidae Thorell, 1869
Ornithoctoninae Pocock, 1895

Included genera: Citharognathus, Cyriopagopus, Lampropelma, Melognathus, Ornithoc-
tonus, Phormingochilus, Taksinus gen. nov.
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Taksinus Songsangchote, Sippawat, Khaikaew & Chomphuphuang, gen. nov.
http://zoobank.org/ABSE52BE-415F-415E-91AC-1155EA142B1D

Type species. Taksinus bambus Songsangchote, Sippawat, Khaikaew & Chomphu-
phuang, 2021 from Tak, Thailand.

Diagnosis. The characteristics of Zaksinus gen. nov. that differ from Ornithoc-
tonus and Cyriopagopus are: a low caput, a clypeus that is less than the width of the
median ocular quadrangle (Fig. 6A), and spermathecae with twin seminal receptacles
(Fig. 7E, F) (Raven 1985; von Wirth and Striffler 2005; Smith and Jacobi 2015). The
new genus differs from Citharognathus by the lack of incrassate tibia and metatarsus IV.
Taksinus gen. nov. differs from Lampropelma by the absence of a dense brush of hair on
the retrolateral side of the femora of the front limbs (von Wirth and Striffler 2005) and
males by lack of apical embolus swelling (Fig. 5A—E; see Gabriel and Sherwood 2019:
143, figs 17, 18). Taksinus gen. nov. can be distinguished from Omorhymus by male
palpal bulb with a gently curved embolus with rounded embolic apex (Fig. 5A-E) vs
palpal bulb steep angle embolus and apex with a sharp point in Omothymus (Fig. 5F-J;
see Gabriel and Sherwood 2019: 139, figs 1-5). Taksinus gen. nov. differs from Phorm-
ingochilus by the lack of a single megaspine on the inside of the male tibial apophyses
(Fig. 4A, B; see Smith and Jacobi 2015: 41, fig. 38; Gabriel and Sherwood 2019: 142,
figs 14-16), a short embolus compared to palpal bulb length (1:1) (Fig. 5A-E), and
the geographic distribution of Phormingochilus currently restricted to Borneo.

Etymology. The generic name was named Phraya Tak (governor of Tak province),
which is in honor of Taksin the Great, king of the Thonburi Kingdom, in commemo-
ration of his early career.

Description. Carapace longer than wide, low caput. Fovea deep, straight (males)
or slightly procurved (females). Clypeus short, less than width of median ocular
quadrangle in males and females. Eight eyes arranged on tubercle, anterior eye row
slightly procurved and the posterior row straight. Outer cheliceral on lower surface
from margin with five slightly curved pad of plumose setae on the retrolateral cheli-
cerae. Maxillae longer than wide with >155 cuspules (male) or 149-183 (females),
two horizontal rows of 10-11 stout thorn-like spines on the lower half of prolateral
maxillae (below suture) and one horizontal row of six stout thorn-like spines on the
upper half of prolateral maxillae (above suture). Spines of varying lengths, with the
longest being at the top of the series; combined to form a stridulating organ. Labium
wider than long, with 75 cuspules (male) or 125 (females). Sternum longer than wide,
with two pairs of ovoid sigillae; Posterior sigilla is significantly remote from the edge,
middle sigilla is close to the margin, and anterior sigilla is indistinguishable. Legs:
formula 1423 (males); * Total lengths of legs I and IV = 0.48, 4123 (females) * Total
lengths of legs I and IV = 2.41-3.33, RF = 101 (males) or 90.6-93 (females). Scopu-
lae distinct, thickly set on tarsus; ventral surface not divided. Tibial spur capped with
multitude of thin, short black spines, with no single megaspine on the inside of the
tibial apophyses. Palpal bulb is ellipsoid and partly concave, embolus short compared
to palpal bulb length (1:1), moderately curved, rounded apex, with single retrolateral
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keel. Spermathecae have twin seminal receptacles, rounded tombstone receptacles,
fused in the basal region.
Distribution. Tak province, Thailand

Taksinus bambus Songsangchote, Sippawat, Khaikaew & Chomphuphuang, sp. nov.
http://zoobank.org/B377A56A-9162-412D-8AF9-462759CF8F4F
Figures 1, 3, 4, 5A-E, 6-8

Type material. TaaiLAND © Holotype 1 3 (TAK1); Mae Tho, Mueang Tak district, Tak
province. Paratype 2 @ (TAK 2-3 Q); the same data as the holotype. Specimens were
deposited at ENTOKKU (holotype TAK1 &' and paratype TAK2 @ ID: ENTOKKU
TAK1-2) and THNHM (paratype TAK3 ¢ ID: THNHM-Ar-00005).

Diagnosis. Same as for the genus.

Etymology. The species name bambus refers to the species, which was discovered
in a bamboo plantation and lives in Asian bamboo stalks.

Description. Male TAK1 holotype (ENTOKKU): color in life: leg black, cara-
pace brownish yellow. Total length (including chelicerae) 26.30 mm; cephalothorax
11.09 mm long, 7.62 mm wide, 4.40 mm high (caput); fovea 2.28 mm wide, straight,
deep; cephalothorax brown, with a cover of short, whitish-yellow hairs dorsally, long
whitish-yellow hairs on lateral margins; clypeus 0.23 mm; ocular tubercle 1.50 mm
long, 2.59 mm wide. The anterior eye row slightly procurved and posterior row straight;
eyes whitish, ALE oval and larger than the round AME; Eye sizes: AME, 0.45 mm;
ALE, 0.88 mm; PLE, 0.48 mm; PME, 0.31 mm. Inter-eye distances: AME-AME,
0.62 mm; AME-ALE, 0.32 mm; AME-PME, 0.30 mm; ALE-ALE, 1.90 mm; ALE-
PME, 0.34 mm; PME-PME, 1.40 mm; PME-PLE, 0.10 mm; PLE-PLE, 2.00 mm;
and ALE-PLE, 0.32 mm. Chelicerae dark brown, 7.65 mm long, outer cheliceral
face with short scopula edge with rows of orange-red setae, the lower surface of the
outer cheliceral has five slightly curved plumose setae pads on the retrolateral chelicerae
(Fig. 3A). Maxillae reddish brown, 6.06 mm long, 3.49 mm wide with >155 cuspules,
covered with orange-red setae on the prolateral surface; stridulation organ consisting of
stout thorn-like spines with 11 in two rows (7.4 mm from below suture) and six in one
row (1.9 mm from above suture) on the prolateral maxillae (Fig. 3B). Labium brown,
length 1.3 mm, width 2.0 mm, with >75 cuspules damaged and loss encompassing
approximately 40% of the proximal edge (Fig. 3C). Sternum dark brown, covered
with two hair types: strong dark and soft white; 6.41 mm long, 4.38 mm wide with
two pairs of ovoid sigillae present near the lateral margins opposing coxa II and III.
Sigilla: anterior pair absent; median pair 0.40 mm long, 0.25 mm wide, close to the
sternal margin; posterior pair 0.79 mm long, 0.36 mm wide, 0.66 mm from the sternal
margin. Abdomen 10.89 mm long, 7.71 wide, dark gray, black thickly hirsute laterally
and ventrally. Legs: Pat, Tib, Met, and Tar dark brown. Length of legs and palpal seg-
ments are shown in Table 1, leg formula 1423. Spination: tibia IT r 0-0—1 (apical), III r
0-0-2 (apical), metatarsus I v 0-0—1 (apical), II v 0-0-1 (apical), III d 0-0-1 (apical),
v 0-0-1 (apical), IV d 0-0-1 (apical), v 0-0-3 (apical).
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Figure 3. Taksinus bambus sp. nov. Holotype & TAK1 A chelicerae, retrolateral view B maxilla, prolateral
view C palpi, labium, maxilla, and coxae, ventral view. Scale bars: 1 mm.

Table I. Legs and palp measurements (in mm) of the holotype & TAK1 Zaksinus bambus sp. nov.

I 1I 111 v Palp
Fem 12.98 12.23 9.28 12.66 7.84
Pat 5.69 5.50 5.40 5.91 3.92
Tib 11.94 10.14 7.30 10.44 6.77
Met 9.32 7.45 8.35 11.07 -
Tar 6.43 5.37 4.95 5.80 3.48
Total 46.36 40.69 35.28 45.88 22.01

The male tibia I spur is present and lacks a single megaspine on the inside of the tibial
apophyses (Fig. 4A-D). Scopulae on metatarsi and tarsi I through IV, undivided. Tar
I-1V with two claws; spinnerets covered with dark longer and thinner hairs; Posterior
lateral spinnerets with three segments, basal 2.3 mm, median 1.5 mm, digitiform apical
3.0 mm; lateral median spinnerets with one segment 1.25 mm. Pedipalps reddish
brown, covered with longer and thinner hairs; tibia swollen; cymbium with two lobes
of light brown shaggy scopulae; bulb and embolus 1.76 mm long, dark reddish brown;
palpal bulb ellipsoid and partly concave, 1.60 mm long, 1.63 mm wide; embolus
moderately curved, rounded apex, with single retrolateral keel (Fig. SA-E).
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Figure 4. Taksinus bambus sp. nov. Holotype & TAKI. Tibial apophysis A ventral view B apical view

C prolateral view D dorsal view. Scale bars: 1 mm.

Paratype @ TAK3: total length (including chelicerae) 30.82 mm; cephalothorax
13.43 mm long, 10.39 mm wide, 2.98 mm high (caput); fovea 1.28 mm wide, slightly
procurved, deep; cephalothorax brown, covered with short whitish hairs dorsally,
golden yellow to yellowish-brown long hairs on lateral margins (Fig. 6A); clypeus 0.13
high; ocular tubercle 1.70 mm long, 2.92 mm wide. Anterior eyes with long hairs in
front of AME and mid-posterior PME area; anterior eye row slightly procurved and
posterior row straight. Eye sizes: AME, 0.45 mm; ALE, 0.71 mm; PLE, 0.54 mm;
PME, 0.37 mm. Inter-eye distances: AME-AME mm, 0.47; AME-ALE, 0.41 mm;
AME-PME, 0.25 mm; ALE-ALE, 1.75 mm; ALE-PME, 0.54 mm; PME-PME,
1.27 mm; PME-PLE, 0.66 mm; PLE-PLE, 1.57 mm; and ALE-PLE, 0.39 mm.
Chelicerae dark brown, 6.78 mm long, outer cheliceral face with short scopula margin
with rows of orange-red setae, outer cheliceral on the lower surface with five slightly
curved pads of plumose setae on the retrolateral chelicerae. Maxillae reddish brown,
3.83 mm long, 2.10 mm wide with >183 cuspules, covered with orange-red setae on
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Figures 5. Taksinus bambus sp. nov. holotype & TAK1 (A=E) and Omothymus sp. 3 (F=J). Palpal bulb
A prolateral view B retrolateral view € dorsal view D ventral view E apical view F prolateral view G ret-

rolateral view H dorsal view | ventral view ) apical view. Scale bars: 1 mm.

the prolateral surface, labium brown, length 1.51 mm, width 2.09 mm, with >125
cuspules covering approximately 40% of the proximal edge (Fig. 6D). Sternum dark
brown, covered with two types of hairs: strong dark and soft white; 5.89 mm long,
5.54 mm wide with two pairs of ovoid sigillae present near lateral margins opposite
coxa II and III (Fig. 6B). Sigilla: anterior pair absent; median pair 0.35 mm long,
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Figure 6. Taksinus bambus sp. nov. Paratype @ TAK3 (A, B, D) Paratype @ TAK2 (C). A carapace,
dorsal view B sternum, labium, maxilla, and coxae, ventral view € maxilla, prolateral view D maxillae and
labium with cuspules. Scale bars: 1 mm.

0.27 mm wide, close to the sternal margin; posterior pair 0.75 mm long, 0.32 mm
wide, 0.72 mm from the sternal margin. Abdomen 15.58 mm long, 10.95 mm wide,
dark gray and black thickly hirsute laterally and ventrally. Legs: Pat, Tib, Met, and Tar
dark brown. Length of legs, palpal segments, and the comparative leg measurements
are shown in Table 2, leg formula 4123. Spination: tibia palp r 0-0-1 (apical), p 0-0-1
(apical), r 0-0-2 (apical), I p 0-0-1 (apical), I p 0-0—1 (apical), r 0—0-1 (apical), III
p 0—-0-1 (apical), IV r 0—0-1 (apical), p 0-0-1 (apical), metatarsus I v 0-0-1 (apical),
IIv 0-0-1 (apical), III d 0-0-1 (apical), v 0—0-1 (apical), p 0-0-1 (apical), r 0-0-2
(apical), IV v 0-0-3 (apical). Scopulae on metatarsi and tarsi I through IV undivided.
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Table 2. Legs and palp measurements (in mm) of paratype TAK3 @ Taksinus bambus sp. nov. from
Thailand.

I 11 111 v Palp
Fem 9.62 7.69 7.66 8.90 6.77
Pat 5.45 4.99 4.40 5.11 4.71
Tib 7.21 5.48 5.24 7.97 4.01
Met 5.76 4.67 5.63 8.10 -
Tar 4.20 4.21 3.84 4.57 4.81
Total 32.24 27.04 26.77 34.65 20.3

Tar I-1V with two claws; spinnerets covered with dark brown longer and thinner hairs;
posterior lateral spinnerets with three segments, basal 2.03 mm, median 1.40 mm,
digitiform apical 2.10 mm; lateral median spinnerets with one segment 1.21 mm.
Spermathecae (Fig. 7F): paired and divided with fused in base, base 0.88 mm (left)
and 1.00 mm (right) long, 1.10 mm (left) and 1.06 mm (right) wide; sclerotization
heaviest apically, gradually decreasing basally.

Description. Paratype @ TAK2: dark brown, carapace brown. Total length (in-
cluding chelicerae) 34.80 mm; cephalothorax 14.39 mm long, 11.57 mm wide,
3.16 mm high (caput); fovea 1.20 mm wide, straight, deep; cephalothorax brown,
covered with short whitish hairs dorsally, golden yellow to yellowish-brown long hairs
on lateral margins; clypeus 0.15 mm high; ocular tubercle 1.83 mm long, 2.70 mm
wide. Anterior eyes with long hairs in front of AME and mid-posterior PME area;
anterior eye row slightly procurved and posterior row straight. Eyes whitish, ALEs oval
in shape, larger than the round AMEs. Eye sizes: AME, 0.44 mm; ALE, 0.69 mmy;
PLE, 0.59 mm; PME, 0.40 mm. Inter-eye distances: AME-AME, 0.37 mm; AME-
ALE, 0.49 mm; AME-PME, 0.30 mm; ALE-ALE, 1.69 mm; ALE-PME, 0.68 mm;
PME-PME, 1.20 mm; PME-PLE, 0.17 mm; PLE-PLE, 1.86 mm; and ALE-PLE,
0.50 mm. Chelicerae dark brown, 7.02 mm long, outer cheliceral face with short scop-
ula margin with rows of orange-red setae; outer cheliceral on the lower surface with
five slightly curved pad of plumose setae on the retrolateral chelicerae (Fig. 7B, C)
with cheliceral needle form strikers (Fig. 7B, D). Maxillae reddish brown, 3.64 mm
long, 2.21 mm wide with 149 cuspules, covered with orange-red setae on the prolateral
surface, stridulation organ consisting of stout thorn-like spines with 10 in two rows
(7.4 mm from below suture) and six in one row (3.0 mm from above suture) on the
prolateral maxillae (Fig. 6C). Labium brown, length 2.29 mm, width 1.45 mm, with
>7 cuspules damaged and lost. Sternum dark brown, covered with two types of hairs:
strong dark and soft white; 6.22 mm long, 5.33 mm wide, with two pairs of ovoid
sigillae present near the lateral margins opposite coxa II and III. Sigilla: anterior pair
absent; median pair 0.51 mm long, 0.26 mm wide, close to the sternal margin; poste-
rior pair 0.73 mm long, 0.32 mm wide, 0.45 mm from the sternal margin. Abdomen
18.72 mm long, 11.42 mm wide, dark gray and black thickly hirsute laterally and
ventrally. Legs: Pat, Tib, Met, and Tar dark brown. Length of legs, palpal segments, and
the comparative leg measurements are shown in Table 3, leg formula 4123. Spination:
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Figures 7. Taksinus bambus sp. nov. paratype @ TAK2 (A-E) paratype @ TAK3 (F). A chelicerae, prolateral
view B chelicerae, retrolateral view € plumose hairs outer chelicerae, retrolateral view D chelicerae strikers,
retrolateral view E spermathecae, dorsal view F spermathecae, dorsal view. Scale bars: 1 mm.

tibia palp r 0-0-1 (apical), p 0-0—1 (apical), r 0-0-2 (apical), I p 0-0-1 (apical), II
p 0-0-1 (apical), r 0-0-1 (apical), III p 0-0-1 (apical), IV r 0-0-2 (apical), p 0-0-1
(apical), metatarsus I v 0-0—1 (apical), II v 0-0-1 (apical), III v 0-0-1 (apical), p
0-0-1 (apical), r 0-0-2 (apical), IV v 0-0-3 (apical). Scopulae on metatarsi and tarsi
I through IV, undivided. Tar I-IV with two claws; spinnerets covered with dark longer



14 Chaowalit Songsangchote et al. / ZooKeys 1080: 1-19 (2022)

Table 3. Legs and palp measurements (in mm) of paratype TAK2 @ Taksinus bambus sp. nov. from
Thailand.

I 11 111 v Palp
Fem 9.33 8.46 7.08 9.67 6.59
Pat 5.07 4.04 3.6 4.58 3.39
Tib 6.66 6.37 5.33 8.25 4.23
Met 6.09 5.04 4.74 7.1 -
Tar 4.79 4.8 3.88 5.67 4.83
Total 31.94 28.71 24.63 35.27 -

and thinner hairs; posterior lateral spinnerets with three segments; basal 2.10 mm,
median 1.36 mm, digitiform apical 2.19 mm; lateral median spinnerets with one seg-
ment 1.34 mm. Spermathecae (Fig. 7E): paired and divided with fused in base, base
0.90 mm (left) and 1.07 mm (right) long, 1.09 mm (left) and 1.17 mm (right) wide;
sclerotization heaviest apically, gradually decreasing basally.

Distribution and natural history. Specimens were collected from villages
surrounding Tak province at approximately 1,000 m elevation. The biotope consists
of a mixed deciduous forest dominated by bamboo that is rarely disturbed by human
activity (Fig. 8A). The new arboreal tarantula shows a surprising specialization in that
it lives in the stalks of Asian bamboo (Gigantochloa sp.) (Fig. 8B—E). All specimens
were collected from bamboo internodes in mature culms, having nest entrances
approximately 2-3 c¢cm within a silk-lined tubular burrow at the entrance located
in the branch stub or at the middle of the bamboo culms. Some specimens had a
secondary entrance without silk at the hole (Fig. 8B). Tarantulas do not bore bamboo
stems; instead, they depend on the assistance of other animals. Bamboo is attacked by
numerous animals, the most common of which are insects from the orders Coleoptera,
Lepidoptera, and Diptera (Varma and Sajeev 2015). Furthermore, we hypothesized
that the tarantula might occupy the empty nest of insects, such as the bamboo-nesting
carpenter bee Xylocopa, which creates a large hole. All the tarantulas living in the
bamboo culms build silken retreat tubes that cover the stem cavity (Fig. 8C-E).

Discussion and conclusion

Recently, Gabriel and Sherwood (2019) revised some arboreal Ornithoctoninae and
proposed various stable morphological features that enable generic-level delineation,
including the presence of the embolus rising parallel and sloping to a point at the
tip, which distinguishes the genus Omothymus from Phormingochilus; embolus apical
swelling in Lampropelma and the difference between the total lengths of leg I and IV
(+ 2-3 mm difference in Phormingochilus, = 5 mm in Lampropelma and = 10 mm
in Omothymus) in all cases, leg I is longer than leg IV. Von Wirth and Striffler (2005)
proposed a similar concept for terrestrial Ornithoctoninae called leg relation factor
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Figures 8. Taksinus bambus sp. nov. from Tak province, Thailand A biotope, bamboo forests in

mountainous slope areas B tarantula habitat in bamboo culm with entrance hole (below) and secondary
entrance (upper) €, D tarantula in bamboo culm E tarantula building silk tube retreats on the cover culm

F paratype @, TAK3 7. bambus alive.
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Table 4. Comparative leg measurements of legs I and IV (female) and relation factor (RF) of arboreal

Ornithoctoninae from original species descriptions or study type material.

Species (Female) Reference from World Spider Catalog (2021) and LegI LegIV  Leg The total ~ Relation

Type material (mm) (mm) formula lengthsofleg factor
IminusIVin  (RF)
females
1. bambusinus sp. nov. (paratype ENTOKKU TAK2) 31.94 3527 4123 -3.33 90.56
1. bambusinus sp. nov. (paratype ENTOKKU TAK3) 3224 34.65 4123 -2.41 93.04
P, tigrinus Pocock, 1895 personal examination of this publication’s reviewers  50.20 50.20 (1=4)23 0 100
(holotype BMNH 1894.6.27.1)
P, tigrinus Pocock, 1895 personal examination of this publication’s reviewers 54 53 1423 1 101.89
(holotype BMNH 1894.6.27.1)

P, pennellhewlettorum Phormingochilus pennellhewlettorum Smith & Jacobi, 60 59 1423 1 101.7
Smith & Jacobi, 2015 2015: 38, figs 24-40, 44-49 (holotype)
P, everetti Pocock, 1895 Phormingochilus everettii Pocock, 1895: 180, pl. 10, 81 79 1423 2 102.5

fig. 4 (Df). (holotype BMNH 88.122)
P arboricola (Schmidt &  Lampropelma nigerrimum arboricola (Schmide & 59 57 1423 2 103.5
Barensteiner, 2015) Barensteiner, 2015): 5, figs 1-4(f). (holotype)
O. fuchsi (Strand, 1906)  Phormingochilus fuchsi examined by Smith, 1994: 22, 71.4 65 1423 6.4 109.8

fig. 16(f). (holotype MWNH 319)

L. carpenteri (Smith & Phormingochilus carpenteri Smith & Jacobi, 2015:  69.5 62 1423 7.5 112.1
Jacobi, 2015) 34, figs 10-16(Df). (holotype BMNH)
O. violaceopes (Abraham, Lampropelma violaceopedes (Abraham, 1924): 90.1 80.2 1423 9.9 112.3
1924) 1108, pl. 5, figs 19-24 (holotype BMNH

1924.27.19.1.37)

(RF), although Leg RF is a mathematical formula that expresses the relationship as
a decimal value. We examined both methodologies and included Zaksinus gen. nov.
in our analysis, using leg measurements from original species descriptions or study
type material obtained from the World Spider Catalog (2021), as shown in Table 4.
The result indicated that Zaksinus gen. nov. had the minimum difference between
the total length of leg I minus IV = -3.33 to -2.41 (RF = 90.56-93.04), whereas
O. violaceopes had the maximum height at +9.9 (RF = 112.3). According to Gabriel
and Sherwood’s criterion, Taksinus gen. nov. and Phormingochilus share a leg measuring
range = 2—3 mm, indicating that they belong to the same genus, although their RF are
clearly dissimilar. After evaluating Zaksinus gen. nov., we conclude that the range based
on the generic number of female variations in leg I and IV length cannot be used to
classify all arboreal Ornithoctoninae. Furthermore, we plot charts to show the value
distribution for each species by comparing the total lengths of leg I-IV and the RF
(Fig. 9). This study indicated that species on the left (red area) have a longer leg IV than
their leg I (leg formula = 4123), whereas species on the right (blue area) have a longer
leg I than their leg IV (leg formula = 1423). The comparative approach used in this
study revealed that Zaksinus gen. nov. appeared on the left side, with legs varying by
-3.33 to -2.41 (RF = 90.56-93.04), whereas Lampropelma and Omothymus appeared
on the right side with legs varying by +6.4 to +9.9 of the total length of leg I minus
IV and RF greater than 100 (RF = 109-112.3). The variation in the length difference
between Phormingochilus legs 1 and IV is centered on the charts, ranging from 0 to 2
(RF = 100-103.5). A visual leg length comparison of arboreal Ornithoctoninae, using
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Figures 9. Scatter plot illustrating the difference between the total leg lengths I minus IV and the
relation factor (RF) of arboreal Ornithoctoninae. The red area contains data indicating that species have
a longer leg IV (leg formula = 4123), whereas the blue area has data indicating that species have a longer
leg I (leg formula = 1423).

both methodologies is indicated in Fig. 9. Gabriel and Sherwood (2019) employed a
generic number that enables rapid assessment for a defined difference of Omothymus,
Phormingochilus, and Lampropelma, but whilst useful for those genera, Zaksinus gen.
nov. cannot be defined using this method. In contrast, the RF can be used to calculate
a decimal value for leg proportions. For instance, a value greater than 100, such as
O. violaceopes 112.3, indicates that this species has short hind legs, whereas a value less
than 100 indicates that this species has long hind legs. The RE however, was developed
primarily to diagnose species rather than for higher-level delineation and needs to be
further evaluated before it could be reliably used at the genus level.

Evaluation of the geographic distributions of Asia arboreal tarantula currently
identified within the Ornithoctoninae subfamily—/ZLampropelma, Omothymus, and
Phormingochilus, and Taksinus gen. nov. (Fig. 2) provided interesting data. We classified
1 bambus in a new genus rather than Omothymus, which occurs in Sumatra and
peninsular Malaysia due to the consistency in the morphological features of 7. bambus
sp. nov., which have a rounded, gentle curve and reduced ridges on the embolus
(1aksinus gen. nov. Fig. 5A, B; Omothymus Fig. 5F—]; see Gabriel and Sherwood 2019:
139, figs 1-5), and embolus is short compared to palpal bulb length (1:1). 7 bambus
sp. nov. is closely related to Phormingochilus based on palpal bulb morphology (see
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Gabriel and Sherwood 2019: 142, figs 9-13), with the palpal bulb’s rounded apex
in apical view. Based on Gabriel and Sherwood (2019), 7. bambus sp. nov. is similar
to Phormingochilus in terms of the total lengths of leg I and IV in females £2.41—
3.33 mm (£2-3 in Phormingochilus; see Gabriel and Sherwood 2019); they differ
when the leg formula is calculated as the length of leg I minus that of leg IV (Zaksinus
gen. nov. are -2 to -3 while Phormingochilus indicated that leg I is longer with +2 to
+3 of the value). Furthermore, Phormingochilus is found solely on Borneo Island,
posing a considerable geographic barrier to northern Thailand (Fig. 2). Conclusively,
our findings indicated that Zaksinus gen. nov. showed significant differences in its
morphology and comparative leg measurements compared to other Ornithoctoninae
arboreal tarantulas. Nonetheless, future researchers should investigate and characterize
these genera using molecular phylogenetic approaches.
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Abstract

Leaf beetles (Coleoptera: Chrysomelidae) constitute a family of abundant, diverse, and ecologically
important herbivorous insects, due to their high specificity with host plants, a close association with
vegetation and a great sensitivity to microclimatic variation (factors that are modified gradually during
the rainy and dry seasons). Therefore, the effects of seasonality (rainy and dry seasons) and microclimate
on the community attributes of chrysomelids were evaluated in a semideciduous tropical forest fragment
of northeastern Mexico. Monthly sampling was conducted, between March 2016 and February 2017,
with an entomological sweep net in 18 plots of 20 x 20 m, randomly distributed from 320 to 480 m a.s.l.
Seven microclimatic variables were simultaneously recorded during each of the samplings, using a portable
weather station. In total, 216 samples were collected at the end of the study, of which 2,103 specimens, six
subfamilies, 46 genera, and 71 species were obtained. The subfamily Galerucinae had the highest number
of specimens and species in the study area, followed by Cassidinae. Seasonality caused significant changes
in the abundance and number of leaf beetle species: highest richness was recorded in the rainy season,

Copyright José Norberto Lucio-Garcia et al. This is an open access article distributed under the terms of the Creative Commons Attribution
License (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.
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with 60 species, while the highest diversity (lowest dominance and highest H’ index) was obtained in the
dry season. Seasonal inventory completeness of leaf beetles approached (rainy season) or was higher (dry
season) than 70%, while the faunistic similarity between seasons was 0.63%. The outlying mean index was
significant in both seasons; of the seven microclimatic variables analyzed, only temperature, heat index,
evapotranspiration and wind speed were significantly related to changes in abundance of Chrysomelidae.
Association between microclimate and leaf beetles was higher in the dry season, with a difference in
the value of importance of the abiotic variables. The results indicated that each species exhibited a
different response pattern to the microclimate, depending on the season, which suggests that the species
may exhibit modifications in their niche requirements according to abiotic conditions. However, the
investigations must be replicated in other regions, in order to obtain a better characterization of the
seasonal and microclimatic influence on the family Chrysomelidae.

Keywords
Abiotic factors, community response, ecological niche, phytophagous insects, seasonal changes

Introduction

Accelerated loss of biological diversity, as well as the alterations in native ecosystems
as a result of human activities, are among the most important environmental issues at
a global level (Challenger and Dirzo 2009). These include land cover fragmentation,
overexploitation of natural resources, pollution, and climate change (Hautier et al. 2015).

Abiotic modification produces direct effects on organisms, affecting physiology,
behavior, and reproduction (Uribe-Botero 2015). Changes in precipitation and
increased environmental temperature (Schaefer et al. 2008) are likely to cause alterations
in abundance and even loss of species (Brook et al. 2008), as well as changes in their
geographical distribution (Parmesan and Yohe 2003; Root et al. 2003). However, these
responses are variable, based on the type of organism and its niche breadth (Vié et al.
2009). Therefore, changes in climatic abiotic variables are key factors in the composition
and structure of biological communities, besides other ecological aspects (Pimm 2007),
such as seasonal changes during wet and dry seasons (Wolda 1988; Rzedowski 2006).

Anaspectof greatest influence on these communities is the microclimate (Cloudsley-
Thompson 1962). This is the result of local spatial and seasonal variations in climate
and has been shown to play an important role in the dynamics of metapopulations
(Checa et al. 2014). Likewise, it is essential for the survival and development of the
species, affecting larval diapause or growth, or indirectly modifying the availability of
food resources (Currano et al. 2008; DeLucia et al. 2008). The microclimate is related
to seasonal variations in the communities of phytophagous insects (Chen et al. 1999),
but its specific influence has been scarcely studied.

Phytophagous insects are among the most important trophic groups that respond
significantly to climatic changes. Their presence is key in natural or anthropic ecosys-
tems, either playing a relevant role in nutrient cycling processes, or in the diet of other
organisms (Iannacone and Alvarifio 2006). Furthermore, their physiological processes
are determined by the conditions of the environment (Régni¢re 2009).
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Leaf beetles (Coleoptera: Chrysomelidae) constitute a model family to evaluate
the seasonal effects of abiotic variation on herbivorous insect communities, since
they occupy one of the first places in worldwide diversity (Santiago-Blay 1994). Most
chrysomelid species exhibit phytophagous feeding habits and a close relationship
with their host plants, as well as a great sensitivity to microclimatic variation (Nifio-
Maldonado and Sdnchez-Reyes 2017). Also, they are considered to be a group with
important potential for monitoring natural areas (Furth et al. 2003).

The present study was carried out in a semideciduous tropical forest (STF) fragment
in the municipality of Victoria, Tamaulipas, in northeastern Mexico. The area is included
in the biogeographic province of the Sierra Madre Oriental and is located within one of
the 15 panbiogeographic nodes of Mexico (Morrone and Mdrquez 2008). Therefore, it
constitutes a region with a high priority for conservation (CONABIO et al. 2007). Despite
this, there are no studies in STF evaluating the effect of seasonality and microclimate on the
family Chrysomelidae. It is important to recognize the factors that restrict the distribution
of the species, and thus further delimit efficient conservation strategies of this important
area. Based on the above, the objectives of this study were 1) to prepare a faunistic list
of chrysomelid species, 2) to compare their richness, abundance, and diversity between
seasons, 3) to define the abiotic variables seasonally related to the presence and abundance
of the species, and 4) to delimit the breadth niche and categorize the leaf beetles as specialists
or generalists, based on their variation related to the seasonal abiotic environment.

Materials and methods

Study area

The study area of semideciduous tropical forest (STF) is located in the Ejido Santa
Ana, municipality of Victoria, in the center of the state of Tamaulipas, northeastern
Mexico 23°52'4.27"N, 99°13'51.37"W and 23° 47'23.06"N, 99°18'10.22"W (DMS)
(Fig. 1). It is included in the biogeographic province of the Sierra Madre Oriental
(SMO), converging to the south with Peregrina Canyon, within the Natural Protected
Area (NPA) “Altas Cumbres.”

Two climate groups characteristic of Tamaulipas were observed in the area: 1) Semi-
warm, sub-humid, with summer rains, averaging temperatures between 16.4 °C and
29.2°C, and 2) Semi-warm, semi-dry subtype, with average temperatures from 15.1 °C
to 22.9 °C. The average annual precipitation is 577 mm, with May to October as the
wettest months (rainy season) and November to April having the lowest precipitation
(dry season) (Gobierno del Estado 2015). Regarding the semideciduous tropical forest,
it is the second richest ecosystem in plant species of the state of Tamaulipas and is
located between 350 and 500 m a.s.], comprising areas adjacent to the margin of rivers
and streams. Therefore, this habitat conserves higher environmental humidity for most
of the year, protecting it from sudden climatic changes, such as sudden temperature
differences (Garcifa-Morales et al. 2014).
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Figure 1. Location of the study area. A Ejido Santa Ana (red point) in Tamaulipas State, Mexico B NPA
Altas Cumbres (red polygon) within Victoria municipality in Tamaulipas € Distribution of the sampling
plots (blue squares) in the semideciduous tropical forest.

Sampling

A total of 18 plots measuring 20 x 20 m (400 m?) was randomly established over an
approximate land area of 5 km?. Plots were distributed in areas of dense herbaceous
and shrub vegetation, separated at least by 10 meters from the main road, in order to
minimize anthropogenic influence. Each plot was measured and delimited with a 50 m
tape, using trunks, trees, or branches as vertices; the center of the plot was georefer-
enced with a Garmin Etrex 30 GPS and then marked with a brightly colored ribbon to
facilitate its location in the field.

Beetles were sampled with an entomological sweep net of 60 cm length and 40 cm rim
diameter. In each plot (sample unit), 200 net beats were made, covering all the sampling
area zigzagging on the understory vegetation. The contents of the net were placed inside
a polyethylene bag with 70% alcohol and a collecting label data. All of the 18 plots were
sampled from 10:00 to 17:00 hours, once a month, from March 2016 to February 2017.

Sample bags were processed in the Entomology Laboratory of the Facultad de Ing-
enierfa y Ciencias, Universidad Auténoma de Tamaulipas. Each sample was placed in a
tray with water, plant debris were then removed using entomological forceps, and the
insect specimens were afterwards placed in small bottles with 70% alcohol. Later, the
contents of each bottle were analyzed in a Petri dish, using a stereoscopic microscope
to identify the specimens; chrysomelids were dried on absorbent paper and mounted
in opaline triangles, following the methodology of Triplehorn and Johnson (2005).
Taxonomic determination of subfamilies was carried out using the keys of Triplehorn
and Johnson (2005), while genera and/or species were identified by consulting various
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authors (Wilcox 1972; Scherer 1983; White 1993; Flowers 1996; Riley et al. 2002;
Staines 2002), as well as by comparison with previously identified specimens.

Microclimatic variables were recorded using a Kestrel 3500 portable meteorologi-
cal station, with which the following variables were evaluated: maximum wind speed
(m/s), average wind speed (m/s), temperature (°C), relative humidity (%), heat index
(°C), dew point (°C) and evapotranspiration (°C). Abiotic data collection was carried
out in each plot, simultaneously with the sampling of leaf beetles (once a month for
each plot, during the period from March 2016 to February 2017).

Data analysis

Statistical differences in abundance and number of species between seasons were calcu-
lated with a non-parametric Mann-Whitney test and a diversity permutation test, respec-
tively. Both analyses were conducted using PAST 3.17 software (Hammer et al. 2017).

Seasonal estimated richness was determined using Chao 1, Chao 2, Jackknife 1
and ACE non-parametric estimators. These indices are recommended for the min-
imum estimate of richness and useful as a complementary measure in biodiversity
analyzes (Gotelli and Colwell 2011). Chao 1 considers the abundance of rare species
(singletons and doubletons). Chao 2 is robust for presence-absence data. Jackknife 1
is a conservative index based on incidence data of those species found only in a single
sample, while ACE is an index that considers the abundance of species represented by
1-10 individuals (Magurran 2004). The estimators were calculated by means of 100
randomizations without replacement in the software EstimateS 9.1.0 (Colwell 2013),
based on the abundance of the recorded species. In addition, the Clench model was
used to calculate the estimated species richness, following the methods proposed by
Jiménez-Valverde and Hortal (2003). This procedure was performed in STATISTICA
8.0 (StatSoft, Inc. 2007).

Alpha diversity was estimated using Shannon’s entropy index (H’) and Simpson’s
dominance index (D). Both values were transformed to the effective number of species
(true diversity), through the Hill numbers of order (q) 1 and 2, respectively (Jost 2000).
To measure beta diversity, the Bray-Curtis similarity index was used, which relates the
abundance of the shared species with the total abundance in two samples. Therefore, it
constitutes a robust measure for the analysis of biotic similarity between communities
(Magurran 2004). All diversity analyses were carried out with PAST software.

Association between leaf beetle species and the environmental abiotic variables,
as well as the measure of niche breadth, were calculated with the Outlying Mean
Index (OMI). This index identifies the niche of the species, or marginality, according
to the average distance between the abiotic resources used by each species (centroid)
with respect to the total resources available (microclimate) in the area. It gives a more
even weight to all sampling units, including those with a low number of species or
individuals (Dolédec et al. 2000). First, the OMI assesses the contribution of the abiotic
variables to the niche separation of the species by computing a Principal Component
Analysis, and higher correlation values (loadings) are interpreted at each of the most
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important axes. Then, a total Inertia (InerO) value is obtained, which is a measure
proportional to the average marginality of the species and represents a quantification
of the influence of environmental variables on the separation of the species niche.
Lastly, the analysis decomposes the inertia associated with the distribution of a species
(InerO) into three main parameters: Marginality, Tolerance (T1), and Residual
Tolerance (T2) (Dolédec et al. 2000).

Marginality represents the deviation of the environmental conditions used by a spe-
cies with respect to the average environment for the entire study area. Species with high
OMI values have marginal niches (occur in atypical habitats, and are influenced by a
specific subset of environment variables), while those with low values have non-margin-
al niches (common species occurring in typical habitats, without a specific response to
environment variables). Tolerance (T'1) measures the dispersion of the assessment units
that contain a species along an environmental gradient (the range of habitat of the spe-
cies), and it is analogous to the concept of niche breadth: high tolerance values represent
greater niche breadth, and the species are distributed in habitats with widely variable
conditions (generalist); contrarily, low tolerance values indicate a smaller niche width
where a species is distributed in habitats with a limited range of conditions (specialists).
Finally, T2 is defined as the variance in the species niche that is not considered by the
marginality axes, and it is useful for determining the reliability of a set of environmental
conditions for the definition of the niche of each species (Dolédec et al. 2000).

Statistical significance of the OMI was determined with a Monte Carlo test, in which
the observed marginalities are compared with 10,000 random permutations, in order to
reject the null hypothesis that species are equally distributed in relation to (not influenced
by) environmental variables (Dolédec et al. 2000). All OMI analyses were carried out in
ADE-4 software (Thioulouse et al. 1997), and they were calculated separately for the
rainy and dry seasons. Data input consisted of a matrix with the abundances of each of
the species in each month/season and a matrix with the values of the seven environmen-
tal variables registered in each of the sampling plots. Ordination graphics of centroids
and loadings were generated in the same software and later exported to Corel DRAW X3
to be edited. Environmental ranges of species were calculated for each of the significant
variables using the Kriging interpolation technique, which is a geostatistical method that
quantifies spatial autocorrelation for the prediction and generation of continuous sur-
faces (Murillo et al. 2012). Procedures were carried out in ArcGis 10.2.2 (ESRI 2014).

Results

Overall response of leaf beetles in the semideciduous tropical forest

During the study, 2,103 specimens of Chrysomelidae were obtained, involving six
subfamilies, 47 genera and 71 species (Appendix 1: Table Al). Galerucinae were most
abundant (1,628 specimens = 77%), followed by Cassidinae (410 = 19.44%). Among
the other four subfamilies, only 65 specimens (3%) were collected throughout the year,
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being 36 in Eumolpinae, 14 in Criocerinae, nine in Chrysomelinae, and six in Crypto-
cephalinae. Regarding total richness, Galerucinae represented 51% (36 species), Cas-
sidinae 17% (12 species), Eumolpinae 11% (eight species), Chrysomelinae 8% (six
species), Criocerinae 7% (five species), and Cryptocephalinae 6% (four species).
Species that dominated in abundance in the study area were Centralaphthona diversa
(Baly, 1877) (629 individuals), Monomacra bumeliae (Schaeffer, 1905) (528 individuals),
Heterispa vinula (Erichson, 1847) (311 individuals), and Margaridisa sp. 1 (147 individ-
uals), which together represent 77% (1,615 individuals) of the total abundance recorded.
In addition, the community included 67 species with very low abundances, from which
25 (37%) correspond to singletons and nine to doubletons (13%). The dominance value
(D) in the study area was 0.1998, which represents a true diversity (1/D) of 5.005. For
the Shannon index (H’), a value of 2.221 was registered, with true diversity (¢) of 9.217.

Seasonal variation

Seasonal differences in abundance of the leaf beetle community were statistically sig-
nificant (Mann-Whitney U = 4039; p < 0.0001). The highest number of specimens
was recorded during the rainy season (1,242 specimens, involving 41 genera), followed
by the dry season (861, involving 30 genera). According to the permutation test, sig-
nificant differences were also found in the number of species and diversity. Highest
species richness was recorded in the rainy season. In contrast, the lowest dominance
and highest diversity were obtained in the dry season (Table 1).

Estimated species richness according to the non-parametrical estimators in the rainy
season ranged between 85 and 100 species; therefore, the observed richness represents
between 59.66 and 69.96% of completeness. For the dry season, the estimated richness
varied from 48 to 56 species, indicating a completeness from 70.49 to 82.85% (Table 2).
Inventory reliability with Clench’s model was higher during the dry season, with a
completeness of 81% and a lower slope value, compared with the rainy season (Table 2).

The best represented subfamily during the rainy season was Galerucinae (943 spec-
imens, 32 species), followed by Cassidinae (260, 11 species). This same pattern was
reflected in the dry season: Galerucinae with 685 specimens (21 species), followed by
Cassidinae with 150 specimens (7 species). The remainder of the subfamilies had lower
abundances and number of species for both seasons (Table 3).

Faunistic similarity according to the Bray-Curtis index was 0.63%. A high
proportion of the species composition shared between seasons involved Galerucinae,
including Acrocyum dorsale Jacoby, 1885, C. diversa, Epitrix sp. 1, Margaridisa sp. 1,

Table 1. Diversity permutation test for species richness and alpha diversity of leaf beetles between seasons.

Season
Rainy Dry p
Observed species richness 60 40 0.0132
Simpson index (D) 0.228 0.175 0.0001

Shannon index (H") 2.062 2.232 0.0229
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Table 2. Chrysomelid estimated species richness and sampling completeness during the rainy and dry seasons.

Estimator Rainy % of completeness Dry % of completeness
Chao 1 97.53 61.52 55.11 72.58
Chao 2 90.44 66.34 56.74 70.49
Jack 1 85.76 69.96 55.88 75.64
Ace 100.56 59.66 48.28 82.85
Clench model (slope) 0.1561 - 0.077 -
Clench model (estimated richness) 82 73 50 81

% was obtained on the basis of observed species richness.

Table 3. Number of specimens and species registered by subfamily and season in the semideciduous

tropical forest.

Season
Rainy Dry
Subfamily Specimens Species Specimens Species
Galerucinae 943 32 685 21
Cassidinae 260 11 150 7
Eumolpinae 25 7 11 5
Criocerinae 7 3 7 2
Chrysomelinae 5 5 4 3
Cryptocephalinae 2 2 4 2

and Monomacra bumeliae. The proportion was also high for Cassidinae, involving
Brachycoryna pumila Guérin-Méneville, 1844, Helocassis crucipennis (Boheman, 1855),
and Heterispa vinula (Erichson, 1847).

Response of Chrysomelidae to seasonal microclimatic variation

The OMI analysis for the rainy season indicated a significant deviation between
the abiotic conditions used by the leaf beetles and the average total microclimatic
conditions (Monte Carlo test, p = 0.047). Of the 60 species registered in this season,
only six showed a significant association. Centralaphthona diversa and M. bumeliae
obtained low marginality values, which represents a wider niche breadth, and they
were thus considered to be generalist species (Table 4); abundance of these species was
equally distributed in almost all samples (Fig. 2). The rest of the species presented high
marginality and lower tolerance values, which indicates a smaller niche breadth, and
they were therefore categorized as specialists. Labidomera suturella Guérin-Méneville,
1838 was the species with the highest marginality and the lowest tolerance, followed
by Walterianella sp. 1, Zenocolaspis inconstans (Letevre, 1878) and Alagoasa trifasciata
(Fabricius, 1801) (Table 4). The aforementioned species had lower abundance, 1-15
specimens, in a minor number of samples (Fig. 2).

In the case of the dry season, marginality was significant (Monte Carlo test,
2=0.017) for only seven of the 40 registered species. Two were considered as generalists,
with low marginality values; of these, B. pumila presented the highest tolerance, while
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Figure 2. Individual dispersion of leaf beetle species whose association for microclimatic variables was
significant in the rainy season A Alagoasa trifasciata B Centralaphthona diversa C Labidomera suturella
D Monomacra bumeliae E Walterianella sp. 1 F Zenocolaspis inconstans. At each species panel: the gray
circles represent the presence of the species in the sample, and the size of the circle is proportional to
its abundance; straight lines represent vectors and indicate the dispersion of the species from the aver-
age position (centroid) towards each of the evaluation units where it was recorded; and ellipses repre-
sent the concentration of 95% of the specimens of the species. G canonical correlation values (loadings)
between microclimatic variables and the abundance of Chrysomelidae. Abbreviations: MW: Maximum
wind speed, AW: average wind speed, Tem: temperature, RH: relative humidity, HI: heat index, DP: dew
point, Ev: evapotranspiration.
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Table 4. Parameters of the Outlying Mean Index (OMI) for the significant species of Chrysomelidae
(p < 0.05) from each season. Values for the non-significant species are presented in Appendix 1: Tables A2,
A3. Key: InerO: Total Inertia, T1: Tolerance, T2: Residual tolerance, p: probability.

Season Species InerO OMI T1 T2 ?
Rainy Alagoasa trifasciata (Fabricius, 1801) 5.199 2.521 0.9 1.778 0.0037
Rainy Centralaphthona diversa (Baly, 1877) 6.011 0.2003 2.14 3.671 0.0168
Rainy Labidomera suturella Guérin-Méneville, 1838 23.86 23.86 7.889E-31 -7889-31 0.0409
Rainy Monomacra bumeliae (Schaeffer, 1905) 6.991 0.4444 1.699 4.894 0.0007
Rainy Walterianella sp. 1 7.257 5.25 1.494 0.512 0.0193
Rainy Zenocolaspis inconstans (Lefevre, 1878) 6.561 4.146 0.233 2.182 0.0172
Dry Acallepirrix sp. 7 8.299 6.09 0.423 1.786 0.0169
Dry Alagoasa trifasciata (Fabricius, 1801) 7.092 6.523 0.038 0.530 0.0469
Dry Brachycoryna pumila Guérin-Méneville, 1838 9.761 2.114 5.087 2.56 0.0258
Dry Centralaphthona diversa (Horn, 1889) 8.056 0.2969 2.788 4.971 0.0415
Dry Chaetocnema sp. 1 10.03 6.778 1.714 1.539 0.0083
Dry Epitrix sp. 1 7.5 3.023 1.432 3.045 0.0073
Dry Syphrea sp. 1 11.29 9.965 0.204 1.12 0.0106

C. diversa showed the lowest marginality (Table 4). Abundance of both species was
uniformly distributed in almost all samples (Fig. 3). The other five chrysomelids had
high marginality and low tolerance values (specialists): the highest marginality and
lowest tolerance occurred in A. trifasciata, and it was consequently the species most
specialized to microclimatic conditions during the dry season in the semideciduous
tropical forest. In descending order, Syphrea sp. 1, Chaetocnema sp. 1, Acallepitrix sp.
7, and Epitrix sp. 1 (Table 4) were species recorded in few samples, with abundances
between four and 18 specimens (Fig. 3).

Heat index, evapotranspiration and temperature were the microclimatic variables
most related with the abundance of leaf beetle species during the rainy season and were
represented in Axis 1 of the OMI analysis (Eigenvalue = 4.9077, inertia = 55.74%).
In Axis 2 (Eigenvalue = 2.6344, inertia = 29.92%) the most important variable was
the average wind speed (Table 5). For the dry season, evapotranspiration, tempera-
ture, and heat index in Axis 1 (Eigenvalue = 7.9982, inertia = 75.67%) were the mi-
croclimatic variables most associated with the changes in abundance of leaf beetles.
Maximum wind speed had the highest correlation in Axis 2 (Eigenvalue = 1.7084,
inertia = 0.1616%) (Table 5).

The association of the species with the environmental variables was determined
based on the positions of the centroids and their closeness with respect to Axes 1 and
2. Those species that were located very close to the origin of both axes were considered
to be related to average microclimatic values. For the rainy season, A. trifasciata and
Z. inconstans, were related with low values of average wind speed (1.06-2.12 m/s),
as well as high values of heat index (39.61-43.89 °C), evapotranspiration (27.24—
29.02 °C) and temperatures (30.47-35.42 °C). Walterianella sp. 1 presented a similar
microclimatic pattern, with a positive correlation with Axis 1 (high values of heat
index from 43.89 to 48.18 °C, evapotranspiration from 24.24 t0 29.02 °C, and tem-
perature from 32.94 to 35.42 °C), although it was associated with average to high
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Figure 3. Individual dispersion of leaf beetle species whose association for microclimatic variables was
significant in the dry season A Acallepitrix sp. 7 B Alagoasa trifasciata C Brachycoryna pumila D Cen-
tralaphthona diversa E Chaetocnema sp. 1 F Epitrix sp. 1 G Syphrea sp. 1. At each species panel: tiny, black
dots represent the sampling units; gray circles represent the presence of the species in the sample, and the
size of the circle is proportional to its abundance; straight lines represent vectors and indicate the disper-
sion of the species from the average position (centroid, pointed to by the red arrow) towards each of the
sampling units where it was recorded; and ellipses represent the concentration of 95% of the specimens of
the species. H canonical correlation values (loadings) between microclimatic variables and the abundance
of Chrysomelidae. Abbreviations: MW: Maximum wind speed, AW: average wind speed, Tem: tempera-
ture, RH: relative humidity, HI: heat index, DP: dew point, Ev: evapotranspiration.
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Table 5. Canonical correlation values (loadings) between the seven microclimatic variables and the
abundance of chrysomelid species during both seasons. Significant values are marked (*).

Rainy season Dry season
Microclimatic variables Axis 1 Axis 2 Axis 1 Axis 2
Maximum wind speed (m/s) 0.075 0.299 -0.274 0.271*
Average wind speed (m/s) 0.136 0.301* -0.278 0.143
Temperature (°C) 0.345* 0.042 0.375* 0.192
Relative humidity (%) -0.084 -0.201 0.2481 -0.119
Heat Index (°C) 0.380* -0.040 0.371* 0.154
Dew Point (°C) 0.275 -0.173 0.368 -0.001
Evapotranspiration (°C) 0.345* -0.091 0.413* 0.035

values of wind speed (2.12-4.24 m/s). In the case of L. suturella, this species was
located in areas with lower values of heat index (18.20-22.48 °C), evapotranspira-
tion (16.60-18.37 °C), and temperature (18.10-20.57 °C), but higher wind speed
(1.06-2.12 m/s). Lastly, C. diversa and M. bumeliae did not follow a specific pattern
in relation to the significant variables in any axis since they were at the origin of the
niche dispersion (Fig. 4).

During the dry season, the average distribution of Syphrea sp. 1, Acallepitrix sp. 7,
and Epitrix sp. 1 was correlated with areas of lower evapotranspiration (13-16.82 °C),
temperature (16.30-19.69 °C) and heat index (16.60-22.20 °C) in Axis 1. Similarly
on Axis 2, these species predominated under conditions of low to average maximum
wind speed (1.42-2.84 m/s). Chaetocnema sp. 1 occurred in conditions of low evapo-
transpiration (13-14.91 °C) and low temperature (21.39-23.09 °C), as well as low
heat index (19.40-22.20 °C), but this species was associated with high values of maxi-
mum wind speed (1.42-2.13 m/s). Alagoasa trifasciata was the species with the low-
est tolerance value; so, its centroid was positioned in areas with high evapotranspira-
tion values (22.56-24.47 °C), high temperature (24.79-26.49 °C), high heat index
(30.60-33.40 °C), and low maximum wind speed (0-0.71 m/s). Finally, the centroid
of the distribution of B. pumila and C. diversa was significantly associated with average
microclimatic conditions, since their distribution included areas with high and low
values for the heat index, as well as for the other variables (Fig. 5).

Discussion

Faunistic inventory and chrysomelid biodiversity

Prior to this study, 2,660 species of Chrysomelidae had been recorded from Mexico
(Nifio-Maldonado and Sdnchez-Reyes 2017) and 257 from the state of Tamaulipas
(Nifio-Maldonado et al. 2014). Accordingly, results in the STF of the study area
represent 2.7% of the leaf beetle biodiversity reported for the country, and 27.6%
for the state. Our study revealed Diachus chlorizans (Suffrian, 1852) as a new country
record for Mexico, and Diabrotica biannularis Harold, 1875 as a new state record for
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Figure 4. Environmental ranges of leaf beetles during the rainy season. Abbreviations: Labi sutu (Labi-

domera suturella), Centra dive (Centralaphthona diversa), Mono bume (Monomacra bumeliae), Walte sp. 1
(Walterianella sp. 1), Alag trif (Alagoasa trifasciata), Zeno inco (Zenocolaspis inconstans).

Tamaulipas. These records were previously published in preliminary works from the
study area (Lucio-Garcia et al. 2019).

The number of taxa recorded in this research is lower compared to similar studies in
northeastern Mexico, such as those conducted at El Cielo Biosphere Reserve (RBEC)
(Nifio-Maldonado et al. 2005), the Cafién de la Peregrina (CDP) (Sdnchez-Reyes et
al. 2014) and the Sierra de San Carlos (SDSC) (Sdnchez-Reyes et al. 2016a). Nifo-
Maldonado et al. (2005) reported 105 species in different elevational strata of STE
Lower values were found in two fragments of this vegetation in the Peregrina Canyon,
where 85 (Sdnchez-Reyes et al. 2014) and 37 species (Martinez-Sdnchez 2016) were
recorded. Other patches of STF were evaluated in the Candn del Novillo (21 species)
and Cerro El Diente (five species), also in Tamaulipas. The lower number in the pre-
sent study can be attributed to the spatial scale and number of environments evaluated
in these other investigations, which are greater compared to the STF of this work. For
example, analyzing elevation gradients, different types of vegetation or biogeographic
islands with extreme conservation status may result in the observed differences in fau-
na. On basis of the aforementioned numbers, the chrysomelid richness for the current
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Figure 5. Environmental ranges of leaf beetles during the dry season. Abbreviations: Chae sp. 1 (Chaeroc-
nema sp. 1), Syph sp. 1 (Syphrea sp. 1), Acall sp. 7 (Acallepitrix sp. 7), Brach pumi (Brachycoryna pumila),
Epit sp. 1 (Epitrix sp. 1), Centra dive (Centralaphthona diversa), Alag trif (Alagoasa trifasciata).

research is above other STF fragments in northeastern Mexico, and it represents 68.2%
of the most biodiverse site. Regarding true diversity, the numbers of equally dominant
(1/D) and typical (™) species in this study were lower than those observed in Peregrina
Canyon (Sdnchez-Reyes et al. 2014), although they were higher than those observed in
STF fragments from Canén del Novillo (Martinez-Sdnchez 2016) or Cerro El Diente
(Sédnchez-Reyes et al. 2015b).

Galerucine dominance as observed in our study has also been reported in other
studies in northeastern Mexico (Nifio-Maldonado et al. 2005; Furth 2009; Furth 2013;
Sénchez-Reyes et al. 2013; Sdnchez-Reyes et al. 2014; Bouzan et al. 2015; Flinte et al.
2017; Lucio-Garcia et al. 2019, 2020), and this may be due to the subfamily’s high num-
ber of species (Riley et al. 2002), with specimens found in all ecosystems during most
parts of the year (Furth 2013; Sdnchez-Reyes et al. 2013). In contrast, the subfamily com-
position of this study is quite different from that in tropical forests. In the Chamela re-
gion, on the Pacific side of Mexico, 49 species of Cassidinae were listed (Noguera 1988).

As awhole, the aforementioned results highlight the great importance of the study
area, since it was possible to find a large percentage of species within a smaller expanse
when compared to larger space-temporal gradients or natural protected areas. This
can be attributed to the geographic location of the studied STF within a region with
a high conservation priority (CONABIO et al. 2007). The area, although adjacent to
the Altas Cumbres Natural Protected Area, constitutes a mosaic with fragments of dif-
ferent durations since last disturbance, and this may favor the presence of a complex
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community of species (Sinchez-Reyes et al. 2017). Furthermore, the STF is one of the
ecosystems with the highest biodiversity of plants (Rzedowski 2006; Garcia-Morales et
al. 2014), and it is one of the most important in terms of chrysomelid species richness
in Mexico (Noguera 1988; Burgos-Solorio and Anaya-Rosales 2004; Nifio-Maldonado
et al. 2005; Lucio-Garcfa et al. 2019). The combination of environmental factors in
the STF results in a great diversification of plants, providing a wide range of food re-
sources, which could lead to the high number of leaf beetles in this plant community
in Tamaulipas and other states of Mexico.

Seasonal variation

On a temporal scale, the chrysomelid community followed a seasonal pattern, where
the rainy season was the most favorable for the presence of this group in the study area.
Increase in abundance and species richness during this season has also been found in
numerous studies worldwide, including studies in Tamaulipas and other parts of Mex-
ico (Petitpierre et al. 2000; Esker et al. 2002; Burgos-Solorio and Anaya-Rosales 2004;
Koji and Nakamura 2006; Furth 2009; Martinez-Sdnchez et al. 2009; Furth 2013;
Sénchez-Reyes et al. 2015b; Sdnchez-Reyes et al. 2016a; Sandoval-Becerra et al. 2016;
Sen and Gok 2016; Miwa and Meinke 2017; Lucio-Garcia et al. 2019). Results of
the richness estimators support these patterns, because the percentage of completeness
during rains is lower when compared to the dry season. Thus, in certain areas, the high-
est activity of chrysomelids is restricted to the rainy season, while inactivity increases
during drought conditions (Noguera 1988; Furth 2013). This is due to the association
of chrysomelids with the quality and availability of their host plants (Rehounek 2002;
Sen and Gok 2016), which are some of the most important elements in their diet
(Avila and Postali-Parra 2003), as well as with the abundance of young foliage (Basset
and Samuelson 1996), variables that are increased during the period of highest rainfall.
In addition, there is more vegetation cover producing shade, creating microenviron-
ments that could be more favorable to maintaining a high population density (Hill and
Hill 2001), with the climatic conditions of humidity necessary for the adult beetles to
emerge and fly (Yanes-Gémez and Morén 2010).

However, in other geographic regions, such as the subtropical areas of Brazil, the
highest abundance has occurred in the dry season, specifically within the subfami-
lies Galerucinae, Cassidinae and Chrysomelinae (Linzmeier and Ribeiro-Costa 2008;
Flinte et al. 2011; Bouzan et al. 2015; Flinte et al. 2017). In addition, in some areas
of northeastern Mexico, greater numbers of species and specimens have also been re-
corded during the dry season (Sdnchez-Reyes et al. 2014). These discrepancies can be
attributed to the climatic and biogeographic differences between plant communities.
For example, in cloud forests, dry periods are shorter and less intense, causing a favora-
ble increase in specimens of some Coleoptera families (Pedraza et al. 2010). Although
soil moisture and precipitation are reduced in these areas, the cloudiness in the form of
mist reduces evaporation, providing water during periods of low rain; in consequence,
marked deficiency of humidity in these forests is rare. In other tropical forests near the
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study area, the dry season is not as severe, for example in the Peregrina Canyon, where
a higher abundance of adult chrysomelids often occurs concentrated in refuges dur-
ing this season, while the larval stages are more abundant during the rains (Sdnchez-
Reyes et al. 2014). On the contrary, differences in geographic position, latitude and
elevation influence the contrast that exists between the dry and rainy seasons in other
fragments of the same type of vegetation in northeastern Mexico. In the study area,
there are well-defined periods of high temperature and precipitation, in addition to a
non-continuous flow of water currents during the year, which lead to a more severe
dry season. Similar and more extreme cases exist in tropical dry forests from the south
or Pacific coast of Mexico, where the plants lose their leaves completely during the dry
season, resulting in a notable absence of chrysomelids (Noguera 1988). Likewise, these
climatic variations and their effects on the phenology of the host plants are probably
the main drivers of the temporal dynamics in these beetles (Flinte et al. 2017).

Unlike other investigations where the greatest diversity also occurs in the wet sea-
son (Sdnchez-Reyes et al. 2016a), in this work, the low abundance and species rich-
ness resulted in a high diversity in the dry season, by decreasing the dominance and
increasing the effective number of species (Magurran 2004). Therefore, the dry season
is of great importance for the chrysomelid community in the STF of the study area,
since the prevailing conditions increase the evenness of the chrysomelid community.
Species may exploit food resources in a more efficient way during this season, achiev-
ing a balance in their populations and reducing the dominance of most species, thus
suggesting an adaptation of Chrysomelidae to acute drought conditions. This could be
noted also when observing the high percentage of faunistic similarity between seasons,
which indicates that most of the leaf beetles are the same in both periods. Therefore, it
is possible that their resource acquirement changes and consequently their abundances
are modified during the seasonal variations. Moreover, 31 species were registered ex-
clusively for the rainy season, while only 11 for the dry season. Together, these results
highlight the relevance of areas where there is a marked temporal or seasonal heteroge-
neity, since it can generate unique species compositions.

Response of Chrysomelidae to seasonal microclimatic changes

In this research, the niches of chrysomelid species were examined by means of the
Outlying Mean Index. This showed that the variations in the abundance of leaf beetles
were significantly related to the microclimatic changes in each season. Factors that
influence the distribution of phytophagous insects are a combination of geographic
and environmental elements (Wasowska 2004; Andrew and Hughes 2005; Lassau et
al. 2005; Baselga and Jiménez-Valverde 2007). It has also been shown that leaf beetles
present different degrees of association with the microclimatic conditions of the habi-
tats where they develop (Sdnchez-Reyes et al. 2016b; Sandoval-Becerra et al. 2017),
and this is demonstrated in our study. However, the variation explained by the analysis
and the correlation values of the variables were higher in the dry season, suggesting a
stronger association between the microclimate and the chrysomelid community with
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respect to the rainy season. This can be attributed to more heterogeneous environment
values during low precipitation months. For example, in tropical forests it has been
observed that lower microclimatic variability occurs through the rainy season (Checa
etal. 2014; Sinchez-Reyes et al. 2019), which could be due to a higher homogeneity in
the vegetation structure. Therefore, chrysomelid populations are more variable in rela-
tion to the seasonal microclimate prevailing during the dry season, so that the effects,
particularly of precipitation, determine strong positive or negative responses in these
insects (Pinheiro et al. 2002); this pattern also occurs in other phytophagous groups,
such as Curculionidae or Cicadidae (Novotny et al. 1999; Silva et al. 2017).

Significant microclimatic variables were very similar between seasons (environ-
mental temperature, heat index, evapotranspiration and, to a lesser extent, wind speed),
although there were differences in the order of importance and in their contribution
to the variations in abundance of leaf beetles. In the rainy season, the most important
variable to characterize the niche of the species was the heat index, which is considered
to be a combination of humidity and temperature in the same value and represents
the thermal sensation (Lee and Brenner 2015). In physiological terms, phytophagous
insects must accumulate a certain amount of heat to be able to hatch and accelerate
their development rate, thereby increasing the number of generations (Marco 2001;
Mejia 2005). However, in the dry season, the variable of greatest importance was evap-
otranspiration. Such variation can be attributed to the environmental humidity stress
to which the host plants are exposed after rainfall, modifying the moisture content
of leaves and stems and thereby affecting feeding patterns of chrysomelids. This sug-
gests that direct effects on trophic networks may occur during drought periods, which
influence the development of phytophagous insects, particularly due to desiccation
(Martinez et al. 2010; Anderson et al. 2016).

A similar set of microclimatic variables has been associated with Chrysomelidae in
other works, specifically temperature, heat index, maximum wind speed and evapo-
transpiration (Stewart et al. 1996; Flinte and Valverde de Macedo 2004; Isard et al.
2004; Baselga and Jiménez-Valverde 2007; Linzmeier and Ribeiro-Costa 2013; Aneni
et al. 2014; Sdnchez-Reyes et al. 2016b; Oliveira et al. 2017; Sandoval-Becerra et al.
2017). There are other studies where the most important abiotic variables were solar ra-
diation, precipitation, relative humidity, photoperiod and condensation point (Flinte
and Valverde de Macedo 2004; Isard et al. 2004; Linzmeier and Ribeiro-Costa 2013).
It should be mentioned that differences compared to the present study arise due to
various factors, including the type of study, geographic location, ecosystems evaluated
and method for measuring microclimatic variables, as well as the specific response of
taxa to the variables.

Regarding the individual response of leaf beetles to the variables, it was observed
that only 11 of the 71 species registered a significant variation between their niche
and the average microclimatic conditions in the STE It has been observed that the
number of chrysomelid species that present a significant relationship with abiotic pa-
rameters is variable, although previous studies have focused on the effect of disturbance
(Sandoval-Becerra et al. 2017) and elevation gradients (Sinchez-Reyes et al. 2016b).
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The study of chrysomelid species associated with abiotic variables has been useful in
recognizing part of their biology and ecology, specifically their reproductive cycle or
their potential for biological control (Stewart et al. 1996; Flinte and Valverde de Mac-
edo 2004; Isard et al. 2004; Oliveira et al. 2017). Also, such study has been applied
to know their niches (Sdnchez-Reyes et al. 2015a) and to identify indicator species of
conservation status (Ohsawa and Nagaike 20006) or disturbance (Sandoval-Becerra et
al. 2017). Other studies have focused on the influence of climate in the distribution
of species (Sdnchez-Reyes et al. 2016b; Wang et al. 2017). The present work, on the
other hand, is one of the first to address the influence of microclimatic variation on
Chrysomelidae from a seasonal perspective.

Specifically, in the dry season, seven significant species were recorded, while in
the rainy season there were only six. In both seasons, C. diversa was categorized as a
generalist species, since it presented a low marginality and a high tolerance, which
indicates a wide distribution in the study area associated with average microclimatic
values. This response is similar to that observed in the same and other species within
the genus, but in different areas (Sinchez-Reyes et al. 2016b; Sandoval-Becerra et al.
2017). The second common species in both seasons was A. trifasciata although it was
categorized as a specialist due to high marginality and low tolerance values. A similar
response pattern was previously recorded in the Sierra de San Carlos for this species
(Sdnchez-Reyes 2014). Association between variables and A. #rifasciata was higher in
the dry season, since the marginality parameters were higher, while the tolerance values
were lower; that is, the distribution of A. #rifasciata appears to be more restricted dur-
ing the dry conditions. The rest of the species demonstrated seasonal differences. For
example, during the rainy season, L. suturella presented the highest marginality value
and had a low tolerance to the microclimatic environment; similar responses were
observed in Walterianella sp. 1 and Z. inconstans. In the dry season, Syphrea sp. 1 was
the species with the lowest tolerance, followed by Chaetocnema sp. 1, Acallepitrix sp. 7,
Epitrix sp. 1 (Galerucinae), and B. pumila (Cassidinae). However, some of these spe-
cies also occurred throughout the year, despite being significantly associated with only
one season. The above observations provide evidence that leaf beetles have seasonal
modifications in their niche requirements. Influence of the microclimate may be more
important in the rainy season, while in the dry season (or vice versa) the variables that
determine niches are different, or they may have a non-significant contribution to the
distribution of the species (Basset et al. 1992; Martinez et al. 2010; Garcia-Atencia
et al. 2015). These seasonal changes may be associated with the synchronization of
the reproductive cycles of the phytophagous insects, particularly depending on the
precipitation and temperature provided by the forest structure, which is not constant
throughout the year and tends to be increasingly variable (Basset et al. 1992; Soler et
al. 2002; Garcfa-Atencia et al. 2015).

The broad microclimatic tolerance of C. diversa and the abiotic specialization of
A. trifasciata represent a first approach to the analysis of the generalized environmental
response of chrysomelids, even though both have been documented in other studies. In
this way, it is probable that the behavior of the species is similar and constant in other
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geographical areas, which would allow the use of such taxa in environmental monitor-
ing. New studies on chrysomelid niches would allow us to elucidate these effects. It is
also important to recognize that phytophagous insects and specialist taxa with a small
niche breadth could be negatively influenced by the possible effects of climate change
(Williams et al. 2007; Dormann et al. 2008; Hill et al. 2011), which will impact the
structure and functioning of the communities (Hegland et al. 2009; Stuble et al. 2013;
Luna-Castellanos et al. 2017). Effects extend to plant-insect interactions (mutualism,
predation, competition, etc.), either due to phenological changes (synchronization in
the interaction) or distribution of species (Hédar et al. 2004; Luna-Castellanos et al.
2017), with some species even being susceptible to local extinction (Tscharntke et al.
2002; Petermann et al. 2010). Furthermore, the present results and similar evidence
suggest that climate variability can lead to significant biodiversity losses (Parmesan et
al. 1999; Hill et al. 2002; Konvicka et al. 2003; Wilson et al. 2007). However, despite
having knowledge about possible consequences, little information is available on the
effects that the changing microclimate can have on biodiversity, its populations, bio-
logical communities, and the ecosystems that harbor them.

Conclusions

The study of seasonal and microclimatic changes on species and communities is a
topic of great importance in conservation ecology. Community attributes of the fam-
ily Chrysomelidae and the beetles” response to microclimatic variation were evaluated
for the first time from a seasonal perspective, in a semideciduous tropical forest frag-
ment of northeastern Mexico. Overall, the observed results were similar to those from
other faunistic studies of leaf beetles, although the number of species ranked third
within tropical forest areas of the state of Tamaulipas. Seasonality induced significant
changes in the parameters of abundance, diversity and faunistic composition in the
chrysomelid community. The highest number of specimens and species were recorded
in the rainy season, while the lowest dominance and highest diversity occurred in the
driest period.

In this study, it was shown that Chrysomelidae were significantly associated with
the microclimatic variation among seasons. However, the strength of this association
and the number of significant species were different for each season. Changes in
the abundance of the leaf beetles were influenced by the heat index, temperature,
evapotranspiration, and average wind speed, reflected by specific conditions required for
each species. Microclimatic and seasonal assessment could be useful for the evaluation
of climate change, since niche analysis enables detection of specialized or vulnerable
species, which are associated with a delimited set of environmental conditions.
This characterization of the microclimate niche of Chrysomelidae from a seasonal
perspective was conducted here for the first time in northeastern Mexico. However,
additional studies are warranted to determine if the observed patterns are different
when evaluating other abiotic factors or when evaluating other plant communities.
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Appendix |

Table Al. Taxonomic checklist of Chrysomelidae by season in a fragment of semideciduous tropical for-
est from northeastern Mexico (March 2016 to February 2017).

Taxon Rainy season Dry season

N N N

CRIOCERINAE Latreille, 1807 14

Tribe Lemini Heinze, 1962

Lemasp. 1 5 - 5

Lema sp. 2 2 2 -

Lema sp. 3 2 - 2

Neolema sp. 1 2 2 -

Oulema sp. 1 3 3 -

CASSIDINAE Gyllenhal, 1813 410

Tribe Chalepini Weise, 1910
Baliosus sp. 1 1 1 -
Brachycoryna pumila Guérin-Méneville, 1844 34 17 17
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Taxon Rainy season Dry season
N N N
Chalepus digressus Baly, 1885 1 - 1
Heterispa vinula (Erichson, 1847) 311 209 102
Octotoma intermedia Staines, 1989 3 3 -
Sumitrosis inaequalis (Weber, 1801) 2 2 -
Tribe Cassidini Gyllenhal, 1813
Agroiconora vilis (Boheman, 1855) 1 1 -
Charidotella sexpunctata (Fabricius, 1781) 3 2 1
Helocassis clavata (Fabricius, 1798) 12 5 7
Helocassis crucipennis (Boheman, 1855) 37 16 21
Microctenochira punicea (Boheman, 1855) 4 3 1
Microctenochira varicornis (Spaeth, 1926) 1 1 -
CHRYSOMELINAE Latreille, 1802 9
Tribe Chrysomelini Latreille, 1802
Calligrapha ancoralis Stal, 1860 1 1 -
Calligrapha fulvipes Stal, 1859 1 - 1
Deuterocampta atromaculata Stal, 1859 1 1
Labidomera suturella Chevrolat, 1844 3 1 2
Plagiodera semivittata Stal, 1860 2 1 1
Plagiodera thymaloides Stil, 1860 1 1 -
GALERUCINAE Latreille, 1802 1628
Tribe Galerucini Latreille, 1802
Coraia subcyanescens (Schaeffer, 1906) 8 8 -
Tribe Luperini Chapuis, 1875
Acalymma sp. 1 1 1 -
Cyclotrypema furcata (Olivier, 1808) 23 23 -
Diabrotica biannularis Harold, 1875 1 1 —
Gynandrobrotica lepida (Say, 1835) 8 1 7
Paratriarius curtisii (Baly, 1886) 1 1 -
Tribe Alticini Newman, 1835
Acallepitrix sp. 1 1 - 1
Acallepitrix sp. 2 1 1 -
Acallepitrix sp. 3 2 2
Acallepitrix sp. 4 3 - 3
Acallepitrix sp. 5 11 5 6
Acallepitrix sp. 6 9 2 7
Acallepitrix sp. 7 8 4 4
Acallepitrix sp. 8 2 2 -
Acrocyum dorsale Jacoby, 1885 30 17 13
Acrocyum sp. 1 2 - 2
Alagoasa bipunctata (Chevrolat, 1834) 8 5 3
Alagoasa trifasciata (Fabricius, 1801) 19 15 4
Alagoasa sp. 1 1 1 -
Asphaera abdominalis (Chevrolat, 1835) 1 1 -
Asphaera nigrofasciata Jacoby, 1885 1 1 -
Centralaphthona diversa (Baly, 1877) 692 440 252
Centralaphthona sp. 1 1 1 -
Chaetocnema sp. 1 19 6 13
Disonycha stenosticha Schaefer, 1931 1 — 1
Epitrix sp. 1 28 10 18
Heikertingerella sp. 1 24 21 3
Longitarsus sp. 1 7 4 3
Longitarsus sp. 2 16 1 15
Margaridisa sp. 1 147 16 131
Monomacra bumeliae (Schaeffer, 1905) 528 336 192
Phyllotreta aeneicollis (Crotch, 1873) 1 1 -
Syphrea sp. 1 8 2 6
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Taxon Rainy season Dry season
N N N
Syphrea sp. 2 5 5 -
Walterianella sp. 1 9 8 1
Walterianella sp. 2 1 1 -
CRYPTOCEPHALINAE Gyllenhal, 1813 6

Tribe Cryptocephalini Gyllenhal, 1813

Cryptocephalus umbonatus Schaeffer, 1906 1 - 1
Diachus chlorizans (Suffrian, 1852) 1 1 -
Tribe Clytrini Lacordaire, 1848

Babia distinguenda Jacoby, 1889 1 1 -
Smaragdina agilis (Lacordaire, 1848) 3 - 3
EUMOLPINAE Hope, 1840 36

Tribe Eumolpini Hope, 1840

Brachypnoea sp. 1 3 1 2
Brachypnoea sp. 2 5 1 4
Colaspis freyi (Bechyné, 1950) 1 1 -
Colaspis melancholica Jacoby, 1881 13 12 1
Colaspis townsendi Bowditch, 1921 1 1 -
Xanthonia sp. 1 3 - 3
Zenocolaspis inconstans (Lefevre, 1878) 8 7 1
Tribe Typophorini Chapuis, 1874

Paria sp. 1 2 2 -
71 species Totals 2103 1242 861

Table A2. Outlying Mean Index parameters for chrysomelid species in the rainy season. Key: InerO =
Total inertia, OMI = Marginality index, T1 = Tolerance, T2 = Residual tolerance, p = probability; signifi-
cant values in bold.

Species InerO OMI T1 T2 P
Acallepitrix sp. 2 3.76 3.76 0.00 0.00 0.55
Acallepitrix sp. 3 11.91 5.64 3.86 2.42 0.16
Acallepitrix sp. 5 5.74 2.92 0.82 2.00 0.09
Acallepitrix sp. 6 11.66 7.62 2.35 1.69 0.08
Acallepitrix sp. 7 3.88 0.23 0.99 2.67 0.96
Acallepitrix sp. 8 3.72 3.03 0.10 0.59 0.42
Acalymma sp. 1 4.56 4.56 0.00 0.00 0.47
Acrocyum dorsale 6.33 0.54 2.01 3.78 0.24
Agroiconota vilis 1.51 1.51 0.00 0.00 0.91
Alagoasa bipunctata 3.45 0.85 0.97 1.63 0.70
Alagoasa trifasciata 5.20 2.52 0.90 1.78 0.00
Alagoasa sp. 1 2.29 2.29 0.00 0.00 0.78
Asphaera abdominalis 2.29 2.29 0.00 0.00 0.78
Asphaera nigrofasciata 5.57 5.57 0.00 0.00 0.40
Babia distinguenda 9.82 9.82 0.00 0.00 0.23
Brachycoryna pumila 5.14 0.95 2.58 1.62 0.25
Brachypnoea sp. 1 5.83 5.83 0.00 0.00 0.37
Brachypnoea sp. 2 0.75 0.75 0.00 0.00 0.97
Calligrapha fulvipes 3.05 3.05 0.00 0.00 0.65
Centralaphthona diversa 6.01 0.20 2.14 3.67 0.02
Centralaphthona sp. 1 0.94 0.94 0.00 0.00 0.96
Chaetocnema sp. 1 5.46 1.58 0.81 3.08 0.43
Charidotella sexpunctata 2.52 1.27 0.62 0.63 0.79
Colaspis freyi 430 430 0.00 0.00 0.49
Colaspis melancholica 7.96 7.96 0.00 0.00 0.31

Colaspis townsendi 3.33 1.00 0.24 2.08 0.40
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Species InerO OMI T1 T2 P
Coraia subcyanescens 4.61 0.57 0.42 3.62 0.78
Cyclotrypema furcata 3.25 0.37 0.70 2.18 0.58
Diabrotica biannularis 222 222 0.00 0.00 0.81
Diachus chlorizans 0.59 0.59 0.00 0.00 0.98
Deuterocampta atromaculata 3.05 3.05 0.00 0.00 0.65
Epitrixsp. 1 462 3.55 0.37 0.70 0.07
Gynandrobrotica lepida 20.23 20.23 0.00 0.00 0.06
Heikertingerella sp. 1 6.29 0.11 1.29 4.89 0.96
Helocassis clavata 9.99 1.93 6.06 2.00 0.22
Helocassis crucipennis 5.12 1.61 0.46 3.05 0.09
Heterispa vinula 6.06 0.09 1.30 4.68 0.21
Labidomera suturella 23.86 23.86 1.83 0.00 0.04
Lema sp. 2 6.01 4.36 0.80 0.85 0.26
Longitarsus sp. 1 17.20 5.69 10.66 0.85 0.07
Longitarsus sp. 2 2.53 2.53 0.00 0.00 0.75
Margaridisa sp. 1 5.40 0.16 2.07 3.17 0.86
Microctenochira punicea 2.59 1.41 0.38 0.80 0.59
Microctenochira varicornis 9.80 9.80 0.00 0.00 0.23
Monomacra bumeliae 6.99 0.44 1.70 4.85 0.00
Neolema sp. 1 5.55 5.45 0.00 0.10 0.18
Octotoma sp. 1 4.60 1.23 1.88 1.50 0.66
Oulema sp. 1 3.75 2.72 0.08 0.94 0.49
Paratriarius curtisii 2.62 2.62 0.00 0.00 0.71
Paria sp. 1 8.16 2.32 3.98 1.86 0.56
Phyllotreta aeneicollis 6.34 6.34 0.00 0.00 0.35
Plagiodera semivittata 4.00 4.00 0.00 0.00 0.53
Plagiodera thymaloides 3.15 3.15 0.00 0.00 0.65
Sumitrosis inaequalis 3.17 0.35 0.64 2.18 0.97
Sumitrosis sp. 1 1.24 1.24 0.00 0.00 0.94
Syphrea sp. 1 1.70 0.60 0.01 1.08 0.92
Syphrea sp. 2 3.41 3.20 0.04 0.16 0.44
Walterianella sp. 1 7.26 5.25 1.49 0.51 0.02
Walterianella sp. 2 2.62 2.62 0.00 0.00 0.71
Zenocolaspis inconstans 6.56 4.15 0.23 2.18 0.02

Table A3. Outlying Mean Index parameters for chrysomelid species in the dry season. Key: InerO = To-
tal inertia, OMI = Marginality index, T1 = Tolerance, T2 = Residual tolerance, p = probability; significant
values in bold.

Species InerO OMI T1 T2 P
Acallepitrix sp. 1 7.86 7.86 0.00 0.00 0.41
Acallepitrix sp. 4 5.76 2.15 0.23 3.38 0.41
Acallepitrix sp. 5 5.63 0.90 3.16 1.58 0.45
Acallepitrix sp. 6 6.31 0.46 2.41 3.43 0.80
Acallepitrix sp. 7 8.30 6.09 0.42 1.79 0.02
Acrocyum dorsale 8.21 0.25 3.58 438 0.72
Acrocyum sp. 1 14.37 7.55 4.42 2.40 0.10
Alagoasa trifasciata 7.09 6.52 0.04 0.53 0.05
Alagoasa sp. 1 4.47 1.72 0.68 2.07 0.52
Brachycoryna pumila 9.76 2.11 5.09 2.56 0.03
Brachypnoea sp. 1 9.51 0.65 4.61 4.25 0.95
Brachypnoea sp. 2 12.33 12.33 0.00 0.00 0.10
Calligrapha fulvipes 5.45 5.45 0.00 0.00 0.56
Centralaphthona diversa 8.06 0.30 2.79 4.97 0.04

Chaetocnema sp. 1 10.03 6.78 1.71 1.54 0.01
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Species InerO OMI T1 T2 P
Chalepus digressus 12.80 12.80 0.00 0.00 0.09
Charidotella sexpunctata 9.42 9.42 0.00 0.00 0.22
Colaspis townsendi 5.85 5.85 0.00 0.00 0.52
Cryptocephalus umbonatus 0.83 0.83 0.00 0.00 0.98
Disonycha stenosticha 8.31 8.31 0.00 0.00 0.32
Epitrix sp. 1 7.50 3.02 1.43 3.05 0.01
Gynandrobrotica lepida 4.94 1.29 0.25 3.41 0.24
Heikertingerella sp. 1 5.75 0.88 2.31 2.57 0.76
Helocassis clavata 6.28 0.57 4.26 1.45 0.58
Helocassis crucipennis 8.65 1.95 5.37 1.33 0.13
Heterispa vinula 7.04 0.23 1.79 5.02 0.15
Labidomera suturella 3.43 1.30 0.78 1.34 0.82
Lema sp. 1 8.29 1.54 4.25 2.50 0.82
Lema sp. 3 2.29 2.29 0.00 0.00 0.89
Longitarsus sp. 1 5.51 2.46 0.09 2.96 0.34
Longitarsus sp. 2 5.79 0.13 0.20 5.47 0.88
Margaridisa sp. 1 7.69 0.13 3.27 4.29 0.96
Microctenochira punicea 2.93 2.93 0.00 0.00 0.76
Monomacra bumeliae 6.20 0.16 2.86 3.18 0.08
Plagiodera thymaloides 5.72 5.72 0.00 0.00 0.54
Smaragdina agilis 5.31 0.53 1.71 3.07 0.97
Syphreasp. 1 11.29 9.97 0.20 112 0.01
Walterianella sp. 1 5.72 5.72 0.00 0.00 0.54
Xanthonia sp. 1 4.60 2.42 0.23 1.95 0.36

Zenocolaspis inconstans 4.25 4.25 0.00 0.00 0.69
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Abstract

Morphological characteristics, including male and female genitalia, combined with DNA barcodes were
used to identify 470 Anaplecta specimens sampled from China. Ten Anaplecta species are new to science,
including three cryptic species: A. paraomei Zhu & Che, sp. nov., A. condensa Zhu & Che, sp. nov., and
A. longihamata Zhu & Che, sp. nov., which are distinguished mainly by their female genitalia. The other
seven new species are as follows: A. bicruris Zhu & Che, sp. nowv., A. spinosa Zhu & Che, sp. nov., A. ungu-
lata Zhu & Che, sp. nov., A. anomala Zhu & Che, sp. nov., A. serrata Zhu & Che, sp. nov., A. bombycina
Zhu & Che, sp. nov., and A. truncatula Zhu & Che, sp. nov. This study illustrates that differences in
female genitalia can be used to distinguish among species of Anaplecta. The female genitalia of 19 Chinese
Anaplecta species are described and illustrated in this paper.

Keywords
ABGD, Anaplecta omei, cryptic species, DNA barcodes, female genitalia

Introduction

The genus Anaplecta, has been attributed to the superfamily Blattoidea (Djernas 2018)
based on molecular studies (Djernaes et al. 2015; Wang et al. 2017; Bourguignon et
al. 2018). In previous studies, body color and veins were usually used to distinguish

Copyright Jing Zhu et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Anaplecta species (Shelford 1906; Rehn 1916). However, intraspecific variations in
costal veins and cross veins of the medio-radia as well as in body color were found,
which reduces the value of these characteristics for morphology-based identification
(Bruijning, 1948). Almost forty years later, and as for other cockroaches, male genitalia
were gradually adopted as the main characters to identify species of Anaplecta (Roth
1990, 1996; Lucanas 2016; Deng et al. 2020) .

Deng et al. (2020) established eight Anaplecta species from China with the aid of
DNA barcodes, which successfully solved several problems in identification. Males and
females were difficult to match if only based on morphological characters, and there
was intraspecific variation in male genitalia. After careful examination, we found that
the samples of Anaplecta omei examined in Deng (2020) belong to a complex species
containing three species (A. omei, A. paraomei sp. nov., and A. condensa sp. nov.; see
below); Deng (2020) had treated the differences in male genitalia as intraspecific vari-
ation of Anaplecta omei. We re-examined all the samples that had been identified as
Anaplecta omei, and found some subtle differences in the samples from Libo, Dushan,
Mt. Wuliang, and other regions, differences that could either reflect intraspecific vari-
ations or interspecific differences.

Therefore, it is necessary to find new morphological characters to identify Ana-
plecta species. Although female genitalia were considered to have fewer useful morpho-
logical characters in the taxonomy of cockroaches, Aldrich et al. (2004) successfully
identified four Cryprocercus species based on female genitalia. Female genitalia have
also been used in the identification of Cryptocercus (Wang et al. 2015; Bai et al. 2018).
Meanwhile, female genitalia of other cockroaches were gradually described in detail
and used to distinguish species in Ectobiidae (Bohn et al. 2010; Anisyutkin 2013),
Blaberidae (Anisyutkin 2014, 2016), or Blattidae (Grandcolas et al. 2014).

In the present study, we use DNA barcodes combined with morphological charac-
teristics, including male and female genitalia, to comprehensively analyze and identify
470 samples of Anaplecta, and to determine whether the samples from Libo, Dushan,
Mt. Wuliang should be treated as cryptic species.

Materials and methods

Morphological study

We examined 470 Anaplecta specimens, including 165 females. The measurements are
based on examined specimens. The genitalia were soaked in 10% NaOH at 65 °C for
30-35 minutes, then rinsed with distilled water. All segments were dissected and ob-
served in glycerol with a Motic K400 stereomicroscope or a Leica M205A stereomicro-
scope. Photographs were taken with a Leica M205A stereomicroscope, and edited with
Adobe Photoshop CS6. All type materials are deposited at the Institute of Entomology,
College of Plant Protection, Southwest University, Chongqing, China (SWU).
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The terminology for body, male, and female genitalia mainly follows McKittrick
(1964), Roth (1990), Wang et al. (2016), and Deng et al. (2020). Terminology for
veins follows Li et al. (2018).

Abbreviations in this paper are as follows:

CuA cubitus anterior;

CuP cubitus posterior;

L1,L2,L3 sclerites of the left phallomere;
L2d L2 dorsal;

L2v L2 ventral;

L2vm median sclerite;

M media;

R1, R2, R3 sclerites of the right phallomere.

PCR amplification and sequencing

A total of 38 specimens was used for COI sequencing in this study. Total DNA
was extracted from the muscles of the thorax and legs according to the Hipure Tis-
sue DNA MiniKit. Primers for polymerase chain reaction (PCR) were COI-F3
(5°-CAACYAATCATAAAGANATTGGAAC-3’) and COI-R3 (5-TAAACTTCTG-
GRTGACCAAARAATCA-3’). The thermal cycling conditions were as follows: initial
denaturation 2 min at 98 °C, followed by 35 cycles of 10 s at 98 °C, 10 s, annealing at
49-50 °C, 15 s extension at 72 °C, and a final extension of 2 min at 72 °C; the samples
were then held at 8 °C. The PCR products were sequenced by Tsingke (Beijing, Chi-
na). All sequences were deposited in GenBank with the following accession numbers

OL790028-OL790065 (Table 1).

Species delimitation and distance analyses

A total of 58 COI sequences was analyzed: 38 sequences of Anaplecta species in this study,
17 published sequences of Anaplecta, 3 sequences of Periplaneta Burmeister, 1838 (as
outgroup) downloaded from GenBank (Table 1). All COI sequences were aligned using
MEGA 7.0 and adjusted visually after translation into amino acid sequences. Genetic
divergence values were quantified based on the Kimura 2-parameter (K2P) distance
model (Kimura, 1980). Maximum Likelihood (ML) method was implemented in IQ-
TREE (Nguyen et al. 2015) with the GTR+I+G model selected by PartitionFinder
v.2.1.1 according to the corrected Akaike Information Criterion (AICc) (Lanfear et
al. 2017), and nodal support values were estimated using 1000 bootstrap replicates.
We then performed the Automatic Barcode Gap Discovery (ABGD; Puillandre et
al. 2012) molecular species delimitation method to provide auxiliary evidence for
distinguishing species. As a simple, quick, and efficient method, ABGD is available
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Table 1. Samples used in species delimitation.
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Species

Location

Voucher number

Accession Number

bicruris sp. nov.
bicruris sp. nov.
bicruris sp. nov.
spinosa sp. nov.
spinosa sp. nov.
ungulata sp. nov.
ungulata sp. nov.
ungulata sp. nov.
anomala sp. nov.
anomala sp. nov.
serrata sp. nov.
serrata sp. nov.
serrata sp. nov.
bombycina sp. nov.
bombycina sp. nov.
bombycina sp. nov.
bombycina sp. nov.
longihamata sp. nov.
longihamata sp. nov.
paraomei sp. nov.
paraomei sp. nov.
paraomei sp. nov.
paraomei sp. nov.
condensa sp. nov.
condensa sp. nov.
condensa sp. nov.
truncatula sp. nov.
truncatula sp. nov.
omei

omei

omei

omei

corneola

corneola

corneola

cruciata

cruciata

cruciata

basalis

basalis

basalis

nigra
staminiformis
staminiformis
staminiformis
arcuata

arcuata

arcuata

strigata

N T T T e e T T

strigata
A. strigata
A. furcata
A. furcata
A. bicolor
A. bicolor

Mt. Jianfengling, Hainan
Mt. Jianfengling, Hainan
Mt. Jianfengling, Hainan
Mt. Limu, Hainan
Mt. Limu, Hainan
Xishuangbanna, Yunnan
Xishuangbanna, Yunnan
Pu’er, Yunnan
Mt. Wuliang, Yunnan
Mt. Wuliang, Yunnan
Xishuangbanna, Yunnan
Xishuangbanna, Yunnan
Naban River, Yunnan
Pu’er, Yunnan
Xishuangbanna, Yunnan
Xishuangbanna, Yunnan
Xishuangbanna, Yunnan
Mt. Wuliang, Yunnan
Mt. Wuliang, Yunnan
Dushan, Guizhou
Dushan, Guizhou
Dushan, Guizhou
Dushan, Guizhou
Libo, Guizhou
Libo, Guizhou
Guiping, Guangxi
Chengbu, Hunan
Chengbu, Hunan
Mt. Jingyun, Chongging
Mt. Jingyun, Chongging
Guiping, Guangxi
Nanjing, Jiangsu
Mt. Yinggeling, Hainan
Mt. Jianfengling, Hainan
Mount Wuyi, Fujian
Mengla, Yunnan
Mengla, Yunnan
Mengla, Yunnan
Mengla, Yunnan
Xishuangbanna, Yunnan
Xishuangbanna, Yunnan
Motuo, Xizang
Mt. Diaoluo, Hainan
Mt. Diaoluo, Hainan
Mzt. Limu, Hainan
Mzt. Limu, Hainan
Baoting, Hainan
Baoting, Hainan
Pu’er, Yunnan
Mt. Jianfengling, Hainan
Menglun, Yunnan
Mt. Dayao, Guangxi
Mt. Dayao, Guangxi
Mengla, Yunnan
Xishuangbanna, Yunnan

SH1(&)
SH2(&)
ZJFLA(R)
NI1(&)
ZLMS2(9)
SP1(d)
ZYRC3(Q)
ZMZH1(3)
SP2(d)
ZWLS1(Q)
SP2_2(%)
ZLMCI1(?)
ZGMS1(J)
MZHI1(})
7SXZ1(3)
SP3(3)
ZYRC2(?)
SP4(J)
ZWLS2(Q)
GZ2(3)
DS4_2(9)
GZ5(3)
GZ6(?)
GZA4(D)
GZ10(9)
GX8(d)
HNSY1(d)
HNSY2(9)
CQ2()
CQ5(%)
GX7(3)
3
YGLI()
3
3
ML3(9)
st
st
MLA4(Q)

OL790029
OL790030
OL790036
OL790028
OL790038
OL790031

OL790053
OL790048
OL790032
OL790050
OL790033
OL790047
OL790046
OL790037
OL790049
OL790034
OL790052
OL790035
OL790051

OL790039
OL790045
OL790041

OL790042
OL790040
OL790043
OL790044
OL790054
OL790055
OL790056
OL790057
OL790058
MT800287
OL790063
MT800293
MT800296
OL790061

MT800303
MT800304
OL790060
MT800305
MT800309
MT800306
OL790062
MT800297
MT800299
OL790065
MT800307
MT800308
OL790064
MT800291
MT800292
MT800301
MT800302
OL790059
MT800310
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Species Location Voucher number Accession Number
Periplaneta americana Indiana, USA KC617846
Periplaneta fuliginosa Buenos Aires, Argentina KM577133
Periplaneta australasiae China KF640069

as a web interface (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html) and was
used with default settings, using the Jukes-Cantor (JC69) and p distance model with
relative gap width (X = 1.0).

Results

Morphological delimitation based on external morphology and male genitalia

Observing the external morphological characters and male genitalia of 470 samples
of Anaplecta, we could easily identify 17 morphospecies. We found there were some
differences in the samples from Libo (GZ4), Dushan (GZ2), Mt. Wuliang (SP4),
and other regions where samples were initially identified as Anaplecta omei. In terms
of color, the sample from Libo (GZ4) was grayish brown while those from other
regions were mostly yellowish brown (CQ2, GZ2, SP4) (Figs 1A, B, 10A, B, 11A,
B, 12A, B). Two samples (CQ2, SP4) have only one paraproct extended backwards,
with dense spines on a curly posterior margin, or both paraprocts extended (GZ4), or
neither (GZ2) extended. The subgenital plate is sub-rectangular in CQ2 and GZ4 or
sub-trapezoidal in SP4 and GZ2. In male genitalia, the L3 has a long uncinate part
(SP4) or not (CQ2, GZ2, GZ4), R1 is bifurcated (CQ2, GZ2) or not (SP4, GZ4),
R2 consists of three (CQ2, GZ2, SP4) or four (GZ4) sclerites (Figs 1E-I, 10G-K,
11G-K, 12G-K). Due to the instability in body color (Bruijning, 1948) and the
intraspecific variations in male genitalia (Deng et al. 2020), it would be premature
to use them to distinguish species. Therefore, we have treated them as intraspecific
variations of A. omei, as in Deng (2020).

Phylogenetic analysis based on COl and MOTUs estimations

In this study, we acquired 38 COI sequences of Anaplecta species. The ML phylogenetic
tree showed that males and females of the same morphospecies form monophyletic groups
(Fig. 2). Most specific clades have 100 bootstrap values, except A. strigata (B = 86), A.
omei (B = 94), and A. corneola (B = 87), indicating that the same morphospecies we iden-
tified were well clustered. The relatively low bootstrap values may be caused by the large
geographical distances and lack of transitional population. In addition, ABGD analysis
produced 20 MOTUs with prior intraspecific divergence (P) = 0.004642, 0.007743,
0.012915, 0.021544, and 0.035938, 17 morphospecies were detected as a single MOTU,
but GZ2, GZ5, GZ6, DS4_2, formed one branch, SP4 and ZWLS2 formed a second,
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Figure 1. A, B, E-l Anaplecta omei Bey-Bienko, 1958 (CQ2), male SWU-B-B-A060315 C, D Anaplecta
condensa Zhu & Che, sp. nov. paratype (GX8), male SWU-B-B-A060126 A, C habitus, dorsal view
B, D habitus, ventral view E supra-anal plate, ventral view F subgenital plate, dorsal view G left phal-
lomere, dorsal view H, I right phallomere, ventral view. Scale bars: 2 mm (A-D); 0.5 mm (E-I). Abbrevi-
ations: L1, L2, L3 sclerites of the left phallomere, L2v L2 ventral, L2vm median sclerite, R1, R2, R3 scle-
rites of the right phallomere.

and GZ4, GX8, and GZ10 formed a third branch; all were distinct from A. omei but
more closely related than the other species. The K2P genetic distance between the 38
individuals ranged from 0 to 27.4% (Suppl. material 1: Table S1).

Establishment of ten new species based on molecular and morphological data

The results of species delimitation by ABGD were nearly consistent with those by morpho-
logical identification (Fig. 2), except 13 samples, which were initially identified as A. omei
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Figure 2. Maximum Likelihood tree derived from COI sequences analyzed with a GTR+I+G model and
with 1000 bootstrap replicates. The numbers at nodes are bootstrap values, the sex of the specimens is given in
brackets (we checked the voucher specimens of the published sequences to determine whether they were males

or females), the red bar indicated morphospecies, the blue bar indicated MOTUs in ABGD (P = 0.0046).

based on external morphological characters and male genitalia, that were divided into 4
MOTUs. But it was insufficient and challenging to distinguish the 13 samples based on
the characteristics of male genitalia. Therefore, we examined the females of all Anaplecta
species from China carefully (except A. furcata, A. malayensis, A. simplex, and A. arisanica,
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for which no female specimen was available), and found there were significant differences
among their female genitalia. The sample from Mt. Wuliang (ZWLS2) has a robust and
long first valvifer arm, while the first valvifer arm of others (CQ5, GZ10, DS4_2) are
short and curled. The sample from Libo (GZ10) has a small and filamentous intercalary
sclerite, while the intercalary sclerite of others (ZWLS2, CQ5, DS4_2) are strip-shaped
or sheet-like. The anterior arch of the sample from Dushan (DS4_2) has a hip-shaped
posterior margin, while that from Mt. Wuliang (ZWLS2) has two transverse finger-like
protrusions, and that of CQ5 and GZ10 are smooth. The shape of the basivalvulae are
also varied (Fig. 16). Ultimately, we discerned 20 Anaplecta species among our 470 sam-
ples, including ten new species, using both morphological characteristics and molecular
data. The ten new species are Anaplecta bicruris sp. nov., A. spinosa sp. nov., A. ungulata sp.
nov., A. anomala sp. nov., A. serrata sp. nov., A. bombycina sp. nov., A. truncatula sp. nov.,
A. longihamata sp. nov., A. paraomei sp. nov., and A. condensa sp. nov.

Diagnosis of the genus

The characteristics of the external structure and male genitalia are given in Deng et al.
(2020) and are therefore not repeated here. Female genitalia: paratergites connected
to crosspiece by membrane. First valvifer arm usually short, fused with crosspiece.
Anterior margin of anterior arch with weakly sclerotized protrusions, and the shape
of basivalvula is always irregular. Spermathecal plate almost merged with basivalvula.
Subgenital plate symmetrical. Intersternal fold always simple, sheet-like.

Distribution

North America, South America, Africa, Asia, Oceania (Beccaloni, 2014).

Key to species of Anaplecta in China

1 Disk of pronotum bicolored .........ccouveirieiiriniiiiniiiincincceeeees 2
- Disk of pronotum unicolored .........cocoeirieuioineiniininciccceees 6
2 Disk of pronotum without longitudinal markings ..........cccoceeeiinnnnnane. 3
- Disk of pronotum with longitudinal markings...........c.cccceeeeiioinnncnnne. 4
3 Tegmina yellowish brown, 1/3 of the base black (except the lateral margins).

....................................................................... A. basalis Bey-Bienko, 1969
- Tegmina completely yellowish brown (except the lateral margins).................
..................................................................... A. bicolor Deng & Che, 2020
4 Disk of pronotum yellowish brown, with two symmetrical brown markings
(Fig. 3C) cuiiiiiciiiiiceiccceeeeecee A. bicruris Zhu & Che, sp. nov.
- Disk of pronotum dark brown, with a yellowish brown longitudinal stripe or
line on the middle........ccccoviiiiiiiiii, 5
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Tegmina unicolored..........cccocvviiiiininninn. A. strigata Deng & Che, 2020
Tegmina bicolored, 1/3 of the base darker than remaining parts (except lateral
margins and anal field) (Fig. 7E)............... A. anomala Zhu & Che, sp. nov.
Tegmina with obvious markings .........cccccevviiiiiiinnieiiiiceccee 7
Tegmina without obvious markings ............ccceeeivinirieiiiinnceccee 9
Tegmina yellowish brown, with a nearly oval brown spot at CuP (Fig. 6E) ...
................................................................ A. ungulata Zhu & Che, sp. nov.
Tegmina yellowish brown, with a subrectangular black spot at base (e.g.
Fig. OE) .o 8
R1 needle-shaped (Fig. 9]) ....ccccvvvvvnnenee A. truncatula Zhu & Che, sp. nov.
RI arc-shaped........cccccoevviiiiiiniiiicine, A. nigra Deng & Che, 2020
Male paraprocts with dense spines on curly posterior margin (e.g. Figs 1E,
LOGE) ettt ettt ettt ettt ettt h ettt b e a ettt enes 10
Male paraprocts not as above ..........coueceeuirierieinenicniiineceeeeeeeee 13
Intercalary sclerite small, nearly filamentous (Fig. 16G, H........ccccccoevvnneee.
................................................................ A. condensa Zhu & Che, sp. nov.
Intercalary sclerite large, strip-shaped or sheet-like.........ccccoovviniiiciinnnn 11
Right first valvifer arm long, lateral edges folded up (Fig. 16A, B).................
.......................................................... A. longihamata Zhu & Che, sp. nov.
Right first valvifer arm short, lateral edges not folded up .......ccceveueueecnee 12
The posterior margin of anterior arch hip-shaped (Fig. 16D, E)....................
............................................................... A. paraomei Zhu & Che, sp. nov.
The posterior margin of anterior arch smooth (Fig. 16], K) ....ccccccoeiinnne,
.......................................................................... A. omei Bey-Bienko, 1958
L1 with a long and curved filamentary structure (e.g. Figs 41, 8]) ............. 14
L1 with a short and robust uncinate structure...........covveerueeneineenecnnenenn
................................................................... A. cruciata Deng & Che, 2020
R1 degraded or merged with L2vm......ccccoovviiiiiiniiiiiiicccee 15
R1 well developed, not merged with L2vm.......ccccoovviiiiiiiinniiiine, 18
Male paraprocts specialized, strip-shaped, with spines on posterior margin
(Fig. 4G) ..o A. spinosa Zhu & Che, sp. nov.
Male paraprocts unspecialized.........coccveiverieinineiiniininiciinceceee 16
The apex of L2v bifurcated, sheet-like.........cccoueveviriinininncniiinccne, 17
The apex of L2v not bifurcated, shaped like ‘3" (Fig. 8I) ...c.ccoovvvvveieiinininnnns
............................................................. A. bombycina Zhu & Che, sp. nov.
One sclerite of R2 serrated (Fig. 5]) ............ A. serrata Zhu & Che, sp. nov.
All sclerites of R2 without serration ............. A. arcuata Deng & Che, 2020
RI curved ... 19
R1 straight, cylinder-shaped............... A. staminiformis Deng & Che, 2020
R1 highly sclerotized horn-shaped .............. A. corneola Deng & Che, 2020

R1 sightly sclerotized arc-shaped................... A. furcata Deng & Che, 2020
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Anaplecta bicruris Zhu & Che, sp. nov.
http://zoobank.org/A05B9533-A9AF-4226-935C-05DF6F6F5693
Figures 3, 13A-C

Type material. Holotype: Crina * male; Hainan Prov., Ledong County, Mt. Jian-
fengling; 18°42.63'N, 108°52.75'E; 940-1000 m; 24 June 2020; Yong Li, Jing Zhu
leg.; SWU-B-B-A060001.

Paratypes: CHINA * 1 male; same data as holotype; SWU-B-B-A060002 ¢ 1 male
and 3 females; Hainan Prov., Ledong County, Mt. Jianfengling; 18°42.63'N,
108°52.75'E; 940-960 m; 23 June 2020; Yong Li, Jing Zhu leg.; SWU-B-B-A060003
to 060006 * 5 males; Hainan Prov., Ledong County, Mt. Jianfengling; 18°42.58'N,
108°52.57'E; 940—-1000 m; 23 June 2020; Rong Chen, Li-Kang Niu leg.; SWU-B-B-
A060007 to 060011.

Diagnosis. This species is similar to A. corneola Deng & Che, 2020, but can be
distinguished as follows: 1) L2vm stamen-shaped with sharp bifurcation in A. bicruris
sp. nov., while simple, sheet-like in A. corneola; 2) R1 absent in A. bicruris sp. nov.,
while horn-shaped in A. corneola; 3) the protrusion of anterior arch horn-shaped in
A. bicruris sp. nov., while that of A. corneola nearly cylindrical; and 4), basivalvula with
a backward extension in A. corneola, while only curled in A. bicruris sp. nov.

Etymology. The specific epithet is derived from the Latin word bicruris, meaning
that L2vm is bifurcated.

Measurements (mm). Male: pronotum length x width: 1.40-1.49 x 1.84-2.05,
tegmina length: 4.97-5.66, overall length: 6.16-6.85. Female: pronotum length
x width: 1.34-1.47 x 1.86-2.21, tegmina length: 5.01-5.53, overall length: 6.23-6.75.

Description. Coloration. Body light yellowish brown, face yellowish brown (Fig. 3A, B).
Antennae brown, maxillary palpus pale brown (Fig. 3D). Pronotum and tegmina light yel-
lowish brown, lateral edges pale or hyaline, pronotum with two symmetrical brown mark-
ings (Fig. 3C, E). Hind wings infuscate, costal field and appendicular field darker than
remaining parts (Fig. 3F). Abdominal sterna, legs, and cerci yellowish brown (Fig. 3B).

Head and thorax. The distance between antennal sockets slightly narrower than
interocular space. Fifth maxillary palpus nearly oval, slightly thicker and wider than
others (Fig. 3D). Pronotum nearly sub-elliptical, posterior margin slightly straight
(Fig. 3C). Tegmina with slightly indistinct veins; radius posterior veins of hind wings
slightly indistinct, without transverse veins between M and CuA (Fig. 3E, F). Front
femur Type B, (Fig. 3B). Pulvilli absent, tarsal claws symmetrical.

Male genitalia. Supra-anal plate with sheet-like paraprocts (Fig. 3G). Subgenital
plate slightly asymmetrical, the left margin longer than the right and both margins
upcurved near the middle; the interstylar margin smooth and curved. Styli medium,
length ~ 1/4 of interstylar space (Fig. 3H). L1 small, fan-shaped with a curved and long
filamentary structure. L2v slender and curved. L2vm brush-like with a sharp bifurca-
tion. L3 hook-like, stubby with apical part blunt (Fig. 3I). R2 irregular, weakly scle-
rotized; one of R2 with dense tiny punctuations. R3 slightly curved, sheet-like (Fig. 3]).
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Figure 3. Anaplecta bicruris Zhu & Che, sp. nov. holotype, male SWU-B-B-A060001 A habitus, dorsal
view B habitus, ventral view C pronotum, dorsal view D head, ventral view E tegmina F wings G supra-
anal plate, ventral view H subgenital plate, dorsal view I left phallomere, dorsal view ) right phallomere,
ventral view. Scale bars: 2 mm (A=F); 0.5 mm (G=J). Abbreviations: afd anal fold, A[1] the anterior one
of the anal vein, A[s] the other element of vannal vein, cfd cubitus fold, CuA cubitus anterior, CuP cubi-
tus posterior, L1, L2, L3 sclerites of the left phallomere, L2v L2 ventral, L2Zvm median sclerite, M media,
Pcu postcubitus, R radius, RA radius anterior, RP radius posterior, R2, R3 sclerites of the right phal-

lomere, ScP subcostal posterior.
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Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not ex-
tending to the posterior margin of supra-anal plate. Intercalary sclerite slender, slightly
curved. First valve curved. Second valve small, basally fused. Third valve broad. The
anterior margin of anterior arch slightly sclerotized, with a horn-shaped protrusion;
lateral area with dense tiny punctuation (Fig. 13A, B). Basivalvula irregular, anterior
margin curled upward, right lateral deeply concave, lateral area with dense punctua-
tions (Fig. 13A). Spermatheca slightly sclerotized at base. Laterosternal shelf slightly
sclerotized, lateral margin slightly curved, with dense spinules at base (Fig. 13C).

Distribution. China (Hainan).

Anaplecta spinosa Zhu & Che, sp. nov.
http://zoobank.org/FOAC2430-A023-4921-AA28-77432A9457B8
Figures 4, 13D-F

Type material. Holotype: CHiNa * male; Hainan Prov., Qiongzhong County, Mt.
Limu; 19°10.57'N, 109°43.77'E; 650 m; 20 June 2020; Yong Li, Jing Zhu, leg.; SWU-
B-B-A060012.

Paratypes: CHINA * 1 male and 1 female; same data as holotype; SWU-B-B-
A060013 and 060014.

Diagnosis. This species is slightly similar to A. anncajanoae Lucanas, 2016, but
can be distinguished from the latter by the spines on the left phallomere. It is also simi-
lar to A. cruciata Deng & Che, 2020 in body color and size, but can be distinguished as
follows: 1) sclerites of the left phallomere spinous in A. spinosa sp. nov., while spineless
in A. cruciata; 2) one of R2 with dense punctuations in A. spinosa sp. nov., while A. cru-
ciata without; 3) anterior margin of anterior arch with a long horn-shaped protrusion
in A. spinosa sp. nov., that of A. cruciata blunter and rounder; and 4) basivalvula nearly
triangular in A. spinosa sp. nov., while nearly rectangular in A. cruciata.

Etymology. The specific epithet is derived from the Latin word spinosus, referring
to the left phallomere that is spiny.

Measurements (mm). Male: pronotum length x width: 1.19-1.38 x 1.80-1.89, teg-
mina length: 4.12-4.28, overall length: 5.10-5.57. Female: pronotum length x width:
1.30 x 1.92, tegmina length: 4.29, overall length: 5.55.

Description. Coloration. Body dark brown, face dark brown, terminal of clypeus
and labrum yellowish brown (Fig. 4A, B). Antennae brown, maxillary palpus pale
brown (Fig. 4D). Pronotum and tegmina dark brown, lateral edges hyaline (Fig. 4C, E).
Hind wings infuscate, costal field and appendicular field darker than remaining parts
(Fig. 4F). Center of abdominal sterna yellow, gradually darkening to dark brown to
edges. Legs and cerci yellowish brown (Fig. 4B).

Head and thorax. The distance between antennal sockets slightly narrower than
interocular space. Fifth maxillary palpus nearly oval, slightly thicker and wider than
others (Fig. 4D). Pronotum nearly sub-parabolic, anterior and posterior margins
straight (Fig. 4C). Tegmina with slightly indistinct veins; radius posterior veins of hind
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Figure 4. Anaplecta spinosa Zhu & Che, sp. nov. holotype, male SWU-B-B-A060012 A habitus, dorsal
view B habitus, ventral view € pronotum, dorsal view D head, ventral view E tegmina F wings G supra-
anal plate, ventral view H subgenital plate, dorsal view I left phallomere, dorsal view ] right phallomere,
ventral view. Scale bars: 2 mm (A=F); 0.5 mm (G=J). Abbreviations: afd anal fold, A[1] the anterior one
of the anal vein, A[s] the other element of vannal vein, cfd cubitus fold, CuA cubitus anterior, CuP cu-
bitus posterior, L1, L2, L3 sclerites of the left phallomere, L2d 1.2 dorsal, L2v L2 ventral, L2Zvm median
sclerite, M media, Pcu postcubitus, R radius, RA radius anterior, RP radius posterior, R2, R3 sclerites of
the right phallomere, ScP subcostal posterior.
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wings slightly indistinct, with one discontinuous or no transverse veins between M
and CuA (Fig. 4E, F). Front femur Type B,. Pulvilli absent, tarsal claws symmetrical.

Male genitalia. Supra-anal plate symmetrical. Both paraprocts extend into a strip,
with spines on posterior margins (Fig. 4G). Subgenital plate sub-trapezoidal, the cent-
er of anterior and interstylar margins straight. Styli medium, length ~ 1/4 of interstylar
space (Fig. 4H). L1 fan-shaped, with a curved and long filamentary structure. Terminal
of L2v needle-like. L2d small. L2vm with brush-like structure and tapering at termi-
nal. L3 robust, hook-like, apical part enlarged and slightly sharp (Fig. 4I). R2 irregular,
weakly sclerotized; one of R2 with dense punctuations. R3 slightly curved, sheet-like
(Fig. 4]).

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not ex-
tending to the posterior margin of supra-anal plate. Intercalary sclerite strip-shaped,
slightly curved. First valve robust, with inward protrusions. Second valve small, basally
fused. Third valve broad. The anterior margin of anterior arch slightly sclerotized, with
along horn-shaped protrusion, lateral area with dense tiny punctuations (Fig. 13D, E).
Basivalvula broad, the right lateral deeply concave, lateral area with dense punctuations
(Fig. 13D). Spermatheca slightly sclerotized at base. Laterosternal shelf slightly scle-
rotized, lateral margin slightly curved, with dense spinules at base (Fig. 13F).

Distribution. China (Hainan).

Anaplecta serrata Zhu & Che, sp. nov.
http://zoobank.org/5C843FC5-E328-43DB-95F0-61DF51C8BODD
Figures 5, 13G-1

Type material. Holotype: CHINA * male; Yunnan Prov., Xishuangbanna, Shangyong
Town; 21°16.80'N, 101°31.80'E; 870 m; 7 July 2020; Du-Ting Jin, Rong Chen leg.;
SWU-B-B-A060015.

Paratypes: CHINA * 4 males and 2 females; same data as holotype; SWU-B-B-
A060016 to 060021 * 1 male; Yunnan Prov., Jinghong City, Nabanhe Nature Reserve;
22°14.08'N, 100°36.29'E; 1080 m; 3 July 2020; Du-Ting Jin, Yi-Shu Wang, leg.;
SWU-B-B-A060022.

Diagnosis. This species is similar to A. cruciata Deng & Che, 2020 in body color
and size, but can be distinguished as follows: 1) R2 serrated in A. serrata sp. nov.,
while that of A. cruciata without serration; 2) anterior margin of anterior arch with a
sheet-like protrusion in A. serrata sp. nov.; while the protrusions of A. cruciata nearly
Y-shaped; and 3) basivalvula extremely curled in A. serrata sp. nov., while slightly in
A. cruciata.

Etymology. The specific epithet is derived from the Latin word serratus, in refer-
ence to the serrated lateral edges of R2.

Measurements (mm). Male: pronotum length x width: 1.12-1.25 x 1.67-1.85,
tegmina length: 3.93—4.46, overall length: 5.06-5.53. Female: pronotum length x width:
1.07-1.19 x 1.67-1.69, tegmina length: 4.02—4.06, overall length: 5.00-5.09.
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Figure 5. Anaplecta serrata Zhu & Che, sp. nov. holotype, male. SWU-B-B-A060015 A habitus, dorsal view
B habitus, ventral view € pronotum, dorsal view D head, ventral view E tegmina F wings G supra-anal plate,
ventral view H subgenital plate, dorsal view I left phallomere, dorsal view ] right phallomere, dorsal view. Scale
bars: 2 mm (A=F); 0.5 mm (G-J). Abbreviations: afd anal fold, A[1] the anterior one of the anal vein, A[s] the
other element of vannal vein, cfd cubitus fold, CuA cubitus anterior, CuP cubitus posterior, L1, L2, L3 sclerites
of the left phallomere, L2d L2 dorsal, L2v L2 ventral, L2vm median sclerite, M media, Pcu postcubitus, R ra-
dius, RA radius anterior, RP radius posterior, R2, R3 sclerites of the right phallomere, ScP subcostal posterior.
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Description. Coloration. Body dark brown, face dark brown, terminal of clypeus
and labrum yellowish brown (Fig. 5A, B). Antennae and maxillary palpus brown
(Fig. 5D). Pronotum and tegmina dark brown, lateral edges nearly hyaline (Fig. 5C, E).
Hind wings infuscate, costal field and appendicular field darker than remaining parts
(Fig. 5F). Center of abdominal sterna yellow, gradually darkening to dark brown to
edges. Legs and cerci pale yellowish brown (Fig. 5B).

Head and thorax. The distance between antennal sockets slightly narrower than
interocular space. Fifth maxillary palpus nearly triangular, slightly thicker and wider
than others (Fig. 5D). Pronotum sub-elliptical, anterior margin straight, posterior
margin arcuate (Fig. 5C). Tegmina with slightly indistinct veins, radius posterior
veins of hind wings slightly indistinct, with one transverse veins between M and CuA
(Fig. S5E,F). Front femur Type B, (Fig. 5B). Pulvilli absent, tarsal claws symmetrical.

Male genitalia. Paraprocts bifurcated at the base: filamentary part short, another
part sheet-like (Fig. 5E). Subgenital plate almost symmetrical, anterior margin con-
cave, interstylar margin convex. Styli short, the distance between them long (Fig. 5H).
L1 narrow, with a curved and long filamentary structure; L2v broad, folded in the
middle. L2d elongated with a sharp horn. L3 small, uncinate part extremely bent
(Fig. 5I). R2 irregular, weakly sclerotized; one of R2 with sharp apex, another serrated.
R3 slightly curved, sheet-like (Fig. 5]).

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not ex-
tending to the posterior margin of supra-anal plate. Intercalary sclerite strip-shaped. First
valve long. Second valve small, basally fused. Third valve broad. The anterior margin of an-
terior arch slightly sclerotized, extending forward into a sheet-like protrusion, with wavy
depressions. Basivalvula broad, extremely curled, with dense punctuations (Fig. 13G, H).
Laterosternal shelf slightly sclerotized, lateral margin slightly curved (Fig. 131).

Distribution. China (Yunnan).

Anaplecta ungulata Zhu & Che, sp. nov.
http://zoobank.org/9A65A093-36A6-4701-AE54-65F305E8AB2B
Figures 6, 14A—C

Type material. Holotype: Crina * male; Yunnan Prov., Xishuangbanna, Dadugang
Village; 21°59.06'N, 101°64.40'E; 870 m; 14 July 2020; Rong Chen, Li-Kang Niu
leg.; SWU-B-B-A060023.

Paratypes: CHiNA * 10 males and 1 female; same data as holotype; SWU-B-
B-A060024 to 060034 ¢ 2 males; Yunnan Prov., Xishuangbanna, Yanuo Village;
21°59.70'N, 101°6.02'E; 1212 m; 14 July 2020; Du-Ting Jin, Yi-Shu Wang
leg.; SWU-B-B-A060035 and 060036 ¢ 12 males and 5 females; Yunnan Prov.,
Xishuangbanna, Dadugang Village; 22°16.52'N, 100°55.02'E; 1100 m; 15 July 2020;
Rong Chen, Du-Ting Jin leg.; SWU-B-B-A060037 to 060053 ¢ 1 male; Yunnan
Prov., Pu’er City, Meizi Lake; 22°44.24'N, 100°58.32'E; 1400 m; 16 July 2020; Du-
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Figure 6. Anaplecta ungulata Zhu & Che, sp. nov. holotype, male SWU-B-B-A060023 A habitus, dorsal
view B habitus, ventral view C pronotum, dorsal view D head, ventral view E tegmina F wings G supra-
anal plate, ventral view H subgenital plate, dorsal view I left phallomere, dorsal view ] right phallomere,
dorsal view. Scale bars: 2 mm (A=F); 0.5 mm (G=J). Abbreviations: afd anal fold, A[1] the anterior one
of the anal vein, A[s] the other element of vannal vein, cfd cubitus fold, CuA cubitus anterior, CuP cu-
bitus posterior, L1, L2, L3 sclerites of the left phallomere, L2d L2 dorsa,l L2v L2 ventral, L2Zvm median
sclerite, M media, Pcu postcubitus, R radius, RA radius anterior, RP radius posterior, R2, R3 sclerites of
the right phallomere, ScP subcostal posterior.
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Ting Jin, Li-Kang Niu, leg.; SWU-B-B-A060054 ¢ 1 male, Yunnan Prov., Pu’er City,
Meizi Lake; 22°45.27'N, 100°59.60'E; 1365 m; 17 July 2020; Rong Chen, Yi-Shu
Wang, leg.; SWU-B-B-A060055.

Diagnosis. This species can be easily separated from other species by its hoof-shaped
right phallomere, and the vestibular sclerite with two serrated and curved long spines.

Etymology. The specific epithet is derived from the Latin word ungulatus, referring
to the apex of R2 shaped like a pig or horse hoof.

Measurements (mm). Male: pronotum length x width: 1.40-1.47 x 1.95-
2.00, tegmina length: 5.31-5.94, overall length: 6.77-7.23. Female: pronotum
length x width: 1.21-1.44 x 1.97-2.03, tegmina length: 5.63-5.80, overall length:
6.62-7.11.

Description. Coloration. Body vyellowish brown, face yellowish brown
(Fig. 6A, B). Antennae brown, maxillary palpus pale brown (Fig. 6D). Pronotum and
tegmina yellowish brown, lateral edges nearly hyaline, tegmina with a slightly darker
marking at the base of mediocubital field (Fig. 6C, E). Hind wings infuscate, costal
field and appendicular field darker than remaining parts (Fig. 6F). Abdominal sterna,
cerci, and legs yellowish brown (Fig. 6B).

Head and thorax. The distance between antennal sockets slightly narrower than
interocular space. Fifth maxillary palpus nearly triangular, slightly thicker and wider
than others (Fig. 6D). Pronotum sub-elliptical, anterior margin slightly curved
and posterior margin straight (Fig. 6C). Tegmina with slightly indistinct veins; the
radius posterior veins of hind wings slightly indistinct, with one or two transverse
veins between M and CuA (Fig. 6E, F). Front femur Type B,. Pulvilli absent, tarsal
claws symmetrical.

Male genitalia. Paraprocts bifurcated at the base: the upper part strip-shaped,
approximately the length of paraprocts, the rest sheet-like (Fig. 6G). Subgenital
plate asymmetrical, the left margin longer and slender than the right, the interstylar
margin curved. The length of styli - 1/4 of interstylar space (Fig. 6H). L1 strip-
shaped, with extremely curved and long filamentary structure. L2v with a right-
angled bifurcation. L2d irregular. L2vm curls and thickens in a crescent shape, with
dense spines. L3 slender, apical part extremely bent (Fig. 6I). R2 irregular, weakly
sclerotized; one of R2 diverging into two sharp horns at apex. R3 slightly curved,
sheet-like (Fig. 6]).

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad,
extending to the posterior margin of supra-anal plate. Intercalary sclerite strip-
shaped. First valve tubular, with inward protrusions. Second valve small, basally
fused. Third valve broad. The anterior margin of anterior arch protrudes in the
shape of two triangles. Irregularly shaped basivalvula with dense punctuations,
posterior margin curled. The base of vestibular sclerite nearly hyaline, posterior
margin bifurcated into two highly sclerotized spines (Fig. 14A, B). Laterosternal
shelf nearly hyaline (Fig. 14C).

Distribution. China (Yunnan).



Three cryptic Anaplecta species plus seven new species from China 71

Anaplecta anomala Zhu & Che, sp. nov.
http://zoobank.org/27360C71-7C4F-4174-ADC2-95AC115BE34D
Figures 7, 14D-F

Type material. Holotype: CHINA * male; Yunnan Prov., Pu'er City, Mt. Wuliang;
24°38'N, 100°44'E; 1232 m; 21 July 2020; Li-Kang Niu, Rong Chen, leg.; SWU-B-
B-A060056.

Paratypes: CHINA * 11 males and 5 females; same data as holotype; SWU-B-B-
A060057 to 060072.

Diagnosis. This species is slightly similar to A. falcifer Hebard, 1925 but differs in
the coloration of pronotum and tegmina. It is also similar to A. strigata Deng & Che,
2020 in body color and pronotum, but can be distinguished as follows: 1) the base
of the tegmina almost black, while A. strigata mostly uniform dark yellowish brown;
2) L2d nearly rectangular in A. anomala sp. nov., while slightly bent in A. strigata; and
3) anterior margin of anterior arch with a finger-like protrusion, while the protrusion
of A. strigata nearly wavy.

Etymology. The specific epithet is derived from the Latin word anomalus, referring
to the left phallomere being different from other species.

Measurements (mm). Male: pronotum length x width: 1.20-1.42 x 1.68-1.95,
tegmina length: 4.52-5.49, overall length: 5.94-6.54. Female: pronotum length x width:
1.29 x 1.97, tegmina length: 4.67-5.13, overall length: 5.91-6.22.

Description. Coloration. Body dark brown, face brown, terminal of clypeus and la-
brum yellowish brown (Fig. 7A, B). Antennae and maxillary palpus brown (Fig. 7D). Pro-
notum dark brown, middle part lighter, lateral edges nearly hyaline (Fig. 7C). Tegmina dark
brown, lateral edges nearly hyaline, 1/3 of the base darker than remaining parts (except for
anal field) (Fig. 7E). Hind wings infuscate, costal field and appendicular field darker than
remaining parts (Fig. 7F). Abdominal sterna, legs, and cerci pale yellowish brown (Fig. 7B).

Head and thorax. The distance between antennal sockets slightly narrower than
interocular space. Fifth maxillary palpus nearly oval, slightly thicker and wider than
others (Fig. 7D). Pronotum sub-elliptical, anterior and posterior margins nearly
straight (Fig. 7C). Tegmina with slightly indistinct veins; radius posterior veins of hind
wings slightly indistinct, without transverse veins between M and CuA (Fig. 7E, F).
Front femur Type B, (Fig. 7B). Pulvilli absent, tarsal claws symmetrical.

Male genitalia. Paraprocts bifurcated at the base: the upper part strip-shaped,
length ~ 1/2 of paraprocts, the rest sheet-like (Fig. 7G). Subgenital plate slightly asym-
metrical, the left margin slightly wider than the right, the interstylar margin extremely
convex. Styli short, the distance between them long (Fig. 7H). L1 fan-shaped, with a
curved and long filamentary structure. L2v handle-shaped, with a sharp horn. L2d an
approximate rectangle. L2vm with a curled and thickened sclerite, crescent-like with
dense spines. L3 medium, hook-like, apical part enlarged and slightly sharp (Fig. 7).
R2 irregular, weakly sclerotized, one of R2 sheet-like, with sharp apex. R3 slightly
curved, sheet-like (Fig. 7).
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Figure 7. Anaplecta anomala Zhu & Che, sp. nov. holotype, male SWU-B-B-A060056 A habitus, dorsal view
B habitus, ventral view € pronotum, dorsal view D head, ventral view E tegmina F wings G supra-anal plate,
ventral view H subgenital plate, dorsal view I left phallomere, dorsal view ] right phallomere, dorsal view. Scale
bars: 2 mm (A=F); 0.5 mm (G-J). Abbreviations: afd anal fold, A[1] the anterior one of the anal vein, A[s] the
other element of vannal vein, cfd cubitus fold, CuA cubitus anterior, CuP cubitus posterior, L1, L2, L3 sclerites
of the left phallomere, L2d L2 dorsal, L2v L2 ventral, L2vm median sclerite, M media, Pcu postcubitus, R ra-
dius, RA radius anterior, RP radius posterior, R2, R3 sclerites of the right phallomere, ScP subcostal posterior.
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Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not ex-
tending to the posterior margin of supra-anal plate. Intercalary sclerite slender. First valve
tubular. Second valve small, basally fused. Third valve broad. The anterior margin of
anterior arch slightly sclerotized, with a finger-like protrusion. Basivalvula broad, nearly
triangle, anterior and posterior margin slightly curled (Fig. 14D, E). Vestibular sclerite
sheet-like. Laterosternal shelf slightly sclerotized, lateral margin nearly straight (Fig. 14F).

Distribution. China (Yunnan).

Anaplecta bombycina Zhu & Che, sp. nov.
http://zoobank.org/678DC628-4480-4498-9490-9EF66660E8AS
Figures 8, 14G-1

Type material. Holotype: CHiNA * male; Yunnan Prov., Xishuangbanna, Dadugang
Village; 22°16.52'N, 100°55.02'E; 1100 m; 15 July 2020, Rong Chen, Du-Ting Jin
leg.; SWU-B-B-A060073.

Paratypes: CHiNA * 4 males and 3 females; same data as holotype; SWU-B-B-
A060074 and 060080 * 1 female; Yunnan Prov., Pu’er City, Meizi Lake; 22°45.27'N,
100°59.60'E; 1365 m; 17 July 2020; Rong Chen, Yi-Shu Wang, leg.; SWU-B-B-
A060081 * 2 female; Yunnan Prov., Xishuangbanna, Jinuozu Village; 22°02.44'N,
101°1.81'E; 1100 m; 13 July 2020; Li-Kang Niu, Yi-Shu Wang leg.; SWU-B-B-
A060082 and 060083 * 3 males and 1 female; Yunnan Prov., Xishuangbanna, Da-
dugang Village, 21°59.06'N, 101°64.40'E; 870 m; 14 July 2020; Rong Chen, Li-Kang
Niu leg.; SWU-B-B-A060084 to 060087.

Diagnosis. This species can be easily separated from other species by dark brown
tegmina and the extremely slender filamentous structure in the male genitalia.

Etymology. The specific epithet is derived from the Latin word bombycinus, refer-
ring to the slender filamentous structure with which L1 is connected.

Measurements (mm). Male: pronotum length x width: 1.35x 1.57, tegmina
length: 4.70, overall length: 6.08. Female: pronotum length x width: 1.42 x 1.68,
tegmina length: 4.95, overall length: 6.26.

Description. Coloration. Body dark brown, face brown (Fig. 8A, B). Antennae
and maxillary palpus brown (Fig. 8D). Pronotum and tegmina dark brown, lateral
edges hyaline (Fig. 8C, E). Hind wings infuscate, costal field and appendicular field
darker than remaining parts (Fig. 8F). Abdominal sterna, legs, and cerci yellowish
brown (Fig. 8B).

Head and thorax. The distance between antennal sockets narrower than interoc-
ular space. Fifth maxillary palpus nearly triangular, slightly thicker and wider than
others (Fig. 8D). Pronotum a semicircle, anterior margin arcuate, posterior margin
straight (Fig. 8C). Tegmina with slightly indistinct veins; radius posterior veins of hind
wings slightly indistinct, without transverse veins between M and CuA (Fig. 8E, F).
Front femur Type B, (Fig. 8B). Pulvilli absent, tarsal claws symmetrical.
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Figure 8. Anaplecta bombycina Zhu & Che, sp. nov. holotype, male SWU-B-B-A060073 A habitus,
dorsal view B habitus, ventral view € pronotum, dorsal view D head, ventral view E tegmina F wings
G supra-anal plate, ventral view H subgenital plate, dorsal view I left phallomere, dorsal view ) right phal-
lomere, dorsal view. Scale bars: 2 mm (A=F); 0.5 mm (G=J). Abbreviations: afd anal fold, A[1] the an-
terior one of the anal vein, A[s] the other element of vannal vein, cfd cubitus fold, CuA cubitus anterior,
CuP cubitus posterior, L1, L2, L3 sclerites of the left phallomere, L2v L2 ventral, L2vm median sclerite,
M media, Pcu postcubitus, R radius, RA radius anterior, RP radius posterior, R2, R3 sclerites of the right
phallomere, ScP subcostal posterior.
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Male genitalia. Supra-anal plate with sheet-like paraprocts (Fig. 8G). Sub-
genital plate asymmetrical, the left margin wider than the right, the interstylar
margin convex, skewed to right. The left stylus smaller than the right, the distance
between them long (Fig. 8H). L1 small, with a curved and very slender filamentary
structure. L2v shaped like ‘3’. L2vm sheet-like, with dense spines. L3 medium,
uncinate part with sharp apex (Fig. 81). R2 irregular, weakly sclerotized. R3 sheet-
like (Fig. 8]).

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, extend-
ing to the posterior margin of supra-anal plate. Intercalary sclerite strip-shaped, slight-
ly curved. First valvifer slender. First valve robust. Second valve small, basally fused.
Third valve broad. The anterior margin of anterior arch protrudes in the shape of lungs
with curved edges (Fig. 14G, H). Basivalvula broad, kidney shaped, posterior margin
curled, with spines at left lateral (Fig. 14G). Vestibular sclerite small. Laterosternal
shelf slightly sclerotized, lateral margin slightly curved (Fig. 14I).

Distribution. China (Yunnan).

Anaplecta truncatula Zhu & Che, sp. nov.
http://zoobank.org/B8 1 FCCEA-D820-4488-B570-82F40719F8F9
Figures 9, 15A-C

Type material. Holotype: CHiNa * male; Hunan Prov., Shaoyang City, Baimaoping
Town; 26°24.90'N, 110°36.04'E; 564 m; 19-21 August 2020; Lu Qiu, leg.; SWU-B-
B-A060088.

Paratypes: CHiNa * 5 males and 3 females; same data as holotype; SWU-B-B-
A060089 to 060096.

Diagnosis. This species is similar to A. japonica Asahina, 1977 in body color and
tegmina marking, but may be distinguished from the latter by the straight intersty-
lar margin, Since A. japonica was described by external structures lacking genitalia,
a comparison of this part is impossible. It is also similar to A. nigra Deng & Che,
2020, but can be distinguished as follows: 1) subgenital plate sub-rectangular in A.
truncatula sp. nov., while A. nigra fan-shaped; 2) R1 needle-shaped in A. truncatula
sp. nov., while arc-shaped in A. nigra; 3) anterior margin of anterior arch with a
strip-shaped protrusion in A. truncatula sp. nov., while the protrusion of A. nigra
triangular; and 4) vestibular sclerite with two long spines in A. nigra, A. truncatula
sp. nov. without.

Etymology. The specific epithet is derived from the Latin word zruncatulus, refer-
ring to the truncated end of the bifurcation of the paraprocts.

Measurements (mm). Male: pronotum length x width: 1.28-1.37 x 1.98-2.05,
tegmina length: 5.21-5.24, overall length: 6.23-6.32. Female: pronotum length x width:
1.37-1.48 x 1.97-2.13, tegmina length: 5.37-5.46, overall length: 6.58—-6.70.

Description. Coloration. Body pale yellowish brown, face yellow (Fig. 9A, B).
Antennae and maxillary palpus brown (Fig. 9D). Pronotum yellowish brown,



76 Jing Zhu etal. / ZooKeys 1080: 53-97 (2022)

line but not
fold

Figure 9. Anaplecta truncatula Zhu & Che, sp. nov. holotype, male SWU-B-B-A060088 A habitus,
dorsal view B habitus, ventral view € pronotum, dorsal view D head, ventral view E tegmina F wings
G supra-anal plate, ventral view H subgenital plate, dorsal view I left phallomere, dorsal view J-K right
phallomere, dorsal view. Scale bars: 2 mm (A-F); 0.5 mm (G-K). Abbreviations: afd anal fold, A[1] the
anterior one of the anal vein, A[s] the other element of vannal vein, cfd cubitus fold, CuA cubitus ante-
rior, CuP cubitus posterior, L1, L2, L3 sclerites of the left phallomere, L2d L2 dorsal, L2v L2 ventral,
L2vm median sclerite, M media, Pcu postcubitus, R radius, RA radius anterior, RP radius posterior,
R1, R2, R3 sclerites of the right phallomere, ScP subcostal posterior.
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lateral edges hyaline (Fig. 9C). Tegmina light yellowish brown, lateral edges pale
or hyaline, 1/3 of the base black (Fig. 9E). Hind wings infuscate, costal field and
appendicular field darker than remaining parts (Fig. 9F). Abdominal sterna, legs,
and cerci yellow (Fig. 9B).

Head and thorax. The distance between antennal sockets narrower than interocu-
lar space. Fifth maxillary palpus nearly triangular, slightly thicker and wider than oth-
ers (Fig. 9D). Pronotum subelliptic, posterior margin straight, lateral margin protrud-
ing and arc-shaped (Fig. 9C). Tegmina with indistinct veins, the radius posterior veins
of hind wings distinct, no transverse veins between M and CuA (Fig. 9E, F). Front
femur Type B, (Fig. 9B). Pulvilli absent, tarsal claws symmetrical.

Male genitalia. Paraprocts bifurcated at the base: the strip-shaped part truncated,
the rest sheet-like (Fig. 9G). Subgenital plate sub-rectangular, the center of anterior
slightly concave, interstylar margin straight. Styli long, length ~ 1/2 of interstylar space
(Fig. 9H). L1 small, with curved and long filamentary structure. L2v bifurcated, with
sharp apex. L2d narrow, nearly meniscus-shaped. L2vm sheet-like, irregular. L3 robust,
uncinate part slightly sharp (Fig. 9I). R1 needle-shaped, the proximal part sharply
tapered and highly sclerotized (Fig. 9]). R2 irregular, weakly sclerotized. R3 slightly
curved, sheet-like (Fig. 9K).

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not
extending to the posterior margin of supra-anal plate. Intercalary sclerite short,
nearly spindle-shaped. Right first valvifer finger-like. First valve robust. Second
valve small, basally fused. Third valve broad. The anterior margin of anterior
arch slightly sclerotized, with a bifurcated strip-shaped protrusion (Fig. 15A, B).
Basivalvula irregular, posterior margin and center with dense punctuations, the left
of anterior margin extending back, connecting to crosspiece by membrane (Fig.
15A). Laterosternal shelf slightly sclerotized, lateral margin slightly curved, with
dense spinules at lateral base (Fig. 15C).

Distribution. China (Hunan).

Anaplecta longibamata Zhu & Che, sp. nov.
http://zoobank.org/648EBFA2-6972-4528-8C00-886A256949C3
Figures 10, 16A-C

Type material. Holotype: CHINA * male; Yunnan Prov., Pu’er City, Mt. Wuliang;
24°38'N, 100°44'E; 1232 m, 21 July 2020; Li-Kang Niu, Rong Chen leg.; SWU-B-
B-A06097.

Paratypes: CHINA * 1 male and 1 female; same data as holotype; SWU-B-B-
A06098 and 06099 ¢ 2 males; Yunnan Prov., Xishuangbanna, Dadugang Village;
21°59.06'N, 101°64.40'E; 870 m; 14 July 2020; Rong Chen, Li-Kang Niu leg.; SWU-
B-B-A06100 and 060101 * 2 males; Yunnan Prov., Xishuangbanna, Dadugang Vil-
lage; 22°16.52'N, 100°55.02'E; 15 July 2020; Rong Chen, Du-Ting Jin leg.; SWU-
B-B-A060102 and 060103.
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Figure 10. Anaplecta longihamata Zhu & Che, sp. nov. holotype (SP4), male SWU-B-B-A06097
A habitus, dorsal view B habitus, ventral view € pronotum, dorsal view D head, ventral view E teg-
mina F wings G supra-anal plate, ventral view H subgenital plate, dorsal view I left phallomere, dorsal
view J, K right phallomere J dorsal view K ventral view. Scale bars: 2 mm (A=F); 0.5 mm (G-K). Ab-
breviations: afd anal fold, A[1] the anterior one of the anal vein, A[s] the other element of vannal vein,
cfd cubitus fold, CuA cubitus anterior, CuP cubitus posterior, L1, L2, L3 sclerites of the left phallomere,
L2v L2 ventral, L2vm median sclerite, M media, Pcu postcubitus, R radius, RA radius anterior, RP radius
posterior, R1, R2, R3 sclerites of the right phallomere, ScP subcostal posterior.
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Measurements (mm). Male: pronotum length x width: 1.39-1.53 x 1.94-2.03,
tegmina length: 5.17-5.76, overall length: 6.57-7.09. Female: pronotum length x width:
1.42 x 1.92, tegmina length: 5.12, overall length: 6.43.

Diagnosis. This species is similar to A. omei Bey-Bienko, 1958, but can be distin-
guished as follows: 1) right paraproct long hooked in A. longihamata sp. nov., while
sheet-like in A. omei; 2) R1 bifurcated in A. omei, while unbranched in A. longihamara
sp. nov.;3) anterior arch with two transversely finger-like protrusions in A. longihamara
sp. nov., while A. omei without; and 4) first valvifer arm lateral edges folded up in
A. longihamata sp. nov., while not folded in A. omei .

Etymology. The specific epithet is derived from the Latin words longi and hamatus,
referring to the right paraproct extended backward in a long hook shape.

Description. Coloration. Body yellowish brown, face yellowish brown
(Fig. 10A, B). Antennae and maxillary palpus brown (Fig. 10D). Pronotum yellow-
ish brown, lateral edges hyaline (Fig. 10C). Tegmina light yellowish brown, lateral
edges pale (Fig. 10E). Hind wings infuscate, costal field and appendicular field
darker than remaining parts (Fig. 10F). Abdominal sterna, legs, and cerci yellowish
brown (Fig. 10B).

Head and thorax. The distance between antennal sockets slightly narrower
than interocular space. Fifth maxillary palpus nearly oval, slightly thicker and wid-
er than others (Fig. 10D). Pronotum subelliptic, anterior and posterior margins
nearly straight (Fig. 10C). Tegmina with slightly indistinct veins; radius posterior
veins of hind wings slightly indistinct, without transverse veins between M and
CuA (Fig. 10E, F). Front femur Type B, (Fig. 10B). Pulvilli absent, tarsal claws
symmetrical.

Male genitalia. Supra-anal asymmetrical, the left paraproct sheet-like, right
paraproct extending backward, hooked, and curled at apex with dense spines (Fig.
10G). Subgenital plate sub-rectangular, the center of anterior and interstylar mar-
gins nearly straight. Styli long, length about 1/4 of interstylar space (Fig. 10H).
L1 subelliptic, thickened at anterior edge, with a curved and long filamentary
structure connected. L2v curved, bifurcated at the apex, with a sharp horn. L2vm
sheet-like. L3 extremely robust, with long uncinate part and bent at right angles
(Fig. 10I). R1 needle-shaped, the proximal part slightly curved (Fig. 10]). R2 ir-
regular, weakly sclerotized, one of R2 with small protrusions. R3 broad, sheet-like
(Fig. 10K).

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, extend-
ing to the posterior margin of supra-anal plate. Intercalary sclerite short, sheet-like.
Right first valvifer arm extremely robust, lateral edges folded up, fused with crosspiece
(Fig. 16A). First valve robust. Second valve small, basally fused. Third valve broad. The
anterior margin of anterior arch slightly sclerotized, with a hook-shaped protrusion,
hind edge with two transversely finger-like protrusions. Basivalvula irregular, anterior
edge curly. Vestibular sclerite sheet-like (Fig. 16A, B). Laterosternal shelf slightly scle-
rotized, lateral margin nearly straight (Fig. 16C).

Distribution. China (Yunnan).
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Anaplecta paraomei Zhu & Che, sp. nov.
http://zoobank.org/D8AD2528-06E2-4980-A090-6CC1089F3256
Figures 11, 16D-F

Type material. Holotype: CHINA * male; Guizhou Prov., Dushan County; 25°45.60'N,
107°33.03'E; 7 June 2019; Lu Qiu, Wen-Bo, Deng, leg.; SWU-B-B-A060104.

Paratypes: CHINA * 12 males and 4 females, same data as holotype; SWU-B-B-
A060105 and 060120.

Diagnosis. This species is very similar to A. omei, but can be distinguished as
follows: 1) the paraprocts not extending backward in A. paraomei sp. nov., while left
paraproct extending backward in A. omei; 2) the apex of R1 nearly symmetrical in
A. paraomei, while asymmetrical in A. omei; 3) intercalary sclerite nearly strip-shaped
in A. paraomei, while spindle-shaped in A. omei; and 4) posterior margin of anterior
arch hip-shaped in A. paraomei sp. nov., while smooth in A. omei.

Etymology. The Latin word para means similar, referring to its close resemblance
to A. omei.

Measurements (mm). Male: pronotum length x width: 1.29-1.35 x 2.00-2.09,
tegmina length: 5.24-5.53, overall length: 6.15-6.57. Female: pronotum length x width:
1.44 x 2.09, tegmina length: 5.31, overall length: 6.23

Description. Coloration. Body yellowish brown, face yellow (Fig. 11A, B). Anten-
nae and maxillary palpus brown (Fig. 11D). Pronotum and tegmina yellowish brown,
lateral edges hyaline (Fig. 11C, E). Hind wings infuscate, costal field and appendicular
field darker than remaining parts (Fig. 11F). Abdominal sterna, legs, and cerci yellow
brown (Fig. 11B).

Head and thorax. The distance between antennal sockets narrower than interocu-
lar space. Fifth maxillary palpus nearly oval, slightly thicker and wider than others
(Fig. 11D). Pronotum subelliptic, anterior and posterior margins nearly straight, lat-
eral margin protruding and arc-shaped (Fig. 11C). Tegmina with slightly indistinct
veins, radius posterior veins of hind wings slightly indistinct, with one transverse vein
between M and CuA (Fig. 11E, F). Front femur Type B, (Fig. 11B). Pulvilli absent,
tarsal claws symmetrical.

Male genitalia. Supra-anal plate asymmetrical, the left paraproct with dense
spines on curly posterior margin; right paraproct with dense spines on curly apex
(Fig. 11G). Subgenital plate sub-trapezoidal, the center of anterior slightly curved,
interstylar margins straight. Styli medium, length about 1/5 of interstylar space (Fig.
11H). L1 subcircular, with a curved and long filamentary structure. L2v curved, bi-
furcated at the apex, with a sharp horn. L2vm broad. L3 robust, with extremely bent
and sharp uncinate part (Fig. 111I). R1 highly sclerotized, the proximal part nearly di-
chotomous branching (Fig. 11]). R2 irregular, weakly sclerotized. R3 slightly curved,
sheet-like (Fig. 11K).

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not
extending to the posterior margin of supra-anal plate. Intercalary sclerite short, nearly
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Figure | 1. Anaplecta paraomei Zhu & Che, sp. nov. holotype (GZ2), male SWU-B-B-A060104 A habi-
tus, dorsal view B habitus, ventral view € pronotum, dorsal view D head, ventral view E tegmina F wings
G supra-anal plate, ventral view H subgenital plate, dorsal view I left phallomere, dorsal view J, K right
phallomere J dorsal view K ventral view. Scale bars: 2 mm (A=F); 0.5 mm (G—K). Abbreviations: afd anal
fold, A[1] the anterior one of the anal vein, A[s] the other element of vannal vein, cfd cubitus fold,
CuA cubitus anterior, CuP cubitus posterior, L1, L2, L3 sclerites of the left phallomere, L2v L2 ventral,
L2vm median sclerite, M media, Pcu postcubitus, R radius, RA radius anterior, RP radius posterior,
R1, R2, R3 sclerites of the right phallomere, ScP subcostal posterior.
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strip-shaped (Fig. 16D, E). Right first valvifer arm robust, curled (Fig. 16D). First

valve robust. Second valve small, basally fused. Third valve broad. The anterior margin

of anterior arch slightly curled, with a nearly transparent hook-shaped protrusion and

the posterior margin hip-shaped. Basivalvula broad, with dense punctuations, the right

lateral deeply concave (Fig. 16D). Vestibular sclerite broad, slightly curled, sheet-like.

Laterosternal shelf slightly sclerotized, lateral margin nearly straight. (Fig. 16F).
Distribution. China (Guizhou).

Anaplecta condensa Zhu & Che, sp. nov.
http://zoobank.org/92D48955-FA05-41A2-8B3D-E51ABF2A102C
Figures 2C, D, 12, 16G-1

Type material. Holotype: CHINA * male; Guizhou Prov., Libo County, Jiaou Village;
25°30.06'N, 107°67.02'E; 11 June 2019; Lu Qiu, Wen-Bo, Deng, leg.; SWU-B-B-
A060121.

Paratypes: CHINA * 3 males and 1 female; same data as holotype; SWU-B-B-
A060122 to 060125 * 2 males; Guangxi Prov., Guiping City; 31 May—2 June 2014;
Shun-Hua Gui, Xin-Ran Li, Jian-Yue Qiu, leg.; SWU-B-B-A060126 and 060127.

Diagnosis. This species is very similar to A. omei, but can be distinguished as
follows: 1) paraprocts both extending backward in A. condensa sp. nov., while only the
left extending backward in A. omei; 2) R1 needle-shaped in A. condensa sp. nov., while
bifurcated in A. omei; and 3) intercalary sclerite of A. condensa sp. nov. very small,
filamentous, while that of A. omei is spindle-shaped.

Etymology. The specific epithet is derived from the Latin word condensus, referring
to the paraprocts with dense spines on curly posterior margin.

Measurements (mm). Male: pronotum length x width: 1.36-1.39 x 1.78-1.84,
tegmina length: 4.93-5.39, overall length: 5.92—-6.59. Female: pronotum length x width:
1.29 x 1.73, tegmina length: 4.75, overall length: 5.82

Description. Coloration. Body brown (some individuals from Guiping yellowish
brown) (Fig. 2C, D), face dark brown (Fig. 12A, B). Antennae and maxillary palpus
brown (Fig. 12D). Pronotum dark brown, lateral edges nearly hyaline (Fig. 12C).
Tegmina yellowish brown, anal field and base of mediocubital field slightly darker
(Fig. 12E). Hind wings infuscate, costal field and appendicular field darker than re-
maining parts (Fig. 12F). Center of abdominal sterna yellow, gradually darkening to
dark brown to edges, legs, and cerci dark yellowish brown (Fig. 12B).

Head and thorax. The distance between antennal sockets slightly narrower than
interocular space. Fifth maxillary palpus nearly oval, slightly thicker and wider than
others (Fig. 12D). Pronotum semicircular, anterior margin arched, the center of poste-
rior margin protrudes slightly (Fig. 12C). Tegmina with indistinct veins, radius posteri-
or veins of hind wings slightly indistinct, without transverse veins between M and CuA
(Fig. 12E, F). Front femur Type B, (Fig. 12B). Pulvilli absent, tarsal claws symmetrical.

Male genitalia. Paraprocts both extend backwards and with dense spines on curly
posterior margin (Fig. 12G). Subgenital plate sub-rectangular, the center of anterior
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Figure 12. Anaplecta condensa Zhu & Che, sp. nov. holotype (GZ4), male SWU-B-B-A060121 A habi-
tus, dorsal view B habitus, ventral view € pronotum, dorsal view D head, ventral view E tegmina F wings
G supra-anal plate, ventral view H subgenital plate, dorsal view I left phallomere, dorsal view J, K right
phallomere J dorsal view K ventral view. Scale bars: 2 mm (A-=F); 0.5 mm (G—K). Abbreviations: afd anal
fold, A[1] the anterior one of the anal vein, A[s] the other element of vannal vein, cfd cubitus fold,
CuA cubitus anterior, CuP cubitus posterior, L1, L2, L3 sclerites of the left phallomere, L2v L2 ventral,
L2vm median sclerite, M media, Pcu postcubitus, R radius, RA radius anterior, RP radius posterior,
R1, R2, R3 sclerites of the right phallomere, ScP subcostal posterior.

and interstylar margins nearly straight. Styli long, so is the distance between them
(Fig. 12H). L1 subcircular, with curved and long filamentary structure. L2v curved,
bifurcated, with a sharp horn. L2vm broad. L3 extremely robust, uncinate part blunt
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(Fig. 12I). R1 needle-shaped, the proximal part slightly curved (Fig. 12]). R2 irregular,
weakly sclerotized. R3 slightly curved, sheet-like (Fig. 12K).

Female genitalia. Supra-anal plate nearly symmetrical, very blunt and round. Para-
procts broad, hind margin blunt, not extending to the posterior margin of supra-anal
plate. Intercalary sclerite small, nearly filamentous. First valve robust. Second valve small,
basally fused. Third valve broad. The anterior margin of anterior arch slightly curled, with
a hook-shaped protrusion (Fig. 16G—H). Basivalvula broad, with dense punctuations,
except for left lateral and anterior margin (Fig. 16G). Vestibular sclerite broad, slightly
curled, sheet-like. Laterosternal shelf slightly sclerotized, lateral margin straight (Fig. 161).

Distribution. China (Guizhou, Guangxi).

Anaplecta cruciata Deng & Che, 2020
Figure 13J-L

Anaplecta cruciata Deng & Che in Deng et al., 2020: 95-97.

Material examined. CHiNA ¢ 8 males (paratypes) and 4 females (paratypes); Yunnan
Prov., Xishuangbanna, Mengla County, Yaoqu Town; 21°14.60'N, 101°42.43'E;
820 m; 10 May 2015; Jian —Yue Qiu, leg.; SWU-B-B-A060128 to 060139 ¢ 4 males;
Yunnan Prov., Pu’er City, Mt. Wuliang; 24°38'N, 100°44'E; 1232 m; 21 July 2020;
Li-Kang Niu, Rong Chen, leg.; SWU-B-B-A060140 to 060143 ¢ 4 males and 3
females; Yunnan Prov., Pu’er City, Meizi Lake; 22°45.27'N, 100°59.60'E; 1365 m;
17 July 2020; Rong Chen, Yi-Shu Wang, leg.; SWU-B-B-A060144 to 060150.
Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, extend-
ing to the posterior margin of supra-anal plate. Intercalary sclerite nearly strip-shaped.
First valve robust. Second valve small, basally fused. Third valve broad. The anterior
margin of anterior arch slightly sclerotized, protruding forward in a Y-shape. Basival-
vula nearly rectangular, with dense punctuations, anterior margin curled (Fig. 13], K).
Laterosternal shelf slightly sclerotized, lateral margin straight (Fig. 13L).
Distribution. China (Yunnan).

Anaplecta strigata Deng & Che, 2020
Figure 14]-L

Anaplecta strigata Deng & Che in Deng et al., 2020: 91-93.

Material examined. CHINA ® 11 males and 6 males, Yunnan Prov., Pu’er City, Meizi
Lake; 22°45.27'N, 100°59.60'E; 1365 m; 17 July 2020; Rong Chen, Yi-Shu Wang,
leg.; SWU-B-B-A060151 to 060167 ¢ 3 females; Yunnan Prov., Xishuangbanna,
Shangyong Town; 21°16.19'N, 101°30.42'E; 870 m; 7 July 2020; Du-Ting Jin, Rong
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Figure 13. A-C Anaplecta bicruris Zhu & Che, sp. nov. paratype, female SWU-B-B-A060004 D-F An-
aplecta spinosa Zhu & Che, sp. nov. paratype, female SWU-B-B-A060014 G-l Anaplecta serrata Zhu &
Che, sp. nov. paratype, female SWU-B-B-A060020 J-L Anaplecta cruciata Deng & Che, 2020. Paratype,
female SWU-B-B-A060136 A, D, G, ] supra-anal plate, ventral view B, E, H, K supra-anal plate, dorsal
view C, F, I, L subgenital plate, dorsal view. Scale bars: 2 mm. Abbreviations: a.a. anterior arch, bsv. ba-
sivalvula, cp. crosspiece, intc.s. intercalary sclerite, inst.f. intersternal fold, ltst.sh. laterosternal shelf,

PP paraprocts, pt. paratergites, sp. spermatheca, v.I first valve, v.II second valve, v.III third valve.
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Figure 14. A-C Anaplecta ungulata Zhu & Che, sp. nov. paratype, female SWU-B-B-A060034
D-F Anaplecta anomala Zhu & Che, sp. nov. paratype, female SWU-B-B-A060068 G-l Anaplecta
bombycina Zhu & Che, sp. nov. paratype, female SWU-B-B-A060078 J-L Anaplecta strigata Deng &
Che, 2020. Female SWU-B-B-A060168 A, D, G, ] supra-anal plate, ventral view B, E, H, K supra-anal
plate, dorsal view C, F, I, L subgenital plate, dorsal view. Scale bars: 2 mm. Abbreviations: a.a. an-
terior arch, bsv. basivalvula, cp. crosspiece, intc.s. intercalary sclerite, inst.f. intersternal fold, lest.
sh. laterosternal shelf, pp. paraprocts, pt. paratergites, v.I first valve, v.II second valve, v.III third valve,

vst.s. vestibular sclerite.
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Chen leg.; SWU-B-B-A060168 to 060170 ¢ 1 male; Hainan Prov., Linshui County,
Mt. Diaoluo; 11 June 2020; Rong Chen, Li-Kang Liu, leg.; SWU-B-B-A060171.
Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not extend-
ing to the posterior margin of supra-anal plate. Intercalary sclerite strip-shaped. First valve
tubular, with scattered erect pubescence. Second valve small, basally fused. Third valve
broad. The anterior margin of anterior arch slightly sclerotized, extending forward into
two irregular protrusions. Basivalvula approximately triangular, most areas of the basival-
vula with dense punctuations. Vestibular sclerite sheet-like, slightly curled (Fig. 14], K).
Laterosternal shelf broad, slightly sclerotized, lateral margin slightly curved (Fig. 14L).
Distribution. China (Hainan, Yunnan).

Anaplecta basalis Bey-Bienko, 1969
Figure 15D-F

Anaplecta basalis Bey-Bienko, 1969: 839; Deng et al., 2020: 101.

Material examined. CHINA ® 10 males and 7 females; Yunnan Prov., Mengla County,
Menglun Town; 21°54.96'N, 101°14.53'E; 624 m; 27 April 2019; Zi-Long Bai, Zhi-
Gang Chen leg.; SWU-B-B-A060172 to 060188 ¢ 1 female, Yunnan Prov., Xishuang-
banna, Yanuo Village; 21°59.70'N, 101°6.02'E; 1212 m; 14 July 2020; Du-Ting Jin,
Yi-Shu Wang leg.; SWU-B-B-A060189 ¢ 2 females; Yunnan Prov., Xishuangbanna,
Guanping Village; 21°59.06'N, 101°64.40'E; 870 m; 14 July 2020; Rong Chen, Li-
Kang Niu leg.; SWU-B-B-A060190 and 060191.

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, extend-
ing to the posterior margin of supra-anal plate. Intercalary sclerite slender, long strip-
shaped. First valve long. Second valve small, basally fused. Third valve broad. The
anterior margin of anterior arch with two highly sclerotized strips (Fig. 15D, E). Basi-
valvula highly irregular, hind margin slightly curled, with sparse spines, both left and
right sides with a brush-like structure (Fig. 15D), the area with punctuations nearly
C-shaped (Fig. 15E). Vestibular sclerite irregular, hind margin with two long spines
(Fig. 15D). Laterosternal shelf almost hyaline, lateral margin straight (Fig. 15F).

Distribution. China (Yunnan).

Anaplecta nigra Deng & Che, 2020

Figure 15G-1I

Anaplecta nigra Deng & Che in Deng et al., 2020: 97-99.

Material examined. CHINA ® 1 male (holotype) and 1 female (paratype); Xizang Prov.,

Linzhi City, Motuo County; 29°12.98'N, 95°10.23'E; 1822 m; 16 July 2016; Jian-Yue
Qiu, Hao Xu leg.; SWU-B-B-A060192 and 060193.
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Itst.sh.

Figure 15. A-C Anaplecta truncatula Zhu & Che, sp. nov. paratype, female SWU-B-B-A060094
D-F Anaplecta basalis Bey-Bienko, 1969. Female SWU-B-B-A060182 G-l Anaplecta nigra Deng & Che,
2020. Paratype, female SWU-B-B-A060193 J-L Anaplecta bicolor Deng & Che, 2020. Paratype, female
SWU-B-B-A060195 A, D, G, ] supra-anal plate, ventral view B, E, H, K supra-anal plate, dorsal view
C, F, I, L subgenital plate, dorsal view. Scale bars: 2 mm. Abbreviations: a.a. anterior arch, bsv. ba-
sivalvula, cp. crosspiece, intc.s. intercalary sclerite, inst.f. intersternal fold, ltst.sh. laterosternal shelf,
Ppp- paraprocts, pt. paratergites, v.I first valve, v.II second valve, v.III third valve, vst.s. vestibular sclerite.
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Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not ex-
tending to the posterior margin of supra-anal plate. Intercalary sclerite slender. First
valve long. Second valve small, basally fused. Third valve broad. The anterior margin
of anterior arch slightly sclerotized, extending forward to form two elongated triangles
protruding. Basivalvula irregular, curled, with dense punctuations. Vestibular sclerite
irregular, hind margin with two long spines (Fig. 15G, H). Laterosternal shelf broad,
slightly sclerotized, lateral margin straight (Fig. 151).

Distribution. China (Xizang).

Anaplecta bicolor Deng & Che, 2020
Figure 15]-L

Anaplecta bicolor Deng & Che in Deng et al., 2020: 99-101.

Material examined. CHiNa * 1 male (holotype) and 1 female (paratype); Yunnan
Prov., Xishuangbanna, Mengla County; 21°37.33'N, 101°35.28'E; 733 m; 23 May
2016, Lu Qiu, Zhi-Wei Qiu leg.; SWU-B-B-A060194 and 060195.

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad,
extending to the posterior margin of supra-anal plate. Intercalary sclerite nearly strip-
shaped, tapering to inside. First valve robust, finger-like protrusions on the inner edge
with dense spines. Second valve small, basally fused. Third valve broad. The anterior
margin of anterior arch protrudes forward in a flaky shape, slightly sclerotized, with
an angular protrusion. Basivalvula highly irregular, most areas of the basivalvula with
dense punctuations, the rest part curled (Fig. 15], K). Vestibular sclerite sheet-like.
Laterosternal shelf broad, slightly sclerotized, lateral margin straight (Fig. 15L).

Distribution. China (Yunnan).

Anaplecta omei Bey-Bienko, 1958
Figure 16J-L

Anaplecta omei Bey-Bienko, 1958: 591; Deng et al., 2020: 101.

Material examined. CHINA * 2 males; Guangxi Prov., Guiping City; 31 May—
2 June 2014; Shun-Hua Gui, Xin-Ran Li, Jian-Yue Qiu, leg.; SWU-B-B-A060196
and 060197 * 8 males and 12 females; Guizhou Prov., Tongren City, Mt. Fanjing;
27°70.28'N, 108°84.55'E; 13—14 June 2019; Shu-Ran Liao, Jia-Jun He leg.; SWU-
B-B-A060198 to 060217 ¢ 9 males and 3 females; Guizhou Prov., Guiyang City;
26°55.32'N, 106°76.47'E; 6 June 2019, Wen-Bo Deng, Lu-Qiu leg.; SWU-B-B-
A060218 to 060229 * 11 males and 22 females; Sichuan Prov., Mt. Omei; 1-5 June
2013; Jin-Jin Wang, Yang Li leg.; SWU-B-B-A060230 to 060262 * 6 males; Guang-
dong Prov., Zhaoqing City, Mt. Qilin; 23°29.50'N, 109°59.56'E; 8 June 2019; Rong
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Itst.sh.

Figure 16. A—C Anaplecta longihamata Zhu & Che, sp. nov. paratype (ZWLS2), female SWU-B-B-
A060099 D-F Anaplecta paraomei Zhu & Che, sp. nov. paratype (DS4_2), female SWU-B-B-A060117
G-l Anaplecta condensa Zhu & Che, sp. nov. paratype (GZ10), female SWU-B-B-A060125. J-L Ana-
plecta omei Bey-Bienko, 1958 (CQ5) female SWU-B-B-A060354 A, D, G, ] supra-anal plate, ventral view
B, E, H, K supra-anal plate, dorsal view C, F, I, L subgenital plate, dorsal view. Scale bars: 2 mm. Abbre-
viations: a.a. anterior arch, bsv. basivalvula, cp. crosspiece, intc.s. intercalary sclerite, inst.f. intersternal
fold, Itst.sh. laterosternal shelf, pp. paraprocts, pt. paratergites, v.I first valve, v.II second valve, v.III third
valve, vif.Ia first valvifer arm, vst.s. vestibular sclerite.
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Chen leg.; SWU-B-B-A060263 to 060268 * 3 males and 2 females; Hunan Prov., Mt.
Mang; 11-12 July 2015; Zhi-Wei Qiu, Yong-Quan Zhao leg.; SWU-B-B-A060269
to 060273 ¢ 31 males, 9 females; Chongqing City, Youyang County; 29°43.16'N,
109°28.37'E, 30 June 2019, Rong Chen, Hao Xu leg. SWU-B-B-A060274 to 060313
* 40 males, 31 females, Chonggqing City, Beibei District; 2018-2019, laboratory staff,
leg. SWU-B-B-A060314 to 060384 * 13 males and 1 female; Jiangxi Prov., Lush-
an City, Mt. Huanglong; 1-2 June 2017, Xin-Ran Li, Li-Li Wang, leg.; SWU-B-B-
A060385 to 060398 * 1 male, Zhejiang Prov., Jiangshan City, Shuangxikou Village;
26-27 May 2017; Xin-Ran Li, Li-Li Wang, leg.; SWU-B-B-A060399.

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, extending
to the posterior margin of supra-anal plate. Intercalary sclerite short, nearly strip-shaped,
slightly curved. One of first valvifer arm robust and curled. First valve robust. Second
valve small, basally fused. Third valve broad. The anterior margin of anterior arch slightly
curled, with a nearly transparent hook-shaped protrusion. Basivalvula broad, most areas
with dense punctuations. Vestibular sclerite broad, slightly curled, sheet-like (Fig. 16], K).
Laterosternal shelf slightly sclerotized, lateral margin slightly curved (Fig. 16L).

Distribution. China (Anhui, Fujian, Jiangsu, Yunnan, Sichuan, Guizhou, Guang-
dong, Guangxi, Hunan, Chongging, Zhejiang).

Anaplecta corneola Deng & Che, 2020
Figure 17A-C

Anaplecta corneola Deng & Che in Deng et al., 2020: 84-86.

Material examined. CHINA ® 20 males and 16 females; Hainan Prov., Ledong County,
Mt. Jianfengling, Mingfeng Valley; 18°43.43'N, 108°48.45'E; 579 m; 21-28 May
2014; Shun-Hua Gui, Xin-Ran Li leg.; SWU-B-B-A060400 to 060435 * 14 males and
7 females; Hainan Prov., Ledong County, Mt. Jianfengling; 18°42.63'N, 108°52.75E;
940-960 m; 22-23 June 2020; Yong Li, Jing Zhu leg.; SWU-B-B-A060436 to 060456
* 1 male, Hainan Prov., Qiongzhong County, Mt. Limu; 19°110.59'N, 109°43.77'E;
650 m; 20 June 2020; Yong Li, Jing Zhu, leg.; SWU-B-B-A060457 * 1 female; Hainan
Prov., Baisha County, Mt, Yinggeling; 19°04.79'N, 109°123.14'E; 352 m; 18 June
2020; Yong Li, Jing Zhu leg.; SWU-B-B-A060458.

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, extend-
ing to the posterior margin of supra-anal plate. Intercalary sclerite nearly strip-shaped,
tapering to sides. First valvifer arm short. First valve robust. Second valve small, basally
fused. Third valve broad. The anterior margin of anterior arch slightly sclerotized, with
a near cylindrical protrusion and dense tiny punctuations (Fig. 17A, B). Basivalvula
irregular, the right part with dense punctuations, the left anterior margin extending
posteriorly to crosspiece (Fig. 17A). Laterosternal shelf slightly sclerotized lateral mar-
gin straight (Fig. 17C).

Distribution. China (Fujian, Guangdong, Hainan, Hunan).
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Figure 17. A—C Anaplecta corneola Deng & Che, 2020. Female SWU-B-B-A060450 D-F Anaplecta
arcuata Deng & Che, 2020. Female SWU-B-B-A060460 G-l Anaplecta staminiformis Deng & Che, 2020.
Paratype, female SWU-B-B-A060462 A, D, G, ] supra-anal plate, ventral view B, E, H, K supra-anal plate,
dorsal view C, F, I, L subgenital plate, dorsal view. Scale bars: 2 mm. Abbreviations: a.a. anterior arch,
bsv. basivalvula, cp. crosspiece, intc.s. intercalary sclerite, inst.f. intersternal fold, ltst.sh. laterosternal shelf,

PP paraprocts, pt. paratergites, v.I first valve, v.II second valve, v.III third valve, vst.s. vestibular sclerite.

Anaplecta arcuata Deng & Che, 2020
Figure 17D-F

Anaplecta arcuata Deng & Che in Deng et al., 2020: 89-90.
Material examined. Crina ¢ 1 male and 1 female; Hainan Prov.; Qiongzhong Coun-

ty, Mt. Limu; 19°110.59'N, 109°43.77'E; 650 m; 20 June 2020; Rong Chen, Li-Kang
Niu, leg.; SWU-B-B-A060459 and 060460.
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Male genitalia. On the basis of careful observation, we suspect that the L2d men-
tioned by Deng et al. (2020) may be the degraded right phallomere.

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not ex-
tending to the posterior margin of supra-anal plate. Intercalary sclerite slender. First
valve robust. Second valve small, basally fused. Third valve broad. The anterior margin
of anterior arch slightly sclerotized, extending forward in a flaky shape with a deep
concave in the middle. Basivalvula nearly elliptic with dense punctuations. Vestibular
sclerite sheet-like (Fig. 17D, E). Laterosternal shelf slightly sclerotized, lateral margin
slightly curved (Fig. 17F).

Distribution. China (Hainan).

Anaplecta staminiformis Deng & Che, 2020
Figure 17G-1

Anaplecta staminiformis Deng & Che in Deng et al., 2020: 86-88.

Material examined. CHiNA ¢ 1 male (holotype) and 1 female (paratype); Hainan Prov.,
Linshui County, Mt. Diaoluo; 18°28.50'N, 109°31.87'E; 423 m; 16 April 2015; Lu
Qiu, Qi-Kun Bai leg.; SWU-B-B-A060461 and 060462 * 2 males (paratypes) and 4
females (paratypes); Hainan Prov., Ledong County, Mt. Jianfengling, Mingfeng Val-
ley; 18°25.95'N, 108°28.96'E; 579 m; 18 May 2014; Shun-Hua Gui, Xin-Ran Li leg.;
SWU-B-B-A060463 to 060468.

Female genitalia. Supra-anal plate nearly symmetrical. Paraprocts broad, not ex-
tending to the posterior margin of supra-anal plate. Intercalary sclerite nearly strip-
shaped, tapering to insides. First valve robust. Second valve small, basally fused. Third
valve broad. The anterior margin of anterior arch slightly sclerotized, extending forward
in a heart shape, with a nodular protrusion at apex (Fig. 17G, H). Basivalvula irregular,
the left anterior margin extending posteriorly to first valvifer arm, deep depression in
the center, posterior margin broad with dense punctuations (Fig. 17G). Laterosternal
shelf slightly sclerotized, lateral margin slightly curved (Fig. 171).

Distribution. China (Hainan).

Anaplecta furcata Deng & Che, 2020

Anaplecta furcata Deng & Che in Deng et al., 2020: 93-95.

Material examined. CHINA ® 2 males (paratypes); Guangxi Prov., Jinxiu County, Mt
Dayao; 24°8.43'N, 110°11.70'E; 944 m; 7 July 2015; Lu Qiu, Qi-Kun Bai leg.; SWU-

B-B-A060469 and 060470
Distribution. China (Guangxi).
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Discussion

In recent years, male genitalia were the main characteristics in the species delimitation of
Anaplecta (Lucafias, 2016; Deng et al. 2020) but DNA barcodes can also help to delimit
and distinguish species (Deng et al. 2020). During examination of samples of Anaplecta
omei, we found some subtle morphological differences between samples collected in
Libo, Dushan, Mt. Wuliang, and other regions. This included color, paraprocts, subgeni-
tal plates, and phallomeres. Although these specimens were recovered as four MOTUs in
ABGD, these subtle differences in morphology were insufficient to determine whether
they reflect intraspecific variation or interspecific differences. Therefore, we turned to the
female genitalia for more evidence. Surprisingly, we found the shapes of first valvifer arm,
intercalary sclerite, anterior arch, and basivalvula were stable within these four MOTUs
and differed between MOTUs. Khalifa (1950) mentioned that when a pair of Blaztella
germanica mated, the hooked left phallomere (L3) extended and secured the first valve
allowing the male to physically attach to the female during copulation. Therefore, we
hypothesize that the long and robust hook of male genitalia of SP4 is to match the ro-
bust first valvifer arm of its female. Graves (1969) speculated that when transferring the
spermatophore, the soft outer layer of the spermatophore hardens and would be against
the female genital sclerites in order to ensure the openings of the sperm sacs aligned
directly with the female spermathecal opening. Thus, we infer that the anterior arch and
basivalvula might be related to this process of transferring the spermatophore. Taking all
this evidence together, we can consider these MOTUs as different species: A. longihamata
sp. nov., A. paraomei sp. nov., and A. condensa sp. nov. Similarly, we also found significant
differences in other species in the anterior arch and basivalvula, indicating that the varia-
tion in female genitalia can be applied to identify the species of Anaplecta. However, this
has often been neglected in the past study of Anaplecta, with the exception of McKittrick
(1964), who described the female genitalia in detail. Only the valvular subgenital plate
was involved in other studies (Roth, 1990; Deng et al. 2020). In our study, the character-
istics of the female genitalia played an important role in detecting these three cryptic spe-
cies; hence, researchers should pay more attention to female genitalia in future studies.
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Abstract

This study provides the first data on the genital anatomy, jaw and radula of Guladentia subtussulcata
(L. Pfeiffer, 1863). The auxiliary copulatory organ of this species is very peculiar, similar to that of Jean-
neretia L. Pfeiffer, 1877, and different from that of other cepolids. It consists of an elongate, pedunculate
mucus gland inserted apically on a muscular papilla and an atrial sac, all covered by a sheath. A sheath-like
accessory gland is inserted at the base of the atrial sac. Another similarity with Jeanneretia is the pres-
ence of a fertilization pouch-spermatheca complex with a single exposed spermatheca. Like Jeanneretia,
G. subtussulcata has an oxygnath, highly arched jaw with slight striae over the entire surface and a broad,
well-developed median projection. The radula has triangular and monocuspid central and lateral teeth
(the central teeth are smaller than the rest). The marginal teeth are multicuspid with the mesocone and
ectocones smaller than the endocones. The similar structures of the auxiliary copulatory organ (without
dart sac) and spermatheca (simple) strongly suggest that G. subtussulcata and Jeanneretia spp. are closely
related. As such, it remains to be decided whether Guladentia Clench & Aguayo, 1951 and Jeanneretia
should continue to be treated as separate genera.
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Auxiliary copulatory organ, reproductive system, sheath-like accessory gland, Stylommatophora, West Indies
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Introduction

Guladentia Clench & Aguayo, 1951, is a Cuban endemic terrestrial snail genus of the
family Cepolidae. It was originally described as subgenus of Jeanneretia L. Pfeifter, 1877
(Clench and Aguayo 1951) with Helix subtussulcata L. Pfeiffer, 1863 as type species
and comprising three other species, viz. Cepolis torrei Clench & Aguayo, 1933, Jean-
neretia (Guladentia) modica Clench & Aguayo, 1951 and /. (G.) gundlachi Clench &
Aguayo, 1951. While Guladentia was explicitly maintained as a subgenus by Espinosa
and Ortea (1999, 2009) and implicitly by Fontenla et al. (2013), it was considered
as a separate genus by Zilch (1960), Schileyko (2004) and Herndndez et al. (2017),
though without providing a rationale. As such, Guladentia differs conchologically from
Jeanneretia by (1) possessing a shell with a well-defined “gular” fold, which is an invagi-
nation of the shell on the base of the body whorl, curved and parallel with the whorl
about midway between the whorl periphery and the columella, and by (2) having a
long and curved tooth on the base of the shell within the aperture. Thus, according to
Clench and Aguayo (1951) the shell structure of Guladentia would resemble that of
the genus Cepolis Montfort, 1810 (Fig. 1).

Species of Guladentia occur in mountainous limestone areas in the central-western
region of the Sierra de los Organos, Cuba. They are quite rare (Clench and Aguayo
1951), yet, G. subtussulcara is the species with the widest distribution and that is the
least difficult to collect. It is also the largest species in the genus (shell height: 16-31
mm; shell diameter: 21-31 mm).

Herndndez et al. (2020) emphasized that the genital anatomy of a majority of
Cepolidae taxa, including the genus Guladentia, is still unknown. The present contri-
bution, therefore, aims to provide the very first data on the genital anatomy, jaw, and
radula of the type species of this genus, viz. G. subtussulcata, and on the basis of these
new data it also briefly reflects on the (sub)generic status of Guladentia.

Materials and methods

Nine live specimens of G. subtussulcata were collected from three localities in Vifales,
Pinar del Rio Province, Cuba. The material examined is deposited in the Malacological
Collection of the Institute of Ecology and Systematics (CZACC; Coleccién Zooldgica
de la Academia de Ciencias de Cuba).

Material examined ¢ 7 specimens; Mogote El Valle; 22°37'9.3"N, 83°41'33.09"W/; 20
May 2014; M. Herndndez Leg.; CZACCS. A.0300 to 0307 ¢ 1 specimen; Mogote Dos
Hermanas; 22°37'05"N, 83°44'38"W; 5 July 2014; M. Herndndez Leg.; CZACCS.
A.0308 ¢ 1 specimen; Sierra de Vinales; 22°38'36"N, 83°44'46"W/; 6 July 2014; M.
Herndndez Leg.; CZACCS. A.0309.

Specimens were drowned for 12 h in an airtight jar filled with water, after which
they were removed from their shells and fixed in 70% ethanol. Specimens were dis-
sected using a Carl Zeiss Stemi 2000 stereomicroscope. The reproductive tracts were
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gular fold
tooth

Figure 1. Shells of Guladentia subtussulcata A=C (A and B lateral views and C ventral view), Jeanneretia
parraiana D—F (D and E lateral views and F ventral view), Cepolis cepa G-l (G and H lateral views and
I ventral view). Scale bar = 5 mm.

photographed with a Nikon 5100 camera. Radula and jaw were extracted manually,
cleaned by soaking in 10% KOH solution for about 6 h followed by rinsing in ethanol.
They were mounted for scanning electron microscopy with a Thermo Fisher Quanta
200 scanning electron microscope.

The terminology of the reproductive apparatus follows Baur (2010) and Herndn-
dez et al. (2020). The length of seven genital structures was measured using scale paper
(error 1 mm): flagellum, penis + distal epiphallus, proximal epiphallus, bursa-copula-
trix duct, auxiliary copulatory organ, and length of the spermoviduct.

Results

Genital anatomy

The complete genitalia is shown in Fig 2A. The fertilization pouch—spermathecal com-
plex comprises a fertilization pouch embedded in the albumen gland and a single, ex-
posed spermatheca (Fig. 2D). Spermoviduct very long (mean length: 57 mm; range: 42—
79 mm), in length followed by the bursa-copulatrix duct (mean length: 46 mm; range:
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Figure 2. Genital anatomy of Guladentia subtussulcata A genitalia B auxiliary copulatory organ details)
C details of the distal portion of the auxiliary copulatory organ D drawing of the fertilization pouch-sper-
mathecal complex E drawing of the details of the verge. Abbreviations: aco = auxiliary copulatory organ,
ag = albumen gland, agl = accessory gland, as = atrial sac, bc = bursa copulatrix, bed = bursa-copulatrix
duct, e = proximal epiphallus, fl = flagellum, fp = fertilization pouch, fpsc = fertilization pouch—sper-
mathecal complex, hd = hermaphroditic duct, mp = muscular papilla, ncs = non-calcareous structure, pe
= penis + distal epiphallus, ov = oviduct, pmg = pedunculated mucus gland, pg = prostatic gland, prm =
penial retractor muscle, so = spermoviduct, ss = single spermatheca, v = verge, vd = vas deferens.
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23-78 mm) and the flagellum (mean length: 39 mm; range: 23—-65 mm). Vagina short.
The penis + distal epiphallus of medium length (mean length: 8 mm; range: 5-14 mm),
thin and cylindrical, internally with a verge located in the first third, which may be swol-
len and somewhat wrinkled (Fig. 2E). Proximal epiphallus (mean length; 15 mm; range:
7-26 mm) is longer than the penis + distal epiphallus. The auxiliary copulatory organ
(mean length: 17 mm; range: 11-20 mm) (Fig. 2B, C) is soft and has no dart sac. It con-
sists of an elongate, pedunculated mucus gland inserted apically on a muscular papilla
(Fig. 2C) and an atrial sac (Fig. 2B), all covered by a sheath. One sheath-like accessory
gland (consisting of alveoli) is inserted at the base of the atrial sac (Fig. 2B).

Jaw and radular morphology

The jaw is oxygnath (Fig. 3A), solid, high arched, almost smooth except for slight striae
all over the surface, and with a wide, well-developed, median projection. The radula
has a monocuspid, pointed and triangular central tooth, which is smaller than the
other teeth and shorter than the base of the tooth (Fig. 3B). Lateral teeth monocuspid,
pointed, triangular and as long as their base (Fig. 3B). Between the lateral and marginal
teeth, there are transitional teeth with ectocones. Marginal teeth multicuspid with the
mesocone and ectocones smaller than the endocones (Fig. 3C).

Discussion

The reproductive system of Guladentia subtussulcata is similar to that of other cepolid
species by, amongst other features, the presence of an auxiliary copulatory organ. Yet,
while in other cepolids this auxiliary copulatory organ contains a dart sac (on top of
the muscular papilla), there is no dart sac in G. subtussulcata (Fig. 2B) and Jeanneretia
ssp. (Herndndez et al. 2021). Instead, these latter two taxa have a non-calcareous ‘dart’
(Fig. 2C), which is fused to a muscular papilla that opens directly into the atrial sac.
More generally, the auxiliary copulatory organ of G. subtussulcata is similar in size and
structure to that of Jeanneretia spp. as described by Herndndez et al. (2021). In this sense
it represents a unique feature within Cepolidae. Also, the simple spermatheca of G. sub-
tussulcata is a unique feature within Cepolidae that links this species with Jeanneretia spp.

Conversely, G. subtussulcata and Jeanneretia ssp. differ markedly by their accessory
glands: G. subtussulcata has a single sheath-like accessory gland (Fig. 2B), a unique fea-
ture within Cepolidae, whereas Jeanneretia ssp. have a pair of tubular accessory glands.
Furthermore, compared to the data provided for Jeanneretia spp. by Herndndez et al.
(2021), G. subtussulcata has a much longer spermoviduct, but a much shorter flagel-
lum, than Jeanneretia spp.

The jaw and radula of G. subtussulcata are extremely arched (Fig. 3A) like in Jean-
neretia ssp. (Herndndez et al. 2021), though the radular teeth of G. subtussulcata are
a little more pointed than in Jeanneretia spp. In general, the radular morphology of
G. subtussulcata complies with that of other cepolid genera, except Polymita Beck, 1937
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Figure 3. Scanning Electron Microscope photographs of the jaw and radula of Guladentia subtussulcata.
A jaw B central and lateral teeth, central teeth marked with a black arrow € transitional and marginal
teeth, the latter with their ectocones (e), mesocones (m), and endocones (ed).

(Moreno 1950), in which the radula is arranged in a “v” shape with all teeth equal in
size (Herndndez et al. 2021).

The structure of the auxiliary copulatory organ (without dart sac) and the sper-
matheca (simple) strongly suggests that G. subtussulcata and Jeanneretia spp. are
closely related. Hence, the question arises whether Guladentia should be regarded
as a separate genus or as a subgenus of Jeanneretia. The conchological differences
between G. subtussulcata and Jeanneretia spp. may indicate a separation at the genus
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level, with the gular shell fold (Fig. 1A) and the unique accessory gland structure
(Fig. 2B) of Guladentia as the defining features of the genus. However, the genital
anatomy of more Guladentia species should be studied and combined with DNA
sequence data to infer the phylogenetic relationships of Guladentia and Jeanneretia.
These additional data are not only necessary to verify whether these two taxa are
monophyletic, but also to explore whether the conchological similarities between
Guladentia and Cepolis suggested by Clench and Aguayo (1951) are synapomorphic
or homoplasic character states.
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Abstract

Thirty-eight species of Isopoda, belonging to 13 families and 29 genera, are listed from Kuwait based on
previous literature records (of 17 species) and collections carried out along Kuwait’s coastal and subtidal
zones during the present study. The majority of species belongs to the suborder Cymothoida (23), followed
by Sphaeromatidea (9), Oniscidea (3), Valvifera (2), and Asellota (1). In total, 25 species were collected
and identified from 12 families and 22 genera from Kuwaiti coastal and subtidal areas. These include
eight families, 15 genera, and 21 species recorded for the first time from Kuwait. Isopod diversity was
highest in the sandy rock areas, including southern Kuwait, particularly in Al-Khiran and Al-Nuwaiseeb,
and in mixed habitat (muddy, rocky, and sandy) intertidal transects such as in Failaka Island. The species
number increased from the subtidal and lowest zones into the high tidal zone. Isopods were found in
sandy substrata, among shells, cobbles, rocks, dead corals, and algae.
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Introduction

The isopod fauna in Kuwaits intertidal and subtidal habitats have received little
attention. The few significant accounts of Kuwait’s marine isopods are those of
Bowman and Tareen (1983), describing six new species of Cymothoidae. In addition,
Abu-Hakima (1984) recorded a bopyrid, Epipenaeon elegans Chopra, 1923, and Jones
(1986) in ‘Field Guide to the Seashores of Kuwait” recorded six marine isopods from
Kuwait. However, Apanthura sandalensis Stebbing, 1900, Ligia exotica Roux, 1828;
and Cymodoce richardsoniae Nobili, 1906, were misidentified in his guide. They are
reidentified as Amakusanthura sp., L. persica Khalaji-Pirbalouty & Wigele, 2010, and
C. delvarii Khalaji-Pirbalouty, Bruce & Wigele, 2013, respectively, in this work.

Arcturinoides angulata Kensley, Schotte & Poore, 2007 and Astacilla mecaini Kens-
ley, Schotte & Poore, 2007 have been reported by Kensley et al. (2007) from the coasts
of Kuwait and Saudi Arabia and, most recently, Jones and Nithyanandan (2012) re-
ported four species of the genus Eurydice Leach, 1815 from Kuwait and Saudi Arabia.
In contrast, the isopod fauna along the Iranian coast of the Gulf has received more
attention than adjacent regions (e.g., Khalaji-Pirbalouty and Wigele 2009, 20104, b,
¢, 2011, 2012; Khalaji-Pirbalouty et al. 2013; Khalaji-Pirbalouty and Bruce 2014;
Khalaji-Pirbalouty and Raupach 2014, 2016).

In 2013, a large-scale survey covering Kuwait’s entire coastline and offshore islands
was initiated to document biodiversity, species distribution, and species abundance of
the intertidal fauna. This survey was completed in 2017 (Al-Kandari et al. 2017). A
further complementary sampling of four sites was conducted from 2016 to 2018. Sur-
vey results for molluscs, decapods, and polychaetes have been published (Al-Kandari et
al. 2019a, b, 2020a, b), and summaries on other taxa are in progress. Here we report
the results for the crustacean order Isopoda.

Materials and methods

Intertidal and subtidal sampling

Thirty-eight intertidal transects and two subtidal sites were sampled quantitatively and
qualitatively for macrofauna (Fig. 1, Table 1). Transects were located between Khor
Al-Subiya in the north and the border with Saudi Arabia in the south. The surveys
were conducted in daylight during the late autumn and winter seasons from Decem-
ber 2013 to December 2016. The sampling dates (see Table 1) and time for each site
coincided with the lowest tides (as near to 0 chart datum as possible) using the Kuwait
Port Authority’s Tide Tables for 2013, 2014, 2015, and 2016. Kuwait’s intertidal areas
consist of coral, rocky, sandy, and/or muddy habitats or combinations thereof. At some
transects, sandy mud or muddy sand covered a hard stratum throughout the intertidal
range. Other transects consisted of combinations of sand and rocks, with some rocks
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lose and resting on the surface and others being part of the bedrock. All sandy beaches,
rocky beaches, underneath stones, rubble, algal turf, and/or seagrass beds were sampled
at each transect. Samples were left in seawater for a day before the fauna was collected
from the bottom of the containers. Additionally, fauna living within porous rocks was
collected by breaking the rocks with a hammer, placing the resulting debris in isotonic
magnesium chloride solution, and collecting the fauna after their relaxation. For soft
substrates, a 25 x 25-cm square metal box corer, 15 cm deep, was placed randomly, and
sediment was collected by spade from inside the corer. These samples were sieved with
seawater using 0.3-mm mesh sieves 45- and 75-cm in diameter, and all sediment and
organisms remaining were preserved with 5% buffered formalin for subsequent pick-
ing and identification. Isopod specimens were also collected qualitatively from under
rocks and among intertidal vegetation. Sand was sieved further samples were collected
from rocks broken by a hammer, washing algae, sponges and seagrass, turning over
stones, as well as collecting directly in the habitat. Material was rinsed under seawater,
and all the washings passed through a 0.3-mm mesh sieve to collect any isopod speci-
mens. The collected isopods were fixed in a 75-95% ethanol solution for subsequent
morphological and molecular analyses. All specimens were deposited in the Kuwait
Institute for Scientific Research (KISR) reference collection.
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Table . Sampling sites studied in the intertidal and subtidal zones of Kuwait with habitat details
(*KPC = Kuwait Petroleum Corporation).

Site Site Name (north to south) Position

No. Sampling Dates Coordinates Area Substrate
Khor Al-Subiya: north and west of Boubyan Island (BI)

1 Umm Al-Shajar (north Khor Al-Subiya), (BI1) 29.12.2015 29°54.263'N, 48°01.475'E BI Mud

2 Khor Al-Subiya (Al-Magasel) 23.11.2014 29°44.476'N, 48°05.740'E North Mud-rock
3 Khor Al-Subiya (Al-Shumaima) 24.11.2014 29°39.403'N, 48°07.850'E North Mud-rock
4 Khor Subiyah (south) 25.11.2014 29°34.849'N, 48°10.248'E North Mud
Kuwait Bay

5 Mudairah 30.12.2014 29°32.672'N, 47°55.394'E Bay-mud Mud

6 Al-Kuwaisat 17.11.2014 29°22.677'N, 47°42.480'E Bay-mud Mud

7 Al-Judailiat 02.02.2014 29°22.497'N, 47°45.183'E Bay Sand-rock
8 Aushairij 03.02.2014 29°23.047'N, 47°50.192'E Bay Sand-rock
9 Sulaibikhat Bay 06.11.2014 29°19.702'N, 47°49.670'E Bay Mud
10 Shuwaikh (KPC*), subtidal 22.02.2016 29°21.401'N, 47°56.390'E Bay Sand-rock
11 Kuwait Bay (Al-Salam Beach) 09.12.2013 29°21.631'N, 47°57.204'E Bay Sand-rock
12 Kuwait Bay (Ras Ajuza) 08.12.2013 29°23.481'N, 47°59.800'E Bay Sand-rock
East Kuwait Bay

13 Al-Sha'Eab 19.01.2014 29°21.979'N, 48°01.344'E Middle 1 Sand-rock
14 Al-Salmiya 19.12.2013 29°20.313'N, 48°05.775'E Middle 1 Sand-rock
South Kuwait Bay

15  Al-Messilah 18.12.2013 29°16.496'N, 48°05.407'E Middle 1 Sand-rock
16 Al-Funaitees 19.12.2013 29°11.519'N, 48°06.938'E Middle 1 Sand-rock
17 Abu Halifa 04.01.2014 29°08.154'N, 48°07.985'E Middle 2 Sand-rock
18  Al-Mangaf 01.02.2014 29°06.041'N, 48°08.323'E Middle 2 Sand-rock
19  Masfat Al-Ahmadi 10.12.2014 29°04.431'N, 48°08.676'E Middle 2 Sand-rock
20 North Oil loading terminal, subtidal 28.09.2014 29°8.043'N, 48°09.139'E Middle 2 Sand-rock
21 Mina Abdullah 16.02.2014 29°00.071'N, 48°09.853'E Middle 2 Sand-rock
22 Al-Julaia'Ea 17.02.2014 28°49.480'N, 48°16.812'E South Sand-rock
23 Dohat Al-Zour 02.03.2014 28°46.100'N, 48°18.210'E South Sand-rock
24 Ras Al-Zour 08.01.2015 28°44.502'N, 48°22.950'E South Sand-rock
25 Al-Khiran 03.03.2014 28°38.813'N, 48°23.429'E South Sand-rock
26 Al-Nuwaiseeb 04.03.2014 28°34.794'N, 48°24.078'E South Sand-rock
Islands

27 Umm Al-Maradim Island, east (UI1) 11.11.2014 28°40.778'N, 48°39.207'E ull Sand-rock
28  Umm Al-Maradim Island, northeast (UI2) 11.11.2014 28°40.939'N, 48°39.196'E UI2 Sand-rock
29  Umm Al-Maradim Island, northwest 11.11.2014 28°40.960'N, 48°39.173'E UI3 Sand-rock
30  Qaruh Island (north), (QI1) 10.11.2014 28°49.105'N, 48°46.553'E QI Sand-rock
31  Qaruh Island (south), (Q2) 10.11.2014 28°49.022'N, 48°46.607'E QI Sand-rock
32 Kubbar Island (east), (Q3) 09.11.2014 29°04.278'N, 48°29.655'E KI Sand-rock
33 Kubbar Island (west) 09.11.2014 29°04.377'N, 48°29.472'E KI Sand-rock
34 Auha Island (northwest), (Al) 10.02.2016 29°22.726'N, 48°26.269'E Al Sand-rock
35  Failaka Island (east 2), (FI1) 25.12.2014 29°23.710'N, 48°24.136'E FI Sand-rock
36 Failaka Island (east 1), (F2) 24.12.2014 29°23.629'N, 48°23.958'E FI Sand-rock
37 Failaka Island (south), (FI3) 23.12.2014 29°25.625'N, 48°20.307'E FI Mud-rock
38  Failaka Island (northwest), (FI4) 22.12.2014 29°28.049'N, 48°17.838'E FI Mud-rock
39  Boubyan Island (south), (BI2) 24.01.2015 29°38.993'N, 48°18.830'E BI Mud
40  Boubyan Island (Ras Al-Gayed), (BI3) 25.01.2015 29°48.093'N, 48°21.975'E BI Mud

Species identification

For identification, morphological studies were conducted using a Leica DFC450 cam-
era mounted on a Leica M125 Stereomicroscope equipped with an imaging system
that was employed to obtain colour images of the specimens. For greater depth of field,
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we merged 10-20 source images of a single specimen taken at different focus distances
into one final image with the software LAS V4.5. The final image was edited using
Adobe Photoshop. Isopods were identified to the lowest possible taxonomic level.

Results

In total, 25 species representing 12 families and 22 genera were identified from speci-
mens collected in the present study. These species were collected from 31 intertidal tran-
sects, including 17 mainland and 14 island transects, and two subtidal sites (Table 2).

Sphaeromatidae Latreille, 1825 was the best-represented family with five genera
and eight species, followed by the family Cirolanidae comprising five genera and five
species. Two species were recorded in each of the families Gnathiidae and Arcturidae.
The remaining seven families were represented by single species (Table 2). In descend-
ing order, the most widely distributed isopod species were Amakusanthura sp. from
20 transects, Gnathia sp., and Sphaeromopsis sarii Khalaji-Pirbalouty & Wigele, 2009,
from 18 transects, Astacilla mccaini Kensley, Schotte & Poore, 2007, from 15 tran-
sects; Heterodina mccaini Schotte & Kensley, 2005, from 12 transects; Cymodoce delva-
rii Khalaji-Pirbalouty, Bruce & Wigele, 2013, occurred at 12 transects, and Lanocira
gardineri Stebbing, 1904, was collected from ten transects. Interestingly, some species
occurred in their 100s from single qualitative samples. Such high numbers for S. sarii
and C. delvarii were obtained from randomly collected Sargassum at Al-Nuwaiseeb and
Failaka Island. Similarly, high numbers of S. sarii occurred on algal turfs from Kubbar
Island. Other species found in high numbers were found from rocks, dead coral, or dead
shells and included Gnathia sp., H. mccaini, and Sphaeroma walkeri Stebbing, 1905.

Thirty-eight isopod species under five sub-orders, 13 families, and 29 genera are
listed in taxonomic order, including Kuwait’s previous records (17 species), type locali-
ties, and geographical distributions.

Table 2. List of isopod species recorded in Kuwait in the present survey (* indicates a new record to
Kuwait) and from literature records.

Suborder Family Species Reference
CYMOTHOIDA Anthuridae Amakusanthura sp. * This study
CYMOTHOIDA Expanathuridae Eisothistos sp. * This study
CYMOTHOIDA Cirolanidae Ararbolana exoconta™ This study
CYMOTHOIDA Cirolanidae Baharilana kiabii* This study
CYMOTHOIDA Cirolanidae Cirolana tarahomii* This study
CYMOTHOIDA Cirolanidae Eurydice arabica Jones and Nithyanandan (2012)
CYMOTHOIDA Cirolanidae E. marzouqui Jones & Nithyanandan, 2012
CYMOTHOIDA Cirolanidae E. peraticis Jones and Nithyanandan (2012); This study
CYMOTHOIDA Cirolanidae Metacirolana sp. * This study
CYMOTHOIDA Corallanidae Lanocira gardineri* ‘This study
CYMOTHOIDA Cymothoidea Anilocra monoma Bowman & Tareen, 1983
CYMOTHOIDA Cymothoidea Catoessa gruneri Bowman & Tareen, 1983
CYMOTHOIDA Cymothoidea Cymothoa eremita Bowman & Tareen, 1983

CYMOTHOIDA Cymothoidea Joryma sawayah Bowman & Tareen, 1983
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Suborder Family Species Reference
CYMOTHOIDA Cymothoidea Mothocya sp. Bowman & Tareen, 1983
CYMOTHOIDA Cymothoidea Nerocila arres Bowman & Tareen, 1983
CYMOTHOIDA Cymothoidea N. kisra Bowman & Tareen, 1983
CYMOTHOIDA Cymothoidea N. sigani Bowman & Tareen, 1983
CYMOTHOIDA Cymothoidea N. phaiopleura Bowman & Tareen, 1983
CYMOTHOIDA Gnathiidae Gnathia sp.* This study
CYMOTHOIDA Gnathiidae Elaphognathia sp.* This study
CYMOTHOIDA Bopyridae Epipenacon elegans Abu-Hakima, 1984
CYMOTHOIDA Bopyridae Parabopyrella sp.* This study
ONISCIDE Ligiidae Ligia persica™ This study
ONISCIDE Olibrinidae Olibrinus antennatus® This study
ONISCIDE Tylidae Tjlos maindroni Taiti and Ferrara(1991); this study
SPHAEROMATIDEA  Sphaeromatidae Cymodoce delvarii® This study
SPHAEROMATIDEA  Sphaeromatidae C. fuscina* This study
SPHAEROMATIDEA  Sphacromatidae C. waegelei* This study
SPHAEROMATIDEA  Sphaeromatidae Dynamenella granulata* This study
SPHAEROMATIDEA  Sphaeromatidae Heterodina mccaini* This study
SPHAEROMATIDEA  Sphaeromatidae Sphaeroma khalijfarsi* This study
SPHAEROMATIDEA  Sphaeromatidae S. walkeri* This study
SPHAEROMATIDEA  Sphaeromatidae S. annandalaei This study
SPHAEROMATIDEA  Sphaeromatidae Sphaeromopsis sarii* This study

VALVIFERA Arcturidae Arcturinoides angulata Kensley et al. (2007); this study
VALVIFERA Arcturidae Astacilla mecaini Kensley et al. (2007); this study
ASELLOTA Paramunnidae Heterosignum sp.* This study

Taxonomy

Order Isopoda Latreille, 1817

Suborder Cymothoida Wigele, 1989
Superfamily Anthuroidea Leach, 1814
Family Anthuridae Leach, 1814

Genus Amakusanthura Nunomura, 1977

Amakusanthura sp.
Figure 2A

Apanthura sandalensis — Jones, 1986: 148, pl. 40 [not Apanthura sandalensis Stebbing,
1900; misidentification].

Material examined. Kuwait. 3 specimens; St. 25 29°44.476'N, 48°05.740'E; 23 Nov. 2014;
9 ?,2juveniles; St. 3;29°39.403'N, 48°07.850'E; 24 Nov. 2014; (5 Y 9); St. 4; 29°34.849°
N, 48°10.248'E; 25 Nov. 2014, 2 3J; St. 8; 29°23.047'N, 47°50.192'F; 3 Feb. 2014; 1 9;
St. 11;29°21.631'N, 47°57.204'E; 9 Dec. 201352 9 95 St. 12; 29°23.481'N, 47°59.800'E;
8 Dec. 21013; (1 Q), 1 juvenile; St. 18;29°06.041'N, 48°08.323'E; 1 Feb. 2014; 3 Q9; St.
19; 29°04.431'N, 48°08.676'E; 10 Dec. 2014; 2 9 Q; St. 22; 28°49.480'N, 48°16.812'E;
17 Feb 2014, 1 juvenile, 6 9 9; St. 24; 28°44.502'N, 48°22.950'F; 08 Jan. 2015; 1 @;
St. 25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014; 5 @ 9, 2 juveniles; St. 26; 28°34.794'N,
48°24.078'E; 4 Mar. 2014; 5 @9, 3 juveniles; St. 27; 28°40.778'N, 48°39.207'E;; 11 Nov.
201453 995 St. 28; 28°40.939'N, 48°39.196'E; 11 Nov. 2014; 1 95 St. 29; 28°40.960'N,
48°39.173'F; 11 Nov. 2014; 2 Q9; St. 30; 28°49.105'N, 48°46.553'F; 10 Nov. 2014;
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7 995 St. 32; 29°04.278'N, 48°29.655'E; 9 Nov. 2014; 12 995 St. 34; 29°22.726' N,
48°26.269'E; 10 Feb. 2014; 3 Q95 St. 36; 29°23.629'N, 48°23.958'E; 24 Dec. 2014; 2
Q Q5 St. 38; 29°28.049'N, 48°17.838'E; 22 Dec. 2014.

Remarks. Amakusanthura motasi (Negoescu, 1980) is the only species of this genus
recorded from the nearest locality (Gulf of Aden). The specimens examined here differ
from A. motasi in the shape of the pleon with different lengths of pleonites 1-5 (vs.

Figure 2. A Amakusanthura sp. from Kubbar Island B Eisothistos sp. from Failaka Island C Atarbolana
exoconta Bruce & Javed, 1987 from Masfat Al-Ahmadi D Baharilana kiabii Khalaji- Pirbalouty & Wigele,
2011from Al-Nuwaiseeb E Cirolana tarahomii Khalaji-Pirbalouty & Wigele, 2011 from Quaruh Island
F Eurydice peraticis Jones, 1974 from Alkhiran G Metacirolana sp. from Um-Almaradim H Lanocira gar-
dineri Stebbing, 1904 from Al-Shamaimah.
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pleonites 1-5 similar to each other in A. motasi), the setation of pereopods, uropods
and pleotelson; antenna and antennular articles are narrower than in A. mozasi.
Distribution. New record for Kuwait.

Family Expanathuridae Poore, 2001
Genus Eisothistos Haswell, 1884

Eisothistos sp.
Figure 2B

Material examined. 1 &; St. 38; 29°28.049'N, 48°17.838'E; 22 Dec. 2014.
Distribution. New record for Kuwait

Family Cirolanidae Dana, 1852
Genus Atarbolana Bruce & Javed, 1987

Atarbolana exoconta Bruce & Javed, 1987
Figure 2C

Atarbolana exoconta Bruce & Javed, 1987: 145, figs 1, 2, Manora Island, Pakistan (type
locality); Khalaji-Pirbalouty & Raupach, 2016: 155-162, figs 2—6.

Material examined. 4 33, 5 29; St. 19; 29°04.431'N, 48°08.676'E; 10 Dec.
2014; 1 3, 8 99; St. 21; 29°00.071'N, 48°09.853'E; 16 Feb. 2014; 2 9 : St. 27;
28°40.778'N, 48°39.207'E; 11 Nov. 2014.

Distribution. Pakistan, Oman Sea (Bruce and Javed 1987; Khalaji-Pirbalouty and
Raupach 2016), new record for Kuwait.

Genus Babarilana Bruce & Svavarsson, 2003

Baharilana kiabii Khalaji-Pirbalouty & Wigele, 2011
Figure 2D

Babharilana kiabii Khalaji-Pirbalouty & Wigele, 2011: 34-39, figs 1-4; Qeshm Island,
Iran (type locality).

Material examined. 1 @, 1 juvenile; St. 19; 29°04.431'N, 48°08.676'E; 10 Dec.
2014; 2 R9; St. 25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014; 3 44, 5 99; St
26; 28°34.794'N, 48°24.078'F; 4 Mar. 2014; 1 &, 1 juvenile; St. 27; 28°40.778'N,
48°39.207'E; 11 Nov. 2014; 1 @, 1 juvenile; St. 32; 29°04.278'N, 48°29.655'E; 9
Nov. 2014; 1 Q; St. 35; 29°23.710'N, 48°24.136'E; 25 Dec. 2014.

Distribution. Qeshm Island, Hengam Island, Iran (Khalaji-Pirbalouty and Wige-
le 2011), new record for Kuwait.
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Genus Cirolana Leach, 1818

Cirolana tarahomii Khalaji-Pirbalouty & Wigele, 2011
Figure 2E

Cirolana tarahomii Khalaji-Pirbalouty & Wigele, 2011: 39-45, figs 5-8; Qeshm
Island, Iran (type locality).

Material examined. 7 @@, 3 juveniles; St. 30; 28°49.105'N, 48°46.553'E; 10 Nov.
2014; 1 Q, St. 325 29°04.278'N, 48°29.655'E; 9 Nov. 2014.

Distribution. Qeshm Island, Iran (Khalaji-Pirbalouty and Wigele 2011), new
record for Kuwait.

Genus Eurydice Leach, 1815

Eurydice arabica Jones, 1974
Eurydice arabica Jones, 1974: 202, fig. 2, Red Sea (type locality); Bruce, 1986: 221.

Distribution. Kuwait, Al-Ahmad Sea City waterways, Bahrain, Mashtan Island (Jones
and Nithyanandan 2012).

Eurydice marzouqui Jones & Nithyanandan, 2012

Eurydice marzouqui Jones & Nithyanandan, 2012: 47-48, figs 1—4; Tarut Bay, Saudi
Arabia (type locality).

Distribution. Sabah Al-Ahmad Sea City Waterways, Kuwait; Manifa, Saudi Arabia
(Jones and Nithyanandan 2012).

Eurydice peraticis Jones, 1974
Figure 2F

Eurydice peraticis Jones, 1974: 204, fig. 3, Dammam, Saudi Arabia (type locality);
Eleftheriou & Jones, 1976: 387; Bruce, 1986: 221; Kazmi et al. 2002: 91, fig. 66.

Material examined. 1 J; St. 8; 29°23.047'N, 47°50.192'E; 3. Feb. 2014; 2 9 Q; St. 19;
29°04.431'N, 48°08.676'E; 10 Dec. 2014; 2 9 9; St. 215 29°00.071'N, 48°09.853'E;
16 Feb. 2014; 2 33, 3 QQ; St. 25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014; 1 §;
St. 34; 29°22.726'N, 48°26.269'E; 10 Feb. 2016; 3 53, 7 Q95 St. 39; 29°38.993'N,
48°18.830'E; 24 Jan. 2015; 6 34,9 29,2 juveniles; St. 40; 25 Jan. 2015.

Distribution. Saudi Arabia, Bahrain, India, Pakistan, Kuwait (Eleftheriou and
Jones 1976; Kazmi et al. 2002).
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Genus Metacirolana Nierstrasz, 1931

Metacirolana sp.
Figure 2G

Material examined. 1 J; St.2; 29°44.476'N, 48°05.740'E; 23 Nov. 2014; 4 99; St.
3;29°39.403'N, 48°07.850'F; 24 Nov. 2014; 1 &; St.27; 28°40.778'N, 48°39.207'E;
11Nov. 2014; 1 &, 2 29; St.30; 28°49.105'N, 48°46.553'E; 10 Nov. 2014; 1 ; St.
34; 29°22.726'N, 48°26.269'E; 10 Feb. 2016; 2 4, 2 295 St. 36; 29°23.629' N,
48°23.958'E; 24 Dec. 2014.

Distribution. New record for Kuwait.

Family Corallanidae Hansen, 1890
Genus Lanocira Hansen, 1890

Lanocira gardineri Stebbing, 1904
Figure 2H

Lanocira gardineri Stebbing, 1904: 706, pl. LI, A, Mahlosmadulu Atoll, Maldive
Islands (type locality).
A comprehensive synonymy to the species can be found in Bruce and Sidabalok 2011: 25.

Material examined. 1 &, 4 99, 3 juveniles; St. 3; 29°39.403'N, 48°07.850'E; 24 Nov.
2014;2 Q95 St. 12;29°23.481'N, 47°59.800'E; 8 Dec. 2104; 1 9; St. 22;28°49.480'N,
48°16.812'E; 17 Feb. 2014; 1 Juvenile; St. 30; 28°49.105'N, 48°46.553'E; 10 Nov.
2014; 2 33,5 29; St. 35 29°39.403'N, 48°07.850'E; 24 Nov. 2014; 3 43, 6 29;
St. 35; 29°23.710'N, 48°24.136'E; 25 Dec. 2014; 2 33, 529, 2 ovigerous 99, 5
juveniles; St. 36; 29°23.629'N, 48°23.958'E; 24 Dec. 2014; 1 ; St. 375 29°25.625'N,
48°20.307'E; 23 Dec. 2014; 1 & St. 38; 29°28.049'N, 48°17.838'E; 22 Dec. 2014; 2
33 St. 40; 29°48.093'N, 48°21.975'E; 20 Jan. 2015.

Distribution. Maldives, Kenya, Madagascar (Delaney 1989); Western Australia (Bruce
and Sidabalok 2011); Iran (Khalaji-Pirbalouty, unpublished), new family for Kuwait.

Family Cymothoidae Leach, 1814

Of the cymothoid isopods (parasites of fishes), the following species have been reported
by Bowman and Tareen (1983).
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Anilocra monoma Bowman & Tareen, 1983

Anilocra monoma Bowman & Tareen, 1983: 1, figs 3, 4, Kuwait (type locality).
Distribution. Kuwait (Bowman and Tareen 1983).

Catoessa gruneri Bowman & Tareen, 1983

Catoessa gruneri Bowman & Tareen, 1983: 18, figs 14, 15, Kuwait (type locality).
Distribution. Kuwait (Bowman and Tareen 1983).

Joryma sawayah Bowman & Tareen, 1983

Joryma sawayah Bowman & Tareen, 1983: 21, figs 1618, Doha, Kuwait (type locality).
Livoneca sp., Mathews & Samuel, 1987: 144.

Distribution. Kuwait (Bowman and Tareen 1983).
Nerocila arres Bowman & Tareen, 1983

Nerocila arres Bowman & Tareen, 1983: 12, figs 10-12; Kuwait (type locality).
Nerocila kisra Bowman & Tareen, 1983: 8, figs 6-8.

Distribution. Kuwait (Bowman and Tareen 1983).

Nerocila sigani Bowman & Tareen, 1983

Nerocila sigani Bowman & Tareen, 1983: 12, fig. 9; Kuwait (type locality).
Distribution. Kuwait (Bowman and Tareen 1983).

Nerocila phaiopleura Bleeker, 1857

Nerocila phaiopleura Bleeker, 1857: 25-26, fig. 3, Java (type locality); Bowman &
Tareen, 1983: 5, fig. 5.

Distribution. A widespread species, recorded in the Indian Ocean from Hong Kong
to South Africa (Bowman and Tareen 1983).
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Mothocya sp.

Mothocya sp., Bowman & Tareen, 1983: 25, fig. 19.
Cymothoa eremita ? (Brunnich, 1783), Bowman & Tareen, 1983: 25, fig. 20, India

(type locality).

Distribution. India (Bowman and Tareen 1983)

Family Gnathiidae Leach, 1814
Genus Gnathia Leach, 1814

Gnathia sp.
Figure 3A

Material examined. 1 &, 2 29; St. 7; 29°22.497'N, 47°45.183'E; 02 Feb. 2014;
1 @, 6 praniza larvae; St. 8; 29°23.047'N, 47°50.192'E; 3 Feb. 2014; 1 @, 6 praniza
larvae; St. 10; 29°21.401'N, 47°56.390'E; 22 Feb. 2014; 1 &; St. 11; 29°21.631'N,
47°57.204'E; 9 Dec. 2013; 1 @5 St. 125 29°23.481'N, 47°59.800'E; 08 Dec. 2013;
3 99, 8 praniza larvae; St. 19; 29°04.431'N, 48°08.676'E; 10 Dec. 2014; 2 99,
1 praniza larva; St. 215 29°00.071'N, 48°09.853'E; 16 Feb 2014; 1 @, 3 praniza lar-
vae; St. 25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014; 3 99, 1 &, 50 praniza larvae; St.
26; 28°34.794'N, 48°24.078'E; 4 Mar. 2014; 5 3d, 9 99, 6 praniza larvae; St. 27;
28°40.778'N, 48°39.207'E; 11 Nov. 2014; 1 &, 3 praniza larvae; St. 28; 28°40.939'N,
48°39.196'E; 11Nov.2014; 8 348, 16 juveniles, 50 @9, 3 praniza larvae; St. 30;
28°49.105'N, 48°46.553'E; 10 Nov. 2014; 3 @9, 6 juveniles; St. 31; 28°49.022'N,
48°46.607'E; 10 Nov. 2014; 50 @9 and praniza larvae; St. 32; 29°04.278'N,
48°29.655'E; 9 Nov. 2014; 3 99; St. 35; 29°23.710'N, 48°24.136'E; 25 Dec. 2014;
433, 2 sub adults &J, 3 praniza larvae; St. 36; 29°23.629'N, 48°23.958'E; 24 Dec.
2014; 4 praniza larvae; St. 38; 29°28.049'N, 48°17.838'E; 22 Dec. 2014.

Remarks. The specimen is closely related to Gnathia luxata Kensley, Schotte &
Poore, 2009 from Khawr Musharraba, Saudi Arabia, Persian Gulf. However, it differs
from G. luxata by having a larger and conical mediofrontal process and bifid superior
frontolateral process instead of a conical process. Also, the supraocular lobe is blunt
and oblique rather than simply rounded.

Distribution. New record for Kuwait.

Genus Elaphognathia Monod, 1926

Elaphognathia sp.
Figure 3B

Material examined. 1 &; St. 3; 24°11.2014'N, 48°07.850'E; 24 Nov. 2014.
Remarks. The specimen is similar to E. gladia Kensley, Schotte & Poore, 2009
in having the long, thin saber-like mandible from Somalia. However, it differs from
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E. gladia in having a mandible with only one conical lobe at its base rather than two
and having an acute mediofrontal process (vs. absent in E. gladia).
Distribution. New record for Kuwait.

Family Bopyridae Rafinesque, 1815
Genus Epipenaeon Nobili, 1906

Epipenaeon elegans Chopra, 1923

Epipenacon elegans Chopra, 1923: 454-456, figs 6-11, Ganges Delta, India (type
locality); Dawson, 1958: 240; Tareen, 1982: 159-160; Abu-Hakima 1984:
51-58; Mathews et al. 1988: 53-62; Eslami & Mokhayer, 2002: 89-95; An et
al. 2015: 2033.

Distribution. India; Kuwait; Abu Ali and Tarut (Saudi Arabia); Boushehr port
(Iran).

Genus Parabopyrella Markham, 1985

Parabopyrella sp.

Material examined. 1 &, 1 @; St.8; 29°23.047'N, 47°50.192'E; 3 Feb. 2014.
Remarks. Parasite, found on the gill of the common alpheid shrimp in Kuwait the
Alpheus lobidens De Haan, 1849.
Distribution. New record for Kuwait.

Suborder Oniscidea Latreille, 1802
Family Ligiidae Brandt & Ratzeburg, 1831
Genus Ligia Fabricius, 1798

Ligia persica Khalaji-Pirbalouty & Wigele, 2010
Figure 3C

Ligia persica Khalaji-Pirbalouty & Wigele, 2010b: 136149, figs 2—7; Kish Island, Iran

(type locality).
Ligia exotica Roux, 1828. — Jones, 1986: 148, pl. 40.

Material examined. 1 9; St. 7; 29°22.497'N, 47°45.183'E; 2 Feb. 2014; 4 33,2 29;
St. 8; 29°23.047'N, 47°50.192'E; 3 Feb. 2014; 3 83, 17 9; St. 12; 29°23.481'N,
47°59.800'E; 8 Dec. 2013 20 3 and @ Q; St. 13; 29°21.979'N, 48°01.344'E; 19 Jan.
2014; 4 33, 6 QQ; St. 26; 28°34.794'N, 48°24.078'E; 4 Marc. 2014; 4 33, 4 99;
St. 28; 28°40.939'N, 48°39.196'E; 11 Nov. 2014.

Distribution. Iran, Oman, and United Arab Emirates (Taiti and Checcucci 2011;
Khalaji-Pirbalouty and Wigele 2010), new record for Kuwait.
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Family Olibrinidae Budde-Lund, 1913
Genus Olibrinus Budde-Lund, 1913

Olibrinus antennatus Budde-Lund, 1902

Olibrinus antennatus Budde-Lund, 1902: 379, Malaysia (type locality); Schmalfuss,
2003: 182; Taiti & Ferrara, 2004: 223, pl. 4.

Material examined. 1 9; St. 3; 29°39.403'N, 48°07.450'E; 24 Nov. 2014.

Figure 3. A Gnathia sp. from Al-Nuwaiseeb B Elaphognathia sp., from Al-Shamaimah C Ligia persica
from Al-Nuwaiseeb D 7jlos maindroni Giordani Soika, 1954 from Kubbar Island E Cymodoce delvarii
Khalaji-Pirbalouty, Bruce & Wigele, 2013 from Al-Nuwaiseeb F C. fuscina Schotte & Kensley, 2005 from
USNM G C. waegelei Khalaji-Pirbalouty & Raupach,, 2014 from Al-Nuwaseeb H Dynamenclla granulata
Javed & Ahmed, 1988 from Um-Almaradim.



An updated checklist of the Isopoda of Kuwait 121

Distribution. Indian Ocean (Taiti and Ferrara 2004), coastal waters of Iran
(Khalaji-Pirbalouty, unpublished data), new record for Kuwait.

Family Tylidae Milne-Edwards, 1840
Genus Tylos Audouin, 1826

Tylos maindroni Giordani Soika, 1954
Figure 3D

Tylos maindroni Giordani Soika, 1954: 76, figs 8, 9, pl. 10, Oman Sea, Muscat (type
locality); Ferrara & Taiti, 1986: 94; Taiti & Ferrara, 1991: 213, fig. 3; Taiti et al.
2000: 148.

Tjlos sp. Jones, 1986: 149, pl. 40.

Material examined. 2 juveniles; St. 4; (1 9); St. 28; 11 Nov. 2014; 2 4, 2
O Qs St. 33; 29°04.377'N, 48°29.472'E; (1 @, 3 juveniles); St. 35; 29°23.710'N,
48°24.136'E; 25 Dec. 2014; 1 @, 4 juveniles; St. 38; 29°22.726'N, 48°26.269'E;
22 Dec. 2014.

Distribution. Oman, Kuwait (Taiti and Ferrara 1991); Bandar-e-Charak, Bandar-
e Bostanoo, Iran (Khalaji-Pirbalouty, unpublished data).

Suborder Sphaeromatidea Wigele, 1989
Family Sphaeromatidae Latreille, 1825
Genus Cymodoce Leach, 1814

Cymodoce delvarii Khalaji-Pirbalouty, Bruce & Wigele, 2013
Figure 3E

Cymodoce delvarii Khalaji-Pirbalouty et al.,, 2013: 523-528, figs 16-19; Boushehr
Province, Iran (type locality).
Cymodoce richardsoniae Jones, 1986: 149, pl. 40 [not C. richardsoniae Nobili, 1906;

misidentification].

Material examined. 1 &, 1 @, 1 subadult &, 1 juvenile; St. 3; 29°39.403'N,
48°07.850'E; 24 Nov. 2014; 6 33 25 29, 6 sub adult &J; St. 12; 29°23.481'N,
47°59.800'E; 8 Dec. 2013; 1 juvenile St.15; 29°16.496'N, 48°05.407'E; 18
Dec. 2013; 1 , 1 sub-adult &, 1 juvenile; St.18; 29°06.041'N, 48°08.323'E; 1
Feb. 2014; 1 @5 St.19; 29°04.431'N, 48°08.676'E; 10 Dec. 2014; 2 juveniles;
St. 25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014; 4 9%, many juveniles; St. 26;
28°34.794'N, 48°24.078'E; 4 Mar. 2014; 1 Q; St. 28; 28°40.939'N, 48°39.196'E;
11 Nov. 2014; 1 Q5 St. 32; 29°04.278'N, 48°29.655'E; 9 Nov. 2014; 1 a4, 15
QO St. 34; 29°22.726'N, 48°26.269'E; 10 Feb. 2016; 1 Q5 St. 35; 29°23.710'N,
48°24.136'E; 25 Dec. 2014; 2 33, 26 99, many juveniles; St. 36; 29°23.629'N,
48°23.958'E; 24 Dec. 2014.
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Distribution. Bousher Province, Iran (Khalaji-Pirbalouty, Bruce and Wigele 2013),
new record for Kuwait.

Cymodoce fuscina Schotte & Kensley, 2005
Figure 3F

Cymodoce fuscina Schotte & Kensley, 2005: 1245-1248, figs 19-20, Safaniya and
Manifa, Saudi Arabia (type locality); Ulman et al. 2017: 27.
Cymodoce sp. Jones, 1986: 149, pl. 40.

Material examined. 2 JJ and 3 9%; Kuwait Fishery Station (from Smithsonian
Natural History Museum collection, USNM 1145230).

Distribution. Saudi Arabia, United Arab Emirates, the Mediterranean basin,
Greece (Schotte and Kensley 2005; Ulman et al. 2017), new record for Kuwait.

Cymodoce waegelei Khalaji-Pirbalouty & Raupach, 2014
Figure 3G

Cymodoce waegelei Khalaji-Pirbalouty & Raupach, 2014: 242-249, figs 7-12, Boush-
ehr Province, Iran (type locality); Khalaji-Pirbalouty et al. 2015: 34, fig. 2.

Material examined. 2 37, 3 9Q; St. 25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014;
4 33,9 Q0; St. 26; 28°34.794'N, 48°24.078'E; 4 Mar. 2014; 1 &, 1 Q@ St. 27;
28°40.778'N, 48°39.207'E; 11 Nov. 2014.

Distribution. Bousher Province and Hengam Island, Iran (Khalaji-Pirbalouty and
Raupach 2014; Khalaji-Pirbalouty et al. 2015), new record for Kuwait.

Genus Dynamenella Hansen, 1905

Dynamenella granulata Javed & Ahmed, 1988
Figure 3H

Dynamenella granulata Javed & Ahmed, 1988: 234-2306, figs 1-3, Karachi coast,
Pakistan (type locality).

Materials examined. 1 juvenile; St. 25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014;
1 sub-adult &, 2 29, 1 juvenile; St. 28; 28°40.939'N, 48°39.196'E; 11 Nov.
2014; 4 sub-adults 3d, 5 99, 5 juveniles; St. 33; 29°04.377'N, 48°29.472'E; 9
Nov. 2014.

Distribution. Pakistan and Iran coasts (Javed & Ahmed, 1988; Khalaji-Pirbalouty
unpublished data), new record for Kuwait.
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Genus Heterodina Schotte & Kensley, 2005

Heterodina mccaini Schotte & Kensley, 2005
Figure 4A

Heterodina mccaini Schotte & Kensley, 2005: 12591261, figs 27, 28, Manifa, Saudi
Arabia (type locality).

Material examined. > 100 33 and Q9; St. 7; 29°22.497'N, 47°45.183'E; 2 Feb. 2014;
1 Q; St. 8;29°23.047'N, 47°50.192'E; 7 @ @ St. 125 29°23.481'N,, 47°59.800'E; 8 Dec.
2013; 8 33, > 100 @ Q and Juveniles; St. 19; 47°59.800'N, 48°08.676'E; 10 Dec. 2014; 1
Q5 St. 21; 29°00.071'N, 48°09.853'E; 16 Feb. 2014; 5 3%, 23 92; St. 25; 28°38.813'N,
48°23.429'F; 3 Mar. 2014; > 100 33 and QQ; St. 26; 28°34.794'N, 48°24.078'E; 4 Mar.
2014; 2 99, 1 juvenile; St. 32; 29°04.278'N, 48°29.655'E; 9 Nov. 2014; 2 @ ?; St. 34;
29°22.726'N, 48°26.269'F; 10 Feb. 2016; 1 &, 1 Q; St. 37; 29°25.625'N, 48°20.307'E;
23 Dec. 20145 3 QQ; St. 38; 29°28.049'N, 48°17.838'E; 22 Dec. 2014.

Distribution. Manifa and Ras Tanajib, Saudi Arabia (Schotte and Kensley 2005),
new record for Kuwait.

Genus Sphaeroma Bosc, 1802

Sphaeroma walkeri Stebbing, 1905
Figure 4B

Sphaeroma walkeri Stebbing, 1905: 31-33, pl. VII, Jokkenpiddi Paar, Sri Lanka (type local-
ity). Latest synonymies to the species can be found in Martinez-Laiz et al., (2018: 13).

Material examined. 8 3, 5 99, 10 juveniles; St. 24; 28°44.502'N, 48°22.950'E;
8 Jan. 2015; 9 ©Q; St. 25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014.

Distribution. Sphaeroma walkeri is one the most widespread species of the marine
isopods, reported along the Indian, Atlantic, and Pacific oceans coastal zones (Khalaji-
Pirbalouty and Wigele 2010c¢; Martinez-Laiz et al. 2018).

Sphaeroma khalijfarsi Khalaji-Pirbalouty & Wigele, 2010
Figure 4C

Sphaeroma khalijfarsi Khalaji-Pirbalouty & Wigele, 2010c: 3-9, figs 1-5, Qeshm
Island, Iran (type locality).

Material examined. 3 99, 25 juveniles; St. 4; 29°34.849'N, 48°10.248'E; 25
Nov. 2014; 1 juvenile; St. 17; 29°08.154'N, 48°07.985'E; 4 Jan. 2014; 2 9 9; St.
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26; 28°34.794'N, 48°24.078'E; 4 Mar. 2014; 2 43, 6 2%, 6 juveniles; St. 39;
29°38.993'N, 48°18.830'E; 24 Jan. 2015; 4 a4, 25 QQ, 21 juveniles; St. 40;
29°48.093'N, 48°21.975'E; 25 Jan. 2015.

Distribution. Qeshm Island, Bandare Abbas, Bandare Kolahi, Iran (Khalaji-Pirba-
louty and Wigele 2010c), new record for Kuwait.

Sphaeroma annandalei Stebbing, 1911

Sphaeroma annandalei Stebbing, 1911: 181, pl. X, West Bengal, India (type locality);
Barnard, 1936: 174; Barnard, 1940: 405; Pillai, 1955: 134, figs 23-35, pl. VII;
Joshi & Bal, 1959: 62; Kensley, 1978: 113; Jones, 1986: 149, pl. 40; Khalaji-
Pirbalouty & Waigele, 2010: 31-37, figs 1-5.

Sphaeroma irakiensis irakiensis Ahmed, 1971: 77-79, fig. 1.

Distribution. India, Habbanyyah Lake, and Shat Al- Arab River (Iraq); Arvand Kenar
(Iran); Kuwait.

Genus Sphaeromopsis Holdich & Jones, 1973

Sphaeromopsis sarii Khalaji-Pirbalouty & Wigele, 2009
Figure 4D

Sphaeromopsis sarii Khalaji-Pirbalouty & Wigele, 2009: 34-42, figs 1-5, Kish Island,
Iran (type locality).

Material examined. 1 @; St. 4; 29°34.849'N, 48°10.248'E I; 25 Nov. 2014; 3 9 ?1; St.
12; 29°23.481'N, 47°59.800'E; 8 Dec. 2013; 100 I and @ Q; St. 15; 29°16.496'N,
48°05.407'E; 2 33, 15 29; St. 18; 29°06.041'N, 48°08.323'E; 1 Feb. 2014; 1 J,
10 995 St. 215 29°00.071'N, 48°09.853'E; 16 Feb. 2014; 2 33, 12 92, 2 Juveniles;
St. 24; 28°44.502'N, 48°22.950'E; 8 Jan. 2015; 3 &, 8 29; St. 25; 28°38.813'N,
48°23.429'E; 3 Mar. 2014; 1 Q; St. 26; 28°34.794'N, 48°24.078'E; 4 Mar. 2014; 22
33,9 99, 2 juveniles; St. 27; 28°40.778'N, 48°39.207'E; 11 Nov. 2014; 28 43, 31 @;
St. 28;28°40.939'N, 48°39.196'E; 11 Nov, 2014; 35 ¢ & and @ Q; St. 29; 28°40.960'N,
48°39.173'E; 11 Nov. 2014; > 100 33 and @ ; St. 30; 28°49.105'N, 48°46.553'E; 10
Nov. 2014; 3 33, 43 2Q; St. 31; 28°49.022'N, 48°46.607'E; 10 Nov. 2014; > 100 5
and 9 Q; St. 32; 29°04.278'N, 48°29.655'E; 9 Nov. 2014; 9 I3, 12 92, 3 juveniles;
St. 33; 29°04.377'N, 48°29.472'E; 9 Nov. 2014 13 3, 14 Q95 St. 34; 29°22.726'N,
48°26.269'E; 10 Feb. 2016; > 100 33 and @9, St. 36; 29°23.629'N, 48°23.958'E;
10 Feb. 2016; > 100 & and @ Q; St. 37; 29°25.625'N, 48°20.307'E; 23 Dec. 2014.

Distribution. Kish, Qeshm, Hengam Islands, Iran (Khalaji-Pirbalouty and Wige-
le 2009; Khalaji- Pirbalouty et al. 2015), new record for Kuwait.
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Suborder Valvifera Sars, 1882
Family Arcturidae Sars, 1897
Genus Arcturinoides Kensley, 1977

Arcturinoides angulata Kensley, Schotte & Poore, 2007
Figures 4E, 7F

Arcturinoides angulata Kensley et al., 2007: 433-436, figs 3, 4, Kuwait Bay (type locality).

Material examined. 1 9; St. 7; 29°22.497'N, 47°45.183'E; 2 Feb. 2014; 1 Q;
St. 8; 29°23.047'N, 47°50.192'E; 3 Feb. 2014; 2 &J; St. 34; 29°22.726'N;
48°26.269'E; 10 Feb. 2016; 1 &5 St. 35; 29°23.710'N, 48°24.136'E; 25 Dec.
2014.

Distribution. United Arab Emirates, Kuwait Bay, Kuwait (Kensley et al. 2007).

Genus Astacilla Cordiner, 1793

Astacilla mccaini Kensley, Schotte & Poore, 2007
Figure 4G, H

Astacilla mecaini Kensley et al., 2007: 437-440, figs 5, 6, Manifa Bay, Saudi Arabia
(type locality).

Material examined. 10 JJ; St. 20; 29°8.043'N, 48°9.139'E; 28 Sep. 2014; 1
Q; St. 215 29°00.071'N, 48°09.853'E; 16 Feb. 2014; 1 &5 St. 34; 29°22.726'N,
48°26.269"F; 10 Feb. 2016; 1 &5 St. 35; 29°23.710'N, 48°24.136'E; 25 Dec.
2014; 6 34, 2 ovigerous @ @, 2 juveniles; St. 36; 29°23.629'N, 48°23.958'E; 25
Dec. 2014.

Distribution. Manifa Bay, Saudi Arabia; Kuwait Bay, Kuwait (Kensley et al. 2007).

Suborder Asellota Latreille, 1802
Family Paramunnidae Vanhéffen, 1914
Heterosignum Gamo, 1976

Type species. Heterosignum mutsuensis Gamo, 1976
Heterosignum sp.
Material examined. 3 9; St. 28; 28°40.939'N, 48°39.196'E; 11 Nov, 2014; 1 9; St.

25; 28°38.813'N, 48°23.429'E; 3 Mar. 2014.
Distribution. New record for Kuwait.
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Figure 4. A Heterodina mccaini Schotte & Kensley, 2005 from Al-Nuwaiseeb B Sphaeroma walker
Stebbing, 1905 from Al-Zhor C S. khalijfarsi Khalaji-Pirbalouty & Wigele, 2010 from Boubyan Island
D Sphaeromopsis sarii Khalaji-Pirbalouty & Wigele, 2009 from Kubbar Island E Arcturinoides angulata
Kensley, Schotte & Poore, 2007 &, from Al-Doha F A. angulata @ from Al-Doha G Astacilla mecaini
Kensley, Schotte & Poore, 2007 &, from Failaka Island H A. mecaini @, from Failaka Island.

Discussion

Bowmen and Tareen (1983) were the first to study Kuwait’s isopod fauna, record-
ing nine species of Cymothoidae, all ectoparasitic on marine fishes (Table 6). Jones
(1986) included six isopod species in his ‘Field Guide to the Seashores of Kuwait’:
Apanthura sandalensis, Ligia exotica, and Cymodoce richardsoniae are reidentified as
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Amatkusanthura sp., L. persica, and C. delvarii, respectively. Moreover, Cymodoce sp.
of Jones (1980) is reidentified as Cymodoce fuscina and Tylos sp. is identified as Zjlos
maindroni. The widespread supratidal isopod Zylos maindroni was previously reported
from Kuwait by Taiti and Ferrara (1991). However, Sphaeroma annandalei Stebbing,
1911 was not found in the current study: the known distribution of S. annandalei is
from the West Bengal estuaries in India to the Arvandroud (Shatt-Al-Arab) riverbanks
between Iran and Iraq (Khalaji-Pirbalouty and Wigele 2010).

Two additional species, Arcturinoides angulata and Astacilla mecaini, were collected
from Kuwait Bay by Kensley et al. (2007). In monitoring the fauna of recently dredged
canals in the Al-Khiran area of Kuwait, Jones and Nithyanandan (2012) discovered
and described two new isopod species from Kuwait and mentioned the occurrence
of a third, increasing the valid species of Isopoda recorded from Kuwait to 17. With
the present survey, we now count 38 species of Isopoda, more than doubling Kuwait’s
known isopod fauna. Twenty-one of the 25 species collected for this study represent
first records for Kuwait (Table 2). Only four of these 25 species were reported previ-
ously: Eurydice peraticis, Tylos maindroni, Arcturinoides angulata, and Astacilla mccaini.

The geographical distribution of isopod species in Kuwait waters show very differ-
ent patterns. The burrowing isopod Sphaeroma walkeri was found living in soft rocks in
the high intertidal area of the Al-Zour coast. The type locality of this species is Sri Lan-
ka, and it has been considered restricted to the northern Indian Ocean. This thermo-
philic species is also tolerant to a range of salinities, and its distribution is worldwide
in the tropics (Rios-Touma et al. 2017). The ranges of other species are also limited to
the Indian Ocean. For example, Lanocira gardineri, is widely distributed from western
Australia (Bruce and Sidabalok 2011) and the Maldives, Kenya, and Madagascar (De-
laney 1989). Delaney (1989) recorded it from the Khor Abdullah estuary, Iraq, in the
northwestern Gulf. Tolerance of salinity fluctuations is believed to be a primary reason
for the wide distribution of this species throughout the Indian Ocean. Other species,
such as Dynamenella granulata, and Atarbolana exoconta, are widely distributed along
the northeastern coast of the Gulf and along the Pakistani coast. Their distribution pat-
tern is similar to some brachyuran decapods as suggested by Apel and Tiirkay (1999)
and Naderloo et al. (2011). According to this distribution pattern, the fiddler crab
fauna of the southern and western Gulf is similar in East Africa, the Gulf of Aden, and
the Red Sea. At the same time, the fauna of the northeastern parts of the Persian Gulf
is also somewhat similar to that of the northeastern Arabian Sea coasts of Pakistan and
India. Finally, some of the known species of isopoda (e.g., Heterodina mecaini ; Spha-
eroma khalijfarsi, and Sphaeromopsis sarii) are indigenous to the Gulf.

The new results reveal a low species richness of Isopoda in Kuwait waters compared
to the adjacent regions of the Indian Ocean. Based on Kensley’s (2001) isopod check-
list, the Indian Ocean exhibits a high species diversity of more than 1000 species. Of
these, 268 species inhabit the Indian coastal region, and fewer than half that number,
121 species, has been recorded from Pakistan’s coast by Kazmi et al. (2002). The appar-
ently low species richness of Isopoda in the Kuwait region compared to that of other ar-
eas of the Indian Ocean is due to Kuwait’s limited coastline, less than 200 km, but also
to the Gulf’s young age, less than 6,000 years BP (Sheppard et al. 2010), and the harsh
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environmental conditions. The age of the environment is an essential factor for the
evolution of diversity (Gaston and Chown 1999). The seabed regions of the Gulf pres-
ently at depths of 4-6 m have only been submerged for 3,000-4,000 years (Sheppard
etal. 2010). Therefore, the current coastal habitat development is comparatively young.

The harsh environmental conditions in Kuwait coastal zone arise from high tem-
peratures and high salinity. Salinities exceed 40 PSU, and summer temperatures often ex-
ceed 35 °C. For instance, from 2000 to 2013, the mean seawater temperature in Kuwait
Bay was 23.6 °C with a range of 9.7-36.0 °C, and salinity ranged from 3046 PSU (Al-
Yamani et al. 2004). Furthermore, extreme air temperatures with highs up to 55°C in the
summer months and winter lows around freezing are known from Kuwait (Jones 1986).

However, a comparison between this study and restricted localities of similar size
suggested no lower diversity in Kuwait. Brusca (1987) reported 36 species of marine
isopods from the Galapagos. Seventeen species of these were shallow-water species
from the littoral to a depth of 100 m. Furthermore, Kensley (1984) identified only 24
species of isopods from the Belizean reef crest. The low species composition of these
studies may arise from limited sampling. This study focuses on the Kuwaiti shoreline;
therefore, many species living in sub-tidal depths were not collected.

Some isopod species appear to be introduced into Kuwait Bay from outside of the
Gulf. For example, Cymodoce fuscina and C. waegelei were found in the subtidal zone
of the Iranian and Arabian coasts of the Gulf, but were also recently reported from
the Mediterranean basin, Greece (Ulman et al. 2017) and Egypt (pers. obs.). This dis-
tribution supports the hypothesis of a human- assisted introduction, such as through
ballast water discharge. According to the Public Relations Department of Hormozgan
Ports, Iran, ca. 53,000 tanker and cargo ships enter the Gulf annually and ca. 40% of
the world’s total oil transportation passes through the Strait of Hormuz (Al-Yamani
etal. 2015). In this context, ships transport a billion tonnes of ballast water annually,
so although this intertidal study was comprehensive, it was only limited to sampling
in the intertidal zone. Repeated sampling during different seasons as well as subtidal
investigations would certainly increase Kuwait’s known isopod fauna.

The present study provides a baseline account of Kuwait’s coastal zone isopod fau-
na. The next step will be evaluating their ecology and conservation status. As Kuwait
is one of the major oil exporters, invasive species are a significant issue, mainly due to
the discharge of ballast water from oil tankers and cargo ships. Therefore, prevention
is crucial for decision-making and implementation of invasion control and detection
of new exotics. The results of this study highlight the need for further morphological
as well as molecular studies to clarify the taxonomic status of some specimens, and a
larger sampling effort in deeper waters of this area.
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Abstract

Wing interference patterns (WIP) are stable structural colors in insect wings caused by thin-film interfer-
ence. This study seeks to establish WIP as a stable, sexually dimorphic, species-level character across the
four families of Tipuloidea and investigate generic level WIP. Thirteen species of Tipuloidea were selected
from museum specimens in the Academy of Natural Sciences of Drexel University collection. One wing
from a male and female of each representative species was excised and mounted to a slide with coverslip,
placed against a black background, and imaged using an integrated microscope camera. Images were
minimally retouched but otherwise unchanged. Descriptions of the WIP for each sex of each species are
provided. Twelve of thirteen species imaged had WIP, which were stable and species specific while eight of
those twelve had sexually dimorphic WIP. Comparisons of three species of Nephrotoma were inconclusive
regarding a generic level WIP. Grophomyia tristissima had higher intraspecific variation than other species
examined. This study confirms stable, species specific WIP in all four families of crane flies for the first
time. More research must be done regarding generic-level stability of WIP in crane flies as well as the role

sexual and natural selection play in the evolution of wing interference patterns in insects.
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Introduction

Wing interference patterns (WIP) were historically known but only recently re-
vealed to be a cryptic physical character of insect wings first reported by Shevtsova
et al. (2011). WIP colors and patterns are stable regardless of the angle viewed, so
are not iridescent (Shevtsova et al. 2011), but they exist thanks to the same physical
property of light that generates iridescence in soap bubbles and oil slicks: thin film
interference (Sun et al. 2013). Thin film interference occurs when light enters one
of two parallel, thin, non-absorbing (i.e., light) layers, or films, and then bounces
between the upper and lower films until exiting through one film (Sun et al. 2013).
Thin film interference is most common in the clear wings of insects, with the two
thin, chitinous layers forming the parallel thin films (Sun et al. 2013) and 20% of
light passing into the wing being reflected between the planes, and exiting through
the upper layer (Shevtsova et al. 2011). When the light exits the upper plane of the
wing, the thickness of the chitin, as well as the microtopography of the wing at the
point of exit will dictate the color observed (Shevtsova 2012). These patterns are
created from stable structural properties of the wing, but our ability to observe them
may be obscured against white or light-colored backgrounds or enhanced with a
black background and bright light perpendicular to the plane of the wing (Shevtsova
etal. 2011).

Research suggests that WIP are a novel morphological character that may be
sexually selected for in some groups. Cryptic species have been discovered using WIP
in two genera of wasps in the family Eulophidae (Shevtsova and Hansson 2011;
Hansson and Hambick 2013). Several works have used WIP as a character in de-
scribing a novel species (Buffington 2012; Mitroiu 2013) and as a character in a
dichotomous key (Mitroiu 2013; Zhang et al. 2014). Sexual dimorphism of WIP
has been documented in many groups of wasps and flies (Shevtsova et al. 2011;
Shevtsova and Hansson 2011; Shevtsova 2012) and sexual selection of male WIP
by female Drosophila melanogaster Meigen, 1830 has been observed (Katayama et al.
2014; Hawkes et al. 2019).

Most research on WIP in insects has focused on small Hymenoptera and Diptera
with clear wings and reduced venation; the result is a continuous pattern across the
wing. The existence of WIP in these groups has been well documented in the Cyn-
ipoidea (Buffington and Sandler 2011), Eulophidae (Hansson and Shevtsova 2010,
2012) and Drosophilidae (Shevtsova et al. 2011; Katayama et al. 2014; Hawkes et al.
2019). A few studies have looked at larger wasps (Shevtsova et al. 2011; Kangasniemi
2012) or larger flies (Shevtsova et al. 2011; Zhang et al. 2014) or other orders of insects
like Odonata (Brydegaard et al. 2018) and Hemiptera (Simon 2013).

Crane flies (Tipuloidea) are one of the largest groups in Diptera with 15,632 rec-
ognized species and a global distribution (Oosterbroek 2021). Crane flies vary in wing
length from 3 to 36 mm and occupy a diverse set of habitats (Gelhaus and Podenine
2019) and act as a major food source in aquatic and riparian ecosystems (Baxter et al.
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2005; Gelhaus and Podeniene 2019). Furthermore, there is evidence of cryptic species
within the superfamily (Ujvdrosi et al. 2010; Salmela et al. 2014) and a lack of mono-
phyly within the families (Petersen et al. 2010). Tipuloidea is represented in the WIP
literature from a single male specimen of Tipula (Savishenkia) confusa van der Wulp,
1883 presented in Shevtsova et al. (2011). Before that, though, the patterns were men-
tioned without additional emphasis in at least a few species descriptions of crane flies
as early as a century ago (Enderlein 1912). Given the size, diversity, and unresolved
phylogeny below the family level, establishment of a novel character such as WIP is
essential to our understanding of the group.

Crane flies have relatively large wings with multiple branches of major veins
that form upwards of fifteen cells. Additionally, crane flies can have pigment, setae,
folds, and reinforcements of the wing surface and veins; all of which play a role
in the overall visibility of the WIP (Shevtsova 2012). Crane flies are poorly repre-
sented in the current WIP literature; many of the other taxa examined have wings
that are small, clear, and with reduced venation. The largest known species of crane
fly in North America is Holorusia hespera Arnaud & Byers, 1990 (Alexander, 1920,
as rubiginosa) which has a wing length of 40 mm while the smallest species has a
wing length of 2.0 mm (de Jong et al. 2007). We suspect given this wide range of
wing lengths that WIP will be vastly different among the species of Tipuloidea. Ad-
ditionally, Shevtsova et al. (2011) showed that in Hymenoptera and Diptera, WIP
follow the Newton series: a repeating stable series of color bands known to occur
in thin films of between 50 and 1500 nm thickness (Shevtsova et al. 2011). We
did not measure wing thickness or map the Newton sequence on our WIP images,
but we suspect some of the largest species of the group will have wings too thick
to transmit a WIP. If so, we expected to observe opaque, gray wings as described in
Shevtsova et al. (2011).

We aim to establish the existence of Wing Interference Patterns across the four
families of Tipuloidea using male/female representative pairs and to provide descrip-
tions of the color and pattern of WIP for both sexes for each species. We also seek to
establish the stability of WIP within a species and confirm sexual dimorphism in each
representative species.

Materials and methods

All specimens were selected from the entomology collection at the Academy of Natu-
ral Sciences of Drexel University (ANSP) in Philadelphia, Pennsylvania. We exam-
ined 45 species (2373 individuals) (Table 1) and selected representative species for
each family, with additional species sampled to evaluate generic level WIP relation-
ships (Nephrotoma spp.) and to investigate intraspecific variation (Grophomyia tristis-
sima Osten Sacken, 1860) (Table 2). In each representative species both a male and
female specimen were selected for comparison. Additionally, both pinned specimens
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Table I. Linked data table of a list of all species of Tipuloidea examined for WIP in this study. The fam-
ily and valid nomenclature for each species is listed in addition to the presence or absence of a WIP and

the number of specimens examined for each species.

Family Species ‘WIP present Number of specimens examined
Cylindrotomidae Gylindrotoma distinctissima (Meigen, 1818) yes 69
Cylindrotomidae Diogma glabrata (Meigen, 1818) yes 7
Cylindrotomidae Liogma nodicornis (Osten Sacken, 1865) yes 44
Limoniidae Eugnophomyia luctuosa (Osten Sacken, 1860) yes 3
Limoniidae Gnophomyia tristissima Osten Sacken, 1860 yes 67
Limoniidae Gnophomyia cockerelli Alexander, 1919 yes 29
Limoniidae Molophilus pubipennis Osten Sacken, 1860 yes 32
Limoniidae Ormeosia romanovichiana Alexander, 1953 yes 60
Limoniidae Dactylolabis cubitalis (Osten Sacken, 1869) yes 18
Limoniidae Epiphragma fasciapenne Say, 1823 yes 123
Limoniidae Limnophila macrocera (Say, 1823) yes 78
Limoniidae Dicranomyia liberta Osten Sacken, 1860 yes 113
Limoniidae Dicranoptycha sobrina Osten Sacken, 1860 yes 82
Limoniidae Elephantomyia westwoodi westwoodi Osten Sacken, 1869 yes 107
Pediciidae Pedicia albivitta Walker, 1848 yes 26
Pediciidae Tricyphona calcar (Osten Sacken 1860) yes 12
Pediciidae Tricyphona degenerata Alexander, 1917 yes 3
Pediciidae Tricyphona immaculata (Meigen, 1804) yes 18
Pediciidae Tricyphona inconstans (Osten Sacken 1860) yes 92
Pediciidae Ula elegans Osten Sacken, 1869 yes 24
Tipulidae Phoroctenia vittata angustipennis (Loew, 1872) yes 3
Tipulidae Tanyptera dorsalis (Walker, 1848) yes 20
Tipulidae Dolichopeza carolus Alexander, 1940 yes 61
Tipulidae Dolichopeza dorsalis (Johnson, 1909) yes
Tipulidae Dolichopeza johnsonella (Alexander, 1931) yes 8
Tipulidae Dolichopeza obscura (Johnson, 1909) yes 48
Tipulidae Dolichopeza polita polita (Johnson, 1909) yes 4
Tipulidae Dolichopeza tridenticulata Alexander, 1931 yes 47
Tipulidae Brachypremna dispellens (Walker, 1861) yes 87
Tipulidae Holorusia hespera Arnaud & Byers, 1990 no 41
Tipulidae Nephrotoma ferruginea (Fabricius, 1805) yes 70
Tipulidae Nephrotoma macrocera (Say, 1823) yes 106
Tipulidae Nephrotoma eucera (Loew, 1863) yes 97
Tipulidae Nephrotoma virescens (Loew, 1864) yes 89
Tipulidae Tipula (Arctotipula) williamsiana Alexander, 1940 no 55
Tipulidae Tipula (Beringotipula) borealis Walker, 1848 yes 43
Tipulidae Tipula (Beringotipula) coloradensis Doane, 1911 yes 75
Tipulidae Tipula (Lunatipula) atrisumma Doane, 1912 yes 51
Tipulidae Tipula (Lunatipula) duplex Walker, 1848 yes 101
Tipulidae Tipula (Lunatipula) valida valida Loew, 1863 yes 47
Tipulidae Tipula (Pterelachisus) trivittata Say, 1823 yes 106
Tipulidae Tipula (Trichotipula) oropezoides Johnson, 1909 yes 78
Tipulidae Tipula (Vestiplex) longiventris Loew, 1863 yes 21
Tipulidae Tipula (Yamatotipula) sayi Alexander, 1911 yes 52
Tipulidae Tipula (Yamatotipula) tricolor Fabricius, 1775 yes 49
Total number of specimens examined: 2373

and ethanol-preserved specimens of the same sex and species were compared to de-
termine if preservation had an effect on the stability of WIP. No deviations were seen
in WIP color or pattern between same sex specimens of the same species and as such
specimens from both preservation methods were used in this study. Preservation type
of each specimen used in this study is provided (Table 2). Herein we follow the four-
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Table 2. Linked data table of each specimen image included in this study. The taxonomy and valid no-

menclature for each species is listed in addition to the collection location, date, figure reference(s), and

preservation type for each specimen.

Specimen code Species Sex Location data Date col- Figure  Preser-
(M/F) lected reference(s) vation
type
ANSP-ENT-128038 Grophomyia tristissima Osten Sacken, 1860 F ‘West Fairmount Park, Philadel-  1998-06-08 Fig. 1A Ethanol
phia, PA, USA
ANSP-ENT-128039  Gnophomyia tristissima Osten Sacken, 1860 F West Fairmount Park, Philadel-  1998-06-08  Figs 1B, 3C Ethanol
phia, PA, USA
ANSP-ENT-128040 Gnophomyia tristissima Osten Sacken, 1860 F Black Mountains, NC, USA 1912-05-26 Fig. 1C Pinned
ANSP-ENT-128044 Gnophomyia tristissima Osten Sacken, 1860 M Wiest Fairmount Park, Philadel-  1998-06-08  Fig. 1D Ethanol
phia, PA, USA
ANSP-ENT-128043 Grophomyia tristissima Osten Sacken, 1860 M Tarrytown, NY, USA 1913-06-20  Fig. IE  Pinned
ANSP-ENT-128041 Gnophomyia tristissima Osten Sacken, 1860 M West Fairmount Park, Philadel-  1998-06-08  Figs 1E 3D Pinned
phia, PA, USA
no code Gnophomyia tristissima Osten Sacken, 1860 F Montgomery County, MD, USA  2020-06-21 Fig. 9C none
no code Gnophomyia tristissima Osten Sacken, 1860~ M Montgomery County, MD, USA  2020-06-22  Fig. 9C none
ANSP-ENT-128045 Dolichopeza obscura (Johnson, 1909) F South Wales, NY, USA 1911-07-09 Fig. 5C Pinned
ANSP-ENT-128046 Dolichopeza obscura (Johnson, 1909) M Black Mountains, NC, USA 1912-06-10  Figs 2, 5D Pinned
ANSP-ENT-128047 = Gylindrotoma distinctissima (Meigen, 1818) F West Fairmount Park, Philadel-  1998-07-03 Fig. 3 Ethanol
phia, PA, USA
ANSP-ENT-128048  Cylindrotoma distinctissima (Meigen, 1818) M ‘West Fairmount Park, Philadel-  1998-07-03 Fig. 3B Ethanol
phia, PA, USA
ANSP-ENT-128049  Dactylolabis cubitalis (Osten Sacken, 1869) F Black Mountains, NC, USA 1912-05-28 Fig. 4A Pinned
ANSP-ENT-128050  Dactylolabis cubitalis (Osten Sacken, 1869) M Black Mountains, NC, USA 1912-05-29 Fig. 4B Pinned
ANSP-ENT-128051  Dicranomyia liberta Osten Sacken, 1860 F Wiest Fairmount Park, Philadel-  1998-07-22  Fig. 4C  Ethanol
phia, PA, USA
ANSP-ENT-128052  Dicranomyia liberta Osten Sacken, 1860 M West Fairmount Park, Philadel-  1998-07-22  Fig. 4D Ethanol
phia, PA, USA
ANSP-ENT-128053  Tricyphona inconstans (Osten Sacken, 1860) ~ F West Fairmount Park, Philadel-  1998-07-22  Fig. 5A  Ethanol
phia, PA, USA to 08-16
ANSP-ENT-128054 Tricyphona inconstans (Osten Sacken, 1860) M ‘West Fairmount Park, Philadel-  1998-07-22 Fig. 5B Ethanol
phia, PA, USA 0 08-16
ANSP-ENT-128055  Brachypremna dispellens (Walker, 1861) F ‘West Fairmount Park, Philadel-  1998-06-20 Fig. 6A Ethanol
phia, PA, USA
ANSP-ENT-128056  Brachypremna dispellens (Walker, 1861) M West Fairmount Park, Philadel-  1998-06-20 Fig. 6B Ethanol
phia, PA, USA
ANSP-ENT-128057  Holorusia hespera Arnaud & Byers, 1990 F Trout Creek, Juab Co., UT, USA  1922-07-22 Fig. 6C Pinned
ANSP-ENT-128058  Holorusia hespera Arnaud & Byers, 1990 M Los Padres N.E, San Luis Obispo  2019-07-01  Fig. 6D Pinned
Co., CA, USA
ANSP-ENT-128059  Nephrotoma ferruginea (Fabricius, 1805) F West Fairmount Park, Philadel-  1998-06-13  Fig. 7A  Pinned
phia, PA, USA to 07-03
ANSP-ENT-128060  Nephrotoma ferruginea (Fabricius, 1805) M West Fairmount Park, Philadel-  1998-06-13 Fig. 7B Pinned
phia, PA, USA to 07-03
ANSP-ENT-128061 Nephrotoma macrocera (Say, 1823) F Black Mountains, NC, USA 1912-06-05  Fig. 7C  Ethanol
ANSP-ENT-128062 Nephrotoma macrocera (Say, 1823) M West Fairmount Park, Philadel-  1998-06-13  Fig. 7D Ethanol
phia, PA, USA to 07-03
ANSP-ENT-128063 Nephrotoma virescens (Loew, 1864) F West Fairmount Park, Philadel-  1998-06-13 Fig. 7E  Ethanol
phia, PA, USA to 07-03
ANSP-ENT-128064 Nephrotoma virescens (Loew, 1864) M West Fairmount Park, Philadel-  1998-06-13 Fig. 7F Ethanol
phia, PA, USA to 07-03
ANSP-ENT-128065  Tipula (Beringotipula) borealis Walker, 1848 F Swarthmore, PA 1904-08-27 Fig. 8A Pinned
ANSP-ENT-128066  Tipula (Beringotipula) borealis Walker, 1848~ M Stony Run Trail, York Co., PA,  1998-09-12 Fig. 8B Pinned
USA
ANSP-ENT-128067  Tipula (Yamatotipula) sayi Alexander, 1911 F West Fairmount Park, Philadel-  1998-09-22  Fig. 8C  Ethanol
phia, PA, USA
ANSP-ENT-128068  Tipula (Yamatotipula) sayi Alexander, 1911 M ‘West Fairmount Park, Philadel-  1998-09-22 Fig. 8D Ethanol
phia, PA, USA
no code Tipula (Yamatotipula) aprilina Alexander, M Lindenwold, Camden Co., NJ,  2021-04-20 Fig. 9A none
1918 USA
no code Tipula (Yamatotipula) aprilina Alexander, F Lindenwold, Camden Co., NJ,  2021-04-20 Fig. 9B none
1918 USA
no code Elliptera clausa Osten Sacken, 1877 un- Pioneer, Amador Co., CA, USA  2016-05-27 Fig. 90D none

known
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family taxonomy of Oosterbroek (2021). We selected taxa based on availability in the
collection and the condition of the wings, as the wings of many pinned specimens were
exceedingly brittle and often curled or folded, rendering them unusable for imaging.
We specifically chose one species, Holorusia hespera, based on size, as we expected this
species to have wings too thick to display a WIP. Within each sex for each species, we
observed wings across age (1904—2019), geography, and preservation type to confirm
stability of the WIP within a species. We found no evidence that any of these metrics
had an effect on the stability of WIP. Through this investigation we discovered higher
intraspecific variation in G. #ristissima and chose to image additional specimens for this
species (Fig. 1).

Specimens were prepared as in Shevtsova et al. (2011) with certain exceptions. We
excised one wing from each specimen, and placed each wing on a slide. Next a drop of
70% ethanol was added to help flatten and orient the wing on the slide and while still
wet from the ethanol, a cover slip was carefully placed on top of the wing and slide. We
applied gentle pressure to the cover slip to remove air bubbles. Once the ethanol had
evaporated the cover slip was adhered to the slide by placing a small drop of Euparal at
each corner, making sure that none of the Euparal had seeped onto the wing. Initially
we had tested adhesives and fixatives placed over the entire cover slip, but this blocked
transmission of WIP.

A black background was created using light-absorbing black-out fabric with ad-
hesive backing from Edmund Optics (Item #54—585). This fabric was placed beneath
each wing slide prior to imaging. Imaging for all but three species was performed using
a Leica S9i stereomicroscope (Model AF6000). Images for three species (7ipula (Yama-
totipula) sayi Alexander, 1911, Dolichopeza (Oropeza) obscura (Johnson, 1909), and
Nephrotoma macrocera (Say, 1823)) were too distorted to be used and were reshot using
a Leica (Model EZ4 D) stereomicroscope with an integrated 3mp camera. Each speci-
men was imaged using LEICA APPLICATION SUITE X (version 3.0.11.20652).
Files were saved in .tiff format and edited in ADOBE PHOTOSHOP (version CS6).
Alterations in Photoshop were restricted to increasing the saturation by no more than
10%, reducing brightness by up to 20%, increasing the contrast by up to 20%, crop-
ping the wing from the background, darkening the background, and using the spot-
healing tool to remove dust and debris as needed. We follow the four-pattern concept
of WIP put forth in Buffington and Sandler (2011): campiform (WIP of mostly one
color, usually blue), galactiform (mottled patches and swirls of color like the spirals
of galaxies), radiform (radial bands emerging from the medial sector and expanding
in concentric bands to the margin), and striatiform (longitudinal bands of color that
often follow anal veins). Wing definitions follow those of Saigusa (2006) (Fig. 2).

Descriptions of WIP herein are an attempt to provide a written account of the
WIP across the entire wing. This was difficult to capture in a single image, mostly due
to the size of many wings as well as the folds and textured surfaces of the wings of many
crane flies examined. In the larger species, the veins themselves were thick enough to
keep the wing from lying flat on the slide. Rather than making composite images we
attempted to provide as complete a WIP as possible in a single image. As such, cells
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Figure |. Comparison of the variation in WIP of three female and three male specimens of Grophomyia
tristissima. Females examined in this study were found to have a range of WIP from A dark blue/ purple
B blue with mottled yellow € green/yellow with hints of blue which appeared most like the male WIP.
Males examined also had a range of WIP from D green with mottled blue which appeared most like the
female WIP E solidly green F green with mottled magenta. Patterns B and E were the most encountered

patterns for females and males, respectively. Scale bars: 1.0 mm.
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Figure 2. Excised wing of a male specimen of Dolichopeza obscura against a white background with nota-
tions of wing veins and cells used in this study. Veins are noted in blue with uppercase letters while cells are
noted in red with lowercase letters; naming and notations follow those of Saigusa (2006). Abbreviations:
A/a: anal vein/cell, bm: basal medial cell, br: basal radial cell, C/c: costal vein/cell, CuA/cua: anterior
cubitus vein/cell, CuP/cup: posterior cubitus vein/cell, d: discal cell, M/m: Medial vein/cell, R/: radial

vein/cell, Rs: radial sector vein, Sc/sc: subcostal vein/cell. Image not to scale.

adjacent to the costal margin (especially ¢, sc, and sc, that in many taxa are exceed-
ingly narrow) often have WIP that are distorted by corrugation, folds, and pigment.
We have still actempted to provide those details in the descriptions and have noted in
parentheses behind the given characters when they are not visible in the corresponding
figure though WIP should be visible when observed in person.

Abbreviations

Ala anal vein/cell;

ANSP Academy of Natural Sciences of Drexel University;
bm basal medial cell;

br basal radial cell;

Clc costal vein/cell;

CuA/cua  anterior cubitus vein/cell;
CuP/cup  posterior cubitus vein/cell;

d discal cell;

M/m Medial vein/cell;
R/r radial vein/cell;

Rs radial sector vein;
Sc/sc subcostal vein/cell;

WIP Wing Interference pattern(s).
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Results
WIP descriptions
Family Cylindrotomidae

Gylindrotoma distinctissima (Meigen, 1818)
Fig. 3

General appearance. In both sexes, the basal half of the wing green to green-yellow
(with males being greener and females brighter and more yellow) with swirling magen-
ta striations and beyond the cord a mostly magenta apical half forming a patch or spot.
Males with magenta bands reduced before the cord and expanded beyond. Generally,
males appear more magenta at a distance while the females appear more banded red/
green. The pattern is striatiform before the cord and galactiform after.

Female description (Fig. 3A). Cells c, sc;, and sc, with WIP obscured by wing
topography but can appear as a mottled green/ magenta (not visible in Fig. 3); cell
r, green with a magenta band through the center, and distal edge of cell obscured by
pterostigma pigment, which may bleed into nearby cells. All other cells r and m, as well
as d, show strong magenta in the center with various-sized patches of green edging the
margins. Cells cua, cup, bm, and br with large striations of green and magenta with
many stretching over more than one cell; the green is generally kept to the center of
the cell. The anterior edge of cup has a small strip of indigo edging vein CuA and green
coloration in cells a, cup, and cua appearing to bleed into yellow. Apical edge of cell
A, with magenta where vein A meets the wing margin, in center of cell three magenta
spots surrounded by green, magenta may also edge the margin.

Male description (Fig. 3B). Similar to female in color and pattern but magenta
bands reduced before the cord and expanded after.

Notes. There can be some subtle pattern differences in males of this species but
they do not appear to be sexually dimorphic as this variation is inconsistent.

Family Limoniidae

Gnophomyia tristissima Osten Sacken, 1860
Figs 1, 3

General appearance. Sexually dimorphic. Female with galactiform dark blue patches
over a green background with some yellow-green patches. Male a bright yellow green
galactiform, occasionally with faint magenta patches/bands. This species had higher
intraspecific variation and variation within the sexes than any other species examined.

Female description (Figs 1A-C, 3C). Cell ¢ and sc with WIP obscured by wing
topography but often with mottled magenta overall (1A, D, not visible in Fig. 3). A
thin band of yellow green can be seen lining the pterostigma pigmentation posteriorly;
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Figure 3. Wing Interference Pattern on excised wings of male/ female pair of two species of Tipuloidea.

Excised wings of a male/ female pair of two species of crane flies. Wings were excised, flattened between a
glass slide and cover slip, and photographed under a microscope using transmitted light A Cylindrotoma
distinctissima female B Cylindrotoma distinctissima male C Gnophomyia tristissima female D Gnophomyia

tristissima male. Scale bars: 1.0 mm.

the band usually originates at the proximal edge of the pterostigma, staying rather
regular in width following R through the r,, widening as it reaches R, and passing into
cells I andr,, then looping around and ending where R, meets the margin. This color
is highly variable and can exist as nothing more than a hint of yellow or expanded
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wider; it may follow the wing margin at least through r, if not further to the posterior
wing margin. All r and m cells, as well as cell d uniform blue green, with purple lining
the margins (the width of these purple bands is highly variable). Cells cua, cup, a,, bm,
and br with a similar pattern to the apical cells but with less purple overall. Cell cua
with a large fold that is usually purple (occasionally yellow). A second fold originates
in br, follows into d and ends in cell m, ..

Male description (Figs 1D-FE, 3D). Male WIP generally yellow green campiform
with some degree of blue and yellow but patterns as in female, band originating at
pterostigma magenta, folds in basal cells blue.

Notes. Variations in the WIP of G. tristissima were greater than the intraspecific
variation seen in other species examined in this study. Females and males both ap-
peared to have a gradient. The darkest females (Fig. 1A) appear almost indigo near
the margin and basal cells a mottled green blue while the lightest wings (Fig. 1C) have
blue reduced throughout and only prominent near the cord and generally appearing
more like a male wing. The most common female WIP configuration (Fig. 1B) is a
solid blue to blue green with only hints of yellow around the cord. Males have a similar
gradient and the darkest male WIP have flares of blue as in light females (Fig. 1C). The
most common males are solidly green (Fig. 1E) but may have some hints of magenta
tracing veins. A third type of male WIP are similar to the common pattern but with
magenta regions expanded (Fig. 1F). Occasionally small striations like those around
the pterostigma can be inverted so females have a magenta band and males with a
yellow-green band.

Dactylolabis cubitalis (Osten Sacken, 1869)
Fig. 4

General appearance. Sexually dimorphic. Wing galactiform with large green splotch-
es and thin magenta striations originating from the base of the wing moving outward.
Both sexes have a magenta band near the center of the wing but the magenta occupies
different cells in males and females.

Female description (Fig. 4A). Cell r and r, , both with a band of magenta fol-
lowing the posterior edge with the rest of the cell a mottled magenta and green where
visible. Cell r, mostly green, cell r, mostly green with an oblong spot of magenta in
the center of the cell. Cells I, m tom, and d forming a multi-cell pattern featuring a
green splotch centered on m, and reaching into m, and m; to either side. Each cell also
has magenta lining the margin. Cells cua, cup, and a with magenta striations originat-
ing from the wing origin and ending at the anal margin and generally paralleling veins.
Cell bm with a green center, br like bm but with green center faint.

Male description (Fig. 4B). Pattern similar overall to female with these excep-
tions: cells r, and r, with magenta expanded while r, has greener than in female. It is
as though the magenta patterning in the female has been shifted anteriorly by one cell
in the radial cells. The multi-cell pattern across median cells is inverse of female with a
magenta spot situated in cells m, and m, centered on M. All basal cells as in female.
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Figure 4. Wing Interference Pattern on excised wings of male/ female pair of two species of Tipuloidea
A Dactylolabis cubitalis female B Dactylolabis cubitalis male C Dicranomyia liberta female D Dicranomyia

liberta male. Scale bars: 1.0 mm.

Notes. Both sexes have a “spot” near the apex of the wing that originates on either
edge of r, about halfway between the basal edge and the wing margin. In the female
this is a barely visible magenta spot, but in the male this spot expands to fill most of
r, as well as part of r, and r,. All cells basal to the cord are similar between the sexes.
Pattern galactiform with striatiform portions present.
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Dicranomyia liberta Osten Sacken, 1860
Fig. 4

General appearance. Pattern is a bold galactiform containing almost the entire spec-
trum of colors found in WIP. Anterior cells with large bold blue to purple centers
encircled by green, yellow, and magenta in that order.

Female description (Fig. 4C). Cell , sc, and sc, obscured by wing topography but
can appear as mottled green/ magenta (not visible in Fig. 4C). Pterostigma obscures
distal half of cell r, and the proximal edge of cell r, ,. Cell r, otherwise with magenta
splotch at center surrounded by a narrow blue band (the combination of which ap-
pears purple) then a green oval surrounding that becoming yellow at the margin of the
cell. Cell r, , with pattern similar to r1 but with hints of magenta at the margin. Cell
r, with bright yellow oval at proximal end, encircled by a magenta band, followed by
blue, green, yellow, and magenta bands. Cells r, m to m,, and d campiform yellow
with small green striations through the center of cells or magenta directly adjacent to
the veins. Cells cua, cup, a;, and bm also campiform yellow but with bright striations
of green, magenta, and blue tracing the veins and following to the wing margin. Cell
br with a large magenta spot in the center of the cell and tapering to the proximal and
distal ends. On the proximal half the magenta is surrounded by blue, green, and yellow
bands while on the distal edge the blue band gives way to a magenta band followed by
a golden yellow band.

Male description (Fig. 4D). Almost identical to female, but may be a bit dull as
compared to female WIP.

Notes. The WIP of this species is one of the most colorful we encountered in this
study, and one of the few containing yellow as a dominant color. The WIP in D. liberta
does not appear to be sexually dimorphic and differences between the sexes are not
consistent.

Family Pediciidae

Tricyphona inconstans inconstans (Osten Sacken 1860)
Fig. 5

General appearance. Sexually dimorphic. Pattern striatiform in basal cells and galac-
tiform in apical cells. Both sexes have basal half of the wing green with magenta stria-
tions including one that extends to the margin. Two spots occur on the posterior half
of the wing. In females these spots are yellow to yellow-green but in males the spots are
blue to purple-magenta.

Female description (Fig. 5A). Cells , sc, SCp» I} and I, obscured by topography/
pigmentation though roandr with mottled magenta and green, though this may or
may not be visible. Cells r, and r, mostly magenta with a ribbon of light green on api-
cal edge of r,. A magenta band starts in r, and following the posterior wing margin to
at least cell cua. Cells r, to m, and d forming a large, light green circle with the outer
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Figure 5. Wing Interference Pattern on excised wings of male/ female pair of two species of Tipuloidea

A Tricyphona inconstans inconstans female B Tricyphona inconstans inconstans male € Dolichopeza obscura

female D Dolichopeza obscura male. Scale bars: 1.0 mm.
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margins of the outer cells continuing the magenta strip at the margins. Cell cua and
cup with a light green oval centered over CuP and surrounded by magenta. Cells bm
and br mostly magenta with the basal sections green.

Male description (Fig. 5B). Similar to female with the following exceptions: Cell
r, green/yellow, all m and d cells a deep magenta/purple at center, followed by a thin
ring of blue, green, and yellow at the margins. The band following the posterior margin
yellow, spot centered on CuA with magenta center encircled by concentric blue, green,
yellow, and magenta bands. Cell a, as in female but magenta reduced. Cell bm as in
female but color inverted.

Notes. Color but not pattern is dimorphic, and males are distinct in having a
bright blue spot centered in the m cells while females lack almost any blue coloration,
instead having the spot green. The same is the case with the spots on cua and cup. In
males, these blue patches are in stark relief to the magenta/green of the wing,.

Family Tipulidae

Dolichopeza obscura (Johnson, 1909)
Fig. 5

General appearance. Sexually dimorphic. Bright and colorful galactiform patterns
with striatiform near the base. Three large magenta striations starting near wing origin,
two of which terminate at the cord, the anterior-most band continues to the margin.
Two large blue to purple-magenta spots near posterior margin, otherwise wing cells
green with faint blue centers and sometimes magenta lining the margins.

Female description (Fig. 5C). Cells ¢ and sc with deep ridges/baffles but with spots
of magenta and green (not visible in Fig. 5C). Cells r,and r, , mostly green with a ma-
genta striation through the middle of each cell. All m cells as well as cell d with large blue/
purple spots in the center that transition to green, followed by concentric rings of yellow
and magenta to the margins that gives the effect of a rusty brown WIP. Cells cua and cup
with a magenta spot that forms on either side of vein CuP, close to where the vein reaches
the margin. The magenta bleeds into both cells, transitioning to blue/purple, then green,
and finally yellow near the basal edge of the cell. This “spot” occupies most of the distal
portion of the cells. Cell a, with a large magenta spot in the center, surrounded by con-
centric rings of blue/purple, green, yellow, and magenta touching the margins. Cells bm
and br with three striations running parallel to M and CuA, respectively. The striations
from posterior to anterior are green, magenta, and yellow. A blue streak parallels M in bm,

Male description (Fig. 5D). As in the female with the following exceptions: Cells
r,and m, to m, with magenta and blue/ purple centers reduced to small spots. Magenta
spot between cua and cup expanded, filling more than half the distal halves of the cells.
The magenta spot in cell a, is similarly expanded, with only a small band of green/yel-
low at the margins. The blue streak in br is expanded to a large blue/purple striation
situated apically from the yellow band.
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Notes. Much like C. distinctissima, it is unclear if the differences in D. obscura are
due to plasticity or true sexual dimorphism. The pattern and most colors are identical,
though the differences in the male (noted above) do appear more substantial, we still
consider this species to lack sexually dimorphic WIP.

Brachypremna dispellens (Walker, 1861)
Fig. 6

General appearance. Sexually dimorphic. Females with green and magenta striations
before the cord and cells with green centers and magenta edges beyond the cord. Males
have nearly identical patterns, but all instances of magenta and green are inverted.
Cells beyond the cord galactiform.

Female description (Fig. 6A). Cells ¢ and sc obscured by ridging/thickness of
wing, though small patches of magenta or green may show through (not visible in Fig.
6A). Cells sc, sc,, and distal half of r, with WIP obscured by pterostigma; proximal
half of r, with green center ridged by magenta. Cell r, , with magenta center surround-
ed by green. Cell r, with a similar pattern as r, ,, though pattern is more striated in r,.
Cellsr 4. M, t0 M, cua, br, and d with center green and magenta lining the margin of
each cell, though magenta can be broken or uneven and invade the green region. Cells
a,, cup, cua, and bm with magenta center and green edging the margin, can also be
broken or invading the magenta region.

Male description (Fig. 6B). As in the female wing with the following differences:
All r cells with green center and magenta edging the margin; patterns as in female.
All m cells, cua, and a, with center magenta and green invading the magenta region;
patterns as in female. Cells cup, bm, and br with green centers and magenta edging
margins; patterns as in female.

Notes. This is the clearest example in the taxa studied where the WIP patterns are
identical between males and females but with the magenta and green regions inverted
almost exactly.

Holorusia hespera Arnaud & Byers, 1990
Fig. 6

General appearance. WIP absent. Appearance is a glossy opaque amber color.

Female description (Fig. 6C). Wing lacks any WIP. All cells are a uniform tan-
amber in pigment, but no interference pattern is transmitted. Wing surface is heavily
textured and ridging and folds are visible across the surface of the wing.

Male description (Fig. 6D). Wing is similar to female and lacks any WIP.

Notes. As noted in Shevtsova et al. (2011) WIPs become obscured as wing thickness
approaches 1500 nm. While we did not measure the thickness of wings for this study, the
size of H. hespera suggests the thickness of the wing is a likely reason for the absence of WIP
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Figure 6. Wing Interference Pattern on excised wings of male/ female pair of two species of Tipuloidea

A Brachypremna dispellens female B Brachypremna dispellens male C Holorusia hespera female D Holorusia
hespera male. Scale bars: 1.0 mm (A, B), 1.0 cm (C, D).

Nephrotoma ferruginea (Fabricius, 1805)
Fig. 7

General appearance. Sexually dimorphic. Pattern is striatiform but cells beyond the
cord campiform green with magenta spots and striations. Both sexes with four large
magenta striations starting near the origin and terminating at the cord; the anterior-
most striations continue past the cord to near the margin; magenta striations are larger
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Figure 7. Wing Interference Pattern on excised wings of male/ female pair of two species of Tipuloidea
A Nephrotoma ferruguina female B Nephrotoma ferruguina male € Nephrotoma macrocera female D Ne-

phrotoma macrocera male E ) irscens female F Nephrotoma virscens male. Scale bars: 1.0 mm.

and brighter in males. Wings have a glossy sheen to them that causes the WIP to seem
slightly washed out or glass-like.

Female description (Fig. 7A). Cells ¢, sc, r
and pigment. Cell r, green-magenta band near the center. Cell r, with most of the

, and r  obscured by topography

1
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center magenta and green to the margins; a small striation breaks vein R, and enters
r, ending at the wing margin near the end of vein M,. Cells r, m, to m, and d sol-
idly green, with small flares of magenta at the margins; cell m . with a magenta spot
in the center and green to the margins. All basal cells green with magenta striations
following veins.

Male description (Fig. 7B). As in female but with magenta expanded anteriorly
and reduced posteriorly.

Notes. Nephrotoma ferruginea appeared to have less intraspecific variation in
WIP than others based on the large number of specimens examined. Patterns are
similar but colors sexually dimorphic. The WIP in this species is difficult to capture
as a full pattern due to natural folds in the wing and males especially can look glassy
or washed-out.

Nephrotoma macrocera (Say, 1823)
Fig. 7

General appearance. Sexually dimorphic. Female wing mottled green and magenta
striatiform before the cord while magenta predominates beyond. Male wing mostly
green overall with a clear magenta spot centered around m cells and most of cua and
cup magenta. Striatiform pattern with galactiform portions beyond the cord.

Female description (Fig. 7C). Cells c, sc, r, and r, , obscured by topography
and pigment. Proximal r cells mainly green with small magenta striations. Cells m,
to m, and d solidly magenta, with small flares of green at the margins; cell m , green
with an indistinct magenta striation stretching diagonally from the end of M, to
the origin of the M-Cu cross vein. Basal cells with almost alternating magenta and
green striations.

Male description (Fig. 7D). Cells r,, m, to m,, and d green but with a large gener-
ally oval magenta spot centered around m, and m,. Cells cua and cup a bold magenta
with only a faint trace of green at the exterior margins of each cell. Cell a;, bm, and br
much greener than female.

Notes. Males and females are similar in that the color is predominantly green and
magenta but there is some inversion of a pattern. Some cells look similar, others with
color inverted, and some cells completely different between the sexes. The result is a
very showy male wing with big blocks of color while the female has a more subdued,
mottled look.

Nephrotoma virescens (Loew, 1864)
Fig. 7

General appearance. Sexually dimorphic. Prior to the cord, wings with wide magenta
bands in both sexes. Females are mostly magenta beyond the cord with green in the
anterior most cells. Males mostly green beyond cord with a magenta spot near the
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anterior distal margin. Patterns are galactiform beyond the cord and striatiform before
it, though striations are seen after the cord as well.

Female description (Fig. 7E). Cells ¢, sc, r,, and r, ,obscured by topography and
pigment. Cells I and r . mostly green, cells r, m tom, and d magenta, but with green
striations and a green spot centered in m,. Basal cells with large magenta striations fill-
ing most of the cells and small green striations between them. A green spot sits on CuP
and crosses into cua and cup.

Male description (Fig. 7F). Similar to female pattern but some colors different
or inverted. Proximal r cells, all m cells, and cell d opposite to female, with more ma-
genta anteriorly and mostly green posteriorly. Most cells prior to the cord as in female
but some colors inverted. Also, green spot centered on CuP expanded and magenta
in males.

Notes. As in Nephrotoma macrocera, this species shows male and female wings with
similar WIP patterns but inverted colors. Male wings are distinctly green with small
striations and spots of magenta while female wings have a magenta base with green
striations and spots.

Tipula (Beringotipula) borealis Walker, 1848
Fig. 8

General appearance. WIP similar in both sexes but with variously sized and spaced
pigment clouds of grey and brown. Otherwise WIP dull, mostly green with clouds
of magenta. Pattern mostly galactiform with some striations on the basal half of
the wing.

Female description (Fig. 8A). Cells ¢, s, r, and T obscured by pigment
and texture. A large brown cloud of pigment centered in the middle of r, obscur-
ing WIP in cells r,, r, and cell r, ; but generally both cells green near the base and
magenta near the margin. Cell r, . green with magenta lining the margins and a
magenta band through the center of the cell. All m cells with a magenta band that
traces the margin and a larger band near the apical third of the cell that cuts across
each cell and joins the center magenta band in r, ; cell d green with magenta
center. Cell cua partially obscured with pigment but generally green with magenta
at margins, cup and a, green with large magenta centers and magenta lining the
margins. Both bm and br with pigment partially blocking WIP but appear to fol-
low patterns of other cells with large green patches and smaller magenta bands
near margins.

Male description (Fig. 8B). WIP as in female, with some magenta regions more
pronounced than the female pattern.

Notes. WIP patterns are stable in this species, but the placement of the wing pig-
ment is variable. This means the pigment can obscure portions of the WIP which may
superficially appear like the WIP is unstable. Like other species in this study, 7. borealis
males have the same pattern as females but with expanded magenta regions. This does
not seem to be dimorphic, but more study is needed.
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Tipula (Yamatotipula) sayi Alexander, 1911
Fig. 8

General appearance. Sexually dimorphic. Patterns similar but with male magenta re-
gions expanded or reduced compared to females. Overall wings appear green with
magenta striations, but lower halves of wing tip in both sexes solidly green.

Figure 8. Wing Interference Pattern on excised wings of male/ female pair of two species of Tipuloidea
A Tipula (Beringotipula) borealis female B Tipula (Beringotipula) borealis male € Tipula (Yamatotipula)
sayi female D Tipula (Yamatotipula) sayi male. Scale bars: 1.0 mm.
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Female description (Fig. 8C). Cells ¢, sc, r, 1, and the anterior half of r, ob-
scured by a dark pigmentation band that runs parallel to the apical wing margin. The
basal portion of r, with magenta anteriorly and green posteriorly. All proximal r cells,
m, ,, and cell d forming a solid green field with two magenta striations anteriorly and
small red spots posteriorly. Basal cells all mostly magenta with narrow green striations.

Male description (Fig. 8D). WIP as in female with following exceptions: all r cells
with more magenta than female, all m cells with more magenta than female, cua and
cup greener than in female, br and bm with more magenta than female.

Notes. This species has a subtle dimorphism. Like others, the pattern between the
sexes is similar, but with pattern deviations and color inversions. Wings have deep folds
and as such WIP can be obscured, especially in dried specimens.

Discussion

We confirm stable, structural Wing Interference Patterns (WIP) in the four families of
Tipuloidea. Despite small deviations the overall patterns were stable within each sex
and/ or species and were not affected by age of specimen, location collected, or method
of preservation. Twelve of the thirteen species sampled had a distinct WIP across the
entire wing surface. The sole exception was Holorusia hespera, which lacked a WIB,
likely due to the size and thickness of the wing as we predicted (Fig. 6C, D). This agrees
with the findings of Shevtsova et al. (2011) who noted that the WIP of flies follow
the Newton sequence, and wings thicker than 1500 nm will lack a WIP and appear
opaque gray. We found eight of the twelve species with a WIP were sexually dimorphic
in color if not pattern; Cylindrotoma distinctissima (Fig. 3A, B), Dicranomyia liberta
(Fig. 4C, D), Dolichopeza obscura (Fig. 5C, D), and Tipula borealis (Fig. 8A, B) lacked
sexually dimorphic WIP.

We have demonstrated that WIP are stable within each sex and each species. In
ten of twelve species there were minimal variations in WIP consistent with phenotypic
variation. Because WIP color is determined by the nanometer-level thickness of the
chiton layer, one could expect that among individuals of the same sex there would be
some degree of variation in wing thickness. Indeed, these results support the findings
of Shevtsova et al. (2011) and Shevtsova and Hansson (2011) who both noted patterns
are more stable than color or hue of WIP. We also provide the first cell-by cell descrip-
tions of WIP as a diagnostic character. One species, Gnophomyia tristissima, showed
increased variation in color and pattern relative to the other species we examined. Both
males and females showed this variation and there appeared to be a gradient of WIP
color. Additionally, some males and females showed an almost inverted WIP. More
work is needed to understand if this is simply a gradient of wing thickness or if there is
a selection force acting on the WIP in this species.

Sexual dimorphism of WIP in crane flies is clear and common in the species we
examined. While there is no documented evidence of sexual selection of WIP in Tipu-
loidea, female choice of WIP has been demonstrated in various species of Drosophila
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(Ala-Honkola and Manier 2016; Hawkes et al. 2019) including evidence that females
use visual cues in choosing mates and prefer winged males (Watanabe et al. 2018).
Further, Katayama et al. (2014) found that females of D. melanogaster preferred wings
of mates with a high degree of saturation and a centrally stable hue. Even with our
limited sampling of species, many of the sexually dimorphic species in our study had
males with bolder, more contrasted colors than females. G. #ristissima is a widespread
species (Alexander 1920) and as such we may be seeing the results of female choice
of WIP or a geographic effect. A larger study of this species should be done to try
and gauge the level of variation as well as the existence of sexual selection for WIP in
G. tristissima. Butterworth et al. (2021) performed quantitative, viewer independent
methods to evaluate WIP in Calliphoridae, a method that is well suited for examining
the variation in G. tristissima as well as further WIP studies in Tipuloidea.

Our work suggests that WIP are a stable, reliable species level trait in Tipuloidea
and this agrees with the recent WIP literature (Shevtsova et al. 2011; Shevtsova and
Hansson 2011; Zhang et al. 2014; and Butterworth et al. 2021). In Tipuloidea, tradi-
tional identification of species is often based on male genitalic features, with females
in some groups being difficult to identify to species, and even identification keys to
the species level are not available for the female stage for many genera. The WIP may
provide a useful set of features for separating very similar species in the female stage,
e.g., in Tipula (Beringotipula) separation of the over 20 species in North America at
present is based on male genitalic features only.

Additionally, we did not see evidence of a generic level pattern among the three
species of Nephrotoma examined, although all three species generally had green/ma-
genta striated wings. We are aware of two studies to examine generic level WIP (Buff-
ington and Sandler 2011; Shevtsova and Hansson 2011) both of which found some
suggestion of a generic level WIP in certain taxa. We sampled only three of 484 species
in the genus Nephrotoma. Given the size of the genus, a more focused study examining
a larger number of species within the genus, examining the WIP of Nephrotoma in a
phylogenetic context, and use of viewer independent testing would help increase our
understanding of WIP at the generic level.

We note that pigmented patterning on the wing appears to reduce the extent of
WIP, at least based on our limited survey here. Species with either costal darkening
(Tipula sayi, Tricyphona inconstans) or more extensive marmorated pattern (77pula bo-
realis, Dactylolabis cubitalis), had reduced WID, at least in the region of the pigment and
the pterostigma. Freeman (1968) suggested that marmorated and spotted wing pat-
terns in crane flies are associated with woodland habitats, while clear or striped wings
with open habitats; these two different light exposures might impact WIP visibility.
Within these broad wing pattern categories, though, there can be a range of wing
orientation when at rest which can also impact WIP visibility. For example, Tipula
borealis holds the wings outstretched and at a slight angle (Fig. 9A, B), while patterned
wing Dactylolabis (Dactylolabis) montana (Osten Sacken, 1860) and Dicranomyia (Di-
cranomyia) simulans simulans (Walker, 1848) (similar to Dactylolabis cubitalis) rest with
the wings closed over the abdomen (Fig. 9C, D; Adler and Adler 1991).
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Figure 9. Images showing WIP on several species of crane fly in nature A male Tipula (Yamatotipula)
aprilina Alexander, 1918 displaying WIP in nature B female Tipula (Yamatotipula) aprilina displaying
WIP in nature C pair of Gnophomyia tristissima perched on a leaf in copula. Both flies are displaying
their sexually dimorphic WIP. The female (bottom) has a blue WIP while the male (top) displays a green
WIP D an individual of Elliptera clausa Osten Sacken, 1877 displaying a WIP with wings folded. Sex
unknown. Copyright (A, B) 2021, photograph JK Gelhaus; (C) 2020, photograph Katja Schulz, used

with permission by the artist and under a creative commons license (https://creativecommons.org/li-

censes/by/4.0/) with alterations limited to cropping and resizing of this image; (D) 2016, photograph JK
Gelhaus. Images are not to scale.
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Wing interference patterns are stable and they are readily visible in nature (Fig. 9A—
D), but their visibility depends on the angle at which light hits the wing as well as the
angle it is viewed (Shevtsova 2012). A good example is the male wing of Dolichopeza
obscura used in this study. When the wing of the male specimen of D. obscura is dis-
played on a white background with light from many different angles it appears clear or
slightly stained (Fig. 2) while the same wing, when placed on a dark background with
light parallel to the wing displays a bold and intricate WIP (Fig. 5D). Using a pinned
museum specimen, we have demonstrated how quickly the WIP transmission can
change with a change in background color (see Suppl. material 1: Movie S1). Given
this, it is possible that crane flies are using WIP as a type of dynamic flash coloration
(Murali 2018) to avoid predation. Additionally, erratic flight patterns have been found
to increase the effectiveness of dynamic flash coloration to avoid predation (Murali
and Kodandaramaiah 2020) and Pritchard (1983) notes both the wing pattern and the
flight pattern of crane flies act to obfuscate the flies from predators. This is merely an
observation, and we recommend a true behavioral study to understand what role, if
any, WIP plays in predator avoidance strategies in Tipuloidea.

We do remain curious if the WIP in one individual is recognized by other conspe-
cific crane flies. Although WIP were selected for in Drosophila (Katayama et al. 2014),
in most cases crane flies do not exhibit complicated male-female pre-copulatory be-
havior (Pritchard 1983), and in many crane flies males seem to find females by touch-
ing legs during male search of vegetation (some Limoniidae, Tipulidae Stich 1963;
Pritchard 1983) or in mating swarms (some Limoniidae, Pediciidae, Alexander 1920;
Pritchard 1983). Also, crane flies males search for females or swarm usually during cre-
puscular periods (Sullivan 1981) or at least early morning and late afternoon (Gelhaus,
pers. obs.) when lighting would not be expected to highlight WIPs. Males could po-
tentially recognize a species-specific WIP at close range after initial leg contact, though.

Conclusions

The scope of this study was to establish the existence of WIP in the four families of
Tipuloidea and confirm that WIP could exhibit sexual dimorphism. We have con-
firmed stable, structural WIP in male/female pairs of twelve species of crane fly across
the four families of Tipuloidea. Of these, eight species displayed sexually dimorphic
WIP between male and female specimens. One species showed high intraspecific vari-
ation that may be a result of sexual selection, though more research is required. Our
work supports the consensus in the literature that WIP are species-specific. This work
provides the basis for further research and documentation of WIP in crane flies. We
did not compare subspecies in this study and comparisons at the generic level were
inconclusive, though we cannot discount a generic level WIP relationship. We believe
WIP could be a useful tool to discern cryptic species in crane flies or as a novel char-
acter to identify females that cannot be separated based on the current morphology.
Additionally, WIP may be used for predator avoidance by crane flies.
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Movie S1
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Data type: video (mpeg) file

Explanation note: Movie of pinned male specimen of Grophomyia tristissima with
shifting background color to display how WIP can change based on background
alone. We created this video in the lab to demonstrate how visual transmission of
WIP changes with changes to the background. When the background is white,
the wing appears clear but as we move the black background under the wing the
WIP is instantly visible. Given this rapid change, we question if this rapid change
in WIP could be utilized as an anti-predator defense. Movie created using the rear-
facing camera of a LG-G7 cell phone (Model LM-G710TM, Android version 10,
software version G710TM30b).

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

A new species of Cletocamptus closely related to C. helobius was found in sediment samples taken from
a polluted estuarine system in north-western Mexico. The genus Cletocamptus was relegated to species
incertae sedis in 1986, and this finding prompted us to evaluate the current taxonomic position of the
genus within the Canthocamptidae. The latter has been subdivided in several, seemingly unnatural sub-
families in the past to better understand the relationships between its constituent taxa. In this study
we propose a new subfamily, the Cletocamptinae subfam. nov. for Amphibiperita, Cletocamptus, and
Cletocamptoides gen. nov., defined by the synapomorphic subdistal ventral spinules on the rostrum. The
genus Cletocamptoides gen. nov. is proposed for C. helobius, C. merbokensis, and C. biushelo sp. nov., and
is supported by the ‘cletodid’ shape of the body and the reduced one-segmented endopod of the fourth
swimming leg. Cletocamptus includes all the other species with long slender spinules on the posterior
margin of prosomites and with the sexually modified inner spine on the second endopodal segment of
the second swimming leg in the males. Amphibiperita retained the primitive female fifth leg with exopod
and baseoendopod separated, and the primitive prehensile endopod of the first leg, but is defined by the
loss of the antennary exopod. Other (syn)apomorphies are given, and the evolution of the mandibular
palp is briefly discussed. Additionally, a diagnosis for the new subfamily, Cletocamptinae subfam. nov., an
amended narrower diagnosis for Cletocamptus, the diagnosis for Cletocamptoides gen. nov., and a phyloge-
netic analysis supporting the proposal of these new taxa, are given.

Copyright Samuel Gémez, Beatriz Yariez-Rivera. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Several canthocamptid species were found in meiofauna samples taken during a
short-term study on the effects of organic pollution on the diversity and abun-
dance of harpacticoids. Clerocamptus sinaloensis Gémez, Fleeger, Rocha-Olivares &
Foltz, 2004 was by far the most abundant canthocamptid, followed by Mesochra
cf. pygmaea (Claus, 1863), but the most intriguing was a form of Cletocamptus
Schmankevitsch, 1875 closely related to C. helobius Fleeger, 1980, the latter known
from salt marshes in Louisiana (Fleeger 1980). The genus Cletocamptus was erected
by Schmankevitsch (1875) for C. retrogressus Schmankevitsch, 1875 and the spe-
cies was allocated in the Cletodidae Scott T., 1904, but Por (1986) removed the
genus from the Cletodidae and reallocated it into the Canthocamptidae incertae
sedis where it stays until today. The find of this material prompted us to analyze
and reconsider the taxonomic position of the genus. The taxonomic history of the
Canthocamptidae is very complex, and the main approach to understand the re-
lationships amongst its constituent genera has been the proposal of several sub-
families and species groups, e.g., the Rhyncoceratinae Labbé, 1926, the Biarticulata
and the Uniarticulata (Chappuis 1929a), the Canthocamptinae Brady, 1880, the
Halocanthocamptinae Pesta, 1932, the six species groups of Gurney (1932), the
Morariinae Borutzky, 1952, the Epactophaninae Borutzky, 1952, and more recently
the Mesochra group sensu Karaytug and Huys (2004), but it seems none of these
subfamilies/groups are natural units. In this study, we propose a new subfamily,
the Cletocamptinae subfam. nov. for three genera, Cletocamptus, Amphibiperita
Fiers & Rutledge, 1990, and Cletocamptoides gen. nov., the latter for C. helobius,
C. merbokensis Gee, 1999, and Cletocamproides biushelo sp. nov. The new subfam-
ily is justified by the synapomorphic subdistal ventral spinules of the rostrum. The
relationships amongst the new genera are discussed and apomorphies for them and
for some species are given.

Material and methods

Field and laboratory work

Sediment samples were taken at several sampling stations along Urifas system (north-
western Mexico) (see Gémez 2020: 43, fig. 1) with an Eckman grab (sampling area of
625 cm?). Triplicate sediment cores were taken at each sampling site with acrylic corers
(sampling area of 24.6 cm?®) and the upper 3 cm layer of each sample was retrieved



The genus Cletocamptus: a reappraisal 167

and fixed in pure ethanol. Macro- and meiofauna were separated with 500 and 38
pm sieves and meiofauna was extracted through centrifugation with Ludox HS-40
following Burgess (2001) and Rohal et al. (2016) and preserved in pure ethanol. The
biological material was sorted at a magnification of 40x using an Olympus SZX12
stereomicroscope equipped with DF PLAPO 1x objective and WHS10x eyepieces,
and harpacticoid copepods were stored separately in 1 ml vials with pure ethanol. Illus-
trations and figures were made from the whole individual and its dissected parts using
a Leica DMLB microscope equipped with L PLAN 10x eyepieces, N PLAN 100x oil
immersion objective, and drawing tube. The dissected parts were mounted on separate
slides using lactophenol as mounting medium. Huys and Boxshall (1991) was followed
for general terminology.

Abbreviations used in the text

BENP baseoendopod;

ENP endopod;

EXP exopod;

EXP (ENP)1 (2,3) first (second, third) exopodal (endopodal) segment;
P1-P6 first to sixth legs.

Phylogenetics

A phylogenetic analysis was performed with 39 characters and 36 taxa (Tables 1, 2).
The taxa considered in this analysis were: the genus Cletocamptus as defined below
(species with poor descriptions were excluded), the genus Clezocamproides gen. nov. as
defined below, Amphibiperita neotropica Fiers & Rutledge, 1990, and some of the best
described species of the subfamilies Canthocamptinae, Hemimesochrinae, and Epac-
tophaninae (see Table 2). We used the Podogennonta as defined by Seifried (2003) as
outgroup. Our phylogenetic analysis does not aim at the complete understanding of
the relationships amongst all the canthocamptid subfamilies, or amongst the genera
and species of Cletocamptinae subfam. nov., and is not to be regarded as definitive,
but only as illustrative to support the proposal of Cletocamptinae subfam. nov. and
Cletocamptoides gen. nov.

The maximum parsimony analysis was performed using Phylip ver. 3.697
(Felsenstein 2005) and Bayesian inference with MrBayes ver. 3.2.7a (Huelsenbeck
and Ronquist 2001). A Wagner parsimony method with unordered multistates, ran-
domize input order species and weights option was carried out. Missing data were
coded as ?’, inapplicable states were coded as ‘-’. A consensus tree was obtained from
the majority rule and support values were performed from 10,000 bootstrap repli-
cates. For the Bayesian inference, all characters were of equal weights. The default
prior distribution of parameters was used for MCMCMC analyses, with one cold
chain and three heated chains for 1,000,000 generations and sampled every 100*
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Table I. List of characters used for the phylogenetic analysis.

Character Description
1 Body shape: cletodid, with somitic constrictions between somites (1), non-cletodid, without somitic constrictions between somites (0)
2 Posterior ornament of the cephalothorax: unornamented (0), finely serrated/crenulated (1), coarsely serrated (2), short spinules (3),

long spinules (4)
3 Posterior ornament of free prosomites: unornamented (0), finely serrated/crenulated (1), coarsely crenulated (2), coarsely serrated
(3), short spinules (4), long spinules (5)

4 Sensilla-bearing socles: absence (0), presence (1)

5 Rostrum: not fused to cephalothorax (0), fused to cephalothorax (1)

6 Rostrum ventral ornament: unornamented (0), spinules or setules (1)

7 Number of segments of the female antennule 1: nine (0), eight (1), seven (2), six (3), five (4), four (5)

8 Number of abexopodal setae on the allobasis of the antenna: two (0), one (1) none (2)

9 Number of segments of the antennary exopod: three (0), two (1), one (2), one- seta (3), absent (4)

10 Number of segments of the mandibular palp: one (0), two or more (1)

11 Ramification of the mandibular palp: biramous (exopod and endopod discernible even if rami fused to basis) (0), monoramous
(only endopod discernible even if fused to basis) (1)

12 Number of setae on the mandibular palp: four (0), three (1), two (2), one (3), unarmed (4)

13 Number of setae on the syncoxa of the maxilliped: four (0), one (1), unarmed (2)

14 Shape of P1 ENP: prehensile (0), not prehensile (1)

15 Number of segments of P1 ENP: three (0), two (1), one (2), represented by spine or seta (3), absent (4)

16 Inner setac on P1 ENP1 when two or three-segmented: present (0), absent (1)

17 Number of segments of P2 ENP when present: three (0), two (1), one (2)

18 Inner seta of P2 ENP1 when ENP two- or three-segmented: present (0), absent (1)

19 Inner seta of P2 ENP2 when ENP three-segmented: present (0), absent (1)

20 Number of setac of P2 ENP2 when ENP two-segmented: five (0), four (1), three (2), two (3), one (4), unarmed (5)

21 Number of setac of P2 ENP3 when ENP three-segmented: five (0), four (1), three (2), two (3)

22 Number of setac of P3 EXP3 when EXP three-segmented: eight (0), seven (1), six (2), five (3), four (4)

23 Number of segments of the female P3 ENP when present: three (0), two (1), one (2)

24 Inner seta of P3 ENP1 when ENP two- or three-segmented: present (0), absent (1)

25 Number of setac of P3 ENP1 when ENP one-segmented: three (0), two (1)

26 Number of setae of the female P3 ENP2 when ENP two-segmented: six (0), five (1), four (2), three (3), two (4)

27 Number of setae of P4 EXP3 when EXP three-segmented: eight (0), seven (1), six (2), five (3), four (4)

28 Number of segments of P4 ENP when present: three (0), two (1), one (2), represented by spine or seta (3)

29 Inner seta of P4 ENP1 when ENP two-segmented: present (0), absent (1)

30 Number of setac of P4 ENP1 when ENP one-segmented: four (0), three (1), two (2), one (3)

31 Number of setac of P4 ENP2 when ENP two-segmented: five (0), four (1), three (2), two (3), one (4)

32 Subdistal spine of P2 ENP: present (0), absent (1)

33 Subdistal spine of P3 ENP: present (0), absent (1)

34 Female P5 BENP/EXP fusion: not fused (0), fused (1)

35 Male rostrum dimorphism: present (1), absent (0)

36 Male P5 BENP/EXP fusion: not fused (0), fused (1)

37 Number of setae of male P5 ENP lobe: six (0), three (1), two (2), one (3), unarmed (4)

38 Number of segments of male P3: three (0), two (1)

39 Shape of inner apophysis of male P3: arrow-head tip (0), simple (1)

generation, discarding the first 20% of the burning. Finally, ITOL v5 was used for
visualization and editing trees. We used the bioinformatics server Chihuil at Insti-
tuto de Ciencias del Mar y Limnologifa-Universidad Nacional Autémoma de México
(ICML-UNAM).

In addition to the limited number of canthocamptid taxa used for our
phylogenetic analysis, we consulted the available descriptions of 102 species
distributed in 45 genera of the different canthocamptid subfamilies for our
comparative analysis.



Table 2. Character matrix and weights used for the maximum parsimony analysis.

Characters

Species

Subfamily

31-39
2 3 456 7 89

21-30
2 3 456 7 890

11-20

1-10
23 456 7 890123 45678901

03 400

1

1

1
1
1

Amphibiperita neotropica
Cletocamptoides biushelo sp. nov.

Cletocamptinae
subfam. nov.

-0 0
0 0

2
3

3 4 2

0
1
1

3
3
3020
3020
3020

0 0
0 0

1 3 2
200 2 2

3 0

Cletocamptoides helobius comb. nov.

1

1

Cletocamptoides merbokensis comb. nov.

1
1
1
1

3 00
300
300
300

1
1
1
1

1
1
1
1

0 4500
04 500
04 5 00
0 4 5 0 0

letommptm albuquerquemi:

?

1

1
1
1

3 4

Cletocamptus assimilis

Cletocamptus axi

3020

Cletocamptus cecsurirensis
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Results
Taxonomy

Family Canthocamptidae Brady, 1880

Subfamily Cletocamptinae subfam. nov.
http://zoobank.org/E20214E6-38CB-4E00-8082-490FA7FA50A8

Type genus. Cletocamprus Schmankevitsch, 1875.

Other genera. Amphibiperita Fiers & Rutledge, 1990, Cletocamptoides gen. nov.

Diagnosis. Canthocamptidae. Body fusiform, without clear distinction between
prosome and urosome. Without nuchal organs on cephalothorax or body somites.
Female rostrum distinct, rarely fused to cephalothorax, large and triangular with
broad proximal margin; ornamented with ventral (sub)distal spinules or (occasion-
ally) setules and with rounded or (rarely) bilobed tip in both sexes. Cephalothorax
and/or prosomites with posterior margins serrated or ornamented with short or long
slender spinules; posterior margin of urosomites except for anal somite serrated or
with short spinules; posterior margin of cephalothorax and body somites without
or (rarely) with cuticular sensillum-bearing socles. Anal operculum without dorsal
ornamentation or with transverse row of strong large or short, small spinules; poste-
rior margin unornamented, serrated, or with small or large spinules. Female genital
somite and third urosomite separated dorsolaterally, completely fused ventrally form-
ing genital double-somite. Female antennule six-, rarely seven-segmented. Antenna
with allobasis, with one or two abexopodal setae (proximal element basal, distal seta
endopodal); exopod one-segmented, longer than wide or minute, or absent. Man-
dibular palp one-segmented, very small and wider than long, or longer than wide;
basis and endopod incorporated to basis or (rarely) with basis and endopod distinct
(uniramous); exopod absent or (rarely) represented by single seta; when palp unira-
mous, then basis unarmed or with one seta, endopod with three setae at most; when
palp one-segmented and longer than wide, then with two basal and two endopodal
setae at most, and exopod (when present) represented by single seta; when palp one-
segmented very small and wider than long, then basis and endopod not discernible,
with one or two (most probably endopodal) setae, with or without surface (most
probably exopodal) seta on coxa. Maxillule with endopod and exopod incorporated
to basis; praecoxal arthrite with ventral seta thick and strongly spinulose, or slender
and pinnate or smooth. Maxilla with two syncoxal endites; endopod completely in-
corporated to allobasis. Maxilliped subchelate; syncoxa with one seta; basis unarmed;
claw with accessory seta. P1 not prehensile, rarely prehensile; P1-P4 EXP three-
segmented; female P1-P3 ENP two-segmented, P4 ENP two- or one-segmented;
inner exopodal and endopodal setae with or without comb tip. Female P5 EXP and
BENP fused, occasionally separated; both baseoendopods of P5 separated. Armature
formulae as follows:
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P1 P2 P3 P4 P5
EXP 0;1;0,1-2,2 0;1;1,2,2 0;1;1-2,2,2 0;0-1;0-2,2,2 Q@3-5
d3-4
ENP 0-1;1,1-2,1 0-1;0-2,1-2,0-1 20;0-2,1-2,0-1 0;0,2,0 @5-6 (7%)
Jddimorphic: or 43
0-1;iap;0,2,0 0,2,0
or
0-1;iap,2,0
or
0Osiap,1,0ap

iap, inner apcphysis; oap, outer apophysis.
*The seven-segmented antennule of C. gravihiatus (Shen & Sung, 1963) requires confirmation.

Female P6 with one or two setae. Caudal rami with six or seven setae; setae IV and
V fused basally or separated.

Sexual dimorphism can be expressed in a) rostrum slenderer in the male, b) the
male antennule (chirocer or subchirocer), c) basis of P1 (with or without inner distal
process), d) outer spine on P2 ENP2 (thicker and/or shorter than in the female), €) P2
EXP and/or P3 and P4 EXP (segments longer than in the female, outer spines stronger
than in the female, rami curved inwards,), f) shape of P2-P4 ENP (segments thicker
than in female), g) P3 ENP (two- or three-segmented; when three-segmented then
inner apophysis on second segment; when two-segmented then inner apophysis medi-
ally or subdistally on second segment, occasionally with additional outer apophysis;
inner apophysis simple, without arrow-head tip, variable in length; with or without
asprothekes on second segment), h) P5 (both legs fused medially or separated; EXP
and BENP fused; both legs separated or fused to somite), i) P6 (composed of two lap-
pets articulated to somite or asymmetrical in which case only one leg functional, the
other fused to somite; unarmed or (occasionally) with one or two setae), j) caudal rami
(longer than in the female).

Genus Cletocamptus Schmankevitsch, 1875

Type species. Cletocamptus retrogressus Schmankevitsch, 1875 (type by original desig-
nation).

Other species. Cletocamptus affinis Kieter, 1957, C. albuquerquensis (Herrick, 1894),
C. assimilis Gomez & Gee, 2009, C. axi Mielke, 2000, C. cecsurirensis Gémez, Scheih-
ing & Labarca, 2007, C. chappuisi Gémez, Gerber & Fuentes-Reinés, 2017, Cletocamp-
tus confluens (Schmeil, 1894), C. deborahdexterae Gémez, Fleeger, Rocha-Olivares &
Foltz, 2004, C. dominicanus Kiefer, 1934, C. feei (Shen, 1956), C. fourchensis Gémez,
Fleeger, Rocha-Olivares & Foltz, 2004, C. goenchim Gémez, Ingole, Sawant & Singh,
2013, C. gomezi Sudrez-Morales, Barrera-Moreno & Ciros-Pérez, 2013, C. gravihiatus
(Shen & Sung, 1963), C. koreanus Chang, 2013, C. levis Gémez, 2005, C. mongolicus
Stérba, 1968, C. nudus Gémez, 2005, C. pilosus Gomez & Gee, 2009, C. samariensis
Fuentes-Reinés, Zoppi de Roa & Torres, 2015, C. schmidti Mielke, 2000, C. sinaloensis
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Goémez, Fleeger, Rocha-Olivares & Foltz, 2004, C. spinulosus Gomez & Gee, 2009, C.
stimpsoni Gémez, Fleeger, Rocha-Olivares & Foltz, 2004, C. tainoi Gémez, Gerber &
Fuentes-Reinés, 2017, C. tertius Gomez & Gee, 2009, C. trichotus Kiefer, 1929.

Species incertae sedis. Marshia brevicaudata Herrick, 1894.

Species inquirendae. Cletocamptus bermudae Willey, 1930, C. cfr. bicolor sensu
Herbst (1960), C. brehmi Kieter, 1933, Cletocamptus deitersi (Richard, 1897), C. de-
itersi sensu Chappuis (1934), C. deitersi sensu Daday (1902), C. deitersi sensu Dussart
(1974), C. deitersi sensu Hamond (1973), C. deitersi sensu Herbst (1960), C. deitersi
sensu Kiefer (1936), C. deitersi sensu Suirez-Morales et al. (1996), C. deitersi sensu Tai
and Song (1979), C. ecuadorianus Lofler, 1963, C. gabrieli Lofler, 1961, C. kummleri
(Delachaux, 1917), Godotella dadayi Delachaux, 1917.

Doubtful records. C. deitersi: in Apostolov (1984), Brehm (1936, 1965), Chap-
puis (1936), Dussart and Frutos (1986), Loftus and Reid (2000), Oliveira etal. (1971),
Ranga Reddy and Radhakrishna (1979), Ringuelet (1958a, 1958b, 1960, 1962),
Ringuelet et al. (1967), Ruber et al. (1994), Sitjar (1988), Zamudio-Valdéz (1991).

Diagnosis. Canthocamptidae: Cletocamptinae. Body fusiform, without clear dis-
tinction between prosome and urosome. Without nuchal organs on cephalothorax or
body somites. Female rostrum distinct, rarely fused to cephalothorax, large and trian-
gular with broad proximal margin; ornamented with ventral (sub)distal spinules and
with rounded tip in both sexes. Posterior margin of cephalothorax and/or prosomites
with long and slender, or short spinules, or serrated; posterior margin of urosomites
except for anal somite with short spinules or serrated; body somites without cuticular
sensillum-bearing socles; anal operculum without dorsal ornamentation or with trans-
verse row of strong, large, or short, small spinules; posterior margin unornamented,
or with small or large spinules. Female genital somite and third urosomite separated
dorsolaterally, completely fused ventrally forming genital double-somite. Female an-
tennule six-, rarely seven-segmented (the latter reported for C. gravibiatus requires
confirmation). Antenna with allobasis, with one or two abexopodal setae (proximal
element basal, distal seta endopodal); exopod one-segmented and longer than wide, or
minute, rarely represented by single seta (the latter reported for C. chappuisi requires
confirmation). Mandibular palp one-segmented, rarely two-segmented (basis and en-
dopod distinct as in C. retrogressus); when one-segmented, then very small and wider
than long, or as long as wide (C. dominicanus), or longer than wide (C. confluens, C.
gomezi); when palp one-segmented, then basis and endopod not discernible, rarely
discernible (represented by single seta as in C. confluens and C. dominicanus); endopod
with two setae, rarely with one single element (C. pilosus); exopod absent; with or with-
out surface (most probably exopodal) seta on coxa, the latter present only in some spe-
cies with a one-segmented palp wider than long, absent in species with palp as long as
wide or longer than wide. Maxillule with endopod and exopod incorporated to basis;
praecoxal arthrite with ventral seta thick and strongly spinulose, or slender and pin-
nate or smooth. Maxilla with two syncoxal endites; endopod completely incorporated
to allobasis. Maxilliped subchelate; syncoxa with one seta; basis unarmed; claw with
accessory seta. P1 ENP not prehensile; P1-P4 EXP three-segmented; female P1-P3
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ENP two-segmented, P4 ENP two- or one-segmented; inner exopodal and endopodal
setae with or without comb tip (see Gémez et al. 2017). Female P5 EXP and BENP
fused; both baseoendopods of P5 separated. Armature formulae as follows:

P1 P2 P3 P4 P5
EXP 0;1;0,1-2,2 0;1;1,2,2 0;1;1-2,2,2 0;0-1;0-1,2,2 Q4-5
d3-4
ENDP 0-1;1,1,1 0;1-2,1-2,1 Q0;1-2,1-2,1 0;0,2,0 Q5-6 (7%
d'dimorphic or a3
0siap;0,2,0 0,2,0%**
or
0siap,2,0*
or
Osiap,1,0ap™*

iap, inner apophysis; oap, outer apophysis; * two-segmented with one inner apophysis on second segment in C. albuquerquensis, C.

chappuisi, C. dominicanus, C. tainoi; ** two segmented, with one inner and one outer apophysis on second segment in C. confluens; ***

one-segmented in C. dominicanus; + the seven setac observed in C. gravihiatus requires confirmation

Female P6 with one or two setae. Caudal rami with six or seven setae; setae IV and
V fused basally or separated.

Sexual dimorphism expressed in a) rostrum (slenderer than in female), b) the
male antennule (subchirocer), ¢) basis of P1 (with inner distal process), d) outer spine
on P2 ENP2 (thicker and/or shorter than in the female), ¢) P3 ENP (three-segment-
ed as in most species, or two-segmented as in C. albuquerquensis, C. chappuisi, C.
confluens, C. dominicanus, and C. tainoi; when three-segmented then inner apophysis
on second segment; when two-segmented then inner apophysis medially as in C. do-
minicanus, or subdistally on second segment as in C. albuquerquensis, C. chappuisi, C.
confluens, and C. tainoi, but occasionally with additional outer apophysis as in C. con-
Sfluens), £) P5 (both legs fused medially as in most species, or separated as in C. axi,
C. cecsurirensis, C. retrogressus, and C. schmidti; EXP and BENP fused, and both legs
articulating with somite, g) P6 (composed of two lappets articulated to somite and
unarmed as in most species or, occasionally, with one seta attributable to intraspecific
variability as in C. axi, C. schmidti, C. sinaloensis). Additionally, sexual dimorphism
can be expressed also (depending on the species) in a) P2 EXP and/or P3 and P4 EXP
(segments longer than in the female, outer spines stronger than in the female, and/
or rami curved inwards as in C. retrogressus, C. confluens, C. albuquerquensis, C. sa-
mariensis, C. spinulosus, C. tainoi, C. trichotus), b) shape of P2—P4 ENP (segments
thicker than in female as in C. confluens), c) caudal rami (longer than in the female).

Genus Amphibiperita Fiers & Rutledge, 1990

Type species. Amphibiperita neotropica Fiers & Rutledge, 1990 (type by original des-
ignation).
Diagnosis. As in Fiers and Rutledge (1990: 114).
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Genus Cletocamptoides gen. nov.

http://zoobank.org/21C7CBBC-D8D9-49F5-8A10-DAS3FC30E2A1

Type species. Cletocamptoides merbokensis (Gee, 1999) comb. nov. (= Cletocamptus
merbokensis Gee, 1999)

Other species. Cletocamptoides helobius (Fleeger, 1980) comb. nov. (= Cletocamp-
tus helobius Fleeger, 1980), Cletocamptoides biushelo sp. nov.

Diagnosis. Canthocamptidae. Body fusiform, without clear distinction between
prosome and urosome; body with somitic constrictions between somites. Without
nuchal organs on cephalothorax or body somites. Female rostrum distinct, large, and
triangular with broad proximal margin; ornamented with ventral (sub)distal spinules
or setules; with rounded or bilobed tip. Cephalothorax and/or prosomites with pos-
terior margins serrated; posterior margin of urosomites except for anal somite ser-
rated; posterior margin of cephalothorax and body somites without or with cuticular
sensillum-bearing socles. Anal operculum without dorsal ornamentation or with trans-
verse row of mall spinules; posterior margin unornamented or serrated. Female genital
somite and third urosomite separated dorsolaterally, completely fused ventrally form-
ing genital double-somite. Female antennule six-segmented. Antenna with allobasis,
with one or two abexopodal setae (proximal element basal, distal seta endopodal); exo-
pod one-segmented and minute, or absent. Mandibular palp one-segmented, longer
than wide; endopod incorporated to basis, with two basal and two endopodal setae at
most; exopod absent or represented by single seta. Maxillule with endopod and exopod
incorporated to basis; praecoxal arthrite with ventral seta thick and strongly spinu-
lose, or slender and pinnate. Maxilla with two syncoxal endites; endopod completely
incorporated to allobasis. Maxilliped subchelate; syncoxa unarmed or with one seta;
basis unarmed; claw with accessory seta. P1 ENP not prehensile; P1-P4 EXP three-
segmented; female P1-P3 ENP two-segmented, P4 ENP one-segmented; inner exopo-
dal and endopodal setae with or without comb tip. Female P5 EXP and BENP fused,
separated by shallow or deep notch; both baseoendopods of P5 separated. Armature
formulae as follows:

P1 P2 P3 P4 P5
EXP 0;1;0,2,2 0;1;1,2,2 0;1;1,2,2 0;0-1;0,2,2 Q3-4
334
ENP 0;1,1,1 0;0-1,1-2,0-1 20;0-1,1-2,0-1 0,2,0 ?5-6

Jd'dimorphic: 43

0siap;0,2,0
or
0siap,2,0

iap, inner apophysis; oap, outer apophysis.

Female P6 with two setae. Caudal rami slightly convergent; with six setae; setae IV and
V separated; seta IV normal, whip-like, slightly tapering posteriad, or with bulbous base.

Sexual dimorphism can be expressed in a) the male antennule (subchirocer), b)
setac on P2 ENP2 (spiniform as in C. merbokensis comb. nov.), ¢) P3 ENP (two-
or three-segmented; when three-segmented then inner apophysis on second segment
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(C. merbokensis comb. nov.); when two-segmented then inner apophysis subdistally on
second segment (C. helobius comb. nov.); inner apophysis simple, without arrow-head
tip, variable in length), d) P5 (both legs fused medially (C. merbokensis comb. nov.)
or separated (C. helobius comb. nov.); EXP and BENP fused; both legs separated (C.
helobius comb. nov.) or fused to somite (C. merbokensis comb. nov.)), e) P6.

Etymology. The Ancient Greek sufix eidoc, eidos, meaning likeness and refers to
the resemblance of the new genus with Clezocamptus.

Cletocamptoides biushelo sp. nov.
http://zoobank.org/658B2BB2-1122-454E-B63B-ACC05A76B601
Figs 1-7

Type locality. Urias estuary, Mazatldn, Sinaloa State, stn. 5 (23.2056°N, 106.3715°W;
0.6 m depth; organic carbon content 0.99%; organic matter content 1.71%; sand
78.61%; clay 6.72%; silt 14.67%) (see also Gémez 2020: 43, fig. 1).

Other localities. Urfas estuary, Mazatldn, Sinaloa State, stn. 7 (23.2174°N,
106.3917°W; 3.7 m depth; organic carbon content 5.59%; organic matter content
9.62%; sand 10.78%; clay 37.54%; silt 51.68%) (see also Gémez 2020: 43, fig. 1).

Material examined. Female holotype dissected ICML-EMUCOP-180119-179);
18 Jan. 2019; S. Gémez leg. One additional female from stn 7 (see above) was used
for molecular analyses.

Description. Female. Total body length of holotype 411 um measured from ante-
rior tip of rostrum to posterior margin of caudal rami. Habitus (Fig. 1A, D) semi-cy-
lindrical, progressively tapering posteriad, without clear demarcation between prosome
and urosome; body with somitic constrictions between somites; without cuticular
sensilla-bearing socles. Prosome (Fig. 1A, D) consisting of cephalothorax, P1-bearing
somite fully incorporated to the latter, and three free-pedigerous somites bearing P2—
P4. Rostrum (Figs 1A, D, 3A) well-developed, not fused to cephalothorax, triangular,
with wide base and rounded tip, with two subdistal sensilla, with row of subdistal
spinules ventrally. Cephalothorax with depressions and with sensilla as shown; pos-
terodorsal margin serrated, lateral margin with short slender spinules. P2—P4-bearing
somites with posterior sensilla as depicted; posterior margin serrated; lateral margin
with short slender spinules. Urosome (Figs 1A, D, 2A) comprising fifth pedigerous
somite, genital double-somite, two free abdominal somites, and anal somite. P5-bear-
ing somite largely as in previous somite but with fewer sensilla. Second (genital somite)
and third urosomites separated dorsolaterally, fused ventrally forming genital double-
somite; first half with posterior margin serrated, posterior half with posterior slender
short spinules; both halves with sensilla as shown; anterior half with P6 (see below);
posterior half with ventrolateral small slender spinules as depicted. Fourth urosomite
largely as preceding somite (second half of genital double-somite), but with more spi-
nules lateroventrally. Fifth somite as previous one dorsolaterally, ventrally with fewer
spinular rows. Anal somite slightly wider than long; with small triangular operculum
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Figure 1. Cletocamptoides biushelo sp. nov., female holotype A habitus, dorsal B caudal seta V C left

caudal ramus, dorsal D habitus, lateral E left caudal ramus, lateral.

ornamented with small dorsal spinules, flanked by pair of sensilla; ventrally cleft medi-
ally, with pair of medial pores, with inner small spinules along inner margin of medial
cleft. Caudal rami 1.5 x as long as wide; with inner long slender spinules; with six setae
as follows: seta I missing; seta I and III lateral, issuing midway outer margin of ramus,
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Figure 2. Cletocamptoides biushelo sp. nov., female holotype A urosome, ventral (P5-bearing somite

omitted) B P5, anterior.

the former proximal to and slightly as long as half the length of the later; seta IV aris-
ing at outer distal corner, as long as seta III, with bulbous base; seta V longest, with-
out breaking plane, minutely bipinnate; seta VI issuing at inner distal corner, slightly
shorter than seta IV, with two proximal spinules as shown, with bulbous base; dorsal
seta VII located at the center of ramus, as long as seta II1, tri-articulated at its base.
Antennule (Fig. 3A) six-segmented; first segment with two inner spinular rows,
remaining segments with outer spinular row as depicted; all setae smooth. Armature

formula as follows: 1[1], 2[7], 3[4], 4[1+(1+ae)], 5[1], 6[8+(2+ae)].
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Figure 3. Cletocamptoides biushelo sp. nov., female holotype A rostrum and antennule B antenna.

Antenna (Fig. 3B) with allobasis ornamented with short longitudinal row of spi-
nules proximally, armed with two abexopodal setae (one basal, one endopodal). Exo-
pod one-segmented, minute, with one seta. Free endopodal segment as long as alloba-
sis, with inner spinules proximally and subdistally, and with outer subdistal frill; with
two inner spines and one slender seta medially, distally with two inner spines, two
medial geniculate setae, and one outer spinulose element.
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Figure 4. Cletocamproides biushelo sp. nov., female holotype A mandible B maxillule € maxilla D maxilliped.

Mandible (Fig. 4A) with well-developed coxa ornamented with short spinular row
as shown; gnathobase well-developed, with bi- and unicuspid teeth distally, and one
thick bulbous element, and one ventral pinnate seta. Palp one-segmented, with three
setae (one basal, two endopodal).
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Figure 5. Cletocamptoides biushelo sp. nov., female holotype A P1, anterior B P2, anterior.

Maxillule (Fig. 4B) with robust praecoxa ornamented with spinules at base of coxal
endite, and medially and ventrally on arthrite, the latter with one surface seta, seven
distal spines and one ventral strong unipinnate seta. Coxal endite with two setae. En-
dopod and exopod incorporated to basis, the latter with four, endopod with one, exo-
pod with two setae.

Maxilla (Fig. 4C) with syncoxa ornamented with medial and distal rows of small
spinules, and with few larger outer spinules; with two endites bearing three setae each.
Allobasis drawn out into claw accompanied by one seta. Endopod completely incorpo-
rated to basis, represented by three setae.
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Figure 6. Cletocamptoides biushelo sp. nov., female holotype A P3, anterior B P4, anterior.

Maxilliped (Fig. 4D) subchelate. Syncoxa with spinules as shown, with one subdistal
seta. Basis with one anterior and one posterior spinular row, with outer spinules proxi-
mally and subdistally. Endopod drawn out into curved claw with minute accessory seta.

P1 (Fig. 5A) with elongate bare intercoxal sclerite. Praecoxa triangular, with me-
dial subdistal row of spinules. Coxa rectangular, wider than long, with two medial
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Figure 7. Schematic representation of the evolution of the mandibular palp in Cletocamptinae subfam. nov.
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transverse rows of spinules as shown, and one posterior and one anterior short row of
larger spinules close to outer margin. Basis with anterior spinules medially, on outer
margin, at base of inner and outer spines, and between rami. Exopod three-segmented,
situated at a lower level than the endopod, reaching tip of ENP2; segments with outer
and subdistal spinules as shown; EXP1 without, EXP2 with inner seta; EXP3 with
two outer spines and two distal setae of which innermost geniculate. Endopod two
segmented, not prehensile; segments with inner and outer long slender spinules as
depicted; ENP1 unarmed; ENP2 with three setae.

P2-P3 (Figs 5B, 6A) with elongate bare intercoxal sclerite. Praecoxa triangular,
with transverse row of spinules as shown. Coxa rectangular, wider than long; with one
medial and one outer spinular row. Basis with spinules medially, at base of endopod,
and between rami; with outer seta (of P2 visibly shorter than in P3). Exopod three-seg-
mented, situated at a lower level than endopod; spinular ornamentation of segments as
shown; EXP1 and EXP2 with, EXP3 without inner distal frill; EXP1 without, EXP2
with inner seta with comb tip; EXP3 with one inner element without comb tip, two
distal setae, and two outer spines. Endopod two-segmented; segments with spinular
ornamentation as shown; ENP1 small, as long as wide, unarmed; ENP2 elongated,
with three setae.

P4 (Fig. 6B) with intercoxal sclerite, praecoxa, coxa and basis as in P3. Exopod
largely as in P3 except for two apical setae, and two outer spines on EXP3. Endopod
one-segmented, minute, wider than long; with two setae of which innermost reduced.

P1-P5 armature formulae as follows:

P1 P2 P3 P4 P5
Exopod 0,1,022 0,1,122 0,1,122 0,1,022 3
Endopod 0,210 0,111 0,111 020 5

P5 (Fig. 2B) with baseoendopod and exopod fused, rami separated by shallow
notch; spinular ornamentation as shown. Baseoendopod with outer seta arising from
short setophore; endopodal lobe with five setae. Exopod with three setae.

Genital field (Fig. 2A) with median copulatory pore on second half of genital
double-somite; each P6 represented by two setae.

Male. Unknown.

Etymology. The specific epithet is an anagram for “helobius” and refers to the
close relationship between the Mexican new species and C. helobius comb. nov.

Phylogenetics

The selected characters (Table 1) in the matrix (Table 2) integrate the main attributes
of canthocamptids regarding the body shape (character 1), posterior ornament of the
cephalothorax and prosomites (characters 2 and 3), presence of cuticular sensillum-
bearing socles (character 4), shape and ornamentations of the rostrum (characters 5
and 6), segmentation of the female antennule (character 7), armature complement of
the antennary allobasis and segmentation of the antennary exopod (characters 8 and
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9), segmentation, shape, and armature complement of the mandibular palp (characters
10-12), armature complement of the syncoxa of the maxilliped (character 13), several
features of P1-P5 (characters 14-34), and male dimorphism (characters 35-39).

The heuristic search yielded nine equally most parsimonious trees of 220 steps,
and consistency index of 0.39. The extended majority rule consensus tree is shown in
Figure 8. The results show the monophyly of Cletocamptinae subfam. nov. and Clezo-
camptoides gen. nov. which are well supported clades with high bootstrap values. The
Bayesian inference analysis recognized and supported the monophyly of Cletocamp-
tinae subfam. nov. and Cletocamptoides gen. nov. Our Bayesian results indicate that
Amphibiperita is nested within Cletocamptus, rendering the relationships between the
genus Cletocamptus and Amphibiperita unresolved. However, we maintained the genus
Amphibiperita separated from Cletocamprus due the maximum parsimony support as
well as their unique characteristics (see below).

Discussion

Historical background and identification of the problem

The family Canthocamptidae was created and diagnosed by Brady (1880: 47) for
Canthocamptus Westwood, 1836, Mesochra Boeck, 1865, Attheyella Brady, 1880,
Tetragoniceps Brady & Robertson, 1876, Diosaccus Boeck, 1872, Laophonte Philippi,
1840, Normanella Brady, 1880, Cletodes Brady, 1872, and Enhydrosoma Boeck, 1872.
The subfamily was subsequently raised to family level by Sars (1906: 193). Sars (1911:
418) foresaw the separation of Preropsyllus Scott T., 1906a, Evansula Scott T., 1906b,
Tetragoniceps, and Leptastacus Scott T., 1906a from the Canthocamptidae to a different
family. Several groups/subfamilies have been proposed in the past as an effort to disen-
tangle the complicated phylogenetic relationships amongst the canthocamptid genera.

Labbé (1926) proposed a new subfamily of Canthocamptidae, the Rhyncocer-
atinae, and one year later, Labbé (1927) gave a more detailed description of the spe-
cies within that subfamily with additional figures. Labbé&’s (1926; 1927) works were
plagued with taxonomical errors, wrong identifications, and descriptions, and were
harshly criticized by Gurney (1927) and Lang (1948) who finally disposed of the
Rhyncoceratinae. As far as we are aware, the subfamily Rhyncoceratinae was never
mentioned afterwards.

In a preliminary note on the revision of the freshwater genus Canthocamptus, Chap-
puis (1929a) subdivided the genus into several new genera distributed in two groups
based on the one- or two-segmented condition of the antennary exopod, the Biar-
ticulata for Canthocamptus, Bryocamptus Chappuis, 1929a and Echinocamptus Chap-
puis, 1929a (= Bryocamptus (Echinocamptus) Chappuis, 1929a), and the Uniarticulata
for Artheyella and Elaphoidella Chappuis, 1929a. That same year, Chappuis (1929b)
abandoned that system. Sixteen marine, one brackish, and nine freshwater genera were
known at the time of Chappuis’ (1929b) paper, but he could not inspect but freshwater
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Nodes of high support, boot > 90%; pp > 0.95.

material (Chappuis 1929b). However, based on the available literature, he noted that
the marine and brackish genera were far different (for a list of marine and freshwater
genera allocated into the Canthocamptidae by that time, see Monard 1927) and pro-
posed and diagnosed the subfamily Canthocamptinae for freshwater canthocamptids:
Canthocamptus, Paracamprus Chappuis, 1929b (= Pesceus Ozdikmen, 2008), Bryocamp-
tus, Maraenobiotus Mrdzek, 1893, Hypocamptus Chappuis, 1929b, Echinocamptus (=
Bryocamptus (Echinocamptus)), Ceuthonectes Chappuis, 1924, Moraria Scott T. & Scott
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A., 1893, Attheyella, Elaphoidella, Epactophanes Mrazek, 1893, and several species in-
certae sedis (Chappuis 1929b: 495-496). Pesta (1932) believed that the morphological
variability of the Canthocamptidae could be better understood by grouping its genera
into two subfamilies. For this, he (Pesta 1932) proposed and diagnosed the subfamily
Halocanthocamptinae for those genera inhabiting coastal marine and brackish waters,
as well as continental saline habitats: Mesochra Boeck, 1865, Paramesochra Scott T.,
1892, Remanea Klie, 1929, Leptomesochra Sars, 1911, Evansula, and Leptastacus (Pesta
1932: 79), and the subfamily Canthocamptinae Brady, 1880 for freshwater forms:
Nitocrella Chappuis, 1924, Canthocamptus, Hypocamptus, Maraenobiotus, Moraria,
Epactophanes, Elaphoidella, Attheyella, Paracamptus, Echinocamptus, and Bryocamptus
(Pesta 1932: 91-92). Monard (1935) expressed some doubts about the naturalness of
Pesta’s (1932) scheme but believed that it was, at least, practical. Gurney (1932) did
not accept the concept of the Ameiridae and subdivided the Canthocamptidae into
six groups, two of which (the first and the third) were included by Lang (1936) in
his list of ameirid genera. The other groups of Gurney (1932) are a) Zetragoniceps for
Tetragoniceps, Phyllopodopsyllus Scott T., 1906a, Preropsyllus, Paramesochra, Leptopsyllus
Scott T., 1894, and Diagoniceps Willey, 1930, b) Evansula for EFvansula, Leptastacus,
and Lepropontia Scott T., 1902, ) Cletomesochra for Cletomesochra Sars, 1920 (= Heter-
opsyllus Scott 'T., 1894), Hemimesochra Sars, 1920, Nannomesochra Gurney, 1932, Lep-
tomesochra, Pseudomesochra Scott T., 1902, and Paramesochra, and d) Canthocamptus
for the freshwater canthocamptids and Mesochra.

In a preliminary note, Lang (1944) removed Paramesochra from the Canthocampti-
dae to his newly created family Paramesochridae Lang, 1944, and proposed a new
family, Tetragonicepsidae Lang, 1944 (whose spelling was subsequently corrected to
Tetragonicipitidae) for Zetragoniceps, Pteropsyllus, Diagoniceps, Phyllopodopsyllus and
Paraphyllopodopsyllus Lang, 1944 (= Phyllopodopsyllus). Lang (1948) believed that the
Canthocamptidae and the Cletodidae bear a sister group relationship and that the
difficulties for the separation of both families are the result of poor descriptions of
freshwater canthocamptids. He (Lang 1948) rejected all the subdivisions of the Can-
thocamptidae pending a thorough review of the family, and included into this family
the following genera: Hypocamptus, Maraenobiotus, Morariopsis Borutzky, 1931, Irunel-
la Brady, 1896, Orthopsyllus Brady & Robertson, 1873, Ceuthonectes, Spelacocamptus
Chappuis, 1933, Astheyella, Canthocamptus, Bryocamptus, Nannomesochra, Mesochra,
Echinocamptus, Moraria, Paracamptus, Antarctobiotus Chappuis, 1930, Afrocamptus
Chappuis, 1932, Epactophanes, and Elaphoidella.

By the early 1950’, Borutzky (1952) re-diagnosed the Canthocamptidae and the
subfamilies Halocanthocamptinae, with Mesochra and “the genera most closely related
to it “ (Borutzky 1952: 124), and Canthocamptinae with Canthocamptus, Paracamp-
tus, Bryocamptus, Arcticocamptus Chappuis, 1929b (= Bryocamptus (Arcticocamptus)
Chappuis, 1929b), Echinocamptus (= Bryocamptus (Echinocamptus)), Maraenobiotus,
Hypocamptus, Attheyella, Elaphoidella, and Spelacocamptus, and added the Morariinae
for Ceuthonectes, Moraria, Morariopsis and some species incertae sedis, and the Epac-
tophaninae for Epactophanes. He (Borutzky 1952) diagnosed these four subfamilies
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based on the structure of the female genital field and on the structure of the male
P3 ENP. Later on, Por (1986: 423) proposed and (re)diagnosed the subfamily Hem-
imesochrinae Por, 1986 for those genera which, despite having a non-prehensile P1
ENP, were left into the Canthocamptidae in Lang (1948); these genera are: Nan-
nomesochra, Hemimesochra, Heteropsyllus, Mesopsyllus Por, 1960, Poria Lang, 1965 (=
Hanikraia Huys, 2009), and Dahlakia Por, 1986 (= Dablakocamptus Huys, 2009).
Additionally, Por (1986) relegated to incertae sedis the genera Cletocamptus and Pare-
pactophanes Kunz, 1935, as well as Hemimesochra rapiens Becker, 1979 (= Perucamptus
rapiens (Becker, 1979)), and Heteropsyllus serratus Schriever, 1983. One year later, Ha-
mond (1987) suggested to consider no less than 18 taxa as subgenera of Canthocamptus
s. lat. “until all their respective type species, and as many others as possible from all over
the world, can be studied again by modern standards “... “as part of a world revision*
(Hamond 1987: 1027; but see also Wells 2007).

With 864 species distributed in 58 valid genera (WoRMS 2021), the Can-
thocamptidae is currently one of the most species-rich families within Harpacticoida.
The Canthocamptidae is not a natural assemblage and could be divided into several
families (Huys et al. 1996; Gémez Noguera and Fiers 1997; Boxshall and Halsey 2004;
Huys and Conroy-Dalton 2006). The taxonomy and the phylogenetic relationships
are immersed in chaos, and the different canthocamptid subfamilies are seldom men-
tioned in the recent literature probably because the genera described more recently are
difficult to attribute to any of the existing subfamilies, and if forced, the subfamilial
diagnoses have often to be widened more to include, probably unrelated taxa, exacer-
bating the already complicated systematics of the group. This problem is also common
at the genus level, and is evident in Hemimesochra, which is a heterogeneous grouping
of distantly related taxa (see Huys and Thistle 1989). The complexity of the Can-
thocamptidae is also fuelled by the weak boundaries between the Canthocamptidae
and the Cletodidae and their respective genera. Huys and Thistle (1989) agreed with
Por (1986) in that the dismantling of the Cletodidae sensu Lang (1944, 1948) was a
necessary step, but did not accept Por’s (1968) view of taking the “variability within the
Cletodidae, and the notion of genus itself “... “in a much wider sense than in any other
harpacticoid family (Por 1968: 46). Huys and Thistle’s (1989) reasoning is adopted
here. Huys and Thistle (1989) succeeded in narrowing the generic diagnosis of Hem-
imesochra by distributing its species in Boreolimella Huys & Thistle, 1989, Perucamptus
Huys & Thistle, 1989, Carolinicola Huys & Thistle, 1989, Mesopsyllus, and Pusillargil-
lus Huys & Thistle, 1989, leaving H. clavularis Sars, 1920 as the type and only species
of Hemimesochra. They (Huys and Thistle 1989) concluded that Bathycamptus Huys
& Thistle, 1989, Psammocamptus Mielke, 1975 and Boreolimella are phylogenetically
related, being Bathycamptus the sister taxon of Psammocamptus, that Boreolimella is
probably the sister taxon of the Bathycamptus-Psammocamptus lineage, and that Mesop-
syllus could be a potential relative of this genus group.

George and Schminke (2003) noted that Isthmiocaris George & Schminke,
2003 could well be related to Bathycamptus and Itunella. Later on, Huys and Kihara
(2010) removed Metahuntemannia Smirnov, 1946 and Pottekia Huys, 2009 from the
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Nannopodidae Brady, 1880 and found that these two genera are probably related to
Psammocamptus, Bathycamptus, Perucamptus, and Isthmiocaris. However, as far as we
are aware, no apomorphies have been found so far for the Hemimesochrinae. The same
applies for the other canthocamptid subfamilies.

Karaytug and Huys (2004) proposed a practical, not necessarily phylogenetic,
group of marine and brackish canthocamptids, the Mesochra group, in which the male
PG is represented by unarmed membranous flaps, and the female P6 is represented by
one to three setae. Following Karaytug and Huys (2004), this species group includes
species currently allocated into the Canthocamptinae and Hemimesochrinae, and two
species incertae sedis; these are: Mesochra and Amphibiperita (Canthocamptinae), and
Psammocamptus, Bathycamptus, Mesopsyllus, Isthmiocaris, Hemimesochra, Poria, Peru-
camptus, Pusillargillus (Hemimesochrinae), and Zaurocletodes Kunz, 1975, and Pare-
pactophanes (Canthocamptidae incertae sedis). The genus Mesochra is not a natural
unit and is most probably polyphyletic (Gémez Noguera and Fiers 1997; Karaytug and
Huys 2004), but if Karaytug and Huys’ (2004) assumption is correct, this might reflect
the artificial nature of the canthocamptid subfamilies.

More recently, George (2020) contributed with important changes to the family
Cletodidae sensu Por (1986), which has been regarded in the past as the sister taxon
of the Canthocamptidae. He (George 2020) proposed the Cletodoidea Bowman and
Abele (1982) for some Ancorabolidae Sars, 1909 sensu George (2020) and Cletodidae
for which he detected 19 autapomorphies (George 2020). George (2020) also gave an
amended diagnosis for the Cletodidae, which he extended to include several genera
that belonged to the Ancorabolidae, and proposed a new subfamily, the Cletodinae
Scott T., 1904 for the ancorabolid Ceratonotus group sensu Conroy-Dalton (2001)
and Cletodes, defined by seven autapomorphies (George 2020). For the Cletodidae, he
(George 2020) detected a set of five autapomorphies: a) P1 ENP not prehensile, P1
ENP1 dwarfed; b) P1 ENP2 elongate, at least as long as ENP1; ¢) the medial apical
geniculate seta of the Cletodoidea (seta 5-en in George 2020: 470, fig. 3C) reverted
into a bipinnate or plumose seta (5-en in George 2020: 470, fig. 3D) in Cletodidae; d)
the outer distal claw-like element on the P1 ENP2 in the Cletodoidea (1-en in George
2020: 470, fig. 3C) reverted into a spine (1-en in George 2020: 470, fig. 3D) in Cleto-
didae; and e) loss of the accompanying seta on the maxillipedal claw.

The complexity of the Canthocamptidae is evident and it is due to bad and incom-
plete descriptions (Hamond 1987). Hamond (1987) proposed the revision of 18 taxa
as part of a world revision using modern standards. Wells (2007) commented posi-
tively on Hamond’s (1987) proposal but at the same time he foresaw that this would
not find ready support due to the massive effort that this would imply. Some authors
have contributed to our understanding of the intergeneric relationships within isolated
subfamilies. Huys and Thistle (1989), George and Schminke (2003), and Huys and
Kihara (2010) have proved, at least partially, that the subfamily Hemimesochrinae is a
compact unit, not so the other canthocamptid subfamilies. In our opinion, the estab-
lishment of well-defined taxonomic taxa (subfamilies, genera, species groups, etc.) is
an obligate step towards a world revision of the family. The relationships between the
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Canthocamptinae and other genera outside that subfamily are still uncertain, and the
proposal of a new subfamily, Cletocamptinae subfam. nov., for a well-defined, seem-
ingly monophyletic group of genera (Cletocamptus, Amphibiperita, and Cletocamptoides
gen. nov.) as well as the narrowing of the diagnosis for Cletocamptus, are justified and
follow the same reasoning as explained below.

Reconstruction of the common ancestor of the Cletocamptinae subfam. nov.

The high morphological diversity of the Canthocamptidae makes difficult the detec-
tion of (aut)apomorphies to substantiate the establishment and proposal of monophyl-
etic taxa. In this sense, the role of weighted characters for the maximum parsimony ap-
proach was essential and allowed high support. The genus Cletocamptus as known be-
fore the present study, seems to be composed of two different lineages, the merbokensis-
helobius-biushelo-lineage (mhb-lineage; for C. merbokensis, C. helobius, and C. biushelo
sp. nov.) and the rezrogressus-lineage (for the rest of the species of Clerocamptus). The
split of Cletocamptus into two genera is proposed in this study: Cletocamptoides gen.
nov. for the mhb-lineage, and Cletocamptus for the retrogressus-lineage.

The reconstruction of the hypothetical ancestor of the Cletocamptinae subfam.
nov. is necessary to justify the (aut)(syn)apomorphies for the three genera within the
new subfamily. The hypothetical ancestor was reconstructed based on plesiomorphic
and (aut)apomorphic states of a selected set of characters, as essential to explain our
hypotheses and phylogenetic reasoning,.

Most canthocamptids possess a body without somitic constrictions between somites,
and few species, e.g., C. merbokensis comb. nov., C. helobius comb. nov., C. biushelo sp.
nov., possess a body with somitic constrictions between somites conferring the body a
cletodid appearance. The latter is regarded here as the derived (synapomorphic) condi-
tion for the mhb-lineage. The ancestral Cletocamptinae subfam. nov. is hypothesized
to lack somitic constrictions between somites, tapering gradually posteriad. The latter is
considered as the primitive condition and is present in the retrogressus-lineage.

The posterior margin of body somites of most genera of the Canthocamptidae is
plain, without any ornamentation, including one species of Cletocamptinae subfam.
nov., C. chappuisi, but its condition requires confirmation; it is finely or deeply ser-
rated in some genera, e.g., Antrocamptus Chappuis, 1957, Astheyella, Canthocamptus,
Elaphoidella, Moraria, Paramoriaropsis Brancelj, 1991, Spelacocamptus, and C. domini-
canus; it is ornamented with short spinules, e.g., Attheyella, and C. albuquerquensis
and C. rainoi, or with long slender spinules, e.g., Cletocamptus as defined here. It is
assumed that the plain condition of the posterior margin of body somites is the most
primitive within the Canthocamptidae. Species of some genera developed serrate pos-
terior margins that eventually developed into short spinules. The ancestral Cletocamp-
tinae subfam. nov. is hypothesized to have retained the finely serrate posterior mar-
gins present in Cletocamptoides gen. nov., and displayed by other canthocamptids (see
above) The presence of long slender spinules in the posterior margin of body somites
of Cletocamptus as defined here, is assumed to be the derived condition.
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Posterior cuticular sensillum-bearing socles have been observed only in C. mer-
bokensis comb. nov., for which this condition is regarded as apomorphic. All other
canthocamptids lack cuticular sensillum-bearing socles and is regarded here as a clear
plesiomorphy and is the hypothesized condition in the ancestral Cletocamptinae sub-
fam. nov.

The rostrum is separated from the cephalothorax in species of Bryocamptus, Gul-
camptus Miura, 1969, Itunella, Mesochra, Moraria, Pordfus Ozdikmen, 2008, Boreoli-
mella, Carolinicola, Dahlakocamptus, Heteropsyllus, Perucamptus, Isthmiocaris, and Psam-
mocamptus. It is fused and sometimes reduced in the remaining genera. The well-devel-
oped rostrum separated from the cephalothorax is regarded here as the primitive condi-
tion for the family, and is assumed to have been retained in the ancestral Cletocampti-
nae subfam. nov. The condition of the rostrum of C. gomezi, which has been described
as fused to the cephalothorax (Sudrez-Morales et al. 2013) requires confirmation.

The rostrum lacks any spinular ornamentation in the Canthocamptidae; as far as
we know, ventral subdistal spinular ornamentation is present only in the Cletocamp-
tinae subfam. nov. for which is a clear autapomorphy and justifies the new subfamily.

As far as we are aware (we could not review all the descriptions for all the species of
Canthocamptidae though), the male rostrum is non-dimorphic in most canthocamp-
tids (e.g., Canthocamptinae, Hemimesochrinae and Epactophaninae), and is regarded
here as the primitive condition, which was retained in the ancestral Cletocamptinae
subfam. nov. The male rostrum is sexually dimorphic in Clerocamptus and Amphibiper-
ita for which is regarded here as synapomorphic. (it is also sexually dimorphic in Zauro-
cletodes tumenae Karaytug & Huys, 2004 (the male of 7. dubius (Noodt, 1958) remains
unknown), but the significance of its presence in Cletocamptus and 1. tumenae is un-
certain). Cletocamptroides gen. nov. retained the primitive non-dimorphic male rostrum.

The canthocamptid female antennule can be eight- to five-segmented. Following
Huys and Boxshall (1991) oligomerization is the main evolutionary trend in Copep-
oda, and the eight-segmented female antennule is the most plesiomorphic condition
within the Canthocamptidae. The female antennule is six-segmented in the new sub-
family, and is regarded here as the condition for the ancestral Cletocamptinae subfam.
nov. Cletocamptus gravibiatus was described possessing seven-segmented female anten-
nules, but this requires confirmation.

The canthocamptid antenna has undergone fusion of the basis and the first en-
dopodal segment to form an allobasis. The allobasis of canthocamptids is unarmed or
equipped with one or two (one basal, one endopodal) abexopodal setae. The latter is re-
garded here as the most primitive condition of the allobasis. Two abexopodal setae are
retained in most species of Cletocamptinae subfam. nov., but some species (C. gomezi,
C. feei, C. retrogressus, C. merbokensis comb. nov., C. helobius comb. nov., A. neotropica)
underwent loss of one seta, most probably the endopodal element. The antennary exo-
pod of canthocamptids is mostly one-segmented, but the two-segmented condition is
present in species of Bryocamptus, Canthocamptus, Gulcamptus, Maraenobiotus, Mesoch-
ra, and Heteropsyllus; it is represented by one seta in species of Stenocaris and is absent
in Dahmsopottekina Ozdikmen, 2009. The antennary exopod of the Cletocamptinae
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subfam. nov. is elongate and one-segmented except for C. feei for which the exopod
was reported as two-segmented (the latter requires confirmation though), C. chappuisi
whose antennary exopod was reported as represented by one seta as in C. helobius
comb. nov. and C. biushelo sp. nov., and Amphibiperita in which the antennary exopod
is lost. The antennary exopod of C. dominicanus is a minute segment with a single seta.
The ancestral antenna of Cletocamptinae subfam. nov. is assumed to possess an alloba-
sis with two abexopodal setae, and a one-segmented exopod; the free endopodal lobe
possessed two spines and a slender seta laterally, and three spines and two geniculate
setae distally.

The mandibular palp of Podogennonta is composed of a basis with four setae; a
one-segmented endopod with three proximal lateral, three subdistal lateral, and three
sets of setae fused basally with three, two, and two setae, respectively; and a four-
segmented exopod with armature formula 2, 1, 1, 2 (Seifried 2003). Within the Can-
thocamptidae, Carolinicola (Hemimesochrinae) possesses a primitive biramous palp
with the basis possessing three setae, the endopod being armed with six elements, and
the one-segmented exopod with four setae (Huys and Thistle 1989). The reconstruction
of the mandibular palp of the ancestor of the Cletocamptinae subfam. nov. (Fig. 7A) is
based on the most plesiomorphic states observed in the different taxa included in the
new subfamily. The ancestral mandibular palp (Fig. 7A) of the Cletocamptinae subfam.
nov. is assumed to be two-segmented; basis with two setae; endopod one-segmented,
separated from the basis, and equipped with three setae, of which innermost shortest;
exopod incorporated into the basis but represented by one seta. The ancestral man-
dibular palp underwent several changes in different lineages. The ancestral palp (Fig.
7A) lost one of the apical setae, and the basis and endopod became fused (Fig. 7B)
like in C. merbokensis comb. nov. Further losses include one of the basal setae and the
exopodal seta (Fig. 7C) like in C. helobius comb. nov. and C. biushelo sp. nov. On the
other hand, the mandibular palp might have lost one basal seta leading the precursor
of Amphibiperita-Cletocamptus (Fig. 7D). In one lineage, the mandibular palp lost the
remaining basal seta and the exopodal element (Fig. 7E) resulting in an unarmed basis
and a trisetose endopod like in Amphibiperita. In another lineage, the mandibular palp
of the precursor of Amphibiperita-Cletocamprus underwent loss of one of the endopodal
setae (Fig. 7F) leading the ancestor of Cletocamptus. In one lineage, the basis fused into
the coxa with the resulting loss of the basal seta, and the exopodal seta became incor-
porated into the coxa (Fig. 7G) as in C. assimilis, C. axi, C. cecsurirensis, C. deborahdex-
terae, C. fourchensis, C. goenchim, C. koreanus, C. levis, C. nudus, C. pilosus, C. schmidsti,
C. sinaloensis, C. spinulosus, and C. tertius. The inner endopodal seta looks longer than
the outer element in C. nudus, and this requires confirmation. One of the endopodal
setae, most probably the inner short element, became lost leading a minute endopodal
segment with one seta only accompanied by the accessory exopodal seta issuing from
the coxa like in C. pilosus (Fig. 7H). Further loss includes the disappearance of the ex-
opodal seta (Fig. 71) like in C. albuguerquensis, C. gomezi, C. samariensis, C. stimpson,
and C. tainoi. The palp of C. gomezi looks somewhat elongate in Sudrez-Morales et al.
(2013: 213, fig. 3D) and requires confirmation. In another lineage, the exopodal seta
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became lost (Fig. 7]) like in C. retrogressus. Further modifications involve the fusion of
the endopod and basis (Fig. 7K) like in C. confluens, and reduction of the palp (Fig. 7L)
like in C. dominicanus. A transposition of the apical short and long setae was observed
in the latter species but the significance of this is uncertain.

The maxillulary basis, exopod and endopod are fused into a single unit, making
difficult the homologation and correct counting of their setae. A careful and more de-
tailed study of this appendage is pending, but it seems that the coxal endite bears two
setae, and the basis, exopod and endopod are represented by three setae each, and this
is considered as the ancestral state for the maxillule. On the other hand, a very strong
and spinulose ventral element is present in several species of Clerocamptus, e.g., C. as-
similis, C. axi, C. cecsurirensis, C. deborahdexterae, C. fourchensis, C. levis, C nudus, C.
samariensis, C. schmidti, C., and C. sinaloensis, but also in C. helobius comb. nov., and
C. biushelo sp. nov., and seems to have appeared independently in different lineages;
the ventral seta on the praecoxal arthrite in the other species is visibly slenderer and is
regarded here as the plesiomorphic condition found in the ancestral Cletocamptinae
subfam. nov. The condition of C. gomezi is not conclusive and requires confirmation.

The architecture of the maxilla and maxilliped is rather constant within the new
subfamily. The ancestral maxilla is assumed to bear two syncoxal endites; the endopod
is assumed to be completely absorbed into the allobasis and represented by three setae.
The ancestral maxilliped is subchelate; the syncoxa bears one seta; the basis is unarmed;
the endopod is drawn out into a claw with one accompanying seta.

The hypothetical ancestral segmentation and armature formulae of P1-P5 is:

Pl P2 P3 P4 P5
EXP 0;1;0,2,2 0;1;1,2,2 0;1;2,2,2 0;1;2,2,2 Q5
34
ENP 0-1;1,2,1 0-1;2,2,1 2052,2,1 0;0,2,0 Q6
Jddimorphic: 43

0-1;iap;0,2,0

iap, inner apophysis

The inner setae of P1-P4 EXP are assumed to be whip-like in the ancestral Cleto-
camptinae subfam. nov., i.e., devoid of a comb tip. See Gémez et al. (2017: 350, table
5) for the species of Cletocamptus with setae with comb tip. Cletocamptoides biushelo
sp. nov. bears a seta with comb tip on P2-P4 EXP2; the condition of C. helobius
comb. nov. is assumed to be the same. The inner setae of P2 and P3 EXP (P4 EXP
lack inner setae) of Clerocamproides merbokensis comb. nov., and the inner setae of A.
neotropica are all whip-like. The ancestral P1 ENP is assumed to be two-segmented and
prehensile. For the justification of the prehensile P1 ENP as the plesiomorphic state
see George (2020). The ancestral sexual dimorphism of P3 ENP is assumed to be ex-
pressed in a three-segmented ramus, with inner sinuous slender long apophysis devoid
of an arrow-like tip, as seen in all the members of the Cletocamptinae subfam. nov.

The pair of P5 in the females are separated (baseoendopods not fused medially)
in all species of Cletocamptinae subfam. nov. The female P5 EXP and BENP are
fused in all species of Cletocamptinae subfam. nov. except for A. neotropica in which
the female P5 EXP and BENP are separated. The ancestral pair of the female P5 are
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assumed to be separated; the exopod and the baseoendopod of each leg are assumed
to be separated; the exopod is assumed to bear five setae as in most species of the new
subfamily (four setae are present only in A. neotropica, C. samariensis, C. confluens, and
C. merbokensis comb. nov.; three setae are present only in the new species described
herein and in C. helobius comb. nov.), and the endopodal lobe is equipped with six
setae as in most species of the new subfamily (seven setae have been reported for
C. feei but this requires confirmation; five setae are present in C. biushelo sp. nov. and
C. helobius comb. nov.). The ancestral pair of the male P5 of Cletocamptinae subfam.
nov., are assumed to be fused medially as in most species of the new subfamily (the
condition of C. axi, C. cecsurirensis, C. retrogressus, and C. schmidti is not conclusive),
and the exopod and baseoendopod are assumed to be fused but separated by a deep
notch as in most species for which the males are known (e.g., C. deborahdexterae,
C. stimpsoni, and C. sinaloensis); the endopodal lobe is hypothesized to be armed
with three setae as in the males of all the species of Cletocamptinae subfam. nov. for
which the males are known; the ancestral exopod is assumed to bear four elements
(three elements have been reported only for A. neotropica, C. confluens, C. koreanus,
C. samariensis, and C. helobius comb. nov.).

The female P6 of the ancestral Cletocamptinae subfam. nov. is assumed to bear
two setae; the male P6 is assumed to be represented by two articulate unarmed flaps.

The ancestral caudal rami are assumed here to be longer than broad as in some spe-
cies of Cletocamptus, and equipped with seven setae.

The genus Cletocamptus

The genus Cletocamptus was erected by Schmankevitsch (1875) for C. retrogressus. The
status of several species of the genus can be found in Gémez et al. (2004), Gémez
(2005), Gémez et al. (2007), Gémez and Gee (2009), Gémez et al. (2013), and
Gémez et al. (2017), and the complete list of species of the genus as redefined here can
be found in the generic diagnosis above.

The ancestral Cletocamptinae subfam. nov. is hypothesized to lack somitic con-
strictions between somites, tapering gradually posteriad. Clezocamptus retained the ple-
siomorphic lack of such somitic constrictions.

Cletocamptoides gen. nov. displays the ancestral shape of somites with finely ser-
rated posterior margins (see below), and the long slender spinules displayed by most
species of Cletocamptus are assumed here to be the apomorphic condition for the pos-
terior margin of body somites. Also, Clezocamptus retained the plesiomorphic lack of
posterior cuticular sensillum-bearing socles on body somites.

Amongst the species of Cletocamptus, only C. gomezi has been described with the
rostrum fused to the cephalothorax (Sudrez-Morales et al. 2013), but this requires fur-
ther confirmation. In general, the rostrum of Cletocamptus retained its plesiomorphic
condition, i.e., well-developed and separated from the cephalothorax. However, the
rostrum of Cletocamptus, as in the other two genera of Cletocamptinae, Cletocamptoides
gen. nov. and Amphibiperita, display the synapomorphic subdistal ventral spinules that
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are of diagnostic value for the new subfamily. As said above, and as far as we are aware,
the male rostrum is sexually dimorphic in Cletocamptus and Amphibiperita and seems
to be non-dimorphic in Cletocamptoides gen. nov. The sexually dimorphic rostrum of
Cletocamptus is deemed to be derived and constitutes a synapomorphy for that genus
and Amphibiperita. The significance of the dimorphic male rostrum in Clezocamptus
and Taurocletodes tumenae is uncertain, but this is probably the result of convergence.
The relatively low consistency index of the tree of maximum parsimony confirms ho-
moplasy events that could be related to this convergence process.

Cletocamptus retained the six-segmented female antennule hypothesized for the an-
cestral Cletocamptinae subfam. nov. The seven-segmented female antennule of Clero-
camptus gravihiatus awaits verification.

Cletocamptus retained the ancestral allobasis of the antenna as well as the two abex-
opodal setae, and only C. gomezi, C. feei, and C. retrogressus lost one of these setae (one
seta only is present also in C. merbokensis comb. nov., C. helobius comb. nov., and
A. neotropica). Cletocamptus also retained the plesiomorphic one-segmented elongate
antennary exopod (the two-segmented condition of the antennary exopod of C. fee:
requires to be confirmed) and the architecture of the free endopodal segment as de-
scribed above for the ancestral Cletocamptinae subfam. nov.

The architecture of the mandibular palp of Clezocamptus is variable and underwent
considerable reduction as has been detailed above. Briefly, the mandibular palp of the
ancestral Cletocamptus might have been two-segmented, i.e., basis and endopod sepa-
rated, being the basis and endopod equipped with one and two setae respectively, and
the exopod represented by one seta (Fig. 7F). The ancestral mandibular palp under-
went several changes (Fig. 7G-L) across two main lineages, the rezrogressus-confluens-
dominicanus-lineage (rcd-lineage; Fig. 7], K, L), and the assimilis-pilosus-albuguerquen-
sis-lineage (apa-lineage; Fig. 7G-I) (see also above). The rcd-lineage is defined upon the
synapomorphic loss of the exopodal seta; C. confluens and C. dominicanus underwent
secondary fusion of the basis and endopod which is regarded as synapomorphic for
them, and C. dominicanus underwent secondary apomorphic reduction of the palp.
The apa-lineage is defined here upon the synapomorphic absorption of the basis into
the coxa and incorporation of the exopodal seta into the latter. Clerocamprus pilosus
(Fig. 7H) underwent further loss of one of the endopodal setae which is considered
here apomorphic for the species. Cletocamprus albuquerquensis, C. gomezi, C. samarien-
sis, C. stimpsoni, and C. tainoi (Fig. 71) underwent secondary loss of the exopodal seta
which is regarded here as synapomorphic for them.

The maxillule is probably the most complicated buccal appendage in Harpacti-
coida due to the fusion of the basis, endopod and exopod in many taxa, which makes
difficult the homologation and correct counting of the setal elements. Pending a more
detailed and precise study of this appendage in Clezocamptus, the coxal endite possesses
two setae, and the basis, the endopod and exopod are fused into one single unit, with
three setae representing each of them. On the other hand, a core of species, C. as-
similis, C. axi, C. cecsurirensis, C. deborahdexterae, C. fourchensis, C. levis, C. nudus,
C. samariensis, C. schmidti, C., and C. sinaloensis, share the presence of a very strong
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spinulose ventral seta on the praecoxal arthrite, which is regarded here as derived with-
in the genus (the condition in C. gomezi is inconclusive; a similar seta is present in
some species of Cletocamptoides gen. nov.). On the contrary, a visibly slenderer seta in
the other species of the genus is regarded here as the plesiomorphic condition (a similar
seta is present in C. merbokensis comb. nov.).

The maxilla and maxilliped retained the plesiomorphic architecture of the Cleto-
camptinae subfam. nov. as described above.

The P1 ENP of Cletocamptus is two-segmented and non-prehensile. As said above,
this is the derived condition within Canthocamptidae as opposed to the plesiomorphic
prehensile endopod (see George 2020). Gémez et al. (2017) gave a list of species of
Cletocamptus armed with setae with comb tips on P2-P4 EXP2. The presence of such
setae is deemed to be derived as opposed to the whip-like setae, but this condition
seems to occur widely in the Canthocamptidae.

Sexual dimorphism in Cletocamptus is expressed in a variety of modifications.
These have been outlined above. The most common modifications in the append-
ages of the males include the subchirocer antennule, the basis of P1 with one inner
distal process, the inner spine on P2 ENP2 with several degrees of modifications, the
three-segmented P3 ENP with an inner apophysis on second segment and two apical
setae on the distal segment, and the fused exopod and baseoendopod of P5. Devia-
tions occur in some species though. The shape of the outer spine on P2 ENP2 varies
from slightly modified as in C. albuquerquensis, C. cecsurirensis, C. confluens, C. do-
minicanus, C. retrogressus, C. samariensis, and C. tainoi, to moderately modified as in
C. axi, C. deborahdexterae, C. fourchensis, C. goenchim, C. gomezi, C. levis, C. schmidsti,
C. spinulosus, C. stimpsoni, and C. tertius, and strongly modified into a recurved spine
as in C. pilosus, and C. sinaloensis. The inner spine on the male P2 ENP2 is not dimor-
phic in A. neotropica and Cletocamptoides gen. nov., and the sexually modified inner
spine on P2 ENP2 is regarded here as an apomorphy for Clezocamptus. The male P3
ENP in most species retained the three-segmented condition with an inner apophysis
on second segment which is regarded here as plesiomorphic, but the second and third
segments underwent fusion leading a two-segmented ramus with the inner apophysis
well-developed and situated medially on second segment as in C. dominicanus, or very
short and recurved, and situated subdistally on second segment as in C. albuguerquen-
sis, C. chappuisi, C. confluens, and C. tainoi. The former division between the second
and third segments of the P3 ENP is still visible in C. dominicanus, which also pos-
sesses very long asprothekes (see Gémez et al. 2017). A similar condition of the male
P3 ENP, two-segmented with inner apophysis medially on second segment, is present
also in A. neotropica. The P3 ENP2 and ENP3 of C. albugquerquensis, C. chappuisi, and
C. tainoi are also fused, but the inner apophysis migrated to a subapical position and
underwent extreme reduction, and became recurved. A similar condition is present in
C. helobius comb. nov. The condition of the male P3 ENP of C. confluens is unique
in that the second segment possesses and additional outer apophysis whose female
homologue is uncertain. The pair of male P5 are fused medially in most species, but
the exopod and endopod are separated in C. axi, C. cecsurirensis, C. retrogressus, and
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C. schmidti. The significance of this is not clear, but this could be due to character
reversal. The male P6 of Clerocamptus is an unarmed articulated plate. A small seta has
been observed issuing from P6 in some species, but the presence of this seta is most
probably due to intraspecific variability. Several sexual modifications are present also
in the relative length and shape of P2 EXP and/or P3-P4 EXP as in C. retrogressus, C.
confluens; C. albuquerquensis, C. samariensis, C. spinulosus, C. tainoi, and C. trichotus.
Similar sexual dimorphism in P4 EXP in which the first segment is visibly more robust
has been documented for Amphibiperita (see Fiers and Rutledge 1990).

The genus Amphibiperita

The genus Amphibiperita has been diagnosed by Fiers and Rutledge (1990). They
(Fiers and Rutledge 1990) gave a lengthy discussion on the relationships between
Mesochra and Amphibiperita and justified the creation of the latter for M. neotropica
Jakobi, 1956. Briefly, Fiers and Rutledge (1990) removed M. neotropica from Mesochra
based on the sexual dimorphism of P4 EXP, lack of antennal exopod, reduced man-
dibular palp, number of setae on the endopods of swimming legs (lack of the outer
element on ENP2), and shape of the female genital field. Fiers and Rutledge (1990)
commented on the uniqueness of the shape of the sexually dimorphic male P4 EXP1,
but similar dimorphism is present in some species of Cletocamptus, pointing to a
probable sister-group relationship between these two genera, which can be reinforced
by the synapomorphic sexually dimorphic rostrum in both genera. Fiers and Rutledge
(1990) also commented on the unique lack of the outer subdistal element of P1-P4
ENP2 (Fiers and Rutledge (1990) explicitly included here the P1 ENP, but this ra-
mus is prehensile in Amphibiperita, with ENP2 being armed with a distal outer claw,
a distal inner bipinnate seta, and an inner small slender seta, and in our opinion, the
inclusion of P1 ENP in Fiers and Rutledge’s (1990) comment is not correct and is
most probably a slip of the pen). On the other hand, the subdistal outer element on
P2-P4 ENP2 is also missing in C. merbokensis comb. nov., being the supernumerary
setae in A. neotropica the main difference between both species (three, four, and three
elements in total in P2-P4 ENP2 in A. neotropica, but two, two, and two setae in
P2-P4 ENP2 in M. merbokensis comb. nov.). Also, the complement armature of P4
ENP2 or only segment in the Cletocamptinae subfam. nov. as defined here is consist-
ently composed of two apical elements only in all but in A. neotropica, which possesses
one inner additional seta. As noted above, sexual dimorphism in Amphibiperita is
expressed in the antennule, rostrum, segmentation of the urosome, P5, P6, and more
importantly in the shape of the P4 EXP1 and modification of the P3 ENP. Some
comments on the dimorphic P4 EXP1 and P3 END, and rostrum were given above.
The male P5 of Amphibiperita follows the general pattern of Cletocamptinae subfam.
nov., i.e., exopod and endopod fused and both legs fused medially into an elongate
plate with three endopodal and three exopodal setae. On the contrary, the baseoen-
dopod and exopod are separated in the female P5 and is regarded here as primitive
within the new subfamily.
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Karaytug and Huys™ (2004) Mesochra group (see above) was proposed for marine
and brackish canthocamptids in which the male P6 is represented by unarmed mem-
branous flaps, and the female P6 is represented by one to three setae (Mesochra, Am-
phibiperita, Psammocamptus, Bathycamptus, Mesopsyllus, Isthmiocaris, Hemimesochra,
Poria, Perucamptus, Pusillargillus, Taurocletodes, and Parepactophanes) as opposed to
most freshwater canthocamptids in which the male sixth legs bear two or three well-
developed setae (Karaytug and Huys 2004, and references therein). Cletocamptus and
Cletocamptoides gen. nov. should be added to this list. The significance of the occasion-
al presence of one seta in some species of Clerocamptus is still controversial (see above).

The genus Cletocamptoides gen. nov.

The ancestral Cletocamptinae subfam. nov. lack somitic constrictions between somites
(see above). The body shape of Cletocamptoides gen. nov. is cletodid-like, i.e., body
somites clearly separated by somitic constrictions, and is a probable apomorphy for the
new genus. On the other hand, C. merbokensis comb. nov. is the only species with in-
tegumental sensillum-bearing socles along the posterior margin of pro- and urosomites
(except anal somite). However, the presence of integumental sensillum-bearing socles
are deemed to be apomorphic for C. merbokensis comb. nov., and do not seem to indi-
cate a close relationship with the Cletodidae.

The posterior margin of body somites of most canthocamptid genera can be plain,
finely or deeply serrate, or with long slender spinules (see above). The posterior margin
of the body somites of Cletocamptoides gen. nov. is finely serrate and is regarded here as
plesiomorphic within the Cletocamptinae subfam. nov.

The condition of the antennary exopod and the mandibular palp of C. merbokensis
comb. nov. are the most primitive within Clezocamproides gen. nov. The antennary
exopod of C. merbokensis comb. nov. is one-segmented and elongate, and bears three
setac (one lateral, two distal); the antennary exopod of C. helobius comb. nov. and
C. biushelo sp. nov. is reduced to one minute segment bearing only one seta. Similar
antennary exopods are also found in Cletodidae.

The condition of the mandibular palp is more primitive in C. merbokensis comb.
nov. than in the other two species of the genus. The mandibular palp of C. merboken-
sis comb. nov. possesses five setae; three setae are present in C. helobius comb. nov.,
and C. biushelo sp. nov. Besides the supernumerary setal complement in C. merbokensis
comb. nov. relative to the other two species of the new genus, the basis and exopod are
still discernible in the former species, being the inner — basal — extension armed with
two setae; the basis of the mandibular palp of C. helobius comb. nov. and C. biushelo sp.
nov. is completely absorbed into the palp but is still discernible by the presence of one
inner seta. The exopod of the mandibular palp of C. merbokensis comb. nov. is indicated
by a small outer protuberance with one seta; the exopod in C. helobius comb. nov. and
C. biushelo sp. nov. underwent complete reduction and is not discernible. The two apical
setae on the mandibular palp of these three species are regarded here as endopodal, and
judging by their relative lengths, being the inner seta visibly shorter than the outer, both
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setae are homologous in these three species and in those species with similar armature
(see above). The one-segmented condition of the mandibular palp is the most common
in the Cletodidae, but the basal, endopodal and/or exopodal setae are still discernible in
some species (e.g., Paracrenhydrosoma normani Gee, 1999b); the basis and endopod are
separated, and the exopod is absorbed into the basis and is represented by a seta in Pyro-
cletodes Coull, 1973 (e.g., P coulli Dinet, 1976); uniramous mandibular palps (basis and
endopod separated) without any trace of the exopod are present also in some species of
Paracrenhydrosoma (e.g., P cornuta Kornev & Chertoprud, 2008, P kiai Song, Dahms,
Lee, Ryu & Khim, 2014), and in the monotypic genus Nannopodella Monard, 1928.

The unisetose condition of the maxillipedal syncoxa is present in most Cletocamp-
tinae subfam. nov., and it is unarmed only in C. merbokensis comb. nov. and C. helobius
comb. nov. for which is regarded here as apomorphic. Unarmed maxillipedal syncoxae
are also present in species of some other canthocamptids e.g., Attheyella, Lessinocamp-
tus, Paramoriaropsis Brancelj, 1991, Pordfus Ozdikmen, 2008, and Zermomesochra 1td
& Burton, 1980 (Canthocamptinae), and Stygepactophanes and Epactophanes (Epac-
tophaninae); the maxillipedal syncoxa is unisetose in the Cletodidae (George 2020).

The P1 ENP of Cletocamptoides gen. nov. displays the derived two-segmented con-
dition (see also George (2020) for a detailed explanation on the plesiomorphic prehen-
sile versus the derived non-prehensile P1 ENP in Podogennonta), but the armature
complements of P2 and P3 of C. helobius comb. nov. and C. biushelo sp. nov. display
a more primitive trisetose condition of P2-P3 ENP2, relative to the bisetose more
derived condition of P2-P3 ENP2 of C. merbokensis comb. nov. Fiers and Rutledge
(1990) noticed the lack of a subdistal outer element on P3—-P4 ENP2 and used that
character to differentiate Amphibiperita from Mesochra. The same condition is present
in C. merbokensis comb. nov.

One-segmented P4 endopods are present in species of some other canthocamp-
tids, e.g., Antrocamptus Chappuis, 1957, Australocamprus Karanovic, 2004, Gulcamp-
tus Miura, 1969, Hypocamptus, Lessinocamptus Stoch, 1997, Morariopsis, and Elaph-
vidella (Canthocamptinae), lrunella and Isthmiocaris (Hemimesochrinae), and Styge-
pactophanes Moeschler & Rouch, 1984 and Epactophanes (Epactophaninae), but as far
as we know from the literature available, it is an elongate and well-developed ramus.
Within the new subfamily, a one-segmented P4 ENP is present also in C. dominicanus,
but it is elongated. The P4 ENP of Cletocamptoides gen. nov. is one-segmented but it
has undergone extreme reduction and is an apomorphy, and probable autapomorphy,
detected for the new genus.

Both rami of P5 are fused and separated from the supporting somite in the females
and males of the genera attributed to the Cletocamptinae subfam. nov., except for the
female P5 of Amphibiperita whose female P5 EXP is separated from the baseoendopod.
Both P5 are fused in the males, except for some species of Cletocamptus (e.g., C. axi,
C. cecsurirensis, C. retrogressus and C. schmidti), and C. helobius comb. nov. The male of
C. merbokensis comb. nov. displays the more derived condition of P5, being completely
absorbed into the somite, and is considered a potential apomorphy for the species.
The male and female P5 of C. helobius comb. nov. and C. biushelo sp. nov. resembles
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those of C. dominicanus, C. albuguerquensis, C. confluens, C. tainoi, and most probably
C. chappuisi, in that both rami are hardly discernible and are separated only by a super-
ficial shallow notch. A similar P5 is present also in Carolinicola Huys & Thistle, 1989
(Hemimesochrinae). The structure of the cletodid P5 is variable; the endopodal lobe
and the basis can be fused or separated, and the exopod can be fused to or separated
from the baseoendopod (George 2020).

The Mesochra group as defined by Karaytug and Huys (2004) (see above) is char-
acterized by the male and the female P6 being represented by unarmed membranous
flaps, and by one to three setae, respectively. Besides the twelve genera attributed to
this species group by Karaytug and Huys (2004) (see above), C. merbokensis comb. nov.
also belongs to this group. The presence of such male P6 in different lineages could be
the result of the artificial nature of the canthocamptid subfamilies, but it is most prob-
ably due to convergent evolution. The uni-, bi-, or trisetose condition of the female P6
is widely distributed in the family.
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