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Abstract

The genus Aspidophorodon Verma is presented, including six new species from China, namely Aspidophoro-
don capitatum Qiao & Xu, sp. nov., Aspidophorodon longicornutum Qiao & Xu, sp. nov., Aspidophorodon
reticulatum Qiao & Xu, sp. now., Aspidophorodon furcatum Qiao & Xu, sp. nov., Aspidophorodon longiros-
tre Qiao & Xu, sp. nov., and Aspidophorodon obtusirostre Qiao & Xu, sp. nov. Aspidophorodon cornuatum
Qiao, 2015 is considered as a junior synonym of Aspidophorodon longituberculatum (Zhang, Zhong &
Zhang, 1992), syn. nov. Two species, Aspidophorodon harvense Verma and Aspidophorodon indicum (Da-
vid, Rajasingh & Narayanan) are recorded for the first time in China. The genus is mainly distributed
in East Asia and is represented by 15 species in the world, of which 12 are found in China. Keys to the
species of Aspidophorodon are given.

Keywords
DNA barcode, key, new record, new synonym, NJ tree, Salix

Copyright Ying Xu 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.



2 Ying Xu et al. / ZooKeys 1106: 1-55 (2022)

Table of contents

INErOdUCTION. ...cuiiiiiiiiiiic s 2
Materials and methods ..........c.coeiviiiriiiiiiiiic e 3
Morphological description ..........cccecivirueuiiiiniiiieiireece e 3
DINA barcoding .......cooviuiiiiiiiiiiiiiiiiiiii s 3
Specimen dePOSITOIIES «....cveuveuiiuiiuirieieieiieiteteetetet ettt 4
TAXOIMOIMIY ..ttt ettt ettt sttt 4
Aspidophorodon Verma, 1967 .........cccvuiiioiniiiiinieeiieeeeteeeeeeteeee s 4
Subgenus Aspidophorodon Verma, 1967 .........cccccovvvivivniininniiiiiie, 5

Key to the species of Aspidophorodon (Aspidophorodon)

(based on apterous viviparous females) .......c.cocoerieiriiinininineinc e 6
Aspidophorodon capitatum Qiao & Xu, SP. NOV. ...ceevvvvueueiiriiieiciirieeieeeenns 7
Aspidophorodon harvense Verma, 1967 .........cccccvuiiiiiiiiiiiiiiiiiiicieeeieas 14
Aspidophorodon longicornutum Qiao & Xu, sp. NOV. ....cevvvveeueicininicieinnnens 17
Aspidophorodon musaicum Qiao, 2015........ccoeiiviniiiininiiicieeeeeeees 21
Aspidophorodon obtusum Qiao, 2015 .......ccccvvviuiuiininiiiiiieceeeeeee 21
Aspidophorodon reticulatum Qiao & Xu, sp. NOV. ....cveveuiivivieieiiricicieeens 21
Aspidophorodon salicis Miyazaki, 1971 ......cccovuiiinniiinininicieceeeenes 25

Subgenus Evessigia David, Rajasingh & Narayanan, 1972 ........ccocccevininnnenne. 26
Key to species of subgenus Evessigia (based on apterous female viviparous)....... 26
Aspidophorodon (Eoessigia) furcatum Qiao & Xu, Sp. NOV. ..c.cveuvevvereereuinnnnnen 27
Aspidophorodon (Evessigia) indicum (David, Rajasingh & Narayanan, 1972)..... 33
Aspidophorodon (Eoessigia) longicauda (Richards, 1963) ........ccccccvvvcuiinnnnnne. 37
Aspidophorodon (Eoessigia) longirostre Qiao & Xu, Sp. NOV. ...cvcuevververeeinnnnnnen. 37
Aspidophorodon (Evessigia) longituberculatum (Zhang, Zhong & Zhang, 1992) ... 44
Aspidophorodon (Eoessigia) sorbi (Chakrabarti & Maity, 1984)...........ccc......... 46
Aspidophorodon (Eoessigia) obtusirostre Qiao & Xu, sp. NOV. ...cccvvvvvereuerennnen. 46
Aspidophorodon (Eoessigia) vera Stekolshchikov & Novgorodova, 2010.......... 52
DINA barcoding .....cccceuiuiiiiiiiiiiiiiiiiiiiic s 52
DISCUSSION ...ttt 53
AcknOwledgements. ........cuoueuiiiiiiiiiiiiiiecc e 54
RELEIENCES ... 54
Introduction

Aspidophorodon is a genus of Macrosiphini (Hemiptera: Aphididae: Aphidinae) with
two subgenera, the nominate subgenus and subgenus Eovessigia (Favret 2022), most-
ly feeding on plants of Salicaceae and Rosaceae (Blackman and Eastop 2006). The
taxonomy of Aspidophorodon was last revised by Chen et al. (2015) with ten spe-
cies, namely A. cornuatum Qiao, A. harvense Verma, A. musaicum Qiao, A. obtusum
Qiao, A. salicis Miyazaki, A. (Eoessigia) indicum (David, Rajasingh & Narayanan),
A. (Eoessigia) longicauda (Richards), A. (Evessigia) longituberculatum (Zhang, Zhong
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& Zhang), A. (Evessigia) sorbi (Chakrabarti & Maity), and A. (Evessigia) vera Ste-
kolshchikov & Novgorodova.

The genus is distinguished from others as follows: head with three processes on
frons; dorsum of body variously decorated with wrinkles, irregular polygonal reticula-
tions, oval or semicircular sculptures, small papillate tubercles; siphunculus long and
spoon-shaped, broad at base, slightly swollen distally, without flange. After examining
specimens of this genus from China, six new species are here described. In addition,
Aspidophorodon cornuatum Qiao, 2015 is regarded as a junior synonym of Aspido-
phorodon longituberculatum (Zhang, Zhong & Zhang, 1992), syn. nov. Two species,
Aspidophorodon harvense Verma and Aspidophorodon indicum (David, Rajasingh &
Narayanan) are recorded in China for the first time.

Materials and methods

Morphological description

Aphid terminology in this paper generally follows that of Chen et al. (2015). The unit of

measurement is millimeters (mm). In this paper, the following abbreviations are used:

Ant. I, I, ITL, IV, V, VI antennal segments I, IT, IIL, IV, V, VI;

Ant. IVb, Vb, VIb base of segment IV, V or VI, respectively;
PT processus terminalis;

Ant. ITIIBD basal diameter of antennal segment II1;
URS ultimate rostral segment;

BW URS basal width of ultimate rostral segment;
MW hind tibia mid-width of hind tibia;

2HT second hind tarsal segment;

SIPH siphunculus;

BW SIPH basal width of siphunculus;

MW SIPH mid-width of siphunculus;

DW SIPH distal width of siphunculus;

BW Cauda basal width of cauda.

DNA barcoding

The DNA barcodes of twenty-six samples of Aspidophorodon were obtained, including
the six new species and seven known species. The aphid samples used in this research
and voucher information are listed in Table 1.

The methods of extracting DNA and PCR thermal regime followed those of Chen et
al. (2015). Sequences were assembled by SeqMan II (DNAStar, Inc., Madison, W1, USA)
with inspection and manual editing, and then were examined using BLAST to confirm the
sequences were highly similar to aphid species. All sequences were deposited in GenBank
(Table 1). Multiple alignments were performed with Clustal W (Thompson et al. 1994)
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Table 1. Voucher and GenBank accession numbers for aphid samples used in the molecular analyses.

Species Voucher number Collection locality Host plant COI

A. capitatum Qiao & Xu, sp. nov. 49120 China: Tibet (Bomi) Salix sp. OK668442
A. capitatum Qiao & Xu, sp. nov. 51730 China: Tibet (Bomi) Salix sp. OK668446
A. furcatum Qiao & Xu, sp. nov. 45884 China: Sichuan (Minya Konka) ~ Salix sp. OK668438
A. furcatum Qiao & Xu, sp. nov. 45911 China: Sichuan (Minya Konka) Salix sp. OK668439
A. harvense Verma 45942 China: Sichuan (Ganzi) Spiraea sp. OK668440
A. indicum (David, Rajasingh & Narayanan) 52024 China: Tibet (Jilong) Cotoneaster sp.  OK668434
A. indicum (David, Rajasingh & Narayanan) 52044 China: Tibet (Jilong) Cotoneaster sp.  OK668447
A. longicauda (Richards) CNC#HEM114051 Canada Unknown KR031700.1*
A. longicauda (Richards) CNC#HEMO057620 Canada Unknown  KR038732.1*
A. longicanda (Richards) CNC#HEM114048 Canada Unknown  KR038867.1*
A. longicauda (Richards) CNC#HEMO057547 Canada Unknown  KR042463.1*
A. longicauda (Richards) CNC#HEMO057563 Canada Unknown  KR045217.1*
A. longicornutum Qiao & Xu, sp. nov. 41008 China: Shaanxi (Ankang) Salix sp. OK668436
A. longicornutum Qiao & Xu, sp. nov. 41027 China: Shaanxi (Ankang) Unknown OK668437
A. longirostre Qiao & Xu, sp. nov. 15089 China: Sichuan (Baoxing) Salix sp. OK668432
A. cornuarum (Qiao), 2015, syn. nov. 25908 China: Tibet (Yadong) Salix cupularis  KJ374724*
A. cornuatum (Qiao), 2015, syn.nov. 51707 China: Tibet (Bomi) Salix sp. OK668444
A. longituberculatum (Zhang, Zhong & 51707 al. China: Tibet (Bomi) Salix sp. OK668445
Zhang, 1992)

A. musaicum Qiao 17257 China: Sichuan (Meigu) Unknown KJ374722*
A. obtusum Qiao 22562 China: Sichuan (Minya Konka) — Salix sp. KJ374723*
A. obtusum Qiao 47777 China: Sichuan (Minya Konka) Cotoneaster sp. OK668441
A. reticulatum Qiao & Xu, sp. nov. 37265 China: Tibet (Cuona) Salix cupularis  OK668435
A. salicis Miyazaki 15038 China: Sichuan (Baoxing) Salix sp. KT221040*
A. salicis Miyazaki 49999 China: Beijing Salix sp. OK668443
A. salicis Miyazaki 23167 China: Sichuan (Leshan) Salix sp. KT221041*
A. obtusirostre Qiao & Xu, sp. nov. 35918 China: Beijing (Mt. Dongling) ~ Unknown OK668433

*Sequences downloaded from GenBank.

and then verified manually. Pairwise genetic distances and Neighbor-joining (N]) tree for
COI gene were estimated using MEGA7 (Kumar et al. 2016) under Kimura’s two-param-
eter (K2P) model (Kimura 1980). Bootstrap analyses were performed with 1000 replicates.

Specimen depositories

The holotypes and some paratypes of six new species and other specimens exam-
ined are deposited in the National Animal Collection Resource Center, Institute
of Zoology, Chinese Academy of Sciences, Beijing, China (unmarked in the text).
The other paratypes of new species are deposited in the Natural History Museum,
London, UK (NHMUK, marked in the text).

Taxonomy

Aspidophorodon Verma, 1967

Aspidophorodon Verma 1967: 507. Type species: Aspidophorodon harvense Verma 1967;
by original designation. Miyazaki 1971: 183; Eastop and Hille Ris Lambers 1976:
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95; Remaudi¢re and Remaudiére 1997: 73; Zhang et al. 1999: 349; Blackman and
Eastop 2006: 1098; Stekolshchikov and Novgorodova 2010: 44; Nieto Nafria et
al. 2011: 145; Chen et al. 2015: 557.

Indotuberoaphis Chakrabarti & Maity 1984: 198. Type species: Indotuberoaphis sorbi
Chakrabarti & Maity 1984; by original designation.

Margituberculatus Zhang, Zhong & Zhang 1992: 381. Type species: Margituberculatus
longituberculatum Zhang, Zhong & Zhang 1992; by original designation.

Raychaudhuriella Chakrabarti 1978: 355. Type species: Raychaudhuriella myzaphoides
Chakrabarti 1978: 357; by original designation.

Generic diagnosis. Head with three processes on frons; median frontal tubercle in apterae
distinctly protuberant, hemispherical, rectangular, or forked, sometimes with a depression
at the middle; antennal tubercles undeveloped, but each with a cylindrical, finger-shaped,
or long horn-shaped process at inner apex, the process higher or lower than median fron-
tal tubercle in apterae. Body dorsum with various markings in apterous viviparous fe-
males: wrinkles, irregular polygonal reticulations, oval or semicircular sculptures, or small
papillate tubercles. Antennae 4- or 5-segmented (rarely 6-segmented) in apterae, 5- or
6-segmented in alatae. Ant. I usually rounded or projected to short cylindrical at inner
apex. Secondary rhinaria present on antennal segments III-V in alatae. SIPH spoon-
shaped, broad at base, thin at the middle, slightly swollen distally, obliquely truncated at
tip, without flange. Cauda tongue-shaped or elongate conical, slightly constricted near
the middle, sometimes with a constriction at base, with 4-5 setae, rarely 6-11.

Distribution. Canada, China, India, Japan, Russia (Sakhalin, the Altai Republic,
and the Kuril Islands), and Kashmir region.

Host plants. Rosaceae (Cotoneaster, Potentilla, Sorbus, Spiraea), and Salicaceae
(Salix), rarely on Polygonaceae (Polygonum).

Comments. The genus Aspidophorodon includes two subgenera, the nominate
subgenus and subgenus Eoessigia. The most important difference between the two
subgenera is the presence of at least one spinal process on abdominal tergite VIII in
Aspidophorodon (Evessigia), whereas no such spinal process is found on members of the
nominate subgenus. See Chen et al. (2015) for a key to subgenera.

Subgenus Aspidophorodon Verma, 1967

Aspidophorodon Verma 1967: 507. Type species: Aspidophorodon harvense Verma 1967;
by original designation.

Aspidophorodon (Aspidophorodon) Verma: Remaudiére and Remaudiére 1997: 73; Ste-
kolshchikov and Novgorodova 2010: 44; Nieto Nafria et al. 2011: 145; Chen et
al. 2015: 557.

Comments. Spinal processes on body dorsum absent, and marginal processes present
or absent on thoracic nota and abdominal tergites I-IV in apterae. Median frontal
tubercle protuberant, hemispherical, rectangular, sometimes with a depression at the
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middle in apterae. Antennae 4- or 5-segmented in apterae. Cauda tongue-shaped with
4 or 5 setae, sometimes with 6 setae.

The nominate subgenus contains seven species, including three new species. Aspi-
dophorodon harvense Verma is first recorded in China. This subgenus is mainly distrib-
uted in eastern Asia.

Key to the species of Aspidophorodon (Aspidophorodon) (based on apterous
viviparous females)

1 Marginal processes on thoracic nota and abdominal tergites absent ............ 2
- Marginal processes on thoracic nota and abdominal tergites present........... 5
2 Head with three inconspicuous processes on frons, median frontal tubercle

moderately protuberant; antennal tubercles each with an inconspicuous pro-
cess at inner apex; Ant. I rounded at inner apex; body dorsum scabrous with
many small papillate tubercles; body dorsal setae extremely thick long and
capitate, on swollen setal tubercles......... A. capitatum Qiao & Xu, sp. nov.
- Head with three developed processes on frons, median frontal tubercle rec-
tangular or hemispherical; antennal tubercles each with a short cylindrical or
horn-shaped process at inner apex; Ant. I projected at inner apex; body dor-
sum with reticulations, without small papillate tubercles; body dorsal setae
short and thin, blunt or pointed at apices, on normal setal tubercles........... 3
3 Median frontal tubercle with a depression at the middle; process at inner apex
of antennal tubercle as high as median frontal tubercle .... A. salicis Miyazaki
- Median frontal tubercle without a depression at the middle; process at inner
apex of antennal tubercle much higher than median frontal tubercle .......... 4
4 Antennal tubercles each with a long horn-shaped process at inner apex, 2.40—
2.50 x as long as its basal width; body dorsum with distinctly oval and po-
lygonal reticulations............cccooeiiiiiiiiiiiiiiii, A. harvense Verma
- Antennal tubercles each with a cylindrical process at inner apex, 1.82—
2.04 x as long as its basal width; body dorsum with reticulations consisting of
small triangles arranged in polygons..... A. reticulatum Qiao & Xu, sp. nov.
5 Antennal tubercles each with a short cylindrical process at inner apex, the
process lower than median frontal tubercle; marginal processes on meso- and
metanotum and abdominal tergites I-1V distinctly long and horn-shaped....
....................................................... A. longicornutum Qiao & Xu, sp. nov.
- Antennal tubercles each with a cylindrical process at inner apex, the process
higher than median frontal tubercle; marginal processes on thoracic nota and
abdominal tergites I-IV cylindrical...........ccccoiiiiiiiii, 6
6 Abdominal tergites with irregular polygonal mosaic-like markings; marginal
processes on thoracic nota and abdominal tergites I-IV long and tapered......
....................................................................................... A. musaicum Qiao
- Abdominal tergites with reticulations formed by small irregular oval mark-
ings; marginal processes on thoracic nota and abdominal tergites I-IV cylin-
drical, with obtuse apices .......cccovverineiniinncicccees A. obtusum Qiao
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Aspidophorodon capitatum Qiao & Xu, sp. nov.
http://zoobank.org/10158 1 BE-83AD-4F7B-9C28-BEB8F727838F
Figs 1-2, 21A, Table 2

Specimens examined. Holotype: apterous viviparous female, CHiNa, Tibet (Bomi
County, 30.15°N, 94.99°E, altitude 2160 m), 01.IX.2020, No. 49120-1-1-2, on Salix
sp., coll. Y. Xu. Paratypes: one apterous viviparous female (slide), No. 49120-1-1-1,
one apterous viviparous female (COI: OK668442), and four fourth instar apterous
nymphs, with the same collection data as holotype; one apterous viviparous female,
26.V1.2021, No. 51696-1-1, on Salix sp., coll. Y. Xu; one apterous viviparous fe-
male (slide) and one apterous viviparous female (COI: OK668446), 29.V1.2021, No.
51730-1-2, on Salix sp., coll. Y. Xu; one apterous viviparous female, No. 49120-1-2
(NHMUK), with the same collection data as holotype.

Diagnosis. Dorsum of body densely covered with small papillate tubercles; me-
dian frontal tubercle moderately protuberant, with a shallow depression at the middle;
antennal tubercles each with an inconspicuous process at inner apex lower than me-
dian frontal tubercle; dorsal setae of body distinctly long, thick, capitate, on swollen
setal tubercles.

Description. Apterous viviparous females: body elongated oval (Fig. 2A), yellow-
ish white in life (Fig. 21A).

Mounted specimens. Body pale; head, compound eyes, Ant. IV, distal part of
rostrum, legs, setal tubercles, distal part of SIPH, cauda and anal plate pale brown; tarsi
brown. Thoracic nota and abdominal tergites I-IV each with one pair of spinal and
one pair of pleural sclerites, tergites V-VII each with one pair of spinal sclerites, those
sclerites pale brown in color; tergite VIII with a pale brown band (Figs 1C, 2A); other
parts pale in color. See Table 2 for general measurements.

Head. Ocular tubercles small. Dorsum of head densely covered with small papil-
late tubercles (Figs 1A, 2B), venter with wrinkles and sparse small papillate tubercles.
Median frontal tubercle moderately protuberant, with a shallow depression at the mid-
dle (Figs 1A, 2B), with one pair of long capitate setae on venter. Antennal tubercles
undeveloped, each with an inconspicuous process at inner apex, lower than median
frontal tubercle, each process with a long capitate seta at apex (Figs 1A, 2B). Dor-
sal setae of head extremely long, thick, capitate, on swollen setal tubercles which are
covered with sparsely small papillae. Head with one pair of cephalic setae, one pair of
dorsal setae between antennae, and two pairs of dorsal setae between compound eyes
arranged transversely (Figs 1A, 2B). Antennae 4-segmented, Ant. I-II with wrinkles,
Ant. III-1V slightly imbricated; Ant. I rounded at inner apex (Figs 1B, 2C). Antennal
setae long, thick and capitate on Ant. I-11, short and blunt on Ant. III-IV; Ant. I-IV
with 3, 1-2, 1-2, 2 (base) +0-1 (PT) setae, respectively; apex of PT with two or three
setae. Primary rhinaria not ciliated. Rostrum reaching mid-coxae, URS wedge-shaped
(Figs 1D, 2D), with three pairs of primary setae, without accessory setae.

Thorax. Pronotum densely covered with small papillate tubercles, meso- and
metanotum with small papillate tubercles, distinctly developed on marginal area. Dor-
sal setae of thorax extremely long, thick, capitate, on swollen setal tubercles which are
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Figure 1. Aspidophorodon capitatum Qiao & Xu, sp. nov. Apterous viviparous female A dorsal view of
head B antenna € dorsal view of thorax and abdomen D ultimate rostral segment E hind tibia and tarsi
F marginal seta of abdominal tergite I G siphunculus H marginal seta of abdominal tergite V' I spinal
setae of abdominal tergite VII ] spinal seta of abdominal tergite VIII K cauda L anal plate M genital plate.
Scale bars: 0.10 mm.
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Figure 2. Aspidophorodon capitatum Qiao & Xu, sp. nov. Apterous viviparous female A dorsal view of
body B dorsal view of head € antenna D ultimate rostral segment E hind tibia and tarsi F papillated
tubercles at seta-basal of abdominal tergites G marginal setae of metanotum and abdominal tergites I-IV
H dorsal view of abdominal tergites VI-VIII I siphunculus J cauda K anal plate L genital plate. Scale
bars: 0.10 mm.
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covered with sparsely small papillae; pronotum with two pairs of spinal setae, arranged
anteriorly and posteriorly, one pair of pleural and one pair of marginal setae; meso-
, and metanotum with two pairs of spinal, pleural, and marginal setae, respectively
(Figs 1C, 2A). Legs normal. Distal parts of femora and tibiae slightly imbricated. Setae
on 2/3 distal part of femora and hind tibiae short, blunt ventrally and capitate dorsally
(Figs 1E, 2E). First tarsal chaetotaxy: 3, 2, 2. Second tarsal segments with imbrications.

Abdomen. Abdominal tergites with small papillate tubercles (Fig. 2F), distinctly
developed on marginal area. Venter of abdominal tergites III-VIII with fine spinules
arranged in rows. Dorsal setae of abdomen extremely long, thick, capitate, on swollen
setal tubercles which are covered with small papillae (Figs 1C, 1E 11, 2G); the mar-
ginal setae of tergites V-VII short, thin, and capitate (Fig. 1H), the setae on tergite
VIII long and pointed (Fig. 1]); ventral setae short and pointed. Abdominal tergite I
with two pairs of spinal, one pair of pleural and one pair of marginal setae, tergites II-
IV each with one pair of spinal, pleural and marginal setae, tergite V with one pair of
pleural and one pair of marginal setae, tergites VI-VIII with one pair of spinal and one
pair of marginal setae (Figs 1C, 2A). Length of marginal setae on abdominal tergites
I-IV, marginal setac on abdominal tergites V=VII, spinal and marginal setae on ab-
dominal tergite VIII 9.65-10.78, 0.60-0.67, 2.50-3.11, 0.90-1.17 x as long as Ant.
HIBD, respectively. Spiracles reniform and open. SIPH long, spoon-shaped, broad at
base, thin at the middle, slightly swollen distally; basal part with small papillate tu-
bercles, other parts with imbrications, obliquely truncated at tip, without flange (Figs
1G, 2I). Cauda elongate, conical, slightly constricted at the middle, with spinulose
imbrications (Figs 1K, 2]) and four setae. Anal plate semicircular, hind margin slightly
protruding backwards, spinulose (Figs 1L, 3K), with 6-9 setae. Genital plate broadly
round with sparse spinules in transverse rows, hind margin slightly protruding back-
wards (Figs 1M, 2L); with two anterior setae and two setae along the posterior margin.

Fourth instar apterous nymph. As in apterous viviparous females, except setae
on legs long and pointed, and with a row of short and blunt setae dorsally on middle
of hind tibiae.

Etymology. The species is named for its extremely long, thick and capitate setae,
capitatum being the neuter form of the adjective.

Taxonomic notes. The new species resembles A. harvense Verma, but differs from
it as follows: dorsum of body scabrous, with densely distributed, small, papillate tuber-
cles (the latter: dorsum of body with irregular polygonal markings); median frontal tu-
bercle moderately protuberant, with a shallow depression at middle, antennal tubercles
each with an inconspicuous process at inner apex, lower than median frontal tubercle
(the latter: median frontal tubercle hemispherical, without a depression at middle,
antennal tubercles each with a long horn-shaped process at inner apex, higher than
median frontal tubercle); dorsal setae of body extremely long, thick, and capitate, with
swollen bases (dorsal setae of body short, thin, and blunt, with normal bases).

Host plant. Salix sp.

Distribution. China (Tibet).

Biology. The species dispersedly feeds on the undersides of leaves (Fig. 21A).
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Aspidophorodon harvense Verma, 1967
Figs 3-5, 21F Table 2

Aspidophorodon harvense Verma 1967: 507; Eastop and Hille Ris Lambers 1976: 96;
Blackman and Eastop 1994: 569.

Aspidophorodon (Aspidophorodon) harvense Verma: Remaudiére and Remaudiére 1997:
73; Stekolshchikov and Novgorodova 2010: 44; Chen et al. 2015: 558.

Specimens examined. Two apterous viviparous females (slides) and one apterous
viviparous female (COI: OK668440), CHiNA: Sichuan (Ganzi City, Minya Konka,

Figure 3. Aspidophorodon harvense Verma. Apterous viviparous female A dorsal view of head B antenna
C ultimate rostral segment D irregular polygonal markings on abdominal tergites E siphunculus F cauda
G anal plate H genital plate. Alate viviparous female | dorsal view of head J antenna K siphunculus
L cauda. Scale bar: 0.10 mm.
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B

Figure 4. Aspidophorodon harvense Verma A dorsal view of apterous viviparous female B dorsal view of

alate viviparous female. Scale bar: 0.10 mm.

29.90°N, 102.03°E, alticude 4031 m), 30.VIL.2019, No. 45939-1-1, No. 45942-1-1-
2, on Spiraea sp., coll. ].E Ji; one alate viviparous female, No. 45942-1-1-1, with the
same collection data as apterous viviparous females.

Comment. Aspidophoron being neuter, the adjectival specific epithet is also neuter,
so harvensis is revised as harvense.
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Figure 5. Aspidophorodon harvense Verma. Apterous viviparous female A dorsal view of head B antenna
C ultimate rostral segment D irregular polygonal markings on abdominal tergites E siphunculus F cauda
G anal plate H genital plate. Alate viviparous female I dorsal view of head J antenna K siphunculus
L cauda. Scale bars: 0.10 mm.

Host plant. Spiraea sp. (Rosaceae) (Fig. 21F), however, this species was collected
from Salix sp. in Kashmir in May (Verma 1967).

Distribution. China (Sichuan), Kashmir.

Biology. The species mostly colonizes along veins on the undersides of leaves (Ver-

ma 1967).
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Aspidophorodon longicornutum Qiao & Xu, sp. nov.
http://zoobank.org/ C13CA9IES-905F-44D7-B240-63268FA0691C
Figs 6—7, Table 2

Specimens examined. Holotype: apterous viviparous female, CHINA: Shaanxi (An-
kang City, 33.64°N, 109.37°E, altitude 2020 m), 16.VI1.2017, No. 41008-1-1-1,
on Salix sp., coll. H. Long and J.E Ji. Paratypes: one apterous viviparous female
(slide), No. 41008-1-1-2 and one apterous viviparous female (COI: OK6684306),
two apterous viviparous females, No. 41029-1-1, with the same collection data as
holotype; one apterous viviparous female, Shaanxi (Ankang City), 15.VI1.2017, host
plant unknown, No. 41000-1-1, coll. H. Long and J.E Ji; two apterous viviparous
females (slides), Shaanxi (Ankang City), 16.VI.2017, No. 41027-1-1 and one apter-
ous viviparous female (COI: OK668437), host plant unknown, coll. H. Long and
J.E Ji (NHMUK).

Diagnosis. Dorsum of body with oval sculptures; median frontal tubercle protu-
berant, hemispherical, antennal tubercles each with a short finger-shaped process at
inner apex, lower than median frontal tubercle; meso-, metanotum, and abdominal
tergites [-IV each with one pair of strongly imbricated and long horn-shaped marginal
processes; dorsal setae of abdomen long and thick, slightly swollen at apices, with dis-
tinct setal tubercles.

Description. Apterous viviparous females: body elongated oval (Fig. 7A), yellow-
ish white in life.

Mounted specimens. Body pale; distal part of rostrum, cauda and anal plate pale
brown, other parts pale in color (Fig. 7A). See Table2 for general measurements.

Head. Ocular tubercles small. Dorsum of head covered with semicircular and
wavy sculptures on median area, marginal area smooth, venter with slight wrinkles
(Figs 6A, 7B). Median frontal tubercle distinctly protuberant, rectangular (Figs 6A, 7B),
with one pair of long, capitate setaec on venter. Antennal tubercles undeveloped, each
with a short finger-shaped process at inner apex, lower than median frontal tubercle
(Figs 6A, 7B), each process with a long, and capitate seta at apex. Dorsal setae of head
long and thick, slightly swollen at apices, with distinct setal tubercles. Head with one
pair of cephalic setae, one pair of dorsal setae between antennae, and two pairs of dor-
sal setae between compound eyes arranged transversely. Antennae 4-segmented, Ant.
I and Ant. II smooth, Ant. III-VI with slight imbrication; Ant. I slightly projected at
inner apex (Figs 6B, 7C). Antennal setae long, thin and capitate on Ant. I and Ant. II,
short and blunt on Ant. III and Ant. IV; Ant. I-IV with 4, 1, 0, 1 (base)+1 (PT) setae,
respectively; apex of PT with two or three setae. Primary rhinaria ciliated. Rostrum
reaching between mid- and hind coxae; URS wedge-shaped (Figs 6D, 7D), with three
pairs of primary setae, without accessory setae.

Thorax. Pronotum with semicircular and wavy sculptures on spino-pleural area,
marginal area with small papillate tubercles. Meso- and metanotum with oval sculp-
tures on spinal area, pleura-marginal area with oval sculptures and small papillate
tubercles. Meso- and metanotum each with one pair of strongly imbricated and long
horn-shaped marginal processes (Figs 6C, 7F), each process with a short capitate seta
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Figure 6. Aspidophorodon longicornutum Qiao & Xu sp. nov. Apterous viviparous female A dorsal view of
head B antenna € marginal processes of thoracic nota and abdominal tergites I-IV D ultimate rostral seg-
ment E oval sculptures of abdominal tergites F marginal process of abdominal tergite IV G siphunculus
H spinal seta of abdominal tergite VIII | cauda J anal plate K genital plate. Scale bars: 0.10 mm.
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Figure 7. Aspidophorodon longicornutum Qiao & Xu, sp. nov. Apterous viviparous female A dorsal view
of body B dorsal view of head € antenna D ultimate rostral segment E hind tibia and tarsi F marginal
processes of thoracic nota and abdominal tergites I-IV G oval sculptures of abdominal tergites H sip-
hunculus I irregular wavy sculptures of abdominal tergite VIII J cauda K anal plate L genital plate. Scale

bars: 0.10 mm.
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at apex and a short capitate seta at base. Dorsal setae of thorax long and thick, slightly
swollen at apices, with distinct setal tubercles; pronotum with one pair of spinal,
pleural and marginal setae, respectively, meso- and metanotum each with one pair of
spinal and pleural setae. Legs normal, smooth. Setae on legs short, pointed ventrally
and short, capitate dorsally. Hind tibiae with a row of short, thick, and blunt setae
dorsally on middle (Fig. 7E). First tarsal chaetotaxy: 3, 2, 2. Second tarsal segments
slightly imbricated.

Abdomen. Abdominal tergites I-VII with distinctly oval sculptures on spino-
pleural area (Figs 6E, 7G), marginal area with small papillate tubercles; tergite VIII
with irregular wavy sculptures (Fig. 7I). Abdominal tergites I-IV each with one pair
of strongly imbricated and long horn-shaped marginal processes (Figs 6C, E, 7F), each
process with a short capitate seta at apex. Dorsal setae of abdomen long and thick,
slightly swollen at apices, with distinct setal tubercles (Fig. 6H); ventral setae short
and pointed. Abdominal tergites I-IV each with one pair of spinal and pleural setae,
tergite VII with 2—4 spino-pleural setae, tergite VIII with 7-9 setae. Spiracles reniform,
open or closed, spiracular plates slightly swollen. SIPH long spoon-shaped, straight,
broad at base, thin at middle, slightly swollen distally, with imbrications, obliquely
truncated at tip, without flange (Figs 6G, 7H). Cauda long tongue-shaped, slightly
constricted at middle, with spinulose imbrications and four setae (Figs 61, 7]). Anal
plate semicircular, spinulose (Figs 6], 7K); with 7-12 setae. Genital plate transversely
oval, with sparse spinules in transverse rows (Figs 6K, 7L); with two anterior setae and
four setae along the posterior margin.

Etymology. The species is named for its distinctly long horn-shaped marginal pro-
cesses on meso-, metanotum, and abdominal tergites I-IV; the Latin neuter adjective
cornutum means “horned”.

Taxonomic notes. The new species resembles A. longituberculatum (Zhang,
Zhong & Zhang) in meso-, metanotum and abdominal tergites I-IV each with one
pair of long horn-shaped marginal processes; but differs from it as follows: antennal
tubercles each with a short finger-shaped process at inner apex, lower than median
tubercle (the latter: antennal tubercles each with a long horn-shaped process at inner
apex and higher than median tubercle); antenna 4-segmented, 0.35-0.40 x as long as
body length (the latter: antenna 5-segmented, 0.43—0.47 x as long as body length);
pronotum without marginal processes, meso- and metanotum and abdominal ter-
gites I-1V with distinctly long horn-shaped marginal processes, 0.211-0.325 mm,
about as long as SIPH (the latter: pronotum with short conical marginal processes,
meso- and metanotum and abdominal tergites I-IV with long horn-shaped mar-
ginal processes, 0.084—0.206 mm, shorter than SIPH); dorsal setae of body long and
thick, slightly swollen at apices, with distinct bases (the latter: dorsal setae thin, short
and capitate); abdominal tergite VIII with 7-9 setae (the latter: abdominal tergite
VIII with two setae).

Host plant. Salix sp.

Distribution. China (Shaanxi).

Biology. The species disperses on the undersides of leaves.
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Aspidophorodon musaicum Qiao, 2015
Aspidophorodon (Aspidophorodon) musaicum Qiao: Chen et al. 2015: 557, 560.

Specimens examined. Two apterous viviparous females (holotype and paratype),
CHiNa: Sichuan (Meigu County, altitude 2600 m), 04.V.2005, No. 17257-1-4, host
plant unknown, coll. X.L. Huang.

Comment. Aspidophoron being neuter, the adjectival specific epithet is also neuter,
so musaicus is revised as musaicum.

Host plant. Unknown.

Distribution. China: Tibet.

Biology. The species colonizes the undersides of leaves of its host plant.

Aspidophorodon obtusum Qiao, 2015
Aspidophorodon (Aspidophorodon) obtusum Qiao: Chen et al., 2015: 557,563.

Specimens examined. Two apterous viviparous females and four fundatrices (holo-
type and paratypes), CHINA: Sichuan (Luding County, Minya Konka), 16.V.2009, No.
22562-1-3-1, on Salix sp., coll. X.M. Su; one apterous viviparous female (slide) and
one apterous viviparous (COI: OK668441), Sichuan (Luding County, Minya Konka),
30.1X.2019, No. 47777-1-2, on Cotoneaster sp., coll. J.E Ji.

Comments. The species have been collected on Salix cupularis in May (Chen et al.
2015) and on Cotoneaster sp. in September. The population on Coroneaster sp. is with-
out marginal processes, which differs from ones on Salix cupularis in morphological
characteristics. However, the DNA sequences of the samples from both host plants are
aligned 100% and other characters are similar between the two populations; therefore,
there are two different host plant morphs in this species.

Aspidophoron being neuter, the adjectival specific epithet is also neuter, so obrusus
is revised as obrusum.

Host plant. Salix cupularis, Cotoneaster sp. (Rosaceae).

Distribution. China: Sichuan.

Biology. The species colonizes the undersides of leaves of its host plants (Fig. 21G).
The life cycle is unknown.

Aspidophorodon reticulatum Qiao & Xu, sp. nov.
http://zoobank.org/9A45D20A-071D-4EAA-8AA9-8ED1FA4867A7
Figs 8-9, Table 2

Specimens examined. Holotype: apterous viviparous female, CHina: Tibet (Cuona
County), 5.V1.2016, No. 37265-1-1, on Salix cupularis, coll. E F. Niu; Paratypes:
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one apterous viviparous female (slide) and one apterous viviparous female (COI:
OK668435), No. 37265-1-2, with the same collection data as holotype.

Diagnosis. Dorsum of body with distinct reticulations that consist of small trian-
gles arranged in polygons; median frontal tubercle distinctly protuberant, rectangular;
antennal tubercles each with a cylindrical process at inner apex, higher than median
frontal tubercle; dorsal setae of abdomen sparse and short, with small setal tubercles.

Description. Apterous viviparous females: body elliptical (Fig. 9A), green in life.

Mounted specimens. Body pale, PT, distal part of rostrum, tarsi, distal parts of
SIPH, cauda, anal plate and genital plate pale brown (Fig. 9A). Thoracic nota and ab-
dominal tergites I-VIII each with one pair of spinal sclerites, pale brown in color, other
parts pale in color (Fig. 9A, F). See Table 2 for general measurements.

Figure 8. Aspidophorodon reticulatum Qiao & Xu, sp. nov. Apterous viviparous female A dorsal view of
head B antenna € ultimate rostral segment D reticulations formed by strings of small triangles arranged in
polygons on abdominal tergites E siphunculus F cauda G anal plate H genital plate. Scale bars: 0.10 mm.
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Figure 9. Aspidophorodon reticulatum Qiao & Xu, sp. nov. Apterous viviparous female A dorsal view of
body B dorsal view of head € antenna D ultimate rostral segment E hind tibia and tarsi F reticulations

formed by strings of small triangles arranged in polygons on abdominal tergites G siphunculus H cauda
I anal plate ] genital plate. Scale bars: 0.10 mm.

Head. Ocular tubercles small. Dorsum of head covered with wrinkles between
compound eyes, anterior part with weak wrinkles (Figs 8A, 9B). Median frontal tuber-
cle distinctly protuberant, rectangular (Figs 8A, 9B), with one pair of long and pointed
setae on venter. Antennal tubercles undeveloped, each with a cylindrical, slightly wrin-
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kled process at inner apex, higher than median frontal tubercle, each process with a
short and pointed seta at apex (Figs 8A, 9B). Dorsal setae of head short and slightly
blunt, with small setal tubercles. Head with one pair of cephalic setae, one pair of
dorsal setae between antennae and two pairs of dorsal setae between compounds eyes
arranged transversely. Antennae 5-segmented, Ant. I-III smooth, Ant. IV-V with im-
brications (Figs 8B, 9C); Ant. I slightly projected at inner apex. Antennal setae short
and pointed, Ant. -V with 3-4, 3, 1-2, 1, 1-2 (base) +1 (PT) setae, respectively; apex
of PT usually with two setae. Primary rhinaria ciliated. Rostrum reaching mid-coxae;
URS wedge-shaped (Figs 8C, 9D), with two pairs of primary setae and two pairs of
accessory setae.

Thorax. Thoracic nota with reticulations consist of small triangles arranged in
polygons, those developed on pronotum. Dorsal setae of thorax short and blunt, with
small setal tubercles; pronotum with two pairs of spinal setae, arranged anteriorly and
posteriorly, one pair of pleural and one pair of marginal setae; meso- and metanotum
each with one pair of spinal and one pair of pleural setae, two pairs of marginal setae.
Legs normal, coxae and femora smooth, distal parts of tibiae imbricated. Setae on 2/3
distal part of femora and tibiae, short and pointed (Fig. 9E). First tarsal chaetotaxy: 3,
3, 2. Second tarsal segments with imbrications.

Abdomen. Abdominal tergites I-VII with reticulations consisting of small triangles
arranged in polygons (Figs 8D, 9F). Dorsal setae of abdomen sparse, short, pointed or
slightly blunt, with small setal tubercles; ventral setae short and pointed. Abdominal
tergites I-III each with one pair of spinal, pleural and marginal setae; tergites IV-VII
each with one pair of spinal and one pair of marginal setae; tergites VIII with one pair
of spinal setae. Spiracles reniform and open, spiracular plates slightly swollen. SIPH
spoon-shaped, smooth, broad at base, thin at middle, swollen distally, obliquely trun-
cated at tip, without flange (Figs 8E, 9G). Cauda elongate conical, slightly constricted
at middle, with spinulose imbrications and four setae (Figs 8F, 9H). Anal plate semi-
circular, spinulose (Figs 8G, 91), with 15-16 setae. Genital plate transversely oval, with
sparse spinules in transverse rows (Figs 8H, 9]), with three or four anterior setae and
four setae along the posterior margin.

Etymology. The species is named for the reticulations apparent on the dorsum of
the body, reticulatum being the neuter form of the adjective.

Taxonomic notes. The new species resembles A. harvense Verma but differs from
it as follows: antennal tubercles each with a cylindrical process at inner apex, 0.051—
0.056mm, 1.82-2.04 x as long as its width (the latter: antennal tubercles each with a
long finger-shaped process at inner apex, 0.110-0.120mm, 2.40-2.50 x as long as the
basal width); dorsum of body with reticulations consist of small triangles arranged in
polygons (the latter: dorsum of body with oval and irregular polygonal reticulations);
URS 2.70-2.72 x as long as the basal width, 1.51-1.61 x as long as 2HT (the latter:
URS 1.39-1.63 x as long as the basal width, 0.69-0.81 x as long as 2HT).

Host plant. Salix cupularis.

Distribution. China: Tibet.

Biology. The species colonizes the undersides of leaves of its host plant.
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Aspidophorodon salicis Miyazaki, 1971

Aspidophorodon salicis Miyazaki 1971: 183; Eastop and Hille Ris Lambers 1976: 96;
Blackman and Eastop 1994: 569.

Aspidophorodon sinisalicis Zhang: Zhang and Zhong 1980: 58.

Trichosiphonaphis lijiangensis Zhang, Zhong and Zhang 1992: 389.

Aspidophorodon (Aspidophorodon) salicis Miyazaki: Remaudiére and Remaudiére 1997:
74; Stekolshchikov and Novgorodova 2010: 44; Chen et al. 2015: 567.

Specimens examined. Two alate viviparous females and 13 apterous viviparous fe-
males, CHINA: Yunnan (Lijiang City), 27.V.1980, No. 7165, on Salix sp., coll. T.S.
Zhong and L.Y. Wang; two apterous viviparous females, CHINA: Gansu (Minxian
County), 16.X.1985, No. 8326-1-4, on Salix matsudana var. tortuosa, coll. J.H. Li;
four apterous viviparous females, CHINA: Xinjiang (Burqin County), 23.VIL.2007,
No. 20604, host plant unknown, coll. D. Zhang; four apterous viviparous females,
CHina: Ningxia (Jingyuan County, Mt. Liupan, altitude 1984 m), 26.V1.2008,
No. 21540, on Salix sp., coll. ]J. Chen; one apterous viviparous female and one
alate viviparous female, CHiNA: Sichuan (Leshan City), 12.V1.2009, No. 23167,
on Salix sp., coll. J. J. Yu and X. Y. Li; one apterous viviparous female, CHINA:
Beijing (Mt. Baihua), 24.VII1.2015, No. 35920-1-1, on Salix sp., coll. H. Long;
one apterous viviparous female, CHiNa: Hebei (Mt. Wuling), 18.VI1.2016, No.
37942-1-1, on Salix sp., coll. R.J. Zhang and S.F. Xu; two apterous viviparous fe-
males, CHINA: Shaanxi (Ankang City), 16.VI1.2017, No. 41014-1-1, on Salicaceae,
coll. H. Long and J.E Ji; one apterous viviparous female, CHINA: Sichuan (Ganzi
County), 18.VIL.2017, No. 45762-1-1, on Salix sp., coll. J.E Ji; one apterous vi-
viparous female, CHINA: Sichuan (Mianyang City), 21.VI.2017, No. 41297-1-1,
on Salix sp., coll. C. Gao; two apterous viviparous females (slides) and one apterous
viviparous female (COI: OK668443), Cuina: Hebei (Mt. Xiaowutai), 6.V.2021,
No. 49999-1-1, on Salix sp., coll. Y. Xu.

Host plant. Polygonum sp., Salix pseudotangii, Salix udensis, Salix sp.

Distribution. China (Beijing, Gansu, Ningxia, Sichuan, Shaanxi, Xinjiang, Yun-
nan), Japan, Russia (Sakhalin and the Kuril Islands).

Biology. This species colonizes the undersides of leaves of its host plant (Fig. 21H-]).

Subgenus Eoessigia David, Rajasingh & Narayanan, 1972

Eoessigia David, Rajasingh & Narayanan 1972: 35. Type species: Evessigia indicum
David, Rajasingh & Narayanan 1972; by original designation.

Indotuberoaphis Chakrabarti & Maity 1984: 198. Type species: Indotuberoaphis sorbi
Chakrabarti & Maity 1984; by original designation.

Margituberculatus Zhang, Zhong & Zhang 1992: 381. Type species: Margituberculatus
longituberculatum Zhang, Zhong & Zhang 1992; by original designation.
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Raychaudhuriella Chakrabarti 1978: 355. Type species: Raychaudhuriella myzaphoides
Chakrabarti 1978: 357; by original designation.

Aspidophorodon (Eoessigia) David, Rajasingh & Narayanan: Remaudiére and Re-
maudiere 1997: 74; Stekolshchikov and Novgorodova 2010: 44; Nieto Nafria et
al. 2011: 198; Chen et al. 2015.

Comments. Spinal processes at least present on abdominal tergite VIII; antennal tu-
bercles each with an inconspicuous or finger-shaped process at inner apex; antenna
4-6 segmented; cauda with 4-11 setae; mainly on Rosaceae, sometimes on Salicaceae.
The subgenus contains eight species, including three new species. Aspidophorodon
(Evessigia) indicum (David, Rajasingh & Narayanan) is first recorded in China. Aspido-
phorodon cornuatum Qiao, 2015 is considered as a junior synonym of Aspidophorodon
longituberculatum (Zhang, Zhong & Zhang, 1992), syn. nov., as discussed below. Spe-
cies of this subgenus occur in Canada, China, India, and Russia (the Altai Republic).

Key to species of subgenus Eoessigia (based on apterous female viviparous)

1 SIPH shorter than cauda; PT more than 1.5 x as long as base of the seg-
IMENE ettt ennes A. longicauda (Richards)
- SIPH longer than cauda; PT shorter than 1.5 x as long as base of the seg-

2 Thoracic nota and abdominal tergites I-1V each with 1 pair of marginal pro-
CESSES 1uvverreireereeite et et e ete et e et e e bt e b e e e ae e b b et et b e ae e a e b et eae s 3
- Thoracic nota and abdominal tergites I-IV without marginal processes......4
3 Antennal tubercles each with a long finger-shaped process at inner apex; dor-
sum of head, thoracic nota and all abdominal tergites with paired or unpaired
spinal processes; thoracic nota and abdominal tergites I-IV each with 1 pair
of marginal processes ..........cococeeuerirueuennen A. sorbi (Chakrabarti & Maity)
- Antennal tubercles each with a long horn-shaped process at inner apex; dor-
sum of head, thoracic nota and all abdominal tergites without spinal pro-
cesses; thoracic nota and abdominal tergites I-IV each with 1 pair of long
horn-shaped marginal processes...........ccccceririruieiiininnieceiieeeecees
........................................ A. longituberculatum (Zhang, Zhong & Zhang)
4 Spinal processes present on abdominal tergites VII-=VIIL..........ccccccvvviinnnn.
..................................................... A. vera Stekolshchikov & Novgorodova
- Spinal processes only present on abdominal tergite VIIL.......ccccooeiininnnin, 5
5 Median frontal tubercle strongly depressed at middle into two cylinders; ab-
dominal tergite VIII produced caudad into triangular process..................... 6
- Median frontal tubercle slightly depressed at middle; abdominal tergite VIII
with conical spinal ProCesses ..........coveiriiirinieiniecrinicirecec e 7
6 Antennal tubercles each with a long finger-shaped process at inner apex,
0.077-0.095mm, higher than median frontal tubercle; rostrum reaching
mid-coxae, URS 2.21-3.18 x as long as its width, 1.31-1.62 x as long as
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2HT; triangular spinal processes on abdominal tergite VIII blunt at apex.....
................................................................ A. furcatum Qiao & Xu, sp. nov.
- Antennal tubercles each with a short finger-shaped process at inner apex,
0.027-0.047mm, as high as median frontal tubercle; rostrum reaching meta-
coxae, URS 3.28-3.42 x as long as its width, 1.56-1.92 x as long as 2HT;
triangular spinal processes on abdominal tergite VIII constricted at apex......
.............................................................. A. longirostre Qiao & Xu, sp. nov.
7 Antenna 5-segmented, 0.30-0.36 x as long as body length; antennal tuber-
cles each with a weakly protuberant process at inner apex and slightly lower
than median frontal tubercle; dorsum of head with distinct wrinkles between
compound eyes, thoracic nota and abdominal tergites I-VII with slight wrin-
KLES et A. obtusirostre Qiao & Xu, sp. nov.
- Antenna 6-segmented, 0.38-0.52 x as long as body length; antennal tuber-
cles each with a short finger-shaped process at inner apex and lower than
median frontal tubercle; dorsum of head with densely semicircular and wavy
sculptures, thoracic nota and abdominal tergites I-VII with semicircular and
wavy sculptures........coceveuenns A. indicum (David, Rajasingh & Narayanan)

Aspidophorodon (Eoessigia) furcatum Qiao & Xu, sp. nov.
http://zoobank.org/7BFCA822-1A5A-469E-8BD6-CE4531 EAS8SAF
Figs 10-12, 22A, B, Table 3

Specimens examined. Holotype: apterous viviparous female, CHINA: Sichuan (Ganzi
City, Minya Konka, 29.55°N, 101.97°E, altitude 3617 m), 25.VI1.2019, No. 45915-
1-1, on Salix sp., coll. J.E Ji. Paratypes: five apterous viviparous females (slides) and
one apterous viviparous female (COI: OK668439), No. 45911-1-1, with the same
collection data as holotype; two apterous viviparous females (slides) and one apterous
viviparous female (COI: OK668438), CriNa: Sichuan (Luding County, Minya Kon-
ka), 20.VI1.2019, No. 45884-1-1, on Salix sp., coll. ].E. Ji; one apterous viviparous
female, CriNa: Sichuan (Luding County, Minya Konka), 22.VI1.2019, No. 45896-
1-1, on Salix sp., coll. ].E. Ji (NHMUK); one fourth instar apterous nymph, CHINA:
Sichuan (Luding County, Minya Konka), 23.VI1.2019, No. 45906-1-1, on Salix sp.,
coll. J.E Ji; three fourth instar alate nymphs, CHiNa: Sichuan (Luding County, Min-
ya Konka), 27.1X.2019, No. 47741, on Salix sp., coll. J.E Ji; three fourth instar alate
nymphs, CHiNa: Sichuan (Luding County, Minya Konka), No. 47737-1-2, on Salix
sp., coll. J.E Ji, two fourth instar alate nymphs CHina: Tibet (Linzhi City, 29.57°N,
94.57°E, altitude 3550 m), 30.VII1.2020, No. 49104-1-1, on Salix sp., coll. Y. Xu.
Diagnosis. Head dorsum covered with oval and wavy sculptures; median fron-
tal tubercle well-developed, strongly imbricated, with a strong depression at middle
separating it into two cylinders, hence fork-shaped; antennal tubercles each with a
long finger-shaped and strongly imbricated process at inner apex, higher than median
frontal tubercle; abdominal tergite VIII produced caudad into triangular spinal process
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Figure 10. Aspidophorodon (Evessigia) furcatum Qiao & Xu, sp. nov. Apterous viviparous female A dorsal
view of head B antenna 4-segmented € antenna 5-segmented D ultimate rostral segment E spinal process
of abdominal tergite VIII F siphunculus G cauda H anal plate I genital plate. Scale bars: 0.10 mm.

which reaches the end of the cauda and covered with distinctly irregular polygonal
markings and marginal area with wavy sculptures.

Description. Apterous viviparous females: body broadly oval (Fig. 11A), yellowish
in life (Fig. 22A, B).
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Figure | 1. Aspidophorodon (Evessigia) furcatum Qiao & Xu, sp. nov. Apterous viviparous female A dorsal
view of body B dorsal view of head C antenna 4-segmented D antenna 5-segmented E ultimate rostral
segment F hind tibia G siphunculus H spinal process of abdominal tergite VIII | cauda J anal plate K
genital plate. Scale bars: 0.10 mm.

Mounted specimens. Body pale in color (Fig. 11A). See Table 3 for general meas-
urements.

Head. Ocular tubercles small. Dorsum of head covered with oval and wavy sculp-
tures, venter with wrinkles (Figs 10A, 11B). Median frontal tubercle well-developed,
strongly imbricated, with a strong depression at the middle separating it into two cyl-
inders, fork-shaped (Figs 10A, 11B), each cylinder with one pair of long and blunt se-
tae at apex. Antennal tubercles undeveloped, each with a long finger-shaped, pointed,
and strongly imbricated process at inner apex, higher than median frontal tubercle
(Figs 10A, 11B), each process with a long and blunt seta at apex. Dorsal setae of head



Ying Xu etal. / ZooKeys 1106: 1-55 (2022)

Figure 12. Aspidophorodon (Eoessigia) furcatum Qiao & Xu, sp. nov. A dorsal view of fourth instar apter-
ous nymph. Fourth instar alate nymph B dorsal view of body € dorsal view of head D hind tibia and tarsi
E oval and wavy sculptures of abdomen tergites F spinal process of abdominal tergite VIII G siphunculus.
Scale bars: 0.10 mm.




Review of Aspidophorodon Verma from China 31

short and blunt, with small setal tubercles. Head with one pair of dorsal setae between
antennae, and two pairs of dorsal setae between compound eyes arranged transversely.
Antennae 4- or 5- segmented, Ant. I distinctly projected into short cylindrical at in-
ner apex, 0.029-0.042mm, with two short and blunt setae at apex; Ant. I with slight
wrinkles, other segments slightly imbricated (Figs 10B, C, 11C, D). Antennal setae
short and blunt, Ant. I-V with 3 or 4, 3 or 4, 1 or 2, 1 or 2, 1-3 (base) +0 or 1 (PT)
setae, respectively (or Ant. I-IV with 3 or 4, 3 or 4, 3 or 4, 2 or 3 (base) +1 (PT) setae,
respectively), apex of PT with two or three setae. Primary rhinaria ciliated. Rostrum
reaching mid-coxae, with apex pale brown; URS long wedge-shaped (Figs 10D, 11E),
with three pairs of primary setae, and without accessory setae.

Thorax. Pronotum with oval and wavy sculptures on spino-pleural area, marginal
area with wrinkles. Meso- and metanotum with wrinkles on marginal area, spino-
pleural area smooth. Thoracic setae sparse, short and blunt, with small setal tubercles;
pronotum with two pairs of spinal setae, arranged anteriorly and posteriorly, one pair
of pleural and one pair of marginal setae; meso- and metanotum each with one pair of
spinal, one pair of pleural, and two pairs of marginal setae. Legs normal, short; coxae
and femora smooth, distal parts of tibiae slightly imbricated. Setae on 2/3 distal part
of femora and tibiae, short and blunt; hind tibiae with a row of short and blunt setae
dorsally on the middle (Fig. 11F). First tarsal chaetotaxy: 3, 3, 2. Second tarsal seg-
ments slightly imbricated.

Abdomen. Abdominal tergites I-VII with wrinkles on marginal area, spino-pleural
area smooth; tergite VIII with irregular polygonal markings and marginal area with
wavy sculptures, produced caudad into triangular spinal process reaching the end of
the cauda (Figs 10E, 11H). Venter of abdominal tergites III-VIII with fine spinules
arranged in rows. Dorsal setae of abdomen short and blunt, with small setal tubercles,
ventral setae short and pointed. Abdominal tergites I and II each with one pair of spi-
nal, one pair of pleural and one pair of marginal setae; tergites III-VII each with one
pair of spinal and marginal setae; tergite VIII with five or six setae at margin. Spiracles
reniform, open; spiracular plates slightly swollen. SIPH long spoon-shaped, incurved
inward, broad at base, thin at the middle, slightly swollen distally, with imbrications,
distal 1/4 smooth, obliquely truncated at tip, without flange (Figs 10E 11G). Cauda
wide tongue-shaped, slightly constricted at the middle, with spinulose imbrications
and four or five setae (Figs 10G, 111). Anal plate semicircular, spinulose (Figs 10H,
11]), with 11-14 setae. Genital plate broadly round, with sparse spinules in transverse
rows (Figs 101, 11K), with two anterior setae and four setae along the posterior margin.

Fourth instar apterous nymph. As in apterous viviparous females except as follows
(Fig. 12A): legs normal; femora and tibia imbricated at distal part, hind tibia with nu-
merous spinules and imbrications on 2/3 distal part. Setae on 2/3 distal part of femora
and tibiae, short and blunt; hind tibiae with long pointed setae dorsally and short point-
ed setae ventrally, and with a row of short, thick, and blunt setae dorsally on the middle.

Fourth instar alate nymph. Mounted specimens: body elongated oval and body
pale in color (Fig. 12B). See Table 3 for general measurements.
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Head. As in apterous viviparous females except as follows: dorsum of head with
oval sculptures, more developed than apterous viviparous females (Fig. 12C). An-
tennae 6-segmented, Ant. I distinctly projected into short cylindrical at inner apex,
0.026-0.031mm. Antennae setae short and blunt, Ant. I-IV with 4, 3-4, 1-2, 2-1, 1,
2-3 (base) +0 (PT) setae, respectively. Primary rhinaria ciliated, Ant. III-V each with
20 or 21, 8, 8 immature round secondary rhinaria.

Thorax. As in apterous viviparous females except as follows: pronotum with oval
and wavy sculptures at anterior part, pleura-marginal area with wavy sculptures; meso-
and metanotum with wrinkles at spinal area, pleura-marginal area with oval and wavy
sculptures. Legs normal; femora imbricated at distal part, tibia scabrous and with
imbrications, hind tibia with numerous spinules and imbrications on 2/3 distal part
(Fig. 12D). Setae on legs short and pointed; hind tibiae with long pointed setae dor-
sally and short pointed setae ventrally, and with a row of short, thick and blunt setae
dorsally on middle. First tarsal chaetotaxy: 3, 3, 3.

Abdomen. As in apterous viviparous females except as follows: dorsal sculptures
more developed than apterous viviparous females; abdominal tergites I-VII with oval
and wavy sculptures (Fig. 12E), those developed on marginal area; tergites VIII pro-
duced caudad into triangular spinal process with irregular polygonal sculptures pos-
teriorly and scaly sculptures anteriorly, marginal area with wavy sculptures (Fig. 12F).

Etymology. The species is named for the median frontal tubercle with a strong
depression at middle creating a fork, hence the neuter adjective fircatum in Latin.

Taxonomic notes. The new species resembles A. indicum (David, Rajasingh &
Narayanan) in head with three processes on front; dorsum of head covered with dis-
tinctly oval and wavy sculptures; abdominal tergite VIII with a spinal tubercle; but
differs from it as follows: median frontal tubercle well-developed, strongly imbricated,
with a strong depression at the middle separating it into two cylinders, fork-shaped;
antennal tubercles each with a long finger-shaped, pointed and strongly imbricated
process at inner apex, higher than median frontal tubercle (the latter: median frontal
tubercle protuberant rectangular and slightly depressed at the middle; antennal tuber-
cles each with a short cylindrical and blunt process at inner apex, lower than median
frontal tubercle); abdominal tergite VIII produced caudad into triangular process (the
latter: abdominal tergite VIII with conical spinal process); dorsum of head covered
with distinctly oval and wavy sculptures (the latter: dorsum of head with densely semi-
circular and wavy sculptures).

The new species resembles A. longirostre Qiao & Xu, sp. nov. in having its me-
dian frontal tubercle well-developed, strongly imbricated, with a strong depression at
the middle separating it into two cylinders; abdominal tergite VIII produced caudad
into triangular spinal process; SIPH long spoon-shaped, incurved inward, obliquely
truncated at tip, without flange; cauda wide tongue-shaped, slightly constricted at
the middle; but differs from it as follows: median frontal tubercle well-developed,
0.063-0.077 mm; a long finger-shaped process at inner apex of antennal tubercles,
0.077-0.095 mm, higher than median frontal tubercle (the latter: median frontal tu-
bercle protuberant, 0.025-0.046mm; a finger-shaped process at inner apex of antennal
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tubercles, 0.027-0.047, as high as median frontal tubercle); rostrum reaching mid-
coxae, URS long wedge-shaped, 2.21-3.18 x as long as its width, 1.31-1.62 x as long
as 2HT (the latter: rostrum reaching hind coxae, URS thin and long wedge-shaped,
3.28-3.42 x as long as its width, 1.56-1.92 x as long as 2HT); abdominal tergite VIII
with irregular polygonal markings and marginal area with wavy sculptures, blunt at
apex (the latter: abdominal tergite VIII with oval sculptures, constricted at apex).

Host plant. Salix sp.

Distribution. China (Sichuan, Tibet).

Biology. This species colonizes the undersides of leaves of its host plant (Fig. 22A, B).

Aspidophorodon (Eoessigia) indicum (David, Rajasingh & Narayanan, 1972)
Figs 13-15, 22C-F, Table 3

Eoessigia indicum David, Rajasingh & Narayanan 1972: 35; Eastop and Hille Ris Lam-
bers 1976: 188; Chakrabarti and Medda 1989: 133.

Raychaudhuriella myzaphoides Chakrabarti 1978: 357.

Raychaudhuriella potentillae Chakrabarti & Maity 1984: 202.

Aspidophorodon (Eoessigia) indicum (David, Rajasingh & Narayanan): Remaudiére
and Remaudiére 1997: 74; Blackman and Eastop 2006: 1098; Stekolshchikov and
Novgorodova 2010: 44; Chen et al. 2015.

Specimens examined. One apterous viviparous female, CHiNa: Tibet (Yadong Coun-
ty), 17.VI1.2014, No. 32675-1-1, host plant unknown, coll. J. Chen and X.C. Zhu;
four apterous viviparous females, CHiNA: Tibet (Cuona County), 01.V1.2016, No.
37202-1-1, No. 37204-1-1, No. 37205-1-1, No. 37208-1-1, on Cotoneaster sp., coll.
EFE Niu; two apterous viviparous females, CHina: Tibet (Cuona County), 03.V1.2016,
No. 37225-1-1, No. 37232-1-1, on Cotoneaster sp., coll. EE Niu; one apterous vi-
viparous female, CHiNa: Tibet (Cuona County), 04.V1.2016, No. 37243-1-1, on Co-
toneaster sp., coll. EE Niu; two apterous viviparous females, CHiNa: Tibet (Cuona
County), 07.V1.2016, No. 37278-1-1, No. 37280-1-1, on Cotoneaster sp., coll. EE
Niu; one apterous viviparous female, CHiNA: Tibet (Cuona County), 24.V1.2016, No.
37403-1-1, on Cotoneaster sp., coll. EE. Niu; two apterous viviparous females, CHINA:
Tibet (Cuona County), 03.V1.2016, No. 37229-1-1, No. 37230-1-1, host plant un-
known, coll. EE Niu; one alate viviparous female, CHina: Tibet (Cuona County),
03.V1.2016, No. 37223-1-1, on Cotoneaster sp., coll. EE. Niu; two apterous viviparous
females (slides) and one apterous vivparous female (COI: OK668434), Crina: Tibet
(Jilong County), 31.VI1.2021, No. 52024-1-1, on Cotoneaster sp., coll. Y. Xu; two fun-
datrices (slides) and one fundatrix (COI: OK668447), Crina: Tibet (Jilong County),
01.VIIL.2021, No. 52044-2-1, on Cotoneaster sp., coll. Y. Xu.

Comments. The species is here first recorded in China. After several surveys in Ti-
bet, we collected fundatrices (Figs 13A-D, 15A-L, 22F), apterous viviparous females
(Figs 13E-L, 14A-], 22C-E), and alate viviparous females (Figs 13M-Q, 14K-N)
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Figure 13. Aspidophorodon (Evessigia) indicum (David, Rajasingh & Narayanan). Fundatrices A marginal
processes of thoracic nota and abdominal tergites I-IV B antenna € siphunculus D spinal process of ab-
dominal tergite VIII. Apterous viviparous female E dorsal view of head F antenna G ultimate rostral segment
H siphunculus | spinal process of abdominal tergite VIII J cauda K anal plate L genital plate. Alate viviparous
female M dorsal view of head N antennal segments I-IV O wings P siphunculus Q cauda. Scale bars: 0.10 mm.
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Figure 14. Aspidophorodon (Evessigia) indicum (David, Rajasingh & Narayanan). Apterous viviparous
female A dorsal view of body B dorsal view of head € antenna D ultimate rostral segment E sculptures

of abdominal tergites F siphunculus G spinal process of abdominal tergite VIII H cauda I anal plate
J genital plate. Alate viviparous female K dorsal view of body L antennal segments I-IV M siphunculus
N cauda. Scale bars: 0.10 mm.

feeding on upper sides of Cotoneaster sp. along the main vein (Fig. 22C-F). The pro-
cesses are variable in different morphs. Firstly, the marginal processes of thoracic nota
and abdominal tergites I-IV (Figs 13A, 15E) and spinal process of abdominal tergite
VIII (Figs 13D, 15I) are very developed in the fundatrix, but the apterae and alatae
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Figure 5. Aspidophorodon (Evessigia) indicum (David, Rajasingh & Narayanan). Fundatrices A dorsal
view of body B dorsal view of head € antenna D ultimate rostral segment E marginal processes of thoracic
nota and abdominal tergites I-IV F hind tibia and tarsi G oval sculptures of abdominal tergites H siphun-
culus | spinal process of abdominal tergite VIII J cauda K anal plate L genital plate. Scale bars: 0.10 mm.

are without marginal processes, and spinal process of abdominal tergite VIII (Figs 131,
14G) is shorter than that of the fundatrix. Secondly, about the different geographic
populations of apterae, abdominal tergite VIII is with a distinctly triangular spinal
process in a population from Jilong County; however, another population collected in
Yadong County only has a slightly swollen spinal process.
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Aspidophoron being neuter, the adjectival specific epithet is also neuter, so indica is
revised as indicum.

Host plant. Primary host plants: Coroneaster obtusus and Cotoneaster sp.; second-
ary host plant: Potentilla sp. (Chakrabarti and Medda 1989).

Distribution. China (Tibet), India.

Biology. The species colonizes on upper sides of Cotoneaster sp. along the main
vein (Fig. 22C-F). The species is holocyclic and heteroecious, alternating between Co-
toneaster and Potentilla (Chakrabarti and Medda 1989), and colonizes the undersides
of Potentilla without ant-attendance (Chakrabarti and Maity 1984).

Aspidophorodon (Eoessigia) longicauda (Richards, 1963)

Aspidaphis longicanda Richards 1963: 297.

Eoessigia longicauda Eastop & Hille Ris Lambers 1976: 95.

Aspidophorodon (Eoessigia) longicauda (Richards): Remaudiere and Remaudiére 1997:
74; Blackman and Eastop 2006: 1099; Stekolshchikov and Novgorodova 2010: 44.

Host plant. Spiraea sp.
Distribution. Canada.
Biology. The species occurs on the under surfaces of leaves of Spiraea sp. (Richards,

1963).

Aspidophorodon (Eoessigia) longirostre Qiao & Xu, sp. nov.
http://zoobank.org/FD1EOFEE-0054-4077-AA30-C90D6DA70956
Figs 16-17, Table 3

Specimens examined. Holotype: apterous viviparous female, CHiNa: Sichuan (Baox-
ing City), 18.VII1.2003, No. 15089-1-2-1, on Salix sp., coll. K. Guo. Paratypes:
two apterous viviparous females (slides) and one apterous viviparous female (COI:
OK668432), No. 15089-1-1, with the same collection data as holotype (NHMUK).
Diagnosis. Dorsum of body covered with oval sculptures; median frontal tubercle
well-developed, imbricated, with a strong depression at the middle into two cylinders;
antennal tubercles each with a short finger-shaped and imbricated process at inner
apex, lower than median frontal tubercle; rostrum reaching hind coxae, URS long
wedge-shaped, long and thin; URS 3.28-3.42 x as long as its width, 1.56-1.92 x as
long as 2HT; tergite VIII produced caudad into triangular spinal process reaching the
middle of the cauda and constricted at apex and with distinctly oval sculptures.
Description. Apterous viviparous females: body elongated oval (Fig. 17A).
Mounted specimens. Body pale in color (Fig. 17A). See Table 3 for General meas-
urements.
Head. Ocular tubercles small. Dorsum of head covered with oval sculptures, venter
with wrinkles. Median frontal tubercle well-developed, imbricated, with a strong de-
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Figure 16. Aspidophorodon (Eovessigia) longirostre Qiao & Xu, sp. nov. Apterous viviparous female
A dorsal view of head B antenna C ultimate rostral segment D spinal process of abdominal tergite VIII
E siphunculus F cauda G anal plate H genital plate. Scale bars: 0.10 mm.

pression at middle separating it into two cylinders (Figs 16A, 17B), each cylinder with
one pair of long and blunt setae at apex. Antennal tubercles undeveloped, each with a
short finger-shaped and imbricated process at inner apex, the apex is blunt, as high as
median frontal tubercle, each with a long and blunt seta at apex (Figs 16A, 17B). Dorsal
setae of head short and capitate, with small setal tubercles. Head with one pair of dorsal
setae between antennae, and two pairs of dorsal setae between compound eyes arranged
transversely. Antennae 4-segmented, Ant. I distinctly projected into short cylindrical at
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Figure 17. Aspidophorodon (Eovessigia) longirostre Qiao & Xu, sp. nov. Apterous viviparous female
A dorsal view of body B dorsal view of head € antenna D ultimate rostral segment E oval and irregular
polygonal sculptures of abdominal tergites F dorsal view of abdominal tergites V-VIII G spinal process of
abdominal tergite VIIT H siphunculus | cauda J anal plate K genital plate. Scale bars: 0.10 mm.

inner apex (Figs 16B, 17C), 0.014-0.023 mm, with two short and blunt setae at apex;
Ant. I-II smooth, with slight wrinkles, Ant. III-IV with imbrications (Figs 16B, 17C).
Antennal setae short and blunt, Ant. I-IV with 3—4, 3—4, 3—4, 1-3 (base) +1 (PT) setae,

respectively; apex of PT with two or three setae. Primary rhinaria unciliated. Rostrum
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reaching hind coxae, with apex pale brown; URS long wedge-shaped, long, and thin
(Figs 16C, 17D), with three pairs of primary setae and two or three accessory setae.

Thorax. Pronotum with oval and wavy sculptures; meso- and metanotum with
oval sculptures on spinal area, pleura-marginal area with wavy and irregular polygonal
sculptures. Thoracic setae sparse, short, blunt or capitate, with small setal tubercles;
pronotum with two pairs of spinal setae, arranged anteriorly and posteriorly, one pair of
pleural and one pair of marginal setae; meso- and metanotum each with one pair of spi-
nal, one pair of pleural, and two pairs of marginal setae. Legs normal; coxae and femora
smooth, distal parts of tibiae slightly imbricated. Setae on 2/3 distal part of femora and
tibiae, short and blunt; hind tibiae with a row of short and blunt setae dorsally on mid-
dle. First tarsal chaetotaxy: 3, 3, 2. Second tarsal segments slightly imbricated.

Abdomen. Abdominal tergites I-VII with oval and irregular polygonal sculptures
(Fig. 17E G); tergite VIII with distinctly oval sculptures, produced caudad into triangular
spinal process reaching the middle of the cauda and constricted at apex (Figs 16D, 17G).
Abdominal ventral plate with fine spinules arranged in rows. Dorsal setae of abdomen
short, capitate or blunt, with small bases, ventral setae short and pointed. Abdominal
tergites I-1I each with one pair of spinal, pleural, and marginal setae; tergites III-VII
each with one pair of spino-pleural and one pair of marginal setae; tergite VIII with 9-12
setae at margin. Spiracles reniform, open; spiracular plates slightly swollen. SIPH long
spoon-shaped, incurved inward, broad at base, thin at middle, slightly swollen distally,
with distinct imbrications, obliquely truncated at tip, without flange (Figs 16E, 17H).
Cauda wide tongue-shaped, slightly constricted at the middle, with spinulose imbrica-
tions and four setae (Figs 16E 171). Anal plate semicircular, spinulose (Figs 16G, 17]),
with 11-14 setae. Genital plate broadly round, with sparse spinules in transverse rows
(Figs 16H, 17K), with two anterior setae and 4-6 setae along the posterior margin.

Fourth instar apterous nymph. As in apterous viviparous females except as fol-
lows: legs normal; femora scabrous at distal part, and tibia with spinulose imbrications
distributed on 2/3 distal part. Setae on legs short and blunt; hind tibiae with long
pointed setae dorsally and short blunt setae ventrally, and with a row of short and blunt
setae dorsally on the middle.

Etymology. The new species is named for its long URS, longirostre being the neu-
ter form of the adjective.

Taxonomic notes. The new species resembles A. indicum (David, Rajasingh &
Narayanan) in median frontal tubercle protuberant; dorsum of head covered with dis-
tinctly oval and wavy sculptures; abdominal tergite VIII with a spinal tubercle; but
differs from it as follows: median frontal tubercle well-developed, imbricated, with a
strong depression at the middle separating it into two cylinders, a finger-shaped and
imbricated process at inner apex of antennal tubercles (the latter: median frontal tu-
bercle protuberant rectangular and slightly depressed at the middle, a short cylindrical
process at inner apex of antennal tubercles); abdominal tergite VIII produced caudad
into triangular process (the latter: abdominal tergite VIII with conical spinal process);
dorsum of head covered with oval sculptures (the latter: dorsum of head with densely
semicircular and wavy sculptures).
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The new species resembles A. furcatum Qiao & Xu, sp. nov. in well-developed
median frontal tubercle, with a strong depression at middle separating it into two cyl-
inders; abdominal tergite VIII produced caudad into triangular spinal process; SIPH
long spoon-shaped, curved inward; cauda wide, tongue-shaped, slightly constricted at
the middle. The new species differs from A fircatum as follows: median frontal tuber-
cle protuberant, 0.025-0.046mm; a finger-shaped and blunt process at inner apex of
antennal tubercles, 0.027-0.047mm, as high as median frontal tubercle (the latter: me-
dian frontal tubercle well-developed, 0.063—-0.077mm; a long finger-shaped and point-
ed process at inner apex of antennal tubercles, 0.077-0.095mm, higher than median
frontal tubercle); rostrum reaching hind coxae, URS 3.28-3.42 x as long as its width,
1.56-1.92 x as long as 2HT (the latter: rostrum reaching mid-coxae, URS 2.21-3.18
x as long as its width, 1.31-1.62 x as long as 2HT); abdominal tergite VIII with oval
sculptures, constricted at apex (the latter: abdominal tergite VIII with distinctly irregu-
lar polygonal makings and marginal area with wavy sculptures, blunt at apex).

Host plant. Salix sp.

Distribution. China (Sichuan).

Biology. This species colonizes the undersides of leaves of its host plant.

Aspidophorodon (Eoessigia) longituberculatum (Zhang, Zhong & Zhang, 1992)
Figs 18, 21B-E

Margituberculatus longituberculatum Zhang, Zhong & Zhang 1992: 382; Remaudiere
and Remaudiere 1997: 117; Blackman and Eastop 2006: 1219.

Aspidophorodon (Aspidophorodon) cornuatum Qiao: Chen et al. 2015: 558. Syn. nov.

Aspidophorodon (Evessigia) longituberculatum (Zhang, Zhong & Zhang): Chen et al.
2015: 570.

Specimens examined. One alate viviparous female (Holotype), CHiNa: Yunnan (Lijiang
City, Mt. Yulongxue, altitude 2900 m), 27.V.1980, No. 7165-1-1-1, on Polygonum sp.,
coll. T.S. Zhong and L.Y. Wang; Holotype and paratypes of Aspidophorodon cornuatum
Qiao, 2015 syn. nov.: one apterous viviparous female, CHiNa: Tibet (Yadong County,
27.52°N, 88.97°E, altitude 2800 m), 15.VIIL.2010, No. 25908-2-3-1, on Salix cupu-
laris, coll. Y. Wang; five apterous viviparous females, with the same collection data as
holotype. Other materials: one alate viviparous female, CHina: Tibet (Yadong County),
11.VIL.2014, 32672-1-1, on Salix sp., coll. ]. Chen and X.C. Zhu; two apterous viviparous
females, CHiNa: Tibet (Motuo County), 16.1X.2020, No. 49262-1-1, on Salix sp., coll. Y.
Xu.; one apterous viviparous female and one alate viviparous female (slide), one apterous
viviparous female (COI: OK668444), one alate viviparous female (COL: OK668445),
CHiNa: Tibet (Bomi County), 27.V1.2021, 51707-1-1, on Salix sp., coll. Y. Xu.
Comments. The species was erected in genus Margituberculatus based on only
one alate viviparous female (Zhang et al. 1992). Then the species was removed to the
genus Aspidophorodon as Aspidophorodon longituberculatum according to the characters
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Figure 18. Aspidophorodon (Eoessigia) longituberculatum (Zhang, Zhong & Zhang, 1992). Alate vivipa-
rous female A dorsal view of body B dorsal view of abdomen. Apterous viviparous female € dorsal view

of Aspidophorodon cornutus Qiao, 2015 syn. nov. Alate viviparous female D dorsal view of Aspidophorodon
cornutum Qiao, 2015 syn. nov. E dorsal view of abdomen of Aspidophorodon cornutum Qiao, 2015 syn.
nov. Scale bars: 0.10 mm.

of processes and siphunculi; meanwhile, Aspidophorodon cornuatum was described as a
new species (Chen et al. 2015). At that time, there were no alate viviparous females of
Aspidophorodon cornuatum, so it was difficult to compare with the two species. After
several surveys in southwest China, apterous viviparous female (Fig. 18C) and alate
viviparous female (Fig. 18D) of Aspidophorodon cornuatum were collected. The alate
viviparous female of Aspidophorodon cornuatum is with marginal processes on abdomi-
nal tergites I-1V (Fig. 18E) which is the same as Aspidophorodon longituberculatum
(Fig. 18A, B). The molecular data of alate viviparous females of Aspidophorodon lon-
gituberculatum and apterous viviparous females of Aspidophorodon cornuatum support
they are the same species (Fig. 23). So, Aspidophorodon cornuatum Qiao, 2015 should
be considered as junior synonym of Aspidophorodon longituberculatum (Zhang, Zhong
& Zhang, 1992).

Aspidophoron being neuter, the adjectival specific epithet is also neuter, so longitu-
berculatus is revised as longituberculatum.
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Host plant. Salix cupularis.

Distribution. China (Yunnan, Tibet).

Biology. The species occurs on the undersides of leaves along the main vein of host
plants (Fig. 21B-E).

Aspidophorodon (Eoessigia) sorbi (Chakrabarti & Maity, 1984)

Indotuberoaphis sorbi Chakrabarti & Maity 1984: 198; Blackman and Eastop 1994:
727; Remaudiére and Remaudiere 1997: 104.

Aspidophorodon (Evessigia) sorbi (Chakrabarti & Maity): Stekolshchikov and Novgoro-
dova 2010: 43.

Host plant. Sorbus foliolosa.

Distribution. India.

Biology. This species occurs on the undersides of young leaves of Sorbus foliolosa.
No ant-attendance was noticed (Chakrabarti and Maity 1984).

Aspidophorodon (Eoessigia) obtusirostre Qiao & Xu, sp. nov.
http://zoobank.org/47423FD8-010A-4191-BICA-A17C67273CB9
Figs 19-20, Table 3

Specimens examined. Holotype: apterous viviparous female, CHINA: Beijing (Mt.
Dongling, 40.03°N, 115.42°E, altitude 2063m), 24.VII.2015, No. 35918-1-1; on
Potentilla sp., coll. H. Long; Paratypes: five apterous viviparous females (slides) and
one apterous viviparous female (COI: OK668433), 35918-1-2 with the same collec-
tion data as holotype; two apterous viviparous females, 35918-1-3, with the same col-
lection data as holotype (NHMUK).

Diagnosis. Median frontal tubercle protuberant, rectangular, with a shallow de-
pression at middle; antennal tubercles each with a low process at inner apex, lower
than median frontal tubercle; rostrum reaching mid-coxae, URS wedge-shaped, short
and blunt, 1.27-1.94 x as long as its width, 0.70-0.84 x as long as 2HT; cauda long
tongue-shaped with 6-11 setae, including two pairs of very long and pointed setae and
27 short and pointed setae.

Description. Apterous viviparous females: body elongated oval (Fig. 20A), yel-
lowish in life.

Mounted specimens. Body pale, PT, distal part of rostrum, tarsi, distal parts of
SIPH and anal plate pale brown, other parts pale in color (Fig. 20A). See Table 3 for
general measurements.

Head. Ocular tubercles small. Dorsum of head covered with wavy sculptures
(Figs 19A, 20B), those distinctly developed between compound eyes. Median
frontal tubercle protuberant, rectangular, with a shallow depression at middle
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Figure 19. Aspidophorodon (Evessigia) obtusirostre Qiao & Xu, sp. nov. Apterous viviparous female
A dorsal view of head B antenna C ultimate rostral segment D marginal seta of abdominal tergite I
E spinal seta of abdominal tergite VIII F spinal process of abdominal tergite VIII G siphunculus H cauda
I anal plate J genital plate. Scale bars: 0.10 mm.
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Figure 20. Aspidophorodon (Evessigia) obtusirostre Qiao & Xu, sp. nov. Apterous viviparous female
A dorsal view of body B dorsal view of head € antenna D ultimate rostral segment E hind tibia and tarsi F si-
phunculus G spinal process of abdominal tergite VIIT H cauda I anal plate ] genital plate. Scale bars: 0.10 mm.

(Figs 19A, 20B), with one pair of thick and blunt setae on venter. Antennal tuber-
cles undeveloped, each with a low process at inner apex, and lower than median
frontal tubercle (Figs 19A, 20B), each process with a thick and blunt seta at apex,
occasionally with two thick and blunt setae. Head with one pair of dorsal setae
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AR e

Figure 21. The ecological photos of Aspidophorodon in the field A an aptera of Aspidophorodon capitatum
Qiao & Xu, sp. nov. on underside of leaf B, C the apterac and nymphs of Aspidophorodon longitubercula-
tum (Zhang, Zhong & Zhang) on main veins and part lateral veins of underside of leaf D, E the apterae,
alatae and nymphs of Aspidophorodon longituberculatum (Zhang, Zhong & Zhang) on main veins and
part lateral veins of underside of leaves F an aptera and a nymph of Aspidophorodon harvense Verma on a
twig G the apterae of Aspidophorodon obtusum Qiao on underside of leaf H-J the apterae and nymphs of
Aspidophorodon salicis Miyazaki on underside of leaf.
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Figure 22. The ecological photos of Aspidophorodon in the field A, B the apterae and nymphs of Aspido-
phorodon furcatum Qiao & Xu, sp. nov. on undersides of leaves C~E the apterae and nymphs of Aspido-

phorodon indicum (David, Rajasingh & Narayanan) on main veins of upperside of leaves F the fundatrices
of Aspidophorodon indicum (David, Rajasingh & Narayanan) on main vein of upperside of leaf.

between antennae, thick and blunt, and two pairs of dorsal setae between com-
pound eyes arranged transversely, short and blunt. Antennae 5-segmented, Ant. I
slightly projected at inner apex, Ant. I-III smooth, Ant. IV-V slightly imbricated
(Figs 19B, 20C). Antennal setae short and blunt, Ant. I-V with 4-5, 3-4, 1-2,
0-2, 0-2 (base) +0—1 (PT) setae, respectively; apex of PT with two or three setae.
Primary rhinaria ciliated. Rostrum reaching mid-coxae; URS wedge-shaped, short
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and blunt (Figs 19C, 20D), with three pairs of primary setae, and without acces-
sory setae.

Thorax. Prothorax nota with wrinkles, those developed on spino-pleural area.
Meso- and metanotum with wrinkles on marginal area, spino-pleural area smooth.
Thoracic setae sparse, short and blunt, with small setal tubercles; pronotum with two
pairs of spinal setae, arranged in anterior and posterior pairs, one pair of pleural and
one pair of marginal setae; meso- and metanotum each with one pair of spinal, one
pair of pleural setae, two pairs of marginal setae, respectively. Legs normal, smooth.
Setae on 2/3 distal part of femora and tibiae, short and blunt; hind tibiae with a row
of short and blunt setae dorsally on the middle (Fig. 20E). First tarsal chaetotaxy: 3, 2,
2. Second tarsal segments slightly imbricated.

Abdomen. Abdominal tergites I-VII with wrinkles, those distinctly developed on
marginal area; tergite VIII with scaly sculptures, swollen into conical spinal process,
with 7-10 long, thick, and blunt setae at margin (Figs 19E 20G). Venter of abdominal
tergites [II-VIII with fine spinules arranged in rows. Dorsal setae of abdominal tergites
I-VI short, thick, and blunt (Fig. 19D), tergite VII long, thick, and blunt, occasionally
short, thick, and blunt, tergite VIII long, thick, and blunt with distinct setal tubercles
(Fig. 19E); ventral setae short and pointed. Abdominal tergites I and II each with one
pair of spinal, pleural, and marginal setae; tergites III-VII each with one pair of spinal
and marginal setae. Spiracles reniform, open or closed; spiracular plates slightly swol-
len. SIPH long spoon-shaped, broad at base, thin at the middle, swollen distally, with
developed imbrications, obliquely truncated at tip, without flange (Figs 19G, 20F).
Cauda long tongue-shaped, with spinulose imbrications, slightly constricted at base
and weakly pointed at apex (Figs 19H, 20H); with 6-11 setae, including two pairs
of very long and pointed setae, 0.055-0.061mm and 2-7 short and pointed setae,
0.027-0.041mm. Anal plate semicircular, spinulose (Figs 191, 201I), with 8—13 setae.
Genital plate transversely oval, with sparse spinules in transverse stripes (Figs 19], 20]),
with 4 or 5 anterior setae and 5-7 setae along the posterior margin.

Etymology. The new species is named for its short and blunt URS. The Latin
word obtus means blunt, and roszre for rostrum, obrusirostre being the neuter form of
the adjective.

Taxonomic notes. The new species resembles A. indicum (David, Rajasingh &
Narayanan) in median frontal tubercle protuberant, rectangular; dorsal setae of head
between antennal tubercles thick and blunt; abdominal tergite VIII with conical
spinal process; SIPH long spoon-shaped; but differs from it as follows: dorsum of
head covered with wavy sculptures, those distinctly developed between compound
eyes, thoracic nota and abdominal tergites I-VII with wavy sculptures (the latter:
dorsum of head with densely semicircular and wavy sculptures, thoracic nota, and
abdominal tergites I-VII with semicircular and wavy sculptures); antennae 5-seg-
mented, 0.30-0.36 x as long as body length (the latter: antennae 6-segmented,
0.38-0.52 x as long as body length); URS short and blunt, 1.27-1.94 x as long as
the basal width, 0.70-0.84 x as long as 2HT (the latter: URS long wedge-shaped,
2.06-2.54 x as long as the basal width, 0.89-1.10 x as long as 2HT).
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Host plant. Potentilla sp.

Distribution. China (Beijing).

Biology. The species colonizes the undersides of leaves of its host plant and with
ant-attendance.

Aspidophorodon (Eoessigia) vera Stekolshchikov & Novgorodova, 2010
Aspidophorodon (Evessigia) vera Stekolshchikov & Novgorodova, 2010: 39.

Host plant. Potentilla fruticosa.

Distribution. Russia (the Altai Republic).

Biology. The species feeds along the margins on the underside of leaves of its host
plant (Stekolshchikov and Novgorodova 2010).

DNA barcoding

The final alignments of COI sequences consisted of 658 nucleotides, including 119
parsimony-informative sites. Pairwise sequence divergences of the gene among the
Aspidophorodon species are presented in Table 4. The interspecific genetic distances
of new species and known species averaged 6.98% (range: 3.93%-8.97%) for COI
closely corresponding to the divergence of Aspidophorodon taxa base on four species
(mean: 6.88%; range: 5.29%-7.68%) (Chen et al. 2015). The validity of species was
well-supported on NJ tree (>95% bootstrap) (Fig. 23). At the same time, Aspidophoro-
don cornuatum and Aspidophorodon longituberculatum formed a clade (Fig. 23) and
the genetic distance between the two species is 0.00%-0.46%, so the result proved
A. cornuatum was a junior synonym of A. longituberculatum. However, the subgenera
were not monophyletic groups on NJ tree, and this needs more evidence and more

Table 4. Kimura’s two-parameter genetic distances among Aspidophorodon species samples based on COL

1 2 3 4 5 6 7 8 9 10 11 12 13

1. A. capitatum sp. nov.

2. A. cornuatum syn. nov. 0.082

3. A. furcatum sp. nov. 0.079 0.085

4. A. harvense 0.069 0.058 0.072

5. A. indicum 0.079 0.065 0.076 0.070

6. A. longicauda 0.075 0.079 0.078 0.075 0.073

7. A. longicornutum sp. nov. ~ 0.069 0.070 0.064 0.054 0.072 0.066

8. A. longirostre sp. nov. 0.077 0.075 0.056 0.062 0.070 0.070 0.056

9. A. longituberculatum 0.080 0.005 0.085 0.057 0.066 0.080 0.069 0.076

10. A. musaicum 0.074 0.060 0.077 0.065 0.081 0.075 0.072 0.076 0.061

11. A. obtusirostre sp. nov. 0.076 0.067 0.079 0.057 0.052 0.078 0.070 0.074 0.067 0.084
12. A. obtusum 0.074 0.050 0.064 0.062 0.074 0.078 0.069 0.081 0.047 0.065 0.081

13. A. reticulatum sp. nov. 0.079 0.062 0.086 0.072 0.080 0.077 0.071 0.090 0.061 0.072 0.086 0.039
14. A. salicis 0.079 0.074 0.088 0.073 0.072 0.071 0.063 0.064 0.073 0.068 0.086 0.075 0.085
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Figure 23. Neighbour-joining tree for Aspidophorodon samples based on COI sequences.

samples to prove. In this study, we also followed the traditional taxonomic system
to divide two subgenera in Aspidophorodon. According to the distinct morphological
characteristics in description and interspecific genetic distances between species, the
six new species were supported.

Discussion

The species in Aspidophorodon were identified by stable characters: the shape and vari-
ability of processes on the frons, the form of markings on the dorsum, the shape of the
ultimate rostral segment, the sculptures on the siphunculi, and the shape of the cauda.
Some species in the genus have developed spinal and marginal processes on the ab-
dominal tergites. The presence or absence of the spinal and marginal processes on ab-
dominal tergites are inconsistent within a species, but the shape of processes is consist-
ent. Aspidophorodon salicis has short conical marginal processes on abdominal tergites
I-IV in the fundatrix, whereas the apterous viviparous female and the alate viviparous
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female are without such processes. The populations of Aspidophorodon obtusum feeding
on Salix sp. have cylindrical marginal processes on abdominal tergites I-1V, while the
ones feeding on Cotoneaster sp. have no marginal processes. Aspidophorodon indicum
has long conical marginal processes on abdominal tergites I-IV and spinal processes
on abdominal tergite VIII in the fundatrix, whereas the apterous viviparous female and
the alate viviparous female have no marginal processes and shorter spinal processes on
abdominal tergite VIII. Hence, the processes tend to reduce in size during the life of
the colony. The median frontal tubercle, processes on antennal tubercles, and sculp-
tures of the body are relatively stable to enable identification of the species.

Acknowledgements

We express great thanks to all collectors for their assistance in aphid collection and to
ED. Yang for making slides. The work was supported by the National Natural Sci-
ences Foundation of China (Grant Nos. 32030014, 31970451 and 31772492), the
Key Collaborative Research Program of the Alliance of International Science Organi-
zations (Grant No. ANSO-CR-KP-2020-04), the Second Tibetan Plateau Scientific
Expedition and Research (STEP) program (Grant No. 2019QZKK05010601) and
the Youth Innovation Promotion Association of Chinese Academy of Sciences (Grant
No. 2020087).

References

Blackman RL, Eastop VF (1994) Aphids on the World’s Trees. An Identification and Informa-
tion Guide. CAB International, Wallingford, 987 pp.

Blackman RL, Eastop VF (2006) Aphids on the World’s Herbaceous Plants and Shrubs. John
Wiley and Sons Ltd., Chichester, 1439 pp.

Chakrabarti S (1978) A new genus and two new species of aphids (Homoptera: Aphididae)
from north-west India. Zoological Journal of the Linnean Society 62(4): 355-363. https://
doi.org/10.1111/j.1096-3642.1978.tb01046.x

Chakrabarti S, Maity SP (1984) A new genus and four new species of aphids (Homoptera:
Aphididae) from Northwest Himalaya, India. Oriental Insects 18(1): 195-212. https://
doi.org/10.1080/00305316.1984.10432203

Chakrabarti S, Medda PK (1989) Taxonomic studies on some aphids (Homoptera: Aphididae) from
India. Oriental Insects 23(1): 133—141. https://doi.org/10.1080/00305316.1989.11835502

Chen ], Zhang B, Zhu XC, Jiang LY, Qiao GX (2015) Review of the aphid genus Aspidophoro-
don Verma, 1967 with descriptions of three new species from China (Hemiptera: Aphidi-
dae: Aphidinae). Zootaxa 4028(4): 551-576. https://doi.org/10.11646/z00taxa.4028.4.6

David SK, Rajasingh SG, Narayanan K (1972) New genus, new species and new morphs of
aphids (Homoptera) from India. Oriental Insects 6(1): 35-43. https://doi.org/10.1080/0
0305316.1972.10434051



Review of Aspidophorodon Verma from China 55

Eastop VE Hille Ris Lambers D (1976) Survey of the World’s Aphids. Dr. W Junk BV, Publish-
ers, The Hague, 573 pp.

Favret C (2022) Aphid Species File. Version 5.0/5.0. http://aphid.speciesfile.org [accessed 9
February 2022]

Kimura M (1980) A simple method for estimating evolutionary rate of base substitutions
through comparative studies of nucleotide sequences. Journal of Molecular Evolution
16(2): 111-120. https://doi.org/10.1007/BF01731581

Kumar S, Stecher G, Tamura K (2016) MEGA7: Molecular Evolutionary Genetics Analy-
sis version 7.0 for bigger datasets. Molecular Biology and Evolution 33(7): 1870-1874.
heeps://doi.org/10.1093/molbev/msw054

Miyazaki M (1971) A revision of the tribe Macrosiphini of Japan (Homoptera: Aphididae,
Aphidinae). Insecta Matsumurana 34(1): 1-247.

Nieto Nafrfa JM, Favret C, Akimoto S, Barbagallo S, Chakrabarti S, Mier Durante MP, Miller
GL, Qiao GX, Sano M, Pérez Hidalgo N, Stekolshchikov AV, Wegierek P (2011) Regis-
ter of genus-group taxa of Aphidoidea. In: Nieto Nafria JM, Favret C (Eds) Registers of
Family-Group and Genus-Group Taxa of Aphidoidea (Hemiptera Sternorrhyncha). Uni-
versidad der Leén, Area de Publicaciones, Leén, 81-404.

Remaudiére G, Remaudi¢re M (1997) Catalogue of the World’s Aphididae. Homoptera Aphi-
doidea. Institut National de la Recherche Agronomique, Paris, 473 pp.

Richards WR (1963) A new species of Aspidaphis Gillette (Homoptera: Aphididae). Canadian
Entomologist 95(3): 296-299. https://doi.org/10.4039/Ent95296-3

Stekolshchikov AV, Novgorodova TA (2010) A new species of Aspidophorodon Verma
(Hemiptera, Aphididae) from the Altai Republic. Zootaxa 2566(1): 39-44. https://doi.
org/10.11646/zo0taxa.2566.1.3

Thompson JD, Higgins DG, Gibson TJ (1994) Clustal W: Improving the sensitivity of pro-
gressive multiple sequence alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Research 22(22): 4673-4680. https://
doi.org/10.1093/nar/22.22.4673

Verma KD (1967) A new aphid genus from north-western India (Homoptera: Aphididae).
Indian Journal of Entomology 28(4): 507-509.

Zhang GX, Zhong TS (1980) New species and new subspecies of Chinese Macrosiphinae (I)
(Homoptera: Aphididae). Entomotaxonomia 2(1): 53-63.

Zhang GX, Zhong TS, Zhang WY (1992) Homoptera: Aphidoidea. In: Chinese Academy of
Sciences (Ed.). The Comprehensive Scientific Expedition to the Qinghai-Xizang Plateau,
Insects of the Hengduan Mountains Regions. Vol. 1. Science Press, Beijing, 360—-403.






ZooKeys 1106:57-66 (2022) A peer-reviewed open-access journal
doi: 10.3897/zookeys. 1 106.83229 RESEARCH ARTICLE $ Z OOI<€VS

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

The green lacewing genus Anachrysa Hoélzel, 1973
(Neuroptera, Chrysopidae): a new species, two new
combinations, and updated key to species

Yunlong Ma'

| Engineering Research Center for Forest and Grassland Disaster Prevention and Reduction, Mianyang Normal
College, Mianxing West Road, 621000, Mianyang, China

Corresponding author: Yunlong Ma (bjfuconidium@126.com)

Academic editor: Davide Badano | Received 7 March 2022 | Accepted 14 May 2022 | Published 16 June 2022

http://zoobank.org/01 CD4BC7-250B-4673-8D73-A072C037A63A

Citation: Ma Y (2022) The green lacewing genus Anachrysa Holzel, 1973 (Neuroptera, Chrysopidae): a new species,
two new combinations, and updated key to species. ZooKeys 1106: 57—66. https://doi.org/10.3897/z00keys.1106.83229

Abstract

A new species, Anachrysa adamsi sp. nov., from Yunnan, China is described. Two new combinations are
proposed, namely Anachrysa alviolata (Yang & Yang, 1990), comb. nov. and Anachrysa triangularis (Yang
& Wang, 1994), comb. nov. An updated key to species is also provided.

Keywords

Key, new combinations, new species

Introduction

Anachrysa was established as a subgenus of the genus Chrysopidia Navds, 1910 by
Holzel (1973). A taxonomic study of the genus was conducted (Ma and Liu 2021),
in which we raised Anachrysa to full generic status, reported two new species from
China, and proposed five new combinations. Following these taxonomic changes,
the genus contained seven species occurring in the Oriental Region. Breitkreuz et al.
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(2022) also suggested that Anachrysa should be elevated to generic rank and excluded
from Chrysopidia. For the work on the genus Apertochrysa Tjeder, 1966 from China,
I re-examined many type specimens of species in the genus. I found that Chrysopidia
alviolata Yang & Yang, 1990 and Chrysopidia triangularis Yang & Wang, 1994 should
be transferred to the genus Anachrysa based on their external morphology and genital
characters. Thus, here I propose two new combinations, Anachrysa alviolata (Yang &
Yang, 1990), comb. nov. and Anachrysa triangularis (Yang & Wang, 1994), comb. nov.
I also describe a new species, Anachrysa adamsi sp. nov., from Yunnan, China based on
novel material. Finally, I update the previous key to the species of Anachrysa provided
in our previous paper (Ma and Liu 2021). These changes increase the number of spe-
cies in the genus to ten, all of which occur in the Oriental Region.

Materials and methods

Terminology for wing venation used in this paper follows Tillyard (1916), Tauber
(2003), and Tauber et al. (2017). Terminology for genitalia follows Tjeder (1970),
Principi (1977), Adams and Penny (1985), Brooks and Barnard (1990), Tauber
(2003), and Tauber et al. (2017). Measurements on the methodology of head width,
ratio of head width to eye width, and lengths and widths of prothorax and wings were
provided in one of our previous works (Ma et al. 2020). The holotype of Anachrysa
adamsi sp. nov. is deposited in the Invertebrate Collection of Engineering Research
Center for Forest and Grassland Disaster Prevention and Reduction, Mianyang Nor-
mal College, Mianyang, China (MYNC). Other collections with primary types of
relevant species cited in this paper are Entomological Museum, China Agricultural

University, Beijing, China (CAU).

Taxonomy

Anachrysa Hélzel, 1973

Anachrysa Holzel, 1973: 356 (as a subgenus of Chrysopidia Navas); Brooks and Barnard
1990: 206; Ma et al. 2021: 282 (as an independent genus); Breitkreuz et al. 2021: 17.

Type species. Chrysopidia (Anachrysa) elegans Holzel, 1973.
Diagnosis. See Ma and Liu (2021).
Anachrysa alviolata (Yang & Yang, 1990), comb. nov.

Fig. 1A-H

Navasius alviolatus Yang & Yang, 1990: 329 (original: Navasius Yang and Yang (nec Es-
ben-Petersen); type locality: Jianfengling (Hainan); holotype in CAU); Yang 1995:
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Figure 1. Anachrysa alviolata (Yang & Yang, 1990) (holotype, female, CAU) A habitus B head, frontal view
C head and thorax, dorsal view D head and prothorax, lateral view. The arrow indicates the reddish-brown
stripe E pretarsal claw (emphasized) F segment A7-terminus, lateral view G subgenitale H spermatheca.
Abbreviations: cc callus cerci g.l. gonaphophyses lateralis 87 sternite 7 sg.d. dorsal lobe of subgenitale sg.v.
ventral lobe of subgenitale T7 tergite 7 T8 tergite 8 T9+e tergite 9 + ectoproct. Scale bar: 5.0 mm (A).
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29 (Dichochrysa); Yang et al. 2005: 149 (Dichochrysa); Breitkreuz et al. 2021: 219
(Apertochrysa).

Material examined. Holotype © (CAU), Hainan, Jianfengling (42041%), 20.1V.1982.

Diagnosis. Epistomal suture with reddish-brown stripe; gena with brownish stripe
connected to clypeal markings; scape with reddish-brown stripe. Pronotum without
small medio-lateral spots; pretarsal claw with basal dilation ca. half as long as claw
hook. Forewing with clearly discernible markings; gradates brownish; distal cubital cell
(dcc) without reddish-brown spots.

Distribution. China (Neimenggu, Hainnan, Sichuan, Ningxia).

Remarks. After re-examination of the holotype of Navasius alviolata, 1 noticed
that it has clearly discernible markings, reddish-brown prestigmatic spots, and three
series of gradate crossveins on the forewing and reddish-brown prestigmatic spots on
the hind wing, all of which fit well with the generic characters of Anachrysa. Thus,
I hereby transfer this species to Anachrysa. Although I did not examine specimens
from Neimenggu, Sichuan, and Ningxia, I suggest that these distribution reports are
incorrect, because of a misidentification of the species. Anachrysa species are char-
acterized by narrow distributions, thus, the old data should be used with caution,
awaiting confirmation.

Anachrysa triangularis (Yang & Wang, 1994), comb. nov.
Fig. 2A-K

Dichochrysa triangularis Yang & Wang, 1994: 68 (original: Dichochrysa; type locality:
Ruili (Yunnan); holotype in CAU); Yang et al. 2005: 199 (Dichochrysa); Breitkreuz
etal. 2021: 219 (Apertochrysa).

Material examined. Holotype & (CAU), Yunnan, Ruili, Mengxiu (BHK), 5.V.1981,
Yang Chikun MER).

Diagnosis. Frontoclypeal sulcus with brownish stripe; gena with brownish stripe
connected to clypeal markings; scape and pedicel with reddish-brown stripe. Pro-
notum without small medio-lateral spots; pretarsal claw with basal dilation ca. half
as long as claw hook. Forewing with clearly discernible markings, with two series of
brownish gradate crossveins; distal cubital cell (dcc) with reddish brown spots. Tergite
9 + ectoproct without projected peak in lateral view.

Distribution. China (Yunnan).

Remarks. The holotype of Dichochrysa triangularis has reddish-brown prestigmat-
ic spots and reddish-brown markings on the forewing. The gonarcal complex of this
species also fits the typical shape of Anachrysa. Based on these characters, the species
is transferred to Anachrysa and its diagnostic characters, e.g., two series of gradate
crossveins on the forewing and hind wing, are considered to be interspecific variation
within the genus.
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Figure 2. Anachrysa triangularis (Yang & Wang, 1994) (holotype, male, CAU) A habitus B head, frontal
view € head and thorax, dorsal view D head and prothorax, lateral view E pretarsal claw (emphasized)
F segment A7-terminus, lateral view G tignum H gonarcal complex, dorsal view I gonarcal complex,
lateral view J gonarcal complex and hypandrium internum K line drawing of gonapsis. Abbreviations:
cc callus cerci ent entoprocessus gon gonarcus h.i. hypandrium internum mu mediuncus S7 sternite 7
S8 sternite 8 T7 tergite 7 T8 tergite 8 T9+e tergite 9+ectoproct. Scale bar: 5.0 mm (A).
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Anachrysa adamsi sp. nov.
http://zoobank.org/4F152274-27CF-4220-92DB-DC84DDO0F0A20
Fig. 3A-L

Material examined. Holotype 4 (MYNC), Yunnan, Honghe, lyuchun county (G
£1), 1800 m, V.2021, Li Shen (%= H).

Diagnosis. Epistomal suture with light stripe; gena with brownish stripe con-
nected to clypeal markings; scape and pedicel with reddish-brown stripe. Pronotum
with medio-lateral spots; pretarsal claw with basal dilation ca. one third as long as
claw hook. Forewing with indistinct markings, gradates brownish; distal cubital
cell (dec) with reddish-brown spots. Tergite 9 + ectoproct with projected peak in
lateral view.

Description. Measurements: Head width 1.30 mm; ratio of head width to eye
width 2.00; prothorax 0.70 mm long, 0.90 mm wide. Forewing 17.00 mm long,
5.50 mm wide; 14 radial cells; 3 Banksian cells (b cells), 5 lower Banksian cells (b’
cells); 9 inner gradates, 5 median gradates, 8 outer gradates. Hind wing 15.50 mm
long, 4.50 mm wide; 13 or 14 radial cells; 2 Banksian cells (b cell), 5 lower Banksian
cell (b’ cells); 8 inner gradates, 2 or 3 median gradates, 6 or 7 outer gradates.

Head. Not spotted; frons with epistomal suture marked with light reddish stripe;
gena marked with brownish stripe connected with clypeal markings; tentorial pits un-
marked; scape and pedicel with reddish stripe; clypeus with lateral area marked with
light brownish markings; maxillary palp with palpomeres 3—5 brownish; labial palp
with palpomere 3 brownish.

Thorax. Pronotum with reddish lateral stripe and medio-lateral spots. Pretarsal
claw with basal dilation ca. one third as long as claw hook.

Wings. Forewing narrow, hyaline, without clearly discernible markings; some ba-
sal costal crossveins, crossveins between the first cubital cell and the second cubital
cell (cu,), distal cubital cell (dcc) and first anal vein (1A) brownish; hind wing narrow,
more acutely tapering apically than forewing, hyaline; almost all veins, except some
costal crossveins, pale green.

Abdomen. Pale green. Abdominal setae white, microsetae dense, and long setae sparse.

Male. Tergite 9 + ectoproct triangular, ca. twice as long as tergite 8, base proxi-
mally prominent dorsally, with an angulate peak in lateral view, dorsal invagination
ca. 2/3 length of tergite 9 + ectoproct; callus cerci circular. Sternite 8 + 9 fused, with
line of fusion not demarcated, posterior margin rounded. Tignum, gonapsis, and hyp-
andrium internum present; tignum narrow, with relatively weak projection; gonarcus
narrow, ca. half the length of mediuncus; entoprocessus long, narrow, slightly shorter
than gonarcus, without unarticulated process; mediuncus relatively straight; gonapsis
with triangular lateral wings, stem long and expanded subapically; hypandrium inter-
num small, with two short, dense arms, with mesal comes.

Female. Unknown.

Distribution. China (Yunnan).

Etymology. The new species is dedicated to Prof. Phillip Anthony Adams, who
made great contributions to the taxonomy of Chrysopidae.
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Figure 3. Anachrysa adamsi sp. nov. (holotype, male, MYNC) A habitus B head, frontal view € head
and thorax, dorsal view D head and prothorax, lateral view. The arrow indicates the reddish-brown stripe
E pretarsal claw (emphasized) F segment A7-terminus, dorsal view G segment A7-terminus, lateral view.
The arrow indicates the angulate peak H tignum | gonarcal complex, dorsal view J gonarcal complex,
lateral view K gonapsis L hypandrium internum. Abbreviations: cc callus cerci ent entoprocessus gon
gonarcus inv dorsal invagination mu mediuncus S7 sternite 7 S8 sternite 8 T7 tergite 7 T8 tergite 8 T9+e
tergite 9+ectoproct. Scale bar: 5.0 mm (A).
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Remarks. The new species can be distinguished from its conqeners by the follow-
ing characters: pronotum with medio-lateral spots (absent in A. holzeli, A. triangularis,
and A. alviolata), scape with a reddish-brown stripe (absent in A. /ifashengi and A. luna)
and absence of an unarticulated process on the entoprocessus (present in A. lifashengi
and A. luna), cubital cell (dcc) with reddish-brown spots (absent in A. xiangana) and
tergite 9 + ectoproct with a dorsally projected peak in lateral view (absent in A. #rigo-
nia). Anachrysa adamsi resembles A. erato in having medio-lateral spots on the prono-
tum and a similar gonarcal complex. However, A. adamsi differs from A. erato by the
scape having a reddish-brown stripe (absent in A. erato) and gonapsis with small and
narrow lateral wings (large and broad wings in A. erato). Anachrysa adamsi is also simi-
lar to A. elegans in having medio-lateral spots on the pronotum and a similar gonarcal
complex and gonapsis. The two species differ in several details, such as scape with a
reddish-brown stripe (absent in A. elegans), the absence of discernible markings on the
forewing (present in A. elegans) and few brownish crossveins (several in A. elegans), the
relatively straight mediuncus (curved in A. elegans) and triangular lateral wings on the
gonapsis (rounded in A. elegans).

Updated key to species of Anachrysa by Ma and Liu (2021)

1 Pronotum without distinct medio-lateral SPOts .......cccvveerieveriricininicrinicinn, 2
- Pronotum with distinct medio-lateral spots (Fig. 3C) ......ccoveueuiiinnincnnee. 4
2 Scape without reddish-brown stripe.......... A. holzeli (Wang & Yang, 1992)
- Scape with reddish-brown stripe (Figs 1D, 2D, 3D) ....ccccovviuiiiiinninncnnee. 3
3 Distal cubital cell (dec) with reddish-brown spots (Fig. 2A) ......ccccccvvinnneeee.

..................................... A. triangularis (Yang & Wang, 1994), comb. nov.
— Distal cubital cell (dec) without reddish-brown spots (Fig. 1A)..........c..........
........................................... A. alviolata (Yang & Yang, 1990), comb. nov.

4 Scape with reddish-brown stripe (Figs 1D, 2D, 3D) ....cccvviieiiiininincnnne. 5
Scape without reddish-brown stripe.......c..cccovreineciniinicncccce, 7
5 Male tergite 9 + ectoproct without dorsally projected peak in lateral view.....

............................................................... A. trigonia (Wang & Yang, 2005)
- Male tergite 9 + ectoproct with dorsally projected peak in lateral view

............................................................. A. xiangana (Wang & Yang, 1992)
- Distal cubital cell (dec) with reddish-brown spots (Figs 2A, 3A) ...................
....................................................................................... A. adamsi sp. nov.

7 Male tergite 9 + ectoproct without dorsally projected peak in lateral view;
entoprocessus strongly curved.........ccoccevviiiininanne A. luna Ma & Liu, 2021
- Male tergite 9 + ectoproct with dorsally projected peak in lateral view; ento-
PLOCESSUS STIAIGNT ... 8
8 Gonapsis with large and broad lateral wings...........cccccccovvvviiiiinnnncnne. 9

- Gonapsis with small and narrow lateral wings...... A. elegans (Holzel, 1973)
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9 Entoprocessus with subapical unarticulated process; lateral wings on gonapsis
tapered outwards..........ceeieiniiieieieiiiiines A. lifashengi Ma & Liu, 2021
- Entoprocessus without subapical unarticulated process; lateral wings on

gonapsis rounded..........ccceeiviniiiiiiniee A. erato (Hélzel, 1973)

Notes. A. elegans and A. erato do not have a reddish-brown stripe on their scapes,
contrary to the statement previously provided in the key by Ma and Liu (2021).
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Abstract

A taxonomic study of the green lacewing subgenus Chrysopidia (s. str) from China is presented. Based
on the examination of type specimens of the genus reported by previous Chinese scholars and the line
drawings of Chrysopidia manipurensis provided by Ghosh (1990), I proposed five new combinations:
Apertochrysa platypa (Yang & Yang, 1990), comb. nov., Apertochrysa yangi (Yang, 1997), comb. nov.,
Apertochrysa shennongana (Yang & Wang, 1990), comb. nov., Apertochrysa zhaoi (Yang & Wang, 1990),
comb. nov., and Apertochrysa manipurensis (Ghosh, 1990), comb. nov. As for Chrysopidia sinica Yang &
Wang, 1990, I still treat it as a valid species until supplementary specimens are available because the gonar-
cal complex of the type specimen is missing. A new species Chrysopidia (Chrysopidia) tjederi sp. nov. is also
described based on new materials. A key to all known species of this subgenus is also provided.

Keywords
Key, new species, taxonomic study

Introduction

The green lacewing genus Chrysopidia was established by Navds (1910), with Chryso-
pidia nigrata Navds, 1910 as its type species by monotypy. The genus currently in-
cludes 19 species in the Palacarctic and Oriental regions. The genus is characterized
by the broad costal area of the forewing, sinuate radial crossveins in the apical half,
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the slightly inclined or straight long costal setae, the presence of a dorsoapical in-
vagination on tergite 9, as well as ectoproct in males and long vela and shallow sper-
mathecal impression in females. Previously, this genus consisted of three subgenera,
i.e., Chrysopidia (s. str.), Chrysotropia Navas, and Anachrysa Hélzel. The subgenus
Chrysotropia was established as an independent genus by Navis (1911) and subse-
quently treated as a subgenus of Chrysopidia (s.l.) on account of similar external and
genital characters. The subgenus Anachrysa was excluded from Chrysopidia (s.l.) and
raised to generic level by Breitkreuz et al. (2022) and Ma and Liu. (2021). Thus, the
genus Chrysopidia (s.l.) includes at present two subgenera, Chrysopidia (s. str.) and
Chrysotropia Navis. The study of type specimens of the four species of this subgenus
described from China suggests that they should be excluded from Chrysopidia (s.
str.) and transferred to Apertochrysa, based on morphological and genital characters.
I did not examine the type specimen of Chrysopidia manipurensis Ghosh, 1990, but
morphological and genital characters showed by line drawings support the removal
of this taxon from Chrysopidia and the transfer to Apertochrysa. Thus, I herein pro-
pose five new combinations: i.e., Apertochrysa platypa (Yang & Yang, 1990), comb.
nov., Apertochrysa yangi (Yang, 1997), comb. nov., Apertochrysa shennongana (Yang
& Wang, 1990), comb. nov., Apertochrysa zhaoi (Yang & Wang, 1990), comb. nov.,
and Apertochrysa manipurensis (Ghosh, 1990), comb. nov. Finally, Chrysopidia sinica
Yang & Wang, 1990, it is quite similar to Chrysopidia remanei Holzel, 1973, but no
significant external differences between them were found. Unfortunately, the gonar-
cal complex of C. sinica is missing. Here, I still treat C. sinica as a valid species until
additional specimens are available. This study aims to present an overview of the spe-
cies of Chrysopidia (s. str.) from China, describe a new species based on novel material
from China, and provide a key to all known species.

Materials and methods

Terminology of wing venations used in this paper follows Tillyard (1916), Tauber
(2003), and Tauber et al. (2017). Terminology of genitalia follows Tjeder (1970),
Principi (1977), Adams and Penny (1985), Brooks and Barnard (1990), Tauber
(2003), and Tauber et al. (2017). Measurements on the methodology of head
width, ratio of head width to eye width, and the length and width of prothorax
and wings were provided in our previous work (Ma et al. 2020). The holotype of
Chrysopidia (Chrysopidia) tjederi sp. nov. is deposited in the Invertebrate Collection
of Engineering Research Center for Forest and Grassland Disaster Prevention and
Reduction, Mianyang Normal College, Mianyang, China (MYNC). Other collec-
tions with primary types of species cited in this paper are Entomological Museum,
China Agricultural University, Beijing, China (CAU), Institute of Zoology, China
Academy of Sciences, Beijing, China (IZCAS) and National Zoological Collec-
tion, Zoological Survey of India, West Bengal, India (NZSI) and Zoologische Staat-
sammlunge, Munich, Germany (ZSM).
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Taxonomy

Subgenus Chrysopidia Navés, 1910
Chrysopidia Navés 1910: 54; Holzel 1973: 359; Brooks and Barnard 1990: 207.

Type species. Chrysopidia nigrata Navés, 1910, by monotypy.

Diagnosis (adapted from Brooks and Barnard 1990). Forewing 13.00-
16.00 mm. Head unmarked or with red stripe on scape, gena, and between scape and
vertex (supra-antennal area). Head width/eye width ratio 2.00-2.50; left mandible
with small tooth; antenna as long as or longer than forewing. Pronotum slightly elon-
gate; unmarked or with brown lateral spot or red median spot; mesonotum unmarked
or with red lateral spot on prescutum. Forewing with costal area broadened; costal
and radial crossveins black at each end; costal setae long, slightly inclined or erect;
pterostigma unmarked; radial crossveins in apical half sinuate; gradates in three rows.
Hind wing often with black suffusion on apical posterior margin; gradates in three
rows. Male genitalia: callus cerci ovate or rounded; apodemes usually absent; tergite 9
+ ectoproct with deep dorsoapical invagination; tignum, gonapsis, and median plate
absent; entoprocessus short; gonarcus long and narrow; mediuncus long, expanded
subapically, strongly curved ventrally; gonosaccus large; gonosetac long, dense. Female
genitalia: sternite 7 straight apically; subgenitale bilobed; spermatheca narrow, with
shallow ventral impression; vela long; spermathecal duct long or short, sinuous.

Species of the subgenus. Chrysopidia ignobilis (Walker, 1860) (“Hindostan”, In-
dia), Chrysopidia fuscara (Navis, 1914) (Sichuan and Yunnan, China), Chrysopidia
nigrata (Navés, 1914) (Darjeeling, India), Chrysopidia numerosa (Navas, 1914) (Dar-
jeeling, China), Chrysopidia regulata (Navés, 1914) (Sichuan and Yunnan, China),
Chrysopidia jiriana Holzel, 1973 (Jiri, Nepal), Chrysopidia jocasta Holzel, 1973 (Jiri,
Nepal), Chrysopidia junbesiana Holzel, 1973 (Junbesi, Nepal), Chrysopidia junbesiana
Holzel, 1973 (Junbesi, Nepal), Chrysopidia remanei Hélzel, 1973 (Junbesi, Nepal),
Chrysopidia sinica Yang & Wang, 1990 (Hubei, China), Chrysopidia flavilineata Yang
& Wang, 1994 (Yunnan, China), and Chrysopidia tjederi sp. nov. (Sichuan, China).

Distribution. Oriental region.

Species previously attributed to Chrysopidia (s. str.)

Apertochrysa platypa (Yang & Yang, 1991), comb. nov.

Chrysopidia platypa Yang and Yang 1991a: 215 (original: Tjederina; type locality: Hai-
kou (Hainan); holotype in CAU); Yang et al. 2005: 126 Chrysopidia (Chrysopidia))

Material examined. Holotype 14 (CAU), Hainan, Haikou (#F 1), Hainan Institute
of Tropical Crops [= Hainan University], 13.1X.198]1.
Distribution. China (Hainan).
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Remarks. The species Chrysopidia platypa (Yang & Yang, 1991), reported by
Yang and Yang (1991) originally belongs to the genus 7jederina, which is a nomen
nudum appearing in Yang and Wang (1990). Later, it was transferred to the genus
Dichochrysa by Yang (1997). Yang et al. (2005) transferred it in the genus Chrysopidia
based on sternite 8 exceeding the apex of tergite 9 + ectoproct. I re-examined the
holotype and found it has the characters typical of Apertochrysa, a genus erected by
Tjeder (1966) and re-established as a senior synonym of Pseudomallada Tsukaguchi,
1995 by Breitkreuz et al. (2021). Apertochrysa is characterized by presence of straight
radial crossveins, basal inner gradate crossveins not meeting pseudomedia (Psm) in
both wings, and gonapsis present. These characters suggest transferring this species
to Apertochrysa.

Apertochrysa yangi (Yang, 1997), comb. nov.

Chrysopidia yangi Yang and Lin 1997: 599 (original: Chrysopidia (Chrysopidia); type
locality: Xingshan (Hubei); holotype in IZCAS); Yang et al. 2005: 133 (Chrysopi-
dia (Chrysopidia)).

Material examined. Holotype 13 (IZCAS), Huibei, Xingshan, Longhe Forestry (
T RI), 14.1X.1994 Yaojian (Zh4E).

Distribution. China (Hubei).

Remarks. Chrysopidia yangi was described from both sexes by Yang in Yang and
Lin (1997), but only the holotype (male) was available to me for study. After re-ex-
amination, I found it has these characters: (1) narrow costal areas on forewing; (2)
radial crossveins straight; (3) basal inner gradate crossveins not meeting pseudomedia
(Psm) in both wings; (4) tignum present. All these characters fit with the diagnosis of
Apertochrysa, so 1 transfer it to this genus. Moreover, I confirm that the presence of
three series of gradate crossveins on both wings of this species is caused by doubled
occasional crossveins.

Apertochrysa shennongana (Yang & Wang, 1990), comb. nov.

Chrysopidia shennongana Yang and Wang 1990: 154 (original: Chrysopidia; shennon-
gjia (Hubei); holotype in CAU); Yang et al. 2005: 128 (Chrysopidia (Chrysopidia)).

Material examined. Holotype 19 (CAU), Hubei, Shennongjia (#4¢4¢), 2.V1.1984,
1700 m, Chikun Yang MEER).

Distribution. China (Hubei).

Remarks. Chrysopidia shennongana was described by Yang and Wang (1990) based
on a single female. After re-examination the holotype, I discovered it has typical charac-
ters of Apertochrysa, e.g., narrow costal areas on the forewings, straight radial crossveins,
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basal inner gradate crossveins not meeting pseudomedia (Psm) in both wings, and the
spermatheca with long vela. Thus, I exclude it from Chrysopidia (s.l.) and allocate it
to Apertochrysa. The presence of three series of gradate crossveins on both wings is the
same case as C. platypa and C. yangi.

Apertochrysa zhaoi (Yang & Wang, 1990), comb. nov.

Chrysopidia zhaoi Yang and Wang 1990: 156 (original: Chrysopidia; type locality: Shen-
nongjia (Hubei); holotype in CAU); Yang et al. 2005: 133 (Chrysopidia (Chrysopidia)).

Material examined. Holotype 19 (CAU), Hubei, Shennongjia, Songbai Town (FAFA
), 24.V1.1984, 700-800 m, Xinli Wang (/L)

Distribution. China (Hubei).

Remarks. The case is same with A. shennongana, and therefore I exclude it from
Chrysopidia (s.l.) and allocate it to Apertochrysa.

Apertochrysa manipurensis (Ghosh, 1990), comb. nov.

Chrysopidia manipurensis Ghosh 1990: 344 (original: Chrysopidia; type locality: Ma-
nipur (India); holotype in NZSI).

Distribution. India (Manipur).

Remarks. As for Chrysopidia manipurensis, 1 did not examine the type material, but
it is easy to recognize diagnostic characters from the original literature and line draw-
ings. Although it has three gradates on the forewing, the shape of the gonarcal complex
is typical of Apertochrysa. Based on the narrow costal areas on forewing, straight ra-
dial crossveins, basal inner gradate crossveins not meeting pseudomedia (Psm) in both
wings, and the shape of its gonarcal complex, I exclude it from Chrysopidia (s.l.) and
assign it to Apertochrysa.

Chinese species

Chrysopidia (C.) flavilineata Yang & Wang, 1994
Fig. 1A-H

Chrysopidia (C.) flavilineata Yang and Wang 1994: 65 (orignial: Chrysopidia; type lo-
cality: Nanjingli (Yunnan, Ruili); holotype in CAU); Yang et al. 2005: 124 (Chrys-
opidia (Chrysopidia)).

Material examined. Holotype &, Yunnan, Ruili, Nanjingli (FAHCH), 5.V.1981, Li
Fasheng (2572 5).
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Figure 1. Chrysopidia (Chrysopidia) flavilineata (Yang & Wang, 1994) (holotype, male, CAU) A habitus B head,
frontal view € head and thorax, dorsal view D head and prothorax, lateral view E pretarsal claw (emphasized)
F segment A-terminus, lateral view G segment A8 terminus, dorsal view H sternite 8. Abbreviations: cc callus
cerci inv dorsal invagination S8 sternite 8 T8 tergite 8 T9+e tergite 9 + ectoproct. Scale bar: 5.0 mm (A).

Diagnosis. Circumocular with reddish stripe; epistomal suture with light stripe;
gena unmarked; scape and pedicel without any stripe; pretarsal claw with basal dilation
circa half as long as claw hook. Gradate crossveins pale green on both wings. Tergite 9
+ ectoproct with straight dorsal and posterior margin; sternite 8 moderately exceeding
the apex of tergite 9 + ectoproct.

Distribution. China (Yunnan).
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Chrysopidia (C.) fuscata Navis, 1914

Chrysopidia (C.) fuscata Navds 1914: 12 (original: Chrysopidia; type locality: “Tali”
[Dali] (Yunnan); holotype depository unknown); Banks 1942 [1940]: 188 (Chrys-
opidia); Banks 1947: 98 (Chrysopidia); Brooks and Barnard 1990: 271 (Chrysopi-
dia (Chrysopidia)); Yang et al. 2005: 125 (Chrysopidia (Chrysopidia)).

Distribution. China (Sichuan, Yunnan).

Remarks. The depository of the type is unknown (probably missing). I also did
not examine other specimens belonging to this species, so additional information can-
not be provided at present.

Chrysopidia (C.) regulata Navis, 1914

Chrysopidia (C.) regulata Navds 1914: 12 (original: Chrysopidia; type locality: “Tali”
[Dali] (Yunnan) and Darjeeling (India); syntype depository unknown); Banks
1942 [1940]: 187 (Chrysopidia); Yang et al. 2005: 127 (Chrysopidia (Chrysopidia)).

Distribution. China (Sichuan, Yunnan).
Remarks. For similar reasons mentioned above for C. fuscata, supplementary de-
scription and photographs of characters cannot be given at this time.

Chrysopidia (C.) remanei Hélzel, 1973
Fig. 2A-H

Chrysopidia (C.) remanei Holzel 1973: 360 (original: Chrysopidia; typelocality: Junbesi
(Nepal); holotype in ZSM); Yang et al. 2005: 127 Chrysopidia (Chrysopidia).

Material examined. 15 (CAU), Xizang, Yatung, 2018.VIL.12, light trap, Yang
Qicheng (MHL12).

Diagnosis. Circumocular without reddish stripe; epistomal suture with short
reddish stripe; gena unmarked; scape and pedicel without any stripe; pretarsal claw
with basal dilation about half as long as claw hook. Forewing with costal area
expanded outwards at median part; gradate crossveins brownish. Tergite 9 + ecto-
proct with straight dorsal and posterior margin; sternite 8 slightly exceeding the
apex of tergite 9 + ectoproct; entoprocessus of gonarcal complex with unarticulated
process near apex.

Distribution. China (Xizang); Nepal (Junbesi).

Remarks. The specimen from Yatung has characters typical of Chrysopidia (C.)
remanei, e.g., forewing with median costal area expanded and entoprocessus with sub-
apical process, which confirms the identification of this species.
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Figure 2. Chrysopidia (Chrysopidia) remanei Holzel, 1973 (Xizang, Yatung, male, CAU) A habitus
B head, frontal view C head and thorax, dorsal view D head and prothorax, lateral view E pretarsal
claw F segment A7-terminus, dorsal view G callus cerci H segment A8 terminus, dorsal view I sternite 8
J gonarcal complex, dorsal view K gonarcal complex, lateral view. Abbreviations: ent entoprocessus gsac
gonosaccus gon gonarcus inv dorsal invagination mu mediuncus S7 sternite 7 88 sternite 8 T7 tergite 7
T8 tergite 8 T9+e tergite 9 + ectoproct. Scale bar: 5.0 mm (A).
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Chrysopidia (C.) sinica Yang & Wang, 1990

Chrysopidia (C.) sinica Yang and Wang 1990: 155 (original: Chrysopidia; type local-
ity: Shennongjia (Hubei); holotype in CAU); Yang et al. 2005: 129 (Chrysopidia
(Chrysopidia)).

Material examined. Holotype 184 (CAU), Hubei, Shennongjia (Ff€25), 1700 m,
2.V1.1984, Yang Chikun (1% ).

Distribution. China (Hubei).

Remarks. I re-examined the holotype and did not find any significant external
differences between C. remanei and C. sinica. 1 doubt that this species may be a junior
synonym of C. remanei. Yang and Wang (1990) stated the gonarcal complex of this
species was different from that of C. remanei and provided line drawings of gonarcal
complex. Based on my re-examination of many types described by Chikun Yang, the
line drawing of the gonarcal complex is often inaccurate. Therefore, it is necessary to
re-examine the gonarcal complex of the species. Unfortunately, the sclerite is missing
and, thus, I could not make any determination. This species is not included in the pre-
sent key, but still treated as a valid species until more specimens are available.

Chrysopidia (C.) tjederi sp. nov.
http://zoobank.org/AFEB3BCE-539C-4E0B-8ACB-CFF413BC1F3D
Fig. 3A-]

Material examined. Holotype 13 (MYNC), Sichuan, Mianyang, Mojia town, Mian-
yang Normal College (B Z< 81, 4nPHIMTIE % Ft), 24.X.2021, Ma Yunlong (& = J%).
Paratype ', the same data as holotype.

Diagnosis. Circumocular with reddish stripe extending to inner ocular margin;
epistomal suture with reddish markings connected with clypeal markings; gena un-
marked; scape, pedicel, and flagellum with reddish stripe; pretarsal claw with basal
dilation circa half as long as claw hook. Forewing with gradate crossveins black. Tergite
9 + ectoproct with rounded dorsal and posterior margin; sternite 8 greatly exceeding
the apex of tergite 9 + ectoproct; entoprocessus of gonarcal complex broad, without
unarticulated process.

Description. Measurements: head width 1.00 mm; ratio of head width/eye width
2.20; prothorax 0.70 mm long, 0.77 mm wide. Forewing 13.00 mm long, 4.50 mm
wide; 11 radial cells; 5 Banksian cells (b cells), 4 lower Banksian cells (b' cells); 6 inner
gradates, 3 median gradates, 7 outer gradates. Hind wing 11.50 mm long, 3.50 mm
wide; 10 radial cells; 4 Banksian cells (b cell), 4 lower Banksian cell (b' cells); 5—6 inner
gradates, 0—1 median gradates, 5 outer gradates.

Head: vertex pale green, immaculate, with shallow groove; circumocular with red-
dish stripe extending to inner ocular margin; epistomal suture of frons with reddish
markings; gena unmarked; tentorial pits with reddish margins; scape, pedicel, and
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Figure 3. Chrysopidia (Chrysopidia) tjederi sp. nov. (holotype, male, MYNC) A habitus B head, frontal
view C head and thorax, dorsal view D head and prothorax, lateral view E line drawing of pretarsal claw
F segment A8-terminus, dorsal view G tergite 9 + ectoproct H sternite 8 I gonarcal complex, dorsal view
J gonarcal complex, lateral view. Abbreviations: ent entoprocessus g.c. gonarcal complex gsac gonosaccus
gon gonarcus inv dorsal invagination mu mediuncus S8 sternite 8 T8 tergum 8 T9+e tergite 9 + ecto-

proct. Scale bar: 5.0 mm (A).
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flagellum with reddish stripe; clypeus with reddish markings connected with frontal
markings; labrum with reddish markings; maxillary palp with palpomeres 3—5 brown-
ish; labial palp with palpomere 3 brownish.

Thorax: pronotum with reddish lateral stripe and with yellowish median stripe;
mesonotum and metanotum with yellowish median stripe; pretarsal claw with basal
dilation circa half the length of claw hook.

Wings: forewing narrow, hyaline; most costal and radial crossveins at each end,
basal part of radial sector, branches of radial sector at junctions with pseudomedia
(Psm), gradate crossveins, crossveins between pseudomedia (Psm) and pseudocubitus
(Psc) except the first one, crossvein between the first cubital cell and the second cubital
cell (cu,) and crossvein between the second cubital cell (cu,) and distal cubital cell
(cu,) black; hind wing narrow, more acutely tapered apically than forewing, hyaline;
most costal crossveins black at each end or entirely black; apical posterior margin with
black suffusion.

Abdomen: pale green, having yellowish median stripe, with reddish brown mark-
ings on terga 1-7. Abdominal setae white, microsetae dense, and long setae sparse.

Male: tergite 9 + ectoproct oval, circa 3x as long as tergite 8, with rounded dorsal
and posterior margin, dorsal invagination about half length of tergite 9 + ectoproct;
callus cerci rounded, as long as wide. Sterna 8 + 9 fused, very narrow, circa 3.5x as
long as wide, with line of fusion not demarcated, lateral margin straight and abruptly
tapered near apex, posterior margin rounded, greatly exceeding the apex of tergite 9
+ ectoproct. Tignum, gonapsis, and hypandrium internum absent; gonarcus narrow,
slightly longer than mediuncus; entoprocessus broad; mediuncus straight at basal half,
abruptly curved at apical half, forming right angles with gonarcus.

Female: unknown.

Distribution. China (Sichuan).

Etymology. The new species is dedicated to Prof. Bo Tjeder, great Swedish neu-
ropterist and dipterist.

Remarks. The new species is distinguished by the presence of a reddish brown
stripe on scape (absent in C. flavilineata, C. jocasta, C. junbesiana, and C. regulata),
absence of black spots on the mesonotum and metanotum (present in C. nobilis);
forewing span (<15.00 mm in C. tederi versus >15.00 mm in C. numerosa, C. fuscata,
and C. nirgrata), costal area not expanded (median part of costal area expanded in
C. remanei and C. sinica), and angles between gonarcus and entoprocessus (right angles
in C. tjederi versus obtuse angles in C. jiriana).

Key to all species of Chrysopidia (s. str.) Navas, 1910*

*C. sinica is not included in the key. See remarks for this species.

1 Mesonotum or/and metanotum with black spots.......c.occcvveinicincicnnnne. 2
- Mesonotum or/and metanotum without black spots.........cccccvvvieinccnnnnce. 3
2 Mesonotum and metanotum with black spots ........ C. jocasta Holzel, 1973

Only mesonotum with black spots.................... C. ignobilis (Walker, 1860)



78 Yunlong Ma / ZooKeys 1106: 67-80 (2022)

3 Forewing >20.00 mm .......ccooovviiiiiiiiiiiniiinnns C. numerosa Navas, 1914
- Forewing <20.00 MM ....ooooviiiiiiiiiiiiiiiic e 4
Forewing with costal area expanded medially (Fig. 2A) ......coeeeiinnnnnnee.
............................................................................. C. remanei Holzel, 1973

- Forewing with costal area not expanded medially.........ccccoeeeiiinnnnane. 5
5 Scape without reddish brown Stripe .......c.cccoiveineciniiinncrcceces 6
- Scape with reddish brown stripe (Fig. 3D) ....c.ccoovvivuiiiiiininiiciiincne 8
6 Maxillary and labial palp pale green or yellowish.... C. regulata Navas, 1914
- Maxillary and labial palp with apical segment brownish (Figs 2B, 3B) ........ 7
7 Forewing with basal radial crossveins entirely black; most gradate crossveins
black or brownish .....coeeeeeeeeeeeeeeeeeeeeeeeeenn C. junbesiana Holzel, 1973
- Forewing with radial crossveins pale green; gradate crossveins pale green
(Fig. TA) ceoiiiieciirecceeee C. flavilineata Yang & Wang, 1994
8 Forewing >15.00 MM ....cooiiiiiiiiiiiiiiiiiiiii 9
- Forewing <15.00 MM .....cooiiiiiiiiiiiiiiiie 10
9 Mesonotum with reddish spots........cccovvuecerieininucanne C. fuscata Navis, 1914
Mesonotum without reddish spots........ccccveeneneee. C. nigrata Navis, 1910
10 Gonarcus longer than mediuncus; mediuncus forming right angles with
gonarcus (Fig. 3])..c.coviiiiiiiiiic C. tjederi sp. nov.
- Gonarcus shorter than mediuncus; mediuncus forming obtuse angles with
GOMALCUS ..ottt ees C. jiriana Holzel, 1973
Acknowledgements

The study was supported by a pilot grant (QD2021A30) provided by Mianyang Nor-
mal College.

References

Adams PA, Penny ND (1985) Neuroptera of the Amazon Basin. Part 1la. Introduction
and Chrysopini. Acta Amazonica 15(3-4): 413-479. https://doi.org/10.1590/1809-
43921985153479

Banks N (1942[1940]) Report on certain groups of neuropteroid insects from Szechwan,
China. Proceedings of the United States National Museum 88(3079): 173-220. https://
doi.org/10.5479/5i.00963801.88-3079.173

Banks N (1947) Some neuropterous insects from Szechwan, China. Fieldiana: Zoology.
Chicago Natural History Museum 31: 97-107. https://doi.org/10.5962/bhl.title.2821

Breitkreuz L, Duelli B, Oswald JD (2021) Apertochrysa Tjeder, 1966, a new senior synonym
of Pseudomallada Tsukaguchi, 1995 (Neuroptera: Chrysopidae: Chrysopinae). Zootaxa
4966(2): 215-225. https://doi.org/10.11646/z00taxa.4966.2.8



Notes on the green lacewing genus Chrysopidia (s. str.) Navés 79

Breitkreuz LCW, Garzén OrdunaI], Winterton SL, Engel ME (2022) Phylogeny of Chrysopidae
(Neurptera), with emphasis on morphological trait evolution. Zoological Journal of the
Linnean Society 194(4): 1374-1395. https://doi.org/10.1093/zoolinnean/zlab024

Brooks SJ, Barnard PC (1990) The green lacewings of the world: A generic review (Chrysopidae).
Bulletin of the British Museum of Natural History. Entomology 59: 117-286.

Ghosh SK (1990) Contribution to the taxonomical studies of Neuroptera (suborder Planipennia)
from eastern India. III. Family Chrysopidae. Records of the Zoological Survey of India 86:
329-354.

Hélzel H (1973) Neuroptera aus Nepal I. Chrysopidae. Khumbu Himal 4: 333-388.

MaYL, Liu XY (2021) The green lacewing genus Anachrysa Hélzel, 1973 stat. nov. (Neuroptera:
Chrysopidae) from China, with description of two new species. Zootaxa 4941(2): 281-290.
hteps://doi.org/10.11646/z00taxa.4941.2.8

Ma YL, Yang XK, Liu XY (2020) Notes on the green lacewing subgenus Ankylopteryx Brauer,
1864 (s. str.) (Neuroptera, Chrysopidae) from China, with description of a new species.
ZooKeys 906: 41-71. https://doi.org/10.3897/zookeys.906.46438

Navés L (1910) Crisépidos (Ins. Neur.) nuevos. Brotéria (Zooldgica) 9: 38-59.

Navds L (1911) Nouvelles formes de Chrysopides (Ins. Névr.) de France. Annales de ' Association
des Naturalistes de Levallois-Perret 17: 12—14.

Navds L (1914) Neuroptera asiatica. I1I series. Russkoe Entomologicheskoe Obozrenie [= Revue
Russe d’Entomologie] 14: 6-13.

Principi MM (1977) Contributi allo studio dei Neurotteri italiani. XXL. La morfologia ad-
dominale ed il suo valore per la discriminazione generica nell’ambito delle Chrysopi-
nae. Bollettino dell'Istituto di Entomologia della Universita degli Studi di Bologna 31:
325-360.

Tauber CA (2003) Generic characteristics of Chrysopodes (Neuroptera: Chrysopidae), with
new larval descriptions and a review of species from the United States and Canada. Annals
of the Entomological Society of America 96(4): 472-490. https://doi.org/10.1603/0013-
8746(2003)096[0472:GCOCNC]2.0.CO;2

Tauber CA, Sosa E Albuquerque GS, Tauber M] (2017) Revision of the Neotropical green
lacewing genus Ungla (Neuroptera, Chrysopidae). ZooKeys 674: 1-188. https://doi.
org/10.3897/zookeys.674.11435

Tillyard RJ (1916) The wing-venation of the Chrysopidae. Proceedings of the Linnean Society
of New South Wales 61: 221-248. [2 pls]

Tjeder B (1966) Neuroptera-Planipennia. The lace-wings of Southern Africa. 5. Family Chrys-
opidae. South African Animal Life 12: 228-534.

Tjeder B (1970) Neuroptera. In: Tuxen SL (Ed.) Taxonomist’s Glossary of Genitalia in Insects,
2" edition. Munksgaard, Copenhagen, 89-99.

Yang XK (1997) Catalogue of the Chinese Chrysopidae (Neuroptera). Serangga 2: 65-108.

Yang XK, Lin ST (1997) Neuroptera: Chrysopidae. in Yang X-k (Ed.) Chang Jiang San
Xia ku qu kun chong [= Insects of the Three Gorge Reservoir area of Yangtze river].
Vol. 1. Chongqing Publishing House, Chongging, 593-608. [974 pp] [in Chinese, with

English summary]



80 Yunlong Ma / ZooKeys 1106: 67-80 (2022)

Yang CK, Wang XX (1990) Eight new species of green lacewings from Hubei Province
(Neuroptera: Chrysopidae). Journal of Hubei University 12: 154—163. [Natural Science
Edition, in Chinese, with English summary]

Yang CK, Wang XX (1994) The golden eyes of Yunnan with descriptions of some new genus
and species (Neuroptera: Chrysopidae). Journal of. Yunnan Agricultural University 9(2):
65-74. [in Chinese, with English summary]

Yang XK, Yang CK (1991) Four new species of lacewing (Neuroptera: Chrysopidae). Acta
Entomologica Sinica 34: 212-217. [in Chinese, with English summary]

Yang XK, Yang CK, Li WZ (2005) Fauna Sinica: Insecta, Volume 39: Neuroptera: Chrysopidae.
Science Press, Beijing, 398 pp. [4 pls] [in Chinese, with English summary]



ZooKeys 1106:81-99 (2022) A peer-reviewed open-access journal

doi: 10.3897/zookeys. | 106.81432 $ZOOI<€VS

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

Phlebotomine sand flies (Diptera, Psychodidae) from
Spain: an updated checklist and extended distributions

Daniel Bravo-Barriga', Ignacio Ruiz-Arrondo?, Rosa Estrada Pefia®,
Javier Lucientes?, Sarah Delacour-Estrella®*

| Universidad de Extremadura, Facultad de Veterinaria, Departamento de Sanidad Animal, Parasitologia,

Avda. Universidad s/n, 10003 Cdceres, Spain 2 Center for Rickettsiosis and Arthropod-Borne Diseases, Hospi-

tal Universitario San Pedro-CIBIR, Logrofio, Spain 3 Animal Health Department, The AgriFood Institute of
Aragon (IA2), School of Veterinary Medicine, University of Zaragoza, 50013 Zaragoza, Spain 4 Departamen-

to de Investigacion y Desarrollo (I+D). Quimera. B.S. Calle Olivo, 14, 50016 La Puebla de Alfindén, Spain

Corresponding author: Ignacio Ruiz-Arrondo (irarrondo@riojasalud.es)

Academic editor: Gunnar Kvifte | Received 30 January 2022 | Accepted 19 May 2022 | Published 17 June 2022

hitp://zoobank.org/974EEF81-20DE-4E68-9145-351128B6AB62

Citation: Bravo-Barriga D, Ruiz-Arrondo I, Estrada Pefia R, Lucientes J, Delacour-Estrella S (2022) Phlebotomine
sand flies (Diptera, Psychodidae) from Spain: an updated checklist and extended distributions. ZooKeys 1106: 81-99.
https://doi.org/10.3897/z00keys.1106.81432

Abstract

Phlebotomine sand flies (Diptera: Psychodidae) are the natural vectors of Leishmania spp. (Kinetoplastida:
Trypanosomatidae) and phleboviruses (Bunyavirales: Phenuiviridae). In Spain, these vectors appear to be
increasing their geographical distribution and have serious repercussions on public and veterinary health,
encouraging studies of sand flies and their associated pathogens. An up-to-date and easily accessible com-
pendium of current and historical data on their presence and detailed distribution is a crucial step towards
the development and implementation of appropriate preventive strategies. A checklist on the presence and
distribution of sand flies in Spain is compiled from data extracted from a comprehensive review of scientific
literature published between 1909 and 2021 and our new records on the presence of sand flies specimens
collected under the entomological surveillance of bluetongue vectors from the Spanish Ministry of Agricul-
ture, Fishery and Food (MAPA) during the period 2004-2021. In total, 13 Spanish species of sand flies (two
of them with controversial status) belonging to two genera and six subgenera are presented in this updated
checklist, including new distribution data for seven species, among which several stand out as confirmed or
suspected vectors of Leishmania infantum: Phlebotomus ariasi, Ph. langeroni, Ph. mascittii, and Ph. perniciosus.
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Introduction

Phlebotomine sand flies are a major public and veterinary health concern due to their
haematophagous habits that allow these insects to be natural vectors of Leishmania spp.
(Kinetoplastida: Trypanosomatidae), arboviruses (phlebovirus, vesiculovirus, and or-
bivirus) (Akhoundi et al. 2016; Ayhan and Charrel 2017) and, in South America, also
the bacterium Bartonella bacilliformis (Sinchez Clemente et al. 2012). In Europe in
recent years, the density of sand flies has increased in endemic areas or has spread into
new areas (Medlock et al. 2014), causing progressively more autochthonous outbreaks
of phlebotomine-borne diseases (Gonzélez et al. 2017; Garcia San Miguel et al. 2021).
More than 50 species of Phlebotomus Loew, 1845 have been described in Europe, North
Africa, the Middle East, and the Caucasus, and eleven of them are implicated in the
transmission of pathogens (Alten et al. 2016). Updated studies on taxonomic, spati-
otemporal, and bio-ecological aspects, as well as the epidemiological status, of sand flies
are crucial to develop effective entomological surveys and control plans. Furthermore,
a global review of the information available can be useful in detecting regions lacking
data. For easier access, all this information must be compiled, ordered, and updated,
allowing effective management for students, professors, general researchers, medical and
veterinary entomologists, animal and public health authorities, and public and private
institutions involved in the study and control of sand flies and their related pathogens.

The first report of sand flies in Spain dates back to 1909 (Czerny and Strobl 1909)
when a female of Phlebotomus ariasi Tonnoir, 1921 was found in Madrid but mistak-
enly reported as Phlebotomus papatasi (Scopoli, 1786). Other females from the same
sample were not identified, but dry-preserved and assumed to be identical to the first,
until Leén Sanz et al. (1998) analyzed them, adding more details to the document by
Czerny and Strobl (1909), identifiying more females of Ph. ariasi and Phlebotomus
perniciosus Newstead, 1911.

Most of the studies on the presence and phenology of sand flies in Spain are concen-
trated between the 1970s to 1990s, where authors such as Francisco Morillas-Mdrquez
(Morillas-Mérquez et al. 1982a, b, 1983a, 1991), Ezequiel Martinez-Ortega (Martin-
ez-Ortega et al. 1982; Martinez-Ortega 1986; Martinez-Ortega and Conesa Gallego
1987a), Jean-Antoine Rioux (Rioux et al. 1974, 1975, 1984), Montserrat Gallego (Gal-
lego et al. 1990) and Javier Lucientes (Lucientes-Curdi et al. 1991, 1995) improved the
distributional knowledge, the biology, their epidemiological role, and also the descrip-
tion of two new species (Ubeda Ontiveros et al. 1982; Morillas-Mérquez et al. 1983b).

Gil Collado et al. (1989) carried out a review of the distribution, morphology, and
biology of sand flies in Spain and described eleven species. Later, Géllego Berenguer
et al. (1992) updated these data on the distribution of sand flies in the northeast of
the Iberian Peninsula and the Balearic Islands. Since then, one new species has been
described (Depaquit et al. 1998), another was reported for the first time for Spain
(Martinez-Ortega et al. 1996), and corrections were made in the identification of his-
torical sand fly collections (Le6n Sanz et al. 1999).

In recent years, further investigations have been initiated mainly focusing on the
role of these insects as vectors of Leishmania spp. and phleboviruses (Sanbonmatsu-
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Gdmez 2005; Barén et al. 2011; Alcover et al. 2014; Ballart et al. 2014; Bravo-Barriga
etal. 2016; Remoli et al. 2016), especially as a result of the largest outbreak of human
leishmaniosis in Madrid in 2009 (Jiménez et al. 2013; Gonzilez et al. 2017, 2021). In
light of this new situation, the geographical and epidemiological status of phleboto-
mine knowledge in our country has been substantially improved.

The aim of this study is to update the list of sand flies present in Spain by compil-
ing the distribution records by provinces contained in the bibliography, and to increase
the information by adding our own entomological results carried out between 2004
and 2021 in all Spanish regions based on collections from the MAPA. The updated
data provided will be useful for the design of new research, surveillance, and vector
control programmes as well as the assessment of the risk of pathogens transmission by
sand flies in Spain.

Materials and methods

Data collection

Knowledge of the distribution of Spanish sand fly species has been synthesised from
two sources:

1. A comprehensive review of 136 scientific articles and grey literature (such
as government reports, conference proceedings, graduate dissertations, and relevant
MSc theses) published between 1909 and 2021. For doctoral theses written by article
compendium, only their publications were taken into account. These materials were
sourced through PubMed, ResearchGate, Scopus, Web of Science, Google Scholar,
and digital repositories (e.g., Digital. CISC, TESEO, Dehesa, and Dialnet) using the
following keywords in English, French, and Spanish: Phlebotominae, Phlebotomine,
Phlebotomus, sandfly, sand flies, Phlébotomes, flebotomos, Spain, Espagne, Espafia,
Leishmania, leishmaniosis, leishmaniasis, and phlebovirus.

Some earlier materials that were difficult to obtain were provided courtesy of an ex-
change between experts. The retrieved papers form the basis for the checklist which was
used to confirm species records and are thus dependent on the quality of the identifica-
tion made by the authors at the time of publication of the record. The bibliographic refer-
ences associated with each species recorded for Spain are presented in Suppl. material 1.

2. Unpublished entomological data of sand flies collected in traps for the moni-
toring of Culicoides biting midges (Diptera: Ceratopogonidae), vectors of the blue-
tongue virus (BTV). Since 2000, a national surveillance, control, and eradication of
BTV programme has been carried out in Spain supported by the MAPA and coordi-
nated by the University of Zaragoza (Zaragoza, Spain).

The surveillance data presented here are based on the analysis of 1179 sample
points belonging to 1040 municipalities between 2004 and 2021 from almost all
Spanish provinces except the autonomous cities Ceuta and Melilla. All islands of the
Balearic Archipelago (Mallorca, Menorca, Ibiza, and Formentera) are considered as a
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single province; however, we do indicate the sand fly species when they are recorded for
the first time in a specific island.

Each collection site was georeferenced using a Garmin GPS 12 Global Position
Device with geographical coordinate system (EPSG: 23030-ED50/UTM zone 30N).
CDC-UV traps (Miniature Blacklight trap 1212, John W. Hock Company, Gaines-
ville, FL, USA) were placed overnight once a week throughout the year long in a vari-
able number of animal holdings composed mainly of sheep, goats, and cattle. These
traps collect not only Culicoides but also many other insects that exhibit a positive
phototropism such as sand flies and mosquitoes, among others.

Captured specimens were stored in 70% ethanol and morphological identification
was carried out following the characters described by Martinez-Ortega and Conesa
Gallego (1987b) and Gallego Berenguer et al. (1992). Female specimens were identi-
fied by microscopic observation of the spermatheca, after dissection and slide mount-
ing of the last three abdominal segments with Hoyer’s solution. Males were identified
by direct stereomicroscopic observation of the features of the external genitalia.

The species included in this list are ordered alphabetically by subfamily, genus, and
subgenus. Species names include authorities and year (Table 1). Nomenclaturally, we
have used the organisation and abbreviations proposed by Rispail and Léger (1998)
and Marcondes (2007) for the genera and subgenera of Phlebotominae. The subgenus
Abonnencius proposed by Morillas-Marquez and Guevara Pozo (1994) for Phlebotomus
fortunatarum Ubeda Ontiveros et al. (1982), an endemic species of the Canary Islands
(Spain), has also been included. The status of some species in Spain is also briefly dis-
cussed in the Notes section.

Current distribution

The distribution maps of each species have been made at province level (NUTS3) us-
ing the software QGIS Geographic Information System, version 3.22.0 (2021). The
reference coordinate system established in the work was EPSG:4258-ETRS89. QGIS
Association, http://www.qgis.org. (Figs 1-13).

Each figure shows the origin of the knowledge of the distribution of each species:

1. From data obtained from the literature review: Grey provinces for presence
and white for absence of the species.

2. From the positive sampling points (black) of our entomological surveillance:
If any of these sampling points is the first report for that province, that province is

highlighted in green.

Results

From the comprehensive bibliography reviewed, a total of 13 sand fly species have
been reported in Spain (Table 1), although two of them have a controversial status
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(Ph. longicuspis Nitzulescu, 1930 and Ph. riouxi Depaquit, Killick-Kendrick & Léger,
1998) and are discussed in the Notes section. According to the nomenclatural criteria
used, these 13 species belong to two genera and six subgenera, as follows: Phleboro-
mus (Abonnencius) (one species), Ph. (Larroussius) (four species), Ph. (Paraphlebotomus)
(four species), Ph. (Phlebotomus) (one species), Ph. (Transphlebotomus) (one species),
Sergentomyia (Sergentomyia) (two species).

As a result of sand fly data collected between 2004 to 2021 as part of the entomo-
logical surveillance programme of Culicoides biting midges in Spain we record seven
species of sand flies for the first time in some Spanish provinces, listed as follows. The

Table 1. Checklist of sand flies species recorded in Spain, classified by genus and subgenus.

Genus Subgenus Species Author/Year
Phlebotomus  Abonnencius Sfortunatarum™ Ubeda Ontiveros, Morillas-Mérquez, Guevara Benitez, Lépez Roman & Cutillas
Barrios, 1982
Larroussius ariasi Tonnoir, 1921
langeroni Nitzulescu, 1930
longicuspis* Nitzulescu, 1930
perniciosus Newstead, 1911
Paraphlebotomus — alexandri Sinton, 1928
chabaudi Croset, Abonnenc & Rioux, 1970
riouxi * Depaquit, Killick-Kendrick & Léger, 1998
sergenti Parrot, 1917
Phlebotomus papatasi (Scopoli, 1786)
Transphlebotomus mascittii* Grassi, 1908
Sergentomyia  Sergentomyia Jallax (Parrot, 1921)
minuta (Rondani, 1843)

*Species with Notes. The list of references used to generate the distribution map for each species is provided in Suppl. material 1.

distribution of the main Leishmania vectors is widened in five provinces for Ph. perni-
ciosus (Fig. 1) and in ten provinces for Ph. ariasi, including the island of Menorca, for
the first time (Fig. 2). Phlebotomus papatasi is detected in eight new provinces in the
centre and north of the country, as well as on the island of Menorca (Fig. 3). Regarding
Ph. sergenti Parrot, 1917, a new province is cited but it is absent in the northwest of
the Iberian Peninsula (Fig. 4). The distribution of Phlebotomus mascittii Grassi, 1908 is
extended to two more provinces on the Cantabrian basin (Fig. 5). As for Ph. langeroni
Nitzulescu, 1930, its presence is extended to one more province in the centre of the
Iberian Peninsula (Fig. 6). Finally, the presence of the species Se. minuta (Rondani,
1843) is broadened to six more provinces (Fig. 7), being found in practically the whole
country. It should be noted that, Ph. alexandri Sinton, 1928 (Fig. 8), Ph. chabaud;
Croset, Abonnenc & Rioux, 1970 (Fig. 9), Ph. riouxi (Fig.10), Ph. longicuspis (Fig. 11),
Se. fallax (Parrot, 1921) (Fig. 12), as well as the endemic species of the Canary Islands,
Ph. fortunatarum (Fig. 13), have not been detected in the course of the national ento-
mological surveillance programme, maybe due to the use of biased sampling methods
or speciﬁc trapping in ruminant farms.
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Figure 2. Distribution of Phlebotomus ariasi in Spain.
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Figure 4. Distribution of Phlebotomus sergenti in Spain.
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Figure 5. Distribution of Phlebotomus mascittii in Spain.

[ New presence data
[ No presence data

0 100

Vo Ty S

57

® Positive sampling points
[ Presence based on bibliography

200 km

[

Figure 6. Distribution of Phlebotomus langeroni in Spain.
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Figure 8. Distribution of Phlebotomus alexandri in Spain.
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Figure 12. Distribution of Sergentomyia fallax in Spain. Note its absence from peninsula Spain.
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Figure 13. Distribution of Phlebotomus fortunatarum in Spain. Note its absence from peninsula Spain.

Notes

1. Phlebotomus fortunatarum is an endemic species from the Canary Islands (Spain),
which was described for the first time in Gran Canaria island in 1982 (Ubeda On-
tiveros et al. 1982), and later in other islands (Morillas-Mdarquez et al. 1984; Lane and
Alexander 1988; Martinez-Ortega et al. 1988). Due to its morphological characteris-
tics (Ubeda Ontiveros and Morillas-Mdrquez 1983), it could not be included in the
subgenera already available, so the subgenus Abonnencius was proposed by Morillas-
Mirquez et al. (1984). However, Lane and Alexander (1988) rejected the subgenus
Abonnencius and included Ph. fortunatarum in the subgenus Anaphlebotomus. Some
years later, Morillas-Mdrquez and Guevara Pozo (1994) discussed and proved the va-
lidity of the subgenus Abonnencius, which according to the authors, should be retained
until new complete classification proposed for the entire genus Phlebotomus.

11. Phlebotomus longicuspis was first described in Tunisia as a variety of Ph. langeroni
and was elevated to species status by Parrot (1936). This species is now considered
common in North Africa (Pesson et al. 2004). Since its detection in Spain in 1982
by Morillas-Mdrquez et al. (1982b), numerous authors have cited the presence of this
species based exclusively on male specimens in many regions, mainly in the south and
east of the country (Martinez-Ortega et al. 1982; Rosado Maestre 1997; Bldzquez
Martin 1998; Martin-Sdnchez et al. 2000). However, the morphological similarities
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of the copulatory structure with Ph. perniciosus have generated controversy about the
validity of Ph. longicuspis. The difficulty of correctly determining the males of each
species, together with numerous intermediate stages, have led authors such as Morillas-
Mirquez et al. (1991) and Collantes and Martinez-Ortega (1997) to conclude that
this taxonomic criterion is not discriminatory. Nevertheless, Di Muccio et al. (2000)
carried out a phylogenetic analysis on specimens of Phlebotomus species belonging to
the subgenus Larroussius from Morocco using ITS2 rDNA sequences and suggested
that they are a distinct species, despite slight morphological differences. In addition,
isoenzyme studies and comparative DNA sequencing of a mitochondrial cytochrome
b fragment (mtDNA) showed that some sympatric populations of Ph. perniciosus and
Ph. longicuspis have the characteristics of a biological species (Pesson et al. 2004). In-
terspecific gene introgression and a new sibling species have been detected, making
identification even more difficult. The proximity of Spain to North Africa increases the
possibility of detecting specimens with intermediate characters (Collantes and Mar-
tinez-Ortega 1997). Old records based on morphology may not necessarily reflect the
true geographical distribution or occurrence of Ph. longicuspis presented here for Spain.
All records of Ph. longicuspis in Spain are from the 1980s and 1990s, when molecular
tools were not used and the taxonomic identification of sand flies was based solely on
morphological criteria. Currently, the Spanish sand fly specialist community assumes
that records of Ph. longicuspis in Spain are all probably Ph. perniciosus. Therefore, we
consider the presence of Ph. longicuspis in Spain uncertain, although we show its re-
corded distribution from the literature in Fig. 11. Actual genetic characterisation of
more populations would be necessary to improve our knowledge and verify the current
status of this species in Spain.

MI1. Phlebotomus riouxi was first described by Depaquit et al. (1998) based on speci-
mens from Morocco, Tunisia, and Spain. Phlebotomus riouxi is a species closely related
to Ph. chabaudi, with subtle morphological differences in some structures (Depaquit
etal. 1998; Lehrter et al. 2017). Molecular studies on several populations from Algeria
and Tunisia supported the validity of both Ph. riouxi and Ph. chabaudi as typological
species (Bounamous et al. 2008; Boudabous et al. 2009; Lehrter et al. 2017). However,
Tabbabi et al. (2014) proposed considering both species as synonyms after molecular
analysis of specimens from a single locality in Tunisia. Thus, even if both species have
been reported in Spain (Figs 9, 10), reservations remain because, despite regular works
on sand flies in the province of Granada, Ph. riouxi has not been detected again. We
consider the records of Ph. riouxi in Spain as Ph. chabaudi and therefore the presence
of the former species is uncertain in Spain.

IV. Phlebotomus mascittii was first detected in the early 1980s in Barcelona and
Girona (north-eastern Spain) (Rioux et al. 1984). However, since then it has not
been found until our detection through the entomological surveillance of blue-
tongue vectors (Fig. 5). Furthermore, during a two-year (2019-2020) local re-
search project aimed at revealing the diversity of bloodsucking dipteran pests in
urban and rural areas of the Basque Country (northern Spain), specimens were
detected in an urban cemetery. All of these new reports along the Cantabrian cor-
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nice (northern Spain) motivated the realisation of a study recently focused on this
species, which delved into the distribution of its different haplotypes (Alarcén-
Elbal et al. 2021).
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Abstract

Apocorophium acutum (Chevreux, 1908), the type species of the genus, was originally but only partially
described by Chevreux with female specimens from Bénes (Algeria); male specimens were later described
from Brittany (France). Since then, the species has been recorded in different places of the world, some
of them questionable. Herein, the species is entirely redescribed with material from the type locality and
Brittany, and additional material from Arcachon Bay is studied to provide biological data. The known
geographical distribution of this species is summarized, and a world identification key of Apocorophium
species is also given.

Keywords

Corophiini, ecology, redescription, world key

Introduction

Corophiini Leach, 1814 are generally tube-dwelling amphipods present in various ma-
rine, estuarine, and freshwater habitats, including in sandy to muddy bottoms, with
hydrozoa, on algae, and among oysters, and some species can be commensal (Crawford
1937; Lincoln 1979; Bousfield and Hoover 1997). Some genera and species have a
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worldwide distribution. Bousfield and Hoover (1997) reviewed in depth the super-
family Corophioidea Leach, 1814 and described the subfamily Corophiinae, 12 new
genera, and a new species. Later, Myers and Lowry (2003) provided a new classifica-
tion, dividing the suborder Corophiidea Leach, 1814 into two infraorders (Corophiida
and Caprellida Leach, 1814) and reassigned the authority of Corophiini, Corophiinae,
Corophiidae, and Corophiida to Leach (1814). Lowry and Myers (2013) replaced
Corophiidea by Senticaudata Lowry & Myers, 2013.

The identification key by Bousfield and Hoover (1997) is widely used around the
world, but unfortunately, the study of some original descriptions of selected Coro-
phiini species show that their key contains mistakes; this was rectified by Gouillieux
and Sauriau (2019) in their key to the species characterized by urosome segments fused
with uropod 1 arising mainly ventrally.

According to Horton et al. (2021), five species belong to the genus Apocorophium:
A. acutum (Chevreux, 1908), A. curumim Valério-Berardo & Thiago de Souza,
2009, A. lacustre (Vanhoffen, 1911), A. louisianum (Shoemaker, 1934), and A. simile
(Shoemaker, 1934). Apocorophium acutum, the type species of the genus, was
partially described by Chevreux (1908) and Chevreux and Fage (1925) from the
Algerian Mediterranean and French Atlantic coasts. It is a well-known Mediterranean
and Atlantic species (Crawford 1937; Myers 1982; Bachelet et al. 2003) and was
subsequently recorded in different areas around the world with more or less detailed
descriptions; however, some of these are doubtful. This paper provides a complete
redescription of A. acutum based on females specimens from Bone (the type locality)
and male specimens from Brittany (the geographical area of the first description of a
male specimen), additional ecological and biological information, and an identification
key to the world Apocorophium species.

Materials and methods

Specimens of Apocorophium acutum examined come from three different localities
(Fig. 1): (1) Bone, Algeria, type locality of female specimens; (2) Trébeurden, Brittany,
France, 5 km from Lanion River, which is the geographical area of the first description
of male specimens, and (3) Arcachon Bay, France. The specimens were examined with
a stereomicroscope and a compound microscope. Body length (BL) from the anterior
margin of head to the posterior end of telson and eggs’ size were measured with NIS-
Elements Analysis software. Females from Arcachon Bay (stations “bouée 13” and
“Arcachon harbor”) with intact brood pouches were separated in order to measure their
fecundity: the eggs were removed from the brood pouch of each female, counted, and
their diameter measured. Specimens from a third location in Arcachon Bay (station
“blockhaus”) were used to evaluate the relationship between body length and gender
features (male characteristics features, oostegite shape and presence of eggs). Relationships
between quantitative variables such as body length in females and number of eggs in
the marsupium were assessed by Spearman’s rank correlation in order to potentially



Apocorophium acutum redescription with key 103

0

Figure 1. Sampling stations of Apocorophium acutum (Chevreux, 1908) used in this study. Bone (Alge-
ria): female locality type; Trébeurden (France): 5 km from the location of the first description of a male;
Arcachon Bay (France): additional material examined.

show a possible non-linear but monotone relationship between variables (Hollander and
Wolfe 1973). Differences in body length among morphologically different specimens
(e.g., males, egg-bearing female, female with smooth oostegite) were tested using non-
parametric Kruskal-Wallis test followed by post-hoc pairwise Dunn test where significant
differences were assessed by Kruskal-Wallis test (Hollander and Wolfe 1973).

For scanning electron microscope (SEM) studies, specimens were dehydrated in
a graded ethanol series, critical-point dried, sputter coated with gold, and examined
with a scanning electron microscope. Drawings were carried out from pictures us-
ing INKSCAPE software (v. 0.92). Specimens from Bone were loaned from the Mu-
séum national d’Histoire naturelle (MNHN, Paris), and some specimens studied from
Trébeurden were deposited in the MNHN, Paris. Molecular analyses on specimens
from Trébeurden and Arcachon were carried out and sequences are available in Gen-
Bank (GenBank accession numbers: ON455206 to ON455209). Unfortunately, it
was not possible to do molecular analyses with material from the type locality to com-
pare with French specimens.
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Results
Systematics

Order Amphipoda Latreille, 1816

Suborder Senticaudata Lowry & Myers, 2013
Family Corophiidae Leach, 1814

Subfamily Corophiinae Leach, 1814

Tribe Corophiini Leach, 1814

Genus Apocorophium Bousfield & Hoover, 1997

Apocorophium acutum (Chevreux, 1908)

Corophium acutum Chevreux 1908: 75 (original description), fig. 6.—1910: 271, h.—
Chevreux and Fage 1925: 366-367, figs 359, 374.—Poisson and Legueux 1926:
320-325, figs 5,6 (Banyuls form).—Schellenberg 1928: 672—673.—Shoemaker
1934: 26-27.—Crawford 1937: 624—625.—Ruffo 1938: 147—-148.—Salfi 1939:
31-62, figs 1-7.—Shoemaker 1947: 59, fig. 9.—Hurley 1954: 439-442, figs 2, 3
(in part).—Barnard 1969: 42.—Bousfield 1973: 205, fig. LXIV.—Lincoln 1979:
534, fig. 256 (in part).— Dickinson et al. 1980: 12.—Myers 1982 (in Ruffo ed.):
male 188-190, fig. 126.—Barnard and Karaman 1991: 185.

Apocorophium acutum Bousfield and Hoover 1997: 123-125, fig. 35.— Lowry and
Stoddart 2003: 88.— Ren 2006: 296-297, fig. 117.— Bano and Kazmi 2012:
113.—Hossain and Hughes 2016: 376-381, figs 2-5.

Not Corophium acutum Poisson and Legueux 1926: 320-325, figs 5, 6 (Caen form).—
Myers 1982 (in Ruffo ed.): female 188-190, fig. 126.

Doubtful Apocorophium acutum Jung and Kim 2007: 247-250, fig. 1.— Demicheli
and Verdi: 2018, 1169-1173, figs 1-3.

Material examined. ALGERIA ® 6 brooding females and 1 juvenile; Bone (type local-
ity); 4 May 1900; MNHN-IU-2013-19982; campaign MELITA, St. 677 “Melita II”,
on concrete blocks removed from the harbor ¢ 1 female, same data as for preceding;
MNHN-IU-2016-3401; dissected brooding specimen.

FRANCE * many males and females; Arcachon Bay / station “bouée 137;
44°38'07.20"N, 001°14'06.60"W; 2 m depth; 20 September 2014; Benoit
Gouillieux leg.; mussels, hand-collected on submerged part of a navigation buoy;
MNHN-IU-2016-3426 and MNHN-IU-2016-3427 * many males and females;
Arcachon Bay / station “Arcachon harbor”; 44°39'36.53"N, 001°09'06.59"W; 0.5 m
depth; 20 February 2020; Benoit Gouillieux leg.; on floating pontoons in harbor
414 specimens; Arcachon Bay / station “blockhaus”; 44°34'00.40"N, 001°14'15.14"W;
5 m depth; between May 2018 and April 2019; Benoit Gouillieux leg.; with Hydrozoa
Amphisbetia operculata (Linnaeus, 1758) ¢ many males and females; Trébeurden /
harbor; 48°46'12.21"N, 003°35'09.71"W; 0.5 m depth; 1 February 2020; Gabin
Droual leg.; on floating pontoons (Port); MNHN-IU-2016-3392.



Apocorophium acutum redescription with key 105

Description (Figs 2-5). Based on adults females, Chevreux collection, MNHN-
IU-2016-3401 and MNHN-IU-2013-19982, Bone, Algeria, 4 May 1900, campaign
MELITA, St. 677 “Melita II”, type locality.

Head. Head with rostrum pointed distally, triangular in dorsal view, reaching lat-
eral ridge of head. Eyes visible in alcohol. Antenna 1 weakly setose; peduncular article
1 rectangular, ventral margin with three robust setae, dorsomedial margin with two
robust setae; length ratio of peduncular articles 1-3 = 1.00 : 0.72 : 0.31; flagellum
5-articulate, shorter than peduncle, articles 2—4 with a small aesthetascs ventrodistally.
Antenna 2 peduncular article 3 wider than long, with a pair of mediodistal robust
setae; peduncular article 4 with three solitary robust setae; peduncular article 5 with a
robust seta medially and a small process mediodistally; flagellum 3-articulate, distal ar-
ticle tiny with two robust setae. Lower lip inner lobe subovate, coalescent proximally,
rounded apically; mandibular process small and blunt; both lobes covered with patch
of pubescence medially. Right mandible well developed, incisor process and lacinia
mobilis produced inward, bluntly tridentate; accessory setal row with three curved,
finely pectinate blades, followed by tuft of pappose setae and a brush-like seta; molar
well developed, massive, truncate; palp biarticulate, proximal segment shorter than
distal, with 1 finely plumose seta apically, distal segment slender, with pubescence me-
dially and long plumose seta apically. Left mandible similar, except for molar process
which presents 2 additional blades. Maxilla I outer plate armed with seven setal-teeth
apically; palp biarticulate, proximal segment short, distal one extending beyond end of
outer lobe, with row of seven distal setae. Maxilla 2 inner plate with longitudinal row
of pinnate setae on inner and distal margins; outer plate extending beyond end of inner
one, with row of pinnate setae on distal margin. Maxilliped inner plate slender and
elongate, basal portion with row of about nine plumose setae, inner margin with four
and two pinnate setae; outer plate not reaching distal end of palp article 2, basal por-
tion with row of about ten plumose setae, inner margin densely setose; palp 4-articu-
late, article 2 elongate, about three times as long as wide, inner margin densely setose,
outer margin with one plumose seta distally, article 3 with rounded distal corner, distal
article small, 0.24x article 3, with apical setae.

Pereon. Gnathopod 1 subchelate; coxa ventral margin with three long plumose
setae, anterior margin with two simple setae; basis anterior margin unarmed, postero-
distal corner with unequal setae; ischium quadrate, with long pinnate setae posterodis-
tally; merus short, with long pinnate setae posterodistally; carpus slightly narrowing
distally, anterior margin with one median and two distal simple setae, posterior mar-
gin with two rows of pinnate setae; propodus 0.9x carpus, posterior margin slightly
convex, medial portion with pectinate setae, palm transverse, slightly convex, edge
laminar and transversally striated, limited posteriorly by two robust setae; dactylus
falcate. Gnathopod 2 simple; coxa small, with one long simple seta anteriorly; basis
subrectangular, anterodistal and posterodistal corners with a simple seta; ischium flat,
depressed, posterodistal corner with a simple seta; merus convexly curved posteriorly,
with two rows of long pinnate setae along posterior margin and medial portion; carpus
isosceles triangle in shape, strongly widening distally, with two small simple and few
long pinnate setae posterodistally; propodus weakly narrowing distally, 1.6x carpus,
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Figure 2. Apocorophium acutum (Chevreux, 1908). (A=C) brooding female, BL = 3.19 mm, MNHN-
[U-2013-19982, Béne (D) male, BL = 2.32 mm, MNHN-IU-2016-3392, Trébeurden (E-K) female,
BL = 3.55 mm, MNHN-IU-2016-3401, Bone. A head and antenna 1, dorsal view B left antenna 1, outer
view C right female antenna 2, inner view D right male antenna 2, inner view E maxilla 2 F left mandible

G right mandible H maxilliped | maxilla 1 J upper lip K lower lip. Scale bars: 0.1 mm.
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Figure 3. Apocorophium acutum (Chevreux, 1908), female BL = 3.55 mm, MNHN-IU-2016-3401.
A right gnathopod 1, inner view B right gnathopod 2, outer view C-G right pereopods 37, outer view.

Scale bars: 0.1 mm.
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proximal third of medial portion with oblique row of pinnate setae, anterior and pos-
terior margins sparsely setose, posterodistal corner with simple and plumose setae;
dactylus short, flexor margin with two teeth and simple setae.

Pereopod 3 coxa small; basis weakly expanded medially, anterior margin with two
setules, posterior margin bare, posterodistal corner with cluster of simple setae; merus
anterodistal corner with cluster of simple setae, posterior margin with one medial and
one distal simple seta; carpus small, subtriangular, with setae on anterior margin; pro-
podus about twice as long as carpus, posterior margin and anterodistal corner with
simple setae; dactylus simple, subequal in length to carpus and propodus length to-
gether. Pereopod 4 similar to pereopod 3, except basis anterior margin slightly more
setose. Pereopod 5 coxa depressed, much wider than long, narrowing distally; basis
slightly widened medially, anterior margin weakly setose, posterior margin with one
setule; merus widening distally, antero and posterodistal corners with simple setae;
carpus short, with two oblique rows of three proximal and four distal robust setae
respectively; propodus about four times as long as wide, weakly setose; dactylus short.
Pereopod 6 similar to pereopod 5, but about 1.3x longer; basis more subrectangular,
with a row of setules and four plumose setae. Pereopod 7 elongate, much longer than
either pereopod 5 or 6; basis elongate-ovate, moderately expanded anteriorly, densely
setose along both margins with long plumose setae; ischium to propodus linear and
rectangular; length ratio of articles 2-7 = 1.00: 0.26: 0.52: 0.5 : 0.56 : 0.16.

Pleon. Epimera 1-2 subovate, ventral margins rounded, with long plumose setae;
epimeron 3 subrectangular, distinctly longer than epimera 1-2, ventral margin bare,
hind margin with many long simple setac. Urosomites 1-3 fused, without notch lat-
erally; uropod 1 arising mainly ventrally. Urepod 1 peduncle rectangular, about 2.2x
outer ramus, ventrodistal process present, triangular, blunt, lateral margin with row
of robust setae, proximal ones short and setae like, medial margin bare except a small
distal robust seta; outer ramus slightly shorter than inner, lateral margin with six robust
setae, medial margin bare, three subdistal robust setae, the middle one the longest; in-
ner ramus slightly curved medially, lateral margin with four robust setae, medial mar-
gin bare, three subdistal robust setae, the middle one the longest. Uropod 2 peduncle
longer than rami, without ventrodistal process, outer margin with setae on distal half;
rami with one distal robust seta; outer ramus slightly shorter than inner with simple
setae marginally. Uropod 3 uniramous, peduncle short, broad, with three simple setae
on outer margin; ramus subelliptical, narrowing distally, margins with unequal simple
setae. Telson fleshy, thickened, grooved centrally, subtriangular, broadest in middle.

Male (sexually dimorphic characters, based on specimens from Trébeurden,
France, 1 February 2020, MNHN-IU-2016-3392).

Antenna 1 and 2 (Figs 2D, 5A, D) with longer and more numerous setae; antenna
2 peduncular article 3 with a single or a pair of smaller robust setae; peduncular article
4 with 1-3 ventromedial small robust setae, with two ventrodistal processes; peduncu-
lar article 5 without robust seta, with ventroproximal and ventrodistal process, size of
process function to maturity of the specimen.

Variability (based on specimens from Bone, Arcachon Bay, and Trébeurden; same
data as material examined).
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Figure 4. Apocorophium acutum (Chevreux, 1908), female BL = 3.55 mm, MNHN-IU-2016-3401
A pleotelson, dorsal view B uropod 1, dorsal view € uropod 2, ventral view D uropod 3, dorsal view E right

epimeral plates 1-3, outer view F pleopod 1, dorsal view. Scale bars: 0.2 mm (A); 0.1 mm (B, D-F);
0.05 mm (C).

Head with rostrum reaching or not lateral ridge of head; antenna 1 peduncular
article 1 with one or two dorsomedial and two to four ventral robust setae, sometimes
no left right symmetry; antenna 1 flagellum with five or six articles; female antenna 2
peduncular article 4 with two to four robust setae, and few times in larger specimens a
distal pair; male antenna 2 peduncular article 4 with one to three medioventral robust
setae, ventrodistal process subequal or the upper one slightly shorter; maxilliped arti-
cle 2 outer margin with one to three plumose setae distally; gnathopod I coxa ventral
margin with one to three long plumose setae; gnathopod 2 dactylus with generally
two teeth on flexor margin for adult specimens (specimen with BL < 2.2 mm mainly
juveniles with only one tooth, 1.7% of adults specimens examined with three teeth),
sometimes no left right symmetry, an adult male specimen (BL = 2.46 mm) with
two teeth on the left and a single tooth on the right gnathopod 2; pereopod 3 and 4
dactylus reaching between proximal to distal end of carpus; pereopod 5 and 6 carpus
with clusters of three or four proximal and three to five distal robust setae; urosome
with or without small lateral depression which looks like a vestigial notch; uropod 1
peduncle with five to nine robust setae along outer margin, sometimes with one to
three proximal simple setae, rami with three to five robust setae on outer margin;
uropod 3 peduncle shorter to subequal in length to ramus, variously expanded, with
or without setae dorsally; zelson more or less acute, dorsodistal robust setae tooth-like,
mostly not observed.
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Figure 5. Apocorophium acutum (Chevreux, 1908), specimens from Arcachon Bay, station “bouée 137,
France, 20/09/2014 A male specimen, lateral view B female head, dorsal view € female antenna 1 and 2,
inner view D male antenna 1 and 2, inner view E mandibles F female pleotelson, dorsolateral view show-
ing vestigial notch (dotted edge) G female, telson, dorsal view. Scale bars: 0.5 mm (A); 0.250 mm (B-D);
0.05 mm (E); 0.1 mm (F, G).




Apocorophium acutum redescription with key 111

Ecological data. Thirty-eight brooding females were examined; BL ranged from
2.49 to 4.53 mm; fecundity ranged between 4 and 37 eggs/marsupium’ mean fecun-
dity of 9 eggs/marsupium. Eggs were ovoid, with mean major and minor diameters of
0.323 + 0.055 mm and 0.266 * 0.037 mm, respectively (x * s; 7= 351). These females
were collected from two locations in Arcachon bay. In both locations, there were moder-
ate but significant positive correlation between body length and number of eggs per mar-
supium (Spearman’s p =0.69 and 0.55, for locations “bouée 13” and “Arcachon harbor”,
respectively). There was no significant correlation between the size of eggs and the num-
ber of eggs in the marsupium of females (Spearman correlation tests, p-values >0.05).

Field data collected in Arcachon Bay showed that gender features could be dis-
tinguished from a body length of c. 1.7 mm. Smaller female displayed smooth oost-
egites, while larger female displayed ramified oostegites with or without eggs (Fig. 6;
Kruskal-Wallis test followed by post-hoc Dunn tests, p-values <0.05). Mature female
with ramified oostegites or bearing eggs reached higher size than male (Fig. 6; Kruskal-
Wallis test followed by post-hoc Dunn tests, p-values <0.05).

Discussion

The genus Apocorophium was decribed by Bousfield and Hoover in 1997 during their
revision of the family Corophiidae, with Coraphium acutum as the type species. Chevreux
originally described Apocophium acutum in 1908 with only female specimens from Béone,
Algeria. Later, in 1925, Chevreux and Fage provided the first description of a male with
specimens from the Lannion river mouth, Brittany, France. The species has been recorded
in European waters (Mediterranean Sea and Atlantic coast), and also in the Suez Canal,
Pakistan, New Zealand, South China Sea, and the Atlantic and Pacific coasts of America
(Schellemberg 1928; Shoemaker 1934, 1947; Hurley 1954; Barnard 1969; Bousfield
1973; Dickinson et al. 1980; Bano and Kazmi 2012; Hossain and Hughes 2016). Even if
most records and redescriptions are this species, some can be considered as doubtful due
to inconsistencies (Table 1). This is the case for Korean specimens (Joung and Kim 2007)
where some morphological characters differs from A. acutum (in parentheses): antenna 1
peduncular article 1 ventral margin bare in females and with only one distal robust seta
in males (vs two to four in both sexes), female antenna 2 peduncular article 5 without
robust setae (vs with one robust seta), and male antenna 2 peduncular article 4 without
robust setae (vs with one to three robust setae). Specimens recently recorded from
Uruguay (Demicheli and Verdi 2018) are also doubtful: urosome illustration represents
lateral insertion of uropods, which infers Monocorophium and not Apocorophium. A
reexamination of the specimens from Korea and Uruguay is, therefore, needed to confirm
their identification, and molecular studies could be helpful for confirming identifications
of species. Specimens from Bone, Brittany, and Arcachon Bay agree with the original
and subsequent descriptions, apart from Korea and Uruguay specimens (see above). The
only difference is related to the male antenna 2: Chevreux and Fage (1925) described and
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Figure 6. Frequency distribution of body size (in mm) for juvenile, male, female with smooth oostegites
(Esmooth), female with ramified oostegites but no eggs (F.ramified), and female with eggs (Eeggs) of
Apocoraphium acutum (Chevreux, 1908) in Arcachon bay, station “blockhaus”.

illustrated male specimens without any reference to robust setae on antenna 2 peduncular
articles. Examination of specimens from Brittany, as well as information from other
descriptions, reveals the presence of robust setae on peduncular articles 3 and 4. This
was probably an oversight during the original description. Two characters that support
the close similarity of A. acutum to species of Hirayamaia are the variously expanded
uropod 3 peduncle and the presence of a lateral depression on the fused urosomite in
some specimens (Fig. 5F), closed to a notch morphology. However, these two genera
can be distinguished by the number of teeth on gnathopod 2 dactylus: two or three in
Apocorophium and only one in Hirayamaia (Gouillieux and Sauriau 2019).

Bousfield and Hoover (1997) provided a revision on the family Corophiidae
for species belonging to the tribe Corophiini. They described many new genera
and proposed a key, based on type species, to world genera, which has been largely
used by all taxonomists,. However, some mistakes have been noted by Gouillieux
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and Sauriau (2019) for species characterized by having urosome segments fused
with uropod 1 arising mainly ventrally; they suggested that Hirayamaia tridentia
(Hirayama, 1986) should be changed to Apocorophium tridentia and a partially
revised key was proposed.

Apocorophium identification key

Based on the original descriptions of Apocorophium species, the authors proposed a
world key to adults of Apocorophium species (Hirayamaia tridentia is herein mentioned
as Apocorophium tridentia; female of A. louisianum was not included in the present key
due to lack of description).

1

[ SR

(SN}

Female SPecimen.......cueirieriiiiiiniiiciicnccce et 2
Male SPECIMEN ....uiiiiiieiiiiiicietcicct et 6
Female antenna 2 peduncular article 4 with distal process.........ccccccueveeeeeee. 3
Female antenna 2 peduncular article 4 without distal process ..................... 4

Female antenna 1 peduncular article 1 with 1 ventral and without dorsome-
dial robust setae; antenna 2 peduncular article 4 without robust setae; pereo-
pods 3 and 4 dactylus shorter than propodus and carpus combined..............
.................................................................... A. lacustre (Vanhéffen, 1911)
Female antenna 1 peduncular article 1 with 2 ventral and without dorsome-
dial robust setae; antenna 2 peduncular article 4 with 1 robust seta; pereopods
3 and 4 dactylus longer than propodus and carpus combined.......................
....................................................................... A. simile (Shoemaker, 1934)
Female antenna 2 peduncular article 4 with pairs of robust setae ..................
.................................................................... A. tridentia (Hirayama, 1986)
Female antenna 2 peduncular article 4 with row of single robust setae (can be
a distal pair for larger specimens) ..........cceceucueiririnieueuciiiniieeccceeeee 5
Female antenna 2 peduncular article 4 with 4 robust setae on ventral margin
and 6 robust setae on dorsomedial margin..........ccccccvviiiiiiiiiiii
............................ A. curumim Valério-Berardo & Thiago de Souza, 2009
Female antenna 2 peduncular article 4 with 2 to 4 robust setae on ventral
margin, without robust setae on dorsomedial margin..........ccccoeveciininnnnne,
....................................................................... A. acutum (Chevreux, 1908)
Male antenna 1 peduncular article 1 with proximomedial tubercule; antenna
2 peduncular article 5 without median process ........c.cocceevveeeeinccenecnincnnnen
.............................................................. A. louisianum (Shoemaker, 1934)
Male antenna 1 peduncular article 1 without proximomedial tubercule; an-
tenna 2 peduncular article 5 with median process........cccoeevvreiriecrnecnnns 7
Male antenna 2 peduncular article 4 with robust setae on inner face........... 8
Male antenna 2 peduncular article 4 without robust setae on inner face......9

* based on original description and redescription from Bousfield 1973.
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8 Male antenna 1 peduncular segment 1 with 2 ventral and no dorsomedial
robust setae; antenna 2 peduncular segment 5 without distal process............
....................................................................... A. simile (Shoemaker, 1934)

- Male antenna 1 peduncular segment 1 with 2 to 4 ventral and 1 or 2 dorso-

medial robust setae; antenna 2 peduncular segment 5 with distal process......
....................................................................... A. acutum (Chevreux, 1908)

9 Male antenna 1 peduncular article 1 with 2 robust setae on dorsomedial mar-
gin; rostrum papillate..........cccooeiiiiiinnin. A. tridentia (Hirayama, 1986)
- Male antenna 1 peduncular article 1 with 0 or 1 robust seta on dorsomedial
margin rostrum triangular...........ccocoiiiiiiiii 10
10 Male antenna 1 peduncular article 1 without robust setae on dorsomedial mar-

gin; uropod 3 rami shorter than peduncle....... A. lacustre (Vanhéffen, 1911)
- Male antenna 1 peduncular article 1 with 1 robust seta on dorsomedial mar-

gin; uropod 3 rami subequal to peduncle...........ccccooviiiiiiiiiiiii
............................ A. curumim Valério-Berardo & Thiago de Souza, 2009

Ecological notes

Apocorophium acutum is a tube-dwelling amphipod living subtidally to 360 m, but
usually between 0 and 5 m, in brackish water, in channels, on open coasts, in estuaries,
and in harbors. It occurs on sponges, algae, roots of Laminaria ].V. Lamouroux, 1813,
ascidians, hydrozoa, with coralline, oysters and Sabellaria Lamarck, 1818 reef, in the
fouling of man-made installations (buoys, pilings, floating pontoons) (Chevreux 1908;
Chevreux and Fage 1925; Poisson and Legueux 1926; Salfi 1939; Bousfield 1973; My-
ers 1982; Barnard and Karaman 1991; Bousfield and Hoover 1997; present paper).

Opvigerous females have been recorded in December in Suez Canal (Schellenberg
1928), between June and September in New England (USA) (Bousfield 1973); in
February, March, May, July to November in British waters (Crawford 1937), and in
February in Trébeurden. In Arcachon Bay (present study), examination of specimens
showed presence of ovigerous females in April, May, August, October to February, and
sexual maturity is reached over 1.7 mm in males and over 2.2 mm in females.

Conclusion

The concept of cosmopolitan species is increasingly questioned. Such species are often
found to be species with incomplete, early descriptions. Their redescription highlights
the presence of new species, often supported by genetic analyses. The redescription of
Apocorophium acutum was necessary in order to avoid misidentification. The molecular
description of specimens from the French coast is considered to be identical to that
of the type locality due to morphological similarities, but a species complex cannot be
excluded until specimens from Bones have been sequenced.
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Abstract

Three species of the genus Swiftia are known for the NE Atlantic Ocean and Mediterranean Sea. Remote-
ly-operated vehicle (ROV) surveys and sampling on board RV Maria S. Merian during cruise MSM 16/3
‘PHAETON’ in 2010 provided footage and specimens of octocorals off Mauritania. Micro-computed
tomography (micro-CT) reveals, for the first time in taxonomy of octocorals, the three-dimensional ar-
rangement of the sclerites in a polyp. Swiftia phaeton sp. nov. is described for the continental slope off
Mauritania. This azooxanthellate octocoral is distinctive from NE Atlantic and Mediterranean congener-
ics by the dark red colour of the colonies (including the polyps), the presence of a layer of rod sclerites
on top of the polyp mounds, and different sizes of polyps and sclerites. Using micro-CT has allowed the
observation and imaging of a layer of sclerites that is distinct from other species of the same genus. ROV
images revealed live records of S. phaeton sp. nov. in submarine canyons and on cold-water coral mounds
in the upper-bathyal off Mauritania (396-639 m depth), mainly attached to dead coral, coral rubble, or
rocks. The new species represents an extension of the genus distribution to the tropical latitudes (17°07'N

and 20°14'N) of the NE Atlantic Ocean.
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Introduction

Only few deep-sea cruises have explored northwest Africa. During the 19" and the
beginning of the 20" centuries, the Talisman, Michael Sars North Atlantic Deep-Sea
expedition, and the Prince Albert I of Monaco, as well as expeditions of the vessels Tha-
lassa and Discovery, made sporadic sampling (Bigelow 1911; Onate 2017). Systematic
exploration began later in the late 20™ century with the Dutch CANCAP (CANarian
— CAPe Verdean Deep-Sea Basin) and Mauritania II expeditions and the Cooperative
Investigation of the northern part of the Eastern Central Atlantic (CINECA) program
(Den Hartog 1984; Van der Land 1988; Ramos et al. 2017a).

Knowledge of benthic deep-sea faunas of Mauritania is rare despite some scientific
efforts passing by its coastline (Onate 2017; Ramos et al. 2017b). Tydeman Madeira
— Mauritania — CANCAP III in 1978 and Tyro Mauritania II in 1988 were the first ex-
peditions to focus exclusively on Mauritania (Den Hartog 1984; Van der Land 1988)
and, more recently, the Spanish MAURIT surveys during 2007-2010 (Ramos et al.
2017a). These exploration efforts revealed that the Mauritanian deep sea is home of
the world’s largest coral mound barrier, with more than 580 km running parallel to the
Mauritanian coastline (Ramos et al. 2017¢; Wienberg et al. 2018). Live scleractinians
were found scarcely distributed on mounds but forming vast frameworks in the sub-
marine canyons off Mauritania (Colman et al. 2005; Westphal et al. 2012). Limited
at the north by the Cap Timiris Canyon System and at the south by the Mauritanian
Slide complex, the mounds are located on the upper bathyal between 450 and 550 m
depth (Wien et al. 2007; Sanz et al. 2017). Mauritania has a large upwelling system
increasing the productivity of its surface waters and creating a pronounced oxygen-
minimum zone in deeper waters (Hagen 2001; Maranén and Holligan 1999).

Octocorals from Mauritania were mostly known from shallower depths, dominated
by species of the genus Leprogorgia Milne Edwards, 1857 (Grasshoff 1986, 1988). The
few octocorals recorded at deeper (> 200 m) Mauritanian waters were sea pens, acan-
thogorgiids, and plexaurids (Grasshoff 1981; Buschewski 2016; Ramos et al. 2017¢;
Sampaio et al. 2019). Worldwide bathymetrical records of the family Plexauridae Gray,
1859 are from 20 to 3000 m depth in tropical, temperate, and polar waters (Bayer and
Weinheimer 1974; Grasshoff 1977, 1985, 1992; Lépez-Gonzélez 2006; Breedy et al.
2019; Sampaio et al. 2019). This speciose, widespread, and abundant family includes
the genus Swiftia Duchassaing & Michelotti, 1864, whose position has been previously
placed within the Gorgoniidae and Paramuriceidae and is still under discussion (Bayer
1961; Grasshoff 1977; Wirshing et al. 2005). At present, it forms part of the Plexauri-
dae with the simplest sclerite forms: simple spindles, highly tuberculated sclerites, and
bar-like rods but without thornstars in the coenenchyme (Grasshoff 1977; Bayer 1981).
Three of 23 valid plexaurid species of the NE Atlantic Ocean and Mediterranean Sea
belong to this genus: Swiftia dubia (Thomson, 1929), S. borealis (Kramp, 1930), and S.
rosea (Grieg, 1887) (Grasshoff 1977). The genus is widespread throughout these ocean
basins from 20 to 2400 m depth (Madsen 1970; Grasshoff 1977, 1981; Manuel 1981;
Brito and Ocana 2004; Sampaio et al. 2019). Swiftia borealis and S. rosea are distributed
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in northern latitudes (Greenland, Faroe Islands, Scandinavia, Ireland, Scotland) while S.
dubia is widespread through the central and southern NE Atlantic and Mediterranean
Sea: Gulf of Biscay, Galicia, mainland of Portugal, Mid-Atlantic Ridge, Josephine Bank,
Macaronesia (Azores, Madeira and Canary Islands), Cape Verde Archipelago, the Medi-
terranean Sea, and N'W Africa (Morocco, Western Sahara, Mauritania) (Madsen 1970;
Grasshoff 1977, 1981; Manuel 1981; Brito and Ocana 2004; Sampaio et al. 2019).

In 2010, RV Maria S. Merian cruise MSM 16/3 PHAETON - Paleoceanographic
and paleoclimatic record on the Mauritanian shelf off Mauritania’ visited the subma-
rine canyons and coral-mound barrier off Mauritania with an ROV and an exploratory
approach (Westphal et al. 2012). Herein we describe a new species of Swiftia collected
during this cruise and highlight the potential of the micro-computed tomography
(micro-CT) for octocoral taxonomy. The new species is the fourth of the genus re-
ported for the NE Atlantic Ocean and Mediterranean Sea. Therefore, we increased
alpha-taxonomic knowledge of a poorly explored area and have contributed to research
on octocorals diversity, distribution, and conservation.

Materials and methods

Sampling

Octocoral colonies were collected, and corresponding video footage recorded, along
the Mauritanian margin during RV Maria S. Merian cruise MSM 16/3 ‘PHAETON’
at upper canyon flanks and coral mounds (Fig. 1) (Westphal et al. 2012). Benthic
faunal sampling was performed by a grab sampler at 82 stations and by a box corer (50
x 50 cm diameter x 55 cm height) at 53 station deployments (Westphal et al. 2012).
Moreover, the sampling and imaging were also performed by the remotely operated
vehicle (ROV) system Sperre SubFighter 7500 DC (Tjirné Centre for Underwater
Documentation, Sven Lovén Centre for Marine Sciences Tjirnd, University of Goth-
enburg, Stromstad, Sweden). The equipment of the ROV encompassed a Sperre HD
video camera (1080 I and 720 p), two standard video cameras, a still camera (Canon
Powershot G9, 12 Mpixel), two Deep Sea Systems red lasers, and a HYDRI-LEK-
5-function hydraulic manipulator type EH5 which enabled the acquisition of data
and samples (Westphal et al. 2012). Twelve ROV dives were made between latitudes
17°07'N and 20°14'N and longitudes 16°39"W to 17°40"W and at depths between
417 m and 642 m on the continental slope off Mauritania (Fig. 1, Table 1).

Taxonomy

A total of 17 colonies of Swiftia was collected and preserved in ethanol, denatured >
96%, with ca. 1% MEK for morphological analysis (Table 1). The specimens were doc-
umented with a Nikon D700 camera and a digital light microscope (Keyence VHX-
1000D) for detailed observation and further description. Taxonomic identification
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Table 1. Sampling location of specimens of Swiftia phaeton sp. nov. from MSM 16/3 PHAETON’ in
2010. Details: Station, date, latitude, longitude, depth, location description, sampling gear, number of
sampling gear, and depository number at Senckenberg Museum or Senckenberg am Meer biological col-
lection and number of specimens collected.

Station  Date Coordinates Depth Location Gear N SMF/ N
GeoB (m) SaM-ID

14873-1 10.11.10 18°57'41"N, 16°52'17"W 602 deep Timiris mound ROV 5 1352 3
complex

14874-6 10.11.10 18°57.51"N, 16°51.90"W 446  shallow Timiris mound ROV 6 13113 1
complex

14873-4 10.11.10 18°57.45"N, 16°52.11"W 498 deep Timiris mound ROV 5 1469 1
complex

14802-1 03.11.10 20°14'47"N, 17°40'11"W 595 Tanotidért Canyon  Grab sampler 45 13112 1
14878-1 11.11.10 18°57'54"N, 16°51'11"W 493 deep Timiris Mound Box corer 50 1566 4

Complex
14886-4 12.11.10 18°39.00"N, 16°43.35"W 618 Tioulit Canyon (S) ROV 7 1596 3
14911-1 16.11.11 17°28'55"N, 16°41'31"W 450 southern Tamxat Box corer 61 1629
Mound Complex
14905-1 15.11.10 17°32'27"N, 16°39'60"W 486 Central Tamxat Mound  Box corer 58 1638 1
Complex

and morphological descriptions were based on external morphology (shape, size,
colour, colony, and polyp form) and internal morphology (diversity, arrangements,
shapes, and dimensions of the sclerites) following the terminology, identification keys,
and descriptions by Grieg (1887), Madsen (1970), Grasshoff (1977), and Bayer et al.
(1983). Measurements of colonies, branches, polyps, and sclerites were made with
Image] 1.49 software. A dataset with the measurements of colonies, polyps, and scle-
rites of type specimens was deposited at the World Data Center Pangaea (https://doi.
pangaea.de/10.1594/PANGAEA.910893).

To observe the outer and inner layers of sclerites, a cross-section of the coenenchyme
was made. For observation of the arrangement of sclerites in a polyp, potassium hydroxide
(KOH) was added to the polyp to decolour its tissue, thus allowing the observation of
translucid sclerite forms (Phil Alderslade 2017, pers. comm.). In order to show the diversi-
ty of sclerites, larger colonies in better state of preservation were selected for subsampling.
Fragments of these colonies were dissolved with sodium hypochlorite (household bleach)
to separate sclerites. Subsequently, neutralized hydrogen peroxide was added in order to
dissolve any remaining organic tissue. Sclerites were then washed three times with distilled
water and two times with 96% ethanol. Finally, the sclerites were dried and mounted on
scanning electron microscopy (SEM) stubs, sputter-coated with gold, and documented
on Tescan VEGA3 XMU SEM at Senckenberg am Meer, Wilhelmshaven, Germany.

Two specimens (SaM-ID 1352 and 1566) were selected to perform a micro-CT
scan (Skyscan, now Bruker micro-CT accessory for the SEM stated above), in order to
show the arrangement of the sclerites with 3D models of the polyp of the octocoral.
Before scanning, samples were dried using a Critical Point Dryer Leica EM CPD 300.
This technique replaces the water in the sample by carbon dioxide, which is trans-
formed into gas to avoid drastic damage of the sample structures, as commonly occurs
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Figure |. Map showing MSM 16/3 ‘PHAETON’ ROV dive locations along the Mauritanian slope.
Location names and GeoB 14 stations (sta.): grey = canyons; black = coral mounds; orange = scleractinian
distributions. Basemap from ESRI (2019) (www.esri.com) and contours from GEBCO (2019) (www.
gebeo.net), scleractinian framework distribution, canyon positions, and names from Sanz et al. (2017).
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if the samples dry in air. During a micro-CT scan, the different densities of the com-
ponents of a sample are captured by a high-resolution camera, detecting X-rays going
through it. The following scanning parameters were used: source voltage 30 kV, source
current 2 mA, pre-scan rotation step 0.45°, rotation step 0.9°, and rotation of 360°
resulting in final images with a resolution of 4.6 um and field of view of 2.4 mm. After
reconstruction with NRecon ver. 1.6.3.3 (Skyscan) software, a total of 501 horizontal
slices was obtained as dataset, each an image with 512 x 512 pixels. Fiji software v. 1.0
improved the contrast of the images and was used to crop excess slides and to decrease
file size from 16-bit to 8-bit. This dataset was then processed with the Amira software
v. 6.4 for segmentation of sclerites of the polyp with Segmentation Editor.

The holotype and one paratype are deposited in the Senckenberg Naturmuseum,
Frankfurt am Main (SMF); two paratypes are deposited at Naturalis Biodiversity Cent-
er, Leiden (RMNH. COEL), and other paratypes are retained in the reference collec-
tion at the Senckenberg am Meer, Wilhelmshaven (SaM) Institute.

Taxonomy

Class Anthozoa Ehrenberg, 1834
Subclass Octocorallia Haeckel, 1866
Order Alcyonacea Lamouroux, 1812
Suborder Holaxonia Studer, 1887
Family Plexauridae Gray, 1859

Genus Swiftia Duchassaing & Michelotti, 1864

Swiftia Duchassaing & Michelotti, 1864: 13; Kiikenthal 1924: 236; Deichmann
1936: 185-186; Bayer 1956: F206; Grasshoff 1977: 61-62; Grasshoff 1981: 220;
Bayer 1981: 932, 945; Grasshoff 1982: 946; Breedy et al. 2015: 329; Williams and
Breedy 2016: 3; Breedy et al. 2019: 409.

Stenogorgia Verrill, 1883: 29; Deichmann 1936: 185; Bayer 1956: F206; Bayer 1981:
945; Breedy et al. 2015: 329; Williams and Breedy 2016: 3; Breedy et al. 2019: 409.

Platycaulos Wright & Studer, 1889: 61; Bayer 1956: F206; Bayer 1981: 945; Breedy et
al. 2015: 329; Williams and Breedy 2016: 3; Breedy et al. 2019: 409.

Callistephanus Wright & Studer, 1889: 148-149; Bayer 1981: 945; Breedy et al. 2015:
329; Williams and Breedy 2016: 3; Breedy et al. 2019: 409.

Allogorgia Verrill, 1928: 7-8; Bayer 1956: F206; Bayer 1981: 945; Breedy et al. 2015:
329; Williams and Breedy 2016: 3; Breedy et al. 2019: 409.

Type species. Gorgonia exserta Ellis & Solander, 1786, by monotypy.

Diagnosis. Colonies dichotomous, fan-like, irregularly pinnate, unbranched or
mostly branching in one plane or several planes. Colour variable among red, white,
beige, pink, and orange. Axis flexible. Branches free, rarely with anastomoses. Polyps
are conical, mound-like, and prominent, spread or crowded, in biserial zigzagging
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distribution or all over the branch. Two to three polyp mounds appear on top of each
branch. Coenenchyme has two layers of sclerites. Sclerites in coenenchyme are cap-
stans, radiates, and spindles. Thornstars absent in coenenchyme. Polyp-mound sclerites
similar to the coenenchyme sclerites, thin, sharp, small, very tuberculate spindles and,
sometimes, poorly defined thornscales. Anthocodiae have or do not have long, straight,
or curved rods. Collaret absent or with few rods. Tentacles have stout rods or scales.

Key to the valid species of the genus Swiftia Duchassaing & Michelotti, 1864
reported from the northeast Atlantic Ocean and Mediterranean Sea

1 Polyp mounds with spindles and slender thornscales.................... S. borealis
- Polyp mounds with spindles and with small, highly tuberculated sclerites...2
2 Polyps densely crowded around the branches. Colonies red-rose. Boreal .......
......................................................................................................... S. rosea
- Polyps densely crowded around the branches or scattered, often biserial. Col-
onies red or White ......ccooiiiiiiiii 3
3 Colonies red or white. Absence of bar-like rods on top of the polyp mound.
Lusitanic Atlantic and Mediterranean Sea...........ccccocevvvvrivecuencnnne. S. dubia
- Colonies dark red. Presence of bar-like rods on top of the polyp mound.
Southern NE Adlantic Ocean.....c.occovvveininicinecniniccnns S. phaeton sp. nov.

Swiftia phaeton sp. nov.
http://zoobank.org/8589E3C1-D6D4-499A-BB93-C619C7E21293
Figs 2-5

Swiftia sp. Sampaio et al., 2019: 7, 14, 17, 20, 21, figs 2c¢, 3.

Material examined. Holotype: Mauritania ¢ TanoGdérc Canyon; 20°14'47"N,
17°40'11"W; depth 595 m; 3 Nov. 2010; RV Maria S. Merian exped.; stat. GeoB 14802-
1; 1 colony; SMF 13112. Paratypes: off Mauritania * 18°51'N, 16°53"W/; depth 500 m;
10 Jun. 1988; RV Tyro exped.; stat. MAU 040; 1 colony; RMNH.COEL. 42327. off
Mauritania ® 18°51'N, 16°53"W; depth 500 m; 10 Jun. 1988; RV Tyro exped.; stat.
MAU 040; 1 colony; RMNH.COEL. 42328. Mauritania ® shallow Timiris Mound
Complex; 18°57'51"N, 16°51'90"W; depth 446 m; 10 Nov. 2010; RV Maria S. Merian
exped.; stat. GeoB 14874-6; 1 colony; SMF 13113. Mauritania ¢ deep Timiris Mound
Complex; 18°57'41"N, 16°52'17"W/; depth 602 m; 10 Nov. 2010; RV Maria S. Merian
exped.; stat. GeoB 14873-1; 3 colonies; SaM-ID 1352. Mauritania ® deep Timiris Mound
Complex; 18°57'45"N, 16°52'11"W/; depth 498 m; 10 Nov. 2010; RV Maria S. Merian
exped.; stat. GeoB 14873-4; 1 colony; SaM-ID 1469. Mauritania ¢ deep Timiris Mound
Complex; 18°57'54"N, 16°51'11"W/; depth 493 m; 11 Nov. 2010; RV Maria S. Merian
exped.; stat. GeoB 14878-1; 4 colonies; SaM-ID 1566. Mauritania ® Tioulit Canyon (S);
18°39'00"N, 16°43'35"W/; depth 618 m; 12 Nov. 2010; RV Maria S. Merian exped.;
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Figure 2. Swiftia phaeron sp. nov. from Mauritania A in situ colony with expanded polyps on coral

framework (copyright Tomas Lundilv, Sven Lovén Center for Marine Infrastructure at Tjarn, Sweden)
B colony after ethanol preservation with expanded polyps (holotype SMF 13112) C in situ colony with
retracted polyps on coral framework (copyright Tomas Lundily, Sven Lovén Center for Marine Infrastruc-
ture at Tjarno, Sweden) D part of a branch (paratype SMF 13113), E fragment of specimen with anthoco-
diae slightly expanded (paratype SaM-ID 1566) F polyp and coenenchyme details (paratype SaM-ID
1352). Scale bars: 1 cm (A=C); 300 pm (D-F).
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Figure 3. Layers of sclerites of Swiftia phaeton sp. nov. A coenenchyme under light microscope B polyp

mound under electron microscope (paratype SaM-ID 1566). Outer layer (OL) with capstans and inner
layer (IL) with spindles. Scale bars: 100 pm.

stat. GeoB 14886-4; 3 colonies and 1 fragment; SaM-ID 1596. Mauritania * Southern
Tamxat Mound Complex; 17°28'55"N, 16°41'31"W/; depth 450 m; 16 Nov. 2010; RV
Maria S. Merian exped.; stat. GeoB 14911-1; 1 colony; SaM-ID 1629. Mauritania *
Central Tamxat Mound Complex; 17°32'27"N, 16°39'60"W; depth 486 m; 15 Nov.
20105 RV Maria S. Merian exped.; stat. GeoB 14905-1; 1 colony; SaM-ID 1638.

Type locality. Tanotdért Canyon and Timiris Mound Complex, Mauritania up-
per continental slope.

Etymology. Species named after the German cruise MSM 16/3 ‘PHAETON’ and
treated as a name in apposition. This cruise was the first to film this species alive under-
water and forming coral gardens. These ecosystems are a contradiction to the African
desert into which Phaeton, son of a Greek god, transformed the continent, burning it
down while falling with his chariot from the sky.

Diagnosis. Colonies unbranched or monopodial subdividing up to two times
(Fig. 2A—C). Dark red robust colonies. Dark brown axis. Branches sparsely distributed,
rarely with anastomoses. Polyp colour red, darker than coenenchyme. Polyps form a coni-
cal prominent mound, numerous and densely crowded around the branches (Fig. 2D-F).
Anthocodiae red with yellowish white tentacles. Collaret absent. Coenenchyme formed
by compact external layer with smaller capstans and an internal layer with long straight
spindles, mostly not within a closed layer (Fig. 3). Polyp mounds with the same sclerite
types, capstans and spindles, and a layer of compact dark red rods on top. Anthocodial
sclerites thin warty spindles. Sclerite colours vary between dark red and transparent.

Description. Holotype small dark red colony scantily ramified in one plane
(Fig. 2B). Colony extending up to 42.8 mm in length and up to 41.4 mm in width,
attached to the substrate by an encrusting holdfast of - 6 mm wide in a main stem of
2 mm diameter (Fig. 2B). Colony branches up to three, thick and robust, with nu-
merous polyps that reach 1.8-2 mm in diameter and 1.5-40.8 mm long. Polyps red,
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darker than coenenchyme; abundant, well-spaced, either in biserial distribution or all
over branches and mostly present on one side of colony. Approximately 5-8 polyps/cm,
spaced between 1.8 and 3.4 mm, occurring on main stem and branches. Polyp mounds
up to 2.5 mm high, 1.0-1.5 mm long, and 10.1-16.8 mm wide. Anthocodiae retractile
within prominent polyp mounds and with yellowish white tentacles. Coenenchyme
thin. Coenenchymal and polyp mound sclerites with outer layer of red or transparent
small but packed capstans, 39-64 um long and 22-51 um wide (Fig. 4C); and an inner
layer of long, slender, pointed, warty, mostly straight spindles of several sizes (Fig. 4A).
Larger spindles 232-436 pum long and 29-73 pum wide, sometimes waisted (Figs 3,
4A). Smaller spindles 103-219 pm long and 2545 pm wide (Figs 3, 4A). Irregularly
branched spindles with expanded, warty tubercles or small immature sclerites (Fig. 4A,
B), occurring in lower numbers. Polyp mound top with armature formed by layer of
flat rods showed by micro-CT, 108-321 um long and 27-72 pm wide (Figs 4, 5) on
the distal end. Anthocodiae with spindles arranged in points, tiny capstans, and irregu-
lar flattened scales around peristome and tentacles (Fig. 5). No collaret.

Variation. The variation of body measurements of the paratypes is presented in

Table 2 and a published dataset (https://doi.pangaea.de/10.1594/PANGAEA.910893).

Table 2. Measurements of the type seties of Swiftia phaeton sp. nov. (see Material examined) in distinct body
parts. Details: body parts of the colonies, measurements per body part of the type colonies, average, standard
deviation, minimum and maximum of each measurement, and number of colonies and sclerites measured.

Body part Measurements Average SD Min Max N colonies/ N sclerites
Colony (cm) Length 5.50 2.03 3.17 9.23 9
Width 2.01 1.44 25 4.14 9
Stem diameter .37 .20 .13 .69 7
Branches (cm) Length of branches 3.68 2.64 .15 7.65 9
Branch diameter 25 11 .10 46 9
Polyps (mm) Distance between polyps 1.55 0.79 .37 3.38 9
Number of polyps/cm 11 5.70 7 21 9
Polyp height 43 18.92 26 72 9
Calyx height 1.36 41 1.09 1.83 9
Calyx width 2.07 .19 1.91 2.28 9
Large spindles Length 281 62 193 281 9/55
° Width 41 10 38 41 9/55
§ Small spindles Length 170 33 90 243 9/54
2 Width 37 9 18 56 9/54
£ Capsans  Length 57 14 32 93 9/53
ES Width 36 8 23 58 9/53
E Large spindles Length 315 62 198 436 9/53
g Width 41 12 17 73 9/53
g Small spindles Length 157 35 91 231 9/54
Width 33 8 16 59 9/54
Capstans Length 52 16 22 97 9/54
Width 32 9 13 52 9/54
& Rods Length 195 70 108 455 9/45
£ Width 45 14 25 77 9/45
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Figure 4. Sclerites from type specimens of Swiftia phaeton sp. nov. A overview of sclerites of the inner layer

of the coenenchyme: spindles B polyp sclerites: spindles, rods, and scales from the tentacles € overview of

sclerites of the outer layer of the coenenchyme: capstans (also occurring in polyp mounds). Scale bar: 100 pm.
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Figure 5. 3D reconstruction of polyp of Swiftia phacton sp. nov. (paratype SaM-ID 1352). Coloured

sclerites: in red, rod-forming layer on top of the polyp mound and in rose, spindle of the anthocodium.

Scale bar: 1 mm.

All colonies examined were homogeneous in colouration, in agreement with the holo-
type. Colonies extending up to 93 mm in length but smaller in width than holotype. Col-
onies unbranched or branching up to two times. Branches as in holotype with 1-5 mm
diameter but longer than holotype, reaching up to 77 mm lenght. Anastomosis present
uniquely in paratype SaM-ID 1469. Polyps similar to those described for holotype, yet
in most cases more densely distributed on branches of paratypes (6-21/cm) and less
spaced than on holotype, 0.3-2.26 mm. Polyp mounds as those of holotype, height <
1.8 mm and 0.67-2.28 mm wide, with anthocodiae mostly retracted after preservation.
Tentacles, coenenchyme, and sclerite colours and arrangements as in holotype. Sclerite
sizes vary. Capstans of outer layer uniform in size along both coenenchyme and polyp
mounds (22-97 pm length; 13-58 pm width), and with broader range of sizes than
holotype. Larger spindles of inner layer of coenenchyme smaller (167—413 um length;
23-63 um width) than larger spindles of polyp mounds (198-436 pm length; 17-73

pm width), and with minimum sizes smaller than larger spindles of holotype. Smaller
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spindles of inner layer of coenenchyme slightly bigger (90-243 pum length; 18-56 pm
width) than smaller spindles of polyp mounds (91-231 um length; 16-59 pm width),
and with minimum sizes smaller than small spindles of holotype. Rods form layer on
top of polyp mounds as in holotype, 108-455 um long, 25-77 pm wide.

Distribution. This species is known to occur uniquely in the upper bathyal off
Mauritania in deep-sea canyons and on deep-water coral mounds, where it lives in asso-
ciation with framework-forming species like Desmophyllum pertusum (Linnaeus, 1758)
at the world largest known deep-water coral mound barrier (Ramos et al. 2017¢; Wien-
berg et al. 2018). With the exception of the first ROV dive, Swiftia phaeton sp. nov. was
observed in all dives of the PHAETON’ expedition from north to south of Mauritania
(Fig. 1, Table 3). It inhabits the canyons Tanotidért, Nouamghar, Inchiri, and Tioulit
and the coral mound complexes, both shallow and deep Timiris, Banda, Tamxat, and
Tiguent between 20°N and 17°N at 396-639 m depth (Fig. 1, Table 3). It is widespread
at Nouamghar Canyon and at the deep Timiris Mound Complex, while its occurrence
varies from isolated to highly dense populations, forming monospecific or multispecific
coral gardens containing other Plexauridae species (Sampaio et al. in press). Moreover,
it was found attached to dead coral framework portions, coral rubble, and rocks.

Table 3. ROV dives performed during MSM 16/3 ‘PHAETON’ on the shelf and continental slope off
Mauritania providing details of dive number, area where the dive took place, number of station, latitude,
longitude, and depth at Start of dive-End of dive (SoD-EoD) in meters.

Dive Area GeoB Coordinates SoD-EoD
No. Station (m)
1 Arguin south canyon 14759-1 19°44'03"N, 17°08'44"W-19°44'16"N, 17°08'50"W 546-488
2 Nouamghar canyon 14779-1 19°10'47"N, 16°48'21"W-19°10'36"N, 16°48'17"W 449-619
3 Tanotdért canyon 14796-1 20°14'50"N, 17°40'12"W-20°14'35"N, 17°40'04"W 487-642
4A  Inchiri canyon 14871-1 19°08'21"N, 16°45'53"W-19°08'22"N, 16°45'49"W 519-589
4B Inchiri canyon 14871-2 19°08'21"N, 16°45'51"W-19°08'14"N, 16°45'40"W 427-564
5 deep Timiris mound complex 14873-1 18°57'41"N, 16°52'17"W-18°57'53"N, 16°52'01"W 480-603
6 shallow Timiris mound complex 14874-1 18°58'00"N, 16°51'15"W-18°57'36"N, 16°51'04"W 429-525
7 Tioulit canyon (S) 14886-1 18°39'01"N, 16°43'35"W-18°38'29"N, 16°43'45"W 475-641
8 Tioulit canyon (N) 14891-1 18°39'51"N, 16°43'26"W-18°39'57"N, 16°43'29"W 502-592
9 Tamxat mound complex (c) 14902-1 17°32'28"N, 16°40'06"W-17°32'51"N, 16°39'41"W 396-588
10 Banda mound complex 14908 17°40'13"N, 16°40'50"W—-17°40"12"N, 16°40'17"W 455-574
11 Tamxat mound complex (S) 14909-1 17°28'57"N, 16°41'57"W-17°28'57"N, 16°41'28"W 423-560
12 Tiguent mound complex 14914 17°08'12"N, 16°49'29"W-17°07'54"N, 16°48'53"W 409-515
Discussion

This is a pioneering taxonomic study on octocorals of the deep sea off Mauritania. Swiftia
phaeton sp. nov. is the first octocoral species discovered at the upper bathyal off Mau-
ritania, representing the southernmost record of the genus in the NE Adantic Ocean.
Modern image technology, micro-CT, was used for the first time in the taxonomy of
octocorals, revealing potential for showing diagnostic characters not imaged so far.
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Through the NE Atlantic, the genus Swiftia (including the species Swiftia dubia,
S. borealis, and S. rosea), is distributed from Greenland to Morocco including the Medi-
terranean Sea (Studer 1901; Tixier-Durivault and d"Hondt 1974; Grasshoff 1977,
1992; Manuel 1981). While S. borealis and S. rosea are inhabitants of the boreal Atlantic
Ocean, S. dubia is widespread until the southern Macaronesian archipelagos and the
Mediterranean Sea. Our record extends the known occurrence of the genus to the tropi-
cal latitudes of the NE Atlantic Ocean. Moreover, the recent observation of images of
a living specimen of S. phaeton sp. nov. from the Fridtjof Nansen cruise to the Grand
Tortue Ahmeyim oil and gas exploration area at the Senegalese-Mauritanian border is
a potential distribution extension of this species (Andre Freiwald 2021, pers. comm.).
Biogeographically, the species occurs in the Sahelian Upwelling ecoregion (Spalding et
al. 2007), hinting at a geographical expansion for this species towards the south.

From a bathymetrical point of view, S. dubia is a eurybathic species, inhabiting
sublittoral to abyssal depths (10-2400 m) (Grasshoff 1989; Sampaio et al. 2019).
Nevertheless, the other species of this genus are more restricted in their depth ranges:
S. rosea at the upper mesophotic and upper bathyal (20-400 m), S. borealis at the lower
sublittoral down to the bathyal (83-1629 m), and S. phaeton sp. nov. at the upper
bathyal (396-639 m) (Madsen 1970; Grasshoff 1977) (Table 1). However, the present
geographical and bathymetrical range of S. phaeton sp. nov. is only based on data col-
lected during the cruises Tyro Mauritania II, MSM 16/3 PHAETON’, and one image
from the Fridgjof Nansen cruise. Further exploration and research might uncover a
more complete spatial and bathymetric distributions.

Seven species of Swiftia are known for the North Atlantic Ocean and the Mediter-
ranean Sea (Deichmann 1936; Grasshoft 1977). Four species, Swiftia exserta (Ellis &
Solander, 1786), Swiftia koreni (Wright & Studer, 1889), Swiftia casta (Verrill, 1883),
and Swiftia pourtalesii Deichmann, 1936 are exclusive to the NW Atlantic Ocean and
differ from the new species (see Deichmann 1936; Goldberg 2001). Swiftia exserta and
S. koreni have fewer sparsely distributed polyps in thin branches, while in S. phaeton sp.
nov. they are numerous and crowded. Moreover, S. exserta and S. casta differ in colony
colour, exclusively white in both species. Another distinct characteristic of S. casza and
S. pourtalesii is the absence of capstans in their sclerome.

In the NE Adantic Ocean and Mediterranean Sea there are three species of Swiftia,
S. dubia, S. borealis, and S. rosea. Swiftia phaeton sp. nov. differs from them. Swiftia bore-
alis and S. dubia have a sparse distribution of polyps in their colonies (Grasshoff 1977).
However, one might wrongly identify S. phaeton sp. nov. as S. rosea based on the dense
distribution of polyps around the branches. Nonetheless, S. rosea is endemic to the bo-
real NE Adlantic Ocean and, after observation of museum specimens of this species, the
morphological differences between both species are clear. Swiftia phaeton sp. nov. colo-
nies and polyps (including anthocodiae) are of a darker red than S. rosez colonies, which
are rose with white anthocodiae. Besides, S. phaeton sp. nov. has thicker branches and
polyps and a clear division between polyp mound and anthocodiae (Fig. 2D-F). Long
spindles from the inner layer of the coenenchyme of the new species are compacted and
slightly thinner than the outer layer of capstans of the coenenchyme, while the coe-
nenchyme inner layer of sclerites in S. 7osea is thick compared to its outer layer (Fig. 3;
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Grasshoff 1977). At the sclerome level, S. phaeton sp. nov. differs from S. borealis, which
has no capstans but flattened sclerites (Grasshoft 1977). Despite having similarly long,
sharp spindles like S. dubia and S. rosea, S. phaeton sp. nov. has more rounded capstans
in the outer layer of the coenenchyme. Its capstans resemble double-headed sclerites (see
Bayer et al. 1983: fig. 159), but with more warts on their tips (Fig. 4C).

A unique morphological feature of S. phaeton sp. nov. is the presence of bar-like
rods on top of the polyp mound, observed clearly with the micro-CT (Figs 4C, 5).
“Finger-biscuit” rods were considered a definitive characteristic of the genus, based on
the observation of specimens from the Pacific Ocean (Horvath 2019) yet, the species
from the Atlantic Ocean do not have rods. The presence of rods in Swiftia was proposed
to be related with northern latitudes of the eastern Pacific (Horvath 2019). Nonethe-
less, these sclerites occur neither in colonies from the eastern Atlantic temperate S. du-
bia collected from the Azores archipelago, nor in the boreal S. borealis and S. rosea that
we studied. Also, S. phaeton sp. nov. rods are different from the common round-ended
finger-biscuit rods, having instead pointed ends and prominent warts (Figs 4C, 5).

We applied micro-CT for the first time in the observation of morphological features
of a new octocoral species. Similarly, Bayer (1973) used the scanning electron microscope
(SEM) for the first time to photograph sclerites of octocorals that used to be drawn in pre-
vious taxonomic papers (e.g., Cairns 2009). The 3D image based on micro-CT of a polyp
of S. phaeton sp. nov. with its sclerites (Fig. 5) is shown for the first time in a taxonomic
work on octocorals (Fig. 5). Stereo pairs of polyps of Primnoidae species scanned by SEM
were already used with the purpose of showing the 3D position of the sclerites (Cairns
2016). However, this technique is not as effective in octocorals with smaller and more
complex sclerites, like those of the family Plexauridae, where the tissue in-between sclerites
hinders the total visualisation of the calcareous structures. The micro-CT of S. phaeton sp.
nov. has endorsed the observation of characters previously not shown but used to describe
and differentiate species of plexaurid octocorals. This technique has the advantages of being
non-destructive and of building a virtual 3D model that allows the observation of sclerites
from distinct perspectives, including their relationships to each other and also the measure-
ment of morphometric data. As already proven for bryozoans (Matsuyama et al. 2015),
this technique has potential for future taxonomic studies of benthic marine invertebrates.

Taxonomic studies are essential for scientific and conservation endeavours. This
is particularly true considering the unexplored deep-sea areas, such as off northwest
Africa, and taxa as Octocorallia, both of which lack taxonomical expertise. In Mau-
ritania, the natural and human impact has already occurred in the form of depleted
oxygen levels, sedimentation, demersal fisheries, and local oil exploration (Colman et
al. 2005; Ramos et al. 2017¢; Wienberg et al. 2018). Therefore, it is crucial to describe
its diversity before it becomes extinct.

Conclusions

The genus Swiftia now includes four species inhabiting the NE Atlantic Ocean.
Swiftia phaeton sp. nov., an inhabitant of the upper bathyal off Mauritania, is the
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southernmost species. Micro-CT images of morphological details of gorgonians
have the potential to show important diagnostic features, allowing us to visual-
ise and compare them with other species. It is of fundamental importance in the
description of new Octocorallia, which has only a handful of expert taxonomists
around the globe. At the same time, in order to assess the consequences of the natu-
ral and anthropogenic impacts that are currently taking place on unexplored areas,
such as NW Africa and the Mauritanian deep sea, it is very important to know,
describe, and conserve the fauna of this geographical area. Discoveries of additional
new octocoral species are foreseen for the coral framework off Mauritania during
future deep-sea research.
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Abstract

The millipede genus Cherokia Chamberlin, 1949 is a monospecific taxon, with the type species Cherokia
georgiana (Bollman, 1889). The last revision of the genus was made by Hoffman (1960) where he estab-
lished three subspecies. Here we used molecular phylogenetics to assess the genus and evaluate whether it is
a monophyletic group, and if the subspecies are each monophyletic. We included material from literature
records and three natural history collections. Newly collected samples were obtained through a citizen
science project. Morphological characters underlying subspecies groups—the shape of the paranota, body
size, and coloration—were evaluated. A molecular phylogeny of the genus was estimated based on DNA
sequences for seven gene loci, and a species delimitation analysis was used to evaluate the status of the
subspecies. The documented geographical range of Cherokia in the United States was expanded to include
a newly reported state record (Virginia) and about 160 new localities compared to the previously known
range. Morphological characters, which included the shape of the paranota and body size that had been
historically used to establish subspecies, showed clinal variation with a direct relationship with geographi-
cal distribution and elevation, but not with phylogeny. Coloration was highly variable and did not accord
with geography or phylogeny. The phylogeny recovered Cherokia as a monophyletic lineage, and the spe-
cies delimitation test supported the existence of a single species. The subspecies Cherokia georgiana ducilla
(Chamberlin, 1939) and Cherokia georgiana latassa Hoffman, 1960 have been synonymized with Cherokia
georgiana. The molecular and morphological evidence showed that Cherokia is a monospecific genus with
the sole species, Cherokia georgiana, being geographically widespread and highly variable in its morphology.
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Introduction

The family Xystodesmidae (Polydesmida) includes 539 species with a center of diver-
sity concentrated in the Appalachian Mountains (Means et al. 2021a, b; Hennen et
al. 2022). Within the family Xystodesmidae, the Appalachian genus Cherokia Cham-
berlin, 1949 (Fig. 1) was named after the Cherokee, an indigenous group of peoples
in the southeastern United States. This monospecific genus in the xystodesmid tribe
Rhysodesmini was erected by Chamberlin (1949) for the species Fontaria georgiana
Bollman, 1889 as its type species. After its description, various authors proposed mul-
tiple species that were all subsequently synonymized with the type species Cherokia
georgiana (Bollman, 1889) based on gonopod morphology (Causey 1950; Hoffman
1950; Chamberlin and Hoffman 1958). However, all the above-mentioned authors
pointed out the considerable color, body size, and shape variation in millipedes of the
genus Cherokia.

Prior to Hoffman’s (1960) revision, no one had carried out a comprehensive
synthesis of this genus. He (Hoffman 1960) proposed Cherokia as a monospecific
genus, with the sole species Cherokia georgiana divided into three subspecies: Cherokia
georgiana georgiana (Bollman, 1889), Cherokia georgiana ducilla (Chamberlin, 1939),
and Cherokia georgiana latassa Hoffman, 1960. Hoffman (1960) described in detail

Figure 1. Cherokia georgiana (Bollman, 1889), the wrinkled flat-backed millipede. Dorsal view of the
whole body of specimen MPE04539 (Male, GA — White Co.) deposited in the Virginia Tech Insect

Collection (VTEC). The image shows the more common coloration for the species and the prominent

wrinkles of the cuticle.



Phylogenetic review of the millipede genus Cherokia 143

the morphological variation and geographical distribution of Cherokia. He also
differentiated the three subspecies from each other based on morphological features
that included the position of the scapulora and the ratio of the body length versus its
width. The scapulora is a term defined by Hoffman (1960: 231) as: “from the Latin
“scapula,” a shoulder, and “o7z,” the rim of a shield”. The scapulora in C. g latassa
is found in a marginal position, which separates it from C. g georgiana and
C. g. ducilla that have a submarginally located scapulora (Fig. 2A, B). The subspecies,
C. g georgiana and C. g. ducilla, were differentiated from each other based on the
ratio of the previously mentioned body measurements (i.e., body length versus its
width) (Hoffman 1960).

Hoffman (1960) confronted various problems during his revision of the genus
Cherokia. The first one, he explained, was the fact that “despite the diversity of body
form, color pattern, and morphological details which occurs in the genus, the male
gonopods remain essentially similar” (Hoffman 1960: 227). Although some variation
in the solenomere shape in specimens in the North Carolina mountains was observed
by Hoffman (1960), the character was not consistent and did not correlate with geo-
graphical distribution or subspecies differentiation. Additionally, the same author ex-
pressed a struggle with confidently assigning all individuals to one of the subspecies.
For this reason, Hoffman (1960) proposed an intermediate form, termed an “inter-
grade” between C. g. georgiana and C. g. ducilla. These intergrades were documented
within a wide geographical band (-30 km) in western North Carolina between the
distributions of C. g. georgiana and C. g. ducilla.

A B

Sc Sc

/

a N

D AL

Figure 2. Position of the scapulorae (Sc) A strictly marginal B submarginal. Measurements of the 12
body ring € metazonite width D metazonite length E paranota extension. Adapted from Hoffman (1960).
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After 1960, some authors have indirectly mentioned Cherokia in tribal revisions
(Hoffman 1978) and checklists (Shelley 1980, 2000; Marek et al. 2014). More recent
research on the family Xystodesmidae, using a synthesis of morphological and mo-
lecular characteristics, has confidently placed the genus Cherokia within the family
Xystodesmidae and subfamily Rhysodesminae Brolemann, 1916 as sister to the genus
Pleuroloma Rafinesque, 1820 (Means and Marek 2017; Means et al. 2021b). As a result
of field collections for this recent work, a large number of Cherokia individuals were
collected from throughout the eastern United States, and within its range. These recent
results combined with materials from natural history collections from the mid-1900s
up to now, point to an even greater diversity than initially uncovered.

Here we used natural history collections in combination with new material sam-
pled from nearly 200 locations within the range of Cherokia. These new samples, spe-
cially prepared for preservation of DNA, provided the basis to estimate an evolutionary
history using molecular phylogenetics and address the status of the three subspecies
within Cherokia georgiana.

Materials and methods

Selection of samples and Citizen science project

Specimens of the genus Cherokia preserved in the Virginia Tech Insect Collection were
selected based on the availability to score both morphological and molecular characters
from them. Individual live millipede specimens or their tissues were fixed in either
100% ethanol or Qiagen RNAlater thereby preserving DNA and other genetic mate-
rial. Whole body specimens (minus tissue preserved for DNA) were then preserved in
70% isopropanol for subsequent morphological evaluation.

New samples were needed from some localities that had not previously been sam-
pled; these localities were in the periphery of the known distribution of Cherokia or
in areas where DNA-grade specimens were unavailable. A season of fieldwork was
planned for the Summer 2020, however, due to the SARS-CoV-2/COVID-19 pan-
demic, and state restrictions, travel was not feasible. In response, and with the objec-
tive of obtaining these required samples, a citizen science project was developed. This
enabled the general public to participate in the collection of millipedes of the genus
Cherokia, and to learn about biodiversity.

For the citizen science project, collection kits and information pamphlets were de-
signed with step-by-step instructions and other information for the public to obtain
samples in an accurate and lawful way (Fig. 3B). Citizen scientists were recruited with
social media through Facebook and Twitter, and the kits were shipped to interested par-
ticipants. A small plastic keychain of Cherokia was included in the kit as a token of par-
ticipation (Fig. 3E). Once the participants received the kit and collected millipedes, they
were instructed to ship the millipedes to the lab at Virginia Tech, so we could identify,
process and preserve them following methodology described by Means et al. (2015).
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Figure 3. Citizen science collection kit A plastic food container (32 FL OZ) B instruction flyer: with
step-by-step instructions of collecting and shipping € clear plastic collection vials D collection card
E token for the participant: millipede keychain and F Cherokia identification card.

DNA extraction, phylogenetics analysis and species delimitation

Preserved tissue (legs or head) from each individual was used for DNA extraction
with a Qiagen DNeasy kit. The DNA obtained from the extraction was amplified via
polymerase chain reaction (PCR) for seven gene regions: cytochrome oxidase subunit
I (COI), small subunit RNA (12S), tRNA-Valine (tRNA-Val), large subunit RNA
(16S), elongation factor-alpha (EF1a), RNA polymerase II largest subunit (RNAPol2),
and F-box (fBox). The mitochondrial 12§, tRNA-Val, and 16S regions were amplified
as a single contiguous stretch. Amplification of DNA was carried out according to
Means et al. (2021a, b). These PCR amplicons were cleaned, quantified, normalized,
and sequenced on an Applied Biosystems ABI 3730 capillary sequencer at the Univer-
sity of Arizona Genetics Core.

The sequences were analyzed in Mesquite (Version 3.61) (Maddison and
Maddison 2019) using the sequence analysis module Chromaseq (Version 1.52) that
implements phred and phrap (Ewing et al. 1998; Maddison and Maddison 2020) for
chromatogram base calling, trimming, quality control and generation and curation of
matrices. The outgroups were selected based on the phylogeny inferred by Means et
al. (2021b) and included a single individual of: Pleuroloma flavipes Rafinesque, 1820,
Pleuroloma plana Shelley, 1980 and Pleuroloma cala (Chamberlin, 1939). Sequences
were aligned with the progressive sequence alignment program MAFFT (Version 7)
using the model L-INS-I (Katoh and Standley 2013). A nucleotide base composition
homogeneity chi-square test in IQ-TREE 2 (Version 2.0.4; Minh et al. 2020) was
run with the aligned sequences for each of the genes to test the heterogeneity of the
e = NOmogeneity) and excluding the sequences of the outgroup taxa.
The sequences that failed the heterogeneity test were excluded from the phylogeny.
Afterwards, each locus was partitioned by gene, intron/exon location, and codon
position. The seven loci were concatenated into a single matrix. The partitioned matrix

sequences (H
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was analyzed using ModelFinder to test alternative nucleotide evolution models and
to infer the model of best-fit for the data (Kalyaanamoorthy et al. 2017). The selected
model was then used to estimate a phylogenetic tree for the genus with the maximum
likelihood-based phylogenetics software IQ-TREE 2. Single gene alignments were then
analyzed separately to estimate gene trees with the same methods and software as above.

To determine whether the subspecies of Cherokia georgiana represent distinct ge-
netic groups, Automatic Barcode Gap Discovery (ABGD) species delimitation analysis
was used. This method uses an alignment of sequences of a single locus (COI) to
make a pairwise distance matrix and determine if a barcode gap exists. A barcode gap
is observed when the intraspecific distance among unique sequences is smaller than
the interspecific distance (Puillandre et al. 2012). This analysis was run in the ABGD
online server using the alignment of Cherokia sequences for the locus COI, excluding
the outgroup sequences.

Distribution mapping and morphological characters analysis

To infer a detailed geographical range of the genus Cherokia, records in the literature,
natural history collections, and new collections from the citizen science project were
included. All the localities of specimens of Cherokia documented in Hoffman (1960)
and from the Virginia Tech Insect Collection, Virginia Museum of Natural History
(VMNH), and Florida State Collection of Arthropods (FSCA) were digitized. Digi-
tization involved transcribing the label data of specimens in a spreadsheet using the
Darwin Core data standard (Wieczorek et al. 2012). Text-based details of the label
including state, county, and any other locality information were manually entered in
a spreadsheet. In cases where precise geographical coordinates (e.g., latitude and lon-
gitude) were not provided, the text of the localities from the labels was transcribed,
georeferenced and geographical coordinates automatically estimated using the software
GEOLocate (Rios and Bart 2010) to retrospectively obtain decimal degree coordinates
and an error radius based on precision of the text locality. To supplement this data set,
localities from Cherokia specimens from the Virginia Tech Insect Collection (VTEC)
that were already digitized and with geographical coordinates recorded at the time of
collection were downloaded from the online database SCAN (Barkworth et al. 2019).
This data set of coordinates (from collections and literature), was the basis to produce
a comprehensive map of the geographical range of Cherokia. The map was constructed
in the online GIS application SimpleMappr (Shorthouse 2010).

For the analysis of morphological features, the traits described in Hoffman (1960)
were revisited: width-to-length ratio, color (hue and pattern), gonopods, and the posi-
tion of the scapulora (Fig. 2A, B). Hoffman (1960) measured the entire length of the
trunk of the millipedes; however, due to the flexibility of the trunk and the rings that
make up the trunk—causing accordion-like compression and extension—these overall
length measurements typically have a large error. With the idea of evaluating size vari-
ation more accurately, the 12 body ring only was dissected from each specimen and
measured for: (1) width (Fig. 2C) and (2) length (Fig. 2D) of the metazonite in dorsal
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view; and (3) the paranota lateral extension from a posterior view (Fig. 2E). Measure-
ment of a single ring reduces the error, because a single diplosegmental ring is rigid and
inflexible, and hypothetically linearly correlated to overall length. To control for a non-
normal body size distribution, a natural logarithm to transform the raw measurements
was used. Linear regressions were then used to evaluate potential correlations between
the measurements and elevation.

Cherokia georgiana exhibits a considerable diversity in coloration patterns through-
out its geographical distribution. To evaluate this variation, pictures of the species
taken from the specimens selected for the analysis and those observed on iNaturalist
(available from https://www.inaturalist.org; accessed May, 2020) were included. Be-
fore including pictures from iNaturalist, identifications of the observations of Cherokia
were confirmed by the authors (accessed on 18 May 2020). Afterwards the pictures
were coded based on selection of one of three hue (red, orange, and yellow) and pattern
groups (bimaculate, trimaculate, and striped), and scored. These pattern codes were
then mapped onto the distribution of Cherokia to test if there is a correspondence with
geographical areas and phylogenetic relationships.

Results

Selection of samples and Citizen science project

The citizen science campaign on social media received more than 100 responses from a
Facebook and Twitter post. This resulted in 68 people who completed a Google form
expressing their interest to participate in the project. Fifty people were then selected
based on their location and proximity to areas previously not surveyed. Due to the
limited number of kits available, sampling efforts were focused on the collection of
millipedes in targeted localities in Georgia, Alabama and Tennessee. A total of 41 kits
(Fig. 3) were shipped between the months of July and August of 2020 to participants
who provided all the required information in the online form. From October 2020
to March 2021, a total of 23 live millipedes were received as a result of this project,
and 13 of them were identified as Cherokia and included in the morphological and
molecular analysis.

A total of 106 individuals from the genus Cherokia were included in the molecular
phylogenetic analysis: 74 males, 31 females and one juvenile. Of these, 88% of the
selected samples were previously deposited at the VTEC, and the remaining 12% cor-
responded to new samples obtained from the citizen science project.

DNA extraction, phylogenetics analysis and species delimitation

The amplification and sequencing of DNA for the loci, COI, 12§, tRNA-Val and 168,
had a high rate of success, and only one specimen did not amplify (Suppl. material 1). For
the locus fBox, the rate of success in amplification and sequencing was 96%, and for the



148 L. Fernanda Vasquez-Valverde & Paul E. Marek / ZooKeys 1106: 141-163 (2022)

loci EF1oc and RNAPol2 that rate was considerably lower with 75% and 55% of the total
sequences obtained. When amplifications and/or sequencing failed, amplifications were
repeated up to three times using the same DNA extraction before discontinuing attempts.

The multiple sequence alignment in MAFFT and inference of nucleotide evolu-
tion models in ModelFinder resulted in a 3865 bp concatenated matrix divided into
six partitions and composed of 142 bp of 12S (TIM+F+G4 nucleotide evolution mod-
el), 82 bp of tRNA-Val (TIM+F+G4), 1081 bp of 16S (TIM+F+G4), 600 bp of COI
(pos1 TN+I+G4, pos 2 TIM3+F+R2 and pos 3 TIM3+F+G4), 585 bp of EFla (pos 1
& 2 TN+I+G4, pos 3 TIM3+F+R2 and intron GTR+F+1+G4), 978 bp of RNAPol2
(pos 1, 2, 3 & intron 1 TN+F+R2 and intron 2 TIM+F+G4), and 397 bp of fBox
(pos 1 & 2 TN+I+G4 and pos 3 TIM3+F+R2). Of the 3865 nucleotide characters,
2726 corresponded to constant sites, 738 were parsimony-informative, and 401 were
singleton sites. The average uncorrected pairwise distance for COI sequences between
individuals from the same locality was 0.00470 (max. = 0.01644, min. = 0, 6 = 0.005),
and in total 0.07704 (max. = 0.12105, min. = 0, 6 = 0.02742). The maximum uncor-
rected pairwise distance (COI) between Cherokia and Pleuroloma was 0.14740. The
estimated phylogeny for Cherokia using the seven loci and the above-mentioned parti-
tions and models is shown in Fig. 4.

The ABGD analysis included high-quality COI sequences for 105 specimens of
Cherokia and excluded the sequences from the outgroup taxon Pleuroloma. The analy-
sis was carried out on the ABGD web server using the Jukes-Cantor (JCG69) substitu-
tion model and a relative gap width of 1.5X. The results of this analysis showed that a
barcode gap does not exist in the COI sequences of Cherokia (Fig. 5A), and supports
the model that all the individuals belong to the same group. Fig. 5B depicts what an
expected histogram with a barcode gap present would look like; the dotted line marks
the separation between the two groups and represents the likelihood of two species.

Distribution mapping and morphological character analysis

A total of 201 reports were digitized and georeferenced from Hoffman (1960)
(N=103), the VMNH (V= 31) and FSCA (V= 67) natural history collections. Local-
ities from the VI'EC were obtained (already databased), thereby adding 222 Cherokia
records to the database. The map for the geographical distribution of the genus Cher-
okia (Fig. 6) was constructed using 253 coordinates from localities representing 848
individuals. The geographical distribution includes seven states: Alabama, Georgia,
Kentucky, North Carolina, South Carolina, Tennessee and Virginia. Ninety-six coun-
ties from throughout the aforementioned states have records of Cherokia individuals.

All of the adult individuals used for the phylogeny were included in the morpho-
logical analysis. The juvenile (Fig. 4; GA-TIF-MPE03692) was excluded due to lack of
development in its morphological characters, which could have introduced unwanted
outliers and substantial error in the data set. The measurement from the metazonal
width had the greatest variation range (range = 6.0-9.3 mm, ¢ = 0.74, NV = 105), fol-
lowed by the paranotal extension (range = 1.25-2.17 mm, ¢ = 0.24, NV = 105), and
lastly by the metazonal length (range = 1.54-2.60 mm, o = 0.20, V= 105).
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Figure 4. Phylogenetic reconstruction of the genus Cherokia Chamberlin, 1949. Terminals include the
state, county and unique specimen code (i.e., AL-MAD-MPE01272). + Juvenile. * Outlier.
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Figure 5. ABGD analysis results A Cherokia Chamberlin, 1949 sequences, no barcode gap observed
B simulated sequences, barcode gap marked by the dotted line.

Once all the measurements were log-transformed, a linear regression analyzing
the correlation between elevation and body dimensions were conducted for each of
the respective measurements (Fig. 8). These analyses suggest that, in general, there is a
negative correlation between the body measurements and the elevation; millipedes with
smaller body sizes tended to be present in a higher elevation than those with a larger size.

The position of the scapulora as described in Hoffman (1960) (Fig. 2) could not be
consistently discerned and objectively scored and was not included in this analysis. Nev-
ertheless, a qualitative difference in the shape of the anterior border of the paranota was
observed and generally showed two phenotypes for this character. The first phenotypic
group includes a distinct sinuous curvature on the anterior border of the paranota, while
the posterior paranotal corner protrudes backwards posteriorly beyond the margin of
the posteromedial margin of the metazonite (Fig. 9A—C, blue lines). The second phe-
notypic group includes an almost straight anterior border, and the posterior corner is
nearly aligned with the posteromedial margin of the metazonite (Fig. 9D, E, red lines).

The coloration analysis of Cherokia included a total of 124 images of individuals
identified as Cherokia on iNaturalist. The identifications of Cherokia observations on
iNaturalist were confirmed by the authors based on the diagnosis below. The pictures
were coded using the three colors (red, orange and yellow), and three patterns (bimacu-
late, trimaculate, and striped). Most of the individuals exhibited only one of the colors,
and a smaller proportion of them exhibited two. The color white was only observed
present while in combination with another color (i.e., white and orange), while the
other colors were present by themselves or with another.

In the bimaculate pattern, a spot of color was present laterally on each paranota
(there are two paranota per ring) with the center lacking pigmentation (Fig. 10A—
C). The trimaculate pattern, is characterized by a coloration spot on each para-
nota in addition to a middorsal spot on the ring. The middorsal or paranotal spots
had different sizes and could be one of three shapes: a circle, oval, or a triangle
(Fig. 10D-F). The striped pattern is where a color band is on the posterior margin
of the body ring that runs from one paranota to the other. The band could have



Phylogenetic review of the millipede genus Cherokia 151

Ve \
. West Virginia
llinois ) {‘/w) N
P
j,\\g Kentucky L] Virginia m:)
L] ;
. / ¢
° .

North Carolina S
[ ] S ]
o A N
° 1

S

South Carolina
L] \
Mississippi .Alabama d
[ ]
L] -
° [

A & . Florida E— (I\\ N 4 96 144km

Figure 6. Geographical distribution of the genus Cherokia Chamberlin, 1949. Mapped using a set of 235
coordinates, from 848 individual records from Hoffman (1960), and natural history collections (VMNH,
FSCA, VTEQ).

various thicknesses, and in some cases an apparent superposition of the trimacu-
late pattern was evident atop the banded pattern (Fig. 10G-I). There was no clear
relationship between geographical distribution and the color or patterns; in some
cases, syntopic individuals of Cherokia from the same locality exhibited different
coloration patterns.

Taxonomy

Family Xystodesmidae Cook, 1895
Subfamily Rhysodesminae Brolemann, 1916
Tribe Rhysodesmini Brolemann, 1916

Genus Cherokia Chamberlin, 1949

Type species. Cherokia georgiana (Bollman, 1889)
Cherokia georgiana (Bollman, 1889)

Vernacular name: Wrinkled Flat-backed Millipede

Fontaria georgiana Bollman, 1889a: 344. MALE HT (United States National Mu-
seum, USNM). United States: Georgia, Bibb County.
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Fontaria tallulah Bollman, 1889a: 344. FEMALE HT (USNM). United States: Geor-
gia, Habersham County. Synonymized by Hoffman, 1950b: 23.

Mimuloria furcifer Chamberlin, 1940a: 282, fig. 1. MALE HT (USNM). United
States: North Carolina, Buncombe County. Synonymized by Hoffman, 1950b: 23.

Mimuloria georgiana — Loomis 1943: 402.

Dynoria parvior Chamberlin, 1947: 10, fig. 4. MALE HT (USNM). United States:
Georgia, Union County. Synonymized by Hoffman, 1950b: 23.

Cherokia georgiana — Chamberlin 1949a: 3.

Cherokia georgiana georgiana Hoffman 1960: 240, figs 3d, 4e, 5a, 6, 7. syn. nov.

Mimuloria ducilla Chamberlin, 1939: 7, fig. 12. MALE HT (USNM). United States:
North Carolina, Jackson County.

Mimuloria georgiana (nec Bollman, 1889) — sensu Loomis, 1943: 402.

Cherokia georgiana ducilla Hoffman 1960: 255, figs 3b-e, 4f, 5b, 6, 7. syn. nov.

Cherokia georgiana latassa Hoffman, 1960: 257, figs 3a, ¢, 4a—e, 5¢, d, 7. MALE HT
(USNM). United States: Tennessee, Warren County. syn. nov.

Note. For a complete taxonomic listing, see Means et al. (2021b), Suppl. material 1.

Diagnosis. Adults in the genus Cherokia are distinct from other rhysodesmine
genera based on the following combination of characters: Body rings: dorsal surface of
the metazonites with a noticeably wrinkly texture. Paranota horizontal and wide, with
little downwards curvature, making the body appear flatter than other rhysodesmines.
Gonopods: Telopodite sublinear in shape (Fig. 7), not distinctly curved or twisted as
in the Apheloriini. Telopodite with a cingulum. Acropodite with its apex appearing flat
and truncated. Telopodite with a long acicular prefemoral process; not a stout, curved
prefemoral process nor wholly lacking as in the Apheloriini. Cyphopods: receptacle
absent. Coloration: yellow to red hues in bimaculate, trimaculate and striped patterns
(Fig. 10). Yellow trimaculate is the most frequent color morph (Fig. 1).

Discussion

The previously reported geographical range of Cherokia sensu Hoffman (1960), included
six states, 43 counties and 93 localities. Here we report the presence of Cherokia in a
seventh state (Virginia) and 53 new counties, for a total of 160 new localities where
specimens of the genus have been collected. In prior systematic analyses of the millipede
family Xystodesmidae, Cherokia was represented by three individuals, sequenced for
six genes (Means et al. 2021b). Here, to address species boundaries in greater detail,
we increased this number to 106 individuals sequenced for seven genes, for a total
of 450 sequences and 3865 base pairs of DNA. These sequences were used to infer a
phylogeny (Fig. 4). Of the seven loci amplified and sequenced for the phylogenetic
reconstruction of the genus Cherokia, RNAPol2 was less successful than others in
terms of amplification (presence of bands on electrophoretic gels) and sequencing (low
quality reads: phred scores > 20). The presence of stop codons in RNAPol2 sequences,
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despite viewing in six alternative reading frames, is unexpected and may indicate that
it is a recent pseudogene. However, the relatively lower success in sequencing of this
locus does not appear to affect the general topology of the phylogeny.

Based on the molecular phylogeny, Cherokia is a monophyletic taxon (Fig. 4)
sister to Pleuroloma. There is a clade formed by two individuals from the same locality
(Monte Sano State Park, Madison Co., Alabama) that is sister to the remaining ones.
Three statistically well-supported clades are present and subtended by long branches;
however, the other individuals in the phylogeny are paraphyletic with respect to these
clades and are not reciprocally monophyletic with them. In general, individuals from
the same locality or nearby localities grouped together. Individuals from Kentucky
and Virginia occur together with some individuals from Tennessee in a clade with very
short branches. This block of individuals corresponds with the northeastern limit of
the geographical range of the genus, and to the Cumberland Mountain Thrust Block
region, a mountainous and complex region lying between the dissected Appalachian

Figure 7. Scanning electron micrograph of a Cherokia georgiana male gonopod. Medial view of specimen

MPE04252 (VTEC).
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Plateau to the west and the Valley and Ridges to the east. This region also houses
a clade of millipedes in the genus Brachoria Chamberlin, 1939 with similarly very
shallow genetic divergences as Cherokia (Marek 2010). These shallow branches in
Cherokia, as in Brachoria (Marek 2010), may represent relatively more recent and/
or rapid diversification in the area, and may be due to shared mechanisms of regional
diversity, or be associated with mimicry evolution in the area. Cherokia is a known
participant of Miillerian mimicry in the region (Marek and Bond 2009; Marek 2010).

The morphological characters evaluated by Hoffman (1960) were reexamined with
new measurements and compared to geographical variables (i.e., elevation) and the
phylogeny. The measurements taken from the 12" body ring and its inverse linear cor-
relation with elevation showed that, in general, individuals of Cherokia with smaller
body size and shorter paranota tend to be present at higher elevations than those with
a larger size and longer paranota (Fig. 8). While the new measurements showed the
same distribution as Hoffman (1960), the variation appears to be clinal, and not dis-
cordant variation with abrupt changes that would be expected to correspond to species
boundaries. Many terrestrial invertebrate taxa show smaller body sizes at higher eleva-
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Sinuate paranota Straight paranota

Figure 9. Variation in the paranota shape in Cherokia Chamberlin, 1949. Images of the 12th body
ring of males (VTEC) showing sinuate paranota A SPC000060 (AL-MAR) B MPE01272 (AL-MAD)
C MPEO01336 (AL-WIN) or straight paranota D MPE02360 (GA-FLO) E MPE01308 (GA-DAW)
F MPE01822 (GA-RAB). Blue and red lines denote the differences between the paranota shape.

tions, but the converse has also been observed (Hodkinson 2005). Smaller Cherokia at
higher elevations may be associated with resource limitation as has been implicated in
other terrestrial invertebrate groups (Hodkinson 2005). Alternatively, the smaller body
sizes may be associated with body shape differences linked to burrowing efficiency in
different leaf-litter substrates at higher elevations (e.g., there is a greater diversity and
abundance of evergreen trees at higher elevations).

The results of the ABGD analysis showed a congruent pattern where genetic dis-
tances are continuously distributed and no barcode gap exists (Fig. 5A). This shows
that there are no clear genetic clusters indicative of a barcode gap for distinct species or
subspecies (Fig. 5B). While sampling effort may affect ABGD analyses, our dataset of
106 specimens uniformly sampled from across the distribution of the genus supports
the hypothesis of a single, widespread species.
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The position of the scapulora (sensu Hoffman 1960) was not a useful character,
due to the difficulty of distinguishing its two states from each other (marginal and
submarginal); perhaps this is due to its continuous nature, as is the case with the
body size characters above (Fig. 8). During the examination of this character, we
observed that the two states (marginal and submarginal) were not phylogenetically
or geographically concordant. As described above (Fig. 9), the anterior margin of the
paranota roughly grouped into two distinguishable shapes: sinuate or straight. To
evaluate the relevance of this newly discovered character, its geographical distribution
was mapped (Fig. 11).

The geographical distribution shows that the individuals with sinuate paranota
generally tend to be located in the western part of the Appalachian region, while the
individuals with a straight paranota are located in the eastern part. This separation
appears to correspond to the Tennessee River Valley and the geological barrier that
it represents for the genus, and other co-distributed taxa (e.g. Nannaria wilsoni spe-
cies group; Hennen et al. 2022). However, in the southern part of the geographical
distribution of Cherokia, especially in the state of Alabama, both shapes of the para-
nota overlap and no clear geographical separation was observed (Fig. 11). When this
character was traced on the phylogeny of the genus, most individuals in one clade
exhibited straight paranota (Fig. 4, blue), while the other clade (and two individuals
from Monte Sano State Park, Alabama) possessed sinuate paranota (Fig. 4, red). One
individual in the phylogeny and geographical distribution appears as an outlier for the
general trend of this character (Fig. 4, GA-FLO-MPE03260*). Although a qualitative
character and correlated with metazonite width (p = 0.0001), in some cases it is dif-
ficult to distinguish straight versus sinuate, and the variation appears to be clinal. In
contrast with the scapulora and color characteristics, this character is largely concord-
ant with the phylogeny, but in itself as a single character, insufficient for species or
subspecies delimitation.

The coloration patterns were plotted on a map to assess concordance with the
geographical distribution. Fig. 12 shows the distribution of the patterns (bimaculate,
trimaculate, or striped), and the colors (red, orange or yellow). Some localities have
all three types of patterns and/or colors—in contrast with Hoffman’s (1960) supposi-
tion that each coloration is geographically isolated. Nearly all possible combinations
of colors and patterns were observed, but the trimaculate yellow color morph was the
most common (both in frequency of individuals and geographical area). The bimacu-
late pattern was only observed with an orange hue (the bimaculate orange color morph,
Fig. 10A—C). Fig. 12 shows that neither the pattern (bimaculate, trimaculate, striped)
nor the colors (red, orange, yellow), have any clear geographical association. [Note that
the number of geographical data points that were used for these maps (Fig. 11) were
greater (/V = 124) than the one used for the phylogenetic analysis (/V = 106). Because
the number of images available for the specimens actually used in the phylogeny was
relatively small (/V = 26) and limited the scope of inference, iNaturalist reports for
Cherokia were also included in this section.] Perception of color can be affected by the
observer, lighting conditions, veiling conditions, and distance, thereby adding error to
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L Sinuate

Figure 11. Geographical distribution of Cherokia Chamberlin, 1949, showing the two types of paranota
shape. Map includes specimens used for the morphological analysis and deposited at VIEC (V= 105).

the evaluation of this character (Endler 1990). In the future, a less error-prone and less
human-centric technique should be implemented to obtain more accurate coloration
data such as using a spectrometer and incorporating the visual systems of the predators
of Cherokia (likely avian) to evaluate the coloration according to the perceivers’ eyes.

The use of citizen science as a tool for obtaining and analyzing data has been suc-
cessfully demonstrated by various research groups. The Cornell Lab of Ornithology,
for example, has developed multiple projects involving amateur ornithologists and the
general public for around two decades. Data obtained from those initiatives have been
published in several peer-reviewed research papers in various journals (Bonney et al.
2009). The small-scale citizen science project that was made as part of this research
demonstrated that it is an effective method to obtain samples from remote and inacces-
sible localities, or in special situations such as the SARS-CoV-2 pandemic. Although
the first response to the initiative was highly positive, follow-up contact with the
interested participants was more difficult and less successful. The number of people
who shipped samples back to us (V= 12) corresponds to around the 30% of the kits
shipped to selected participants (/V = 41). Improved communication with the partici-
pants, and a more structured timeline will be needed to increase the overall success
of this initiative in future projects. Nonetheless the citizen science project offered an
impactful opportunity to share the research with a broader community.
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Figure 12. Geographical distribution of Cherokia Chamberlin, 1949 vs. coloration patterns A patterns
B colors. Mapped using iNaturalist pictures reported for Cherokia (N = 124).

Conclusions

Morphological characters showed clinal variation and a direct relationship with
geographical distribution and elevation, but not with the phylogeny. Coloration
was highly variable and did not accord with neither geography nor phylogeny. The
phylogeny recovered Cherokia as a monophyletic taxon, and the ABGD species
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delimitation test showed no barcode gap supporting the existence of multiple species.
The molecular and morphological evidence showed that Cherokia is a monospecific
genus with the sole species Cherokia georgiana being geographically widespread and
highly variable in its morphology.
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Abstract

Since the first record of chaetognaths (arrow worms) reported from Korean waters by Molchanov in 1907,
three families, 12 genera and 21 species have been additionally described. Eighteen of the 21 recorded
species have been reported under scientific names different from the latest taxonomic system. This study
aimed to address this issue by conducting a taxonomic re-evaluation of chaetognaths collected from Ko-
rean waters. Furthermore, the taxonomic usefulness of morphological differences in corona ciliata and
distribution of ciliary sense receptors were re-examined using specimens stained with 1% Chlorazol black
E (CBE) solution. This study includes taxonomically-validated voucher specimens of 18 species from
Korean waters. Based on the specimens, re-description including image data and CBE staining pattern,
distribution, ecological information and improved key were provided for each species. However, Decip-
isagitta decipiens, Serratosagitta serratodentata and Sagitta pseudoserratodentata from Korean waters is still

questioned because of the paucity of the voucher specimen and scientific literature.
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Arrow worms, chaetognaths, East China Sea, key, staining solution, taxonomy, voucher specimens
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Introduction

The chaetognaths are marine mesoplanktonic carnivores present in most marine habi-
tats and play an important role in the food web of pelagic ecosystems comprising con-
necting planktonic organisms of higher trophic levels. They have two sets of retractable
chitinous grasping spines flanking a ventral mouth. They mostly feed on copepods,
cladocerans, amphipods, krill and fish larvae depending on their size and developmen-
tal stage (Vega-Pérez 1995; Kruse et al. 2010). Occasionally, they also feed on organic
debris (Grigor et al. 2020). These arrow-like creatures are of great ecological value, espe-
cially as a major food source for commercial fish, such as sardines and mackerel (Chacko
1949; Park 1970). Chaetognath species are distributed worldwide, including the Pacif-
ic, Adantic, Indian and Antarctic Oceans. They are found in most of the vertical realms
spanning from the surface to the bottom of the ocean (Miiller et al. 2019; WoRMS
2022). As many species of arrow worm have different distributions depending on water
mass, they have been historically used as research subjects to evaluate the marine en-
vironment (Russell 1936; Tokioka 1940; Bone et al. 1991; Terazaki 1992; Nagai et al.
2006). Their geographic distribution patterns have been used as important biological
indicators to explain environmental physicochemical properties, such as cold current,
warm current and oceanic frontal area (Park 1967; Park et al. 1990, 1991, 1992).

The phylum Chaetognatha was first mentioned as “arrow-shaped worms” by Slabber
M (1769) and Krohn (1844) reported valuable anatomical features to characterise their
internal organisation, nervous system, testes and chitinous cephalic armature. A com-
prehensive and detailed description of their morphology has been presented by Miiller
etal. (2019). The foundation of modern systematics of Chaetognatha was established by
Ritter-Zahony (1911), who classified 27 species into six genera. Subsequently, the taxo-
nomic categories from family to class were defined by Tokioka (1965a, b), who proposed
an advanced classification system. He classified 58 species into two classes, two orders,
five families and 15 genera. Of the two classes, Archisagittoidea comprises only fossil spe-
cies, while Sagittoidea contains all the present chaetognaths existing today. The latter was
subdivided into two orders, Phragmophora and Aphragmophora, based on the presence
or absence of transversal musculature (i.e. phragms) in the body, respectively. Bieri (1991)
proposed a comprehensive classification system for 114 species belonging to 22 genera
and eight families. To date, the phylum Chaetognatha includes 133 species allocated to
26 genera and eight valid families (including Heterokrohniidae) (Miiller et al. 2019). The
taxonomic categories proposed by Tokioka (1965a, b) and Bieri (1991) are still mostly
valid (WORMS 2022), although recent molecular analyses have invalidated Pterosag-
ittidae family (Gasmi et al. 2014; Nair et al. 2015; Miiller et al. 2019; Peter et al. 2020).

Despite the long taxonomic history of Chaetognatha and its ecological impor-
tance, taxonomic research on Korean species is extremely limited. The first record of
chaetognaths in Korean waters was presented by Molchanov (1907). Subsequently,
Tokioka (1940) reported the geographical distribution of 13 species of order Aphrag-
mophora. Including these 13 species, Park (1967, 1970, 1973) reported brief taxo-
nomic and ecological features of 19 species. The number of chaetognath species in
Korea was finally expanded to 21 by including two species described by Kim (1987).
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For the past 20 years, only ecological studies of chaetognaths in Korean waters have
been carried out, based on these 21 species as indicators of various water masses and
currents near the Korean Peninsula (Park et al. 1990, 1991, 1992; Yoo 1991; Yoo and
Kim 1996, 1997; Nagai et al. 20006). The original descriptions and drawings by Park
(1970) and Kim (1987) are the only studies available on Korean waters; however, both
of them are theses for Doctoral and Master’s degrees, respectively, written only in Ko-
rean and are yet to be published. Furthermore, because none of the voucher specimens
of 21 species used for description by Park (1970) and Kim (1987) are available and
the accessible records of five species contain very short descriptions and sketches, it is
difficult to confirm their presence in Korean waters. More importantly, these species
have been reported under scientific names that are different from the latest taxonomic
system. These taxonomic limitations regarding the Korean chaetognath taxa result in
misidentification and low reliability of ecological research using indicator species.

Therefore, in this study, we aimed to accomplish the following: 1) to secure the
first taxonomically verified voucher specimens of chaetognath from Korean waters and
disclose them to public institutions; 2) to create the first comprehensive report of
taxonomic features, including morphology, ecology and image information on Korean
chaetognath species, based on newly-obtained voucher specimens; and 3) to provide
an updated key to species for chaetognath taxa in Korea.

Materials and methods

Analysis of previous literature in Korea

To understand the current status of Korean record on chaetognaths, a total of 14 taxo-
nomic and ecological papers published since 1940 to date were investigated (Tokioka
1940, 1951; Park 1967, 1970, 1973; Park et al. 1990, 1991, 1992; Yoo 1991; Yoo and
Kim 1996, 1997; Terazaki 1998; Nagai et al. 2006; Lee et al. 2016). The distribution
of Korean chaetognath taxa mentioned in literature has been divided into four groups
(the East Sea, Korea Strait, northern East China Sea and Yellow Sea) according to the
physical characteristics of each sea near Korea (Fig. 1). All the mentioned species in
literature (21 species of three genera, most belong to genus Sagitta) belong to order
Aphragmophora, of which, three families, 12 genera and 21 species have been identi-
fied according to the traditional taxonomy conventions (Table 1). We performed a
taxonomical comparative analysis of descriptions in previous literature and the newly-
obtained specimens from Korean waters to confirm the existence of the 21 mentioned
species in Korea, which were recorded in literature without voucher specimens.

Morphological examination

Field surveys were conducted at 20 stations in Korean waters from May 2019 to Au-
gust 2020. Zooplankton collection was carried out from the bottom layer to the sur-
face layer using a conical net (diameter: 0.6 m, mesh size: 200 pm) and MOCNESS
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Figure I. Sampling stations in Korean waters. Empty circles, sampling stations; filled circles, the stations

where the chaetognaths were secured.

(area of mouth: 1 m?, mesh size: 200 pm). Samples were fixed with 5% formalin and
the morphological features were observed using a stereo-optical microscope (DS-Fi3,
Nikon, Japan). Furthermore, chaetognath specimens were identified at the species level
by referring to the taxonomic terms suggested by Kapp (1991) and adults were iso-
lated from the identified specimens according to Alvarifio (1967). The quantitative
and qualitative characteristics, based on Gasmi et al. (2014) (Table 2), were photo-
graphed using an optical light microscope equipped with a camera (DS-Fi3, Nikon,
Japan) and analysed using the in-built software (NIS-Elements BR, version: 5.11.00,
Nikon, Japan). Any features that were difficult to observe under the light microscope
(including shape and location of corona ciliata rings, structure of fins and morphologi-
cal patterns on the body surface) were confirmed by staining with Chlorazol black E
(CBE) solution (1% in 95% ethanol and diluted in 3:7 ratio with distilled water prior
to staining). The CBE pattern has been described as per Miiller et al. (2014) (Fig. 2).
To supplement the field specimens obtained in this study, 50 samples (eight genera,
nine species) stored at the National Institute of Biological Resources (NIBR) were used
for taxonomic re-examination. Based on the study by Kapp (1991), the taxonomic
terminology and their abbreviations for chaetognath species identification used in this
study are as follows: AN, anus; AF, anterior fin; AT, anterior teeth; CC, corona ciliata;
CF, caudal fin; COL, collarette; CL, caudal length; EP, eye pigments; GS, grasping
spine; IN, intestine; ID, intestinal diverticula; LF, lateral fin; MO, mouth; OL, ovary
length; O, ovary; PF, posterior fin; PT, posterior teeth; RLZ, rayless zone; SV, seminal
vesicle; TL, total length; TM, transverse muscle; and VG, ventral ganglion.
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Table I. Korean chactognath species list reported in previous studies. The species list consists of Tok-
ioka (1940) Tokioka (1951), Park (1967), Park (1970), Park (1973), Park et al. (1990, 1992), Park et
al. (1991), Yoo (1991), Yoo and Kim (1996), Terazaki (1998), Yoo and Kim (1997), Nagai et al. (2006).
Abbreviation: ES = East Sea; KS = Korea strait; nECS = northern Fast China Sea; YS = Yellow Sea.

Taxa ES KS nECS YS ES, KS, YS and nECS

Class Sagittoidae

Order Aphragmophora

Family Krohnittidae

Genus Krohnitta Ritter-Zahony, 1910

Krohnitta pacifica (Aida, 1897) . o . L
Krohnitta subtilis (Grassi, 1881) (] L] L]
Family Pterosagittidae (not valid)

Genus Pterosagitta Costa, 1869

Prerosagitta draco (Krohn, 1853) o o .
Family Sagittidae

Genus Aidanosagitta Tokioka,1965

Aidanosagitta crassa (Tokioka, 1938) L] . . . .
Aidanosagitta neglecta (Aida, 1897) L] L] .
Aidanosagitta regularis (Aida, 1897) o . . .
Genus Decipisagitta Tokioka, 1965

Decipisagitta decipiens (Fowler, 1905) ° ° o
Genus Ferosagitta Kassatkina, 1971

Ferosagitta ﬁrox (Doncaster, 1902) ° o °
Ferosagitta robusta (Doncaster, 1902) o ° °
Genus Flaccisagitta Tokioka, 1965

Flaccisagitta enflata (Grassi, 1881) ° ° ° o °
Flaccisagitta hexaptera (D’ Orbigny,1902) o ° °
Genus Mesosagitta Tokioka, 1965

Mesosagitta minima (Grassi, 1881) (] L] L]
Genus Parasagitta Tokioka, 1965

Parasagitta elegans (Verrill, 1873) . o ° L4
Genus Pseudosagitta Germain & Joubin, 1912

Pseudosagitta lyra (Krohn, 1853) L . .
Genus Sagitta Guoy & Gaimard, 1827

Sagitta bipunctata Quoy & Gaimard, 1827 L . .
Genus Serratosagitta Tokioka, 1965

Serratosagitta pacifica (Tokioka, 1940) . . .
Ser itta pseudt de (Tokioka, 1940) L] . .
Serratosagitta serratodentata L4 ° ° °
Genus Zonosagitta Tokioka, 1827

Zonosagitta bedoti (Beraneck, 1895) . . . .
Zonosagitta pulchra (Doncaster, 1902) o °
Zonosagitta nagae Alvarino, 1967 o ° o °
Results

General taxonomical characteristics

The size of the chaetognaths belonging to the order Aphragmophora ranged between
5 and 80 mm. Aphragmophora had no transverse muscles in the body. In general, spe-
cies diagnosis in Aphragmophora was mostly based on the size and body appearance,
the morphology of the intestine, the chitinous cephalic armature (shape and number
of grasping spines and teeth) and the shape and position of the corona ciliata, lateral
fins and seminal vesicles.
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Figure 2. Schematic drawing showing the distribution of the ciliary sense organs (modified from Miiller
etal. 2014) A Ferosagitta robusta B Pterosagitta draco. Colour indicated dorsomedian line (red); dorsolat-
eral line (green); lateral line (blue); receptors on the lateral fin (purple); anterolateral receptors on the tail
fin (yellow); posterior receptors on the tail fin (orange).
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Table 2. Quantitative and qualitative characters of the chaetognaths used in this study (modified after
Gasami et al. 2014).

Quantitative characters Qualitative characters
C1  Transverse muscles (absent/ present) Q1 Total length (min/max)
C2  Body firmness (flaccid/ rigid) Q2 Body/ tail ratio
C3  Body transparency (transparent, opaque, translucent) Q3 Number of anterior teeth
C4  Collarette (absent/ present) Q4 Number of posterior teeth
C5  Number of lateral fins (one pair/ two pairs) Q5 Number of hooks (min/max)

C6  Fin positions. Anterior fins can be present on anterior part of ventral ganglion, middle
of ventral ganglion, end of ventral ganglion, long distance behind the end of the ventral
ganglion.

C7  Comparison of anterior fins and posterior fins size

C8  Rayless zone in the lateral fins (absent/ present)

C9 Intestinal diverticula (absent/ present)

C10 Type of hooks (gently curved/ gently curved and serrated/ abruptly curved)

C11 Type of seminal vesicle (elongated, oval, spherical, conical)

C12 Positions of seminal vesicle

C13 Type of eye pigment (E, T, star, H, +, B shaped)

C14 Type of corona ciliata (following Tokioka (1965))

C15 Type of teeth row

C16 Number of teeth row (only anterior row/ only posterior row/ presented both anterior and
posterior)

Transparency of the body

The transparency of the body is related to the development of longitudinal muscles in
the trunk and tail and is a distinguishing characteristic at the generic level (Bieri 1991).
However, the criteria for classifying the transparency of the body were not clear in pre-
vious studies. In this study, body transparency was classified into three types: first, the
transparent type, which has weak and flexible muscles; second, the translucent type,
where the internal organs can be observed from the dorsal side (e.g. digestive apparatus
and ovaries), but the ventral ganglion is not visible; and third, the opaque type with
strong, rigid muscles, with internal organs and ventral ganglion being invisible from
the dorsal side. Representative genera of these categories were Flaccisagitta (Fig. 3A),
Prerosagirta (Fig. 3B) and Aidanosagitta (Fig. 3C), respectively.

A

500 im

Figure 3. Appearance of body A transparent and flaccid body (Flaccisagitta enflata) B translucent body
(Pterosagitta draco) C opaque and rigid body (Aidanosagitta crassa).
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Fins

The fins are used for floating and balancing (Hyman 1959). The parts of the body between
the fins and the distribution of the fins on the body are morphological features of all the
species (Duvert and Salat 1990); however, each species has its characteristic fin size and po-
sition. Although fins are easily damaged during the collection and fixation process, they are
conspicuous characteristics of chaetognaths. They are located on the lateral and terminal
parts of the body and their size, location and starting point are key characteristics. In this
study, the number of fins was used as a feature to distinguish families; specimens with one
pair of fins on the lateral sides of the body belonged to the families Krohnittidae and genus
Prerosagitta and those with two pairs of fins belonged to families Sagittidae (Fig. 4A—C).

Another diagnostic character at the genus and species level is the presence of a
rayless zone in the lateral fins. For example, Zonosagitta has a long rayless zone on the
anterior fins, but Aidanosagitta does not have a rayless zone on either anterior or pos-
terior fins (Fig. 5A, B). The starting and ending points of the fins are also important
taxonomic features. In general, the anterior fins begin at the anterior, middle or tip of
the ventral ganglion. For instance, the anterior fins of Pseudosagitta and Zonosagitta
begin at the anterior position to the ventral ganglion, while those of Ferosagitta and
Aidanosagitta reach the ventral ganglion. On the contrary, the anterior fins of Flaccisag-
itta are located on the posterior part of the body far from the ventral ganglion.

5 mm

Figure 4. Three families inhabiting Korean waters A Ferosagitta robusta (Sagittidae) B Prerosagitta draco;
C Krobnitta subtilis (Krohnittidae). Abbreviations: AF = anterior fin; CC = corona ciliata; COL = col-
larette; CF = caudal fin; E = eye; GS = grasping spine; LF = lateral fin; PF = posterior fin; SV = seminal

vesicle; VG = ventral ganglion.
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500 pm

Figure 5. Presence and absence of rayless zone on lateral fins A black arrow shows rayless zone on poste-
rior fin (Zonosagitta nagae) B completely rayed fin (Aidanosagitra crassa).

Seminal vesicles

All chaetognaths are hermaphroditic and have both female and male organs. In par-
ticular, the shape and location of seminal vesicles are distinct in different species. Semi-
nal vesicles can be elongated along the lateral side of the tail (Fig. 6A) or have a pear,
spherical or conical shape (Fig. 6B-E). Serratosagitta pacifica has a distinct elongated
knob with lateral protuberances. The chaetognath species can also be classified ac-
cording to the location of seminal vesicles between the end of the posterior lateral fin
and the caudal fin. The species can be classified, based on the vesicles that touch both
posterior and caudal fins (Fig. 6A, D), those close to one of the two fins (Fig. 6B, E, F)
and those well-separated from the two fins (Fig. 6C).

Intestinal diverticula

The digestive apparatus of the chaetognath is in a single line from the mouth to the
anus located just anterior to the posterior septum; the intestine extends in the trunk,
but is not present in the tail. Classification can be done, based on the presence or
absence of two intestinal diverticula located in the most anterior part of the intes-
tine. They are clearly observed in the genera Aidanosagitta (Fig. 7A) and Ferosagitta
(Fig. 7B), but not in Pterosagitta (Fig. 3B) and Zonosagitta (Fig. 7C, D).
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Figure 6. Shape and position of seminal vesicles A Aidanosagitta regularis (elongated) B Ferosagitta ro-
busta (pear shape) C Pseudosagitta lyra (spherical shape) D Zonosagitta nagae (conical shape) E Flaccisagitta

enflata (spherical shape) F Serratosagitta pacifica (seminal shape with chitinous teeth).

500 pm

500 pm
500 m

Figure 7. Intestinal diverticular (shown by white arrow) A Aidanosagitta regularis (present) B Ferosagitta

robusta (present) C Zonosagitta nagae (absent) D Zonosagitta bedoti (absent).
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Grasping spines

The grasping spines are laterally attached to the head of chaetognaths and are used
for capturing and swallowing prey. The grasping spines of the family Krohnittidae
are sharply curved, while those of Sagittidae are gently curved (Fig. 8A—C; Tokioka
1965a). The grasping spines of the genus Serrarosagitta belonging to Sagittidae are ser-
rated (Fig. 8C; Tokioka and Pathansali 1963).

Anterior and posterior teeth

The number of teeth rows isan importantkey to distinguish families (Tokioka 1965 a, b). Sag-
ittidae (including Prerosagitta draco) has two rows of teeth arranged in a comb shape (Fig. 9A),
while Krohnittidae has only one row of anterior teeth arranged in a fan shape (Fig. 9B).

500 pm

250 ym

Figure 8. Grasping spine A abruptly curved hooks (Krohnitta subtilis, Krohnittidae) B gently curved
and not serrated hooks (Ferosagitta robusta, Sagittidae) € gently curved and serrated hooks (Serratosagitta

pacifica, Sagittidae).

500 pm

|

Figure 9. Number and shape of dentition A Ferosagitta robusta (two rows) B Krohnitta subtilis (one row).
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Corona ciliata

The corona ciliata is related to the sensory organs, presumably involved in chemorecep-
tion (Bleich et al. 2017) and is observed on the dorsal side of the specimen (Kapp 1991).
It begins behind the eyes in Aidanosagitta regularis and Pterosagitta draco (Fig. 10A, B)
or in front of the eyes in Serratosagitta pacifica and Flaccisagitta enflara (Fig. 10C, D).
The corona ciliata may also extend behind the neck, a short distance in the anterior
trunk region (Fig. 10A, C) or does not exceed the head (Fig. 10D).

Figure 10. Position and shape of corona ciliata A Aidanosagitta regularis B Prerosagitta draco C Serra-
tosagitta pacifica D Flaccisagitta enflara.

Systematics

Order Aphragmophora Tokioka, 1965a

Diagnosis. Ventral transverse musculature absent, less glandular structures on body
surface. Grasping spines gently or abruptly curved (Tokioka 1965a). Collarette absent,
present or small that is almost absent. Intestinal diverticula absent or present. One or
two rows of teeth, teeth-rows arranged in comb or fan shape. One paired or two paired
lateral fins with or without rayless zone (Alvarino 1967).

Key to family of Aphragmophora

1 One pair of lateral fins ......oeoiriiiniiiiiniiiiccc e 2
- Two pairs of lateral fins......cccoveiririiiiniiiniicccc e 4
2 One row of teeth, collarette absent............ Krohnittidae (present in Korea)

- TIWO TOWS OF TEETR et 3
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3 One pair of lateral fins on the tail, Collarette remarkably thick............c........
......................................................... Pterosagitta draco (present in Korea)
- One pair of lateral fins on the trunk..........cccccoecvnnninnn. Pterokrohniidae
4 Two rows of teeth, neck contraction .....cceeeeeeeeeeeeeeeeeeeeeeeeennn. Bathybelidae
Two rows of teeth .eeeveeeeeeeeeeeeeeeeeeeeeeeee. Sagittidae (present in Korea)

Family Krohnittidae Tokioka, 1965

Diagnosis. Small head. Grasping spines abruptly curved. One row of teeth. Collarette
either short or absent. One pair of lateral fins arranged on the posterior trunk and tail.

Genus Krohnitta Ritter-Zihony, 1910

Diagnosis. Slender and transparent body. Lateral fins on the body and tail with rayless
zone or partially rayed. Intestinal diverticula absent. Seminal vesicles oval or elongated
touching both lateral fins and caudal fins.

Key to species of Krohnitta

1 One pair of fins with rayless zone. Seminal vesicles oval shaped and elongated,
touching both paired fins and caudal fins..........ccccoccvvivniiiinnnn. K. subtilis
- One pair of rayed fins. Seminal vesicles oval shaped and placed dorsally at the
point where lateral fins meet caudal fins.......cccoeeeiniinicnncenee K. pacifica

Krohnitta subtilis (Grassi, 1881)
Figs 3C, 4C, 8A, 9B, 11A-D

Spadella subtilis: Grassi, 1883: 16 p., table 1.

Krobnia subtilis: Fowler, 1906: 25-26 p., figs 86-88; Michael 1908: 269-270 p.

Krobnitta subtilis: Burfield & Harvey, 1926: 117 p., figs 45-50.; Thomson 1947: 22
p-; Tokioka 1965: 352-353 p.; Alvarifio 1967: 18-20 p., fig. 9 A-D; Srinivasan
1979: 37-39 p., fig. 21 A-D; Michel 1984: 30 p., fig. 41; McLelland 1989: 158
p., fig. 5A-D; Park et al. 1990: 74-76 p., fig. 52.; Nair et al. 2008: 210 p., table 1.

Material examined. Korea Strait (33°30.000'N, 125°54.000'E), 0-90 m depth,
oblique towing with conical net, Feb 2020, NIBRIV0000895313 (one specimen);
northern East China Sea (33°00.000'N, 127°4.098'E), 0-110 m depth, oblique tow-
ing with conical net, Feb 2020, NIBRIV0000895312 (one specimen).

Description. Total body length ranged between 10.8 and 11.5 mm and tail 27.3—
33.7% of body length. Hooks 8-10. Anterior teeth 14. Slender and transparent body
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5000 pm

500 pm

Figure | 1. A Krohnitta subtilis (dorsal view) B head C tail D lateral fin. Abbreviations: CC = corona
ciliata; CF = caudal fin; COL = collarette; E = eye; GS = grasping spine; IN = intestine; LF = lateral fin;
RLZ = Ray less zone; SV = seminal vesicle.

(Fig. 11A). Small head. One row of stout teeth arranged in fan shape (Fig. 9B). Col-
larette and intestinal diverticula absent (Fig. 11B). Grasping spine abruptly curved
(Fig. 8A). Round eyes with eye pigments in “E” shape (Fig. 11B). Corona ciliata begin-
ning in front of eyes with round shape (Fig. 11C). Lateral fins 29.4% of body length.
Starting points of lateral fins 54.3% and ending points of lateral fins 82.2% of body
length, respectively. One pair of lateral fins only rayed on outer edge, with forward
ends equidistant from caudal septum (Fig. 11A, E). Caudal fin roughly round in shape
(Fig. 11D). Seminal vesicles elongated with anterolateral-edge-opening touching both
lateral fins and caudal fin (Fig. 11D).

Distribution. This species is found in the epipelagic (0-200 m depth) and mesope-
lagic zones (200—500 m depth) of the Pacific, Indian and Adlantic Oceans (Pierrot-Bults
and Nair 1991), the Indian water (George 1952) and the Tosa Bay in Japan (Ohnishi
et al. 2014), while in this study, it was found in the epipelagic zone (0—110 m depth)
of the Korea Strait and northern East China Sea (Fig. 1: stations KS05 and nECS04).

Ecology. This cosmopolitan species can be found in tropical to temperate waters
(Alvarifio 1967). The temperature ranged between 16.40 and 16.41 °C and salinity
was 34.58 psu at the sampling stations of this study.

Remarks. This species is clearly distinguished from K. pacifica by the presence
of a rayless zone in the lateral fin. Furthermore, the presence of a pair of lateral fins
with a wide rayless zone and a fan-shaped dentition in K. subtilis collected from
Korean waters are consistent with the records of Alvarifio (1967) and Bieri (1991).
However, the location of the corona ciliata (in front of the eyes, Fig 11C) of the
species found in Korean waters was different from that of the previous records
(located behind the eye). No specific pattern was observed through CBE staining
on the body surface.
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Krohnitta pacifica (Aida, 1897)

Krohnitta pacifica: Tokioka, 1965: 352-353 p.; Alvarino 1967: 15-17 p., fig. 7A—E; Michel
1984: 29 p., fig. 40; Kim 1987: 35-36 p., plate 13; Park et al. 1990: 73 p., fig. 51.

Material examined. Northern East China Sea (32°29.420'N, 127°29.654"' E), 20—
100 m depth, oblique towing with MOCNESS, Aug 2020 (one specimen).

Description. Slender and transparent body. Small head. Grasping spines abruptly
curved. One row of stout teeth arranged in fan shape. One pair of lateral fins partially
rayed, forward and equidistant from caudal septum. Lateral fins positioned at anterior
end, at level of caudal septum with rayed lateral fins. Caudal fin damaged. Collarette
and intestinal diverticula absent. No seminal vesicle visible.

Distribution. This species is found in the epipelagic zone (0-200 m depth) of
the northern Indian Ocean (Pierrot-Bults and Nair 1991), the Gulf of Mexico (Pierce
1951) and the Japanese coast (Tosa Bay, Sagami and Suruga) (Nagasawa and Marumo
1972; Ohnishi et al. 2014) and, in this study, it was found in the epipelagic zone
(20-100 m depth) of the northern East China Sea (Fig. 1: station nECS03).

Ecology. An inhabitant of the surface layer of the warm oceanic waters (Tokioka
1940). Mature specimen was reported to be 6-8 mm in length (Alvarifio 1967). The
temperature range in the sampling stations of this study was 18.49-28.84 °C and salin-
ity range was 30.71-34.59 psu.

Remarks. Only immature individuals could be collected in this study. The speci-
mens of K. pacifica we observed had one pair of fins and the structure of the fin was
rayed, except for the base part close to the body. These were distinct characteristics of K.
pacifica that differentiated it from K. subtilis. Since seminal vesicles were not observed in
all observed Korean specimens, they were classified as immature stage (Alvarifio 1967).

Family Pterosagittidae Tokioka, 1965a

Diagnosis. Wide head. Two rows of teeth. Collarette wide and extending through full
body. One pair of rayed lateral fins located on the tail. Intestinal diverticula absent.
Only one genus has been described within this family: Prerosagitta (Costa, 1869).

Remarks. A previous phylogenetic study reported that Pterosagittidae is geneti-
cally quite close to Sagittdae (Gasmi et al. 2014; Nair et al. 2015; Peter et al. 2020;
Miiller et al. 2019). In this study, a recent research paper was reviewed and Pterosag-
ittidae was marked as invalid (Table 1).

Key to the species of Pterosagitta

1 One pair of rayed lateral fins on the tail. Collarette extremely thick and ex-
tends from head to seminal vesicles. Seminal vesicles oval-shaped and elon-
gated, touching both lateral fins and caudal fin..........c.cccooeeie. P draco
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Pterosagitta draco (Krohn, 1853)
Figs 3B, 4B, 10B and 12A-D

Spadella draco: Grassi, 1883: 15 p.; Beraneck 1895: 154 p.; Aida 1897: 20 p., fig. 12;
Doncaster 1902: 214-215 p.

Prerosagitta draco: Michael, 1919: 264-265 p., table 18; Thomson 1947: 22-23 p.;
Tokioka 1965: 351-352 p.; Alvarino 1967: 21-22 p., fig. 11A-D; Srinivasan
1979: 34-35 p., fig. 19A-E; Michel 1984: 29 p., fig. 5; Kim 1987: 33-34 p., plate
12; Park et al. 1990: 71-73 p., fig. 50.

Material examined. Northern East China Sea (32°30.000'N, 127°5.100'E), 0-120
m depth, oblique towing with conical net, Feb 2020, NIBRIV0000895299 (one
specimen).

Description. Total body length ranged between 6.5 and 9.1 mm and tail 38.4—
40.1% of body length. Hooks 8. Anterior teeth 10 and posterior teeth 12. Rigid and
translucent body (Fig. 12). Wide and angular head (Fig. 12). Wide collarette extend-
ing over entire body and reaching anterior of seminal vesicles (Fig. 12A. C). Rec-
tangular eyes with “T” shaped eye pigments (Fig. 12B). Intestinal diverticula absent
(Fig. 3B). Lateral fins 20.7% of body length. Starting point of lateral fins 65.2% and
ending points of lateral fins 86.3% of body length, respectively. One pair of lateral fins
triangular-shaped and completely rayed, with forward ends at level of caudal septum
(Fig. 12A, D). Seminal vesicles posteriorly elongated with anterior knob touching
lateral fins (Fig. 12C-D). Eggs reaching middle of body. Corona ciliata anteriorly
opened with horseshoe shape beginning in neck region and ending just behind eyes
(Figs 10B, 12A).

Distribution. This species is located in the epipelagic (0-200 m depth) and mes-
opelagic zones (200-500 m depth) of the Pacific, Indian and Atlantic Oceans (Pierrot-
Bults and Nair 1991), the epipelagic zone (0-200 m depth) of the Caribbean Sea
(Michel,1984), the coastal waters surrounding India (George 1952) and the Tosa Bay
in Japan (Ohnishi et al. 2014). In this study, it was found in the epipelagic zone (0—
120 m depth) of the northern East China Sea (Fig. 1: station nECS02).

Ecology. This species is widely distributed in warm water masses and appears all
year round in Korean waters, except in the Yellow Sea (Kim 1987). The temperature
range of the Caribbean Sea was reported as 22-29 °C, and salinity range was 33-38
psu (Michel 1984). At the sampling stations of this study, the temperature ranged be-
tween 15.83-28.80 °C and salinity ranged between 31.38-34.60 psu.

Remarks. The largest specimen collected in this study was 9.1 mm in length,
which was at stage 4 maturity. It was smaller than the specimen from New Zealand
(16 mm) reported by Lutschinger (1993). It had characteristics consistent with the
Prerosagitta draco reported from the Pacific (Alvarifio 1967; Michel 1984), such as the
presence of two rows of teeth, one pair of lateral fins, a corona ciliata located between
the back of the eye and the neck and a broad collarette extending from the head to
seminal vesicles. We observed one specimen for CBE staining pattern: dorsomedian
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line, 8 dots; dorsolateral line, 25 dots; lateral line, 10 dots; receptors on the lateral
fin, 2 dots; anterolateral receptors on the caudal fin, 3 dots; posterior receptors on the

caudal fin, 6 dots.

Figure 12. A Prerosagitta draco (dorsal view) B head C tail D lateral fin. Abbreviations: CC = corona
ciliata; COL = collarette; E = eye; LF = lateral fin; PT = posterior teeth; SV = seminal vesicle.

Family Sagittidae (Claus & Grobben, 1905)

Diagnosis. Two rows of stout teeth arranged in comb shape. Two pairs of lateral fins
on the trunk and tail.

Key to genus of Sagittidae

1 Serrated grasping spines..........c.coccceveuenene. Serratosagitta (present in Korea)
- Non-serrated grasping SPines ..........ccccueveiviiiiiiiiiiniiiiiceeeeeesens 2
2 Flaccid body .....oveueuiiiiiiciiiiiccc e 3
- Rigid body
3 Intestinal diverticula Present .........cccouveerieueriniciniecinceccceceees 4
- Intestinal diverticula absent ...........ccccccoviviiiiiiiie 5
4 Anterior fins beginning at the middle of ventral ganglion, the seminal vesicle
closer to lateral fins than caudal fin ..., Decipisagitta

- Anterior fins beginning between ventral ganglion and caudal septum, the
seminal vesicle well-separated from lateral fins, but touching caudal fins.......
................................................................... Mesosagitta (present in Korea)
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Anterior fins beginning far behind the end of the ventral ganglion................
.................................................................. Flaccisagitta (present in Korea)
Anterior fins beginning at the end of ventral ganglion ...........cccccoviiiinnn.
................................................................ Pseudosagitta (present in Korea)

Intestinal diverticula present ........coccueeveeieiniinicnieiincnccieeceeneeean 7
Intestinal diverticula absent .........cccoeiviviiiiiiininiiiiicce 9
Collarette Presente . . e ettt 8

Collarette and rayless zone on lateral fins absent ........cccoeveeveeninccinecnnnnen.
.................................................................... Parasagitta (present in Korea)
The head width greater than body width, short collarette, the rayless zone on
lateral fins present, the corona ciliata beginning before the eye......................
.................................................................... Ferosagitta (present in Korea)
The head width smaller than body width, well-developed collarette, com-
pletely rayed lateral fins, the corona ciliata beginning behind the eye............
................................................................ Aidanosagitta (present in Korea)
Anterior part of lateral fins with rayless zone........cccoccoviivnciniinncnecnns
................................................................... Zonosagitta (present in Korea)
Rayless zone on lateral fins absent.........cccouuee. Sagitta (present in Korea)

Genus Serratosagitta Tokioka & Pathansali, 1963

Diagnosis. Intestinal diverticula either absent or present. Grasping spines serrated.
Two rows of teeth. Two pairs of lateral fins either with rayless zone or completely rayed.

Key to species of Serratosagitta

1

2

Intestinal diverticula absent ...........ccoccoiiiiiiiiiii, 2
Intestinal diverticula present ........coccueerevieiiniincnieiininccinesceencen 3
Seminal vesicles with forward elongated knob and teeth-like appendages
forming 5-10 distal protrusions anteriorly, well-separated from caudal fin
but touching posterior fins, the posterior fins and anterior fins of almost same
length ... S. pacifica
Seminal vesicles touching the posterior fins and caudal fin, the posterior fins
longer than anterior fins.........cocooeeiivniiciiinice, S. serratodentata
Seminal vesicles well-separated from caudal fin, but touching posterior fins, pos-
terior fins and anterior fins of almost same length ....... S. pseudoserratodentata

Serratosagitta pacifica (Tokioka, 1940)
Figs F, 8C, 10C, 13A-E

Sagitta serratodentata pacifica: Tokioka, 1959: 72-80 p., fig. 10, table 10; Park et al.

1990: 5254 p. figs 31, 32.
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Sagitta pacifica: Alvarino, 1961: 71 p., fig. A, B, table 2; Alvarino 1967: 36-39 p., fig.
22A-D; Pierrot-Bults 1974: 221-222 p., fig. 6; Francisco 1977: 226-229 p., plate
1; Srinivasan 1979: 27-29 p., fig. 15A-G; Kim 1987: 18-20 p., plate 3.

Serratosagitta pacifica: Tokioka, 1965: 345-346 p.; Lutschinger 1993: 30-31 p., fig.
15 A-B.

Material examined. Korea Strait (33°24.504'N, 127°54.600'E), 0-50 m depth,
oblique towing with MOCNESS, May 2019, NIBRIV0000895311 (two specimens);
Korea Strait (33°33.600'N, 127°34.002'E), 0-96 m depth, oblique towing with coni-
cal net, Feb 2020 (one specimen); northern East China Sea (32°33.000'N, 126°30.000
E), 0-100 m depth, oblique towing with conical net, Feb 2020, NIBRIV0000895310
(three specimens); northern East China Sea (32°00.000'N, 127°4.098'E), 0-120 m
depth, oblique towing with conical net, Feb 2020, two specimens.

Description. Total body length ranged within 11.8 and 13.7 mm. Tail 23.4—
24.9% of body length. Hooks 6—7. Anterior 10-13 and posterior teeth 16-25. Rigid
and opaque body (Fig. 13A). Small head (Fig. 13A, B). Grasping spines serrated
on edge (Fig. 8C). Collarette absent (Fig. 10C, 13A). Rectangular eyes with “T”
shaped eye pigments (Fig. 13B). Intestinal diverticula absent (Fig. 10C). Anterior
fins spanned 21.9% of body length. Anterior fins completely rayed beginning be-
tween ventral ganglion and caudal septum. Starting point of anterior fins 34.6%
and ending points of anterior fins 55.1% of body length, respectively (Fig. 13A, D).
Posterior fins 26.2% of body length and 1.2 times longer than anterior fins. Starting
points of posterior fins 63.7% and ending points of posterior fins 89.7% of body
length, respectively. Posterior fins well-separated from anterior fins (Fig. 13A, E).
Caudal fin triangular shaped (Fig. 13A, C). Seminal vesicles touched or closed to
lateral fins and well-separated from tail fin (Fig. 13C) with elongated knob facing
obliquely forward and teeth-like appendages forming 5-10 distal protrusions. Eggs
reached anterior of anterior fins. Collarette beginning in front of eyes and extended
over neck (Fig. 10C, 13A).

Distribution. This species is found in the epipelagic (0-200 m depth) and mes-
opelagic zones (200-500 m depth) of the Pacific and Indian Oceans (Alvarifio 1967;
Pierrot-Bults and Nair 1991), the epipelagic zone of Red Sea, Californian waters
(Pierrot-Bults 1976) and the Tosa Bay in Japan (Ohnishi et al. 2014). In this study, it
was distributed in the epipelagic zone (0—50 m depth) of the Korea Strait and northern
East China Sea (Fig. 1: stations KS06, KS07, nECS01 and nECS04).

Ecology. This species mainly inhabits Indo-pacific warm-water masses (Bieri 1959).
In the Pacific Ocean, it is a known indicator species of the Kuroshio Water Mass (Kim
1987). In this study, the temperature range of sampling locations was 16.37-20.57 °C
and salinity ranged between 34.48-34.61 psu.

Remarks. The seminal vesicles are used as an important morphological feature to iden-
tify the genus Serratosagitta. S. serratodentata has thick collarette tissue in front of the sem-
inal vesicles and two projections at the anterior-lateral corner. The seminal vesicles touch
the end of posterior fins (Alvarino 1961). The seminal vesicles of S. pseudoserratodentata
have one projection at the front corner, with small teeth at the anterior end. The seminal
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cc

Figure 13. A Serratosagitta pacifica (dorsal view) B head C tail D anterior fin E posterior fin. Abbrevia-
tions: AF = anterior fin; AT = anterior teeth; CC = corona ciliata; COL = collarette; E = eye; PF = posterior
fin; PT = posterior teeth; SV = seminal vesicle.

vesicles are well-separated from the posterior fins and caudal fin (Alvarifio 1961). In the
S. pacifica (nine specimens), the number of protrusions vary between 5 and 10. The in-
ner serrated row of the grasping spine and the “teeth cells” forming protrusions at the
anterior margin of the seminal vesicles were consistent with previous records (Alvarino
1967; Pierrot-Bults 1976). We observed three specimens for CBE staining pattern: dor-
somedian line 43 dots; dorsolateral line, 54—69 dots; lateral line, 24 dots; receptors on the
lateral fin, 10 dots; anterolateral receptors on the caudal fin, 2 dots; posterior receptors on
the caudal fin, 3—4 dots. The dorsomedian dots are patterned as small spots that cross the
centre of the body and larger symmetrical spots on dorsolateral line dots.

Genus Mesosagitta Tokioka, 1965a

Diagnosis. Flaccid and opaque body. Collarette absent. Intestinal diverticula pre-
sent. Grasping spine gently curved and not serrated. Intestinal diverticula present.
The anterior fins begin between ventral ganglion and caudal fin and are shorter than
posterior fins.

Mesosagitta minima (Grassi, 1881)
Spadella minima: Grassi, 1883: 15 p.

Sagitta minima: Aida, 1897: 15 p., fig. 5; Michael 1908: 74 p.; Michael 1919: 248—
249 p.; Tokioka 1940: 5 p.; Thomson 1947: 19 p.; Prado 1961: 39-41 p.; Alvarifio
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1967: 59-61 p., figs 36, 37; Ducret 1974: 166 p., table.1; Srinivasan 1979: 24—
26 p., fig. 13; Michel 1984: 25-26 p., fig. 34; McLelland 1989: 163 p., table.1,
figs 8D, 12D.

Material examined. Northern East China Sea (32°29.420'N, 127°29.654'E), 20—
100 m depth, oblique towing with MOCNESS, Aug 2020 (one specimen).

Description. Small head. Two pairs of lateral fins with rayless zone. Intestinal
diverticula small. Seminal vesicles divided into a small anterior knob and elongated
posterior part and well-separated from posterior fins, but touching caudal fin. Corona
ciliata elongated oval-shaped beginning in neck.

Distribution. This cosmopolitan species is found in the epipelagic zone (0-200 m
depth) of the Pacific, Indian and Adantic Oceans (Pierrot-Bults and Nair 1991) and
the epipelagic zone (0-200 m depth) of the Japan coast (Sagami Bay and Suruga Bay)
(Nagasawa and Marumo 1972). In this study, it was found in the epipelagic zone
(20-100 m depth) of the northern East China Sea (Fig.1, station nECS03).

Ecology. Mesosagitta minima is abundant in mixed waters of the western North
Atlantic Ocean (Pierce 1951). Mature specimens ranged within the size of 7-8 mm
(Park 1970). The temperature range measured in the sampling stations was 18.49—
28.84 °C and salinity range was 30.71-34.59 psu.

Remarks. Only immature individuals could be collected in this study. We easily
distinguished M. minima amongst the collected specimens by the relatively small head
and unique body shape that thickens towards the tail. These Korean specimens were
classified as immature because seminal vesicles and ovaries were absent and undevel-
oped short eggs (mentioned in description of Alvarifio (1967) as a feature of the second
stage of development) were observed in the body.

Genus Flaccisagitta Tokioka, 1965a

Diagnosis. Transparent or translucent body. Collarette absent. Intestinal diverticula
absent. The anterior fins begin at a far distance behind the end of the ventral ganglion.
Seminal vesicles spherical shaped.

Key to species of Flaccisagitta

1 Large body (> 40 mm), small eggs reaching the neck................ E hexaptera
- Small body (< 20 mm), large eggs reaching the anterior part of posterior fins
...................................................................................................... E enflata

Flaccisagitta enflata (Grassi, 1881)
Figs 3A, 6E, 10D and 14A-E

Spadella enflata: Grassi, 1883: 13 p., fig. 7.
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Sagitta inflata: Ritter-Zihony, 1908: 13—15 p., fig. 4A-D; Srinivasan 1979: 18-19 p.,
fig. 9.

Sagitta enflata: Aida, 1897: 15-16 p., fig. 6; Fowler 1906: 69 p., figs 9-17; Ritter-Zih-
ony 1909: 791-792 p.; Michael 1919: 242-244 p., fig. 28, table 1; Burfield and
Harvey 1926: 95-96 p., fig. 5; Pierce 1951: 221-222 p., fig. 4, table 12; Alvarifio
1967: 29-34 p., fig. 17A-G; Michel 1984: 18-19 p., figs 2, 20.

Sagitta enflata £. gardineri: Tokioka, 1959: 91-92 p., table 19

Flaccisagitta enflata: McLelland, 1989: 159 p., figs 7A and 12B

Material examined. Korea Strait (32°59.175'N, 124°29.595'E), 20-25 m depth,
oblique towing with MOCNESS, Nov 2019, NIBRIV0000895309 (three specimens);
northern East China Sea (32°0.000'N, 127°4.098'E), 0—110 m depth, oblique towing
with conical net, Feb 2020, NIBRIV0000895308 (four specimens); northern East
China Sea (32°30.000'N, 126°30.000'E), 0-100 m depth, oblique towing with coni-
cal net, Feb 2020 (one specimen).

Description. Total body length ranged between 12.7 and 15.4 mm. Tail 14.1—
17.6% of body length. Hooks 8—10. Anterior teeth 6-10 and posterior teeth 10-17, re-
spectively. Transparent body, inflated towards middle (Fig. 14). Triangular-shaped head
(Fig. 14A). Collarette absent (Figs 3A, 10D). Blunt teeth (Fig. 14B). Round eyes with
star-shaped eye pigments (Fig. 14B). Intestinal diverticula absent (Fig. 10D). Anterior
fins 17.0% of body length. Anterior fins began at middle of body at far distance back of
ventral ganglion and partially rayed. Starting points of anterior fins 43.7% and ending

Figure 14. A Flaccisagitta enflata (dorsal view) B head € tail D anterior fin E posterior fin. Abbrevia-
tions: AF = anterior fin; AT = anterior teeth; CC = corona ciliata; E = eye; IN = intestine; PF = posterior
fin; SV = seminal vesicle.
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points of anterior fins 64.4% of body length, respectively (Fig. 14A, D). Posterior fins
20.5% of body length and 1.2 times longer than anterior fins. Starting points of posteri-
or fins 71.9% and end points of posterior fins 92.5% of body length, respectively. Poste-
rior fins well-separated from anterior fins (Fig. 14A, E). Caudal fin roundish, fan-shaped
and fully rayed (Fig. 14C). Seminal vesicles touching caudal fin, but separated from
posterior fins, spherical in shape with rupture in middle in mature specimen (Fig. 14C).
Corona ciliata beginning in front of eyes and reaching neck (Figs 10D, 14A, 14B).

Distribution. This cosmopolitan species is found in the epipelagic (0-200 m
depth) and mesopelagic zones (200-500 m depth) of the Pacific, Indian and Atlantic
Oceans (Pierrot-Bults and Nair 1991), the coastal area of Japan (Tosa Bay; Ohnishi et
al. 2014) and the epipelagic zone (0-150 m depth) of the Korea Strait (Park 1970). In
this study, it was found in the epipelagic zone (0-110 m depth) of the northern East
China Sea (Fig. 1: stations KS08, nECS01 and nECS04).

Ecology. This is used as an indicator species of warm currents in water surrounding
Korea (Park 1970). The temperature range in the sampling stations was 16.52—28.80 °C
and the salinity range was 28.96-33.22 psu.

Remarks. The transparent and flaccid body, star-shaped eye pigments and semi-
nal vesicle morphology were consistent with those recorded in previous studies by
Alvarifo (1967) and Nagasawa (1976). Two types of Korean Flaccisagitta enflata
have been reported, a small type: 10-20 mm long and a large type: 20-28 mm long
(Park 1970). In this study, only the small type (< 20 mm) of £ enflata was collected.
We observed seven specimens for CBE staining pattern: dorsomedian line, 12 dots;
dorsolateral line, > 150 dots; ambiguous lateral line, receptors on the lateral fin, 2
dots (easily damaged); anterolateral receptors on the caudal fin, 4 dots; posterior re-
ceptors on the caudal fin, 7 dots. The pattern of dorsomedian dots lined up behind
the ventral ganglion and the pattern of dorsolateral dots intensively scattered ahead
of ventral ganglion.

Flaccisagitta hexaptera (d’Orbigny, 1836)
Fig. 15A—E

Sagitta hexaptera: Conant, 1896: 213 p.; Aida 1897: 14 p., fig. 3; Fowler 1906: 70 p.,
figs 30-33; Ritter-Zihony 1908: 9-10 p., figs 3, 3A, 3B; Ritter-Zdhony 1909:
789-790 p.; Ritter-Zéhony 1911: 2-3 p.; Burfield and Harvey 1926: 95-96 p.,
figs 6-9; Tokioka 1959: 382-383 p., fig. 21; Alvarifio 1967: 27-29 p., fig. 16A-I;
Srinivasan 1979: 14-16 p., fig. 7A-G; Michel 1984: 21p., fig. 25.

Flaccisagitta hexaptera: McLelland, 1989: 159-160 p., figs 7B, C and 12A.

Material examined. Korea Strait (33°24.504'N, 127°54.600'E), 0-50 m depth,

oblique towing with MOCNESS, Nov 2019, NIBRIV0000895298 (one specimen).
Description. Total body length ranged between 15 and 49 mm. Tail 19-24% of

body length. Hooks 4-11. Anterior teeth 2—4 and posterior teeth 2-9, respectively.
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Large and translucent body (Fig. 15). Intestinal diverticula absent (Fig. 15B). Col-
larette absent (Fig. 15A). Eyes “D” shaped with “T” shaped eye pigments (Fig. 15B).
Anterior fins short, beginning at middle of body between ventral ganglion and caudal
septum, round-shaped and partially rayed (Fig. 15A, D). Posterior fins well-separated
from anterior fins and partially rayed (Fig. 15A, E). Caudal fin roundish triangular-
shaped and completely rayed (Fig. 15A, C). Seminal vesicles spherical with anterolat-
eral edge opening (Fig. 15C). Seminal vesicle touching or close to tail fin and well-sep-
arated from lateral fins (Fig. 15C). Eggs reaching forward end of anterior fins. Corona
ciliata beginning in front of eyes and reaching neck (Fig. 15B).

Distribution. This cosmopolitan species is found in the epipelagic (0-200 m depth)
and mesopelagic zones (200-500 m depth) of the Pacific, Indian and Adantic Oceans
(Pierrot-Bults and Nair 1991), in the Indian coast (George 1952), the Tosa Bay in Japan
(Ohnishi et al. 2014), the Korea Strait and south of East Sea (Park 1970). In this study, it
was found in the epipelagic zone (0—50 m depth) of the Korea Strait (Fig. 1: station KS07).

Ecology. This species is considered as an indicator species of the Kuroshio warm current
and fully-grown adults inhabit depths of < 200 m (Park 1970). In this study, individuals un-
der Stage 3 were mainly found between the Jeju Straits (0-100 m depth). The temperature
range in the sampling stations was 16.52-20.57 °C and salinity range was 34.48-34.61 psu.

Remarks. Though mainly immature individuals were reported in previous studies
from Korea, in this study, adults longer than 40 mm were collected for the first time.
The Korean species was consistent with those found in previous studies by Alvarifio
(1967) and Michel (1984) in terms of body size, length and shape of the egg, presence
of small and round anterior fins in the middle of the body and the absence of bridge
connecting the anterior and posterior fins. As the adult Flaccisagitta hexaptera is large

A

Figure 15. A Flaccisagitta hexaptera (dorsal view) B head € tail D anterior fin E posterior fin. Abbrevia-
tions: AF = anterior fin; CC = corona ciliata; E = eye; IN = intestine; PF = posterior fin; SV = seminal vesicle.
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(> 20 mm), it can be difficult to distinguish the adult Flaccisagitta enflata from the im-
mature £ hexaptera. However, it is possible when noting that the eggs of £ hexaptera
are long and thin, whereas those of £ enflata are large and short. Another feature
relevant for the diagnosis of £ hexaptera is the number of conspicuous anterior teeth
which never exceed four, while it is eight in % enflata. No specific pattern was observed
through CBE staining on the body surface.

Genus Pseudosagitta Germain & Joubin, 1912

Diagnosis. Flaccid and transparent body (but more opaque than Flaccisagitta). Col-
larette absent. Intestinal diverticula absent. Two pairs of lateral fins partially rayed and
connected with a tegumentary bridge. Anterior fins beginning at the rear end of ventral
ganglion and longer than posterior fins.

Pseudosagitta lyra (Krohn, 1853)
Figs 6C, 16A-E

Sagitta lyra: Aida, 1897: 15 p., fig. 4; Fowler 1906: 33 p.; Ritter-Zahony 1908: 10-13
p., fig. 1A-E; Burfield and Harvey 1926: 98 p., figs 18-24; Thomson 1947: 10-11
p-; Alvarifio 1967: 23-26 p., fig. 14A-O; Lea 1955: 28-30 p., plate 3; Srinivasan
1979: 20-21 p., fig. 10A-F; Michel 1984: 22-23 p., fig. 27.

Flaccisagitta lyra: McLelland, 1989: 162 p., figs 7D, 7E and 12C.

Material examined. Korea Strait (33°48.924'N, 126°48.666'E), 40-70 m depth,
oblique towing with MOCNESS, May 2019, NIBRIV0000895307 (one specimen).

Description. Total body length ranged between 16.0 and 60.0 mm. Tail 14-20%
of body length. Hooks 8-9. Anterior teeth 4-9 and posterior 8-10, respectively. Large,
flaccid and opaque body (Fig. 16). Intestinal diverticula absent (Fig. 16B). Collarette
absent (Fig. 16A and B). Eyes square shaped with “H” shaped eye pigments (Fig. 16B).
Anterior fins beginning at ventral ganglion, anterior of anterior fins with ray less zone
and angular shape, conspicuously longer than posterior fins (Fig. 16A, D). Posterior
fins with rayless zone connected with anterior fins by tegumentary bridge (Fig. 16A, E).
Caudal fin roundish and completely rayed (Fig. 16C). Eggs reaching middle of poste-
rior fins (Fig. 16A). Corona ciliata not clear (Fig. 16B). Seminal vesicles spherical and
opening in middle of edge (Fig. 16C). Seminal vesicles touching neither of posterior
or caudal fins, located closer to posterior fins (Fig. 16C).

Distribution. This species is found in the mesopelagic (500-1,000 m depth) and bathy-
pelagic zones (1,000-2,000 m depth) of the Pacific, Indian and Adantic Oceans (Pierrot-
Bults and Nair 1991) and the Tosa Bay in Japan (Ohnishi et al. 2014). In this study; it was
distributed in the epipelagic zone (40—70 m depth) of the Korea Strait (Fig. 1, station KS06).

Ecology. This species has a high prevalence in warm waters (Park 1970). In
this study, specimens collected around Jeju Island were mainly distributed at water
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Figure 16. A Pseudosagitta lyra (dorsal view) B head C tail D anterior fin E posterior fin. Abbreviations:
AF = anterior fin; E = eye; PF = posterior fin; SV = seminal vesicle.

depths > 50 m. The temperature range in the sampling stations was 16.47-21.34 °C
and the salinity range was 34.17-34.52 psu.

Remarks. In Korean specimens, the position and length of the fins, distance be-
tween the anterior and posterior fins and shape of the seminal vesicles were morpho-
logically consistent with the previous records of Pseudosagitta lyra (Alvarino 1967;
Michel 1984; Lutschinger 1993). As one of the larger species of arrow worm, 2 /yra
reaches a maximum size of 42 mm (Michel 1984; Lutschinger 1993). However, the
largest of the Korean specimens collected in this study was 60 mm in length. Pseudos-
agitta scrippsae can be easily confused with P lyra, with similar size and position and
shape of the fins and seminal vesicles. However, P scrippsae can be differentiated by
the presence of a distinct collarette around the neck (Chihara and Murano 1997). No
specific pattern was observed through CBE staining on the body surface.

Genus Parasagitta Tokioka, 1965a

Diagnosis. Slender and either opaque or translucent body. Collarette absent or small
(almost absent). Intestinal diverticula present or absent. Grasping spines not serrated.
Two rows of teeth. Two pairs of lateral fins completely rayed.

Parasagitta elegans (Verrill, 1873)
Fig. 17A-E

Sagitta elegans: Verrill, 1873: 332333 p.; Conant 1896: 211-212 p.; Fowler 1906:
31-32 p.; Lea 1955: 22-28 p., plate 3.
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Material examined. East Sea (37°33.198'N, 131°14.598'E), 0—100 m depth, oblique
towing with conical net, Feb 2020, NIBRIV0000895306 (five specimens).

Description. Total body length ranged between 32.5 and 37.0 mm. Tail 14.7-
20.6% of body. Hooks 11-12. Anterior teeth 9-10 and posterior teeth 22-29, re-
spectively. Rigid and opaque body (Fig. 17). Collarette absent (Fig. 17A). Intestinal
diverticula present, but not obvious. Anterior fins 18.8% of body length. Anterior
fins beginning at middle of ventral ganglion and partially rayed. Starting points of
anterior fins 38.5% and ending points of anterior fins 57.5% of body length, respec-
tively (Fig. 17D). Posterior fins 22.3% of body length and 1.2 times longer than an-
terior fins. Starting points of posterior fins 67.7% and ending points of posterior fins
88.7% of body length, respectively. Posterior fins well-separated from anterior fins
(Fig. 17E). Seminal vesicles elongated (Fig. 17C). Caudal fin roundish triangular-
shaped (Fig. 17C). Square eyes “+” shaped eye pigments (Fig 17B). Corona ciliata
beginning in front of eyes and expanding to anterior trunk (Fig. 17B).

Distribution. This species is found in the Epipelagic (0-200 m depth), mesope-
lagic (200-500 m depth) and bathypelagic zones (1000-2000 m depth) of the Pacific,
Indian and Atlantic Oceans (Terazaki 1998; Choe and Deibel 2000) and the epipelagic
and mesopelagic zones of the East Sea (Park 1970). In this study, it was found in the
epipelagic zone (0-100 m depth) of the East Sea.

Ecology. A cold-water species, P elegans is mainly found in the northern part of
the Pacific Ocean (Bieri 1959). The spawning season is winter and fully mature indi-
viduals are > 30 mm in length (Park 1970). The temperature range in the sampling
stations of this study was 8.20-11.97 °C and the salinity range was 34.11-34.20 psu.

Remarks. The absence of a rayless zone in the anterior and posterior fins and a
collarette in anterior body and the presence of small seminal vesicles extending along
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Figure 17. A Parasagitta elegans (dorsal view) B head C tail D anterior fin E posterior fin. Abbreviations:
AF = anterior fin; E = eye; PF = posterior fin; SV = seminal vesicle.
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the body in the Korean specimens of Parasagitta elegans were consistent with previous
records (Chihara and Murano 1997). Adult specimens (> 40 mm) collected in this
study had small intestinal diverticula. CBE staining showed a spot pattern dividing the
centre from the head to the tail septum. We observed one specimen for CBE staining
pattern: dorsomedian line small, 60 dots; dorsolateral line not observed due to dam-
age; lateral line, 42 dots; receptors on the lateral fin not found; anterolateral receptors
on the caudal fin, 2 dots; posterior receptors on the caudal fin not found.

Genus Ferosagitta Kassatkina, 1971

Diagnosis. Rigid and opaque body. Collarette present. Intestinal diverticula present.
Grasping spines not serrated. Two pairs of lateral fins completely or partially rayed.

Key to species of Ferosagitta

1 Seminal vesicles oval shaped, posterior fins with small rayless zone.... E ferox
- Seminal vesicles pear shaped, anterior and posterior fins fully rayed..............
..................................................................................................... E robusta

Ferosagitta ferox (Doncaster, 1902)

Sagitta ferox: Doncaster, 1902: 212 p.; Fowler 1906: 10-11 p.; Michael 1919: 259—
262 p., tables 14-15; Tokioka 1959: 353-358 p., tables 1-4, figs 1-3; Alvarifio
1962: 189-190 p., tables 1-5, figs 6-10; Alvarifio 1967: 66-67 p., table 11, figs
40-41; Srinivasan 1979: 13-14 p., fig. 6.

Material examined. Korea Strait (33°24.504'N, 127°54.600'E), 0-50 m depth,
oblique towing with MOCNESS, May 2019 (one specimen).

Description. Broad head. Rigid and opaque body. Collarette present. Intestinal
diverticula present. Grasping spines gently curved. Two rows of stout teeth arranged
in comb shape. Two pairs of lateral fins partially rayed, anterior fins beginning at mid-
dle of ventral ganglion. Seminal vesicles oval-shaped with an anterior protruding part
touching both lateral and caudal fins.

Distribution. This species is found in the epipelagic zone (0-200 m depth) of
the Pacific and Indian Oceans (Pierrot-Bults and Nair 1991), the coast of Japan (Tosa
Bay) (Ohnishi et al. 2014) and the epipelagic zone (0-100 m depth) of the Korea Strait
(Park 1970). In this study, it was found in the epipelagic zone (0—100 m depth) in
Korea Strait (Fig. 1, station KS07).

Ecology. This species inhabits the surface layer of the warm water and is mainly
dominant in the Kuroshio Current of the Japanese waters (Chihara and Murano 1997).
In this study, the temperature range in the sampling locations was 25.87-28.70 °C and
the salinity range was 32.72-33.11 psu.
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Remarks. Only immature individual was collected in this study. We easily distin-
guished £ ferox amongst the collected specimens by the presence of distinct head as
wide as the trunk and the presence of elongated ovoid seminal vesicles on the body.
The Korean specimen was classified as immature because the boundary of the seminal
vesicles was not obvious and the inside was mostly empty. This characteristic is consist-
ent with Alvarino’s (1967) description regarding the immaturity of this species.

Ferosagitta robusta (Doncaster, 1902)
Figs 3A, 6B, 8B, 9A, 18A-E

Sagitta robusta: Fowler, 1906: 19-20 p., figs 59-64; Ritter-Zéhony 1908: 792 p.;
Burfield and Harvey 1926: 100-101 p., figs 33—37; Thomson 1947: 13—15 p.;
Alvarifio 1962: 187-198 p., figs 1-5; Alvarifio 1967: 6671 p., figs 42A-D;
Srinivasan 1979: 32-34 p., fig. 18A-G.

Material examined. Yellow Sea (34°5.502'N, 124°36.000'E), 0~75 m depth, oblique
towing with conical net, Aug 2019, NIBRIV0000895305, (one specimen).
Description. Total body length ranged between 10.0 and 11.5 mm. Tail 27.8—
35.0% of body length. Hooks 6-8. Anterior teeth 9—10 and posterior teeth 12-20,
respectively. Rigid and opaque body (Fig. 18). Head wide as neck, roughly round
or square shaped (Fig. 18A). Grasping spines gently curved and not serrated edge of
hooks (Figs 8B, 9A). Teeth short and firm (Fig. 9A). “B” shaped eyes had “T” shaped
eye pigments (Fig. 18B). Collarette on neck (Figs 9A, 18A). Anterior fins 22.4% of
body length. Anterior fins beginning just at posterior of ventral ganglion. Starting
points of anterior fins 33.1% and ending points of anterior fins 56.5% of body length,
respectively (Fig. 18A, D). Posterior fins 25.8% of body length and 1.2 times longer
than anterior fins. Starting points of posterior fins 62.6% and ending points of pos-
terior fins 88.4% of body length, respectively. Posterior fins separated from anterior
fins and partially rayed. Caudal fin roughly round-triangle shaped, completely rayed
(Fig. 18C). Seminal vesicles pear-shaped with elongated posterior trunk and anterior
roundish knob and touching both posterior and caudal fins. (Fig. 18A, C). Conspicu-
ous intestinal diverticula present (Fig. 9A). Eggs reached anterior of ventral ganglion.
Corona ciliata beginning behind eyes and expanding to anterior of trunk (Fig. 18A).
Distribution. This species is found in the epipelagic zone (0-200 m depth) of Pa-
cific and Indian Oceans (Pierrot-Bults and Nair 1991), the west coast of Florida (Pierce
1951), Indian coast (George 1952) and the Tosa Bay in Japan (Ohnishi et al. 2014). In
this study, specimens were found in the epipelagic zone (0—75 m depth) of the Yellow
Sea (Fig. 1: station YS03). Ferosagitta robusta is a typical Indo-pacific warm-water spe-
cies (George 1952). The horizontal distribution range is wider than the vertical range
and many individuals are mainly found in the surface layer (Park 1970). In this study,
this species rarely appeared under low temperature conditions and their presence was
predominant in the sea area affected by warm currents. The temperature range in the
sampling stations was within 25.87-28.70 °C and salinity range was 32.72-33.11 psu.
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Figure 18. A Ferosagitta robusta (dorsal view) B head C tail D anterior fin E posterior fin. Abbreviations:
AF = anterior fin; AT = anterior teeth; CC = corona ciliata; E = eye; PF = posterior fin; PT = posterior
teeth; SV = seminal vesicle.

Remarks. Characteristics of the species in Korean waters, such as the conspicuous
intestinal diverticula, head and body width and the seminal vesicles shape, are con-
sistent with previous records (Alvarifio 1967; Chihara and Murano 1997). The main
difference between this species and another congeneric species of Korea, £ ferox, is
the shape of the seminal vesicles. Seminal vesicles of £ robusta are very conspicuous,
touching both posterior end of posterior fins, while that in £ férox are not so conspic-
uous and are close to both posterior fins and caudal fin (Alvarino 1962). We observed
one specimen for CBE staining pattern: dorsomedian line, 49 dots; dorsolateral line,
38 dots; lateral line, 30 dots; receptors on the lateral fin, 6 dots; anterolateral recep-
tors on the caudal fin, 4 dots; posterior receptors on the caudal fin not observed due
to damage.

Genus Aidanosagitta Tokioka & Pathansali, 1963

Diagnosis. Rigid and opaque body. Intestinal diverticula present. Collarette present
or absent. Grasping spine gently curved and not serrated. Two rows of stout teeth ar-
ranged in a comb shape. Two pairs of lateral fins completely rayed.

Key to species of Aidanosagitta

1 Seminal vesicles large and oval shaped, well-separated from caudal fins but
touching posterior fns..........ooeueiiinniiciiceccce A. neglecta
- Seminal vesicles small and elongated.............ccccovvviiiiinnniiiiin 2
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2 Seminal vesicles touching both posterior fins and caudal fin and opening at
the anterolateral edge. Collarette covered on ventral ganglion (N type) from
head to body (C type) or on the partial body (I type)......ccceeveuneee. A. crassa

- Seminal vesicles well-separated from caudal fins, but touching the posterior
fins. Thick collarette covered head to tail. Small sized body (< 10 mm).........
.................................................................................................. A. regularis

Aidanosagitta neglecta (Aida, 1897)

Sagitta neglecta: Aida, 1897: 16-17 p., fig. 7; Fowler 1906: 15-17 p., fig. 8; Michael
1919: 258 p., table 13, fig. 9; Burfield and Harvey 1926: 99 p, fig. 27; Thomson
1947: 17-18 p.; Tokioka 1959: 373-375 p., table 12, figs 103, 104; Sund 1961:
110 p., table 1; Alvarifio 1967: 74 p., table 12, figs 46, 47; Srinivasan 1979: 26-27
p., fig. 14; Nair et al. 2008: 210 p., table 2.

Material examined. Korea Strait (34°41.577'N, 127°50.460'E), 0-20 m depth,
oblique towing with conical net, Feb 2021 (one specimen).

Description. Rigid and opaque body. Narrow collarette and extending to half
distance from neck to ventral ganglion. Intestinal diverticula present. Grasping spine
gently curved. Two rows of stout teeth arranged in comb shape. Two pairs of lateral fins
completely rayed, anterior fins beginning at end of ventral ganglion. Seminal vesicles
oval-shaped with opening at anterolateral edge, position of seminal vesicles well sepa-
rated from caudal fin, but touching posterior fins.

Distribution. This species is found in the epipelagic zone (0-200 m depth) of the Pacific
andIndianOceans(Pierrot-Bultsand Nair 1991)and thecoastal watersof the Philippines, India
and Hong Kong (George 1952; Tse etal. 2007; Noblezadaand Campos 2008; Lieetal. 2012).

Ecology. A mature specimen has been reported to be 8 mm is size (Alvarifio 1967).
This species shows a diurnal vertical migration in the summer off the Hong Kong coast (Lie
etal. 2012). The temperature range in the sampling stations of this study was 16.40—16.41
°C and the salinity was 34.58 psu.

Remarks. Only one immature individual was collected in this study. Aidanosagitia ne-
glecta is similar to A. regularis in morphological characteristics including collarette. However,
the former had much larger seminal vesicles, thus they can be easily distinguished from each
other. Aidanosagitta neglecta collected from Korean waters was smaller than the previously
reported adult specimens, but seminal vesicles were obviously swollen in an oval shape.
Despite the presence of swollen seminal vesicles, the Korean specimen was considered as
immature because its size was smaller than the known record of the adult (Alvarifio 1967).

Aidanosagitta crassa (Tokioka, 1939)
Figs 3C, 5B, 19A-F

Aidanosagitta crassa f. naikaiensis: Tokioka, 1959: 376-377 p., fig. 16, table 15.



196 Seohwi Choo et al. / ZooKeys 1106: 165-211 (2022)

Sagitta crassa: Tokioka, 1939: 349-352 p., figs 1-8

Material examined. Type C (collarette type): East Sea (37°33.198'N, 131°14.598'E),
0—100 m depth, oblique towing with conical net, Feb 2020, NIBRIV0000895304 (one
specimen); Yellow Sea (35°22.550'N, 126°5.366'E), 0-16.5 m depth, oblique towing
with conical net, Jul 2020, five specimens; Korea Strait (34°13.698'N, 127°35.400'E),
0-28 m depth, oblique towing with conical net, Feb 2020 (one specimen). Type N
(naked type): Yellow Sea (35°17.316'N, 126°10.483'E), 0-6.4 m depth, oblique tow-
ing with conical net, Jul 2020, NIBRIV0000895303 (three specimens).

Description. Type C: total body length ranged within 9.9 and 11.2 mm. Tail
26.6-29.8% of body length. Rigid and opaque body (Fig. 19). Head small. Collarette
beginning at neck and reaching middle of body (Fig. 19A). Round eyes star-shaped
eye pigments. Corona ciliata beginning from neck, elongated to anterior of ventral
ganglion (Fig. 19A, B). Intestinal diverticula present (Fig. 19C). Two pairs of lateral
fins completely rayed (Fig. 19E, F). Anterior fins 18.1% of body length. Anterior fins
beginning at posterior of ventral ganglion. Starting points of anterior fins 29.6% and
ending points of anterior fins 46.6% of body length, respectively (Fig. 19D). Posterior
fins 23.0% of body length and 1.3 times longer than anterior fins. Starting of posterior
fins 62.0% and ending points of posterior fins 86.9% of body length, respectively. Pos-
terior fins well separated from anterior fins beginning at middle of body (Fig. 19A, D).
Seminal vesicles longitudinally elongated (Fig. 19D). Eggs reaching posterior of ven-
tral ganglion.

Type N: total body length ranged between 8.1 and8.2 mm. Tail 27.0-30.0% of body
length (Fig. 19B). Collarette beginning at anterior of ventral ganglion and reaching pos-
terior of ventral ganglion (Fig. 19B). Anterior fins 19.1% of body length. Anterior fins
beginning at posterior of ventral ganglion. Starting points of anterior fins 34.0% and end
points of anterior fins 54.6% of body length, respectively (Fig. 19B). Posterior fins 24.6%
of body length and 1.3 times longer than anterior fins. Starting points of posterior head
60.9% and ending points of posterior fins 88.2% of body length, respectively. Posterior
fins well-separated from anterior fins beginning at middle of body (Fig. 19A, B).

Distribution. This species is found in the neritic water of the Pacific Ocean
(Pierrot-Bults and Nair 1991), the neritic coastal water of Hong Kong (Tse et al. 2007)
and the Tosa Bay of Japan (Ohnishi et al. 2014). In this study, it was found in the
epipelagic zone (0-100 m depth) of the East Sea, Korea Strait and Yellow Sea (Fig. 1,
stations ESO1, YSO1, YS02 and KSO1).

Ecology. Aidanosagitta crassa appears in high abundance throughout the year in
the relatively low saline waters of the Yellow Sea and coast of Jeju (Park 1970). This
species rarely appears in the summer warm waters of southern Korea. The body length
varies according to the season and it has been reported that they are large (type C)
in winter and small in summer (type N) (Park 1970). Specimens of type C die after
spawning and those of type N dominate the new generation (Park 1970). We obtained
specimens from the East Sea in winter and the Yellow Sea in summer.

Remarks. Previous researchers classified Aidanosagitta crassa into three types accord-
ing to the distribution of the collarette: C type, covers from the neck to the body; N type,
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Figure 19. A Aidanosagitta crassa Type C (dorsal view) B Aidanosagitta crassa Type N (dorsal view) € head
and neck D tail E anterior fin F posterior fin. Abbreviations: AF = anterior fin; CC = corona ciliata;
COL = collarette; E = eye; IN = intestine; ID = intestine diverticula; PF = posterior fin; SV = seminal vesicle.

covers only the ventral ganglion; and I type, covers the ventral ganglion and partially cov-
ers the body (Park 1970). In this study, specimens of types C and N were collected and
the Korean type C from the Yellow Sea had the same morphological characteristics of
the collarette as the original description of this species reported by Tokioka (1939). Simi-
larly, type N, which appeared together with type C at other stations of the Yellow Sea,
was consistent with the morphological characteristics of the collarette of A. crassa and f.
naikaiensis (Tokioka 1939). It has been reported that the three types of A. crassa appear
at different periods depending on environmental factors (water temperature and salinity)
of the specific sea area; however, in this study, both types appeared simultaneously in the
Yellow Sea. A more detailed ecological investigation of the impact of environment factors
on the succession of the three types of A. crassa is necessary. We observed four specimens
for type C of A. crassa CBE staining pattern: dorsomedian line, 14 dots; dorsolateral
line, > 100 dots; lateral line, 8 dots; receptors on the lateral fin, 8 dots; anterolateral
receptors on the caudal fin, 4 dots; posterior receptors on the caudal fin, 6 dots. The pat-
tern of dorsomedian dots was small spots that crossed the centre of the body and larger
symmetrical spots on dorsolateral line dots. In addition, we observed three specimens for
type N of A. crassa CBE staining pattern: dorsomedian line, 35 dots; dorsolateral line, 34
dots; lateral line, 12 dots; receptors on the lateral fin, not observed; anterolateral recep-
tors on the caudal fin, 2 dots; posterior receptors on the caudal fin, 4 dots.
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Aidanosagitta regularis (Aida, 1897)
Figs GA, 7A, 10A, 20A-E

Sagitta regularis: Aida, 1897: 17-18 p., fig. 8; Doncaster 1902: 211 p., fig. 7; Burfield and
Harvey 1926: 100 p., figs 31-32; Thomson 1947: 18-19 p.; Alvarifio 1967: 7275 p.,
fig. 48A-D; Srinivasan 1979: 31-32 p., fig. 17A—F; Nair et al. 2008: 110 p., table 2.

Material examined. Korea Strait (33°33.600'N, 127°34.002'E), 0-96 m depth,
oblique towing with conical net, Feb 2020, NIBRIV0000895302 (one specimen);
northern East China Sea (32°33.000'N, 126°30.000'E), 0-100 m depth, oblique tow-
ing with conical net, Feb 2020, NIBRIV0000895301 (one specimen); northern East
China Sea (32°30.000'N, 127°5.100'E), 0-120 m depth, oblique towing with conical
net, Feb 2020 (one specimen).

Description. Total body length ranged within 6.1 and 6.7 mm. Tail 30.5-31.7% of
body length. Hooks 6. Anterior teeth 3—4 and posterior teeth 5-6, respectively. Rigid
and opaque body (Fig. 20). Head small, triangular shaped (Fig. 20B). Round eyes with
“B”-shaped eye pigments (Fig. 20B). Collarette expanding to seminal vesicles (Fig. 20A).
Corona ciliata beginning from neck to anterior of ventral ganglion (Fig. 10A). Anterior
fins 12.3% of body length. Anterior fins beginning at posterior of ventral ganglion.
Starting points of anterior fins 37.3% and ending points of anterior fins 50.9% of
body length, respectively (Fig. 20D). Posterior fins 22.0% of body length and 1.8 times
longer than anterior fins. Starting points of posterior fins 62.9% and ending points of
posterior fins 84.7% of body length, respectively. Posterior fins not connected to ante-
rior fins, beginning in front of caudal septum and both anterior fins and posterior fins
completely rayed (Fig. 20D, E). Caudal fin fully rayed and roughly round or triangle-
shaped (Fig. 20C). Intestinal diverticula present (Figs 7A, 20B). Seminal vesicles longi-
tudinally elongated along body (Fig. 20C). Eggs reaching posterior of ventral ganglion.

Distribution. This species is found in the epipelagic (0-200 m depth) and mesope-
lagic zones (200-500 m depth) of Pacific and Indian Oceans (Pierrot-Bults and Nair
1991) and the epipelagic zone (0-100 m depth) of the Tosa Bay in Japan (Ohnishi et al.
2014). In this study, it was found in the epipelagic zone (0-120 m depth) of the Korea
Strait and northern East China Sea (Fig. 1, stations KS06, nECS01 and nECS02).

Ecology. This species is considered a warm-water Indo-Pacific indicator species
because many individuals appear in high-temperature and high-salinity water and the
distribution range is limited to the areas affected by warm currents (Park 1970).

Remarks. Amongst the Korean specimens, the collarette was differently inflated,
thick and covered the body surface. However, the position and shape of the corona
ciliata and fins were consistent with the original description (Aida 1897). Aidanosag-
itta regularis is similar to A. bedfordii; however, these two species can be distinguished
by the morphological difference in the eye pigments (elongated vs. roundish). We ob-
served two specimens for CBE staining pattern: dorsomedian line, 28 dots; dorsolat-
eral line, 34 dots; lateral line, 44 dots; receptors on the lateral fin, 3 dots; anterolateral
receptors on the caudal fin, 2 dots; posterior receptors on the caudal fin, not observed
due to damage.
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Figure 20. A Aidanosagitta regularis (dorsal view) B head C tail D anterior fin E posterior fin. Abbrevia-

tions: CC = corona ciliata; COL = collarette; E = eye; SV = seminal vesicle.

Genus Sagitta Quoy & Gaimard, 1827

Diagnosis. Rigid and opaque body. Collarette almost absent. Intestinal diverticula ab-
sent or present. Grasping spines not serrated. Two pairs of lateral fins completely rayed.

Sagitta bipunctata Quoy & Gaimard, 1827

Sagitta bipunctata: Quoy & Gaimard, 1827: 232-233 p., figs 1, 2, 6, 7; Aida 1897:
13-14 p., fig. 1; Ritter-Zdhony 1908: 15 p., figs 2, 2A; Ritter-Zdhony 1910: 2
p., Fowler 1906: 68 p.; Sund 1961: 110 p., table 1; Alvarifio 1967: 44-49 p.,
fig. 26A-D; Dallot and Ducret 1969: 19 p., table 1; Srinivasan 1979: 8-9 p., fig.
3A-F; Michel 1984: 17-18 p., fig. 18; McLelland 1989: 163-164 p., figs 9A, 12I;
Villenas and Palma 2006: 105 p., table 1

Material examined. Yellow sea (33°0.111'N, 125°29.581'E), 0 — 86 m depth, oblique
towing, July 2020.

Description. Small, rigid and opaque body. Small head. Collarette almost absent
(thin on neck). Eyes square-shaped with no eye pigments observed in this study. Intesti-
nal diverticula absent. Forward end of anterior fins not visible. Posterior fins beginning
in front of caudal septum and closing to seminal vesicles, completely rayed. Seminal
vesicles elongated with small indentations and touching both lateral and caudal fins.

Distribution. This species is found in the epipelagic (0-200 m depth) and
mesopelagic zones (200-500 m depth) of Pacific, Indian and Atlantic Oceans
(Pierrot-Bults and Nair 1991). This species appears in most of the seas across Ko-
rean waters.
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Ecology. Sagitta bipunctata is known as a cosmopolitan species, appearing in tem-
perate and tropical seas; it is an indicator species of high salinity and the presence of
oceanic water (Pierce 1953). The temperature range in sampling stations of this study
was 15.08-22.17 °C and the salinity range was 31.77-34.01 psu.

Remarks. Only one immature individual was collected in this study. Sag-
itta bipunctata can be distinguished from other Korean species by the following
characteristics: absence of intestinal diverticular, presence of completely rayed lateral
fins and the restricted position of collarette on the posterior part of the body. The
seminal vesicles of Korean specimen were not sufficiently mature compared to the

description of Alvarino (1967).

Zonosagitta Tokioka, 1965a

Diagnosis. Rigid or flaccid and transparent or opaque body. Collarette small (almost
absent). Intestinal diverticula absent. Grasping spines not serrated. Two pairs of lateral
fins partially rayed. Anterior part of anterior fins elongated and rayless. Anterior fins
longer than posterior fins.

Key to species of Zonosagitta

1 The anterior fins beginning at the middle of ventral ganglion, the seminal
vesicles oval shaped touching neither the posterior fins nor caudal fin, small
eyes with star-shaped eye pigments .........cccccovvreiininniciiininns Z. bedoti

- The anterior fins beginning at the end of ventral ganglion, the seminal vesicles
conical-shaped and touching both lateral fins and caudal fin, small eyes with
“E” shaped eye pigments.........cccouevvueueuiiininineciiinicccceeees Z. nagae

- The anterior fins beginning at the middle of ventral ganglion, the seminal
vesicles elongated with a roundish anterior protruding part, small eyes with
star shaped eye PIgments.........cocoeueiirinirieciininccceeeeee Z. pulchra

Zonosagitta bedoti (Béraneck, 1895)
Figs 7D, 21A-E

Sagitta bedoti f. minor: Tokioka, 1959: 89-90 p., table 18.

Sagitta bedoti: Béraneck, 1895: 147152 p.; Fowler 1906: 6-8 p., figs 1-8; Michael
1919: 255-257 p., figs 6, 20, 24, 30; Burfield and Harvey 1926: 94-95p., figs
1-2; Thomson 1947: 18 p.; Kitou 1966: 239 p., table 1; Alvarifio 1967: 53-55
p-» fig. 32A-D; Francisco 1977: 229-231 p., plate 2; Srinivasan 1979: 6-7 p.,
fig. 2A-G.

Material examined. Korea Strait (33°0.000'N, 125°18.000'E), 0—~75 m depth, oblique
towing with conical net, Feb 2020, NIBRIV0000895300 (one specimen); northern
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Figure 21. A Zonosagitta bedoti (dorsal view) B head C tail D anterior fin E posterior fin. Abbreviations:
AF = anterior fin; E = eye; PF = posterior fin; SV = seminal vesicle.

East China Sea (31°30.000'N, 126°28.998'E), 0-82 m depth, oblique towing with
conical net, Feb 2020 (one specimen).

Description. Total body length ranged from 16-17 mm. Tail 3.71% of body
length. Hooks 7. Anterior teeth 27-28 and posterior teeth 30-35, respectively.
Opaque and rigid body (Fig. 21). Head wider than body (Figs 7D, 21A). Short
and dense teeth. Intestinal diverticula absent (Figs 7D, 21B). “D”-shaped eyes
with star-shaped eye pigments (Fig. 21B). Corona ciliata beginning behind eyes
and elongated over neck (Fig. 21B). Anterior fins 26.5% of body length. Ante-
rior fins beginning at middle of ventral ganglion, anterior of anterior fins narrow
with rayless zone and posterior of anterior fins partially rayed. Anterior fins 1.3
times longer than posterior fins. Starting points of anterior fins 34.3% and ending
points of anterior fins 60.0% of body length, respectively (Fig. 21A, D). Posterior
fins 19.8% of body LENGTH. Starting points of posterior fins 63.7% and ending
points of posterior fins 89.7% of body length, respectively. Posterior fins con-
nected with anterior fins (Fig. 21A). Caudal fin triangular-shaped and completely
rayed (Fig. 21C). Seminal vesicles spherical in shape with lateral rupture in mature
specimen (Fig. 21C).

Distribution. This species is found in the epipelagic zone (0-200 m depth) of the
Pacific and Indian Oceans (Pierrot-Bults and Nair 1991) and the Tosa Bay in Japan
(Ohnishi etal. 2014). In this study, it was found in the epipelagic zone (0-100 m depth)
of the Korea Strait and northern East China Sea (Fig. 1: stations KS09 and nECS06).

Ecology. Zonosagitta bedoti is used as an indicator species in the front area where warm
and cold water meet (Park 1970). The temperature range in the sampling location in this
study was between 14.62 and 15.01 °C and the salinity range was 33.67-33.81 psu.

Remarks. Zonosagitta bedoti and Z. nagae are similar in morphology at the im-
mature stage. However, because adult Z. nagae are relatively larger, immature Z. nagae
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may be misidentified as Z. bedori. Adults of both species can be distinguished from
each other by the shape of seminal vesicles and eye pigments. Zonosagitta nagae has
an “E”-shaped eye pigment, while Z. bedoti has a star-shaped eye pigment. The spot
pattern on the body surface found through CBE staining is as follows: irregular spot
pattern which continued from the head to the ventral ganglion and six spots along the
outside of the body were symmetrical around the tail.

Zonosagitta nagae (Alvarifio, 1967)
Figs 6D, 7C, 22A-E

Sagitta nagae: Alvarino, 1967: 55-58 p., fig. 34A-D.

Material examined. Korea Strait (33°29.662'N, 125°30.881'E), oblique towing with
MOCNESS, 32-58 m depth, July 2020, NIBRIV0000895297 (two specimens); Korea
Strait (33°24.504'N, 127°54.600'E), 0-50 m depth, oblique towing with conical net,
May 2019, two specimens; northern East China Sea (31°30.000'N, 125°17.100'E),
0-50 m depth, oblique towing with conical net, Feb 2020, NIBRIV0000895296
(one specimen).

Description. Total body length ranged from 11-15 mm. Hooks 6-8. Ante-
rior teeth 11-15 and posterior teeth 15-35, respectively. Rigid and opaque body
(Fig. 22A). Long and dense teeth. Collarette present on neck (Fig. 22B). Intestinal di-
verticula absent (Fig. 7C). Eyes “D”-shaped with “E”-shaped eye pigments (Fig. 22B).
Anterior fins 27.7% of body length and 1.5 times longer than posterior fins. Anterior
fins beginning in front of ventral ganglion and partially rayed. Starting points of ante-
rior fins 28.6% and ending points of anterior fins 59.8% of body length, respectively
(Fig. 22A, D). Posterior fins 18.0% of body length. Starting points of posterior fins
67.8% and ending points of posterior fins 91.9% of body length, respectively. Pos-
terior fins connecting with anterior fins partially rayed (Fig. 22A, E). Seminal ves-
icles conical-shaped with small indentations and well separated from posterior fins
(Fig. 22C). Eggs reached posterior of anterior fins. Corona ciliata beginning behind
eyes and elongated over neck (Fig. 22C).

Distribution. This species is found in the epipelagic zone (0—200 m depth) of the
Pacific and Indian Oceans (Pierrot-Bults and Nair 1991). In this study, the species was
found in the epipelagic zone (0-120 m depth) of the northern East China Sea, the
Korea Strait and the Yellow Sea (Fig. 1: stations KS03, KS07 and nECS05).

Ecology. This species appears year-round in most of the seas around Korea, pre-
dominantly in the southern and western seas and shows high abundance in areas where
warm and cold currents meet (Park 1970). In summer, the temperature range was
15.49-28.70 °C and the salinity was 30.92-34.01 psu. In winter, the temperature
range was 11.47-11.58 °C and the salinity was 32.44-32.49 psu.

Remarks. The anterior fin of Zonosagitta nagae had a longer rayless zone than the
posterior fin, clearly distinguishing it from Z. bedoti. CBE staining showed the follow-
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Figure 22. A Zonosagitta nagae (dorsal view) B head C tail D anterior fin E posterior fin. Abbreviations:

AF = anterior fin; E = eye; PF = posterior fin; SV = seminal vesicle.

ing spot pattern on the body surface: an irregular spot pattern continued from the head
to the middle of the ventral ganglion; symmetrical dots appeared near the rayless zone
of each fin (13 spots on anterior fin, 6 spots on posterior fin).

Zonosagitta pulchra (Doncaster, 1902)

Sagitta pulchra: Doncaster, 1902: 213 p.; Fowler 1906: 72 p.; Michael 1919: 251-253
p., tables 7, 8; Burfield and Harvey 1926: 100 p., fig. 30; Thomson 1947: 19-20
p-; Kitou 1966: 239 p., table 1; Alvarifio 1967: 34-35 p., figs 20-21; Francisco
1977: 231-233 p.; Srinivasan 1979: 29-30 p., fig. 16.

Material examined. Korea Strait (34°17.868'N, 128°15.854'E), 0-60 m depth,
oblique towing with MOCNESS, Feb 2020 (one specimen).

Description. Rigid and transparent body. Collarette present. Intestinal diverticula
absent. Grasping spine gently curved. Two rows of stout teeth arranged in comb shape.
Two pairs of lateral fins partially rayed, anterior fins begin at the end of ventral gangli-
on. Seminal vesicles elongated with an anterior protruding part usually roughly round
and touching both lateral fins and caudal fin.

Distribution. The species is found in the epipelagic zone (0-200 m depth) of the
Pacific and Indian Oceans (Pierrot-Bults and Nair 1991) and off the coast of Philip-
pines (Noblezada and Campos 2008). In this study, it was found in the epipelagic zone
(0—-120 m depth) of the northern East China Sea, the Korea Strait and the Yellow Sea
(Fig. 1: station KS02).
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Ecology. Z. pulchra is considered to be a neritic species (Bieri 1959; Pierrot-Bults
and van der Spoel 2003). The temperature range in the sampling stations of this study
was 11.95-14.79 °C and the salinity range was 33.59-34.00 psu.

Remarks. Only one immature individual was collected in this study. The examined
Korean specimen belongs to the genus Zonosagitta by the absence of intestinal
diverticular and the presence of rayless zone in the anterior part of anterior fins. This
Korean specimen was identified as Z. pulchra because its anterior fins were more angled
than those of Z. bedoti or Z. nagae. The seminal vesicles of Korean specimen were not
sufficiently mature compared to description of Alvarino (1967).

Discussion

Based on a taxonomic review of newly obtained specimens from Korea, we confirmed
the appearance of chactognath taxa in Korean waters corresponding to one order,
three families, 11 genera and 18 species. Taxonomically identified voucher specimens
(Krohnitta subtilis, K. pacifica, Pterosagitta draco, Aidanosagitta crassa, A. neglecta,
A. regularis, Ferosagitta ferox, F robusta, Flaccisagitta enflata, F hexaptera, Mesosagitta
minima, Parasagitta elegans, Pseudosagitta lyra, Sagitta bipunctata, Serratosagitta pacifi-
ca, Zonosagitta bedoti, Z. nagae and Z. pulchra) were obtained for the first time in Korea
and their taxonomic and ecological features were reported. Although the overall mor-
phological characteristics of the six species (A. neglecta, F ferox, K. pacifica, M. minima,
S. bipunctata and Z. pulchra) were mostly consistent with the previously-reported spe-
cies, their essential characteristics have been briefly described in this study because
only immature individuals of these six species were collected. On the contrary, the
three species (Decipisagitta decipiens, Serratosagitta serratodentata, S. pseudoserratoden-
tata) mentioned in literature have very poor taxonomic basis for their academic report
(drawings, descriptions and voucher specimens), which can result in possible misiden-
tification and their presence in Korean waters is questionable. Most of the samples in
this study were collected in summer and winter. Extension of the investigation period
to spring and autumn in future studies can facilitate identification of adult specimens
of the above-mentioned six species or clarification of the presence or absence of the
three suspicious species.

The detailed characteristics of the corona ciliata and fins of chaetognaths are
important as taxonomic keys to distinguish genera, but they are difficult to observe
under a stereomicroscope. In order to address this problem, we stained the surface
of the specimens with CBE, which has rarely been used in the past for observing
chaetognaths. The CBE staining of the Korean specimens clearly revealed the fea-
tures of the corona ciliata, fins and body surface. The corona ciliata of Aidanosag-
itta is located from behind the eyes to the anterior part of the trunk, whereas that
of Sagitta, Serratosagitta, Ferosagitta, Parasagitta and Zonosagitta extends from the
front of the eyes to the neck; hence, the two groups could be clearly distinguished.
Flaccisagitta is also distinctly differentiable from other genera as the corona ciliata
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extends from the front of the eyes to the anterior part of the neck. We propose
the location and shape of these corona ciliata as additional taxonomic keys to
distinguish Korean taxa at the genus level. On the contrary, Krohnitta subtilis had
a circular corona ciliata located in front of the eyes, unlike other congeneric spe-
cies, in which a circular corona ciliata appeared behind the eyes. Bieri (1974) has
suggested the artificial position change of the corona ciliata due to damaged speci-
mens. Therefore, the differences in corona ciliata between Krohnitta subtilis found
in Korea and other known congeneric species need to be confirmed by examining
more specimens.

The distribution of dots on the body surface was easily confirmed through mi-
croscopic observation after CBE staining. The dots pattern is expressed by a regular
arrangement of tactile cilia distributed on the body surface of the chaetognaths (Aida
1897). The tactile cilia are reported to have two types of hair (Aida 1897; Feigen-
baum 1978). One is transversally orientated ciliary fence organs and the other is
longitudinally orientated ciliary tuft organs (Aida 1897; Bone and Pulsford 1978;
Miiller et al. 2014). The tactile cilia are capable of responding to water movement on
the surface of the body or of detecting prey (Horridge and Boulton 1967). Recent
studies have established the role of tactile cilia as nerve receptors (Miiller et al. 2014).
In this study, Aidanosagitta, Serratosagitta and Ferosagitta have similar round dots of
symmetry based on the dorsal median line from the head to the tail, but their size
and location are different for each genus. Zonosagitta nagae and Z. bedoti also showed
a marked difference from other genera by showing irregular spot patterns from the
head to the ventral ganglion.

On the contrary, Flaccisagitta did not have similar spot patterns on the body sur-
face between the two Korean species. Irregular spots on the body surface of the Flac-
cisagitta enflata were observed; however, E hexaptera did not exhibit any spot patterns,
similar to Pseudosagitta lyra. Since the fully-grown body of this species is usually large
with a size of 50 mm and more, it is presumed that the relatively thick epidermis
prevented effective staining. The regularity of these patterns has also been observed in
species such as Sagitta hispida, S. enflata, S. elegans, Spadella schizoptera and Spadella
cephaloptera (Feigenbaum, 1977); however, evidence for establishing a connection with
genealogy is lacking. Moreover, basic data obtained from a complete individual pattern
will be valuable to explain the commonalities at genus levels. Further application of
the CBE staining method to other taxa of Aphragmophora will clarify whether new
features, such as the location and shape of the corona ciliata and the spot patterns on
the body surface, are effective as genus or species grouping features.
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