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Abstract

Telmatobius halli was the first representative of its genus to be described exclusively for Chile, yet for 85
years no new individuals could be located due to the vagueness with which its type locality was described.
The type series was collected by one of the members of the International High Altitude Expedition to
Chile (THAEC) of 1935. Recently, three studies successively claimed to have located the type locality in
different places. The third study proved, according to the chronicles of the IHAEC, that the actual locality
is Mifio, at the origin of the Loa River, where currently there are no published records of Ze/matobius. In
this study, additional documentary antecedents and graphic material are provided that corroborate that
Mino is indeed the type locality of 7. halli. Additionally, the recently rediscovered Zé/matobius population
from Mifio and the environment it inhabits are described. The external characteristics of the frogs are
consistent with the description of 7. alli. Furthermore, molecular phylogenetic analyses were performed
that showed that 7. halli, T. dankoi, and T vilamensis, all known only from their type localities in Chile,
comprise a clade without internal resolution. A detailed comparison of the diagnoses of the three species
revealed that the few phenotypic differences between these taxa were based on characteristics that vary
widely within and between populations of the genus, hence their conspecificity is proposed. The implica-
tions of this synonymy for the taxonomy, biogeography, and conservation of the Zée/matobius from the
extreme south of its distribution in Chile are discussed.
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Introduction

The genus Telmatobius Wiegmann, 1834 is one of the few anuran taxa that has managed
to diversify in the high Andes (Barrionuevo 2017), so its representatives exhibit a
series of physical and physiological adaptions that allow them to survive in such harsh
environments (e.g., Ruiz et al. 1983; Reider et al. 2020). In fact, it includes one of
the highest-dwelling frog species, Zélmatobius marmoratus (Duméril & Bibron, 1841),
which has been reported from up to 5,400 m (Reider et al. 2020). Currently, there
are 63 recognized species in this genus (Frost 2021), dispersed throughout a variety of
ecosystems alongside the Andes, between approximately 1°S and 30°S (Barrionuevo
2017). The biogeographical consequences of the uplifting of the Andes during the late
Pliocene and Pleistocene and paleoclimatic processes, such as the repeated formation
and evaporation of extensive lakes, have been proposed to be responsible for the
diversification of the fauna in the Puna highlands, the driest section of the Central
Andes (e.g., Collado et al. 2011; Vila et al. 2013; Sdez et al. 2014). Thus, vicariance
seems to be a reasonable explanation for the divergence of the Zé/matobius from this
arid region, taking into account their strongly aquatic habits (Barrionuevo 2017) and
the hostile environments that have evolved around the watercourses.

In Chile, nine species of Zelmatobius, seven of them endemic, are currently rec-
ognized (Fabres et al. 2018; Correa 2019), although Sdez et al. (2014) questioned the
presence of Telmatobius peruvianus Wiegmann, 1834 in Chilean territory. Further-
more, Sdez et al. (2014) suggested that 7elmatobius dankoi Formas, Northland, Ca-
petillo, Nufiez, Cuevas & Brieva, 1999 and Zélmatobius vilamensis Formas, Benavides
& Cuevas, 2003 might be conspecific (see also Fabres et al. 2018) and pointed out
the low genetic divergence between Zelmatobius philippii Cuevas & Formas, 2002 and
Telmatobius fronteriensis Benavides, Ortiz & Formas, 2002. Despite these taxonomic
uncertainties, the number of known populations of the genus in Chile has increased
substantially over the last decade (e.g. Sdez et al. 2014; Victoriano et al. 2015; Fibla et
al. 2017; Lobos and Rojas 2020). Undoubtedly, a greater sampling effort will expose
even more discoveries, yet the accessibility and the conditions for fieldwork in the
region are challenging.

As in the case of other Chilean amphibian genera (Akodes Bell, 1843; Eupsophus Fitz-
inger, 1843) (Blotto et al. 2013; Correa and Durdn 2019), the taxonomy of the genus
Télmatobius is complex due to high levels of intra- and interpopulation variation in mor-
phological features (e.g., Trueb 1979; Wiens 1993; De la Riva et al. 2005; Barrionuevo
2017), especially in characters that are traditionally used to distinguish anuran species
(De la Riva et al. 2005). Thus, molecular studies have played an important role in the
systematics of this taxonomic group in Chile during the past few years (Sdez et al. 2014;
Victoriano et al. 2015; Fibla et al. 2017, 2018 — reviewed by Sdez and Méndez 2020).

Among the endemic species of Chile, Ze/matobius halli Noble, 1938 stands out
for its complex taxonomic history. Dr Frank Gregory Hall collected the type series
(adults and larvae) in the context of the International High Altitude Expedition to
Chile (THAEC), an endeavor that took place in 1935 and whose principal purpose
was to study the effects of low-oxygen environments of high elevation on the human
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physiology and the body’s acclimatization response (Keys 1936b). Three years after
the expedition, Dr Gladwyn Kingsley Noble, from the American Museum of Natural
History (AMNH), described the specimens he had received from Chile and named
the species after its collector. There has been considerable confusion regarding 7. halli
and most part of it must be ascribed to Noble’s vague definition of the type locality as
“Warm spring near Ollagiie, Chile, 10,000 ft. altitude” (Correa 2021). Throughout
the years, a few populations had been assumed to belong to 7. halli (Capurro 1954,
1955; Cei 1962, 1986; Veloso et al. 1982; Northland et al. 1990; Nafez and Galvez
2015), but were later revised and described as new species (7 dankoi Formas et al.,
1999; T vilamensis Formas et al., 2003) or assigned to another taxon, like in the case of
the populations from Ascotdn Salt Flat, treated as 7. cf. philippii by Lobos et al. (2018)
(Fig. 1). Furthermore, anurans found at Tatio, San Pedro de Atacama were described
as the subspecies 7. halli edentatus (Capurro, 1955), but Cei (1962) identified the
specimens in question as Rhinella spinulosa (Wiegmann, 1834).

Formas et al. (2003) redescribed 7 halli based on the type material from the
AMNH and differentiated it from 7. dankoi and T. vilamensis using morphological
evidence. During the last three decades, significant efforts were made to locate the
type locality of 7. halli (Formas et al. 2003, 2005; IUCN 2015). These expeditions
were infructuous in terms of clarifying the whereabouts of 7. halli, but led to the de-
scription of new species (7elmatobius philippii Cuevas & Formas, 2002, 7 fronteriensis
Benavides et al., 2002) and the discovery of a series of undetermined populations
(Zelmatobius sp. from Ascotdn and Carcote salt flats; Sdez et al. 2014) in the area sur-
rounding Ollagiie (Fig. 1).

Recently, Fibla etal. (2018) and Cuevas et al. (2020) independently claimed to have
rediscovered 7. halli. Bibliographic sources describing the IHAEC’s activities were used
in both studies, but each focused on different known populations of Zelmatobius. Thus,
Fibla et al. (2018) assigned the southernmost populations of 7. chusmisensis Formas,
Cuevas & Nuifiez, 2006 (sensu Sdez et al. 2014) to 7. halli (Copaquire, Quebrada
Choja, Quebrada Chiclla), while Cuevas et al. (2020) did the same with a population
from the Carcote Salt Flat (specifically, from the hot spring Aguas Calientes) (Fig.
1A, B). Previously, a Carcote population (coordinates not specified) was considered as
Telmatobius sp. by Sdez et al. (2014) or 7. cf. philippii by Lobos et al. (2018). According
to the molecular phylogenetic analyses of Sdez et al. (2014), the only study where all
of these populations were included, they are nested in different clades, the 7. pefauri
(former 7 zapahuirensis, see Fibla et al. 2017) and 7. hintoni species groups (not
recovered in the most recent analysis by Barrionuevo 2017), respectively, so they clearly
do not correspond to the same taxon. Nevertheless, the opposing hypotheses of Fibla et
al. (2018) and Cuevas et al. (2020) were refuted by Correa (2021), who demonstrated,
also using bibliographic sources, that the frog was first found near a warm concrete
swimming pool in Mifio, a location at the source of Loa River, at the western foot of
Mino Volcano (Fig. 1C). In the literature, there are no other reports of Zelmatobius
populations neither from Mifio nor from the upper Loa basin.

Altogether, 83 years after its description and despite the multiple recent hypotheses
about the location of its type locality and identity, 7" halli is still a lost frog and no
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specimens have ever been seen since the collection of the type series (Correa 2021).
Hence, the main goal of this contribution is to describe the Zé/matobius population
found in Mino, the place recently identified as the true type locality of 7" halli by
Correa (2021). We provide a general description of the location, some observations
on adults and tadpoles, and basic information on the quality of their habitat. We also
provide additional documentary and graphic evidence that corroborate the results of
Correa (2021). Furthermore, we performed phylogenetic analyses to shed light on the
systematic relationships among the population of Mino, the ones recently proposed as
being 7. halli (Copaquire, Quebrada Choja, Quebrada Chiclla and Carcote Salt Flar)
(Fibla et al. 2018; Cuevas et al. 2020) and other 7é/matobius species, which, prior to
their description, had been postulated to be 77 halli (T. vilamensis and T. dankoi) (e.g.,
Cei 1962; Veloso et al. 1982). Finally, we compared the diagnoses of 7 halli with those
of the latter two species to re-evaluate their taxonomic status.
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Figure 1. Geographic context of this study A distribution of all 7e/matobius populations known from
the southern range of the genus in Chile (20°55'-22°55'S). Light grey area = Chilean territory, dark grey
area = Bolivian territory, grey lines = limits of the sub-basins, star = study site, diamonds = type localities
B topographic relief of the surroundings of Mino. Grey lines = limits of the sub-basins. Montt is the name
provided by the IHAEC for the Collahuasi Copper Mine C satellite image of Mifio. 1) Concrete pool, 2)
ruins of mining settlement, 3) sampling point, a) Mifo River, b) Nacimiento Creek, ¢) Loa River.
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Materials and methods

Archival evidence

The diary of Ross McFarland, one of the members of the IHAEC, was requested from
the Ross A. McFarland Collection in Aerospace Medicine and Human Factors Engi-
neering at the Wright State University Archives. The diary is listed as “Box 63, Folder
5: Ross McFarland’s Diary (May 1935—-September 1935)” in the collection’s inventory
(Hoffman and Ritchie 1987: 29). From the same collection, we obtained the video
footage recorded by McFarland during the expedition (Items 2213, 2217 and 2218;
Hoffman 1987: 113), which shows a concrete swimming pool at the source of Loa
River. Individual frames were extracted from the video and panoramic views of the
four different positions of the cameraman were generated, using the open-source soft-
ware HUGIN — Panorama photo stitcher (version 2019.2.0).

Study area

On 31 October 2020, a field trip to the site called Mifio (21°12'S, 68°40"W; 3900 m
elevation; Calama Commune, El Loa Province, Antofagasta Region, Chile) was per-
formed to locate the frog population that was described as 7 halli (Correa 2021). The
historical reference for this search was based on the swimming pool and other features
of the landscape that appear in the recordings made by McFarland.

As biosecurity measures to prevent the spreading of chytridiomycosis and other
infectious diseases, we disinfected car tires, boots, and utensils with F10 Super
Concentrate Disinfectant (Health and Hygiene Pty.) at a concentration of 1:250
(Webb et al. 2007).

Ecology

We made a general description of the study area, considering the topography of the
landscape and more specific conditions at microhabitat level. We measured the stream
dimensions at various points and took air and water temperatures at different times of
the day. The composition of the adjacent vegetation along the stream was ascertained
and a nocturnal survey was undertaken to detect possible sympatric amphibians.

Both, adults and larvae, identified as 7é/matobius, were collected during the daytime
from the stream using a hand net. The sampling site was ~ 300 m upstream from the
pool identified as the historical place where 7. halli was collected (see details in Results).
The animals were measured, photographed, and finally released back to the capture site.
Each individual was handled separately with an unused pair of disposable nitrile gloves
(Thomas et al. 2020). To avoid possible toxic effects, the gloves were rinsed and the
rinse water was discarded away from the watercourse (Cashins et al. 2008).

In order to obtain bioacoustic data, an AudioMoth recording unit (Hill et al.
2019) was placed beside the stream, at a spot where adult individuals had been sighted
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during sampling. The device recorded continuously between 8 p.m. and 7 a.m., but we
did not obtain vocalizations that could be unquestionably attributed to Ze/matobius.
During the night, the AudioMoth took a measurement of the air temperature
every 15 minutes, but the sensor only has an accuracy of £ 3 °C (Open Acoustic
Devices 2020). Water temperature was taken with a generic digital thermometer.

Morphometrics

Seven morphometric features were measured on 11 adult specimens (Watters et al.
2016): snout-vent length (SVL), head width (HW), head length (HL), inter-orbital
distance (IOD), inter-nostril distance (IND), foot length (FL) and tibia length (TL).
FL and TL were assessed on the right hindlimb. In the case of the tadpoles (n = 9), body
length (BL) and total length (TTL) were measured (Altig 2007) and the development
stages (Gosner 1960) were determined. All measurements were taken using a vernier
caliper to the nearest 0.05 mm.

Sampling and obtaining DNA sequences

Three tadpoles (Gosner stages 36-37) were anesthetized by immersing them in a
buffered solution of MS-222 (0.2%) (Mitchell 2009), and a small portion of the
membrane was cut from the caudal fin. After recovery from the anesthesia, they were
released at the collection site. The tissue samples were stored in 96% ethanol until
DNA extraction.

The DNA was extracted with a commercial kit (Promega ReliaPrepTM gDNA
Tissue Miniprep System, Madison, WI) following the manufacturer’s instructions. We
obtained fragments of two mitochondrial genes, 16S rRNA and cytochrome b (cytb),
the same fragments that were used in the phylogenetic analyses of Sdez et al. (2014).
The reagent mixtures, reaction conditions, and primers used in the PCRs are detailed
in Sdez et al. (2014) and references therein. Electropherograms were edited with the
program Bioedit v7.1.3 (Hall 1999). Substitution saturation of the sequences was as-
sessed with DAMBE7 (Xia 2018). Sequences were deposited in GenBank (accession
numbers OL412556-01L412561).

Phylogenetic analyses

The sequences of both fragments were aligned with MUSCLE (Edgar 2004) and
the alignments were then inspected by eye. Bayesian phylogenetic analyses were per-
formed with the program MrBayes v3.2.7 (Ronquist et al. 2012), in which all 7e/-
matobius species from Chile and all sampled populations of the genus geographically
close to Mino were included (Appendix 1). Both gene fragments were concatenated,
but a reversible-jump Markov Chain Monte Carlo method for exploring the space
of all General Time Reversible sub-models, plus gamma and proportion of invari-
able sites parameters, was applied independently to each fragment (an additional
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analysis was carried out considering the different positions of the codons of the cytb
as distinct partitions). Both analyses consisted of two groups of four Markov chains
that run independently for 20 million generations, sampling every 1,000 gener-
ations. The first 25% of generations was conservatively discarded as burn-in after
observing the stationarity of In-likelihoods of trees in Tracer v1.7.1 (Rambaut et
al. 2018). Convergence and mixing of chains were assessed by examining values of
average standard deviation of split frequencies (ASDSF) and expected sampling sizes
(ESS) and Potential Scale Reduction Factor (PSRF) for all parameters. Sampled trees
were rooted with one specimen of Te/matobius sibiricus De la Riva & Harvey, 2003,
a representative of the 77 bolivianus species group (Sdez et al. 2014; Barrionuevo
2017) which constitutes the sister clade of the three species groups present in Chile
(Sdez et al. 2014).

Comparison of the morphology of T halli, . dankoi and T. vilamensis

We collected all available information on the morphology of 7. halli and the two
populations to which the same name was assigned before being formally described as
different species (7" dankoi and T. vilamensis) to compare their diagnostic characters as
well as the proposed differences between them. The morphological details were obtained
from the literature as follows: 77 halli (Noble 1938; Veloso et al. 1982; Formas et al.
1999, 2003), 7. dankoi (Veloso et al. 1982; Formas et al. 1999, 2003; Barrionuevo
2017), 1. vilamensis (Benavides et al. 2002; Formas et al. 2003; Barrionuevo 2017).
We further contrasted our observations of adults from Mino with the published data
and added some minor comments regarding morphological traits observed in the
populations from Las Cascadas (7 dankoi) and Vilama River (7. vilamensis).

Results

The type locality

As pointed out in Correa (2021), according to the chronicles of the IHAEC by Keys
(19364, b) and Dill (1979, 1980), the collection site of the type series of 7. halli was
the surroundings of a concrete swimming pool filled with warm water at the source
of the Loa River (Figs 2, 3). Here, we provide the additional historical evidence ex-
tracted from the diary and the video recording of Ross McFarland that allowed us to
identify the exact spot of the type locality. In the diary entry for Sunday, 23 June 1935,
he wrote: “Trip in cars to hot springs at source of Rio Loa with Mr. Bell, Watson &
Packard. Swimming & walk in green valley.” (McFarland 1935) (Fig. 4). The diary also
confirms that the date of the departure of the IHAEC from Collahuasi (railway station
Montt) (Fig. 1B) back to Ollagiie was Tuesday, 25 June 1935. As stated in Fibla et al.
(2018), this means that the original collection date was June 23 and not June 25, as

specified by Noble (1938).
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Figure 2. Historic and current panoramic view of the area surrounding the concrete swimming pool in

Mino A panorama extracted from video footage from the IHAEC, 1935. Yellow arrows indicate rock for-
mations that are easily recognizable B current state of the habitat. Red rectangle = location of the concrete
pool. The mountain in the left background is Mifio Volcano.

Regarding McFarland’s video material (Suppl. material 1), the mountain in the
background of the video takes can easily be identified, even using Google Earth’s
perspective view, as Mifo Volcano, because of a characteristic bulge in its profile.
Although strong erosion events have reshaped part of the landmarks, multiple rock
formations of the canyon walls still remain identical and corroborate the congruence
of the place with respect to the one depicted in the video (Fig. 2).

As expected, the remains of the mentioned concrete swimming pool were found at
21°12'01"S, 68°40'09"W (3,900 m) (Fig. 3). Even though the stream broke through
the lower end of the pool’s wall and the bottom is filled with sand, most of the bounda-
ries are still in place and it is evident that the structure corresponds to the one shown
in the recording. The pool is rectangular, approximately 6.5 m wide, 20 m long and
between 1.5 and 2 m deep. The side walls are made of stones, joined together with
concrete, while the upper and lower walls comprise massive concrete blocks. There are
other more recent concrete structures inside the stream, one immediately above the
pool and another one ~ 300 m upstream.

Habitat description

The Loa River originates mainly from meltwater from throughout its upper drainage
basin, where snow accumulates during austral winter. Several temporal ravines also
gather the characteristic precipitations during the austral summer months (December
to March), known as Altiplanic winter (Berenguer and Céceres 2008; Delsouc et al.
2020). Lower down and descending from the east, there also are some important per-
manent affluents fed by aquifers.
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Figure 3. Historic and current view of the concrete swimming pool in Mifio A panorama extracted from

video footage from the IHAEC, 1935. Yellow arrows indicate the upper and lower pool walls B same view
in 2020.

For the first few kilometers, the riverbed is a broad and dry wadi named Mino
River. Only - 4 km north of Mino, the arid riverbed gradually turns greener and ends
in a small bog with grass tussocks, covering an area of -~ 5 ha. No significant water
flow was registered during this time of the year (late October). At Mifo, there are
some well-preserved ruins of an old mining camp from the 18" and 19* centuries at
both sides of the bog (Berenguer and Céceres 2008), serving as an easily recognizable
landmark (Fig. 1C).

From this point on, the river bears the name Loa, as it receives its first permanent
tributary, the “Estero Nacimiento” creek (Berenguer and Céceres 2008). This spring
emerges at the head of a small ravine of - 1.3 km in length, a place called Ojos del
Mino (21°11'43"S, 68°39'40"W) (Flores 2001) (Fig. 1C).

Below the confluence, the river suddenly turns into a pronounced canyon with
vertical cliffs. The concrete pool is located precisely at the beginning of the canyon.
Soon after, the river gets a little broader, forming larger natural ponds and sections
with rapids. The canyon goes on in a similar manner for almost 100 km, until reaching
the Conchi water reservoir.
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Table |. Currendy known Zé/marobius populations from the southern range of the genus in Chile
(20°55'-22°55'S). Localities are ordered from north to south (Fig. 1). Bold letters denote type localities.
Asterisk (*) indicates that the elevation was obtained from Google Earth (expressed in m a.s.l.). Note
that the specific names assigned to Copaquire, Quebrada Chiclla, Quebrada Choja and Aguas Calientes
populations correspond to the taxonomy prior to the proposals of Fibla et al. (2018) and Cuevas et al.
(2020). The populations of Las Cascadas, Ojo de Opache and Vilama River are labeled according to the

taxonomic changes proposed in this study.

Species Locality Elevation References
T, chusmisensis Copaquire 3,540* Siez et al. (2014)
1. fronteriensis Puquios 4,150 Benavides et al. (2002)
T. chusmisensis Quebrada Chiclla 4,550* Siez et al. (2014)
T. chusmisensis Quebrada Choja 3,500* Séez et al. (2014)
T philippii Quebrada del Inca 3,800 Cuevas and Formas (2002)
1. philippii Quebrada de Amincha 3,800 Cuevas and Formas (2002)
T halli Mifio 3,900* this study
Telmatobius cf. philippii Aguas Calientes' 3,717 Lobos et al. (2018), Cuevas et al. (2020)
Telmatobius cf. philippii Ascotdn Salt Flat (springs 2, 3, 5,6, 7 and 11) -~ 3,720 Lobos et al. (2018)
1. halli (previously 7. dankoi) Ojo de Opache (introduced there in 2019) 1,960* Lobos and Rojas (2020)
T halli (previously T. dankoi) Las Cascadas 2,260 Formas et al. (1999)
T halli (previously Vilama River 2,250* Formas et al. (2003)

T. vilamensis)

"There are several publications prior to Cuevas et al. (2020) that include specimens of a population of Telmatobius sp. of the Carcote Salt
Flat (Sdez et al. 2014; Fibla et al. 2017, 2018), but none of them specify the coordinates or a precise site within the salt flat. Lobos et al.
(2018) mention the population of the Carcote Salt Flat (as Telmatobius cf. philippii), but only in Lobos et al. (2020) are the coordinates
specified (in Table S1 of their supplementary material), which fall very close to the Cuchicha spring (not shown in the map of Fig. 1A),
located ~ 1.9 km NE of Aguas Calientes.

Microhabitat and ecology

At the sampling point, the current of the Nacimiento Creek flows rapidly, though
the terrain is not very steep. The stream is between 2.5 and 5 m broad and 25-50 cm
deep. The water is clear and the bottom is mostly sandy with some stones and scarce
detritus at the bends. The margins are almost entirely covered with vegetation, mainly
Festuca chrysophylla Phil. and a few bushes of Parastrephia lucida (Meyen) Cabrera. The
overhanging grass cushions are ideal refugia for the frogs, forming at times gallery-like
cavities along the riverbank. At some points inside the stream, patches of Myriophyl-
lum aquaticum (Vell.) Verde. can be found, alternating with mats of undetermined
filamentous green algae.

At the pool site, the bottom is also sandy; however, there is a little more mud and
detritus, probably coming from the bog and consequently a more abounding aquatic
vegetation. The stream at the exit of the pool measures - 4 m in width and 50 cm in
depth. Downstream from the pool, the vegetation coverage at the banks decreases a
bit, which leaves fewer shelters for the frogs. In fact, a lower population density was
detected there.

Adults of 77 halli were found mainly under the tussocks, where they shared their
refugia with other adults and larvae. On one occasion, 11 adults and one tadpole
were captured from below the same plant. Tadpoles also exhibit gregarious habits, but
somehow seem to prefer to shelter inside the aquatic vegetation, at the bottom of the



The definitive rediscovery of Télmatobius halli 11

Figure 4. Extract from the diary Ross McFarland wrote in 1935 during the IHAEC.

stream. Still, they are not absent under the cushions at the riverbank. Most of the ob-
served larvae were at approximately the same development stage (Gosner stage 36—37);
however, two specimens were younger (Gosner stages 27 and 33). Directly inside the
pool, there were very few Telmatobius tadpoles and only one adult was found a few
meters below the outlet.

During the daytime, two adults of Rhinella spinulosa were found under the ripar-
ian vegetation in the pool and after nightfall, numerous individuals of these toads were
observed outside the water along the stream. A small ravine, adjacent to the pool, was
occupied by hundreds of Rhinella larvae in semi-lentic, shallow puddles, which are
ideal for their development. Additionally, one specimen of Pleurodema marmoratum
(Duméril & Bibron, 1840) was found walking around at night; hence, all three po-
tential anuran species were present in the area. Since no case of syntopy between the
Chilean 7élmatobius has been reported, no other congener is expected to be encoun-
tered in Mino.

Temperature

In the afternoon (05:00 p.m.), the air temperature was 21.8 °C, almost equal to the
water temperature at the outlet of the pool (21.4 °C). In contrast, in the morning
(8:00 a.m.) the air temperature was -2.4 °C, while water temperatures at the pool and
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the sampling site were 19.0 °C and 20.7 °C, respectively. After sunset, the air tempera-
ture dropped quickly to around -11.0 °C (00:30 a.m.) and remained alike until dawn.
The minimum value was -13.1 °C at 03:30 a.m. The water temperature, which is
generally higher than that of other localities of the genus (Lobos and Rojas 2020) and
which remains more or less constant (19-21.4 °C), is consistent with the description
of the original capture site (“a warm spring”; Noble 1938).

Morphology

Overall, 7_ halli is a medium-sized frog (Table 2), with a depressed body, thin forelimbs
and anterodorsolaterally orientated eyes (Fig. 5). In dorsal view, the head is slightly
broader than long (HL/HW = 0.96), but narrower than the body. On average the head
length is 29.65% of SVL. The snout tends to be long but truncated in dorsal view, al-
though it can be rather elliptical in some individuals. In lateral view, the snout profile is
quite variable, as it can be flat with a rounded tip or short and acuminate. 7elmatobius
halli presents a smooth skin with minuscule granules, which in some specimens are
almost absent on the dorsum. In other cases, they can be more evident on the limbs,
flanks, or even covering the ventral surface. These granules become most prominent
on the posterior and ventral parts of the thighs. Mature males have very small spines
associated with the granules, in addition to conspicuous, black nuptial pads on their
thumbs. The coloration of dorsum and extremities can be described as a broad spectrum
of brown, olive and yellowish speckles that alternate with dark, almost black spots or
marks. Some frogs have fewer dark spots and the brown colors predominate, others
show extensive dark areas (Fig. 5A-D). The ventral coloration is lighter, with shades of
cream or pink, mixed with yellow areas or white dots (Fig. 5E). A noteworthy character
is the light, yellow annulus around the eyes of some specimens (Fig. 6A), a trait that is
shared with 7" dankoi and T vilamensis (JvT, pers. obs.), but seemingly not with other
Chilean congeners. Loose skin folds at the posterior part of the thighs can be more or
less developed, but seem more frequent in corpulent individuals and mature males. An-
other highly variable character is the extent of the interdigital membrane. All examined
animals had fully webbed toes, but while in some cases the webbing was barely distin-

Table 2. Morphometrics of adults of Zelmarobius halli from Mino. All measurements are expressed in mil-
limeters. Measurements of the holotype (AMNH A-44753) and one of the paratypes (AMNH A-44754)
were taken from Formas et al. (2003); SVL = snout-vent length, HW = head width, HL = head length,
IOD = inter-orbital distance, IND = inter-nostril distance, FL = foot length, TL = tibia length.

Adults (n = 11)

Variable Mean Min Max Holotype Paratype
SVL 42.94 38.95 57.15 57.06 48.04
HW 13.34 11.65 19.80 18.75 16.58
HL 12.76 11.00 17.80 16.50 14.27
10D 4.06 3.30 5.75 6.04 4.91
IND 2.87 2.20 4.20 3.65 3.03
FL 22.15 20.10 29.15 40.21 32.27

TL 18.90 17.00 21.55 24.03 20.26
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Figure 5. Selected specimens of Zélmatobius halli from Mifio A=D dorsal views of adult specimens, show-
ing variation in coloration patterns E ventral view of the specimen from C F tadpole; scale bar: 1 cm (A-F).

guishable towards the tips of the phalanges, others presented very prominent lateral
fringes. The tadpoles are large and robust (97.27 mm at Gosner stages 36-37) (Table 3),
with a thick, pointed tail (tail length = 1.52x BL; stages 36-37) and show approximate-
ly the same pigmentation patterns as adults, but with entirely smooth skin (Fig. 5F).
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Figure 6. Adults from the three known populations of Telmatobius halli, as recognized in this study,
showing the similarity in their external appearance A Mifio B Las Cascadas and € Vilama River. The inlay
in the upper right corner of € shows a detail of the keratinous spines. Photograph credits for the Vilama
River specimen: Felipe Rabanal. Scale bars: 1 cm.

Table 3. Morphometrics of larvae of Zelmatobius halli from Mino. All measurements are expressed in
millimeters; TTL = total length, BL = body length.

Tadpoles (n = 9)

Gosner stage n TTL (Mean) BL (Mean)
27 1 58.35 24.00
33 1 97.95 30.75
36 5 97.38 38.39
37 2 97.00 39.10

DNA sequences and phylogenetic analyses

We obtained final alignments of 568 nucleotide sites for the fragment 16S and of 975
for the cytb. However, both alignments were incomplete because the sequences of several
specimens included from previous studies are shorter, particularly some fragments of the
cytb of the 7. marmoratus group from De la Riva et al. (2010). The topologies obtained in
the Bayesian consensus trees (50% majority-rule) of the analyses with two or four (con-
sidering the different codon positions of the cytb) partitions were virtually identical; only
slight differences were observed in branch lengths and in a few posterior probability values.
The relationships recovered in both analyses were in agreement with those obtained by Sdez
etal. (2014) and Fibla et al. (2017), recovering the monophyly of the three species groups
(T" marmoratus, T. hintoni, and T. pefauri) present in Chile, although the last one with low
support (posterior probability, pp < 0.95) (Fig. 7). Also, the relationships among species
and populations within groups are consistent with those studies; for example, the close rela-
tionship among populations of Ascotdn and Carcote salt flats + 7. philippii + T fronteriensis
and between Telmatobius pefauri Veloso & Trueb, 1976 and the clade made up of 7" dankoi
+ 1 vilamensis (although in this case with low support, pp = 0.75). In our analyses, the
three samples of 7. halli group with 7. dankoi and 1. vilamensis with the maximum support
(pp = 1). All the specimens of 7. dankoi (n = 4) and 7. vilamensis (n = 5) make up a poly-
tomy with two of the tadpoles of 7. salli (L2 and L3), which constitutes the sister group of
the third tadpole (L1) (Fig. 7). The polytomy results from the fact that the sequences of all
these specimens are identical in their entirety (the 1,543 sites of both fragments), while the
separation of the haplotype of tadpole L1 is due to two differences in the cytb fragment.
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Figure 7. Bayesian consensus tree (50% majority-rule; mitochondrial genes concatenated, treated as two
separated partitions), showing the relationships among Chilean 7é/marobius and the species groups recov-
ered by Sdez et al. (2014). The specimens of the species and populations of the extreme south of the distri-
bution of the genus in Chile are highlighted with the same colors of the map in Fig. 1A. The values next
to the nodes correspond to posterior probabilities and the scale bar below the tree represents the expected
substitutions per site along the branches. Identification of populations of Copaquire, Quebrada Chiclla,
Quebrada Choja, and Aguas Calientes follows the taxonomy prior to Fibla et al. (2018) and Cuevas et al.
(2020). The red box indicates the taxonomic changes proposed in this study.

Synonymy of T. halli, T. dankoi and T. vilamensis

Sdez et al. (2014) were the first to include 7. dankoi and T. vilamensis in a molecular
phylogenetic analysis. They obtained identical mitochondrial sequences (genes 16S
and cytochrome b) from several specimens of both species and based on their mor-
phological similarity (including some diagnostic characters, see Table 4) suggested that
they corresponded to the same species. Fabres et al. (2018) tested 29 microsatellites
in several 7elmatobius species and found the same allele size ranges at various loci in
1" dankoi and T. vilamensis. They note that this is observed only between these two spe-
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cies, supporting the suggestion of Sdez et el. (2014) that both correspond to the same
taxon. Here, we obtained mitochondrial sequences from two individuals of 7. halli
that are identical to those of 7. dankoi and T. vilamensis (a third individual differs by
only two bases), suggesting a possible synonymy of these three species. The descrip-
tions and diagnoses of 7. halli (Noble 1938; Formas et al. 2003), 7. dankoi (Formas et
al. 1999) and 7. vilamensis (Formas et al. 2003) are mainly based on external and os-
teological features, so considering the identity of the mitochondrial sequences among
these three species, it is important to reevaluate the morphological differences that have
been described between them. Table 4 compares the traits that have been included in
the diagnoses of the three species as they appear in different sources. Below, for each
trait, we highlight possible instances of polymorphism as well as the discrepancies that
emerge when comparing the different sources and incorporating new observations.

The rudimentary nature of the maxillary teeth of 7. halli was one of the features
that motivated the description of the species. Since we did not examine the dentition
of the frogs from Mifio, an evaluation of this issue remains pending. At first glance this
point seems decisive, adding the fact that the absence of teeth is also listed as an im-
portant trait in the diagnoses of 7. dankoi and T. vilamensis. Nevertheless, Barrionuevo
(2017) pointed out that the presence or absence of teeth can vary intraspecifically in
some species of Zelmatobius and even cited 1. vilamensis as an example where both
conditions have been observed.

Telmatobius dankoi was distinguished by having small keratinous spines on the
head, flanks, posterior third of the dorsum and extremities in both sexes (Formas et
al. 1999), while the skin of 7 halli and T. vilamensis was described as smooth (Noble
1938; Formas et al. 2003). Some of the individuals from Mifo had indeed smooth
skin, others presented small granules in different densities. We also observed mature
males with small black spines mainly on the flanks, extremities, and the posterior part
of the dorsum, but in some cases even on the chest and venter. Formas et al. (2003)
differentiate 77 vilamensis from 1. dankoi alluding to the skin being smooth in the
former and spiny in the latter, yet they also state that the holotype of 7. vilamensis has
numerous, minute, transparent or white spines on the venter and the ventral surface of
the extremities. We show an individual of 7 vilamensis that presents small black spines
on flanks, extremities, and posterior dorsum (Figure 6C; Felipe Rabanal, pers. comm.).
It is important to note that Veloso et al. (1982) indicate that the adults of 7. halli
from the Loa River at Calama (later described as 7 dankoi by Formas et al. 1999,
type locality Las Cascadas) have “smooth dorsal and ventral skin”, in clear contrast
to what appears in the description of 7" dankoi. Furthermore, they do not mention
any difference in skin texture between the population of Calama and that of Vilama
River (77 vilamensis), which they also consider 77 halli. In any case, interpopulational
variation of the skin texture is not a novelty in the genus, as it has been reported for
1" rubigo (Barrionuevo and Baldo 2009).

Another feature on which emphasis was made in the descriptions of 7 dankoi and
1 vilamensis is the presence of postfemoral folds. Both species differ from their conge-
ners by presenting well-developed folds, although it was reported that these are smaller
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Table 4. Phenotypic similarities and differences between 7 halli, T. dankoi, and T. vilamensis. Bold font
indicates diagnostic characters. Numbers in parentheses specify the source of the information: (1) Noble
(1938); (2) Veloso et al. (1982); (3) Formas et al. (1999); (4) Benavides et al. (2002); (5) Formas et al.
(2003); (6) Barrionuevo (2017); (7) this study. The traits are described as they appear in the cited sources.
In square brackets, some clarifying details that appear in the same source were added. The underlined
traits are the differences between 7. dankoi and T vilamensis described by Formas et al. (2003). Veloso et
al. (1982) described the morphology of 7. halli based on specimens from Calama (7. dankoi according
to Formas et al. 1999), but also considered the population of Vilama River as that species. Therefore, the
characteristics described by those authors should be applicable to all three species. For simplicity, here we
include them only in the 7 dankoi column.

Trait T. halli T. dankoi T. vilamensis
Dentition vomerine teeth absent (1) vomerine, premaxillary, and vomerine, premaxillary and maxillary
maxillary teeth absent (2, 3) teeth absent (5)
maxillary teeth rudimentary - teeth present in some individuals (6)
[0.2-0.3 mm], only present on the
upper jaw (1)

premaxillary teeth absent, maxillary - -
teeth rudimentary (5)
Skin smooth (1, 5, 7) smooth dorsal and ventral skin (2) smooth; flanks, chest, throat, and

ventral surfaces of the arms without
keratinous spines (5)

few granules on dorsum and the small keratinous spines on head, numerous, minute, transparent or
posterior surfaces of the thigh, more flanks, posterior third of the dorsum  white spines on the venter and the
prominent around and below the and extremities [both sexes] (3) ventral surface of the extremities (5)
vent (1)
flanks, extremities and posterior minute dark spines irregularly dark spines on flanks, extremities and
dorsum with minute granules and distributed on flanks, throat and posterior dorsum (7)
dark keratinous spines; the extension anterior extremities (5)
of this trait is highly variable (7)
Postfemoral absent (5) wide; well-developed (3) present but smaller (5)
fold present; variable in size (7) - well-developed in holotype (5)
Snout truncated (5) rounded or pointed (5) rounded or prominently pointed (5)
(dorsal
view) varies between truncated and slightly — acuminate (4)
pointed (7)
Snout flat (1) pointed, depressed (2) strongly depressed (5)
(lateral moderately short in lateral view (5) not depressed (5) projected distally (4)
view) varies between flat and rounded and - -

short and acuminate (7)

Webbing toes webbed to the tips but so not mentioned, but the illustration of wide fringes (4)
emarginate that they appear only half  the holotype shows a well-developed
webbed (1, 7) webbing that ends in fringes toward
the tips (fig. 3F of Formas et al.
1999) (3)
toes extensively webbed, outer — toes webbed; outer border of Toe V
border of Toe V widely fringed (5) moderately fringed (5)
size of the fringes variable (7) - -
Tongue oval, entire, two-thirds the width elliptical (2) nearly ovoid, elongate, almost
of mouth at its greatest transverse adhered to the floor of mouth,
diameter (1) posterior border free (5)
completely attached to the floor of the rounded (5) -
mouth (2)

round, thick; with posterior border - —
free, unnotched; slightly longer than
wide; attached through more than

75% of its length (5)
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Trait T. halli T. dankoi T. vilamensis
Tympanum tympanum absent (1, 5) tympanum and tympanic annulus tympanum and tympanic annulus
absent (5) absent (5)
tympanic annulus absent (5) - -
Cranial choanae large, subrectangular (5) cranium well-ossified (5) cranium poorly ossified (5)
osteology - vomer absent (3) vomers rudimentary or absent (5)
— columella absent (3) columella absent (5)

_ — choanae large, circular (5)

neopalantines reduced (5)

Tadpoles long pointed tails; the distal third or rounded tail end (2) tail tip rounded (5)
two-fifths [of the dorsal fin] is thickly
spotted with dark brown (1)

- end of tail pointed (3) myomeres and fins with irregular, dark
brown spots (5)

- uniformly pigmented tail (2) -

- distal tip of the tail black [posterior -
third] (3)
- presence of black tip is variable (7) -

Tibio-tarsal ~ extends to the posterior margin of  does not reach the posterior border of = reaches or exceeds the posterior border

joint carried the eye (1) the eye (3) of eye (5)
forward reaches the anterior border of the  reaches or exceeds the posterior border -
eye (3) of eye (5)

and thinner in 7. vilamensis (Formas et al. 2003). For 7. halli, Noble (1938) does not
mention anything about this trait in the original description, but Formas et al. (2003),
in the redescription of the species, explicitly indicate the lack of these folds. However,
in the photographs of the holotype (Fibla et al. 2018: fig. 6A; Cuevas et al. 2020:
fig. 3E, F) this trait seems to be present. The paratype depicted in Fibla et al. (2018:
fig. 6B) does not have folds, which suggests that this would also be an intraspecific
polymorphism. All of the adults that we observed in Mifio, both males and females,
presented postfemoral folds, although they seem more developed in males.

In the case of 7. vilamensis, the shape of the snout was stated as an outstanding
character and is described as being “strongly depressed” (Formas et al. 2003). Noble
(1938) used the term “flat” for the snout of the holotype of 7. halli, while Formas et
al. (2003) described the snout of the same specimen as truncated in dorsal and short
in lateral view. On the other hand, Veloso et al. (1982) mentioned a pointed and de-
pressed snout for the frogs from Calama (as 7. halli), while Formas et al. (2003) clearly
categorized the snouts of the animals from the same population as “not depressed” (as
1. dankoi). Veloso et al. (1982) do not mention differences in the shape of the snout
(pointed, depressed) between the populations of Calama and Vilama River, which is
contradicted by Formas et al. (2003), who include the shape of the snout among the
few traits that distinguish 7" dankoi of 1. vilamensis (not depressed versus strongly
depressed, respectively). In Mifio, we observed variable snout lengths and forms, and
some degree of variation in this feature is to be expected as well in the Vilama River
and Las Cascadas.

Almost half of the diagnostic characters of 7" vilamensis are cranial bone structures,
which contrasts with the diagnoses of 7. halli and 1. dankoi, where few osteological
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characters were included. Therefore, from an osteological point of view, there are
not many elements to compare the three populations. Some of the aforementioned
osteological features have been attributed to immature stages of post-metamorphic
development in 7. dankoi and 1. vilamensis, in comparison to other species of the
genus (Barrionuevo 2013). Barrionuevo (2017) presents two possible explanations for
this interspecific variation: i) Formas et al. (2003) used immature individuals for their
osteological analysis, or ii) the differences in the analyzed attributes are produced by
phenotypic plasticity. Since the specimens used for the descriptions of the skeletons of
1" dankoi (Formas et al. 1999) and 7. vilamensis (Formas et al. 2003) were explicitly
stated to be adults, the second explanation would be more likely. However, neither of
these cases can assure a reliable species delimitation. Regarding the different degrees of
cranial ossification in 7. dankoi and 7. vilamensis (Formas et al. 2003), it is necessary
to consider that it might correspond to intraspecific variation, as described for
1 oxycephalus (Barrionuevo 2013).

The development of webbing and fringes on the toes has been included in the di-
agnoses of 7. halli and T vilamensis (Formas et al. 2003), but the differences described
for these traits are only of degree, are very subtle, or vary within the population of
Mino. Another feature that appears in diagnoses is the shape of the tongue. In fact, it
is one of the characteristics with which Formas et al. (2003) differentiate 7. vilamensis
from 7. dankoi. However, the description of the form of the tongue of 7. dankoi varies
between sources, being the description of Veloso et al. (1982) very similar to that of
1 vilamensis (Table 4). The absence of the tympanum and tympanic annulus has also
been included in the diagnoses of 7. halli and 1. vilamensis, but in this case all three
species lack these structures.

With respect to the tadpoles, Formas et al. (1999) mentioned that those of
1" dankoi have the tip of the tail black; however, when Veloso et al. (1982) described
the appearance of larvae from the same population, they mentioned a “uniformly pig-
mented tail” and did not say anything about such a conspicuous mark (Table 4). We
also endorse that at least some tadpoles from Las Cascadas do not exhibit dark tail tips
(JvT, pers. obs.). Between the two sources listed above, there is also a discrepancy for
the same species in the description of the shape of the tip of the tail.

One particular character was not included in the diagnosis of any of the three
species, but was used to differentiate 7" dankoi from its Chilean congeners (Formas et
al. 1999) and in the dichotomous key to adults of the Zelmarobius species from Chile
(Formas et al. 2003). It refers to the condition of the tibio-tarsal joint not reaching
the eye when bent forward in 7" dankoi. Interestingly, in the key, the same species was
categorized as having a tibio-tarsal joint that “reaches or exceeds the posterior border of
[the] eye” (Table 4). This could mean that this attribute is polymorphic or, otherwise,
that the authors might have overlooked this detail.

The usefulness of three additional characters that appear in the diagnoses can
be discarded. Body size was included in the diagnosis of 7. dankoi (SVL = 49.7—
51.7 mm, Formas et al. 1999), but this range is within the size limits of the 7. halli
type series (42—57 mm, Noble 1938) and overlaps with the size range of 7. vilamensis
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(38.36-50.81 mm, Formas et al. 2003). All of these ranges of values fall within the
size limits measured by us in the Mifio individuals (Table 2). Another feature included
in the diagnosis of 7. vilamensis is the number and shape of the chromosomes: 26
bi-armed chromosomes (Formas et al. 2003). However, these same authors point out
that the karyotype of Zélmarobius species is uniform, with 26 chromosomes and a
fundamental number of 52, and that in all described cases the secondary constriction
always is found in the short arm of pair 6. Finally, the coloration of the dorsum was
included in the diagnoses of 7" vilamensis and 1. halli (Formas et al. 2003). In general,
the coloration of the frogs from the three focal localities (Mino, Las Cascadas, and
Vilama River) is very similar (Fig. 6A—C). The size and number of darker spots vary
between individuals of the same population, but this variation is subtle if compared
to the differences that can be found in other 7é/matobius species. Just to give examples
of this in species and populations from Chile, intraspecific heterogeneity in body
coloration is described for 7. marmoratus (Veloso et al. 1982) and well-illustrated for
1" marmoratus (Sdez et al. 2014: fig. 3), 1T pefauri (Fibla et al. 2017: fig. 4 A-E) and
1" chusmisensis (Fibla et al. 2018: fig. 5A-C).

In summary, considering all the available information, in the literature there are
two contrasting views on morphological variation among 7. halli, T" dankoi, and T vil-
amensis. On the one hand, there are two studies where the limits of 77 halli are broad-
ened: one that adds the population of Arroyo Vilama (Cei 1962) and another that
includes this same population and that of Calama (Veloso et al. 1982). In both studies,
no morphological differences between these populations were described. On the other
hand, there are two studies that focus on dissimilarities observed in frogs from these
localities and split the populations into separate species (Formas et al. 1999, 2003).
Combining the information from the different sources, including novel observations
made here, differences and discrepancies arise in the descriptions of many traits for
the same species (Table 4). In the cases where the information is specified, authors ex-
amined different collection specimens from the same populations (Veloso et al. 1982;
Formas et al. 1999, 2003), so the differences observed among them can be interpreted
as polymorphisms, which in many cases are shared with the other populations. This ap-
plies to most of the characters that were described as diagnostic for one or more species:
skin texture (presence/absence of spines), snout shape, webbing and fringes of the toes,
tongue shape, shape, and pigmentation of the end of the tadpole’s tail, and extension
of the tibio-tarsal joint when extends forward. The presence of postfemoral folds and
the absence of the tympanum and tympanic annulus, apply to all three species, while
the presence/absence of teeth is a polymorphism in 7. vilamensis (Barrionuevo 2017)
that could be shared with the other species. This leaves as diagnostic differences only
the degree of ossification of the skull (between 7 dankoi and 1. vilamensis) and a slight
distinction in the shape of the choanae, but these osteological observations are based
on a limited number of specimens (two of 7. dankoi and three of 7. vilamensis in the
case of the skull). Furthermore, as mentioned above, variation in osteological charac-
ters has been described within some Zé/marobius species, including the degree of ossi-
fication (Barrionuevo 2013 and references therein). Regardless of the position adopted
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(morphological uniformity among populations or widespread polymorphism), neither
of the two supports the distinction of species.

Therefore, the external, osteological, and ecological characteristics as a whole
do not allow to clearly distinguish 7" halli, T\ dankoi, and 1. vilamensis, and the
described variation of some morphological characters can be interpreted as intra-
and interpopulation polymorphisms between the three known populations. Bearing
in mind also their indistinguishable mitochondrial sequences and their high genetic
affinity detected with microsatellite markers (Fabres et al. 2018), we herein propose to
consider 7" dankoi and T. vilamensis, by nomenclatural precedence, junior synonyms
of T halli. We further suggest adopting the vernacular name of 7. dankoi (Loa Water
Frog), as it has gained popularity (Lobos and Rojas 2020) and would represent the
species appropriately.

Discussion

The discovery of a Telmatobius population at the origin of the Loa River (Mifio) defi-
nitely solves one of the most persistent enigmas of Chilean herpetology: the location
of the population originally described as 7. halli. This riddle persisted for more than
eighty years because of the uncritical acceptance of the inherently vague description of
the type locality by Noble (1938). However, the solution came from a careful analysis
of publications and other documentary sources where some of the members of the
IHAEC described their activities and the place and circumstances in which the am-
phibians were collected (Correa 2021). It can be argued that both Fibla et al. (2018)
and Cuevas et al. (2020) applied that same strategy, but paradoxically both reached dif-
ferent (and incorrect) conclusions about the location and identity of the species. In the
case of Fibla et al. (2018), some key sources in which the place is explicitly described
were not consulted, while in the case of Cuevas et al. (2020), more importance was
given to the characteristics of the place they hypothesized as the type locality (Aguas
Calientes) than to the information contained in the documentary sources.

Cuevas et al. (2020) defined five conditions to validate Aguas Calientes as the type
locality of 7" halli: “1) the place should be a thermal spring, 2) presence or ruins of a con-
crete swimming pool in the area, 3) have a small oasis with abundant vegetation, 4) be
3,000 ft (- 900 m) down of Collahuasi (Montt) and 5) be located near to Ollagiie.” The
measurements and observations made here show that Mifio fulfills the first four condi-
tions, while the new sources consulted confirm that the fifth one does not apply to 7. halli.

The Loa River at Mifo has an almost constant water temperature of around 20
°C, even at prolonged ambient temperatures below the freezing point, which suggests
geothermal activity and matches well with the literature on the type locality of 7. halli
(Keys 1936a, 1936b; Noble 1938; Dill 1980). This temperature is similar to that of the
collection site in Copaquire (19 °C), the purported type locality of 7. halli according to
Fibla et al. (2018), but lower than that of Aguas Calientes (27.7 °C). Only two other
species of Telmatobius are known to inhabit warm or thermal waters, 7. fronteriensis
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in Puquios (originally found in a small thermal pond with a water temperature of
22.9 °C, Benavides et al. 2002) and 7_ cf. philippii in several springs at the Ascotdn Salt
Flat (Lobos et al. 2018). In the latter case, the water temperature varies widely between
springs and seasons, but in general, spring water has medium to high temperatures
compared to the air. In contrast to the water temperature, at Mifio we observed a
significant fluctuation range between the air temperatures at day and those at night
(34.9 °C), which could have been even higher, considering that we did not log the
temperature data for the entire day. The constant water temperature may benefit the
species, as it serves as a buffer for the thermal oscillations of the environment and pre-
vents thermal stress. Nevertheless, the temperature might not be constant throughout
the year, as snowmelt increases the flow rate during thaw season.

We were able to verify on the ground two other conditions defined by Cuevas et
al. (2020): the presence of ruins of a concrete swimming pool and an oasis of vegeta-
tion. Although Cuevas et al. (2020) point out that there is a pool in Aguas Calientes
that was built in 2012 on a previous construction, we show that in Mifio there are the
ruins corresponding to the concrete pool where the members of the IHAEC swam on
23 June 1935 (Fig. 3). Regarding the oasis of vegetation, we only have the description
of Dill (1980) (“a flourishing green oasis”) and that of McFarland’s diary (“green val-
ley”). Both descriptions fit well the current appearance of the area where the Loa River
is born (Figs 1C, 2B), suggesting that the vegetation of the place has not changed
much since the time of the expedition. The vegetation extends along the riverbed for
more than a kilometer upstream from the ruins of the swimming pool and continues
downstream along the Loa river canyon, so the place is much more than only a “small
oasis” as described by Cuevas et al. (2020).

The elevation of the type locality of 7. halli is one of the problematic aspects of the
description provided by Noble (1938). Fibla et al. (2018) estimated that the site would
be at - 4,000 m a.s.l., considering only the indications given by Dill (1979), while
Cuevas et al. (2020) indicated that Aguas Calientes is located at 3,717 m. The altitude
of our study site at Mifno (3,900 m) was not measured in situ but obtained from Google
Earth. Neither of these values matches the one Noble (1938) pointed out in the species
description: 10,000 ft (3,048 m). Cuevas et al. (2020) tried to explain this difference
by alluding to an underestimation of 610 m in the actual elevation of the Aucanquilcha
mine that was reported by members of the expedition (e.g., Keys 1936b; Keys et al.
1938). However, that explanation does not take into account that the data for most of
the other reported places (Chuquicamata, Ollagiie, Collahuasi, and Punta de Cerro)
differ by less than 100 m from the altitudes that can be obtained, for example, from
Google Earth. To further complicate this matter, the four chronicles that describe the
Sunday trip to the source of the Loa River indicate different heights for that place. In
fact, David B. Dill provided two different heights for Montt, 16,400 ft (- 4,999 m)
and 15,440 ft (- 4,706 m) (Dill 1979, 1980, respectively), although in both cases he
indicated that the site where the concrete pool was located was 3,000 ft (- 916 m)
lower. Ancel Keys instead specified the heights of the pool directly: 3,700 m (Keys
1936a) and 12,000 ft (- 3,658 m; Keys 1936b). All these measurements should not
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be taken as absolute, as they seem a little roughly estimated and were indeed stated in
more anecdotal parts of the publications. Among all the available values, the statement
of Dill (1980) (12,440 ft = - 3,792 m) is the closest to that of Mifio and it is further
supported as his specification of the height of the former camp of the Collahuasi mine
at the Montt railroad station (20°58'35"S, 68°41'20"W) matches very well the value
from Google Earth. This explanation still does not solve the reason why Noble (1938)
established that the type locality was at 10,000 ft above sea level, yet it only adds to the
general impreciseness of the geographic information in his description.

The fifth condition of Cuevas et al. (2020), the proximity to Ollagiie, is the other
problematic aspect of the description of the type locality given by Noble (1938) be-
cause there is no place that could be considered close to this town that is at 10,000 ft.
In fact, the closest places to Ollagiie with that altitude are ~ 70 km to the west (in a
straight line), on the other side of the Loa River. This is one of the reasons why searches
for the species around Ollagiie were unsuccessful (Formas et al. 2003, 2005; IUCN
2015) and why Cuevas et al. (2020) concluded that the type locality is located only
12 km southwest of that town (Fig. 1A), but at a higher altitude. Thus, the suggestion
from Fibla et al. (2018) that Noble might have used the location from which the speci-
mens were sent as the type locality seems plausible to us.

In the chronicles of the IHAEC, there is little information about the population
of Telmatobius from Mifo. Dill (1979, 1980) only mentions that Frank G. Hall col-
lected some specimens and that one of them proved to be a new species of amphibian.
Keys (1936a) gives more details, indicating that many frogs and tadpoles were found
in temperate ponds. This is consistent with the description of the species since the type
series consists of five adult females, one immature female and six tadpoles. Currently,
there seems to exist an abundant and healthy population, as frogs were found at several
spots along the stream. This suggests that the environmental conditions at the site
are similar to those at the time of the expedition. Regarding the individuals observed
now in Mino, adults and tadpoles present external characteristics congruent with the
description of 7. halli (Noble 1938). Adults have almost completely smooth skin and a
long and flattened snout. In addition, the general coloration pattern (brown and olive
with darker irregular spots) and the size of the adults and tadpoles is compatible with
the type series.

This is the first study to include the population that was originally described as
1" halli in a phylogenetic analysis. Although this analysis was performed only with
mitochondrial sequences (nuclear markers have not yet been included in phylogenetic
analyses of the genus), it included all Chilean species of the genus and all known
populations that are geographically close. Zé/matobius halli formed a highly supported
clade with the two endemic species from the extreme south of the genus distribution
in Chile, 7 dankoi and T. vilamensis, both of which had previously been considered
1" halli (e.g., Cei 1962; Veloso et al. 1982). Furthermore, within the clade there was
no resolution among those species since the sequences (both genes) of two of the three
specimens of 7. halli (L2 and L3) are identical to those of the other two species. The
third specimen (L1) shows two differences in cytochrome b with respect to all the
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specimens that make up the clade. This result, together with an exhaustive and detailed
analysis of the morphological information (see last section of Results), lead us to the
conclusion that 77 halli, T" dankoi, and T. vilamensis are conspecific.

The possible synonymy between 7. dankoi and 1. vilamensis had already been
pointed out by Sdez et al. (2014) and was reaffirmed by Fabres et al. (2018) based on
genetic data (microsatellites). The populations previously assigned to those species not
only share identical mitochondrial sequences with 7. halli, but they also have common
morphological characteristics that support their close affinity (e.g., coloration, size,
flattened snout, presence of postfemoral folds, absence of vomers). This high morpho-
logical similarity explains why the populations of “Ollagiie” (actually Mifo), Arroyo
Vilama (Vilama River) and Calama (Las Cascadas) were previously reunited under the
name 7. halli (Cei 1962; Veloso et al. 1982) and our reevaluation of all morphologi-
cal information shows that the majority of the diagnostic characters that supported
the differences between 7. halli, T. dankoi, and 1. vilamensis would correspond to
polymorphic traits. The geographic context is also relevant in this case. Zelmatobius
halli inhabits the same watershed (Loa River) as the population previously assigned to
1" dankoi, while the only known population of the former 7. vilamensis is found in the
Salar de Atacama basin, which adjoins the Loa River basin in the southeast (Fig. 1A).

The conspecificity of these three species also has important consequences for the
conservation of these populations due to the current critical situation of the popula-
tions previously assigned to 7. dankoi and T. vilamensis. In 2019, the only stream from
where 17 dankoi was known (Las Cascadas) almost completely dried up, resulting in
the loss of approximately 90% of the total population (Lobos and Rojas 2020). In ad-
dition to that, individuals assigned to 7. vilamensis have not been observed again in the
Vilama River (the only locality attributed to that species) after a flash flood destroyed
the site in 2016 (Lobos and Rojas 2020). Therefore, Mino is the only known locality
for this taxon with an apparently large population and an unaltered environment. In
2005, the Chilean government started the legal process for the creation of the National
Reserve Alto Loa, but the efforts were not carried on and this protected area does not
exist yet (Tomds Gerd, CONAE pers. comm.). Our findings could be an excellent op-
portunity to resume the task, especially taking into consideration the attention which
1" dankoi received in the international media in 2019 (Lobos and Rojas 2020).

Currently, based on the scarce and incomplete information available for this spe-
cies, 1" halli is listed as Data Deficient by the IUCN (IUCN SSC Amphibian Specialist
Group 2015) and as Critically Endangered by the Chilean government (MMA 2019).
For this last categorization, in which the uncertainty of the location of the type local-
ity is recognized, it was assumed that the species: has an area of occupancy of - 1 km?,
is known from a single locality and its habitat is deteriorating due to excessive use of
water and the threat of the chytrid fungus (according to observations in other species
of the genus in Chile). In this context, the description of the new population of Mino
and the environment where it inhabits, as well as the proposed taxonomic change,
constitute fundamental information to reassess the conservation status of 7. halli, but
several aspects must be investigated in greater depth.
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Up until now, there seems to exist very little anthropic disturbance at the location
described in this work and the place appears to be visited only occasionally by anglers,
off-road enthusiasts, and mountaineers. Since the times of the IHAEC, it has been a
recreational area mainly for the mine staff and, according to locals, still in the 1990s,
the spot was sporadically visited by workers from the nearby mines. Accessing the site
is very difficult and an increase in tourist activity is unlikely to happen. The valley is
very pristine with no visible pollution signs. There is a vehicular track, that crosses the
riverbed, which means that there could occur an occasional roadkill or minor contami-
nation with motor oil or fuel; however, given the remoteness of the location not many
vehicles pass through. Furthermore, it has yet to be evaluated if the intense nearby
mining activity at the Collahuasi and Quebrada Blanca copper mines poses an immi-
nent threat to the Zé/matobius population, for instance, if contamination with heavy
metals could occur through industrial dust dispersion (e.g., Csavina et al. 2012) or if
potential upcoming projects demand water extraction for mining processes.

As mentioned above, other species of Telmatobius have been found infected with
Batrachochytrium dendrobatidis (Bd) in northernmost Chile and there is an ongoing
spread of chytridiomycosis southwards the Andes (Solis et al. 2015). Now that the type
locality of 77 halli has been rediscovered, most certainly other herpetologists will visit
the place and special attention has to be taken to avoid contamination with the patho-
gen. Precaution is even more imperative, given the fact that Mifo is at the headwaters
of the Loa River and Bd could easily expand to other putative populations downstream
(Johnson and Speare 2005).

Introduced salmonids are another threat for native amphibians in Chile (Soto-Azat
et al. 2015). A recent study (Lobos et al. 2020) reports the presence of Oncorhynchus
mykiss (Walbaum, 1792) in several locations of the upper Loa, being Sapunta the near-
est sampling point to the source (approx. 18 km). No salmonids were detected during
the fieldwork, but given that they already have colonized the rest of the river, their
presence in Mifio is quite probable. The highest record of the rainbow trout in the
mentioned study is 4,560 m in Misitune (18°22'S), which means that elevation would
not be an impediment to the potential expansion of the invasive fish into the habitat
of T. halli.

Besides these anthropic influences, it is also necessary to consider natural factors
that could constitute a threat to the population. The extreme north of Chile is affected
by intense precipitations during the so-called Altiplanic winter, which generates flash
floods and landslides, having a negative impact on the biota. This phenomenon signifi-
cantly reduces the riparian vegetation (Paicho-Hidalgo et al. 2015) on which the frogs
of the genus Zélmatobius heavily depend, probably for shelter from UV radiation and
predators. An example of this type of catastrophic event is what happened in the Vilama
River (see above). A similar case is Quebrada de Amincha, type locality of 77 philippii,
where the effects of a recent swelling of the creek were observed in February 2018 (JvT,
pers. obs.). The vegetation was severely damaged, and even though a few living speci-
mens were detected, it took a long time to locate them. Paicho-Hidalgo et al. (2015)
pointed out that the ecological resilience of these ecosystems allows quick revegetation,
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but still, such an event in the habitat of 7" halli could diminish the population and make
it more vulnerable to other stresses. Comparing the current rock formations to those
from the 1935 recordings suggests that destructive erosion events do occur in Mifo.

All these threats, alone or in combination, could potentially lead to the extinction
of 7" halli. Therein lies the importance of protecting the upper portion of the Loa
River, where the watercourse and the surroundings are seemingly untouched for several
kilometers. As a next step, surveys to determine the presence of 7elmatobius along the
river and its tributaries should be organized.
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Appendix |

Specimens of 7élmatobius included in the phylogenetic analyses. For each specimen,
species, locality (country), collection number or label, GenBank accession number
(for each DNA fragment) and source of the sequences are indicated. Identification of
specimens follows the taxonomy prior to Fibla et al. (2018), Cuevas et al. (2020) and
this study (in the case of 7 dankoi and T vilamensis). The names of the localities are in
Spanish as they appear in the respective publications.
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Species Locality Collection number cytb 16S Source
or label
T culeus Lago Titicaca (Bolivia) MNCN 43590 GU060589 GU060554 De la Riva et al. (2010)
T gigas Huayllamarca (Bolivia) CBF 3962 (cytb) / CBF  GU060593 GU060558 De la Riva et al. (2010)
3964 (16S)
1. marmoratus Laguna Macaya (Bolivia) MNCN 43513 GU060600 GUO060565 De la Riva et al. (2010)
T marmoratus Isluga (Chile) DBGUCH 0604027  KJ562938 KJ563008 Sdez et al. (2014)
T marmoratus Isluga (Chile) DBGUCH 0604047  KJ562939  KJ563009 Sdez et al. (2014)
T marmoratus Rio Pacokhaua (Bolivia) MNCN 43542 GU060602 GUO060567 De la Riva et al. (2010)
T marmoratus Quebrada Tana (Chile) DBGUCH 0910010  KJ562944 KJ563014 Sdez et al. (2014)
T marmoratus Quebrada Tana (Chile) DBGUCH 0910011  KJ562945 KJ563015 Sdez et al. (2014)
T marmoratus Quebrada Tana (Chile) DBGUCH 0910012 KJ562946 KJ563016 Sdez et al. (2014)
T marmoratus Quebrada Tana (Chile) DBGUCH 0910013  KJ562947 KJ563017 Sdez et al. (2014)
T marmoratus Quebe (Chile) DBGUCH 0704034  KJ562941 KJ563011 Sdez et al. (2014)
T. marmoratus Quebe (Chile) DBGUCH 0801051 KJ562942  KJ563012 Sdez et al. (2014)
T. marmoratus Quebe (Chile) DBGUCH 0812020  KJ562943 KJ563013 Sdez et al. (2014)
T marmoratus 8 km N Comanche (Bolivia) MNCN 43608 GU060603 GU060568 De la Riva et al. (2010)
T marmoratus La Cumbre (Bolivia) MNCN 43585 GU060605 GU060570 De la Riva et al. (2010)
T. marmoratus Zongo (Bolivia) Unassigned CBF GU060607 GU060572 De la Riva et al. (2010)
T. marmoratus Colpa (Chile) DBGUCH 0801007  KJ562896 KJ562971 Sdez et al. (2014)
T. marmoratus Colpa (Chile) DBGUCH 0801008  KJ562897 KJ562972 Sdez et al. (2014)
T. marmoratus 7 km Charazani (Bolivia) Unassigned CBF GU060608 GU060573 De la Riva et al. (2010)
T. marmoratus Rio Wasawayq'o (Bolivia) Unassigned CBF GUO060610 GU060575 De la Riva et al. (2010)
T. marmoratus Rio Charazani (Bolivia) Unassigned CBF GU060609 GU060574 De la Riva et al. (2010)
T. marmoratus Charazani-Escoma (Bolivia) Unassigned CBF GUO060611 GU060576 De la Riva et al. (2010)
T. marmoratus Kkota Pata (Bolivia) Unassigned CBF GU060612 GU060577 De la Riva et al. (2010)
T, marmoratus Cancosa (Chile) DBGUCH 0801038 KJ562889  KJ562964 Sdez et al. (2014)
T marmoratus Cancosa (Chile) DBGUCH 0801039 KJ562890  KJ562965 Sédez et al. (2014)
T. marmoratus Caquena (Chile) DBGUCH 3359 KJ562891  KJ562966 Siez et al. (2014)
T. marmoratus Lauca (Chile) DBGUCH 0811013  KJ562892  KJ562967 Sédez et al. (2014)
T marmoratus Lauca (Chile) DBGUCH 0811020  KJ562893  KJ562968 Sdez et al. (2014)
T. marmoratus Chungard (Chile) DBGUCH 3358 KJ562894  KJ562969 Siez et al. (2014)
T. marmoratus Parinacota (Chile) DBGUCH 0704060  KJ562895 KJ562970 Sdez et al. (2014)
T marmoratus Putre (Chile) DBGUCH 0811028  KJ562898 KJ562973 Sdez et al. (2014)
T. marmoratus Putre (Chile) DBGUCH 0811032  KJ562899 KJ562974 Sdez et al. (2014)
T. marmoratus Putre (Chile) DBGUCH 0811033  KJ562900 KJ562975 Sdez et al. (2014)
T hintoni Corani (Bolivia) MNK A959 GU060594 GU060558 De la Riva et al. (2010)
T hintoni Tunari (Bolivia) Unassigned CBF GU060596 GU060561 De la Riva et al. (2010)
T. huayra Pastos Grandes (Bolivia) MNCN 43564 (cytb) /  GU060599 GU060563 De la Riva et al. (2010)
MNCN 43565 (165)
T. fronteriensis Puquios (Chile) DBGUCH 1110029  KJ562884 KJ562959 Sdez et al. (2014)
T. fronteriensis Puquios (Chile) DBGUCH 1110031 KJ562885  KJ562960 Sdez et al. (2014)
T. fronteriensis Puquios (Chile) DBGUCH 1110032  KJ562886  KJ562961 Siez et al. (2014)
T. fronteriensis Puquios (Chile) DBGUCH 1110034  KJ562887 KJ562962 Sdez et al. (2014)
T. fronteriensis Puquios (Chile) DBGUCH 1110057  KJ562888 KJ562963 Sdez et al. (2014)
T. philippii Quebrada Amincha (Chile) DBGUCH 1110055  KJ562901  KJ562976 Siez et al. (2014)
Telmatobius cf. philippii ~ Salar de Ascotdn (Chile) DBGUCH 0505006  KJ562912  KJ562986 Sdez et al. (2014)
Telmatobius cf. philippii  Salar de Ascotdn (Chile) DBGUCH 0505010  KJ562913  KJ562987 Sdez et al. (2014)
Telmatobius cf. philippii  Salar de Ascotdn (Chile) DBGUCH 0505011  KJ562914  KJ562988 Sdez et al. (2014)
Telmarobius cf. philippii  Salar de Carcote (Chile) DBGUCH 0808015  KJ562925 KJ562995 Sdez et al. (2014)
Telmarobius cf. philippii  Salar de Carcote (Chile) DBGUCH 0808016  KJ562926  KJ562996 Sdez et al. (2014)
Telmatobius cf. philippii  Salar de Carcote (Chile) DBGUCH 1109002  KJ562927  KJ562997 Sdez et al. (2014)
Telmatobius cf. philippii  Salar de Carcote (Chile) DBGUCH 1109003  KJ562928 KJ562998 Sdez et al. (2014)
Telmatobius cf. philippii  Salar de Carcote (Chile) DBGUCH 1109004  KJ562929 KJ562999 Sdez et al. (2014)
T. chusmisensis Chusmiza (Chile) DBGUCH 0812025  KJ562873 KJ562952 Sdez et al. (2014)
T. chusmisensis Chusmiza (Chile) DBGUCH 0812026  KJ562874 KJ562953 Sdez et al. (2014)
T, chusmisensis Laonzana (Chile) DBGUCH 1111004  KJ562919  KJ562989 Sdez et al. (2014)
T, chusmisensis Laonzana (Chile) DBGUCH 1111015 KJ562922  KJ562992 Sdez et al. (2014)
T, chusmisensis Chusmiza (Chile) DBGUCH 1111027  KJ562875 KJ562954 Sdez et al. (2014)
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Species Locality Collection number cytb 16S Source
or label

T. chusmisensis Laonzana (Chile) DBGUCH 1111005  KJ562920  KJ562990 Sdez et al. (2014)
T. chusmisensis Laonzana (Chile) DBGUCH 1111012 KJ562921 KJ562991 Sdez et al. (2014)
T. chusmisensis Salar de Huasco (Chile) DBGUCH 0704005  KJ562935 KJ563005 Sdez et al. (2014)
T. chusmisensis Salar de Huasco (Chile) DBGUCH 0808001  KJ562936  KJ563006 Sdez et al. (2014)
T. chusmisensis Salar de Huasco (Chile) DBGUCH 0808002  KJ562937 KJ563007 Sdez et al. (2014)
T. chusmisensis Piga (Chile) DBGUCH 0801024  KJ562940 KJ563010 Sdez et al. (2014)
T. chusmisensis Quebrada Chiclla (Chile) DBGUCH 0703005  KJ562930 KJ563000 Sdez et al. (2014)
T. chusmisensis Copagquire (Chile) DBGUCH 0703003  KJ562931 KJ563001 Sdez et al. (2014)
T. chusmisensis Copaquire (Chile) DBGUCH 0703004  KJ562932  KJ563002 Sdez et al. (2014)
T chusmisensis Copaquire (Chile) DBGUCH 1109005  KJ562933 KJ563003 Siez et al. (2014)
T. chusmisensis Copagquire (Chile) DBGUCH 1109006  KJ562934 KJ563004 Sdez et al. (2014)
T dankoi Las Cascadas (Chile) DBGUCH 1108005  KJ562880 KJ562955 Sdez et al. (2014)
T dankoi Las Cascadas (Chile) DBGUCH 1108011 KJ562881  KJ562956 Sdez et al. (2014)
T dankoi Las Cascadas (Chile) DBGUCH 1110015  KJ562882  KJ562957 Sdez et al. (2014)
T. dankoi Las Cascadas (Chile) DBGUCH 1110016  KJ562883  KJ562958 Sdez et al. (2014)
T. vilamensis Rio Vilama (Chile) DBGUCH 3080 KJ562902  KJ562977 Sdez et al. (2014)
T vilamensis Rio Vilama (Chile) DBGUCH 1108016  KJ562903 KJ562978 Sdez et al. (2014)
T vilamensis Rio Vilama (Chile) DBGUCH 1108018 KJ562904  KJ562979 Siez et al. (2014)
T. vilamensis Rio Vilama (Chile) DBGUCH 1108019  KJ562905  KJ562980 Sdez et al. (2014)
T, vilamensis Rio Vilama (Chile) DBGUCH 1108022  KJ562906 KJ562981 Sdez et al. (2014)
T halli Mino (Chile) L1 01412556 OL412559 This study

T halli Mifio (Chile) L2 OL412557 OL412560 This study

T halli Mifio (Chile) L3 OL412558 OL412561 This study

T. pefauri Zapahuira (Chile) DBGUCH 3382 KJ562908  KJ562982 Sdez et al. (2014)
T. pefauri Zapahuira (Chile) DBGUCH 0504006  KJ562909 KJ562983 Sdez et al. (2014)
T. pefauri Zapahuira (Chile) DBGUCH 0504015  KJ562910 KJ562984 Sdez et al. (2014)
T. pefauri Zapahuira (Chile) DBGUCH 0606003 KJ562911  KJ562985 Sdez et al. (2014)
1. pefauri Belén (Chile) DBGUCH 0811042  KJ562923  KJ562993 Sdez et al. (2014)
T. pefauri Belén (Chile) DBGUCH 0811043  KJ562924  KJ562994 Séez et al. (2014)
T sibiricus Siberia (Bolivia) MNK A965 GU060615 GUO060580 De la Riva et al. (2010)

Supplementary material |

Video S1. Warm springs swimming bath at source of Rio Loa in Chile, 1935.

Authors: Ross McFarland

Data type: Video file

Explanation note: Footage taken by Ross McFarland during the International High
Altitude Expedition to Chile in 1935. The film shows the expedition members on
a Sunday trip to the source of the Loa River. On this occasion, Frank Gregory Hall
collected the type series of Zelmatobius halli. The video is courtesy of Wright State
University Libraries' Special Collections & Archives.

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

Link: https://doi.org/10.3897/z00keys.1079.69036.suppl1
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Abstract

This article reviews the species of the genus Heterospilus Haliday from South Korea. Nine species, Heterospi-
lus chinjuensis sp. nov., H. gajwaensis sp. nov., H. heulriensis sp. nov., H. hyungkeunleei sp. nov., H. maseon-
gus sp. nov., H. suriensis sp. nov., H tachoani sp. nov., H. weolchulsanus sp. nov., and H. yeagiensis sp. nov.,
are described as new to science. The species Heterospilus fujianensis Tang, Belokobylskij, He & Chen, 2013
is recorded for the fauna of Korea for the first time; /. ater Fischer, 1960 is synonymised under H. austriacus
(Szépligeti, 1906). Heterospilus rubicola Fischer, 1960 and H. corsicus (Marshall, 1888) are excluded from
the fauna of Korea. A key to all Heterospilus species known from the Korean Peninsula is compiled.
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Introduction

The Doryctinae genus Heterospilus Haliday, 1836 from the tribe Heterospilini, togeth-
er with Spathius Nees, 1819 (Spathiini), is one of the largest and hyperdiverse genera in
the subfamily Doryctinae, including numerous undescribed yet species (Belokobylskij
and Maetd 2009; Yu et al. 2016). According to the last molecular phylogenetic analy-
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sis provided for the subfamily Doryctinae (Zaldivar-Riveron et al. 2008), this genus
possibly originated in the tropics of South America with its later penetration and wide
distribution in Old World continents.

In total, 413 valid species of this genus have been described worldwide (Marsh et al.
2013; Tang et al. 2013; Yu et al. 2016), and more than half (280) were recorded only in
the New World (Costa Rica) (Marsh et al. 2013). The actual number of species in this
genus is probably much larger because of not enough investigated the tropical (predomi-
nantly South American) Heterospilus fauna. Two subgenera, Eoheterospilus Belokobylskij &
Maetd, 2009 (with only two known species) and the nominative Hezerospilus s. str. (with
all the remaining species), are recognised in this genus (Belokobylskij and Maet6 2009).

The study of Heterospilus fauna in Eastern Asian countries started relatively recent-
ly (Belokobylskij 1983, 1994, 1996; 1998; Belokobylskij and Maetd 2009; Tang et al.
2013). Thus far, fourteen Heterospilus species have been recorded in the Russian Far
East, 34 species in China (including Taiwan), 24 species in Japan (including Ryukyu
and Ogasawara Islands), and only five species are known in Vietnam.

The genus Heterospilus in the Korean Peninsula is not abundant and previously
15 species have been recorded in this territory: H. ater Fischer, 1960; H. austriacus
(Szépligeti, 1906); H. cephi Rohwer, 1925; H. chinensis Chen & Shi, 2004, H. cor-
sicus (Marshall, 1888); H. extasus Papp, 1987; H. kerzhneri Belokobylskij & Maeto,
2009; H. leptosoma Fischer, 1960; H. orientalis Belokobylskij, 1983; H. rubicola Fis-
cher, 1968; H. rubrocinctus (Ashmead, 1905); H. separatus Fischer, 1960; H. tauricus
Telenga, 1941; H. tirnax Papp, 1987; H. zaykovi van Achterberg, 1992 (Papp 1987,
1992; Ku et al. 2001; Belokobylskij and Maetd 2009; Lee et al 2020). However, the
records the species H. rubicola Fischer (see Remarks under H. kerzhneri Belokobylskij
& Maecto) and H. corsicus (Marshall) are questionable and require reconfirmation. At
least re-study of the available specimens determined as H. corsicus showed that it does
not belong to this species and they belong to several other species (H. chinensis Chen
& Shi, 2004, H. separatus Fischer, 1960, etc.). The status of H. corsicus and its distri-
bution in the Eastern Palaearctic require a separate additional study and the former
records need reconfirmation. As a result, H. corsicus (Marshall, 1888) is excluded here
from the fauna of the Korean Peninsula.

In this paper, nine species of Heterospilus Haliday are described from Korea as new
to science, and a single additional species is recorded for the first time. A key to all
known Korean species is provided.

Materials and methods

The terminology employed for the morphological features, sculpture and body meas-
urements follows Belokobylskij and Maeté (2009). The wing venation nomenclature
follows Belokobylskij and Maetd (2009), with the terminology of van Achterberg
(1993) shown in parentheses. New distribution records presented in this paper are
marked with an asterisk (*).
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The specimens were examined using an Olympus SZ51 stereomicroscope. Pho-
tographs were taken with an Olympus OM-D E-M1 digital camera mounted on an
Olympus SZX10 microscope (Zoological Institute of the Russian Academy of Sci-
ences, St. Petersburg, Russia). Image stacking was performed using Helicon Focus 5.0.
The figures were created using the Adobe Photoshop CS6 program.

The specimens examined in this study were deposited in the collections of the Hun-
garian Natural History Museum (Budapest, Hungary; HNHM), the Naturhistorische
Museum Wien (Wien, Austria; NHMW), the Natural History Museum (London,
United Kingdom; NHMUK), the National Institute of Biological Resources (Incheon,
Republic of Korea; NIBR), the Science Museum of Natural Enemies (Geochang, Re-
public of Korea; SMNE), and the Zoological Institute of the Russian Academy of Sci-
ences (St Petersburg, Russia; ZISP).

Taxonomy

Class Hexapoda Blainville, 1816
Order Hymenoptera Linnaeus, 1758
Family Braconidae Nees, 1811
Subfamily Doryctinae Foerster, 1863
Tribe Heterospilini Fischer, 1981
Genus Heterospilus Haliday, 1836

Updated checklist of Heterospilus species recorded in the fauna of the Korean
peninsula

Heterospilus (Eoheterospilus) rubrocinctus (Ashmead, 1905)

Heterospilus (Heterospilus) austriacus (Szépligeti, 1906) (= H. ater Fischer, 1960, syn. nov.)
Heterospilus (Heterospilus) cephi Rohwer, 1925

Heterospilus (Heterospilus) chinensis Chen & Shi, 2004

Heterospilus (Heterospilus) chinjuensis sp. nov.

Heterospilus (Heterospilus) extasus Papp, 1987

Heterospilus (Heterospilus) fujianensis Tang, Belokobylskij, He & Chen, 2013
Heterospilus (Heterospilus) gajwaensis sp. nov.

Heterospilus (Heterospilus) heulriensis sp. nov.

Heterospilus (Heterospilus) hyungkeunleei sp. nov.

Heterospilus (Heterospilus) kerzhneri Belokobylskij & Maet6, 2009
Heterospilus (Heterospilus) leptosoma Fischer, 1960

Heterospilus (Heterospilus) maseongus sp. nov.

Heterospilus (Heterospilus) orientalis Belokobylskij, 1983

Heterospilus (Heterospilus) separatus Fischer, 1960

Heterospilus (Heterospilus) suriensis sp. nov.

Heterospilus (Heterospilus) tachoani sp. nov.
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Heterospilus (Heterospilus) tauricus Telenga, 1941
Heterospilus (Heterospilus) tirnax Papp, 1987
Heterospilus (Heterospilus) weolchulsanus sp. nov.
Heterospilus (Heterospilus) yeogiensis sp. nov.
Heterospilus (Heterospilus) zaykovi van Achterberg, 1992

Heterospilus (Heterospilus) austriacus (Szépligeti, 1906)
Figs 1, 2

Atoreuteus austriacus Szépligeti, 1906: 605; Papp, 1984: 177 (as synonym of H. sicanus
(Marshall)).

Heterospilus austriacus: Belokobylskij and Tobias 1986: 34; Yu et al. 2016; Tang et al.
2013: 2002 (as valid species).

Heterospilus ater Fischer, 1960: 36. Syn. nov.

Type material examined. Lectotype of Aroreuteus austriacus Szépligeti, 1906: female,
“Austria, Wien Umgbg”, “Wien Umgbg”, “Lectotypus @ Atoreutens austriacus Szépl.
1906., des. Papp J., 19697, “Hym. Typ. No 1650 Mus. Budapest”, “Q Heterospilus
austriacus (Szépl.), Det. C. v. Achterberg, 19797 (HNHM). Holotype of Heterospilus
ater Fischer, 1960: female, [Austria] “St. Marx, Wien, 24.5.[19]59, leg. Fischer”, “ Het-
erospilus ater n. sp., det. Fischer”, “Holotype” (NHMW).

Additional material examined. SoutH Korea: 1 female, Kyonggi, Suwon,
Mt. Yogi, 11.V.1994, D.-S. Ku leg. (NIBR); 1 female, Seoul-si, Hongrung, For-
estry Research Institute, light trap, VII.1998, S.-H. Gang leg.; 1 female, Jeonnam-
do, Yeongam-gun, Gunseo-myeon, Dogap-ri, Temple Dogapsa (Mt. Weolchul-
san), light trap, 24-25.VI1.1990, ].-S. Jeon leg.; 1 female, Gyeongsangnam-do,
Sancheong-gun, 30 km NNW of Jinju (Chinju), forest, h = 800 m, 12.VI1.2002, S.
Belokobylskij leg.

Distribution. Korean Peninsula (Ku et al. 2001); China, Russia (European part,
Urals, Siberia, Far East), Kazakhstan, Transcaucasia, Central and Western Europe (Yu
et al. 2016; Belokobylskij et al. 2019).

Remarks. Species Atoreuteus austriacus Szépligeti, 1906 was synonymised under
Dentrosoter sicanus Marshall, 1888 by J. Papp (1984, 2004). However, our study of
the types specimens of both species showed that H. austriacus differs distinctly from
H. sicanus (holotype: female, with labels “Type” (round with red ringing), “Marshall
coll. 1904-120”, sicanus Marsh. (Sicily)”, “Almost certainly type of Dendrosoter si-
canus Msh., G. Nixon, 25.1.38” (handwriting by Nixon), “B.M. Type Hym. 3¢.1751”
(NHMUK)) by the short ovipositor sheath, which is 0.3-0.4x as long as the meta-
soma, 0.5-0.6x as long as the mesosoma and 0.2-0.3x as long as the fore wing (long,
0.8x as long as the metasoma, 1.1x longer than the mesosoma and 0.5x as long as the
fore wing in H. sicanus), long and entirely sculptured second metasomal tergite (second
tergite short and smooth laterally), mesopleuron smooth medially on wide area (almost
entirely rugose-striate with granulation in H. sicanus), and vertex weakly and interrupt-
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Figure 1. Heterospilus (Heterospilus) austriacus (Szépligeti, 1906), female, lectotype A habitus, dorsal
view B head, dorsal view € basal segments of antenna D head and anterior part of mesosoma, lateral view
E mesosoma, dorsal view F mesosoma, lateral view G propodeum and three basal tergites of metasoma,
dorsal view

edly transverse striate (entirely and densely striate in /. sicanus). As a result, this species
name was recently restored as a valid species Heterospilus austriacus (Szépligeti) from
the synonymy of H. sicanus (Tang et al. 2013).
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Figure 2. Heterospilus (Heterospilus) austriacus (Szépligeti, 1906), female, lectotype A fore wing B hind

wing € metasoma, dorsal view D metasoma, lateral view

The study of the large Hererospilus material and type of specimens belonging to
H. austriacus and H. ater distinctly showed significant variability in the range of the
intensity of the subbasal transverse furrow and its sculpture on the third metasomal
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tergite, the main diagnostic character of the discussed species. As a result, Hetero-
spilus ater Fischer, 1960 is here synonymised under H. austriacus (Szépligeti, 1906),
syn. nov.

Heterospilus (Heterospilus) chinensis Chen & Shi, 2004
Heterospilus chinensis Chen & Shi, 2004: 72 Yu et al. 2016; Lee et al. 2020: 19.

Material examined. SoutH Korea: 1 female, Suwon, Mt. Yeoki, MT (Wh/Gr),
21.VIL.1997, J.-Y. Choi leg.; 3 females, Seoul-si, Hongrung, Forestry Research In-
stitute, light trap, VII.1998, S.-H. Gang leg.; 1 female, Gyeongbuk-do, Pohang-si,
Songla-myeon, Daejeon-ri, Saryeongjeon (Mt. Naeyeonsan), sweeping, 16.VII.1997,
J.-S. Jeon leg.; 1 female, Gyeongnam-do, Jinju-si, Gajwa-dong, Malaise trap, 30.VI-7.
VIL.1987, D.-S. Ku leg.

Distribution. Korean Peninsula; China, Japan.

Heterospilus (Heterospilus) chinjuensis sp. nov.
http://zoobank.org/3C088AGF-D140-4C61-B2D1-41BD4AEAS58F1
Figs 3, 4

Type material. Holotype. female, “Korea, Kyongnam, Chinju-shi, Kajwadong,
1.V1.1993, Deok-Seo Ku” (NIBR).

Paratype. 1 female, “Korea, KyongNam, Chinju, Chojeon-dong (at Mercury
lamp), 8-9. VIII. 1995, Deok-Seo Ku” (SMNE).

Comparative diagnosis. This species is very similar to H. taehoani sp. nov., but
differs from the latter by having the POL 0.7x Od (1.0-1.3x in H. taehoani), hind fe-
mur wider, 3.6x longer than wide (slender, 4.0-4.4x longer than wide in H. taehoani),
length of the first tergite 1.15x its distal width (almost equal in H. taehoani) and sec-
ond tergite entirely striate (striate only in the basal half in H. raehoani).

Description. Female. Body length 2.0 mm; fore wing length 1.6-1.7 mm.

Head. Head not depressed, its width (dorsal view) 1.4-1.6x median length, 1.2—
1.3x width of mesoscutum. Head behind eyes (dorsal view) distinctly and regularly
curvedly narrowed; transverse diameter of eye 1.6-1.7x longer than temple. Ocelli
small, arranged in triangle with base 1.2x its sides. POL 0.7-0.8x Od, 0.3-0.4x OOL.
Diameter of antennal socket 1.1-1.3x distance between sockets, 1.4-1.7x distance
between socket and eye. Eye without setae, with very shallow emargination opposite
antennal sockets, 1.15x as high as broad. Malar space 0.4x height of eye, 1.0-1.2x
basal width of mandible. Face weakly convex, its width almost equal to eye height and
1.2-1.3x height of face and clypeus combined. Hypoclypeal depression medium-sized
and oval, its width 0.8-0.9x distance from edge of depression to eye, 0.4-0.5x width
of face. Occipital carina joined ventrally with hypostomal carina distinctly above base
of mandible. Head below eyes (front view) distinctly and roundly narrowed.
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Figure 3. Heterospilus (Heterospilus) chinjuensis sp. nov., female, holotype A habitus, lateral view B head,

lateral view € head, dorsal view D head in dorsolateral view and mesosoma in lateral view E mesosoma
and first metasomal tergite, dorsal view

Antenna. Antenna slender, filiform, 20-segmented, - 1.2x longer than body.
Scape short and rather thick, 1.2—1.4x longer than its maximum width. First flagellar
segment slender, almost straight, subcylindrical, 4.5-5.5x longer than its apical width,
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Figure 4. Heterospilus (Heterospilus) chinjuensis sp. nov., female, holotype A wings B propodeum and

metasoma, dorsal view € metasoma and hind leg, lateral view
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0.9-1.0x as long as second segment. Penultimate segment 4.5x longer than wide, 0.8x
as long as first flagellar segment and 1.0-1.1x as long as apical segment; the latter
acuminate apically and without spine.

Mesosoma. Mesosoma not depressed, its length 1.8-2.0x maximum height. Pro-
notum elongated, dorsally weakly convex (lateral view). Mesoscutum distinctly and
almost perpendicularly elevated above pronotum (lateral view), maximum width of
mesoscutum (dorsal view) 1.1x its length. Median lobe of mesoscutum weakly pro-
truding forwards, without anterolateral corners, convex anteriorly (dorsal view). No-
tauli narrow, entirely deep, mainly smooth, with sparse and fine crenulae. Prescutel-
lar depression deep and long, with three high median carinae, smooth on remaining
places, 0.6x as long as scutellum. Scutellum weakly convex, without lateral carinae, its
basal width almost equal to median length. Subalar depression rather shallow, wide,
with few and sparse curved striae medially, mainly smooth. Precoxal sulcus distinct,
almost straight, completely smooth, running along anterior half of lower part of meso-
pleuron. Metanotal dorsal tooth very low, wide, subpointed (lateral view). Metapleural
lobe short, wide, rounded apically. Propodeum without lateral tubercles.

Wings. Fore wing 3.0-3.5x longer than its maximum width. Pterostigma 4.0—4.5x
longer than wide. Metacarp (1-R1) 1.4x longer than pterostigma. Radial vein (r) aris-
ing from middle of pterostigma. First radial abscissa (r) 0.9-1.0x as long as maximum
width of pterostigma. Second radial abscissa (3-SR) 1.7x longer than first abscissa (r)
and forming with it obtuse angle, 0.3x as long as almost straight third abscissa (SR1),
0.6-0.8x as long as trace of first radiomedial vein (2-SR). Trace of first radiomedial
vein (2-SR) 2.3-2.5x longer than second radiomedial vein (r-m) and 2.7-3.2x longer
than recurrent vein (m-cu). Recurrent vein (m-cu) postfurcal. First medial abscissa (1-
SR+M) weakly curved and entirely sclerotised. Discoidal (discal) cell 1.6-1.7x longer
than wide. Nervulus (cu-a) very short, interstitial. Mediocubital vein (M+CU1) api-
cally almost straight. Parallel vein (CUla) basally weakly curved. Brachial (subdis-
cal) cell widely open distally. Hind wing 5.6—6.0x longer than wide. First abscissa of
costal vein (C+SC+R) 0.8-1.0x as long as second abscissa (1-SC+R); second abscissa
(1-SC+R) sclerotised. Medial (basal) cell narrow, weakly narrowed towards apex, its
length 8.0-10.0x maximum width, 0.25x length of wing. First abscissa of mediocu-
bital vein (M+CU) 0.9—1.0x as long as second abscissa (1-M). Recurrent vein (m-cu)
unsclerotised, straight, oblique, weakly antefurcal.

Legs. Fore tibia with several slender spines arranged in single line. Hind coxa with
baso-ventral tubercle, 1.5x longer than maximum width. Hind femur rather narrow,
with very low dorsal protuberance, slightly curved below (lateral view), 3.6—3.8x longer
than wide. Hind tarsus 0.9x as long as hind tibia. Hind basitarsus weakly thickened,
0.40-0.45x as long as second—fifth segments combined. Second segment of hind tarsus
0.75-0.80x as long as basitarsus, 1.5x longer than fifth segment (without pretarsus).

Metasoma. Metasoma 2.5-2.7x longer than its maximum width, almost as long
as head and mesosoma combined. First tergite with high convex median area, without
visible spiracular tubercles in basal 0.3; tergite distinctly and linearly widened from
base to apex. Maximum width of first tergite 2.3x its minimum basal width; its length
1.15-1.20x apical width, 1.2x length of propodeum. Suture between second and third
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tergites fine and smooth, weakly sinuate. Second tergite 0.6-0.7x as long as its basal
width, almost as long as third tergite. Combined length of second and third tergites
1.3x basal width of second tergite, 0.8x their maximum width. Third tergite with very
fine and smooth additional subbasal transverse furrow in basal third. Ovipositor sheath
(measured entire length in ventrolateral view) slender, 0.5-0.6x as long as metasoma,
0.7-0.8x as long as mesosoma, 0.3x as long as fore wing.

Sculpture and pubescence. Vertex, frons, temple and face almost completely
smooth. Mesoscutum mainly smooth, only partly very finely coriaceous, with two
straight and convergent posteriorly distinct carinae along notauli, finely rugulose be-
tween them. Scutellum smooth. Mesopleuron almost entirely smooth. Propodeum
with distinctly delineated, relatively long and mainly smooth baso-lateral areas, basal
carina of medium length, 0.4-0.6x as long as anterior fork of areola, areola distinctly
delineated, wide submedially and narrow posteriorly, pentagonal, entirely distinctly
and sparsely rugose, 1.4—1.5x longer than maximum width. Hind coxa and femur
mainly smooth, but coxa transverse striate dorsally. First tergite entirely distinctly
and almost linearly striate and without reticulation between striae, transverse striate
in baso-medial third. Second tergite entirely distinctly striate. Third and remaining
tergites entirely smooth. Vertex mostly with sparse, relatively short and semi-erect pale
setae, glabrous in anterior 0.3. Mesoscutum with rather sparse, medium length and
almost erect pale setae arranged narrowly along notauli and in single line laterally, all
lobes widely glabrous. Mesopleuron mainly glabrous. Hind tibia dorsally with medium
length, rather dense and semi-erect setae; length of these setae 1.0-1.2x maximum
width of hind tibia.

Colour. Head almost entirely black or dark brown. Mesosoma mainly dark red-
dish brown or reddish brown, prothorax mainly yellowish brown, mesopleuron in
lower third light reddish brown. Metasoma reddish brown in basal half, light reddish
brown to yellow in posterior half and below, or mainly brownish yellow. Antenna
mainly brown, its two basal segments brownish yellow. Palpi pale yellow. Legs yellow,
faintly infuscate basally. Ovipositor sheath dark brown. Fore wing hyaline. Pterostigma
brown, yellow apically.

Male. Unknown.

Etymology. Named after the type locality of the new species in South Korea, Chinju.

Distribution. Korean Peninsula.

Heterospilus (Heterospilus) extasus Papp, 1987
Heterospilus extasus Papp, 1987: 163; Yu et al. 2016.

Additional material examined. Sout Korea: 1 female, Gyeongnam-do, Sancheong-
gun, Sancheong-eup, Yulhyeon-ri (Mt. Jeongsusan, Temple Yulgoksa), sweeping,
22.VIIL.1998, H.-G. Ju leg; 1 female, Gyeongbuk-do, Pohang-si, Heunhae-eup,
Hakjeon-ri, (Mt. Doumsan, Temple Jeongoksa), sweeping, 17.VII1.1997, ].-S. Jeon leg.
Distribution. Korean Peninsula (Papp 1987); Russia (south of Far East), China.
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Remarks. One female of this species (collected 17.VIII.1997) have fine to very
fine and interrupted aciculation on the vertex and frons, showing thereby the interme-
diate state of the character between this species and H. tirnax Papp.

*Heterospilus (Heterospilus) fujianensis Tang, Belokobylskij, He & Chen, 2013
Heterospilus fujianensis Tang, Belokobylskij, He & Chen, 2013: 218; Yu et al. 2016.

Material examined. SoutH Korea. 1 female, Gyeonggi-do, Suwon-si, Seodun-dong,
Seoul National University, Agricultural College Arboretum, light trap, 18.VIII.1998,
D.-S. Ku leg. (NIBR).

Distribution. * Korean Peninsula; China (Jilin and Fujian Provinces).

Remarks. This species is similar to Heterospilus xanthopterus Belokobylskij &
Maet6, 2009 from Japan (Ryukyus), but differs from the latter in having the occipital
carina joined ventrally with the hypostomal carina (not joined and widely separated in
H. xanthopterus), pronotum without pronotal carina (with distinct carina in H. xan-
thopterus), notauli not wide (wide in H. xanthopterus), second tergite long, its me-
dian length 0.6x basal width (short, its median length 0.40—-0.45x the basal width in
H. xanthopterus), third tergite entirely smooth and without transverse subbasal furrow
(with rather deep and crenulate transverse furrow in H. xanthopterus), vertex entirely
smooth (medially striate in H. xanthopterus), and metasoma light reddish brown (dark
reddish brown in H. xanthopterus).

Heterospilus (Heterospilus) gajwaensis sp. nov.
http://zoobank.org/53B5375F-15FF-4AAB-8EC9-BD73389F1C45
Figs 5, 6

Type material. Holotype: female, “Korea: Gyeongnam-do, Jinju-si, Gajwa-dong, 24—
30. VI. 1989. Malaise trap. D.-S. Ku” (NIBR).

Comparative diagnosis. This species is similar to H. ishigakus Belokobylskij &
Maet6, 2009 from Japan (Ryukyus), but differs from the later by having the ocelli
large, POL 1.3x Od and 0.7x OOL (small, POL 0.8-1.0x Od and 0.35-0.40x OOL
in H. ishigakus), occipital carina not joined ventrally with hypostomal carina (joined
at least by additional carina in H. ishigakus), metacarp 1.25x longer than pterostigma
(1.1x in H. ishigakus), suture between second and third metasomal tergites weakly
sinuate (distinctly sinuate in H. ishigakus), median length of second tergite 0.5x its
basal width (0.35-0.40x in H. ishigakus), and ovipositor sheath shorter, 0.5x as long
as metasoma and 0.3x as long as fore wing (longer, 0.8—1.0x as long as metasoma and
0.45-0.55x as long as fore wing in H. ishigakus).

Description. Female. Body length 3.2 mm; fore wing length 2.5 mm.
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Head. Head not depressed, its width (dorsal view) 1.7x median length, 1.1x width
of mesoscutum. Head behind eyes (dorsal view) distinctly, regularly and roundly nar-
rowed; transverse diameter of eye 2.6x longer than temple. Ocelli medium-sized, ar-
ranged in triangle with base 1.2x its sides. POL 1.3x Od, 0.7x OOL. Diameter of
antennal socket -~ 2.0x distance between sockets, 4.0x distance between socket and
eye. Eye glabrous, with shallow emargination opposite antennal sockets, 1.2x as high
as broad. Malar space 0.3x height of eye, 0.8x basal width of mandible. Face weakly
convex, its width 0.8x height of eye and almost equal to height of face and clypeus
combined. Hypoclypeal depression rather small and round, its width almost equal to
distance from edge of depression to eye, 0.5x width of face. Occipital carina complete
dorsally, ventrally not reaching hypostomal carina and obliterated far before mandible
base. Head below eyes (front view) rather distinctly and weakly roundly narrowed.

Antenna. Antenna weakly thickened, almost filiform, 26-segmented, 1.1x longer
than body. Scape rather short and thick, 1.5x longer than its maximum width. First
flagellar segment weakly curved, subcylindrical, - 5.0x longer than its apical width,
1.05x longer than second segment. Penultimate segment - 3.5x longer than wide, 0.6x
as long as first flagellar segment, 0.9x as long as apical segment; the latter acuminate
apically and with very short spine.

Mesosoma. Mesosoma not depressed, its length 1.8x maximum height. Pronotum
short, dorsally distinctly convex, with distinct pronotal carina submedially; side of
pronotum with deep, relatively wide and distinctly curved furrow with dense crenula-
tion. Mesoscutum highly and almost perpendicularly elevated above pronotum (lateral
view), maximum width of mesoscutum (dorsal view) 1.15x its length. Median lobe of
mesoscutum weakly protruding forwards, with short but distinct anterolateral corners,
weakly convex anteriorly (dorsal view). Notauli relatively narrow, entirely rather deep,
densely and distinctly crenulate. Prescutellar depression rather deep, wide, with three
distinct carinae, entirely smooth, ~ 0.5x as long as scutellum. Scutellum weakly con-
vex. Subalar depression rather shallow, wide, distinctly rugose-striate. Precoxal sulcus
deep, straight, entirely smooth, running along anterior 0.6 of lower part of mesopleu-
ron. Metanotal tooth very short and thick. Metapleural lobe distinct, rather narrow,
rounded apically. Propodeum without lateral tubercles.

Wings. Fore wing 3.1x longer than its maximum width, 0.8x as long as body. Pter-
ostigma 3.5x longer than wide. Metacarp (1-R1) 1.25x longer than pterostigma. Ra-
dial vein (r) arising weakly before middle of pterostigma, its inner distance from base
of pterostigma to radial vein 0.8x distance from radial vein (r) to apex of pterostigma.
First radial abscissa (r) - 0.9x as long as maximum width of pterostigma. Second radial
abscissa (3-SR) 1.3x longer than first abscissa (r) and forming very obtuse angle with it,
0.25x as long as straight third abscissa (SR1), 0.6x as long as trace of first radiomedial
vein (2-SR). Trace of first radiomedial vein (2-SR) 2.1x longer than second radiome-
dial vein (r-m) and 2.6x longer than recurrent vein (m-cu). Recurrent vein (m-cu)
distinctly postfurcal. First medial abscissa (1-SR+M) weakly curved. Discoidal (discal)
cell 1.8x longer than wide. Distance from nervulus (cu-a) to basal vein (1-M) almost
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Figure 5. Hererospilus (Heterospilus) gajwaensis sp. nov., female, holotype A habitus, lateral view B head,

front view € head and mesoscutum, dorsal view D head and basal segments of antenna, lateral view E

mesosoma, dorsal view F head and mesosoma, lateral view
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Figure 6. Heterospilus (Heterospilus) gajwaensis sp. nov., female, holotype A fore wing B hind wing

C metasoma, dorsal view D metasoma, lateral view
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equal to nervulus (cu-a) length. Mediocubital vein (M+CU1) very weakly sinuate. Par-
allel vein (CUla) basally weakly curved. Brachial (subdiscal) cell widely open distally.
Hind wing 4.5x longer than wide. First abscissa of costal vein (C+SC+R) 1.2x longer
than second abscissa (1-SC+R); second abscissa (1-SC+R) strongly sclerotised. Medial
(basal) cell narrow, almost parallel-sided in apical half, its length 7.5x maximum width,
0.25x length of wing. First abscissa of mediocubital vein (M+CU) almost as long as
second abscissa (1-M). Recurrent vein (m-cu) unsclerotised, weakly curved towards
apex, antefurcal.

Legs. Fore tibia with several slender spines arranged in almost single line. Hind
coxa with distinct baso-ventral tubercle, 1.5x longer than maximum width. Hind fe-
mur rather wide, with very low dorsal protuberance, 3.6x longer than wide. Hind
tarsus 0.9x as long as hind tibia. Hind basitarsus weakly thickened, 0.5x as long as
second—fifth segments combined. Second segment of hind tarsus 0.75x as long as ba-
sitarsus, 1.4x longer than fifth segment (without pretarsus).

Metasoma. Metasoma 2.6x longer than its maximum width, 1.2x longer than
head and mesosoma combined. First tergite with rather high and wide median area,
without spiracular tubercles; tergite distinctly and almost linearly widened from base
to apex. Maximum width of first tergite 2.2x its minimum width; its length 0.9x apical
width, 1.2x length of propodeum. Second suture distinct and weakly sinuate. Median
length of second tergite 0.5x its basal width, equal to length of third tergite. Combined
length of second and third tergites equal to basal width of second tergite, 0.75x their
maximum width. Third tergite in basal 0.3 with shallow, wide, distinctly and widely
crenulate transverse furrow. Ovipositor sheath (measured entire length in ventrolateral
view) relatively slender, 0.5x as long as metasoma, 0.7x as long as mesosoma, 0.3x as
long as fore wing.

Sculpture and pubescence. Vertex entirely, distinctly and densely transversely stri-
ate, without microsculpture, without smooth spots; frons entirely densely and distinctly
transversely striate. Face mainly smooth, medially and laterally in low part shortly ac-
iculate; temple mostly smooth. Mesoscutum entirely densely and distinctly granulate,
its median lobe anteriorly with granulae arranged in curved lines, with several undulate
and weakly convergent posteriorly carinae and rather fine rugosity between them in its
medioposterior half. Scutellum almost entirely smooth. Mesopleuron mostly smooth.
Propodeum with baso-lateral areas distinctly delineated and mainly smooth with rugo-
sity along carinae, with distinctly delineated wide pentagonal areola, basal carina short,
0.15x as long as propodeum; most part of propodeum (including areola) densely and
coarsely rugose-reticulate to areolate. Hind coxae dorsally finely and only anteriorly
rugulose, laterally and ventrally mainly smooth. Hind femur densely and finely stri-
ate to coriaceous in upper half, smooth on remaining part. First tergite with distinct
and convergent dorsal carinae, densely, coarsely and undulately striate, with rugulosity
between striae. Second tergite entirely distinctly and densely longitudinally and weakly
curvedly striate, with fine micro-reticulation between striae. Third tergite densely and
distinctly longitudinally striate in basal 0.3. Fourth tergite very shortly and distinctly
striate in subbasal furrow. Remaining parts of tergites smooth. Vertex glabrous widely
medially, with sparse, short and semi-erect setae directed forwards. Mesoscutum with
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rather dense, long and semi-erect white setae arranged rather widely along notauli and
in single line laterally, all lobes medially widely glabrous. Mesopleuron widely glabrous
medially. Hind tibia dorsally with short, rather dense and semi-erect setae; length of
these setae ~ 0.5x maximum width of hind tibia.

Colour. Head mainly brownish yellow, faintly infuscate dorsally. Mesosoma
and metasoma dark reddish brown, reddish brown to light reddish brown later-
ally, prothorax partly yellowish brown. Antenna dark reddish brown to black, four
basal segments yellowish brown. Palpi pale yellow. Legs entirely yellow. Ovipositor
sheath dark brown to black. Fore wing subhyaline. Pterostigma brown, pale brown
basally and apically.

Male. Unknown.

Etymology. Named after the type locality of the new species in South Korea,
Gajwa-dong,.

Distribution. Korean Peninsula.

Heterospilus (Heterospilus) heulriensis sp. nov.
http://zoobank.org/D75FC087-59E3-412E-B943-5058 F8B49996
Figs 7, 8

Type material. Holotype, female, “Korea, Gangwondo, Goseong, Ganseong, Heulri
(Shinseonbong), 2.VIII-19.X.2002, D.-S. Ku, Malaise trap” (NIBR).

Comparative diagnosis. This species is very similar to H. divisus (Wollaston,
1858), but differs from the later by having the temple shorter, transverse diameter
of eye 1.5x longer than temple (longer, 1.2x longer than temple in H. divisus), malar
space 0.75x height of eye (0.55x in H. divisus), mesosoma length 2.0x maximum
height (1.7x in H. divisus), prescutellar depression with single high median carina
(with three carinae in H. divisus), pterostigma narrow, 4.2x longer than wide (wide,
2.8x longer than wide in H. divisus), radial vein (r) of fore wing arising from middle of
pterostigma (distinctly before in H. divisus), recurrent vein (m-cu) weakly antefurcal
(distinctly postfurcal in H. divisus), hind femur narrow, 4.3x longer than wide (wide,
3.6x longer than wide in H. divisus), vertex and frons entirely smooth (finely and
densely striate in H. divisus), mesoscutum finely to very finely coriaceous (distinctly
granulate in /. divisus) and distribution in Korean Peninsula (in the south of the West-
ern Palaearctic in H. divisus).

Description. Female. Body length 1.8 mm; fore wing length 1.5 mm.

Head. Head not depressed, its width (dorsal view) 1.4x median length, 1.2x width
of mesoscutum. Head behind eyes (dorsal view) distinctly, weakly curvedly and regu-
larly narrowed; transverse diameter of eye 1.5x longer than temple. Ocelli small, ar-
ranged in equilateral triangle. POL 1.5x Od, 0.4x OOL. Diameter of antennal socket
0.8x distance between sockets, 2.5x distance between socket and eye. Eye without
setae, with very shallow emargination opposite antennal sockets, 1.1x as high as broad.
Malar space 0.75x height of eye, 1.3x basal width of mandible. Face weakly convex,
its width 1.3x height of eye and 1.2x height of face and clypeus combined. Hypocl-
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ypeal depression rather small and oval, its width 0.9x distance from edge of depression
to eye, 0.4x width of face. Occipital carina joined ventrally with hypostomal carina
distinctly above base of mandible. Head below eyes (front view) distinctly and weakly-
roundly narrowed.

Antenna. Antenna slender, filiform, 19-segmented, 1.4x longer than body. Scape
short and thick, 1.3x longer than its maximum width. First flagellar segment slender,
almost straight, subcylindrical, - 5.5x longer than its apical width, almost as long as
second segment. Penultimate segment ~ 3.5x longer than wide, 0.7x as long as first
flagellar segment, almost as long as apical segment; the latter obtuse apically and
without spine.

Mesosoma. Mesosoma not depressed, its length 2.0x maximum height. Prono-
tum rather long, dorsally not convex (lateral view), submedially with distinct prono-
tal carina (dorsal view). Mesoscutum distinctly and almost perpendicularly elevated
above pronotum (lateral view), maximum width of mesoscutum (dorsal view) 1.2x
its length. Median lobe of mesoscutum protruding forwards, without anterolateral
corners, convex anteriorly (dorsal view). Notauli narrow, deep but weakly shallow
posteriorly, sparsely and finely crenulate. Prescutellar depression deep and long, with
high median carina, smooth or finely rugulose, 0.4x as long as scutellum. Scutel-
lum weakly convex, with fine lateral carinae, its basal width almost equal to median
length. Subalar depression shallow, rather wide, with few coarse striae, but mainly
smooth. Precoxal sulcus deep, straight, completely smooth, running along anterior
0.6 of lower part of mesopleuron. Dorsal metanotal tooth very low, wide, subpoint-
ed (lateral view). Metapleural lobe short, wide, rounded apically. Propodeum with-
out lateral tubercles.

Wings. Fore wing 3.3x longer than its maximum width. Pterostigma 4.2x longer
than wide. Metacarp (1-R1) 1.3x longer than pterostigma. Radial vein (r) arising from
middle of pterostigma. First radial abscissa (r) almost as long as maximum width of
pterostigma. Second radial abscissa (3-SR) 1.5x longer than first abscissa (r) and form-
ing with it very obtuse angle, 0.25x as long as almost straight third abscissa (SR1),
0.65x as long as trace of first radiomedial vein (2-SR). Trace of first radiomedial vein
(2-SR) ~ 2.0x longer than second radiomedial vein (r-m) and 2.5x longer than recur-
rent vein (m-cu). Recurrent vein (m-cu) weakly antefurcal. First medial abscissa (1-
SR+M) weakly sinuate and unsclerotised. Discoidal (discal) cell elongated, almost 2.0x
longer than wide. Nervulus (cu-a) short, subinterstitial. Mediocubital vein (M+CU1)
apically almost straight. Parallel vein (CU1a) basally weakly curved. Brachial (sub-
discal) cell widely open distally. Hind wing 6.5x longer than wide. First abscissa of
costal vein (C+SC+R) almost as long as second abscissa (1-SC+R); second abscissa (1-
SC+R) strongly sclerotised. Medial (basal) cell narrow, weakly narrowed towards apex,
its length - 7.5x maximum width, 0.2x length of wing. First abscissa of mediocubital
vein (M+CU) approximately as long as second abscissa (1-M). Recurrent vein (m-cu)
unsclerotised, straight, subperpendicular, distinctly antefurcal.

Legs. Fore tibia with several distinct slender spines arranged in single line. Hind
coxa with baso-ventral tubercle, 1.6x longer than maximum width. Hind femur rather
narrow, with very low dorsal protuberance, slightly curved below (lateral view), 4.3x
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Figure 7. Heterospilus (Heterospilus) heulriensis sp. nov., female, holotype A habitus, lateral view B head

and mesoscutum, dorsal view € head, front view D head and mesosoma, dorsal view E head and meso-

soma, lateral view

longer than wide. Hind tarsus 0.9x as long as hind tibia. Hind basitarsus weakly thick-
ened, 0.4x as long as second—fifth segments combined. Second segment of hind tarsus
0.9x as long as basitarsus, 1.4x longer than fifth segment (without pretarsus).
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Figure 8. Heterospilus (Heterospilus) heulriensis sp. nov., female, holotype A wings B metasoma, dorsal

view € metasoma, lateral view

Metasoma. Metasoma ~ 2.5x longer than its maximum width, 1.1x longer than
head and mesosoma combined. First tergite with rather high but not delineated me-
dian area, with indistinct spiracular tubercles in basal 0.3; tergite distinctly and almost
linearly widened from base to apex. Maximum width of first tergite 2.2x its minimum
basal width; its length 1.1x apical width, 1.2x length of propodeum. Suture between
second and third tergites very fine, almost indistinct. Combined length of second and
third tergites 1.1x basal width of second tergite, 0.75x their maximum width. Third
tergite without additional subbasal transverse furrow. Ovipositor sheath (measured en-
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tire length in ventrolateral view) slender, 0.9x as long as metasoma, 1.2x longer than
mesosoma, 0.5x as long as fore wing.

Sculpture and pubescence. Vertex, frons, temple and face entirely smooth. Mes-
oscutum finely to very finely coriaceous, with two straight and convergent posteriorly
distinct carinae and finely rugosity between them in narrow area in medioposterior
quarter. Scutellum smooth. Mesopleuron smooth in lower 0.7. Propodeum with dis-
tinctly delineated and relatively short smooth baso-lateral areas, basal carina relatively
short, 0.6x as long as anterior fork of areola, areola delineated, wide, pentagonal, en-
tirely distinctly rugose. Hind coxa and femur smooth. First tergite entirely distinctly,
strongly and almost linearly striate and without fine reticulation between striae. Sec-
ond tergite almost smooth, only with very fine and short aciculation antero-laterally.
Third and remainder tergites entirely smooth. Vertex with sparse, long and semi-erect
pale setae. Mesoscutum with sparse, long and semi-erect pale setae arranged narrowly
along notauli and in single line laterally, all lobes widely glabrous medially. Mesopleu-
ron medially widely glabrous. Hind tibia dorsally with long, rather sparse and semi-
erect setae; length of these setae almost equal to maximum width of hind tibia.

Colour. Head dark brown. Mesosoma dark reddish brown, prothorax mainly yel-
low. Metasoma dark reddish brown to reddish brown or lighter medially. Antenna
mainly reddish brown, basally faintly paler. Palpi pale yellow. Legs yellow. Ovipositor
sheath black. Fore wing hyaline. Pterostigma mainly yellow, partly with brownish tint.

Male. Unknown.

Etymology. Named after the type locality of the new species in South Korea, Heulri.

Distribution. Korean Peninsula.

Heterospilus (Heterospilus) hyungkeunleei sp. nov.
http://zoobank.org/2C64B2A1-3B48-4D2B-8826-1ED799E93AD7
Fig 9, 10

Type material. Holotype: female, “Korea: Gyeonggi-do, Osan, Sucheong-dong,
Gyeonggi-do Forest Environment Research Institute, light trap, 17.1X.1999, H.-K.
Lee” (NIBR).

Comparative diagnosis. This species is similar to H. nanlingensis Tang, Belokob-
ylskij, He & Chen, 2013, but differs from the later by having the occipital carina not
joined ventrally with hypostomal carina at short distance (joined with hypostomal carina
in H. nanlingensis), vertex smooth wide posteriorly (entirely coarsely striate in H. nan-
lingensis), mesosoma length 1.75x its maximum height (1.9x in H. nanlingensis), propo-
deum with mostly rugose-striate baso-lateral areas (mostly smooth in H. nanlingensis),
pterostigma entirely yellow (almost entirely dark brown in H. nanlingensis), and suture
between second and third tergites distinctly sinuate (almost straight in H. nanlingensis).

Description. Female. Body length 3.2 mm; fore wing length 2.3 mm.

Head. Head not depressed, its width (dorsal view) 1.6x median length, 1.2x width
of mesoscutum. Head behind eyes (dorsal view) distinctly convex, subparallel-sided in
anterior half and distinctly roundly narrowed in posterior half; transverse diameter of
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eye 1.8x longer than temple. Ocelli small, arranged in almost equilateral triangle. POL
almost equal to Od, 0.3x OOL. Diameter of antennal socket almost equal to distance
between sockets, 2.7x distance between socket and eye. Eye glabrous, with shallow and
wide emargination opposite antennal sockets, 1.2x as high as broad. Malar space 0.45x
height of eye, equal to basal width of mandible. Face weakly convex, its width 1.1x
height of eye and 1.1x height of face and clypeus combined. Hypoclypeal depression
round, its width 0.85x distance from edge of depression to eye, 0.4x width of face. Oc-
cipital carina complete dorsally, not joined ventrally with hypostomal carina at short
distance. Head below eyes (front view) distinctly and weakly curvedly narrowed.

Antenna. Antenna slender, weakly setiform, more than 24-segmented (apical segments
missing). Scape rather short and thick, 1.4x longer than its maximum width. First flagel-
lar segment weakly thickened, almost straight, subcylindrical, 5.0x longer than its apical
width, 1.2x longer than second segment. Subapical segment ~ 4.0x longer than wide.

Mesosoma. Mesosoma not depressed, its length 1.75x maximum height. Prono-
tum elongated, dorsally convex, with distinct double pronotal carina; side of prono-
tum with deep, rather wide, distinctly curved up and entirely coarsely crenulate fur-
row. Mesoscutum highly and perpendicularly elevated above pronotum (lateral view),
maximum width of mesoscutum (dorsal view) 1.15x its length. Median lobe of mes-
oscutum (dorsal view) weakly protruding forwards, with distinct but short antero-
lateral corners, weakly convex anteriorly. Notauli mainly rather wide but narrowed
posteriorly, coarsely and sparsely crenulate. Prescutellar depression deep, long, with
three high, complete and weakly curved carinae, entirely smooth, almost 0.5x as long
as scutellum. Scutellum convex, without lateral carinae, its basal width almost equal
to median length. Subalar depression shallow, relatively wide, sparsely and coarsely
striate. Precoxal sulcus deep, smooth anteriorly and weakly crenulate posteriorly. Pro-
podeum without lateral tubercles.

Wings. Fore wing 2.9x longer than its maximum width, 0.8x as long as body. Pter-
ostigma 3.7x longer than wide. Metacarp (1-R1) 1.5x longer than pterostigma. Radial
vein (r) arising from middle of pterostigma. First radial abscissa (r) 1.1x longer than
maximum width of pterostigma. Second radial abscissa (3-SR) 1.2x longer than first
abscissa (r) and forming with it obtuse angle, 0.25x as long as straight third abscissa
(SR1), 0.5x as long as trace of first radiomedial vein (2-SR). Trace of first radiomedial
vein (2-SR) 2.1x longer than second radiomedial vein (r-m) and 2.7x longer than re-
current vein (m-cu). Recurrent vein (m-cu) postfurcal. First medial abscissa (1-SR+M)
weakly sinuate. Discoidal (discal) cell 1.5x longer than wide. Distance from nervulus
(cu-a) to basal vein (1-M) - 0.5x nervulus (cu-a) length. Mediocubital vein (M+CU1)
weakly sinuate. Parallel vein (CUla) basally weakly curved. Brachial (subdiscal) cell
distally widely open. Hind wing 5.0x longer than wide. First abscissa of costal vein
(C+SC+R) approximately as long as second abscissa (1-SC+R); second abscissa (1-
SC+R) strongly sclerotised. Medial (basal) cell narrow, parallel-sided in apical half, its
length 7.5x maximum width, 0.3x length of wing. First abscissa of mediocubital vein
(M+CU) 0.9x as long as second abscissa (1-M). Recurrent vein (m-cu) unsclerotised,
weakly curved towards apex of wing, weakly antefurcal.
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Figure 9. Heterospilus (Heterospilus) hyungkeunleei sp. nov., female, holotype A habitus, lateral view
B head, front view € head and mesoscutum, dorsal view D mesosoma and first metasomal tergite, dorsal

view E head and mesosoma, lateral view F hind leg G propodeum and three basal tergites of metasoma
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Figure 10. Hererospilus (Heterospilus) hyungkeunleei sp. nov., female, holotype A wings B metasoma,

dorsal view € metasoma, lateral view

Legs. Fore tibia with numerous slender spines arranged in almost straight line.
Hind coxa with distinct baso-ventral tubercle, 1.3x longer than maximum width.
Hind femur rather wide, with very low dorsal protuberance, 3.7x longer than wide.
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Hind tarsus 0.85x as long as hind tibia. Hind basitarsus weakly thickened, 0.5x as
long as second—fifth segments combined. Second segment of hind tarsus 0.7x as long
as basitarsus, 1.7x longer than fifth segment (without pretarsus).

Metasoma. Metasoma 2.8x longer than its maximum width, 1.1x longer than
head and mesosoma combined. First tergite with rather high and wide median area,
with almost indistinct spiracular tubercles in basal 0.3; tergite distinctly and almost
linearly widened from base to apex. Maximum width of first tergite twice its minimum
width; its length equal to apical width, 1.3x length of propodeum. Second suture shal-
low, distinct, rather distinctly sinuate. Median length of second tergite 0.3x its basal
width, 0.65x length of third tergite. Combined length of second and third tergites
0.9x basal width of second tergite, 0.8x their maximum width. Third tergite with dis-
tinct and widely crenulate transverse basal furrow in anterior third. Ovipositor sheath
(measured entire length in ventrolateral view) rather slender, 0.7x as long as metasoma,
as long as mesosoma, 0.5x as long as fore wing,.

Sculpture and pubescence. Vertex in anterior quarter and laterally from ocelli
dense and distinctly transverse striate, smooth on remainder part. Frons entirely dense-
ly transversely striate. Temple smooth. Face mainly smooth, but finely curvedly striate
medially and ventro-laterally. Mesoscutum finely transverse striate and partly with very
fine granulation; scutellum entirely very finely coriaceous to smooth. Mesopleuron
mostly smooth. Propodeum with mostly rugose-striate baso-lateral areas distinctly de-
lineated by coarse carinae, with areolate-reticulate and almost completely delineated
large pentagonal areola, basal carina short; most part of propodeum rather sparsely and
coarsely rugose-reticulate. Hind coxae coarsely and densely transverse striate in upper
half, smooth in lower half. Hind femur finely and densely reticulate-coriaceous in up-
per half and smooth ventrally. First tergite with distinct and convergent posteriorly
dorsal carinae, rather densely and coarsely striate and with fine reticulation between
striae. Second tergite entirely coarsely and sparsely striate, with very fine reticulation
between striae. Third tergite mainly smooth, with widely crenulate subbasal depression
in anterior third. Remainder of tergites smooth, but fourth tergite distinctly crenulate
basally. Vertex mainly glabrous, with sparse and short setaec marginally. Mesoscutum
with relatively sparse, short and semi-erect pale setae situated narrowly only along
notauli, all lobes widely glabrous. Mesopleuron widely glabrous. Hind tibia dorsally
with short, relatively dense and semi-erect pale setae; length of these setae 0.4-0.5x
maximum submedian width of hind tibia.

Colour. Head entirely brownish yellow. Mesosoma reddish brown, yellowish
brown ventrally and dark reddish brown with black spots dorsally. Metasoma main-
ly reddish brown to dark reddish brown, distally brownish yellow. Antenna entirely
brownish yellow. Palpi pale yellow. Legs entirely yellow. Ovipositor sheath dark brown.
Fore wing hyaline, with faint yellowish tint. Pterostigma entirely pale yellow.

Male. Unknown.

Etymology. Named on honour of the collector of the holotype of new species, Dr.
Hyung-Keun Lee.

Distribution. Korean Peninsula.
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Heterospilus (Heterospilus) kerzhneri Belokobylskij & Maet6, 2009

Heterospilus kerzhneri Belokobylskij & Maetd, 2009: 201; Yu et al. 2016; Lee et al
2020: 19.

Material examined. SoutH Korea: 1 female, Gyeongsangnam-do, Sancheong-gun,
30 km NNW of Jinju (Chinju), forest, h = 800 m, 12.V1.2002, S. Belokobylskij
leg.; 1 female, Gyeongnam, Eulryeong-Gun, Garye-nyeon, Gapeul-ri, Mt. Jengul,
12.V1.1990, D.-S. Ku leg.; 1 male, South Korea, “1987-1992”; 1 female, Kangwon,
Hwachon, Kandong, 25.V.1993, D.-S. Ku leg.

Distribution. Korean Peninsula; Russia (south of Far East), Japan.

Remarks. Perhaps the specimen of Heterospilus rubicola Fischer, 1968 previously
recorded from the Korean Peninsula as a female of H. tobiasi Belokobylskij, 1983 (jun-
ior synonym of H. rubicola: Belokobylskij and Tobias, 1986) by Papp (1987) actually
belongs to the morphologically similar H. kerzhneri. Therefore, the record of H. rubi-
cola in the fauna of Korean Peninsula needs to be confirmed before it is accepted.

Heterospilus (Heterospilus) maseongus sp. nov.
http://zoobank.org/D2A9961E-BE3D-4A32-9827-D1608C965667
Figs 11, 12

Type material. Holotype, female, “Korea. Kyongsangbuk-do, Chomch’on-up, Ma-
seong Buljeong, 9.V1.1992, D.-S. Ku” (NIBR).

Comparative diagnosis. This species is very similar to H. tauricus Telenga, 1941
and H. indigenus Belokobylskij, 1983 but differs from it by having the glabrous eyes
(setose in both other species), recurrent vein (m-cu) interstitial (more or less post-
furcal in both other species), ovipositor sheath of intermediate length, weakly longer
than metasoma and 0.8x as long as fore wing (shorter, 0.5-0.6x as long as fore wing
in H. tauricus, and longer, approximately as long as fore wing in H. indigenus), and
mesopleuron widely smooth in lower 0.7 (densely granulate or granulate-coriaceous in
both other species).

Description. Female. Body length 4.3 mm; fore wing length 3.3 mm.

Head. Head not depressed, its width (dorsal view) 1.7x median length, 1.1x width
of mesoscutum. Head behind eyes (dorsal view) distinctly, weakly curvedly and regu-
larly narrowed; transverse diameter of eye 1.8x longer than temple. Ocelli medium-
sized, arranged in almost equilateral triangle. POL 1.25x Od, 0.4x OOL. Diameter of
antennal socket 1.1x distance between sockets, 3.0x distance between socket and eye.
Eye without setae, with shallow emargination opposite antennal sockets, 1.2x as high
as broad. Malar space 0.6x height of eye, almost equal to basal width of mandible. Face
weakly convex, its width 1.15x height of eye and 0.9x height of face and clypeus com-
bined. Hypoclypeal depression rather small and round, its width 0.8x distance from
edge of depression to eye, 0.45x width of face. Occipital carina joined ventrally with
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Figure | 1. Heterospilus (Heterospilus) maseongus sp. nov., female, holotype A habitus, lateral view B head,

dorsal view € head, front view D head and basal segments of antenna, lateral view E propodeum and

three basal tergites of metasoma, dorsal view F mesosoma, dorsal view G mesosoma, lateral view H femur

and tibia of hind leg
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Figure 2. Heterospilus (Heterospilus) maseongus sp. nov., female, holotype A wings B metasoma, dorsal

view € metasoma, lateral view

hypostomal carina above base of mandible. Head below eyes (front view) distinctly and
weakly-roundly narrowed.

Antenna. Antenna slender, weakly setiform, 33-segmented, 1.3x longer than
body. Scape short and thick, 1.3x longer than its maximum width. First flagellar seg-
ment rather thick, weakly curved, subcylindrical, 5.0x longer than its apical width,
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1.2x longer than second segment. Penultimate segment 4.5x longer than wide, 0.55x
as long as first flagellar segment, 0.9x as long as apical segment; the latter acuminate
apically and without spine.

Mesosoma. Mesosoma not depressed, its length 1.9x maximum height. Pronotum
rather long, dorsally weakly convex (lateral view), submedially with rather distinct
pronotal carina (dorsal view). Mesoscutum highly and almost perpendicularly elevated
above pronotum (lateral view), maximum width of mesoscutum (dorsal view) 1.1x its
length. Median lobe of mesoscutum weakly protruding forwards, with small antero-
lateral corners, weakly convex anteriorly (dorsal view). Notauli narrow, entirely deep,
sparsely and distinctly crenulate. Prescutellar depression deep, relatively long, with five
distinct and weakly curved carinae, smooth between them, 0.35x as long as scutel-
lum. Scutellum weakly convex, with fine lateral carinae, its basal width 1.1x median
length. Subalar depression shallow, rather wide, coarsely striate with rugosity. Precoxal
sulcus deep, almost straight, distinctly crenulate on narrow median area, running along
anterior 0.6 of lower part of mesopleuron. Metanotal dorsal tooth very low, wide, sub-
pointed (lateral view). Metapleural lobe distinct, relatively narrow, rounded apically.
Propodeum without lateral tubercles.

Wings. Fore wing 3.5x longer than its maximum width. Pterostigma 4.8x longer
than wide. Metacarp (1-R1) 1.3x longer than pterostigma. Radial vein (r) arising al-
most from middle of pterostigma. First radial abscissa (r) 1.2x longer than maximum
width of pterostigma. Second radial abscissa (3-SR) 1.2x longer than first abscissa
(r) and forming very obtuse angle with it, 0.25x as long as the straight third abscissa
(SR1), 0.55x as long as trace of first radiomedial vein (2-SR). Trace of first radiomedial
vein (2-SR) 2.3x longer than second radiomedial vein (r-m) and 2.5x longer than re-
current vein (m-cu). Recurrent vein (m-cu) interstitial. First medial abscissa (1-SR+M)
weakly sinuate. Discoidal (discal) cell elongated, 1.8x longer than wide. Distance from
nervulus (cu-a) to basal vein (1-M) 1.5x nervulus (cu-a) length. Mediocubital vein
(M+CU1) apically almost straight. Parallel vein (CU1a) basally distinctly curved. Bra-
chial (subdiscal) cell widely open distally. Hind wing 4.7x longer than wide. First
abscissa of costal vein (C+SC+R) 1.6x longer than second abscissa (1-SC+R); second
abscissa (1-SC+R) distinctly sclerotised. Medial (basal) cell narrow, almost parallel-
sided in apical half; its length almost 9.0x maximum width, 0.25x length of wing. First
abscissa of mediocubital vein (M+CU) 0.7x as long as second abscissa (1-M). Recur-
rent vein (m-cu) unsclerotised, straight, subperpendicular, interstitial.

Legs. Fore tibia with several slender spines arranged in single line. Hind coxa with
distinct baso-ventral tubercle, 1.6x longer than maximum width. Hind femur rather
narrow, with low dorsal protuberance, slightly curved below (lateral view), 4.4x longer
than wide. Hind tarsus as long as hind tibia. Hind basitarsus weakly thickened, 0.5x as
long as second—fifth segments combined. Second segment of hind tarsus 0.85x as long
as basitarsus, 2.0x longer than fifth segment (without pretarsus).

Metasoma. Metasoma approximately 2.0x longer than its maximum width, 1.3x
longer than head and mesosoma combined. First tergite with rather high but not de-
lineated median area, with indistinct spiracular tubercles in basal 0.3; tergite distinctly
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and almost linearly widened from base to subapex, weakly narrowed apically. Maxi-
mum width of first tergite 2.5x its minimum basal width; its length 0.9x apical width,
1.2x length of propodeum. Suture between second and third tergites deep and finely
sinuate. Median length of second tergite 0.4x its basal width, 0.7x length of third
tergite. Combined length of second and third tergites 0.7x basal width of second ter-
gite, 0.7x their maximum width. Third tergite in basal 0.25 with deep, rather wide,
distinctly and widely crenulate transverse furrow. Ovipositor sheath (measured entire
length in ventrolateral view) rather slender, 1.2x longer than metasoma, 1.8x longer
than mesosoma, 0.8x as long as fore wing.

Sculpture and pubescence. Vertex and frons entirely coarsely densely and finely
curvedly transversely striate, practically without additional sculpture between striae.
Face finely striated laterally, medially smooth on wide area; temple smooth. Mesoscu-
tum entirely densely and distinctly granulate, with two distinct, almost straight and
convergent posteriorly carinae and with distinct rugosity between them in narrow area
in its medioposterior half. Scutellum finely granulate-coriaceous. Mesopleuron widely
smooth in lower 0.7, with striation in narrow transverse submedian stripe and in me-
dioposterior area. Propodeum with distinctly delineated and short baso-lateral areas,
without delineated areola, basal carina short, 0.2x as long as propodeum, 0.4x as long
as anterior fork of areola; baso-lateral areas smooth in anterior half and rugulose in
posterior half, remainder of propodeum densely and coarsely rugose-reticulate. Hind
coxae dorsally transversely curvedly striate, laterally finely and rather densely reticu-
late-coriaceous. Hind femur mainly finely coriaceous. First tergite with distinct and
strongly convergent subbasally dorsal carinae situated in basal half, densely, coarsely
and almost linearly striate and with fine reticulation between striae. Second tergite
entirely distinctly and densely longitudinally striate, and usually with reticulation be-
tween striae. Third tergite in subbasal depression widely, fourth and fifth tergites ba-
sally rather shortly and distinctly striate. Remaining parts of tergites smooth. Vertex
with rather sparse, short and semi-erect setae. Mesoscutum with dense, relatively long
and semi-erect pale setae arranged widely along notauli and in almost single line later-
ally, all lobes widely glabrous medially. Mesopleuron medially widely glabrous. Hind
tibia dorsally with medium length, rather dense and semi-erect setae; length of these
setae 0.5-0.7x maximum width of hind tibia.

Colour. Head and anterior two thirds of mesosoma reddish brown to light reddish
brown. Propodeum, metapleuron and first metasomal tergite dark reddish brown to
black, reminder of metasoma reddish brown to yellowish brown. Antenna dark reddish
brown to black, scape, pedicel and several basal flagellar segments yellowish brown or
reddish brown. Palpi yellow. Legs yellow to brownish yellow. Ovipositor sheath black.
Fore wing subhyaline. Pterostigma mainly yellow with partly brownish tint.

Male. Unknown.

Etymology. Named after the type locality of the new species in South Korea, Ma-
seong Buljeong.

Distribution. Korean Peninsula.
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Heterospilus (Heterospilus) separatus Fischer, 1960
Heterospilus separatus Fischer, 1960: 61; Yu et al. 2016.

Additional material examined. SoutH Korea. 1 female, 3 males, Gyeongsangnam-
do, Sancheong-gun, 30 km NNW of Jinju (Chinju), forest, h = 800 m, 12.V1.2002, S.
Belokobylskij leg.; 2 females, Gyeonggi-do, Osan, Sucheong-dong, Gyeonggi-do Forest
Environment Research Institute, light trap, 4.V1.1999, H.-G. Lee leg.; 1 female, same
label, but 9.V1.1999; 1 female, Kyonggi, Suwon, Mt. Yogi, 11.V.1994, D.-S. Ku leg.

Distribution. Korean Peninsula (Papp 1992); Japan, China, Russia (European
part, Urals, Siberia, Far East), Mongolia, Kazakhstan, Transcaucasia, Central and
Western Europe (Yu et al. 2016; Belokobylskij et al. 2019).

Heterospilus (Heterospilus) suriensis sp. nov.
http://zoobank.org/820120B2-3AD0-41BD-B114-4E0DE2A3A395
Figs 13, 14

Type material. Holotype: female, “Korea, Kyounggi, Kunpo, Sokdai, Mt. Suri,
14.VIL.1998, D.-S. Ku, LT” (NIBR).

Paratype. 1 female, “Korea”, “1137” (SMNE).

Comparative diagnosis. This new species is similar to H. gingliangensis Tang, Be-
lokobylskij, He & Chen, 2013 from China (Zhejiang Province), but differs from the
later by having the first flagellar segment 1.1x longer than second segment (0.9x in H.
qgingliangensis), mesoscutum almost entirely coriaceous and with rather dense setae ar-
ranged widely along notauli (almost smooth and with very sparse setae along notauli in
H. gingliangensis), hind femur 3.6x longer than wide (4.2—4.4x in H. gingliangensis),
suture between second and third metasomal tergites distinctly sinuate (almost straight
in H. gingliangensis), median length of second metasomal tergite 0.45x its basal width
(0.6x in H. gingliangensis), ovipositor sheath 0.6—0.8x as long as metasoma and 0.50—
0.55 as long as fore wing (1.4 and 0.85x respectively in H. gingliangensis).

Also the new species is similar to H. weolchulsanus sp. nov., but differs from it in
having the head behind eyes (dorsal view) distinctly roundly narrowed (weakly nar-
rowed in H. weolchulsanus), length of first tergite equal to its apical width. (0.85x in H.
weolchulsanus), suture between second and third metasomal tergites distinctly sinuate
(very weakly sinuate in H. weolchulsanus), ovipositor sheath longer, 0.6-0.8x as long as
metasoma and 0.50-0.55 as long as fore wing (shorter, 0.3x as long as metasoma and
0.2x as long as fore wing in H. weolchulsanus) and pterostigma entirely brown (light
brown in H. weolchulsanus).

Description. Female. Body length 2.9-3.2 mm; fore wing length 2.2-2.4 mm.

Head. Head not depressed, its width (dorsal view) 1.7-1.8x median length, 1.1-
1.2x width of mesoscutum. Head behind eyes (dorsal view) distinctly roundly nar-
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Figure 3. Heterospilus (Heterospilus) suriensis sp. nov., female, holotype A habitus, lateral view B head

and mesoscutum, dorsal view € head, front view D mesosoma, dorsal view E head and mesosoma,

lateral view F hind leg
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Figure 14. Heterospilus (Heterospilus) suriensis sp. nov., female, holotype A wings B metasoma, dorsal

view € metasoma, lateral view

rowed; transverse diameter of eye almost twice longer than temple. Ocelli medium-
sized, arranged in triangle with base 1.1-1.2x its sides. POL 0.9-1.0x Od, 0.35-0.40x
OOL. Diameter of antennal socket almost equal to distance between sockets, 2.3-2.5x
distance between socket and eye. Eye glabrous, with very weak emargination opposite
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antennal sockets, 1.1-1.2x as high as broad. Malar space 0.45-0.50x height of eye,
1.1-1.2x basal width of mandible. Face convex, its width almost equal to height of
eye and 1.1-1.2x height of face and clypeus combined. Hypoclypeal depression rather
large and circular, its width almost equal to distance from edge of depression to eye,
0.45-0.50x width of face. Occipital carina complete dorsally, medially not angulate,
ventrally not reaching hypostomal carina and obliterated at long distance before man-
dible base. Head below eyes (front view) almost linearly narrowed.

Antenna. Antenna rather slender, weakly setiform, 27-28-segmented, 1.2x longer
than body. Scape rather long and thick, 1.4—1.5x longer than its maximum width. First
flagellar segment weakly thickened, almost straight, subcylindrical, 4.8—5.0x longer
than its apical width, 1.10-1.15x longer than second segment. Penultimate segment
3.0-3.5x longer than wide, 0.6-0.7x as long as first flagellar segment, 0.9—1.0x as long
as apical segment, latter acuminated apically but without spine.

Mesosoma. Mesosoma not depressed, its length 1.8x maximum height. Pronotum
short, dorsally almost flat and with distinct pronotal carina in basal 0.6, its anterior
margin rather distinctly concave; side of pronotum with rather deep, relatively wide,
weakly curved, coarsely and sparsely crenulate submedian oblique furrow. Mesoscutum
highly and almost perpendicularly elevated above pronotum (lateral view); maximum
width of mesoscutum 1.2x its length. Median lobe of mesoscutum weakly protrud-
ing forwards, with distinct obtuse anterolateral corners, very weakly convex anteriorly
(dorsal view). Notauli complete, shallow, relatively wide, coarsely and sparsely crenu-
late. Prescutellar depression deep, relatively long, with high medial and two incomplete
lateral carinae, almost smooth between carinae, 0.4x as long as scutellum. Scutellum
convex, without lateral carinae, its basal width almost equal to median length. Sub-
alar depression shallow, entirely distinctly rugose-striate. Precoxal sulcus deep, wide,
straight, smooth, oblique, running along anterior half of lower part of mesopleuron.
Metanotal tooth very short, wide and subpointed. Metapleural lobe short, rather wide,
rounded apically. Propodeum without lateral tubercles.

Wings. Fore wing - 3.0x longer than its maximum width. Pterostigma 3.6—4.0x
longer than wide. Metacarp (1-R1) 1.4-1.5x longer than pterostigma. Radial vein (r)
arising almost from middle of pterostigma. First radial abscissa (r) 1.0-1.1x longer
than maximum width. Second radial abscissa (3-SR) 1.3—-1.4x longer than first ab-
scissa (r), 0.25-0.30x as long as straight third abscissa (SR1), 0.5-0.7x as long as trace
of first radiomedial vein (2-SR). Trace of first radiomedial vein (2-SR) 1.8-2.0x longer
than second radiomedial vein (r-m) and 2.0-2.4x longer than recurrent vein (m-cu).
Recurrent vein (m-cu) distinctly postfurcal. First medial abscissa (1-SR+M) distinct-
ly curved. Discoidal (discal) cell 1.6-1.8x longer than wide. Distance from nervulus
(cu-a) to basal vein (1-M) almost equal to nervulus (cu-a) length. Mediocubital vein
(M+CU1) weakly sinuate. Parallel vein (CU1la) basally rather distinctly curved. Bra-
chial (subdiscal) cell distally widely open. Hind wing 4.7-5.0x longer than wide. First
abscissa of costal vein (C+SC+R) 1.0-1.3x as long as second abscissa (1-SC+R); second
abscissa (1-SC+R) distinctly sclerotised. Medial (basal) cell narrow, weakly widened in
apical half; its length 8.5-9.0x maximum width, 0.3x length of wing. First abscissa of
mediocubital vein (M+CU) 0.7-0.8x as long as second abscissa (1-M). Recurrent vein
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(m-cu) unsclerotised, weakly curved towards apex, almost perpendicular to mediocu-
bital vein, interstitial.

Legs. Fore tibia with numerous and slender spines densely arranged in almost sin-
gle line. Hind coxa with baso-ventral tubercle, 1.4x longer than maximum width.
Hind femur rather wide, with low dorsal protuberance, 3.3-3.6x longer than wide.
Hind tarsus 0.9x as long as hind tibia. Hind basitarsus weakly thickened, 0.45x as
long as second—fifth segments combined. Second segment of hind tarsus 0.7x as long
as basitarsus, 1.3—1.5x longer than fifth segment (without pretarsus).

Metasoma. Metasoma 2.3-2.8x longer than its maximum width, 1.1x longer than
head and mesosoma combined. First tergite with low and rather wide median area, without
distinct spiracular tubercles; tergite strongly, regularly and almost linearly widened from base
to apex. Maximum width of first tergite 2.3—2.5x its minimum width; its length as long as
apical width, - 1.2x length of propodeum. Median length of second tergite 0.40—0.45x its
basal width, 0.8-0.9x length of third tergite. Combined length of second and third tergites
0.9-1.1x basal width of second tergite, 0.6-0.7x their maximum width. Second suture
distinct and distinctly sinuate. Third tergite in basal 0.3 with distinct crenulate transverse
furrow. Ovipositor sheath (measured entire length in ventrolateral view) 0.6-0.8x as long as
metasoma, 0.9-1.1x as long as mesosoma, 0.50—0.55 as long as fore wing,.

Sculpture and pubescence. Vertex mainly smooth, only with fine short acicula-
tion laterally of ocelli and somex in anterior third; frons mainly smooth. Face mainly
smooth, with fine and short aciculation around clypeus; temple smooth. Mesoscu-
tum finely coriaceous, partly almost smooth, with two distinctly and convergent pos-
teriorly longitudinal carinae in medioposterior half and with fine rugosity between
them. Scutellum mainly smooth, coriaceous posteriorly. Mesopleuron mainly smooth.
Propodeum with baso-lateral areas distinctly delineated by high carinae, which are
mainly or only in basal half smooth but widely rugose along carinae; areola distinct
and pentagonal, basal carina short and situated in basal 0.2 of propodeum, remainder
of propodeum coarsely rugose-reticulate. Hind coxae dorsally finely reticulate-coria-
ceous, or longitudinally striate in basal half, mostly smooth. Hind femur finely or very
finely and densely aciculate dorsally, smooth on remainder part. First tergite densely
and almost straightly longitudinally sparsely striate, with distinct additional rugosity
between striae. Second tergite entirely distinctly longitudinally striate. Third tergite
mainly smooth, crenulate only in narrow transverse subbasal furrow. Fourth and fifth
tergites mainly smooth but crenulate in narrow basal transverse furrow (somex except
fifth tergite). Remainder tergites smooth. Vertex almost entirely with sparse, short and
semi-erect pale setae. Mesoscutum widely bare, with rather dense, short and semi-erect
white setae situated relatively widely along notauli and in almost single line laterally.
Mesopleuron medially widely glabrous. Hind tibia dorsally with short, rather dense
and semi-erect pale setae; length of these setae 0.3-0.5x maximum width of hind tibia.

Colour. Head mainly brownish yellow, dorsally dark reddish brown or reddish
brown. Mesosoma mainly dark brown to black, reddish brown or light reddish brown
in lower third. Metasoma mainly dark reddish brown to black, its apical 0.25 and
somex posterior halves of third—fifth tergites light brownish yellow. Antenna mainly
dark brown, four—five basal segments yellow to yellowish brown. Palpi pale yellow.
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Legs entirely yellow. Ovipositor sheath black, dark brown basally. Fore wing weakly
infuscate. Pterostigma entirely brown.
Male unknown.
Etymology. Named after the type locality of the new species in South Korea, Mt. Suri.
Distribution. Korean Peninsula.

Heterospilus (Heterospilus) taehoani sp. nov.
http://zoobank.org/BBB529E2-CCE4-41F1-BFDD-39C311D14DDE
Figs 15, 16

Type material. Holotype, female, “Korea, Gyeongnam-do, Jinju-si, Naedong-myeon,
Doksan-ri, forest road, 1-10.V1.2003. T.-H. An, (Malaise trap)”, “HYM-BTA ATH
0000367” (NIBR).

Paratypes. 1 female, “Korea: GW: Yang-yang Gun: Seonyeotanggaegog, viii.
[19]181, M.-]. Che”, “1041” (SMNE); 1 female, “Korea, Gyeongnam-do, Hadong-gun,
Cheongam-myeon, Gunghang-ri, Jusan, 1.V1.2002. J.-S. Park (Sweeping)” (ZISP).

Comparative diagnosis. This species is very similar to H. wuyiensis Chen & Shi,
2000 from Fujian Province of China, but differs from the latter by having the trans-
verse diameter of eye 1.7x longer than temple (2.0x in H. wuyiensis), antenna 17-seg-
mented (23-segmented in H. wuyiensis), first abscissa of mediocubital vein (M+CU) of
hind wing 0.7x as long as second abscissa (1-M) (equal to it in H. wuyiensis), second
metasomal tergite 0.75x as long as its basal width, and striate only in basal half (0.33x
its basal width and entirely striate in H. wuyiensis), suture between second and third
tergites present (completely absent in H. wuyiensis), body length 1.6 mm and fore wing
length 1.4 mm (3.3 mm and 2.6 mm respectively in H. wuyiensis).

Description. Female. Body length 1.6-2.1 mm; fore wing length 1.3-1.7 mm.

Head. Head not depressed, its width (dorsal view) 1.3—1.6x median length, 1.2—
1.3x width of mesoscutum. Head behind eyes (dorsal view) regularly curvedly nar-
rowed; transverse diameter of eye 1.4—1.5x longer than temple. Ocelli small, arranged
in triangle with base 1.2x its sides. POL 1.0-1.3x Od, 0.25-0.40x OOL. Diameter of
antennal socket 0.8—1.2x distance between sockets, 1.5—2.0x distance between socket
and eye. Eye without setae, with very shallow emargination opposite antennal sock-
ets, 1.2x as high as broad. Malar space 0.4-0.5x height of eye, almost equal to basal
width of mandible. Face weakly convex, its width 1.0-1.2x height of eye and 1.2-1.3x
height of face and clypeus combined. Hypoclypeal depression medium-sized and oval,
its width 0.9-1.2x distance from edge of depression to eye, 0.4-0.5x width of face.
Occipital carina joined ventrally with hypostomal carina distinctly above base of man-
dible. Head below eyes (front view) distinctly and roundly narrowed.

Antenna. Antenna slender, filiform, 16-20-segmented, 1.1-1.2x longer than
body. Scape short and thick, 1.3-1.5x longer than its maximum width. First flagellar
segment slender, almost straight, subcylindrical, 4.5-5.5x longer than its apical width,
0.9—1.0x as long as second segment. Penultimate segment 3.5—4.5x longer than wide,



Review of Heterospilus species from Korean Peninsula 71

0.8-0.9x as long as first flagellar segment and 0.9-1.0x as long as apical segment; the
latter acuminate apically and without spine.

Mesosoma. Mesosoma not depressed, its length 1.6—1.8x maximum height. Prono-
tum rather long, dorsally almost not convex (lateral view), submedially with pronotal
carina (dorsal view). Mesoscutum distinctly and almost perpendicularly elevated above
pronotum (lateral view), maximum width of mesoscutum (dorsal view) 1.2-1.3x its
length. Median lobe of mesoscutum weakly protruding forwards, without anterolateral
corners, convex anteriorly (dorsal view). Notauli narrow, entirely deep, almost entirely
smooth. Prescutellar depression deep and long, with high median carinae, smooth on
remaining places, 0.5-0.6x as long as scutellum. Scutellum weakly convex, with fine
lateral carinae, its basal width almost equal to median length. Subalar depression rather
shallow, wide, with few striae medially, but smooth marginally. Precoxal sulcus deep,
almost straight, entirely smooth, running along anterior 0.5 of lower part of mesopleu-
ron. Metanotal dorsal tooth very low, wide and subpointed (lateral view). Metapleural
lobe short, wide, rounded apically. Propodeum without lateral tubercles.

Wings. Fore wing 3.3-3.5x longer than its maximum width. Pterostigma 4.0-5.0x
longer than wide. Metacarp (1-R1) 1.2-1.4x longer than pterostigma. Radial vein (r)
arising from middle of pterostigma. First radial abscissa (r) 1.0-1.2x as long as maxi-
mum width of pterostigma. Second radial abscissa (3-SR) 1.7-2.2x longer than first
abscissa (r) and forming with it obtuse angle, 0.2—0.4x as long as almost straight third
abscissa (SR1), 0.6-0.9x as long as trace of first radiomedial vein (2-SR). Trace of first
radiomedial vein (2-SR) 2.5-3.0x longer than second radiomedial vein (r-m) and 2.0—
2.8x longer than recurrent vein (m-cu). Recurrent vein (m-cu) distinctly postfurcal. First
medial abscissa (1-SR+M) almost straight and entirely sclerotised. Discoidal (discal)
cell weakly elongated, 1.8-2.0x longer than wide. Nervulus (cu-a) very short, weakly
postfurcal. Mediocubital vein (M+CU1) apically almost straight. Parallel vein (CU1a)
basally very weakly curved. Brachial (subdiscal) cell widely open distally. Hind wing
6.0-6.5x longer than wide. First abscissa of costal vein (C+SC+R) - 0.8x as long as sec-
ond abscissa (1-SC+R); second abscissa (1-SC+R) sclerotised. Medial (basal) cell narrow,
weakly narrowed towards apex, its length - 11.0x maximum width, 0.25-0.30x length
of wing. First abscissa of mediocubital vein (M+CU) 0.7-0.8x as long as second abscissa
(1-M). Recurrent vein (m-cu) unsclerotised, straight, oblique, weakly antefurcal.

Legs. Fore tibia with several slender spines arranged in single line. Hind coxa with
baso-ventral tubercle, 1.4—1.5x longer than maximum width. Hind femur rather nar-
row, with very low dorsal protuberance, slightly curved below (lateral view), 4.0—4.4x
longer than wide. Hind tarsus 0.9—1.0x as long as hind tibia. Hind basitarsus weakly
thickened, 0.4x as long as second—fifth segments combined. Second segment of hind
tarsus 0.8—0.9x as long as basitarsus, 1.3x longer than fifth segment (without pretarsus).

Metasoma. Metasoma 3.0-3.5x longer than its maximum width, as long as head
and mesosoma combined. First tergite with rather high but not delineated convex me-
dian area, without visible spiracular tubercles in basal 0.3; tergite distinctly and almost
linearly widened from base to apex. Maximum width of first tergite 2.0-2.2x its mini-
mum basal width; its length almost equal to apical width, 0.9-1.0x length of propo-
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deum. Suture between second and third tergites fine and smooth, somex distinct only
laterally or completely indistinct. Second tergite 0.5-0.7x as long as its basal width,
0.8-1.1x longer than third tergite. Combined length of second and third tergites 1.0—
1.4x basal width of second tergite, 0.9-1.1x their maximum width. Third tergite with
fine and smooth additional subbasal transverse furrow in basal quarter or without it.
Ovipositor sheath (measured entire length in ventrolateral view) slender, 0.4-0.7x as
long as metasoma, 0.7-1.0x longer than mesosoma, 0.3—0.4x as long as fore wing,.

Sculpture and pubescence. Vertex, frons, temple and face mainly smooth, only face
ventro-laterally shortly striate. Mesoscutum smooth or finely to very finely coriaceous,
with two straight and convergent posteriorly distinct carinae in medioposterior half,
smooth between them. Scutellum smooth. Mesopleuron almost entirely smooth in lower
0.7. Propodeum with distinctly delineated, relatively long and mainly smooth baso-lat-
eral areas, basal carina relatively long, 0.4-0.8x as long as anterior fork of areola, areola
delineated, wide anteriorly and narrow posteriorly, pentagonal, entirely distinctly rugose,
1.3-1.5x longer than maximum width. Hind coxa and femur smooth. First tergite almost
entirely distinctly and almost linearly striate and without fine reticulation between striae.
Second tergite distinctly striate in basal half, completely smooth in apical half. Third and
remainder tergites entirely smooth. Vertex with sparse, short and semi-erect pale setae
laterally and posteriorly. Mesoscutum with rather dense, long and almost erect pale setae
arranged widely along notauli and in single line laterally, all lobes widely glabrous medi-
ally. Mesopleuron medially widely glabrous. Hind tibia dorsally with long, rather sparse
and semi-erect setae; length of these setae 0.7-1.0x maximum width of hind tibia.

Colour. Head dark reddish brown. Mesosoma mainly reddish brown or light red-
dish brown, prothorax and somex propodeum mainly yellowish. Metasoma light red-
dish brown, first tergite posteriorly or rarely entirely, and somex additionally second
tergite entirely and apical quarter of metasoma yellow to brownish yellow. Antenna
mainly dark reddish brown, four basal segments yellow. Palpi pale. Legs yellow to pale
yellow. Ovipositor sheath brown. Fore wing hyaline. Pterostigma yellow.

Male. Unknown.

Etymology. Named on honour of the collector of the holotype of new species, Dr.
Tae-Ho An.

Distribution. Korean Peninsula.

Heterospilus (Heterospilus) tirnax Papp, 1987
Heterospilus tirnax Papp, 1987: 163; Yu et al. 2016.

Additional material examined. SoutH Korea: 1 female, GN, Jinyang Gun: Geum
Gog, 17.VIL.1981, G.-]. Jeong leg.

Distribution. Korean Peninsula (Papp 1987).

Remarks. This specimen is characterised by the relatively long ovipositor sheath,
which are 0.8x as long as metasoma and 0.6x as long as fore wing,.
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Figurel5. Heterospilus (Heterospilus) taehoani sp. nov., female, holotype A habitus, lateral view B basal
segments of antenna, head and mesoscutum, dorsal view C head, front view D head and mesosoma, dor-

sal view E head and mesosoma, lateral view

Heterospilus (Heterospilus) weolchulsanus sp. nov.
http://zoobank.org/ ESE04589-5A7D-488F-B27D-B82508816838
Figs 17, 18

Type material. Holotype: female, [South Korea] “Jeonnam-do, yeongam-gun, Gunseo-
myeon, Dogap-ri, Dogapsa (Mt. Weolchulsan), sweeping, 25.VI1.1999, S.-Y. Lee” (NIBR).
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Figure 16. Heterospilus (Heterospilus) taehoani sp. nov., female, holotype A wings B metasoma, dorsal

view € metasoma and ovipositor, lateral view

Comparative diagnosis. This new species is similar to H. okinawus Belokobylskij
& Maetd, 2009, but differs from the later by having the occipital carina evenly curved
towards ocelli dorso-medially (angulately curved in H. okinawus), pronotum with dis-
tinct pronotal carina, anterior margin of pronotum distinctly concave (with fine pro-
notal carina, with straight anterior margin of pronotum in H. okinawus), maximum
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0.5 mm

Figure 7. Heterospilus (Heterospilus) weolchulsanus sp. nov., female, holotype A habitus, lateral view
B head, dorsal view € head, front view D head and basal segments of antenna, lateral view E mesosoma

and first tergite of metasoma, dorsal view F mesosoma, lateral view G hind leg

width of mesoscutum 1.25x its length (1.55x in H. okinawus), length of first metaso-
mal tergite 0.85x its apical width (equal to its apical width in H. okinawus), median
length of second tergite equal to length of third tergite (1.25x larger in H. okinawus),
frons entirely smooth (finely transversely striate in H. okinawus), fourth tergites of
metasoma smooth (basally shortly crenulate in H. okinawus) and pterostigma entirely
light brown (brown in H. okinawus).
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Figure 18. Hererospilus (Heterospilus) weolchulsanus sp. nov., female, holotype A wings B metasoma,

dorsal view € metasoma and ovipositor, lateral view
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Description. Female. Body length 3.6 mm; fore wing length 2.9 mm.

Head. Head not depressed, its width (dorsal view) 1.6x median length, 1.1x
width of mesoscutum. Head behind eyes (dorsal view) weakly roundly narrowed;
transverse diameter of eye 1.8x longer than temple. Ocelli small, arranged in almost
equilateral triangle. POL almost equal to Od, 0.3x OOL. Diameter of antennal
socket equal to distance between sockets, 2.3x distance between socket and eye. Eye
glabrous, with very weak emargination opposite antennal sockets, 1.2x as high as
broad. Malar space 0.4x height of eye, -~ 0.9x basal width of mandible. Face convex,
its width 0.9x height of eye and almost equal to height of face and clypeus combined.
Hypoclypeal depression rather large and subround, its width 1.1x distance from edge
of depression to eye, 0.4x width of face. Occipital carina complete dorsally, medially
not angulate but evenly curved towards ocelli, ventrally not reaching hypostomal
carina and obliterated at long distance before mandible base. Head below eyes (front
view) distinctly roundly narrowed.

Antenna. Antenna rather slender, weakly setiform, more than 23-segmented (apical
segments missing). Scape short and thick, 1.6x longer than its maximum width. First fla-
gellar segment weakly thickened, almost straight, subcylindrical, 4.3x longer than its api-
cal width, 1.1x longer than second segment. Subapical segment ~ 5.0x longer than wide.

Mesosoma. Mesosoma not depressed, its length 1.7x maximum height. Pronotum
short, dorsally distinctly convex and with distinct pronotal carina in basal 0.4, its an-
terior margin distinctly concave; side of pronotum with rather deep, narrow, almost
straight and coarsely crenulate submedian oblique furrow. Mesoscutum highly and
almost perpendicularly elevated above pronotum (lateral view); maximum width of
mesoscutum 1.25x its length. Median lobe of mesoscutum very weakly protruding
forwards, with small obtuse anterolateral corners, very weakly convex anteriorly (dorsal
view). Notauli complete, rather deep, relatively wide, coarsely and sparsely crenulate.
Prescutellar depression rather deep, long, with high medial and two incomplete lateral
carinae, almost smooth between carinae, 0.4x as long as scutellum. Scutellum convex,
without lateral carinae, its basal width almost equal to median length. Subalar de-
pression rather deep, entirely distinctly rugose-striate. Precoxal sulcus deep, straight,
smooth, oblique, running along anterior half of lower part of mesopleuron. Metanotal
tooth very small, wide and subpointed. Metapleural lobe short, rather wide, rounded
apically. Propodeum without lateral tubercles.

Wings. Fore wing 2.8x longer than its maximum width. Pterostigma 3.5x long-
er than wide. Metacarp (1-R1) 1.4x longer than pterostigma. Radial vein (r) arising
weakly before middle of pterostigma. First radial abscissa (r) 0.9x as long as maximum
width. Second radial abscissa (3-SR) 1.45x longer than first abscissa (r), 0.3x as long
as straight third abscissa (SR1), 0.6x as long as trace of first radiomedial vein (2-SR).
Trace of first radiomedial vein (2-SR) almost twice longer than second radiomedial
vein (r-m) and 2.2x longer than recurrent vein (m-cu). Recurrent vein (m-cu) dis-
tinctly postfurcal. First medial abscissa (1-SR+M) weakly sinuate. Discoidal (discal)
cell 1.5x longer than wide. Distance from nervulus (cu-a) to basal vein (1-M) 0.7x
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nervulus (cu-a) length. Mediocubital vein (M+CU1) almost straight. Parallel vein
(CU1a) basally distinctly curved. Brachial (subdiscal) cell distally widely open. Hind
wing 4.5x longer than wide. First abscissa of costal vein (C+SC+R) 1.2x longer than
second abscissa (1-SC+R); second abscissa (1-SC+R) distinctly sclerotised. Medial (ba-
sal) cell narrow, weakly narrowed in apical half, its length -~ 9.0x maximum width,
0.25x length of wing. First abscissa of mediocubital vein (M+CU) as long as second
abscissa (1-M). Recurrent vein (m-cu) unsclerotised, straight, almost perpendicular to
mediocubital vein, interstitial.

Legs. Fore tibia with numerous and slender spines densely arranged in almost sin-
gle line. Hind coxa with baso-ventral tubercle, 1.5x longer than maximum width.
Hind femur rather wide, with low dorsal protuberance, 3.4x longer than wide. Hind
tarsus 0.85x as long as hind tibia. Hind basitarsus weakly thickened, ~ 0.5x as long as
second—fifth segments combined. Second segment of hind tarsus 0.6x as long as basi-
tarsus, 1.2x longer than fifth segment (without pretarsus).

Metasoma. Metasoma 2.0x longer than its maximum width, almost as long as
head and mesosoma combined. First tergite with high, wide and distinct median area,
with very small spiracular tubercles in basal 0.3; tergite strongly, regularly and almost
linearly widened from base to apex. Maximum width of first tergite 2.1x its minimum
width; its length 0.85x as long as apical width, 1.2x length of propodeum. Median
length of second tergite 0.5x its basal width, equal to length of third tergite. Combined
length of second and third tergites almost equal to basal width of second tergite, 0.75x
their maximum width. Second suture distinct and very weakly sinuate. Third tergite
in basal 0.3 with shallow and distinctly crenulate transverse furrow. Ovipositor sheath
(measured entire length in ventrolateral view) 0.3x as long as metasoma, 0.5x as long
as mesosoma, 0.2x as long as fore wing.

Sculpture and pubescence. Vertex finely transverse aciculate in anterior half and
smooth in posterior half; frons entirely smooth. Face almost entirely smooth; temple
smooth. Mesoscutum densely and very finely coriaceous, with two distinctly conver-
gent posteriorly longitudinal carinae in medioposterior third and distinct rugosity be-
tween them. Scutellum entirely smooth. Mesopleuron entirely smooth. Propodeum
with baso-lateral areas distinctly delineated by high carinae, these areas mainly smooth
but rugose along carinae; areola indistinct, basal carina short and situated in basal 0.15
of propodeum, remainder of propodeum coarsely rugose-reticulate. Hind coxae dor-
sally partly finely striate, mostly smooth. Hind femur finely and densely aciculate in
dorsal half, almost smooth on ventral half. First tergite densely and curvedly longitu-
dinally striate, medio-basally with additional rugosity. Second tergite entirely distinct-
ly longitudinally striate with fine additional reticulation between striae. Third tergite
crenulate only in narrow transverse subbasal furrow. Remainder tergites smooth. Vertex
with sparse, short and semi-erect setae. Mesoscutum widely bare, with rather dense,
long and semi-erect white setae situated widely along notauli and in single line laterally.
Mesopleuron medially widely glabrous. Hind tibia dorsally with short, rather dense and
semi-erect pale setae; length of these setae ~ 0.6-0.8x maximum width of hind tibia.
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Colour. Head mainly yellow, vertex medio-posteriorly with brown spot. Mesosoma
dark reddish brown, prothorax yellow anteriorly and yellowish brown posteriorly. Meta-
soma mainly dark reddish brown, its apical 0.25 light reddish brown. Antenna mainly
black, basal segments yellow to yellowish brown. Palpi pale yellow. Legs entirely yellow.
Ovipositor sheath black. Fore wing weakly infuscate. Pterostigma entirely light brown.

Male. Unknown.

Etymology. Named after the type locality of the new species in South Korea, Mt.
Weolchulsan.

Distribution. Korean Peninsula.

Heterospilus (Heterospilus) yeogiensis sp. nov.
http://zoobank.org/894D2108-FE6C-4EBC-B337-47A2BFAE997F
Figs 19, 20

Type material. Holotype: female, “Korea, Kyonggi, Suwon, Mt. Yeogi, 6-13.VI1.1994
(M-Trap), Deok-Seo Ku” (NIBR).

Comparative diagnosis. This species is very similar to H. nishijimus Belokobylskij
& Maetd, 2008 from Ogasawara Islands of Japan, but differs from the later by having
the head width (dorsal view) 1.7x its median length (1.45-1.50 in H. nishijimus), radi-
al vein (r) arising before middle of pterostigma (almost from middle in H. nishijimus),
pterostigma entirely dark brown (entirely pale brown in H. nishijimus), first abscissa
of mediocubital vein (M+CU) of hind wing 1.3x longer than second abscissa (1-M)
(0.8-1.0x in H. nishijimus), ovipositor sheath shorter, 0.8x as long as metasoma and
0.6x as long as fore wing (1.15-1.20x longer than metasoma and 0.75-0.85x as long
as fore wing in H. nishijimus).

Description. Female. Body length 3.8 mm; fore wing length 2.9 mm.

Head. Head not depressed, its width (dorsal view) 1.7x median length, 1.2x
width of mesoscutum. Head behind eyes (dorsal view) weakly convex and roundly
narrowed; transverse diameter of eye 1.8x longer than temple. Ocelli medium-sized,
arranged in triangle with base 1.1x its sides. POL 1.1x Od, 0.5x OOL. Diameter
of antennal socket 1.4x distance between sockets, 3.5x distance between socket and
eye. Eye glabrous, with very shallow emargination opposite antennal sockets, 1.2x as
high as broad. Malar space 0.35x height of eye, 0.7x basal width of mandible. Face
convex, its width 0.8x height of eye and 1.1x height of face and clypeus combined.
Hypoclypeal depression medium-sized and round, its width almost equal to distance
from edge of depression to eye, 0.5x width of face. Occipital carina complete dorsally,
ventrally not reaching hypostomal carina and obliterated at short distance before
mandible base. Head below eyes (front view) distinctly and roundly narrowed.

Antenna. Antenna relatively slender, setiform, 27-segmented, 1.1x longer than body.
Scape rather long and thick, 1.6x longer than its maximum width. First flagellar segment
slender, almost straight, subcylindrical, ~ 6.0x longer than its apical width, 1.1x longer than
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Figure 9. Heterospilus (Heterospilus) yeogiensis sp. nov., female, holotype A habitus, lateral view B head

and mesoscutum, dorsal view € head, front view D head and basal segments of antenna, lateral view

E mesosoma, dorsal view F head and mesosoma, lateral view G hind leg
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Figure 20. Heterospilus (Heterospilus) yeogiensis sp. nov., female, holotype A wings B metasoma, dorsal

view € metasoma, lateral view
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second segment. Penultimate segment 4.0x longer than wide, 0.6x as long as first flagellar
segment, 0.9x as long as apical segment; the latter apically acuminated and without spine.

Mesosoma. Mesosoma not depressed, its length 1.9x maximum height. Pro-
notum rather long, dorsally slightly convex, with distinct submedial pronotal ca-
rina situated in posterior third; side of pronotum with rather deep, narrow, weakly
curved and sparsely crenulate submedian furrow. Mesoscutum highly and almost
perpendicularly elevated above pronotum (lateral view), maximum width of mes-
oscutum (dorsal view) equal to its length. Median lobe of mesoscutum distinctly
protruding forwards, with distinct anterolateral corners, slightly convex anteriorly
(dorsal view). Notauli entirely wide and deep, sparsely and distinctly crenulate. Pres-
cutellar depression rather deep, long, with three carinae, mostly smooth, 0.4x as
long as wide, 0.5x as long as scutellum. Scutellum slightly convex, without lateral
carinae, its basal width 1.1x median length. Subalar depression shallow, rather wide,
coarsely rugose-striate. Precoxal sulcus rather deep, straight, slightly oblique, com-
pletely smooth, running along anterior 0.6 of lower part of mesopleuron. Metanotal
tooth short and angulated. Metapleural lobe long, narrow, rounded apically. Propo-
deum without lateral tubercles.

Wings. Fore wing 3.2x longer than its maximum width, 0.7x as long as body.
Pterostigma 3.8x longer than wide. Metacarp (1-R1) 1.3x longer than pterostig-
ma. Radial vein (r) arising before middle of pterostigma, its basal inner margin
0.7x as long as apical inner margin First radial abscissa (r) 0.8x as long as maxi-
mum width of pterostigma. Second radial abscissa (3-SR) 1.6x longer than first
abscissa (r) and forming with it very obtuse angle, 0.25x as long as straight third
abscissa (SR1), 0.7x as long as trace of first radiomedial vein (2-SR). Trace of
first radiomedial vein (2-SR) 2.6x longer than second radiomedial vein (r-m) and
2.6x longer than recurrent vein (m-cu). Recurrent vein (m-cu) distinctly postfur-
cal. First medial abscissa (1-SR+M) straight. Discoidal (discal) cell 1.8x longer
than wide. Posterior abscissa of basal vein (1-M) 2.8x longer than recurrent vein
(m-cu). Distance from nervulus (cu-a) to basal vein (1-M) 1.3x nervulus (cu-a)
length. Mediocubital vein (M+CU1) almost straight. Parallel vein (CU1a) basally
weakly curved. Brachial (subdiscal) cell widely open distally. Hind wing 5.0x
longer than wide. First abscissa of costal vein (C+SC+R) 1.5x longer than second
abscissa (1-SC+R); second abscissa (1-SC+R) strongly sclerotised. Medial (basal)
cell narrow, almost parallel-sided in apical half, its length 10.0x maximum width,
~ 0.3x length of wing. First abscissa of mediocubital vein (M+CU) 1.3x longer
than second abscissa (1-M). Recurrent vein (m-cu) sclerotised basally, unsclero-
tised apically, weakly curved, oblique towards apex of wing, interstitial.

Legs. Fore tibia with several slender spines arranged in narrow stripe. Hind coxa
with distinct baso-ventral tubercle, 1.6x longer than maximum width. Hind femur
rather narrow, without distinct dorsal protuberance, almost 4.0x longer than wide.

Metasoma. Metasoma 3.3x longer than its maximum width, 1.3x longer than
head and mesosoma combined. First tergite with distinct and rather narrow median
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area, without spiracular tubercles; tergite distinctly and linearly widened from base to
apex. Maximum width of first tergite 2.1x its minimum width; its length 1.2x api-
cal width, 1.3x length of propodeum. Median length of second tergite 0.4x its basal
width, 0.8x length of third tergite. Combined length of second and third tergites 0.9x
basal width of second tergite, 0.7x their maximum width. Second suture distinct, nar-
row, not curved laterally. Third tergite in basal 0.3 medially widely with shallow and
distinctly crenulate transverse furrow widened medially. Ovipositor sheath (measured
its entire length in ventrolateral view) slender, 0.8x as long as metasoma, 1.4x longer
than mesosoma, 0.6x as long as fore wing.

Sculpture and pubescence. Vertex finely and densely interruptedly transversely
striate and without additional microsculpture in anterior half, smooth in posterior
half; frons almost entirely densely and curvedly transversely striate. Face almost en-
tirely smooth, partly with fine punctation; temple smooth. Scape finely and densely
coriaceous in upper half. Mesoscutum entirely distinctly and densely granulate-re-
ticulate, granulae situated in transverse dense lines in anterior half of median lobe,
with two curved and convergent posteriorly distinct carinae, with rugulose area in
medio-posterior half. Scutellum smooth. Mesopleuron mainly smooth on wide area.
Propodeum with distinctly delineated and narrowed posteriorly baso-lateral areas,
areola distinctly delineated and narrow, entirely coarsely reticulate-rugose; basal ca-
rina short, 0.25x as long as propodeum; baso-lateral areas coarsely rugulose along
carinae, finely coriaceous to smooth on remaining part, remainder of propodeum
coarsely rugose-reticulate. Hind coxae entirely smooth. Hind femur very finely and
densely aciculate dorsally, smooth on remaining part. First tergite with distinct and
posteriorly convergent dorsal carinae; densely, coarsely and curvedly striate, distinctly
rugose-reticulate medially, basally transversely striate. Second tergite entirely distinct-
ly longitudinally striate, striae subparallel, medially with fine microsculpture. Third
tergite distinctly crenulate in subbasal transverse furrow. Subbasal transverse furrow of
fourth tergite finely striate at very short area. Remaining parts of tergites smooth. Ver-
tex mainly with sparse, relatively long and semi-erect pale setae, glabrous anteriorly
and laterally. Mesoscutum with more or less dense, rather long and almost erect pale
setae arranged widely along notauli and almost in single line laterally, all lobes medi-
ally widely glabrous. Mesopleuron medially widely glabrous. Hind tibia dorsally with
medium length, rather dense and semi-erect pale setae; length of these setae 0.5-0.7x
maximum width of hind tibia.

Colour. Head mainly dark brown, around eyes with yellow stripes widened pos-
teriorly. Mesosoma and metasoma mainly black, mesopleuron reddish brown in lower
half. Antenna mainly black, dark reddish brown basally. Palpi yellow. Legs mainly
yellow, hind coxa light reddish brown. Ovipositor sheath evenly black. Fore wing very
faintly infuscate. Pterostigma entirely dark brown.

Male. Unknown.

Etymology. Named after the type locality of the new species, Mt. Yogi.

Distribution. Korean Peninsula.
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Key to Heterospilus species found on the Korean peninsula

1

Ventral margin of scape not shorter than its dorsal margin. Second abscissa of
costal vein (1-SC+R) of hind wing absent (Subgenus Eoheterospilus Belokobyl-
skij & Maetd, 2009) ....cccccervrreenuenenes H. (E.) rubrocinctus (Ashmead, 1905)
Ventral margin of scape shorter than its dorsal margin. Second abscissa of cos-
tal vein (1-SC+R) of hind wing always present. (Subgenus Hezerospilus Hali-

day, 1830) ..ttt s 2
Mesoscutum entirely smooth or somex finely to very finely coriaceous (Figs
3D, 7D, 13D, 15D, 17E) oottt 3

Mesoscutum distinctly and densely granulate, rarely with at least fine semi-circu-
lar striation on anterior half of middle lobe (Figs 1E, 5E, 9D, 11E 19E)......... 11
Second metasomal tergite almost entirely smooth or striate only basally (Figs
8B, 16B). Suture between second and third tergites very fine, almost indistinct
at least medially (Figs 8B, 16B). — Pterostigma yellow (Figs 8A, 16A)............ 4
Second metasomal tergite entirely sculptured, striate and somex with addition-
al reticulation (Figs 4B, 14B, 18B). Suture between second and third tergites
distinct and complete (Figs 4B, 14B, 18B).....ccccocuviiiiiiiiiiiiiiiiiiiice, 5
Second metasomal tergite entirely smooth (Fig. 8B). Combined length of sec-
ond and third tergites 0.75x their maximum width (Fig. 8B). Third tergite
without subbasal transverse furrow (Fig. 8B). Ovipositor sheath long, 0.9x as
long as metasoma, 0.5x as long as fore wing (Fig. 7A). Body length 1.8 mm ..
................................................................................... H. heulriensis sp. nov.
Second metasomal tergite distinctly striate in basal half, completely smooth in
apical half (Fig. 16B). Combined length of second and third tergites 0.9-1.1x
their maximum width (Fig. 16B). Third tergite usually with fine and smooth
subbasal transverse furrow (Fig. 16B). Ovipositor sheath short, 0.4-0.7x as
long as metasoma, 0.3—0.4x as long as fore wing (Fig. 15A). Body length 1.6—
2.1 MMttt H. taehoani sp. nov.
Ovipositor sheath 0.8-1.2, rarely almost 2.0, x as long as metasoma, 1.2-1.8,
rarely almost 3.0, x longer than mesosoma, 0.5-0.8, rarely 1.3-1.5, x as long

as fore wing (Fig. 13A).....ccccoiiiiiiiiiii s 6
Ovipositor sheath 0.3-0.6x as long as metasoma, 0.5-0.9x as long as meso-
soma, 0.2-0.4x as long as fore wing (Figs 3A, 17A) ..c.ccceviivinnnciininnne, 8

Ovipositor sheath almost 2.0x longer than metasoma, 2.5-3.0x longer than
mesosoma, 1.3—1.5x longer than fore wing. Body length 3.5-5.0 mm............
................................................................. H. zaykovi van Achterberg, 1992
Ovipositor sheath 0.8—-1.2x as long as metasoma, 1.2—1.8x longer than meso-
soma, 0.5-0.8x as long as fore Wing..........cccevueeuiininnieiiininneecceees 7
Mesoscutum almost entirely smooth. Suture between second and third meta-
somal tergites almost straight. Pterostigma dark brown. Third tergite usually
smooth subbasally. Body length 1.7-4.3 mm....... H. separatus Fischer, 1960
Mesoscutum almost entirely coriaceous (Fig. 13D). Suture between second
and third metasomal tergites distinctly sinuate (Fig. 14B). Pterostigma yellow
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or pale brown (Fig. 14A). Third tergite crenulate subbasally (Fig. 13D). Body
length 2.9-3.2 mm.....cooiiiiiii, H. suriensis sp. nov.
First metasomal tergite narrow, its length 1.15x distal width (Figs 3E, 4B).
Third tergite without subbasal transverse furrow (Fig. 4B). Body length 2.0
INUTL et H. chinjuensis sp. nov.
First metasomal tergite relatively wide, its length not larger than distal width
(Fig. 17E). Third tergite usually (except H. fujianensis) with crenulate subbasal
transverse furrow (Fig. 18B).....cccccoiviiiiiiiiiiiiiiiicccceeeecees 9
Mesosoma short, its length 1.7x maximum height (Fig. 17F). Maximum
width of mesoscutum 1.25x its median length (Fig. 17E). Head mostly yellow,
mesosoma and metasoma contrastingly dark brown (Fig. 17A). Body length
3.0 MMt H. weolchulsanus sp. nov.
Mesosoma long, its length 1.8-2.0x maximum height. Maximum width of
mesoscutum 1.10-1.15x its median length. Head dark or yellow, mesosoma
and metasoma often of same colour as head or pale brown .........ccccccceeee. 10
Third metasomal tergite with striate transverse subbasal furrow. Body often
mostly pale. Body length 1.6-3.1 mm. .......... H. chinensis Chen & Shi, 2004
Third metasomal tergite without striate transverse furrow. Usually head dark
and remainder of body pale brown. Body length 2.5 mm .......cccccccociinine,
............................... H. fujianensis Tang, Belokobylskij, He & Chen, 2013
Fourth metasomal tergite basally always more or less distinctly striate, often
fifth tergite also basally striate (Figs 6C, 10B, 12B) ......cccoeveeuiicinininiicnnnn. 12
Fourth and fifth metasomal tergite basally always smooth (Figs 2C, 20B)....19
Mesosoma depressed, its length 2.2-2.7x maximum height. Malar space 0.3—
0.4x height of eye, 0.7—-0.9x basal width of mandible. Median length of second
tergite 0.55-0.60x its basal width, 1.20-1.35x length of third tergite. Body
length 2.4-3.1 mm.................. H. kerzhneri Belokobylskij & Maet6, 2009
Mesosoma not depressed, its length 1.8-2.0x maximum height (Figs 5E 9E,
11G). Malar space 0.50-0.65x height of eye, 1.1-1.3x basal width of man-
dible (Figs 5B, 9B, 11C) . Median length of second tergite 0.3—0.4x its basal
width, 0.5-0.8x length of third tergite (Figs 6C, 10B, 12B) ........cccccceueee. 13
Transverse diameter of eye 2.6x longer than temple (dorsal view) (Fig. 5C).
Median length of second tergite 0.5x its basal width (Fig. 6C). Body length 3.2
50 o OO H. gajwaensis sp. nov.
Transverse diameter of eye 1.5-1.7x longer than temple (dorsal view) (Figs
9C, 11B). Median length of second tergite 0.3—0.4x its basal width (Figs 10B,
I2B) ottt ettt 14
Vertex mainly smooth (Fig. 9C). Median lobe of mesoscutum finely transverse
striate anteriorly (Fig. 9D). Suture between second and third tergites distinctly
sinuate (Figs 9G, 10B). Body length 3.2 mm........ H. hyungkeunleei sp. nov.
Vertex entirely strongly transverse striate (Fig. 11B). Median lobe of mesoscu-
tum only distinctly granulate anteriorly, without striation (Fig. 11F). Suture
between second and third tergites straight or somex only weakly sinuate (Fig.
I2B) ettt 15
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Fifth metasomal tergite always smooth basally. Length of first metasomal tergite
1.0-1.1x its apical width. Ovipositor sheath thickened, shorter, 0.6-0.8x as
long as metasoma and 0.4-0.5x as long as fore wing. — Trace of recurrent vein
(m-cu) antefurcal. Body length 1.7-2.9 mm......... H. leptosoma Fischer, 1960
Fifth metasomal tergite always striate basally (Figs 12B, 12C). Length of first
metasomal tergite usually 0.8-0.9 (rarely 1.0) x its apical width (Figs 11E,
12B). Ovipositor sheath not thickened, long (except H. cephi), as long as or
longer than metasoma and 0.6-0.7x as long as fore wing (Fig. 11A)........... 16
Eye with short and sparse setae. Recurrent vein (m-cu) distinctly postfurcal to
trace of first radiomedial vein (2-SR). Length of first metasomal tergite usually
0.8-0.9x its apical Width......cccoueiiiniiiniiiiicccc e 17
Eye glabrous (Fig. 5B). Recurrent vein (m-cu) interstitial to trace of first radi-
omedial vein (2-SR) (Fig. 12A). Length of first metasomal tergite usually not
shorter than its apical Width........ccoeiiniiiiiiic e, 18
Ovipositor sheath 0.4-0.6x as long as metasoma, shorter than mesosoma, 0.3—
0.4x as long as fore wing. Body often entirely yellow or yellowish brown. Body
length 2.0—4.1 mm ...ccocooviiiiiiiiicccce H. cephi Rohwer, 1925
Ovipositor sheath 0.7-1.0x as long as metasoma, equal to or longer than
mesosoma, 0.4—0.7x as long as fore wing. Body dark reddish brown to black
or light reddish brown with dark propodeum and first tergite. Body length
1.9-3.9 MM H. tauricus Telenga, 1941
Length of first metasomal tergite 1.0-1.1x its apical width. Ovipositor sheath
~ as long as metasoma, 1.2x longer than mesosoma, 0.6x as long as fore wing.
Body almost entirely brownish yellow. Body length 2.8-3.0 mm...................
.................................................................................... H. tirnax Papp, 1987
Length of first metasomal tergite 0.9x its apical width (Fig. 11E). Ovipositor
sheath 1.2x longer than metasoma, 1.8x longer than mesosoma, 0.8x as long
as fore wing (Fig. 11A). Body different colour; head and anterior two thirds
of mesosoma reddish brown to light reddish brown; propodeum and meta-
pleuron of mesosoma and first metasomal tergite dark reddish brown to black,
remainder of metasoma reddish brown to yellowish brown (Fig. 11A). Body
length 4.3 mmi.....ccccooiiiiiii H. maseongus sp. nov.
Ovipositor sheath 0.3-0.4x as long as metasoma, 0.5-0.6x as long as meso-
soma, 0.2-0.3x as long as fore wing (Fig. 1A). — Subbasal transverse furrow on
third metasomal tergite usually present, but rarely it fine or almost absent (Fig.
1G). Body length 1.5-3.5 mmi...c.ccocoiiiiiiiiiiiiiiiiicccceeccees
.......................... H. austriacus (Szepligeti, 1906) (= H. ater Fischer, 1960)
Ovipositor sheath 0.8-1.0x as long as metasoma, 1.0-1.5x longer than meso-
soma, 0.4—0.7x as long as fore wing (Fig. 19A) ......ccccccevnnneiininniicnnnn. 20
Pterostigma dark brown (Fig. 20A). Length of first metasomal tergite 1.2x its
apical width (Fig. 20B). Radial vein (r) arising before middle of pterostigma
(Fig. 20A). Suture between second and third tergites sinuate (Fig. 20B). — Ovi-
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positor sheath 0.8x as long as metasoma, 0.6x as long as fore wing (Fig. 19A).
Body length 3.8 mm.....ccccocoviiiiiiiiice H. yeogiensis sp. nov.
- Pterostigma pale brown or yellow. Length of first metasomal tergite not large
than its apical width. Radial vein (r) arising from middle of pterostigma. Su-
ture between second and third tergites almost straight ..........ccccccvvvvirienenene. 21
21 Head behind and below eyes almost linearly narrowed. Body in long and su-
berect setae, mainly dark. Body length 2.0-3.4 mm..........cccccoovivniiiininnnn,
................................................................. H. orientalis Belokobylskij, 1983
- Head behind and below eyes roundly narrowed. Body in short and semi-erect
setae, mainly pale. Body length 2.3 mm...................... H. extasus Papp, 1987
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Abstract

A comprehensive taxonomic assessment of the most agriculturally important and highly diverse spider mite
genus, Oligonychus Betlese (Acari: Tetranychidae) was performed. The sub-generic division, species groups,
doubtful species, species complexes and the interpretation of a key generic character are discussed. Based
on the orientation of the male aedeagus, only two subgenera, namely Oligonychus Berlese (acdeagus down-
turned) and Reckiella Tuttle & Baker (aedeagus upturned), are valid in the genus Oligonychus. The subgen-
era Homonychus Wainstein, Metatetranychoides Wainstein, and Wainsteiniella Tuttle & Baker are considered
to be synonyms of the subgenus Oligonychus, whereas the subgenus Pritchardinychus Wainstein is proposed
as a synonym of the subgenus Reckiella. Moreover, based on female morphological characters, four species
groups (coffeae, exsiccator, iseilemae, and peruvianus) and 11 species subgroups (aceris, bibarensis, coffeae,
comptus, exsiccator, gossypii, iseilemae, peruvianus, pritchardi, smithi, and subnudus) are suggested in the
subgenera Oligonychus and Reckiella. Fourteen Oligonychus species are proposed as species inquirendae,
and potential cryptic species complexes in the genus Oligonychus are briefly highlighted. It is agreed that
the clunal seta 4, is always absent, while the para-anal setae 4, and 4, are always present in the genus Oli-
gonychus. A key to subgenera, species groups, and species subgroups of the genus Oligonychus is provided.

Copyright Hafiz Muhammad Saqib Mushtaq et al. This is an open access article distributed under the terms of the Creative Commons Attribution Li-
cense (CC BY 4.0), which permits unrestricted use, distribution,and reproduction in any medium, provided the original author and source are credited.
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Introduction

Oligonychus Berlese (Acari: Prostigmata: Tetranychidae) is the largest genus of the spi-
der mites, comprising > 200 species, and its members have been reported throughout
the world (Migeon and Dorkeld 2021). A range of feeding specificity occurs through-
out the genus, with polyphagous, oligophagous and monophagous species present on
both broad and narrow leaved commercial (fruits, agronomic crops, etc.) and non-
commercial (wild trees, shrubs, grasses, etc.) host plants (Pritchard and Baker 1955;
Jeppson et al. 1975; Beard et al. 2003; Matsuda et al. 2012; Migeon and Dorkeld
2021). Some economically significant species, e.g., the date palm mite O. afrasiaticus
(McGregor), the tea red spider mite O. coffeae (Neitner), the banks grass mite/new
world date mite O. pratensis (Banks), and the avocado brown mite O. punicae (Hirst),
have been spread across the world and are now widely distributed (Jeppson et al. 1975;
Migeon and Dorkeld 2021).

The authenticity of sub-generic division of the genus Oligonychus (Wainstein 1960;
Tuttle and Baker 1968) always remains questionable, due to the use of inconsistent
characters, e.g., striac pattern on dorsal opisthosoma and number of tactile setae on
tibia I (Meyer 1974, 1987; Bolland et al. 1998; Beard et al. 2003, 2008; Khanjani et
al. 2018; Li et al. 2018, 2019). So, to confirm the current taxonomic status of the six
subgenera of Oligonychus suggested by Tuttle and Baker (1968), a comprehensive mor-
phological investigation based on all known Oligonychus species is needed.

The species identity in the genus Oligonychus is usually challenging due to the
limited number of potential diagnostic characters, presence of intraspecific variation,
minute differences in male aedeagus morphology and interspecific similarities in fe-
males (Pritchard and Baker 1955; Meyer 1974, 1987; Jeppson et al. 1975; Li et al.
2018). Mostly, Oligonychus species have been differentiated based only on the aedeagus
morphology (Pritchard and Baker 1955; Meyer 1974, 1987). In addition, specimens
of both sexes are frequently required for precise identification of Oligonychus species
(Ben-David 2008; Meyer 1987). The aedeagal traits could be unreliable and confus-
ing when male specimens were not mounted in a precisely lateral position, and in
some cases the aedeagus was neither described nor illustrated (e.g., O. mangiferus Rah-
man & Sapra, 1940). Also, intraspecific variations in aedeagus shape or variation in
the interpretation of aedeagus shape that can manifest as intraspecific variation, have
been observed in species described from various geographical localities (e.g., O. praten-
sis; McGregor 1939; Pritchard and Baker 1955; Meyer 1959, 1974, 1987; Baker and
Pritchard 1962; Estebanes and Baker 1968; Jeppson et al. 1975; Tuttle et al. 1976;
Baker and Tuttle 1994). Furthermore, aedeagus shape may appear variable at different
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levels of focus under the microscope (e.g., O. ephamnus Beard & Walter, 2003). There
are 17 Oligonychus species that have been described based only on females with the
males remaining unknown, e.g., O. mactus Tseng and O. nielseni Reeves (Reeves 1963;
Tseng 1990), and a few species that were inadequately described, e.g., O. kobachidzei
(Reck) and O. stenoperitrematus (Ugarov and Nikolskii), with important morphologi-
cal information of male/female not included (Ugarov and Nikolskii 1937; Reck 1947).
Some species, e.g., O. caucasicus (Reck) and O. daleae Tuttle, Baker & Abbatiello, were
reported as new to science, without making any remarks regarding related or similar
species (Reck 1956; Tuttle et al. 1976). This lack in clarity has resulted in the suggested
existence of several species complexes within the genus Oligonychus e.g., coffeae com-
plex and pratensis complex (Pritchard and Baker 1955; Meyer 1987; Ehara and Gotoh
2007; Lara et al. 2017; Khanjani et al. 2018; Li et al. 2018). Consequently, there is
a great need for developing an integrative taxonomic approach to clarify the actual
status of many closely related Oligonychus species and for establishing truly diagnostic
characters for accurate and consistent species separation.

The presence of two pairs of para-anal setae (4,and /) is one of the important
distinguishing character of Oligonychus (Lindquist 1985; Beard et al. 2003, 2008;
Seeman and Beard 2011; Arabuli and Gotoh 2018; Khanjani et al. 2018; Li et al.
2019). However, there are contradictions found among different taxonomists even
when it comes to identifying the 4, setae in Oligonychus species (Pritchard and Baker
1952, 1955; Meyer 1974, 1987; Jeppson et al. 1975; Lindquist 1985; Bolland et al.
1998; Knihinicki and Flechtmann 1999; Flechtmann and Etienne 2006; Beard et al.
2008; Arabuli and Gotoh 2018; Khanjani et al. 2018; Li et al. 2019).

Keeping in view the importance of taxonomic adversities in the genus Oligoncyhus,
the objectives of the present study were to i) assess the current taxonomic status of the
sub-generic division of Oligonychus, ii) classify all species of Oligonychus into species
groups and subgroups based on consistent morphological characters, iii) construct a
diagnostic key to subgenera, groups and subgroups of Oligonychus, and iv) highlight
or discuss the doubtful species, species complexes and contradiction/confusion in the
identification of para-anal setae in Oligonychus.

Materials and methods

The taxonomic literature of 211 Oligonychus species was critically reviewed to confirm
the current status of subgeneric division and doubtful and closely related Oligonychus
species, create species groups, and prepare a key for their identification; in addition to
discussing the confusion/contradiction associated with the naming of para-anal setae.
To verify the consistency in expression of some female morphological characters and
their significance in creating species groups and subgroups within the genus Oligonychus,
numerous spider mite samples were collected and observed from Egypt, Mexico,
Pakistan, Saudi Arabia, USA, and Yemen. In addition, mite samples of some other
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closely or distantly related Tetranychini genera viz. Zezranychus Dufour, Eotetranychus
Oudemans, Mixonychus Meyer & Ryke, Neotetranychus Tragardh, Sonotetranychus
Tutde et al., and Schizotetranychus Trigirdh, were collected from various localities
in different regions of Saudi Arabia, to confirm the absence/presence and shape
and position of the clunal (/) and para-anal setae (4,and /,). The nomenclature of
Grandjean (1939, 1944a, 1944b, 1947) was followed for body setae, and Lindquist
(1985) for leg chactotaxy and other terminologies.

Results and discussion

Family Tetranychidae Donnadieu
Subfamily Tetranychinae Berlese
Tribe Tetranychini Reck

Genus Oligonychus Berlese, 1886.

Oligonychus Berlese, 1886: 24, Pritchard and Baker 1955: 270, Wainstein 1960: 203,
Tuttle and Baker 1968: 116, Meyer 1974: 248, Mitrofanov 1977: 1801-1802,
Meyer 1987: 142, Beard et al. 2003: 51-78, Khanjani et al. 2018: 223-287, Li et
al. 2019: 1071-1106.

Type species. Heteronychus brevipodus Targioni-Tozzetti, 1878: 255.

Diagnosis. (Based on: Pritchard and Baker 1955; Tuttle and Baker 1968; Meyer
1974, 1987; Beard et al. 2003, 2008; Khanjani et al. 2018). Empodia well developed,
claw-like with proximoventral hairs (except male leg I with hairs modified into spur)
that are as long as or shorter than empodial claw on most of legs; two pairs of duplex
setae on tarsus [, distal and adjacent; opisthosoma with 11 pairs of dorsal setae (¢, , 4, ,

e, »fr.» P, n.b.setac h,and b, usually inserted ventrally); clunal setae /, always absent.

Taxonomic review of the genus Oligonychus

The genus Oligonychus was erected by Berlese (1886), based on Heteronychus brevi-
podus Targioni-Tozzetti as the type species (specimen was a nymph), reported from
the Holly Oak (Quercus ilex L., Fagaceae) in Italy (Targioni-Tozzetti 1878). Because
Berlese (1886) did not clearly describe the presence of proximoventral hairs on the
empodial claws in the diagnosis of Oligonychus, Zacher (1913) created a new genus,
Paratetranychus, and described the presence of proximoventral hairs in it. McGregor
(1950) followed the work of Zacher (1913) by giving priority to Paratetranychus over
Oligonychus, and placed all Oligonychus species within Paratetranychus. Five years later,
Pritchard and Baker (1955) redefined the genus Oligonychus, and synonymized the
genera Paratetranychus and Tacebia (Yokoyama 1929) with Oligonychus.
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Subdivision of the genus Oligonychus

The genus Oligonychus has a history of subdivision into species groups (Pritchard and
Baker 1955; Ehara 1999) and subgenera (Wainstein 1960; Tuttle and Baker 1968).
Initially, Pritchard and Baker (1955) divided Oligonychus species into five species groups
viz. ununguis, peruvianus, pritcbzzm’i, pratensis, and megregori. The ununguis group was
further divided into five species subgroups viz. aceris, bicolor, boudreauxi, subnudus,
and wununguis. This grouping was based on both male and female morphological
characters, including the shape or orientation of the male aedeagus, number of tactile
setae on tibia I, number of tactile setae on tarsus I proximal to the proximal duplex
setac and ventrally near or beyond the duplex setae, number of proximoventral hairs
on the empodium, the pattern of striation on the female dorsal opisthosoma, shape of
dorsal body setae, and the shape of the peritreme (Pritchard and Baker 1955). Another
species group, the clavatus species group, was subsequently created by Ehara (1999)
based on the number of tactile setae on tibia I, aedeagal morphology and female body
color, and included O. clavatus (Ehara) and O. pustulosus Ehara.

Wainstein (1960) proposed five sub-genera of Oligonychus, namely Oligonychus
Berlese, Homonychus Wainstein, Metatetranychoides Wainstein, Pritchardinychus Wain-
stein, and Paratetranychus Zacher. This sub-generic division was based on both male
and female morphological characters, including the length of dorsal body setae, dorsal
setae set on tubercles or not, the total number of setae on each of female tibia I, tibia II
and tarsus I, and the morphology of the male aedeagus. Three of these sub-genera were
further categorized into species groups based on the chaetotaxy of legs I and I1. The sub-
genus Oligonychus was divided into three species groups: boudreauxellus, bakerellus, and
berlesellus; the subgenus Paratetranychus was divided into two groups: ununguellus and
zacherellus; and the subgenus Pritchardinychus was divided into three groups: pritchard-
ellus, pratensellus, and mcgregorellus. Later, Tuttle and Baker (1968) synonymized the
subgenus Paratetranychus with the subgenus Oligonychus, and retained four of the sub-
genera created by Wainstein (1960). Tuttle and Baker (1968) then created two more
sub-genera, namely Wainsteiniella Tuttle & Baker and Reckiella Tuttle & Baker. This
sub-generic division was again based on both male and female characters, including
the pattern of the striation of the female dorsal opisthosoma, shape and orientation of
male aedeagus, length of dorsal body setae, and total number of tactile setae on tibia I.
Tuttle and Baker (1968) relied heavily on one of the female morphological characters
to differentiate these six subgenera, the pattern of the striae on the dorsal opisthosoma.
Mitrofanov (1977) also used this character to raise the sub-genera Metatetranychoides,
Pritchardinychus, and Homonychus to genus level, and to erect a new genus, Neonychus,
with O. licinus Baker & Pritchard as type species. Meyer (1987) found that the pattern
of dorsal striac on the female opisthosoma to be a variable character, and disagreed
with the subgeneric divisions of Oligonychus made by Wainstein (1960) and Tuttle and
Baker (1968). The sub-genera are not always well distinguished and several morpho-
logical characters, such as the pattern of striae between dorsal setal pairs ¢, and £, on the
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female and the number of tactile setae on tibia I, have been found to be variable (Meyer
1987). Such variable characters cannot be used to reliably separate the subgenera of
Oligonychus (Meyer 1987; Beard et al. 2003, 2008; Li et al. 2018). These sub-divisions
were made for practical rather than phylogenetic reasons, and have resulted in a some-
what artificial classification (Helle et al. 1981; Meyer 1987).

Bolland et al. (1998) supported homogeneity within only the two sub-genera viz.
Reckiella and Oligonychus, based on biological, morphological, and molecular data, but
felt that the homogeneity of the remaining four sub-genera (Homonychus, Metatetra-
nychoides, Pritchardinychus, and Wainsteiniella) requires further investigation to con-
firm their validity. Additionally, molecular investigations have revealed the presence
of “polyphyly” in the genus Oligonychus (Navajas et al. 1996; Ben-David et al. 2007;
Matsuda et al. 2014).

Species complexes in the genus Oligonychus

Several species complexes within the genus Oligonychus have been suggested by various
authors in the past, for example a coffeae complex, pratensis complex, perseae complex,
subnudus complex, sacchari complex, and ununguis complex (Pritchard and Baker
1955; Cromroy 1958; Meyer 1987; Ehara and Gotoh 2007; Lara et al. 2017; Li et al.
2018), and these are difficult to resolve based on morphology (Pritchard and Baker
1955). The coffeae complex sensu Ehara & Gotoh comprises four morphologically
similar species, namely O. coffeae, O. gotohi Ehara, O. castaneae Ehara & Gotoh, and O.
amiensis Ehara & Gotoh (Ehara and Gotoh 2007). Originally, the Japanese population
of O. gorohi was considered to represent a single species, however, genetic crossing
studies revealed that this population is a complex of three reproductively isolated
species (O. gotohi, O. castaneae, and O. amiensis) (Ehara and Gotoh 2007; Gotoh et
al. 2007). Moreover, some variation in morphological characters, e.g., acdeagus shape
and number of tactile setae on tarsus II, have been observed in various taxa identified
as O. cofféae reported from different geographical localities (Pritchard and Baker 1955;
Baker and Pritchard 1960; Ehara 1969, 1999; Meyer 1974, 1987; Wang 1981),
highlighting the possibility that further cryptic species could be separated within this
complex (Ehara and Gotoh 2007).

The pratensis complex sensu Pritchard & Baker has been recognized by various
authors based on observed variations or differences in some morphological characters
among different populations identified as O. pratensis, e.g., aedeagus shape and striae
pattern on dorsal hysterosoma (Pritchard and Baker 1955; Meyer 1974; Li et al. 2018).
A subnudus complex was suggested by Pritchard and Baker (1955), when morpho-
logical variations in shape/length of some hysterosomal setae and the stylophore were
observed between two populations of O. subnudus (McGregor) from two different
localities in the United States.

Based on the variations in descriptions and illustrations of two morphological-
ly similar Oligonychus species, O. sacchari (McGregor) and O. saccharinus Baker &
Pritchard (McGregor 1950; Pritchard and Baker 1955; Baker and Pritchard 1960;



Taxonomic assessment of the genus Oligonychus Betlese 95

Meyer 1974), the sacchari complex was proposed by Khanjani et al. (2018). Although,
Meyer (1974) comprehensively discussed the morphological differences between these
two closely related species, their taxonomic identities remain doubtful, and require
further investigations through the combined use of morphological and molecular data
(Khanjani et al. 2018).

The possibility of an wnunguis complex was suggested by Pritchard and Baker
(1955) to include O. coniferarum (McGregor), O. mangiferus, O. peronis Pritchard &
Baker, O. punicae, and O. ununguis (Jacobi). The taxonomic identities of most species
in the ununguis complex remain questionable, and the females are indistinguishable.
The minute differences in the shape of the aedeagus and the size of female palp spin-
neret are often used for differentiating these closely related species (Pritchard and Baker
1955; Meyer 1987; Khanjani et al. 2018). However, some of these species e.g., O.
mangiferus, O. punicae, and O. vitis, are very close morphologically, can be exceedingly
difficult to differentiate as separate species, and are part of the “greatest taxonomic
problem” in the genus Oligonychus (Meyer 1987; Khanjani et al. 2018).

Para-anal setae in the genus Oligonychus

In many genera of the tribe Tetranychini Reck, three pairs of / setae (4, 4, and 5))
are consistently present on the fifth segment (H) of opisthosoma (Pritchard and Bak-
er 1955; Lindquist 1985; Bolland et al. 1998). However, one of these setae (4, or
the clunals) is absent in some Tetranychini genera, e.g., Oligonychus and Tetranychus
(Pritchard and Baker 1955; Lindquist 1985; Bolland et al. 1998; Seeman and Beard
2011; Alatawi and Kamran 2018; Khanjani et al. 2018). Earlier, Pritchard and Baker
(1955) believed that seta 4, (clunal seta) is consistently present and 4, (one of a pair
of para-anal setae displaced terminally to become a post anal seta) is absent in Oligo-
nychus. Later, Lindquist (1985) analyzed and discussed the relative position and shape
of the para-anal setae (4, and /) with respect to setal homologies and concluded that
the clunal seta /, is apparently absent in Oligonychus, whereas seta h, is consistently
present (Lindquist 1985), as previously explained by many authors (Oudemans 1930;
Pritchard and Baker 1952; Attiah 1970). According to Lindquist (1985) and Seeman
and Beard (2011), para-anal setae /4,and 4, are consistently present in Oligonychus.
Confusion is generated when simple positions are used to name setae rather than ho-
mologies. Lindquist (1985) and Seeman and Beard (2011) use homologies and state
that “ewo pairs of para-anal setae /4, and 4, are consistently present in Oligonychus and
related genera”. Many authors have followed the work of Lindquist (1985), and also
consider setae /, to be absent, and 4,and 4, to be present in Oligonychus (Beard et al.
2003, 2008; Kamayev 2017; Li et al. 2017, 2018, 2019; Arabuli and Gotoh 2018;
Khanjani et al. 2018). Pritchard and Baker (1952) originally assumed that seta 4, (clu-
nal) was present or absent, with two pairs of para-anal setae present; however, Prtichard
and Baker (1955) altered this view and assumed the clunal setae to always be present.
They stated that there are two pairs of para-anal setae, and that the posterior pair get
displaced terminally to become a post-anal seta, and that it is this seta that is absent in
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two genera (Oligonychus and Tetranychus). Meyer (1987) and Bolland et al. (1998) also
use a positional approach to naming setae and assume the clunals to be consistently
present, but interpret setae /4, or /4, as absent in Oligonychus and Tetranychus. Thus the
setae are named as one pair of clunals and two pair of para-anals, and as a consequence,
the statement “one pair of para-anal setae is present in Oligonychus and related genera”
appears to be contradictory to what other authors believe. Many authors also mention
the presence of /, and only one pair of para-anal setae (either 4, or 4,) in the genus di-
agnosis and descriptions/illustrations of different Oligonychus species (Rimando 1962;
Tuttle and Baker 1968; Chaudhri et al. 1974; Meyer 1974; Jeppson et al. 1975; Tuttle
etal. 1976; Zaher et al. 1982; Tseng 1990; Gupta and Gupta 1994; Smiley and Baker
1995; Ehara 1999; Knihinicki and Flechtmann 1999; Flechtmann and Etienne 2006;
Ehara and Gotoh 2007; Zeity 2015, 2016; Alatawi and Kamran 2018).

Subgeneric division of the genus Oligonychus

Subgenus Oligonychus Berlese

Type species. Heteronychus brevipodus Targioni-Tozzetti, 1878: 255.
Diagnosis (based on male). Male aedeagus with shaft bending ventrad, down-
turned part mostly tapering distally, forming an acute or blunt tip.

Subgenus Reckiella Tuttle & Baker

Type species. Tetranychus pratensis Banks, 1912: 97.

Diagnosis (based on male). Male aedeagus with shaft bending dorsad, or shaft
initially bends dorsad then distal part turned ventrad, upturned part usually without
tapering end, distally forming knob, sigmoidal shape and blunt or rounded tip.

Only two subgenera are hereby recognized: Oligonychus Berlese and Reckiella Tuttle
& Baker, instead of five and six subgenera as proposed by Wainstein (1960) and Tuttle
and Baker (1968), respectively. The subgenera Homonychus, Metatetranychoides and
Wainsteiniella are considered to be synonyms of the subgenus Oligonychus, and subgenus
Pritchardinychus is recommended as a synonym of the subgenus Reckiella. In total, 76
species are placed in the subgenus Oligonychus, whereas 118 Oligonychus species are
designated to the subgenus Reckiella. However, approximately 17 Oligonychus species could
not be assigned to any of the two subgenera, because their descriptions were based only
on females, with males remaining unknown in the original and subsequent descriptions.

In the present study, we suggest using the male aedeagus shape and its orientation
as a consistent and strong morphological character to redefine the two valid Oligonychus
subgenera, instead of using inconsistent or variable characters, e.g., striation pattern
on dorsal hysterosoma and number of tactile setae on tibia I (Wainstein 1960; Tuttle
and Baker 1968; Meyer 1987). The proposed suggestion also agreed well with the
molecular separation of various Oligonychus species into two groups, which successfully
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coincided with their morphological grouping based on male aedeagus i.c., aedeagus
upturned vs. aedeagus downturned (Ben-David et al. 2007; Matsuda et al. 2012;
Unpublished results). This study also supported the findings of Meyer (1974, 1987),
who was the first to disagree with the subgeneric divisions of Oligonychus (Wainstein
1960; Tuttle and Baker 1968), due to the inconsistency of diagnostic characters, e.g.,
striation pattern on dorsal opisthosoma and number of tactile setae on tibia I. Meyer
(1987) found that some of the African Oligonychus species, e.g., O. andrei Gutierrez
and O. pennisetum, would not fit in any of the six Oligonychus subgenera (Tuttle and
Baker 1968). Subsequently, more authors disagreed with the six-subgeneric Oligonychus
system (Flechtmann and Alves 1976; Helle et al. 1981; Bolland et al. 1998; Beard et al.
2003, 2008; Khanjani et al. 2018; Li et al. 2018). However, there are still authors who
continue using the Oligonychus six-subgeneric system (Kamayev 2017; Li et al. 2019),
without confirming the validity of characters that were initially devised to erect these
subgenera (Tuttle and Baker 1968).

Based on the upturned aedeagus and tibia I with nine tactile setae (Tuttle and Baker
1968; Jeppson et al. 1975), we here synonymize the subgenus Prizchardinychus with
the subgenus Reckiella. Both of these subgenera were previously separated using an
inconsistent character of regarding the dorsal hysterosomal striae on the female (Meyer
1987) — longitudinal striae only between setae f,-f, in Reckiella or transverse striae on
entire hysterosoma in Pritchardinychus (Tuttle and Baker 1968). In the present study, we
observed longitudinal, irregular longitudinal or oblique striae present between both ¢-¢,
and f,-f, setae in 10 Oligonychus species of the valid subgenus Reckiella, and longitudinal
striae between only ¢ -¢, setae in a species (O. andrei Gutierrez) of Reckiella (Zacher 1921;
Baker and Pritchard 1960; Rimando 1962; Meyer 1964, 1965, 1974, 1987; Ehara 1966;
Gudtierrez 1966, 1967; Lo and Ho 1989; Tseng 1990). Furthermore, 13 Oligonychus
species of the valid subgenus Reckiella with upturned aedeagus have seven or less than
seven tactile setae on tibia I rather than nine setae. Also, the pattern of opisthosomal/
hysterosomal striae of some of these 13 species varies, e.g., reticulated pattern of irregular
elongate elements in the case of O. comprus Meyer & Bolland, whole hysterosoma
with transverse striae in the case of O. anonae Paschoal, O. beeri Estebanes & Baker,
O. chiapensis Estebanes & Baker and O. iseilemae (Hirst), transverse except V-shaped/
irregular pattern between e -¢, setae in O. megandrosoma Flechtmann & Alves, and
transverse except slightly U-shaped pattern between e -f, area in O. poutericola Feres &
Flechtmann (Hirst 1924; Baker and Pritchard 1962; Estebanes and Baker 1968; Livshits
1968; Gutierrez 1969; Paschoal 1970; Meyer 1974, 1987; Flechtmann and Alves 1976;
Meyer and Bolland 1984; Feres and Flechtmann 1986; Mendonca et al. 2010).

We also synonymized the subgenera that have a downturned aedeagus, i.c.,
Homonychus, Metatetranychoides, and Wainsteiniella (Tuttle and Baker 1968; Jeppson
et al. 1975), with the subgenus Oligonychus. Previously, these four subgenera
were also diagnosed and separated based mainly on the inconsistent character
of dorsal hysterosomal striae of the female (Meyer 1987), with Oligonychus and
Wainsteiniella having entirely transverse striae, and Homonychus with longitudinal and
Metatetranychoides with irregular striae between only setae ¢ -¢, (Tuttle and Baker 1968;
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Jeppson et al. 1975). Of the four subgenera, Wainsteiniella was further diagnosed with
shorter dorsal body setae (Tuttle and Baker 1968). However, we observed that some
Oligonychus (Oligonychus) species, or populations of a species, have short dorsal setae
with V-shaped, longitudinal, irregular, or oblique striae between 4 e, setal area instead
of entirely transverse, e.g., O. hondoensis (Ehara)) and O. plumosus Estebanes & Baker
(Pritchard and Baker 1955; Tuttle et al. 1976). In addition, the subgenus Oligonychus
was also differentiated by having seven tactile setae on tibia I (Tuttle and Baker 1968),
and we found some species with more than seven, e.g., O. bambusae Karuppuchamy
& Mohanasundaram and O. smithi Cromroy, or fewer than than seven, e.g., O. alpinus
(McGregor). Moreover, O. bambusae possesses longitudinal striae between setae f,-f,
(McGregor 1936; Cromroy 1958; Karuppuchamy and Mohanasundaram 1988; Baker
and Tuttle 1994).

Subdivision of Oligonychus species into groups and subgroups

In the present study, four species groups and 11 species subgroups are recognized un-
der the valid subgenera of Oligonychus and Reckiella, based on the combination of three
morphological characters of the adult female: the number of tactile setae on tibiae I
and II, the length of dorsal hysterosomal setae ¢, and the pattern of striae on the dorsal
hysterosoma. These characters were previously used to erect species groups by Pritchard
and Baker (1955) and subgenera by Tuttle and Baker (1968) in Oligonychus.

Species groups and subgroups in the subgenus Oligonychus

The Oligonychus (Oligonychus) is subdivided into two species groups, the peruvianus
species group (Pritchard and Baker 1955) and the newly proposed coffeae species
group. The peruvianus species group is further categorized into two newly proposed
species subgroups, the smithi species subgroup and the peruvianus species subgroup;
whereas the cofféae species group is categorized into three species subgroups, subnudus
species subgroup (Pritchard and Baker 1955), aceris species subgroup (Pritchard and
Baker 1955), and the newly proposed cofféae species subgroup.

The following four species of the subgenus Oligonychus could not be assigned to
any species group/subgroup, because they were briefly described and certain key char-
acters of the female were not included:

O. brevipilosus (Zacher, 1932)

O. kobachidzei (Reck, 1947)

O. meifengensis Lo & Ho, 1989

O. nuptialis (Zacher, 1932)

peruvianus species group (sensu Pritchard & Baker, 1955)

Exemplar species. Tetranychus peruvianus McGregor, 1917: 581.
Diagnosis (based on female). More than seven (eight or nine) tactile setae on tibia I.
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smithi new species subgroup

Exemplar species. Oligonychus smithi Cromroy, 1958: 61.

Diagnosis (based on female). More than seven (eight or nine) tactile setae on
tibia I, and dorsal hysterosomal setae ¢, long, reaching well beyond bases of setae & -
This subgroup comprises two species:

O. bambusae Karuppuchamy & Mohanasundaram, 1988

O. smithi Cromroy, 1958

peruvianus new species subgroup

Exemplar species. Tetranychus peruvianus McGregor, 1917: 581.

Diagnosis (based on female). More than seven (eight or nine) tactile setae on
tibia I, and dorsal hysterosomal setae ¢, short (almost one-half to three-fourths as long
as the distance between ¢,-4,), not reaching bases of setae &, This subgroup includes
three species:

O. peruvianus (McGregor, 1917)

O. perseae Tuttle, Baker & Abbatiello, 1976

O. sumatranus Ehara, 2004

coffeae new species group

Exemplar species. Acarus coffeae Nietner, 1861: 31.
Diagnosis (based on female). Seven or less than seven (five or six) tactile setae on
tibia I.

subnudus species subgroup (sensu Pritchard and Baker 1955)

Exemplar species. Paratetranychus subnudus McGregor, 1950: 354
Diagnosis (based on female). Seven or less than seven (five or six) tactile setae on
tibia I, and dorsal hysterosomal setae ¢, short (almost one half to three-fourths as long
as the distance between ¢ -4,), not reaching bases of setae &, This subgroup includes
18 species:
. baipisongis Ma & Yuan, 1976
. boudreauxi Pritchard & Baker, 1955
. clavatus (Ehara, 1959)
. cunliffei Pritchard & Baker, 1955
. hondoensis (Ehara, 1954)
. karamatus (Ehara, 1956)
. livschitzi Mitrofanov & Bossenko, 1975
. laricis Reeves, 1963
. milleri (McGregor, 1950)
O. pinaceus Mitrofanov & Bossenko, 1975

CHGHOGHOGRORORORONG!



100 Hafiz Muhammad Saqib Mushtaq et al. / ZooKeys 1079: 89-127 (2021)

O. pini Tuttle, Baker & Abbatiello, 1976
O. pityinus Pritchard & Baker, 1955

O. plumosus Estebanes & Baker, 1968

O. subnudus (McGregor, 1950)

O. tuberculatus Estebanes & Baker, 1968
O. verduzcoi Estebanes & Baker, 1968
O. yasumatsui Ehara & Wongsiri, 1975
O. yuae Tseng, 1975

aceris species subgroup (sensu Pritchard and Baker 1955)

Exemplar species. Acarus aceris Shimer, 1869: 320

Diagnosis (based on female). Five or six tactile setae on tibia I, and dorsal hys-
terosomal setae ¢, long, reaching to (sub-equal to the distance between ¢,-4,) or well
beyond bases of setae ,. This subgroup comprises of five species:

O. aceris (Shimer, 1869)

O. alpinus (McGregor, 1936)

O. endytus Pritchard & Baker, 1955

O. gambelii Tuttle & Baker, 1968

O. pustulosus Ehara, 1962

coffeae new species subgroup

Exemplar species. Acarus coffeae Nietner, 1861: 31.

Diagnosis (based on female). Seven tactile setae on tibia I, and dorsal hysteroso-
mal setae ¢, long, reaching to (sub-equal to the distance between ¢ -d)) or well beyond
bases of setae 4,. It comprises of 44 species:

. bicolor (Banks, 1894)

. brevipodus (Targioni-Tozzetti, 1878)
. buschi (Reck, 19506)

. chamaecyparisae Ma & Yuan, 1976

. camelliae Ehara & Gotoh, 2007

. castaneae Ehara & Gotoh, 2007

. coffeae (Nietner, 1861)

. coniferarum (McGregor, 1950)

. cubensis (Livshits, 1968)

O. gotohi Ehara, 1999

QOO0 0O0

* We observed a conflict between descriptions and illustrations of O. verduzcoi regarding comparative
length of setae ¢,. It is described as shorter in original description by Estebanes and Baker (1968) or
reaching to the bases of setae &, by Tuttle et al. (1976). We followed the original description (Estebanes
and Baker 1968) and assigned this species to the subnudus species subgroup.
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O. gutierrezi Parsi, 1979

O. hamedaniensis Khanjani, Khanjani & Seeman, 2018
O. ilicis (McGregor, 1917)

O. judithae Meyer, 1974

O. juniperi Tuttle, Baker & Abbatiello, 1976
O. lagodechii Livshits & Mitrofanov, 1969

O. longiclavatus (Reck, 1953)

O. letchworthi Reeves, 1963

. mangiferus (Rahman & Sapra, 1940)

. metasequoiae Kuang, 1992

. mitis Beglyarov & Mitrofanov, 1973

. neocastaneae Arabuli & Gotoh, 2018

. newcomeri (McGregor, 1950)

. ochoai Meyer & Vargas, 1999

O. pruni Mitrofanov & Zapletina, 1973

O. penai Rimando, 1962

O. perditus Pritchard & Baker, 1955

O. peronis Pritchard & Baker, 1955

O. piceae (Reck, 1953)

O. platani (McGregor, 1950)

O. ponmanaiensis Karuppuchamy & Mohanasundaram, 1987
O. punicae (Hirst, 1926)

O. gilianensis Ma & Yuan, 1982

O. santoantoniensis Feres & Flechtmann, 1995
O. shojaeii Khanjani, Khanjani & Seeman, 2018
O. steinhaueri Flechtmann & Baker, 1970

. tshimkenticus Wainstein, 1956

. tsudomei Ehara, 1966

. ununguis (Jacobi, 1905)

. viranoplos Flechtmann, 1993

. viridis (Banks, 1894)

. vitis Zaher & Shehata, 1965

O. yothersi (McGregor, 1914)

O. yusti McGregor, 1959

CHOHOGHOGROGRG)

CHOHOGHOGRGNG)

Species groups and subgroups in the subgenus Reckiella

Oligonychus (Reckiella) is subdivided into two new species groups, the iseilemae species
group and the exsiccator species group. The iseilemae species group is further catego-
rized into two new species subgroups, the comptus species subgroup and the iseilemae
species subgroup; whereas the exsiccaror species group is categorized into four new
species subgroups: the pritchardi species subgroup, the bibarensis species subgroup, the
gossypii species subgroup, and the exsiccator species subgroup.
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The following two species of the subgenus Reckiella could not be assigned to any
species group/subgroup, because they were briefly described and/or certain key charac-
ters of the female were not included:

O. annonicus (McGregor, 1955)

O. stenoperitrematus (Ugarov & Nikolskii, 1937)

iseilemae new species group

Exemplar species. Paratetranychus iseilemae Hirst, 1924: 524.
Diagnosis (based on female). Seven or less than seven (five or six) tactile setae
on tibia I.

comptus new species subgroup

Exemplar species. Oligonychus comprus Meyer & Bolland, 1984: 218.

Diagnosis (based on female). Seven or less than seven (five or six) tactile setae on
tibia I, and dorsal hysterosoma with a reticulate pattern of irregular and elongate ele-
ments medially. This subgroup includes only one species:

O. comptus Meyer & Bolland, 1984

iseilemae new species subgroup

Exemplar species. Paratetranychus iseilemae Hirst, 1924: 524.

Diagnosis (based on female). Seven or less than seven (five or six) tactile setae on
tibia I, and dorsal hysterosoma ornamented with simple striations medially, reticulate
pattern absent. This subgroup comprises of 12 species:

O. acugni (Livshits, 1968)

O. amnicolus Meyer, 1974

O. anonae Paschoal, 1970

O. bagdasariani Baker & Pritchard, 1962

O. beeri Estebanes & Baker, 1968

O. chiapensis Estebanes & Baker, 1968

O. fileno Mendonca, Navia & Flechtmann, 2010

O. iseilemae (Hirst, 1924)

O. megandrosoma Flechtmann & Alves, 1976

O. occidentalis Gutierrez, 1969

O. poutericola Feres & Flechtmann, 1986

O. themedae Meyer, 1974

exsiccator new species group

Exemplar species. Zetranychus exsiccator Zehntner, 1897: 572.
Diagnosis (based on female). More than seven (eight, nine or rarely ten) tactile
setae on tibia I.
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Due to unavailability of morphological information about the pattern of dorsal
hysterosomal striae in female, the following one species could not be assigned to any of
subgroup of the species group exsiccator:

O. bruneri (Livshits, 1968)

pritchardi new species subgroup

Exemplar species. Paratetranychus pritchardi McGregor, 1950: 350.

Diagnosis (based on female). More than seven (eight, nine or rarely ten) tac-
tile setae on tibia I, five or six tactile setae on tibia II, and dorsal hysterosoma with
uniform or wavy transverse striae between setae 4 1-f2 area, rarely with a mixture of
wavy and oblique striae medially posterior to setae f,. This subgroup comprises of
13 species:

O. calcis Baker & Pritchard, 1960

O. festucolus Beard & Walter, 2003

O. flechtmanni Tuttle, Baker & Sales, 1977

O. longipenis Feres & Flechtmann, 1995

O. mimosae Baker & Pritchard, 1962

O. psidii Flechtmann, 1967

O. psidium Estebanes & Baker, 1968

O. pritchardi (McGregor, 1950)

O. propetes Pritchard & Baker, 1955

O. quasipropetes Flechtmann, 1981

O. quercus Tuttle, Baker & Abbatiello, 1976

O. tiwakae Gutierrez, 1978

O. veranerae Baker & Pritchard, 1962

bibharensis new species subgroup

Exemplar species. Paratetranychus bibarensis Hirst, 1924: 69.

Diagnosis (based on female). More than seven (eight, nine or rarely ten) tactile
setae on tibia I, seven tactile setae on tibia II, and dorsal hysterosoma with uniform
or wavy transverse striae between setae ,-f, area rarely with a mixture of wavy and
oblique striae medially posterior to setae f,. This subgroup includes ten species:

O. antherus Rimando, 1962

O. apohadrus Meyer, 1987

O. biharensis (Hirst, 1924)

O. hadrus Pritchard & Baker, 1955

O. hova Gutierrez, 1966

O. imberbei Meyer, 1974

O. macrostachyus Baker & Tuttle, 1972

O. malawiensis Meyer, 1974

O. pemphisi Gutierrez, 1970

O. sapienticolus Gupta, 1976
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gossypii new species subgroup

Exemplar species. Paratetranychus gossypii Zacher, 1921: 183.

Diagnosis (based on female). More than seven (eight, nine or rarely ten) tactile
setae on tibia I, and dorsal hysterosoma with various patterns of striae: longitudinal,
irregular longitudinal, oblique, and with/without forming clear/inverted V/U-shaped
striae between both setal pairs ¢ -¢, and f,-f,, or posterior to f,-f,, and/or striae forming
a diamond pattern between ¢,-f; area. This subgroup includes ten species, listed below:

O. gossypii (Zacher, 1921)

O. grewiae Meyer, 1965

O. intermedius Meyer, 1964

O. licinus Baker & Pritchard, 1960

O. litchii Lo & Ho, 1989
. matthyssei Rimando, 1962
. randriamasii Gutierrez, 1967
. taiwanicus Tseng, 1990
. trichardti Meyer, 1974
. uruma Ehara, 1966

QO 000

exsiccator new species subgroup

Exemplar species. Zetranychus exsiccator Zehntner, 1897: 572.

Diagnosis (based on female). More than seven (eight, nine or rarely ten) tactile
setae on tibia I, and dorsal hysterosoma with various patterns of striae — longitudinal,
irregular longitudinal, oblique and with/without forming clear/inverted V/U-shaped
striae restricted to between setae ¢,-¢,, or between and posterior to fj-fj, striae not form-
ing a diamond pattern between these setae. This subgroup comprises of 69 species:

O. afrasiaticus (McGregor, 1939)

O. andrei Gutierrez, 1966

O. andropogonearum Gutierrez, 1969

O. anneke Baker & Pritchard, 1962

O. aquilinus Meyer, 1974

O. araneum Davis, 1968
. barbatae Meyer, 1987
. bessardi Gutierrez, 1966
. calicicola Knihinicki & Flechtmann, 1999
. campestris Meyer, 1987
. castrensis Meyer, 1987
. chazeaui Gutierrez, 1970
O. dactyloni Smiley & Baker, 1995
O. digitatus Davis, 1966
O. duncombei Meyer, 1974

CHOHOGHOGROGRG)
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O. ephamnus Beard & Walter, 2003
O. etiennei Gutierrez, 1982

O. exsiccator (Zehntner, 1897)

O. flexuosus Beer & Lang, 1958

O. formosanus Lo, 1969

O. gramineus (McGregor, 1950)

O. grastis Meyer, 1974

O. gratus Tseng, 1990

O. grypus Baker & Pritchard, 1960
O. hortulanus Meyer, 1974

O. indicus (Hirst, 1923)

. kadarsani Ehara, 1969

. keiferi Tuttle & Baker, 1968

. krantzi Zaher, Gomaa & El-Enany, 1982
. leandrianae Gutierrez, 1970

. manishi Gupta, 1979

martensis Meyer, 1974

megregori (Baker & Pritchard, 1953)
. menezesi Flechtmann, 1981

. modestus (Banks, 1900)
mexicanus (McGregor & Ortega, 1953)
nasutus Meyer, 1974

. nelensis Meyer, 1974

. neoplegas Meyer, 1964
neopratensis Meyer, 1974
neotylus Zeity & Srinivasa, 2016
. obliquus Ehara & Masaki, 2001

. ocellatus Meyer, 1987

. oenotherae Smiley & Baker, 1995
. orthius Rimando, 1962

. oryzae (Hirst, 1920)

O. palus Beard, 2008

O. pennisetum Meyer, 1974

O. plegas Baker & Pritchard, 1960
O. plicarum De Leon, 1957

0000000

* Meyer (1974) synonymized O. monsarrati Gutierrez (1967) with O. grypus. However, other authors
considered it to be a valid species (Bolland et al. 1998; Migeon 2015), and still included in species list
on spider mites web (Migeon and Dorkeld 2021). In the present study, we agree with Meyer (1974) by
considering it a junior synonym of O. grypus.
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O. pratensis (Banks, 1912)

O. rubicundus Ehara, 1971

O. rusticus Meyer, 1974

O. shinkajii Ehara, 1963

O. sacchari (McGregor, 1942)

O. saccharinus Baker & Pritchard, 1960
O. saccharoides Baker & Tuttle, 1972

O. sayedi Zaher, Gomaa & El-Enany, 1982
O. senegalensis Gutierrez & Etienne, 1981
O. simus Baker & Pritchard, 1960

O. stickneyi (McGregor, 1920)

. triandrae Meyer, 1974

. turbelli Beard & Walter, 2003

. tylus Baker & Pritchard, 1960

. velascoi Rimando, 1962

. virens Gutierrez, 1969

. waltersi Meyer, 1987

O. zanclopes Beard & Walter, 2003

O. zeae (McGregor, 1955)

CHOHOGHOGRGRG)

Ungrouped Oligonychus species

Among 211 Oligonychus species, the 17 species listed below were described based on
females alone, with the males being unknown in the original and subsequent descrip-
tions (14 of which are also listed as species inquirendae (see further below). Due to
the unavailability of critical morphological information regarding the aedeagus shape/
orientation, these species could not be assigned to any of the subgenera, species groups
or subgroups:

O. amiensis Ehara & Gotoh, 2007
O. caucasicus (Reck, 19506)
O. changi Tseng, 1980

* Oigonychus pratensis is placed in the exsiccaror subgroup based on the reports by various authors

(McGregor 1950; Pritchard and Baker 1955; Baker and Pritchard 1962; Estebanes and Baker 1968;
Tuttle and Baker 1968; Chaudhri et al. 1974; Tuttle et al. 1976; Baker and Tuttle 1994; Jeppson et al.
1975; Meyer 1987) that the female of this species has longitudinal, irregular longitudinal or oblique
striac between setae f,-f,. Recently, however, Li et al. (2018) reported on a population of O. pratensis
with longitudinal striae consistently between both setal pairs ¢,-¢, and f,-f,, which is a diagnostic char-
acter of the gossypii species subgroup. Because this morphological variation of O. pratensis is consistent
and only expressed in China, we believe that this population could actually represent a species in the
gossypii subgroup, and that it is not O. pratensis at all. We suggest the use of an integrative taxonomical
approach based on both morphological and molecular data to determine its true identity.

** The available molecular data for O. amiensis (Matsuda et al. 2012) is proved association with the subgenus

Oligonychus. Furthermore, based on female morphology, it belongs to the species group/subgroup coffeae.
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O. conostegiae Tuttle, Baker & Abbatiello, 1974
O. daleae Tuttle, Baker & Abbatiello, 1976

O. jiangxiensis Ma & Yuan, 1980

O. longus Chaudhri, Akbar & Rasool, 1974

O. mactus Tseng, 1990

O. nielseni Reeves, 1963

O. picei (Canestrini, 1889)

O. primulae (Oudemans, 1931)

O. proteae Meyer & Ryke, 1959

O. pongami Sivakumar & Kunchithapatham, 2014
O. subtropicus Tseng, 1980

O. thelytokus Gutierrez, 1977

O. tlaxcensis Tuttle, Baker & Abbatiello, 1976
O. vazquezae Estebanes & Baker, 1968

Species inquirendae in the genus Oligonychus

The taxonomic identities of 14 Oligonychus species are doubtful and require more in-
vestigations to clarify their actual status, and are hereby recognized as species inquiren-
dae. The descriptions of these species have been based mainly on the female, and/or
do not include important morphological characters of male/female critical for species
identification (Canestrini 1889; Oudemans 1931; Zacher 1932; Ugarov and Nikolskii
1937; Reck 1947, 1956; McGregor 1950; McGregor and Ortega 1953; Meyer and
Ryke 1959; Reeves 1963; Estebanes and Baker 1968; Ehara 1969; Chaudhri et al.
1974; Tuttle et al. 1974, 1976; Gutierrez 1977; Ma and Yuan 1980; Tseng 1980, 1990;
Lo and Ho 1989). A comprehensive revision of these doubtful Oligonychus species is
necessary to confirm their taxonomic status. Examination of male specimens from the
type locality, and detailed re-descriptions of both male and female specimens from the
type/topotype material, supported by integrative taxonomic approaches combining
morphological and molecular data, would resolve the issue.

1. Oligonychus picei (Canestrini, 1889)
Tetranychus picei Canestrini, 1889: 502.

Host and distribution. Picea sp. (Pinaceae); Italy.

Remarks. Oligonychus picei (Canestrini) was described briefly based only on female,
male remains unknown in original (Canestrini 1889) and subsequent descriptions
(Pritchard and Baker 1955). Although Pritchard and Baker (1955) examined
female paratypes, they did not provide a detailed re-description. They mention that
it resembles O. subnudus (described from USA on Pinus sp., Pinaceae), differing by
having comparatively longer dorsal setae. The identity of O. picei is doubtful until the
male and female are comprehensively described from the type host and locality.
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2. Oligonychus primulae (Oudemans, 1931)
Paratetranychus primulae Oudemans, 1931: 291.

Host and distribution. Primula obconica (Primulaceae); Netherlands.

Remarks. Oligonychus primulae (Oudemans) was very poorly described using
only the female, without illustrations, and the male was unknown in both the original
(Oudemans 1931) and subsequent descriptions (Geijsks 1939; Pritchard and Baker
1955). Furthermore, Oudemans (1931) did not compare it specifically with any close-
ly related species, except mentioning the resemblance of its empodium with O. unun-
guis (Jacobi, 1905) (described from Germany on Picea abies, Pinaceae). Pritchard and
Baker (1955) confirmed it to be an Oligonychus, but highlighted its taxonomic position
as doubtful due to the absence of the male. The identity of O. primulae is uncertain un-
til the male and female are comprehensively described from the type host and locality.

3. Oligonychus kobachidzei (Reck, 1947)
Paratetranychus kobachidzei Reck, 1947: 472.

Host and distribution. Corylus avellana (Betulaceae), Juglans regia (Juglandaceae),
Platanus occidentalis, P orientalis (Platanaceae) and Ulmus sp. (Ulmaceae); Armenia,
Azerbaijan and, Georgia.

Remarks. Oligonychus kobachidzei (Reck) was described from male and female
specimens from type host Platanus occidentalis and type locality Georgia; however, the
description lacked the key characters necessary for species confirmation (Reck 1947).
Moreover, Reck (1947) did not specifically compare it with any other closely related
Oligonychus species. Although Bagdasarian (1957) re-described the species from other
hosts (Juglans regia and Ulmus sp.) and locality (Armenia), the description still lacked
details of the important morphological characters of both sexes. Further, it seems to
us, based on the published literature that Bagdasarian (1957) did not observe the types
of O. kobachidzei, as it necessary for confirming the taxonomic identity of Armenian
specimens, when original description of O. kobachidzei was poor. Also, the illustration
of aedeagus (Bagdasarian 1957) was not clear and did not appear to be in a completely
lateral position. The identity of O. kobachidzei and its redescription is doubtful until
the male and female are comprehensively described from the type host and locality.

4. Oligonychus caucasicus (Reck, 1956)
Paratetranychus caucasicus Reck, 1956: 17.

Host and distribution. Carpinus betulus, Corylus avellana (Betulaceae); Georgia.
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Remarks. Oligonychus caucasicus (Reck) was briefly described from only the fe-
male, and the male was unknown (Reck 1956). Although the description lacked il-
lustrations, it indicated that the species did belong to the genus Oligonychus (Reck
1956). However, its species identity remains questionable, because the author neither
described the male nor compared it specifically with any closely related species. The
taxonomic status of O. caucasicus will be resolved after collecting and describing the
male and female from the type host and locality.

5. Oligonychus proteae Meyer & Ryke, 1959
Oligonychus proteae Meyer & Ryke, 1959: 344.

Host and distribution. Protea coronata (Proteaceae); South Africa.

Remarks. Oligonychus proteae Meyer & Ryke was described from only females,
and details of the male were absent in both the original (Meyer and Ryke 1959) and
subsequent descriptions (Meyer 1974). The taxonomic status of this species has re-
mained doubtful since it was proposed (Meyer and Ryke 1959; Meyer 1974), and it
was excluded from the list of Oligonychus species reported from Africa (Meyer 1987).
The species identity of O. proteae will be resolved after collecting and describing the
male from the type host and locality.

6. Oligonychus nielseni Reeves, 1963
Oligonychus nielseni Reeves, 1963: 57.

Host and distribution. Pinus strobus (Pinaceae); United States.

Remarks. Oligonychus nielseni Reeves was described from only females, and details
of the male were absent in both the original (Reeves 1963) and subsequent description
(Baker and Tuttle 1994). The species was not specifically compared with any other
closely related Oligonychus species (Reeves 1963). Moreover, variations have been re-
ported in length of dorsocentral setae of the females from different populations, e.g., ,
reaching to bases of ¢, (Reeves 1963) or ¢, shorter than the interval between ¢,-¢, (Baker
and Tuttle 1994). The species identity of O. nielseni will be resolved after collecting and
describing the male from the type host and locality.

7. Oligonychus longus Chaudhri, Akbar & Rasool, 1974
Oligonychus longus Chaudhri, Akbar & Rasool, 1974: 147.

Host and distribution. Unknown; United States.
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Remarks. Oligonychus longus Chaudhri, Akbar & Rasool was briefly described
from female specimens only, and the male was unknown (Chaudhri et al. 1974). The
species was placed in the subgenus Reckiella, and although the authors did not specifi-
cally compare it with any other closely related species of Oligonychus, they did mention
that based on the pattern of dorsal striae and length of the female body, this species
differed from all species in that subgenus. However, the morphological information
available for the female clearly indicates that this species does not actually match the
subgenus Reckiella diagnosis of that time (e.g., Tuttle and Baker 1968; Chaudhri et al.
1974; Jeppson et al. 1975). The taxonomic identity of O. longus is doubtful until the
male is collected and described from the type host and locality.

8. Oligonychus conostegiae Tuttle, Baker & Abbatiello, 1974
Oligonychus conostegia Tuttle, Baker & Abbatiello, 1974: 15.

Host and distribution. Conostegia xalapensis (Melastomataceae); Mexico.

Remarks. Oligonychus conostegiae Tuttle, Baker & Abbatiello was briefly described
from only females, and details of the male were absent in both the original (Tuttle et al.
1974) and subsequent description (Tuttle et al. 1976). The authors compared it with
the female of O. gambelli (described from USA on Quercus gambelii, Fagaceae), and
both species differed based on the often variable number of tactile setae proximal to
the proximal duplex on tarsus I (Tuttle et al. 1974). Later, O. conostegiae was separated
from females of O. platani (described from USA on Platanus occidentalis, Platanaceae)
in a diagnostic key, using differences in the comparative lengths of the members of the
duplex setae (McGregor 1950; Tuttle et al. 1976). These three species are distributed
in similar geographical localities (Migeon and Dorkeld 2021), and their separation
requires further taxonomic scrutiny. The species identity of O. conostegiae will be clear
after collecting and describing the male from the type host and locality.

9. Oligonychus daleae Tuttle, Baker & Abbatiello, 1976
Oligonychus daleae Tuttle, Baker & Abbatiello, 1976: 86.

Host and distribution. Dalea sp. (Leguminosae); Mexico.

Remarks. Oligonychus daleae Tuttle, Baker & Abbatiello was described from fe-
males only, and details of the male were unknown (Tuttle et al. 1976). The authors did
not specifically compare it with any other closely related species. However, O. daleae
females were differentiated from the females of O. propetes (described from USA on
Quercus alba) and O. quercus (described from Mexico on Quercus sp.) in a diagnostic
key, using the striae pattern and comparative length of setae on the dorsal hystero-
soma (Tuttle et al. 1976). These three species share similar geographical distributions
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(Migeon and Dorkeld 2021). The species identity of O. daleae will be clear after col-
lecting and describing the male from the type host and locality.

10. Oligonychus changi Tseng 1980
Oligonychus changi Tseng, 1980: 152.

Host and distribution. Pinus sp. (Pinaceae); Taiwan

Remarks. Oligonychus changi Tseng was poorly described from females only, and
details of the male were absent in both the original (Tseng 1980) and subsequent de-
scriptions (Tseng 1990; Lo and Ho 1989). The author did not specifically compare it
with any other closely related species. However, O. changi females were distinguished
from the females of both O. subtropicus (another questionable species reported in same
paper; described from Taiwan on Juniperus chinensis, Cupressaceae) and O. perditus
(described from Japan on Juniperus communis) in a diagnostic key, using the pattern of
dorsal hysterosomal striae (Tseng 1980, 1990). The species identity of O. changi will be
clear after collecting and describing the male from the type host and locality.

11. Oligonychus jiangxiensis Ma & Yuan, 1980
Oligonychus jiangxiensis Ma & Yuan, 1980: 43.

Host and distribution. Cunninghamia lanceolate (Taxodiaceae); China.

Remarks. Oligonychus jiangxiensis Ma & Yuan was briefly described from females
only without detailed morphological characterization, and details of the male were
absent. The authors did not compare it with any other closely distributed or closely
related Oligonychus species, but instead compared it with O. endytus described from
the United States on Quercus sp. (Fagaceae) (Migeon and Dorkeld 2021). Recently, Li
et al. (2019) observed the type material of O. jiangxiensis, but did not re-describe or
confirm its actual taxonomic status. The species identity of O. jiangxiensis will be clear
after collecting and describing the male from the type host and locality.

12. Oligonychus subtropicus Tseng, 1980
Oligonychus subtropicus Tseng, 1980: 147.
Host and distribution. Juniperus chinensis (Cupressaceae); Taiwan.
Remarks. Oligonychus subtropicus Tseng was described from only females, and

details of the male were absent in both the original (Tseng 1980) and subsequent
descriptions (Tseng 1990; Lo and Ho 1989). Although the author did not specifi-
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cally compare it with any closely related species, it was differentiated from O. perditus
(from Japan on /. communis) in a diagnostic key, using slight differences in the pattern
of dorsal hysterosomal striae (Tseng 1980, 1990). Moreover, the author did not even
compare it with another closely related species, O. chamaecyparisae Ma & Yuan (1976)
reported from China on Chamaecyparis pisifera and other Cupressaceae hosts. Bolland
et al. (1998) synonymized O. chamaecyparisae with O. perditus and Migeon and Dor-
keld (2021) follow this classification, despite it recently being reinstated as valid species
by Li et al. (2019). The species identity of O. subtropicus will be clear after collecting
and describing the male from the type host and locality.

13. Oligonychus mactus Tseng, 1990
Oligonychus mactus Tseng, 1990: 146.

Host and distribution. Pinus sp. (Pinaceae); Taiwan.

Remarks. Oligonychus mactus Tseng was described from females only, and the male
is unknown. Tseng differentiated the female from the females of O. clavatus (Ehara
1959) (described from Japan on Pinus spp.) and O. subnudus (McGregor 1950) (from
USA on Pinus sp.), using the patterns of dorsal hysterosomal striae, the comparative
lengths of prodorsal setae and the number of setae on tibia II (Tseng 1990). These
three species inhabit Pinus spp., but were described from geographically well separated
localities (Migeon and Dorkeld 2021). The male of O. mactus still needs to be collected
and described from the type host and locality.

14. Oligonychus pongami Sivakumar & Kunchithapatham, 2014
Oligonychus pongami Sivakumar & Kunchithapatham, 2014: 4113-4117.

Host and distribution. Pongamia glabra (Fabaceae), Vitis vinifera (Vitaceae); Coim-
batore and Tamil Nadu, India.

Remarks. The description of Oligonychus pongami Sivakumar & Kunchithapatham
was based on just one morphological character, that the female differs from O. biharensis
by having longitudinal striations between e -¢, vs. transverse in the later. There are nu-
merous species in the genus Oligonychus which have longitudinal striation between setae
¢,-¢,. No details of the male were provided, and the taxonomic identity of O. pongami is
doubtful until detailed descriptions of the male and female type specimens are provided.

Species complexes in the genus Oligonychus

The term species complex, also referred to as sibling or cryptic species complex, is an
informal taxonomic term or “open nomenclature qualifier” that is used when two/more
morphologically indistinguishable but biologically separate species are present or sever-
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al distinct species are suspected to exist under one name, which results in the taxonomic
uncertainty of a taxon (Sigovini et al. 2016). Species complexes are notoriously difficult
to resolve when based on morphology alone (Pritchard and Baker 1955). However,
such complex taxonomic issues have been efficiently and effectively addressed in dif-
ferent tetranychid genera, e.g., Mononychellus Wainstein, Oligonychus, and Tetranychus
through the combination of morphological, molecular, and biological data (Navajas et
al. 1994, 2001; Gotoh et al. 1998, 2007, 2009; Matsuda et al. 2013; Zeity et al. 2017).
Therefore, integrative taxonomic approaches are needed to clarify the actual status of all
closely related species, and species complexes, in the genus Oligonychus.

Within the genus Oligonychus, we recognized five new species complexes, viz. the afra-
siaticus species complex, the /itchi species complex, the punicae species complex, the plegas
species complex and the #ylus species complex, along with two previously highlighted com-
plexes, the sacchari complex (Khanjani et al. 2018) and the pratensis complex (Pritchard
and Baker 1955; Meyer 1974; Li et al. 2018). The punicae complex is placed in the subge-
nus Oligonychus, while the other six species complexes are placed in the subgenus Reckiella.
The punicae species complex includes four morphologically similar Oligonychus species,
O. punicae, O. mangiferus, O. yusti, and O. vitis. The males and females of each of these four
species share similar morphology, including a downturned aedeagus, and based on the cur-
rently available diagnostics, species of the punicae complex are very difficult to distinguish
from each other. The afrasiaticus complex includes O. aquilinus, O. afrasiaticus, O. keiferi,
and O. menezesi. The lizchii complex includes only O. litchii and O. taiwanicus. The plegas
complex includes O. araneum, O. orthius, O. plegas, O. sayedi, and O. velascoi. The tylus
complex includes O. etiennei, O. senegalensis and O. tylus. Those Oligonychus species which
belonging to the afasiaticus, litchii, plegas, and tylus complexes can be hardly distinguished
using aedeagus shape, number of tactile/sensory setae on tibia I and tactile setae behind to
proximal duplex on tarsus I in male, length-width ratio of male/female palp spinneret and
comparative length of proximo-ventral spur/main claw of male empodium I. Species that
belong to the sacchari complex (O. sacchari and O. saccharinus) and the pratensis complex
(O. pratensis, O. shinkajii, and O. virens) are difficult discriminate from each other using
the available morphological characters because they are variable in their expression.

Presence and absence of para-anal setae in the genus Oligonychus

Lindquist (1985) used the form and position of the H setae when determining
setal homologies and recognized that both of the para-anal setae 4, and 4, are always
present, and that the clunal seta 4, is always absent in the genera Oligonychus and Tet-
ranychus. This nomenclature was first interpreted by Oudemans (1930) and then later
by Pritchard and Baker (1952), and as is followed here.

The setal shapes can be helpful when determining the presence or absence (and
hence names) of para-anal setae in Oligonychus and its closely related genera, as previ-
ously highlighted by Lindquist (1985) and Seeman and Beard (2011). Moreover, the
form of setae 4, in different genera, for example Mixonychus and Schizotetranychus, are
similar to other dorsal setae (Figs 1A, B), whereas setae /J2 and h3 are usually similar in
form to the anals, genitals, and other ventral setae, in all Tetranychini genera (Figs 2, 3).
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Figure 2. Shape of setac A /,and B _are similar to other ventral body setac in all the genera of the tribe
Tetranychini in e.g. Oligonychus. Scale bar: 30 pm.

Figure 3. Shape of setae /,and 4, are similar to other ventral body setae in all the genera of the tribe
Tetranychini in e.g Tetranychus. Scale bar: 30 pm.
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The term “para-anal setae” was introduced by Pritchard and Baker (1955) and can be
confusing when interpreting setae in the Tetranychini. So, for practical purposes, the first
couplet (page 9, section 2.3) of the diagnostic key to genera of the tribe Tetranychini pro-
vided in the world catalogue of spider mites by Bolland et al. (1998) may be interpreted by

users as, “3 pairs of /s setae present, 4, " versus “2 pairs of /s setae present, /4, ;and /, absent”.

Key to subgenera, species groups,and subgroups of the genus Oligonychus Berlese

1 In lateral view, male aedeagus with shaft bending ventrad............ccccceeenee.
............................................................... (subgenus Oligonychus Berlese) 2
- In lateral view, male aedeagus with shaft bending dorsad, or shaft initially
bending dorsad then sigmoid or curved downward distally............cccccceeneee.

.................................................... (subgenus Reckiella Tuttle and Baker) 6

2 Female with 8 or 9 tactile setae on tibia I....... (peruvianus species group) 3
- Female with 5, 6 or 7 tactile setae on tibia ... (coffeae new species group) 4
3 Female with dorsal opisthosomal setae ¢, long, reaching well beyond bases of

SELAC A juuveviieeiiiciiieicis s smithi new species subgroup

- Female with dorsal opisthosomal setae ¢, short, not reaching bases of setae & s
almost one-half to three-quarters as long as the distance between ¢ -, ..........
.............................................................. peruvianus new species subgroup

4 Female with dorsal opisthosomal setae ¢, short, not reaching bases of & > al-
most one-half to three-quarters as long as the interval to &,........ccoccoevenienn
......................................................................... subnudus species subgroup

- Female with dorsal opisthosomal setae ¢, long, reaching to (sub-equal to the

distance between ¢,-d,) or well beyond bases of setae d,..........c.ccocevvuerinnnn 5
5 Female with 5 or 6 tactile setae on tibia I................ aceris species subgroup
- Female with 7 tactile setac on tibia I ............. coffeae new species subgroup
6 Female with 5, 6 or 7 tactile setae on tibia L....eeeeeeieeeeeieeeeeeeeeeeeeeeeeeeeen

................................................................ (éseilemae new species group) 7

- Female with 8, 9 or 10 tactile setae on tibia L...ceeveeveeoeeeeeeeeeeeeeeeeeeeeeeeee
................................................................ (exsiccator new species group) 8

7 Medial dorsal hysterosomal striae forming a reticulated pattern of irregular,
elongate elements in female ...........ccccoceeee. comptus new species subgroup

- Medial dorsal hysterosomal striae without a reticulated pattern in female .....
.................................................................. iseilemae new species subgroup
8 Female with dorsal hysterosomal striac medially between setae 4,-f, typically
transverse or wavy transverse, rarely with a mixture of wavy longitudinal and

oblique striae POSLEriOr t0 SETAC £ .vuvuvururriieriiiciiieieiirie i 9

- Female with dorsal hysterosomal striae typically longitudinal, irregular lon-
gitudinal, oblique, or forming a V/U-shaped pattern, anywhere medially be-

TWEEN ~f, ATCA ..ot e 10

9 Female with 5 or 6 tactile setae on tibia II... préitchardi new species subgroup
- Female with 7 tactile setae on tibia II....... biharensis new species subgroup
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10 Female with medial dorsal hysterosomal striae longitudinal, irregular longi-
tudinal, oblique with/without forming a V/U-shaped pattern between setae
e and e, and between/posterior to fj and fz’ and with/without forming a dia-
mond pattern between setal rows E and F (Fig. 4A) ......ccccoeiinnniiinnnnn,
.................................................................... gossypii new species subgroup
- Female with medial dorsal hysterosomal striae longitudinal (Fig. 4B), irregu-
lar longitudinal (Fig. 4C), oblique with/without forming a V/U-shaped pat-
tern (Fig. 4D) between either setae ¢, and ¢, or between/posterior to £, and f,,
and not forming a diamond pattern between setal rows E and F...................
................................................................. exsiccator new species subgroup

Figure 4. Shape of different striae patterns A longitudinal between setae ¢,-¢, and between f,-f,, in
O. randriamasii Gutierrez (redrawn from original description, Gutierrez 1967) B longitudinal between/
posterior to setae f,-f,, in O. orthius Rimando (redrawn from re-description, Beard et al. 2003) C irregular
longitudinal between/posterior to setae f,-f, D oblique with slightly forming V-shaped pattern between
setae f,-f,, in O. turbbelli Beard and Walter (redrawn from original description, Beard et al. 2003). Scale
bars: 50 um (B, C, D); 100 um (A).
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Abstract

An ampithoid species, previously known as A. tarasovi in Korea, is assigned as a new species, A. changbaensis
sp. nov. based on the reexamination of the holotype of A. zarasovi. The new species shows different mor-
phological characteristics compared to A. tarasovi, especially in male gnathopods 1 and 2. The type material
of A. tarasovi is redescribed and illustrated here and a key to the Korean species of Ampithoe is provided.

Keywords

Ampithoe changbaensis sp. nov., Crustacea, new species, Russia, taxonomy

Introduction

The genus Ampithoe Leach, 1814 is a herbivorous amphipod group associated with
algae and seagrasses in coastal regions worldwide (Myers and Lowry 2003; Shin et al.
2015; Peart and Ahyong 2016). Ampithoe is the most speciose genus of the family Am-
pithoidae and includes more than 70 species worldwide (Horton et al. 2021).
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To date, eight species of the genus Ampithoe have been reported from Korea:
A. akuolaka ].L. Barnard, 1970; A. brevipalma Kim & Kim, 1988; A. lacertosa Bate,
1858; A. ramondi Audouin, 1826; A. shimizuensis Stephensen, 1944; A. tarasovi Bu-
lycheva, 1952; A. valida Smith, 1873; and A. youngsanensis Kim & Kim, 1988 (Kim
and Kim 1988; Shin et al. 2010; Kim 2011; Jung and Yoon 2014; Peart and Ahyong
2016). Among them, A. lacertosa, collected in Korea, was described by Kim and Kim
(1987, 1988). After the study, the material of the Korean specimens of A. lacertosa was
stored in the collections of the Seoul National University. Later, the deposited Korean
material identified as A. lacertosa was reexamined in a taxonomic study of Shin et al. in
2010, and in this material a second species identified as A. zarasovi was found. These
two species, however, were identified based on the original descriptions and other pub-
lished records only. However, the type specimens of these two species were not exam-
ined by Shin et al. (2010).

For a precise identification of species, type specimens and detailed original descrip-
tions are essential for taxonomy and a flawless identification. If type material is lost
and the original texts and illustrations are short and poor in quality, it may lead to
misidentifications of species.

In this study, the holotype of A. farasovi collected in Russia was reexamined.
Through the examination, the Korean material of A. tarasovi was identified as a distinct
species having morphological characteristics differing from the type material of A. zara-
sovi. The examined specimens (previously known as A. tarasovi in Korea) are assigned
as a new species, A. changbaensis sp. nov., which is described based on the specimens
previously misidentified as A. tarasovi by Shin et al. (2010). Moreover, the type mate-
rial of A. tarasovi is redescribed and illustrated.

Materials and methods

To designate the type material of the new species, the specimens which have been
deposited at the Laboratory of Systematics and Molecular Evolution in the Seoul Na-
tional University were used. Other material was collected in Korea among algae in
tide pools, in the intertidal zone, and in shallow water at low tide. The holotype of
Ampithoe tarasovi was loaned from the Moscow Museum, Russia, and examined at the
crustacean department of Museum fiir Naturkunde Berlin, Germany.

The specimens were analyzed and pencil drawn under a dissection microscope (Leica
M250C), and appendages and mouthparts were drawn under a Leica DMLB; both mi-
croscopes were equipped with a camera lucida. The line drawings were made using the
technique described by Coleman (2003, 2009). Body length was measured along the mid-
body line from the tip of the rostrum to the posterior end of urosomite 3. All examined
material is currently being deposited at the Marine Arthropod Depository Bank of Korea
(MADBK). The descriptions were produced from a DELTA (Dallwitz 2005) database
to the ampithoid genera and species (initially compiled by our colleague Dr Jim Lowry).
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Results
Systematics

Ampithoidae Boeck, 1871
Ampithoe Leach, 1814

Ampithoe changbaensis sp. nov.
http://zoobank.org/14B275AB-4C6A-4390-BA22-E844D6DC044E
Figures 1-3

Ampithoe lacertosa: Kim and Kim 1987: 3, fig. 2. Kim and Kim 1988: 109, fig. 2A [not
Ampithoe lacertosa Bate, 1858].
Ampithoe tarasovi: Shin et al. 2010: 300, figs 4-6 [not Ampithoe tarasovi Bulycheva, 1952].

Type locality. Hamo beach, Jeju-do, South Korea.

Type material. Holotype. Male, 17.6 mm (MABIK CR00248547), Hamo beach,
Daejeong-eup, Seogwipo-si, Jejo-do, Korea (33°12'37.01"N, 126°15'44.34"E), 30
May 2007, coll. Shin and Hong.

Paratype. Female, 22.3 mm (MABIK CR00248548); male and female, 16-21 mm
(MABIK CR00248549); 2 males and 1 female, 17—20 mm (MABIK CR00248550),
same data as the holotype.

Additional material examined. 3 males, Hamo beach (MABIK CR00248551),
Daejeong-eup, Seogwipo-si, Jeju-do, Korea (33°12'37.01"N, 126°15'44.34"E), 30
May 2007; 3 males and female (MABIK CR00248552), Gujwa-cup, Jeju-si, Jeju-do,
Korea (33°32'2.58"N, 126°50'27.25"E), 15 Mar. 2017; male and 3 females (MABIK
CR00248553), Deajin port, Hyeonnae-myeon, Goseong-gun, Gangwon-do, Korea
(38°29'55.42"N, 128°25'35.53"E), 21 Jun. 2019.

Etymology. The new species is named in honor to Prof. Chang Bae Kim, an early
amphipodologist of Korea, who collected and described the species firstly from Jeju,
Korea in 1987.

Description. Based on holotype male, 17.6 mm. Body (Figs 1, 2) heavily covered
with dark pigmentation spots creating bands on head, coxae, pereon, and pleon.

Head. Antenna 1 longer than antenna 2; peduncular article 1 subequal in length
to article 2; article 2 longer than article 3 (2.3 times article 3); article 3 shorter than
article 1 (0.5 times article 1).

Antenna 2 slender, similar to antenna 1; peduncular article 4 subequal in length to
article 5; flagellum longer than peduncular article 5.

Upper lip with midlateral notch on margins.

Mandible molar well developed, triturating; palp apically setose, 3-articulate; man-
dibular palp article 1 shorter than article 2 (0.5 times article 2); article 2 shorter than
article 3 (0.7 times article 3); article 3 longer than article 1 (3 times article 1).
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Figure 1. Photograph of the Ampithoe changbaensis sp. nov., habitus of the male paratype. Scale bar: 5 mm.
Photograph by Jin-Ho Park.

Lower lip outer plates forming a medial excavation, lateral lobe slightly longer than
medial lobe; mandibular lobe curved laterally, subacute apically.

Maxilla 1 inner plate with 1 slender seta; palp well developed, with apical robust setae.

Maxilla 2 inner plate narrower than outer plate, with oblique setal row.

Maxilliped outer plate with developed row of large robust setae along medial margin.

Pereon. Gnathopod 1 (Fig. 3A) sexually dimorphic, smaller than gnathopod 2, car-
pus and propodus with numerous plumose setae on both anterior and posterior margins;
coxa broader than deep, anterior margin slightly convex, anteroventral corner produced,
rounded; basis longer than coxa, expanded anterodistally, anterodistal lobe large and
subrounded; ischium anterior margin with small subrounded lobe; merus posterodistal
corner subacute, produced; carpus about 2 times as long as broad, longer than propodus
(1.3 times propodus), with posterodistal lobe slightly overlapping propodus, posterior
margin slightly convex; propodus broad, 1.4 times as wide as long, subovoid; palm acute,
convex, defining corner rounded with 1 robust seta; dactylus subequal in length to palm.

Gnathopod 2 (Fig. 3B) sexually dimorphic; basis longer than coxa, anterodistal
lobe large and rounded, not reaching beyond ischium; ischium with anterior rounded
lobe; carpus much shorter than propodus (0.4 times propodus), subtriangular; propo-
dus narrow, 1.8 times as long as wide, subrectangular; palm transverse, with a sloped
quadrate midmedial hump and an apically rounded tooth on posterodistal corner;
dactylus slightly overreaching palm, curved, robust, apically blunt.
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Figure 2. Ampithoe changbaensis sp. nov., male holotype. Habitus. Scale bar: 5 mm.

Pereopod 3 basis narrow; merus narrow; carpus about twice as long as broad.

Pereopod 4 basis similar to pereopod 3.

Pereopod 5 (Fig. 3C) basis subovoid, without posterodistal lobe; merus subrectangular.

Pereopod 6 basis posterior margin rounded proximally, straight distally, with mar-
ginal robust setae; merus subrectangular.

Pereopod 7 (Fig. 3D) similar to pereopod 6; basis with marginal robust setae.

Pleon. Epimera 1-3 with lateral ridges; epimera 2 and 3 subrounded posterodis-
tally, with rounded tooth on each posteroventral angle. Epimeron 1 rounded postero-
distally, with tooth on posteroventral angle; epimeron 2 ventral margin evenly curved;
epimeron 3 ventral margin straight.

Uropod 1 reaching to end of uropod 2 rami; inner ramus longer than outer ramus;
outer ramus slender, about 6 times as long as broad.

Uropod 2 inner ramus longer than outer ramus.

Uropod 3 (Fig. 3E) peduncle much longer than broad (2.2 times as wide as long),
1.8 times as long as rami, 2 inner marginal robust setae, marginal slender setae present,
with 7 distal peduncular robust setae; rami long, about twice as long as broad; outer
ramus subequal in length to inner ramus, with 2 large recurved distal robust setae, and
with 3 dorsomarginal robust setae, with lateral setal fringe; inner ramus with 4 distal ro-
bust setae, with 3 and 2 lateral robust setae on both inner and outer margins, respectively.

Telson (Fig. 3F) subtriangular, apically rounded, with small apical cusps; with 3
groups of lateral plumose setae, and a pair row of setae on submedial margins.

Depth zone. Littoral (1-2 m).

Distribution. Jeju, East Sea of Korea, South Sea of Korea.

Remarks. This species has been recognized as A. zarasovi in Korea since the spe-
cies was described and illustrated by Shin et al. (2010). However, the type material of
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Figure 3. Ampithoe changbaensis sp. nov., male holotype A gnathopod 1 B gnathopod 2 € pereopod 5
D pereopod 7 E uropod 3 F telson. Scale bars: 2 mm (A-D); 0.25 mm (E, F).

A. tarasovi described from Russia was examined here, and as a result, important mor-
phological differences were detected between Korean material and the Russian type
specimen. The characteristics differing between the Korean specimens and the type
material are as follows. In male gnathopod 1, the basis is expanded anterodistally in
the Korean specimens, while it is narrow and straight in the type material. The length
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ratios of carpus and propodus of the Korean and Russian specimens are 1.3 and 1.8,
respectively. The shape of gnathopod 1 carpus is more rectangular in the Russian mate-
rial than in the Korean sample. The propodus of male gnathopod 2 is longer and more
rectangular in the Russian material compared to the Korean sample. The apical margin
of the telson is round in the Korean specimen, while it is subacute in the Russian type
material. Based on the morphological differences mentioned above, the Korean mate-
rial has been assigned to a new species, A. changbaensis sp. nov.

Ampithoe changbaensis sp. nov. is similar to A. prolata Hughes & Peart, 2013; how-
ever, it can be distinguished from this species by the following characteristics: (1) pres-
ence of marginal setae on merus, carpus and propodus of male gnathopod 1; (2) swollen
basis of male gnathopod 1; (3) subrectangular and trapezoid shape of propodus of male
gnathopod 2; and (4) truncated posterior margin of carpus of female gnathopod 1.

Ampithoe tarasovi Bulycheva, 1952
Figures 4-8

Ampithoe tarasovi Bulycheva, 1952: 246, fig. 38. Tzvetkova 1967: 190.

Type material. Male, collected by Tarasov from De-Kastri, Sea of Japan, 3 Aug. 1929.

Description. Based on holotype male, 14.3 mm (re-measured along the midbody
line from the tip of the rostrum to the posterior end of urosomite 3), deposited at the
Moscow Museum, Russia (no. 1/21349).

Head (Fig. 4B). Upper lip (Fig. 4C) with mid-lateral notch on margins.

Mandible (Fig. 4D, E) molar well developed, triturating; accessory setal row with 9
robust setae; palp apically setose, 3-articulate; mandibular palp (Fig. 4F) article 1 short-
er than article 2 (0.6 times article 2); article 2 shorter than article 3 (0.7 times article
3); article 3 long (3.3 times as long as wide), longer than article 1 (2.3 times article 1).

Lower lip (Fig. 4G) outer plates forming a medial excavation, lateral lobe much
longer than medial lobe; mandibular lobe curved laterally, rounded apically.

Maxilla 1 (Fig. 5A) inner plate with 1 slender seta; palp well developed, with apical
robust setae.

Maxilla 2 (Fig. 5B) inner plate narrower than outer plate, with oblique setal row.

Maxilliped (Figs 5C-E, 6A) outer plate with developed row of large robust setae
along medial margin.

Pereon. Gnathopod 1 (Fig. 6B) sexually dimorphic, smaller than gnathopod 2, car-
pus and propodus with numerous plumose setae on both anterior and posterior margins;
coxa subequal to coxa 2 in length, broader than deep, anterior margin straight, anter-
oventral corner produced, rounded; basis longer than coxa, anterodistal lobe large and
rounded; ischium anterior margin with large rounded lobe; merus posterodistal corner
subquadrate; carpus about 2 times as long as broad, longer than merus, longer than pro-
podus (1.8 times propodus), with posterodistal lobe slightly overlapping propodus, pos-
terior margin straight; propodus broad, 1.4 times as wide as long, subovoid; palm acute,
convex, defining corner rounded with 1 robust seta; dactylus subequal in length to palm.
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Figure 4. Ampithoe tarasovi Bulycheva, male holotype A epimeral plates 1-3 B head € upper lip D left
mandible E right mandible F palp of mandible G lower lip. Scale bars: 1 mm (A, B); 0.2 mm (C, G);
0.1 mm (D-F).

Gnathopod 2 (Figs 6C, 7A) sexually dimorphic; basis longer than coxa, with sparse
slender setae, anterodistal lobe large and rounded, not reaching beyond ischium; is-
chium anterior margin with subquadrate lobe; carpus much shorter than propodus
(0.3 times propodus), subtriangular; propodus narrow, 2.3 times as long as wide, sub-
rectangular; palm transverse, with a sloped quadrate mid-medial hump and an apically
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Figure 5. Ampithoe rarasovi Bulycheva, male holotype A maxilla 1 B maxilla 2 C inner lobe of maxilliped
D outer lobe of maxilliped E maxilliped. Scale bars: 0.1 mm (A-D); 1 mm (E).

rounded defining tooth on posterodistal corner; dactylus slightly overreaching palm,
curved, robust, apically blunt, without unguis.
Pereopod 3 (Fig. 8C) basis narrow; merus narrow; carpus about twice as long as broad.
Pereopod 4 (Fig. 8D) basis similar to pereopod 3.
Pereopod 5 (Fig. 8E) coxa simple and subrectangular. Pereopods 5-7 lost.



138 Myung-Hwa Shin & Charles Oliver Coleman / ZooKeys 1079: 129-143 (2021)

________________

P ,

/fﬂ/wm‘%‘%%%%

W

Figure 6. Ampithoe tarasovi Bulycheva, male holotype A palp of maxilliped B gnathopod 1 € gnathopod
2. Scale bars: 0.1 mm (A); 1 mm (B); 0.5 mm (C).

Pleon. Epimera 1-3 (Fig. 4A) with lateral ridges; ventral margin of epimera 2 and
3 straight, with distinct tooth on each posteroventral angle. Epimeron 1 subrounded
posterodistally, with tooth on posteroventral angle; epimeron 2 subrounded postero-
distally; epimeron 3 straight and sloped posterodistally.

Uropod 1 (Fig. 7B, C) reaching to end of uropod 2 rami; peduncle with 10 robust
setae; inner ramus longer than outer ramus, with 5 marginal robust setae; outer ramus
slender, about 6 times as long as broad, with 14 marginal robust setae.
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Figure 7. Ampithoe tarasovi Bulycheva, male holotype A gnathopod 2 B lateral view of urosomite 3
C uropod 1 D uropod 2 E uropod 3 F telson. Scale bars: 1 mm (A=C, E); 0.2 mm (D, F).

Uropod 2 (Fig. 7D) peduncle with 8 robust setae; inner ramus longer than outer
ramus, with 8 marginal robust setae; outer ramus 11 marginal robust setae.

Uropod 3 (Fig. 7E) peduncle much longer than broad (2.3 times width), 2.2 times
as long as rami, with 3 marginal robust setae, marginal slender setae present, with 8
distal peduncular robust setae; rami long, about twice as long as broad; outer ramus
shorter than inner ramus, with 2 large recurved distal robust setae and 1 dorsal robust
setae, with lateral setal fringe; inner ramus with 6 distal robust setae, with 2 lateral
robust setae both inner and outer margins, respectively.
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Figure 8. Ampithoe tarasovi Bulycheva, female A gnathopod 1 B gnathopod 2 € pereopod 3 D pereopod
4 E coxa 5. Scale bars: 1 mm (A=E).

Telson (Fig. 7F) subtriangular, apically subacute, with small apical cusps, with 4
or 5 of lateral setae on both margins, and 2 pairs of lateral plumose setae, with 2 or 3
submedial setae on both margins.

Sexual dimorphic female, 15.3 mm.

Gnathopod 1 (Fig. 8A) subequal in size to gnathopod 2; coxa about as broad as
long, anterior margin concave, anteroventral corner produced and subacute; basis sub-
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Table I. Distribution of the species of Ampithoe in coastal regions of Korea: EC, Eastern coast; WC, Western
coast; SC, Southern coast; JC, Jeju coast (distribution data cited from Kim [2011] and Jung and Yoon [2014]).

Species Coastal region
wWC

e2}
(@]

jC

A. akuolaka

A. brevipalma
A. lacertosa

A. ramondi

A. shimizuensis
A. valida

A. youngsanensis

©1 ©0 0 0 O !
I © © 1 © 1
©0 0000 06 0|k

© ©© 0 0 0 !

A. changbaensis sp. nov.

equal in length to coxa, with sparse slender setae, anterodistal lobe large and rounded;
carpus subequal in length to propodus (1.1 times propodus); propodus narrow, 2 times
as long as wide, subtriangular; palm acute, straight, defining corner subrounded with 1
robust seta; dactylus slightly overreaching palm, inner margin crenate.

Gnathopod 2 (Fig. 8B) basis shorter than coxa, with sparse slender setae, antero-
distal lobe large and rounded, not reaching beyond ischium; ischium anterior margin
without distinct lobe; carpus shorter than propodus (0.7 times propodus); propodus
narrow, 1.6 times as long as wide, subrectangular; palm acute, defining corner sub-
rounded with 1 robust seta; dactylus slightly overreaching palm, tapering evenly, api-
cally acute, inner margin crenate.

Depth zone. Sublittoral (0-24 m).

Distribution. Peter the Great Bay, Sea of Japan.

Remarks. This species has the following characteristics: the apical and medial lobes
of the outer lobes are separated in the lower lip; the carpus of male gnathopod 1 is about
1.8 times as long as the propodus; the palm of the male gnathopod 2 has a sloped quad-
rate hump and posterodistal tooth. Bulycheva (1952) noted that A. zarasovi is very abun-
dant in macroalgae and reefs in Petra Velikogo Bay and in the northern Sea of Japan.

Here we provide a key to the Korean species of Ampithoe and distributional
information in four coastal regions of Korea in Table I.

1 In male, gnathopod 2, propodus subovoid or not large; palm acute or not.... 2
- In male, gnathopod 2, propodus large subrectangular; palm transverse or

NEALLY SOttt s 5
2 Gnathopod 2, palm extremely acute, not defined in male.... A. youngsanensis
- Gnathopod 2, palm not acute in male......c..ccooveeririiniincincincccee 3
3 Gnathopod 2, palm concave, defined with angle in male .......... A. brevipalma
- Gnathopod 2, palm incised, with distinct lobe in male .......cccccovveevicinicnnaee. 4
4 Gnathopod 2, propodus with pointed thumb-like lobe in male ...A. akuolaka

Gnathopod 2, propodus with rounded thumb-like lobe in male ....A. ramondi
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5 Epimeron 3 without tooth on posteroventral angle ..........cccccccvveeiinnnnen. 6
- Epimeron 3 with subacute tooth on posteroventral angle ..............cccc....... 7
6 In male antenna 2, peduncular article 4 compressed and expanded..................

............................................................................................ A. shimizuensis
- In male antenna 2, peduncular article 4 not expanded, ordinary ....A. valida
7 In male, gnathopod 2, carpus and propodus with dense marginal setae; palm
with quadrate hump; gnathopod 1, basis expanded anterodistally in male....
.............................................................................. A. changbaensis sp. nov.
- In male, gnathopod 2, carpus and propodus without dense setae; palm with-
out hump; gnathopod 1, basis not expanded anterodistally in male ........... 7
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Abstract
SCUBA diving explorations of three islands off Dumont d’Urville Station at the coast of Adélie Land,
East Antarctica, enabled the observation of marine ice caves. Sampling in this unusual habitat yielded a
total of three species of Mysidae, altogether previously poorly known or unknown to science. Pseudomma
kryotroglodytum sp. nov. is described, based on the structure of the antennal scale, telson and on cornea-
like lateral portions set off against the main body of eyeplates. Mysidetes illigi is re-established at species
level after almost a century in synonymy. Re-descriptions are provided for M. illigi and M. hanseni, based
on types and ice cave materials. Keys to the Southern Ocean species of Psendomma and to the world-wide
species of Mysidetes are given.

Phylogenetic trees are provided for the genera Pseudomma and Mysidetes. 18S rDNA sequences of
P. fkryotroglodytum differ from GenBank sequences of other Pseudomma species. First sequence data are
given for species of the genus Mysidetes: 18S differs between the two examined species and COI is quite
diverse between and within species.

Copyright Karl . Wittmann & Pierre Chevaldonné. This is an open access article distributed under the terms of the Creative Commons Attribution Li-
cense (CC BY 4.0), which permits unrestricted use, distribution,and reproduction in any medium, provided the original author and source are credited.



146 Karl J. Wittmann & Pierre Chevaldonné / ZooKeys 1079: 145-227 (2021)

We found previously unknown, probably sensorial structures in these ice cave species: in P kryotrog-
lodytum, the basal segment of the antennula shows a pit-like depression with striated pad on the bottom
and a median cyst, connected with the bottom of the eyeplate cleft. M. illigi shows a female homologue
of the appendix masculina bearing a field of modified setae. Subsequent investigations demonstrated these
structures also in species from other habitats.

The feeding apparatus and stomach contents of the three ice cave species point to brushing of small
particles (detritus, microalgae) from available surfaces, such as sediment, rock and the ice surface. Differ-
ences in the feeding apparatus are very subtle between the two Mjysidetes species. The high content of fat
bodies in M. hanseni could help it to survive periods of starvation. The large storage volume of the foregut
in R kryotroglodytum points to the collection of food with low nutritional quality and could help to bal-
ance strongly fluctuating food availability.

Summer specimens of M. hanseni showed a bimodal frequency of developmental stages in the marsu-
pium and bimodal size-frequency distribution of free-living stages. The females with younger brood (em-
bryos) were, on average, larger and carried more marsupial young than those with older brood (nauplioid
larvae). All examined incubating and spent females showed (almost) empty foreguts and empty ovarian
tubes, suggesting possible semelparity and death following the release of young. The absence of juveniles
and immature females from summer samples suggests that growth and accumulation of fat and yolk occur
outside ice caves, while such caves could be used by fattened adults as shelter for brooding. A provisional
interpretation proposes a biannual life cycle for M. hanseni, superimposed with shifted breeding schedules,
the latter characterised by early breeding and late breeding females, probably in response to harsh physical
and trophic conditions along the continental coast of Antarctica.

Keywords
Development, feeding, key to species, life cycle, marine caves, molecular systematics, polar biology,
sensory organs

Introduction

Species of the order Mysida play an important role for the biodiversity of the Southern
Ocean. This is highlighted by the census of Petryashov (2014), who listed 64 spe-
cies from there, 51 of which are endemic. The Antarctic invertebrate fauna generally
shows the highest proportion of endemic marine species (Peck 2018) due to millions
of years of isolation of the Antarctic as the only continent without shelf connection to
other land masses. Amongst Mysida, the Antarctic endemics constitute as much as 4%
of the world-wide stock of 1203 acknowledged recent species (original census from
24-08-2021). Thirty-eight Antarctic species could be classified as benthopelagic or
benthic, with some reservation due to sparse documentation and/or use of non-closing
sampling devices for a number of species. No cave-dwelling mysids are, so far, known
from the Southern Ocean and none from the here-documented ice caves.

Our current knowledge on the Antarctic marine biota stems largely from indirect
observations (e.g. Remotely Operated Vehicles) and samples obtained by dredging,
trawling and fishing. Although modern techniques have greatly improved species
discovery rates (e.g. Griffiths 2010), SCUBA diving exploration of the Antarctic ben-
thos remains uncommon, due to the extreme conditions and costly logistics. Yet,
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many marine habitats and organisms cannot be easily assessed by remote gears. This,
for example, is the case for temperate and tropical marine cave faunas (see Harmelin
et al. 1985; Pérez et al. 2016), but also for the fauna living below perennial sea ice
(Zimmer 1914; Griffiths et al. 2021).

During recent SCUBA diving explorations between 0 and 20 m depth at the
Dumont d’Urville (DDU) Station in Adélie Land, East Antarctica, a peculiar habitat
— marine underwater ice caves, which meet both the extreme facets of life under ice,
together with the darkness and isolation of caves — was surveyed and sampled. Strikingly
similar to what prevails elsewhere in shallow-water marine caves (e.g. Ledoyer 1989;
Lejeusne and Chevaldonné 2005; Wittmann and Chevaldonné 2017), one main
component of the mobile fauna of such ice caves is species of the order Mysida, an
order that otherwise does not appear to be conspicuously abundant in the shallow
(0-20 m) benthos at DDU.

Ledoyer (1969) inspected the extensive faunistic collections dredged in Adélie Land
by Patrick Arnaud in 1961-1965. He reported only two species of Mysida, namely
one specimen of Mysidetes posthon Holt & Tattersall, 1906, plus several specimens of
the more common Antarctomysis maxima (Hansen) [in Holt and Tattersall 1906]. All
these mysids were obtained from > 60 m depth. To our knowledge, there is no report
available on shallow-water mysids from the DDU area. In analogy to the situation in
marine caves from lower latitudes, shallow ice caves could provide shelter to escape
from visually orientated predators during austral summer and could also provide
suitable conditions for deep-water species (Janssen et al. 2013).

The advantages of SCUBA-based collection methods were used to sample my-
sids in shallow marine ice caves of Adélie Land. Our knowledge of mysid diversity
from East Antarctica was deepened by direct in situ observations and by the study
of freshly-collected material that allowed: (1) description of one new species and re-
description of two other species; (2) exploration of their feeding, reproduction and life
cycle; (3) description of their habitat when sheltered in shallow-water ice caves and
(4) estimation of their DNA sequence affinities by a first molecular taxonomic study.

Materials and methods

Field materials

Samples were collected during the POLARIS programme (2013-2018, Stéphane
Hourdez principal investigator) funded by the French Polar Institute (IPEV) in austral
summers 2015-2016 and 2017-2018. In the search for ice caves, SCUBA divers
(Pierre Chevaldonné [PC], S. Hourdez, S. Castanet, M. Robert, J. Fournier) sailed
in small boats to partly ice-covered islands or islets with environmental conditions
appearing suitable for ice caves to occur. Such conditions were found in 2016 at
Claude Bernard Island (66°39.64'S, 140°01.55'E) and, in 2018, at the Curie Islands
(66°38.64'S, 140°02.43'E) and Damiers Islands (66°39.21'S, 139°57.61'E). Each of
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these sites is located within 1-3 km (Fig. 1) of the main Adélie Land (East Antarctica)
permanent station, Dumont d’Urville (DDU). SCUBA divers visually identified
mysids and collected them with specially designed suction bottles (Chevaldonné et al.
2008). Mysids were maintained alive until preserved in 95% ethanol. One specimen
of A. maxima was further obtained on 18 January 2016 from a plankton net operated
by colleagues of the Ico?Taks programme (C. Davies, A. Guillou, E. Tavernier) from a
hole dug in sea ice over a bottom of ca. 40 m depth, 66°39.79'S, 139°59.65'E, this just
being west of the Petrels Island, at the DDU station (Fig. 1).

Collection materials

Previously unknown features, detected in ice cave specimens, were checked for poten-
tial presence in other species of the respective subfamilies. This includes type materials
of Mysidetes Holt & Tattersall, 1906 species obtained on loan from the Zoological
Museum Berlin. Other important museum materials were already on desk for ongo-
ing studies of expedition collections. Some non-types were obtained in the frame of
statolith studies (e.g. Wittmann et al. 1993; Wittmann and Ariani 2019) in the 1980s
by exchange of collection materials with Torleiv Brattegard (Bergen), Masaaki Murano

(Tokyo) and the meanwhile deceased John Mauchline (1933-2013) (Oban).

Repositories

NHMW  Natural History Museum of Vienna;

SMF Senckenberg Museum, Frankfurt am Main;
7ZMB Zoological Museum Berlin;

ZMH Zoological Museum Hamburg.

Types of P, kryotroglodytum sp. nov. are deposited at NHMW. Non-types of two Mysidetes
species are deposited at all these institutions, with some material retained for future studies.

Terminology

Most terminological items are as given in Wittmann and Abed-Navandi (2021). Gross
morphology is according to Tattersall and Tattersall (1951). With certain modifica-
tions, as stated by Wittmann (2000), appendage terminology is according to Tatter-
sall and Tattersall (1951) and for non-sensory cuticle structures, according to Klepal
and Kastner (1980). Terminology of gross structures of the foregut follows Kobusch
(1998), modified spines of the foregut Wittmann and Grifhichs (2018). According to
Wilson (1989), the term ‘whip seta’ is used for setae with the basal part (handle) bear-
ing a thin flagellum (cord, sensory part) at its tip; handle and cord are separated by a
suture or other kind of articulation.

Working terms are used for structures previously unknown in species of Mysidae:
‘eyeplate cyst’ for median cyst connected with the bottom of the eyeplate cleft; ‘female
antennular lobe’ for female homologue of the appendix masculina; ‘antennular
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depression’ for pit-like depression with dorsal opening about centrally on the basal
segment of the antennula, not to be confounded with the Tattersall organ in more
proximal position close to eye rudiments in certain Petalophthalmidae (see Discussion).

Definition and abbreviation of stages

We propose a consistent, strict distinction of stages and distinguish more stages and sub-
stages than the most widespread, traditional scheme by Tattersall and Tattersall (1951):

Embryonic and larval stages are distinguished essentially according to Witt-
mann (1981):

EO0
E1l to E6

N1 to N4

P1 to P3

unfertilised eggs;

embryos (eggs) at substage E1 freshly fertilised, up to E6 with the em-
bryonic abdomen folded back over the germ, ready for shedding the egg
membrane;

nauplioid larvae at substage N1, freshly hatched from the egg membrane,
up to N4 for those shortly before the moult leading to the postnauplioid
stage;

postnauplioid larvae at substage P1 freshly moulted, up to P3 that lasts
until moult to juvenile stage upon or shortly after release from brood
pouch.

Detailed definitions are here proposed for free-living stages arranged according to
sex and typical succession:

J

J1

as

JA

QI

N

OA

©B

juveniles: no external sexual characteristics;

immature males: short (rudimentary) penes externally visible; appendix
masculina, if any, externally visible as small non-setose knob;

subadult males: penes well developed, not necessarily at final size, sper-
matozoa occasionally visible in efferent ducts; appendix masculina not or
sparsely setose; dimorphic pleopods, if any, imperfectly developed;

adult males: penes fully developed, spermatozoa mostly visible in efferent
ducts; appendix masculina well setose; dimorphic pleopods, if any, fully
developed;

immature females: oostegites rudimentary though distinct, not overlap-
ping; ovarian tubes rudimentary, though visible through the transparent
body;

subadult females: oostegites overlapping, not yet forming a compact
chamber; ovarian tubes fully developed, may be filled with yolk depending
on ovarian and breeding cycles;

adult females: marsupium represents a compact chamber by overlap of
oostegites, ventral slit covered by interlocking setae; ovarian tubes filled
with yolk depending on ovarian and breeding cycles;

brooding (incubating) females;
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QU, RE  adults with unfertilised or fertilised eggs in the marsupium;

YN, $P  adults with nauplioids or postnauplioids in the marsupium;

Q0 adult females with empty marsupium, represented by non-incubating
reproductive females (20*) with yolk in ovarian tubes and by non-repro-
ductive (spent) females (907) without yolk;

+ superscript indicating yolk in ovarian tubes;
superscript for empty ovarian tubes.

Additional abbreviations

BL body length.
S# sample number in Suppl. material 1.

Documentation

Colour photos of live specimens were made by one of us (PC) and Stéphane Hourdez
in the field and in laboratories of the Dumont d’Urville Station. Half-tone micropho-
tography was performed by KJW on ethanol-fixed entire specimens in vial and on
dissected parts mounted on slides. Entire objects were studied and photographed us-
ing 15x to 112.5x standard episcopic microscopy, dissected objects with 40x to 1000
x phase contrast diascopic microscopy. Electronic pencil drawings were made using
stacked photos as models.

Description schemes as in Wittmann and Abed-Navandi (2021). Photos and draw-
ings of sex-specific features of Mysidetes species are labelled by symbols for females or
males. The absence of such labels implies absent or unapparent sex-specific differences.

Measurements, preparation and microscopy

Body length (BL) was measured according to Tattersall and Tattersall (1951) from tip of
rostrum to terminal margin of telson without spines and setae. Wherever practical, length
measurements of antennae, eyestalks, carapace etc. were made along the dorsal mid-line.

Depending on availability, 2—4 (sub)-adult specimens per species were dissect-
ed completely. The ethanol-fixed specimens were dissected and the parts mounted
in Swann’s (= Swan) medium on slides. The medium was hardened and the objects
bleached for 20 h at 60 °C. Bleaching continued for several weeks at room tempera-
ture. Slides were sealed tightly several months later.

For the study of small cuticle structures, the carapace together with, if present,
the eyeplate, were detached from the body. The cuticle of the pleon was cut along the
ventral mid-line and then skinned off. All these preparations were then expanded on
slides with dorsal face up. Due to the strength and elasticity of the pleon cuticle, some
lateral portions unintentionally whipped back underneath the flattened skin. In such
cases, the pleopods became positioned below the drawing plane in Figs 6F 17L. The
statolith structure was examined as detailed in Wittmann et al. (1993).
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We examined the available summer materials in detail by checking the body for
oil globules and the ovarian tubes for the presence of yolk. We qualitatively and quan-
titatively estimated the foregut contents in addition to the usual counts and measure-
ments of marsupial and free-living stages. The degrees of filling of foreguts and ovarian
tubes were checked through the semi-transparent cuticle by properly adjusting the light
source. Qualitative data were obtained by smearing foregut contents on to the slide.
The presence of oil globules in the body was checked only from photos of living speci-
mens because lipids dissolve in 95% ethanol-preserved specimens. Most eggs and larvae
were removed from the marsupium for counting, size measurements and determining
the state of development. A few were left in Joco for potential future examination.

Statistics

The programme XLSTAT 2021 version 23.2.1140, edited by Addinsoft, was used as
an add-in of MS-Excel sheets for standard statistics. X*-tests were applied for nominal
variables (frequency of stages); neighbouring items with n < 5 were pooled. Student’s t-
tests were used for scale variables (body size and numbers of young) and Fishers F-tests
for differences between variances (numbers of embryos versus nauplioid larvae). The
Anderson-Darling-Test was used to check for normal distribution as a prerequisite for
the Grubbs-Test in outlier analysis of length-frequency distributions.

Molecular study

Small parts (appendages of the two type specimens of P kryotroglodytum sp. nov.) and
entire or half specimens (Mysidetes spp., A. maxima) were selected for DNA extraction,
followed by PCR amplification of fragments of the 18S and COI genes as in Cheval-
donné et al. (2015). PCR reactions were then sequenced by Eurofins, Germany. Con-
sensus sequences from sequencing both strands were used and deposited in the GenBank
database (Accession numbers OK351312 — OK351330; OK353676 — OK353694).

Sequences were aligned and analysed in terms of % divergence and genetic dis-
tance calculated as Kimura 2-parameters (K2P). For Mysidetes, a distance tree (N])
was built for our COI data alone (A. maxima as a root) with CLUSTALX 2.1 (Larkin
et al. 2007) with bootstrapping support assessed over 1000 replicates. Coding COI
sequences were translated into amino acids to check for stop codons and to dismiss
the possibility of obvious pseudogenes. There were no indels at the 18S locus within
our Mysidetes dataset. There are no other sequences of Mysidetes available in databases.

For Pseudomma G.O. Sars, 1870, the COI barcodes used here could not be
aligned with the sequences currently available in GenBank (different parts of the
gene). Available 18S sequences of other species of Pseudomma were aligned with 2
kryotroglodytum sp. nov. to build phylogenetic trees (N]J and ML). Maximum Likeli-
hood (ML) trees were obtained with PHYML 3.0 (Guindon et al. 2010; Lefort et al.
2017) with bootstrapping support assessed over 1000 replicates. There were no indels
in that 18S dataset.
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Habitat

Physical aspect and fauna of ice caves
Figures 1, 2C, 7D, 14C

The ice cave habitat, referred to in the present work, is related to the occurrence
of fast ice, i.e. sea ice attached to the rocky shore, in areas where multiple islands
and islets favour the persistence of such fast ice. In bridging islands, islets or even
submerged rocks, sea ice therefore creates, for some time, a thick ceiling (with no or
low light penetration) sustained by submerged rocky walls, themselves often covered
with ice. Each habitat unit is likely to be ephemeral, some probably disappearing
each summer with the ice breakup, some others persisting for years. Nonetheless,
the build-up and occurrence of ice caves along rocky shores, such as the DDU area
(Fig. 1) is certainly a common, recurrent process. When the width between the rocky
walls is large, the ice cave will be opened at both ends, providing shelter from light,
but allowing for significant water movement through the resulting tunnel shape. This
was the case at Damiers and Curie Islands. In contrast, when the geomorphological
context leads to a narrower passage between rocky walls, then one extremity of the
ice cave might be sealed with ice. This can lead to a much more pronounced darkness
and negligible water movement. Accordingly, ice caves are likely a common habitat
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Figure 1. Sampling stations (arrows) in ice caves of three islands near Dumont d’Urville Station (DDU),
off Adélie Land, Antarctica.
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near the Antarctic shore, but are not permanent. Recolonisation by the local fauna
must, therefore, be possible, including occasionally typical deep-water species that
find compatible environmental conditions there. To our knowledge, this habitat has
never been described before.

We, therefore, explored, and sampled two types of ice caves. At Damiers and Curie
Islands, ice caves were large and widely opened at both ends upon inspection in Janu-
ary—February 2018. They were typically 6-10 m wide, 15-20 m long and 46 m high
(Fig. 14C). Strong water circulation was observed by the divers. Darkness was not
absolute, except in small recesses. Mobile fauna in contact with the icy walls comprised
teleost fish, polynoid worms and amphipods, either observed on the ice or within small
holes in the ice. Mysidetes hanseni Zimmer, 1914, observed in such ice caves, were very
often isolated, immobile individuals (Figs 14A, B) in contact with the ice.

A second type of ice cave was observed at Bernard Island in January 2016 (it had
disappeared by January 2018), in the form of two 10-15 m long icy corridors (1.5-2
m in diameter; Fig. 7D) leading to a dead end. These caves were almost entirely cov-
ered by ice (Fig. 2C) and comprised totally dark areas occupied by large numbers of
young nothotheniid fish Pagothenia borchgrevinki (Boulenger, 1902). Other fish, as
well as polynoids including the large-sized Eulagisca uschakovi (Pettibone, 1997) and
amphipods, were also observed on or sometimes in the ice, as if trapped. Mysidetes illigi
Zimmer, 1914, was common and abundant, observed in small groups hovering over
the ice (Fig. 7C), while Pseudomma kryotroglodytum sp. nov. was found in contact with
the icy substrate.

Systematics

Order Mysida Boas, 1883

Family Mysidae Haworth, 1825

Subfamily Erythropinae Hansen, 1910

Tribe Pseudommini Wittmann, Ariani & Lagardere, 2014

Genus Pseudomma G.O. Sars, 1870

Pseudomma G.O. Sars, 1870a: 154—155 (new genus, description of type species); G.O.
Sars 1870b: 48-53, Fig.-Tab. 4 (description, diagnosis); Czerniavsky 1887: 12
(key to species); Stephensen 1910: 128-133 (diagnosis, in key to genera); Tat-
tersall and Tattersall 1951: 230-232 (diagnosis, description); Murano 1974: 288—
331 (revision, key to species); Meland and Brattegard 1995: 108—143 (revision,
key to North Atlantic species); Meland 2004: 1-19, Figs 1-4 (species diversity,
phylogeny); Meland and Willassen 2004: 544, Fig. 4 (phylogeny, biogeography);
Petryashov 2006: 1411, 1419 (Antarctic records; in key to species); Meland and
Brattegard 2007: 44, Figs 3-8 (taxonomy; key to species); San Vicente 2011a: 48,
Tab. 4 (list, diagnosis and key to Antarctic species); Petryashov 2014: 149 (Antarc-
tic biogeography); Wittmann et al. 2014: 337 (taxonomy, species numbers); San
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Vicente 2017: Tabs. 1, 2 (geographical and bathymetric distribution); Mees and
Meland 2021: AphialD 119900 (taxon accepted).

Diagnosis. Pseudommini with eyes reduced to single eyeplate without visual elements.
Eyeplate with incomplete disto-median fissure. Appendix masculina large, setose.
Lateral margin of antennal scale with smooth basal portion ending in a tooth. Carapace
normal, with rounded anterior margin, dorsally covering at least five thoracic somites.
Labrum, as far as known, with rounded rostral margin. Thoracic endopods essentially
normal, non-prehensile, endopods 3—8 long and slender. Two or three pairs of oostegites
contribute to marsupium wall, the two posterior pairs, as far as known, with setae on
inner, as well as outer faces. Penes, as far as known, long and slender. Male pleopods
with distinct sympod bearing separate, setose endopod and exopod. Female pleopods
fused to small, setose, undivided plates with residual differentiation of the endopod
as a pseudobranchial lobe. Endopod and exopod of uropods unsegmented, setose all
around; endopod with or without spine. Telson mostly trapezoid, also linguiform or
subtriangular, no cleft. Its lateral margins entirely smooth or proximally smooth with
spines only along distal portions; terminal margin with spines, in several species also
with medio-apical pair of setae.

Species inventory. Type species is Pseudomma roseum G.O. Sars, 1870. World-
wide, 46 species, including the new one, are here acknowledged, whereby P oculospinum
W.M. Tattersall, 1951 is included according to Wittmann et al. (2014). San Vicente
(2011b) listed eleven species in his key to Antarctic and sub-Antarctic species. Twelve
species, including the new one, are here acknowledged for waters of the Southern
Ocean as in the following key:

Key to Southern Ocean species of Pseudomma

1 Lateral margins of the telson with one or more spines at more than 10% dis-

tance from disto-lateral edge .........cccovvieiiiiiniiiiie 5
- Lateral margins of telson without spines, not considering potential 1-3 spines

on disto-lateral edge ........cccoiiiiiiiiiiii 2
2 Telson with well-rounded, convex terminal margin .........cccocccevcieinnnnnee. 4
- Telson with transversely truncate terminal margin .........ccccoeeeieinnnnnee. 3
3 Apical lobe less than 1/10 length of antennal scale..........cccecuiirinniccnanne.

.............. P, antarcticum Zimmer, 1914 (South Shetlands Islands, Antarctic
Peninsula, Weddell Sea and East Antarctica, 63°N-80°S, depth 278-3425 m;
San Vicente 2011a; S#13); in the Iceland Basin (N-Atlantic) in 1800-2300
m depth; Meland and Brattegard 2007).

- Apical lobe 1/4 length of antennal scale ............... P, kryotroglodytum sp. nov.
(marine ice cave at Bernard Island (Adélie Land, East Antarctica), 67°S, 140°E,
depth 10 m; S#1-2).
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Terminal margin of telson armed with five pairs of smooth spines increasing in
length distally .. P melandi San Vicente, 2011 (Bellingshausen Sea, 70°S, 86°W,
depth 1395 m; San Vicente 2011b).

Terminal margin of telson armed with eight pairs of spines increasing in length
distally, whereby the large, apical-most spines appear hispid due to minute
scales ....... P bellingshausensis San Vicente, 2011 (Bellingshausen Sea, 70°S,
85°W,, depth 612 m (San Vicente 2011b)).

Lateral margins of telson with spines arranged in series of long spines with
smaller spines in between; telson length thrice maximum width ...................
......... P, longicaudum O.S. Tattersall, 1955 (Schollaert Channel (Antarctic
Peninsula), 63°S, depth 160-336 m; Meland 2004, San Vicente 2011a).
Lateral margins of telson with small spines only, or with spines continuously
increasing in length distally; telson length 1-3 times maximum width..........

Apical lobe exceeds half-length of antennal scale; telson triangular, short,
about as long as its maximum width near basis ..........ccocooeeiiinnniiinnnnn,
........................................ P minutum O.S. Tattersall, 1955 (Puerto Montt
Bay, Beagle Channel, Falkland Islands (Malvinas), 43°S-56°S, depth 30-278
m; Brandt et al. 1999, Meland 2004, Petryashov 20006).

Apical lobe shorter than 1/3 length of antennal scale; telson linguiform to

trapezoid, longer than maximum width near basis ........c.cccoceveiivinnncnne. 7
Apical lobe not exceeding 1/7 length of antennal scale ........c.ccoceveecienene. 9
Apical lobe about 1/5 length of antennal scale .........ccccoeeiiiinniccinnne. 8

Telson length 1.4-1.5 times width near basis, lateral margins with 5-6 small
spines; terminal margin convex, continuously rounded, with three pairs of
large spines ................ P calmani O.S. Tattersall, 1955 (Puerto Montt Bay,
Falkland Islands (Malvinas), South Georgia, Weddell Sea, 43°S-73°S, depth
94-390 m; Meland 2004; Petryashov 2006, 2014; S#14).

Telson length 1.7-2.0 times width near basis, lateral margins with 7-8 small
spines; telson obtuse-angled triangular at apex, almost transversely truncate; ter-
minal margin with 3-5 pairs of large spines..........ccceeeuveuvierrieineiricceneereneeennees
................. P, sarsii Willemoés-Suhm [in G.O. Sars, 1884] (Patagonian Shelf,
Beagle Channel, Falkland Islands (Malvinas), Kerguelen Islands, South Georgia,
South Orkneys, South Shetlands, Bransfield Strait, Weddell Sea, 35°N-65°S,
depth 75-3962 m; Brandt et al. 1999, Meland 2004, San Vicente 2011a; S#17).
Nomenclatorial note: In the recent past, the species name was used with
ending ‘77" (Petryashov 2007: Tab. 2) and, alternatively, with 7’ (Mees and
Meland 2021: AphialD 226910). The original taxon name established by
Willemoés-Suhm in G.O. Sars (1884: 37) is Pseudomma Sarsii. There-
fore, the ending %’ is to be maintained according to the Code, Art. 33.4
(ICZN, 1999).
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9 Antennal scale slender, five times longer than maximum width; telson length
exceeds twice its maximum width near basis; telson with five pairs of long
spines on terminal margin ............... P schollaertensis O.S. Tattersall, 1955
(Schollaert Channel (Antarctic Peninsula), 64°S, depth 160-355 m; Meland
2004, San Vicente 2011a).

- Antennal scale 3—4 times longer than maximum width; telson length less
than twice maximum width near basis; telson with 2-3 pairs of long spines
on terminal Margin.........ccocoiviiiiniiiiiii 10

10 Telson with 8-10 small spines along distal 60—70% of each lateral margin and
three pairs of long spines on terminal margin...........ccccvveeueericurnicrinecnrinennn.
................................. P magellanensis O.S. Tattersall, 1955 (Magellan Strait,
Beagle Channel, 54-55°S, depth 50-580 m; Brandt et al. 1999, Meland 2004,
Petryashov 2006).

- Telson with 67 small spines along distal 40—60% of each lateral margin and
2-3 pairs of long spines on terminal margin ..........cccceveeiicinnicccnn. 11

11 Telson with 6-7 small spines along distal 40-50% of each lateral margin and two
pairs of long spines on terminal margin ....... P armatum Hansen, 1913 (South
Georgia, South Orkneys, South Shetland Islands, Weddell Sea, East Antarctica,
Ross Sea, 53°S-75°S, depth 60-350 m; Meland 2004, San Vicente 201 1a).

- Telson with seven small spines along distal 50-60% of each lateral margin
and three pairs of long spines on terminal margin..........ccccccoeeivnneciiinnnn,
........ P, belgicae Hansen [in Holt & Tattersall, 1906] (circum-Antarctic in
60°5-80°S, depth 150-1000 m; San Vicente 2011a).

Pseudomma kryotroglodytum sp. nov.
http://zoobank.org/5B212BFB-7ADE-41CE-A671-CFC363B95A1C
Figures 26, 23A, B, D, Table 1, Suppl. material 1

Type series. Holotype spent female (?0-) BL 26.8 mm (on slides at NHMW 27296,
GenBank nos. OK351330 and OK353694), East Antarctica, Adélie Land, near Du-
mont d’Urville Station, NE of Claude Bernard Island, 66°39.64'S, 140°01.55'E,
ice cave, dive #612, depth 10 m, diver-operated suction bottle, 15 Jan 2016, leg. I
Chevaldonné & S. Hourdez. Paratype subadult female (25°) BL 21.5 mm (on slides
at NHMW 27297, GenBank nos. OK351329 and OK353693), dive #611, 13 Jan
2016, remaining sampling data as for holotype.

Diagnosis. Covers females only. Species of the genus Pseudomma G.O. Sars,
1870, with cornea-like lateral portions separated by sulci from main part of eyeplate
(Figs 2B, 4C, 23A), no visual elements. Disto-median fissure penetrates one third of
eyeplate. Distal margin of eyeplates with series of minute teeth along sublateral sector
(‘shoulders’, Fig. 23A, D). Basal segment of antennular trunk without medio-ventral
carina. Antennal scale (Fig. 4B) with setose apical lobe contributing about 1/4 scale
length. Mandibular palp (Fig. 4E) 3-segmented, very large, about as long as antennal
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Figure 2. Pseudomma kryotroglodytum sp. nov. from ice cave of Bernard Island, Antarctica A female

holotype, lateral B cephalothorax of female holotype, dorsal € physical aspect of the ice cave environment
A, B living specimen in laboratory.

scale. Three pairs of oostegites (Fig. 5I) contributing to wall of brood pouch. Pleopods
(Fig. 6H-L) reduced to setose rods with residual differentiation of endopod (pseudo-
branchial lobes). Telson (Figs 3A, 6N) trapezoid, as long as ultimate pleonite. Its length
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twice maximum width at basis and four times width at apex. Lateral margins of telson
without setae and spines, only minute scales present. Transversely truncate terminal
margin with only two pairs of spines, both hispid due to minute scales (Fig. 3B) along
more than proximal 2/3 spine length. Large latero-apical and same-sized submedio-
apical spines flank median pair of closely set setae (Fig. 3C) with twice spine length.
Margin with short, well-rounded indentation between each spine, median indentation
largest. Disto-lateral edge without tooth, with spine only.

Description of the holotype. All features of the diagnosis. Female with body
length 26.8 mm. Cephalothorax measures 39% body length, pleon without telson
48%, telson 13% and carapace 32%. Large parts of the body, particularly carapace,
pleon, telson, and uropods scaly-hispid; most appendages and eyeplates only to a mi-
nor degree. However, with 30x episcopic microscopy, the entire body appears smooth
(Fig. 3D-E) due to small size of scales. With 600x transmitted phase contrast micros-
copy, large areas of the (artificially shed) dorsal cuticle of the animal resembles fish skin
(Fig. 3F) due to dense scale cover. Ventral portions of pleomeres less densely covered,
thoracic sternites smooth.

Antennula (Figs 2B, 4A). Epi-antennular process triangular, projecting in median
position beyond eyeplate like a small arrowhead (Fig. 2B). Antennular trunk with three
sparsely setose segments, separated by transverse articulations. Basal segment 45%,
median segment 16% and terminal segment 39% trunk length. Length of basal seg-
ment is only 2/3 width; mid-dorsally with deep antennular depression leading down
to a striated pad at the bottom (Figs 4A, 24A, B) as described below. Basal segment not
produced at outer distal corner. Terminal segment with the usual dorsal lobe on distal
margin. This lobe without spiniform extension, disto-laterally with four barbed se-
tae, mid-terminally and disto-medially with thickened, rugged margin. Flagella large,
width of outer flagellum measured near basis with 1.1-1.2 times width of inner flagel-
lum. Trunk with scales over major portions of its surface, not so the flagella.

Antenna (Fig. 4B). Antennal scale large, 1.8 times length of antennular trunk
and 1.8 antennal peduncle. Scale extends 0.4 times its length beyond antennular
trunk and 0.7 beyond eyeplate (taking into account that antennulae insert more ros-
trally). Scale unsegmented, 2.9 times longer than wide. Scale dorsally and ventrally
scaly-hispid all over. The smooth portion (not considering minute cuticle scales) of
its outer margin ends in a strong tooth; setose apical lobe extends 26-27% scale
length beyond this tooth. Antennal peduncle three-segmented. Basal segment con-
tributes 21%, median segment 42% and terminal segment 36% peduncle length.
Sympod angular on disto-lateral edge, not forming a tooth-like projection. Sympod
with hispid lateral face.

Eyes (Figs 2B, 3D, 4C, 23A, B, D). Eyeplate extending 0.9 times the length of
terminal segment of antennular trunk along mid-line beyond anterior margin of
carapace. Length of eyeplate, including its dorsally covered portion, 1.3 times the
length of terminal segment. In dorsal view, superimposed dorsal and ventral sulci
separate cornea-like lateral portions from main part of eyeplate (Figs 2B, 4C, 23A).
Eyeplate containing tear-shaped cyst narrowing distally up to conjunction with eyeplate
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Figure 3. Pseudomma kryotroglodytum sp. nov., holotype adult female BL 26.8 mm (A-E) and paratype

subadult female 21.5 mm (F) A terminal portion of telson, dorsal, details show scales on left disto-mesial
spine (B) and barbs on left terminal seta (C) D anterior half of cephalothorax, lateral, arrow points to
distolateral edge of carapace E sixth pleomere with tail fan, lateral F example for pores (three to the left)
and coat of scales on tergite of first pleomere.
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cleft (Fig. 23B). Sub-lateral portions of dorsal face with cover of minute scales (as in
Fig. 3F; visualised with 400x microscopy), series of 15 minute teeth (not all in focus
in Fig. 23D), closely set along anterior margin of this portion. Brilliant red cornea-
like portions of eyeplate feign functional eyes in living specimens (Fig. 2B). Eyeplates
become transparent (Figs 4C, 23A) after expansion on slide, embedding in Swan-
medium and resultant bleaching; neither functional nor both vestigial ommatidia and
neuronal structures visible.

Carapace (Figs 3D, 4C) with broadly rounded anterior margin, disto-lateral edges
well rounded. No typical rostral plate present, but a frontal bulge dorsally covered by
the carapace; bulge best seen in lateral view (Fig. 3D). Antero-lateral edge of carapace
with rounded protrusion (marked by arrows in Figs 3D, 4C). By forcing the detached
carapace in a plane (Fig. 4C), this protrusion becoming shifted caudally compared
with its position 7z situ (Fig. 3D). Carapace with cervical sulcus and cardial sulcus
distinct; posterior margin concave, terminal indentation widely triangular. Two sub-
median groups of 8—10 pores symmetrically arranged directly in front of cardial sulcus
(Fig. 4D shows only seven pores in the smaller paratype). Carapace leaving posterior
1.5 thoracomeres dorsally exposed.

Mouthparts (Figs 4E, E 5A-C). Labrum normal (Fig. 5A), rostrally forming
a broad, rounded bulge; most caudal portions with strong lamellae and cover of
scale-like fringes. Basal segment of mandibular palp (Fig. 4E) contributing 9-10%,
median segment 55-56% and apical segment 35-37% to total palp length. Length
of median segment 3.1-3.2 times maximum width; its mesial margin convex, lateral
margin sigmoid. Length of apical segment 3.7-3.8 times maximum width. Palp not
hispid, its basal segment without setae, remaining segments densely setose along
mesial and lateral margins. Caudal face of median segment with dense field of fine
hairs near basis. Masticatory part of mandibles strong, asymmetrical. Left mandible as
normal in Mysidae. Pars incisiva of the new species with three large teeth and digitus
mobilis with four strong teeth. Spine row with four spines ‘serrated’ by numerous
stiff bristles; processus molaris with grinding lamellae not ending in teeth and with
dense cover of stiff bristles. Right mandible as normal in the genus Pseudommas in the
new species with four large teeth on pars incisiva; digitus mobilis with only one large
apical tooth serrated by secondary teeth. Right spine row present as series of nine
medium-sized smooth teeth plus a few small ones, rather than a smaller number of
‘serrated’ spines present on the left mandible as otherwise usual for both mandibles in
Mysidae. Right processus molaris with strong masticatory lamellae, each with small,
tooth-like, apical projection; processus with cover of stiff bristles less dense than that
of left mandible.

Paired labia (Fig. 5B) with stiff setae, lacking spines or teeth. Distal segment of
maxillula (Fig. 4F) with 11-12 weakly serrated, strong spines on terminally truncate
margin; subterminally with 5-6 barbed setae. Holotype with 5-9 pores on the surface
between setae bases and spines; potential additional pores may be covered by these
setae (no pores identified in the paratype). Endite of maxillula with numerous normal
setae; distally with three large, modified setae, armed with stiff bristles near apex, more
proximally with a shorter seta bearing an apical brush of long bristles.
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Figure 4. Pseudomma kryotroglodytum sp. nov., holotype adult female BL 26.8 mm (A, B, E, F) and
paratype subadult female 21.5 mm (C, D). A right antennula, dorsal B antenna with antennal gland,

ventral, setac omitted from antennal scale € eyeplate and carapace expanded on slide, short arrow points
to distolateral edge of carapace, detail (D) pore group in pre-cardial position E mandibles with left palpus,
caudal aspect F maxillula, caudal. Scales omitted from objects A=C, E, F but not from eyeplate in panel
C; pore diameters not to scale in C, D.
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Maxilla (Fig. 5C) with well-developed exopod, two-segmented endopod (palp)
and four setose endites. Exopod normal-sized, shortly extending beyond basal segment
of endopod. Outer margin and apex of exopod with dense series of plumose setae
distally increasing in size. Length of apical segment of endopod 1.5-1.6 times its maxi-
mum width and 1.2-1.3 times length of the basal segment. Basal segment with total of
eight barbed setae, namely 3—4 on caudal and 4-5 on rostral face. Apical segment with
setae all around, except for proximal third of lateral margin.

Foregut (Fig. 6A-E). Lateralia, infoldings and superomedianum of the cardiac
chamber densely covered by smooth, slender setae and spines. Lateralia anteriorly with
dense series of slender, apically coronate spines (Fig. 6B) of different length, more cau-
dally with slender acute spines (Fig. 6C). The latter spines with minute teeth on and
close to apex. Both coronate and acute spines hispid due to minute scales along distal
50-70% of shaft. Posterior part of lateralia with powerful complex of many blunt
teeth arising from common base. Twelve teeth differentiated (Fig. 6E) with translucent
microscopy, additional teeth not excluded. Dorsolateral infoldings with two smooth,
bent spines (Fig. 6D, subapically slightly serrate only in paratype). About 2/3 of com-
paratively large storage volume of foregut contained masticated, unidentifiable organic
materials and mineral particles, also observed in paratype.

Thorax (Figs 2A, B, 5D-I). At least tergites 6-8 covered by minute scales, no
pores. Sternites 1-8 without pores, scales and also without ventrally projecting median
processes (Fig. 5D). Sternite 1 with short anterior lobe projecting between left and
right, first thoracic endopods. Basal plates of thoracic exopods (3—4) times longer than
wide (Fig. 5D), not widening distally or only minimally so; lateral portions scaly-his-
pid, mesially smooth; disto-lateral edge unevenly rounded. Exopods 1, 8 with 15-seg-
mented (Fig. 5D), remaining exopods with (17-20)-segmented, setose flagellum. Basis
of endopod 1 with setose endite (below drawing plane in Fig. 5D), remaining segments
without clear endite. Endopods 1, 2 with six segments (Fig. 5D, F), remaining endo-
pods with eight segments counting from basis to dactylus (basis omitted in Fig. 5G).
Endopods 3-8 long and slender; length and slenderness increase caudally; ischium
shows the strongest relative increase (Fig. 2A). All endopods with hispid carpopro-
podus and dactylus, endopods 2—8 in addition with hispid merus, to a minor degree,
if any, also ischium. Carpopropodus 3-8 three-segmented; more than half its length
contributed by basal segment. Setae patterns might feign additional subdivision of car-
popropodus (Fig. 5G). Suture between median and terminal segment transverse in car-
popropodus 3, weakly (Fig. 5G), but not always distinctly oblique in carpopropodus
4, weakly and distinctly oblique in carpopropodites 5-8. Dactylus 3—8 small. Dactylus
1, 3-8 with short, smooth claw (Fig. 5E, H). No claw detected in dense jungle of setae
on dactylus 2.

Marsupium (Fig. 51) empty in this specimen. Basal to median portions of
dorsal margin without setae in oostegite 1, without setae from basal to subapical
portions in oostegites 2 and 3. A narrow ‘fur’ of densely set tiny hairs forming a
ribbon along dorsal margin of oostegite 1 (Fig. 5I), no such hairs in oostegites 2
and 3. Scales on large portions of outer face in oostegites 2 and 3; no scales seen
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Figure 5. Pseudomma kryotroglodytum sp. nov., holotype adult female BL 26.8 mm A labrum B labium

C maxilla, caudal aspect D thoracopod 1 (caudal) with thoracic sternites 1, 2 (ventral) E detail of panel
(D) showing dactylus 1 with nail F thoracic endopod 2, rostral G thoracic endopod 4, rostral H detail of
panel (G) showing dactylus 4 with nail | inner face of oostegite 1, drawn above part of sympod 6. Scales
omitted from objects A-D, F, G; sctac from E, H.
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on oostegite 1. Ventral and anterior margins plus part of posterior margin with
dense series of barbed setae, together with bilaterally opposite oostegite forming
gate contributing to the ventral and caudal closure of marsupium (this configura-
tion not impeding respiratory water flow through marsupium). Numbers of barbs
per seta increase distally, albeit not reaching those of typical plumose seta. Oost-
egite 1 with barbed setae also on distal half of dorsal margin, suggesting pervious
anterior closure of marsupium. Posterior parts of oostegites 1-3 on inner face
with comparatively long setae microserrated on their distal half. Outer face of
oostegites 2 and 3 with slender whip setae characterised by barbed shaft bearing
longer thin flagellum. These setae implanted on distal portions of oostegites 2 and
3; additional whip setae along ventral margin only in oostegite 3. No whip setae
in oostegite 1.

Pleon (Figs 3E, E 6F-]). Pleonites 1-5 are each 0.6 times length of pleonite 6
measured along dorsal mid-line. Pleopod size increases distally. Pleopods 4—5 reach-
ing only up to 2/3 length of pleonites 5 or 6, respectively. Not considering setae,
pleopod 1 smooth (Fig. 6H) all around, remaining pleopods completely smooth only
on caudal face, though scaly-hispid at least near basis of rostral (outer) face. Relative
coverage with scales increases in series of pleopods 25 (Fig. 6I-L). All six pleonites
dorsally densely covered by minute scales. Only pleonite 1 showing pores, namely two
symmetrical transverse linear series each with 17-18 discontinuously spaced pores, in
submedian position on dorsal face; and one additional, non-linear cluster of 8-9 pores
on each lateral face (Fig. 6F—G shows fewer pores for the smaller paratype). Scutellum
paracaudale sinusoid, well rounded.

Tail fan (Figs 3A-C, E, 6M, N). Telson, endopod and exopod of uropods 1.0,
1.1-1.3 or 1.5-1.8 times length of sixth pleonite, respectively. Uropods (Figs 3E, 6M)
long, margins setose all around, dorsal and ventral faces scaly-hispid. Exopod with
slightly convex, almost straight lateral margin and with more strongly convex mesial
margin. Both margins diverge up to maximum width of the exopod at 1/3 length
from basis and then converge up to the U-shaped, well-rounded terminus. Distal 4/5
of endopod with straight margins converging in V-shaped manner up to narrowly
blunt apex. Endopod 0.7 times length of exopod, extending 1/5 of its length beyond
telson, exopod 2/5 its length. Both statoliths unevenly discoid, mean diameter 0.22—
0.23 mm, thickness 0.18 mm; core unevenly discoid as well, diameter 0.14 mm. Stato-
lith formula 2 + 3 + (5-7) + 10 + (12-14) = 34. Statoliths composed of fluorite. Lateral
margins and dorsal face of telson (Fig. 6N) completely covered by scales as in Fig. 3F,
whereas ventral face only on its distal third.

Colour (Fig. 2A, B). Live colour was documented only in the laboratory; no
difference visible between the two type specimens. Body and appendages generally
whitish transparent. Lateral portions of eyeplate, foregut and part of mouthparts
brilliant red, hepatic caeca yellow-green. The anterior pair of caeca covers part
of the foregut dorsally, leaving a red M-like sign on the foregut in dorsal view.
Posterior part of ultimate pleomere and adjoining basal portions of tail fan tinged

light-red.
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Figure 6. Pseudomma kryotroglodytum sp. nov., holotype adult female BL 26.8 mm (A-E, H-N) and
paratype subadult female 21.5 mm (F, G). A cardiac portion of foregut, dorsal view, dorsal wall omitted
B-D details of panel (A) showing modified spines E details of panel (A) showing teeth emerging from a
common basis F pleonite 1, cuticle detached and expanded on slide, dorsal and lateral faces on top, ventral
face folded in, setae omitted from pleopods G detail of panel (F) showing pore group on left lateral face
H-L series of pleopods 1-5, rostral = lateral face M uropods, ventral N telson. Scales omitted from objects

F, M, N pore diameters not to scale in F, G.
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Etymology. The species name is an adjective with Latinised neutral ending formed
by adjectivation of the amalgamated Ancient Greek adjective kpbog (cold) with the
noun TPOYA0SVTNG (cave dweller). The adjectivation has precedence in the name of
the butterfly Macroglossum troglodytus Boisduval, 1875, listed by Kemal et al. (2019) as
M. troglodytum.

Type locality. Marine ice cave NE of Claude Bernard Island, Adélie Land, East
Antarctica, 66°39.64'S, 140°01.55'E, depth 10 m.

Subfamily Heteromysinae Norman, 1892
Tribe Mysidetini Holt & Tattersall, 1906

Genus Mysidetes Holt & Tattersall, 1906

Mysidetes Holt & Tattersall, 1906a: 39—40 (new genus, diagnosis); Holt and Tatter-
sall 1906b: 10 (preliminary diagnosis); Hansen 1910: 9 (taxonomy, assigned to
Leptomysini); Zimmer 1914: 401-402 (taxonomy); Tattersall and Tattersall 1951:
305 (diagnosis); Bowman and Orsi 1992: 738-739 (transfer to Heteromysini);
Wittmann et al. 2014: 341 (type genus of Mysidetini); Mees and Meland 2021:
AphialD 119884 (taxon accepted).

Metamysidella Illig, 1906: 210-211, fig. 17 (junior synonym); Mees and Meland 2021:
AphialD 226152 (not accepted).

Diagnosis. Mysidetini with eyes well developed; cornea large, globular, with
functional ommatidia; eyestalks well developed. Antennula usually without modified
setae (exception: females of M. illigi Zimmer, 1914, as described below). Appendix
masculina well-developed, setose. Antennal scale setose all around, no spines and no
teeth. Mouthparts normal, maxilla without spines. Male thoracic endopod 2 without
notches on outer margin. Thoracic endopods 3-8 normal, slender, not prehensile; with
multi-segmented carpopropodus; small dactylus with weak claw. Penes long, slender,
stiff, and not erectile. Pleopods non-dimorphic, reduced to bifid setose plates, no
modified setae and no spines. Endopod of uropods usually with row of spines on inner
margin (exception: M. hanseni Zimmer, 1914, as described below). Telson with apical
cleft; cleft lined with laminae. Lateral margins of telson at least distally with spines.
Species inventory. Type species is Mysideis Farrani Holt & Tattersall, 1905, cur-
rent name Mysidetes farrani (Holt & Tattersall, 1905). Total of 17 species including
the here re-installed M. illigi Zimmer, 1914, are acknowledged as in the following key:

World-wide key to species of Mysidetes

1 Terminal lobes of telson narrowly truncate........oeeeevveinicinncinccnncenen 6
- Terminal lobes of telson rounded (CONVEX) ....uveeiveeeieeeeeeeeeeeeeeeee e 2
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Apical cleft penetrates 1/20 telson length, margin of cleft lined all along with
7—11 short laminae; apical lobes of telson narrowly rounded; proximal half of
telson unarmed, distal half with three spines on each lateral margin; endopod
of uropods with 1213 spines..... Mysidetes halope O’Brien, 1986 (in shallow
water of a marine cave in Tasmania, 43°S, 148°E; O’Brien 1986).

Apical cleft penetrates 10-15% telson length, armed with 14-18 laminae;

apical lobes of telson broadly rounded .........cccoveiniiininciniinnincce, 3
Antennal scale more than six times as long as broad; endopod of uropod with
more than thirty densely set SPINEs........c.ccvvveveririerinieinineinccneceseeeene 5
Antennal scale less than six times as long as broad; endopod of uropod with,
if any, fewer than nine loosely-arranged spines...........cccccovvieiioinnncnnne. 4

Lateral margins of telson all along armed with 4557 spines; apical cleft pen-
etrates 1/10 telson length; margin of cleft lined all along with 14-17 laminae;
endopod of uropods without spine .......... Mpysidetes hanseni Zimmer, 1914
(coast of East Antarctica: in < 250 m depth below sea ice at Gauss Station,
66°S, 90°E; and in 6-10 m depth in ice caves of Curie and Damiers Islands,
Adélie Land, 67°S, 140°E; Zimmer 1914; S#5-10).

Proximal 2/5 of telson without spines; distal portion with 11-13 spines on each
lateral margin; apical cleft penetrates 1/7 telson length; margin of cleft lined all
along with 16-18 laminae; endopod of uropod with 7—8 spines ..........cccceuueee.
...... Mpysidetes peruana Bacescu, 1967 (Peru Trench, 8°S, 80°W, depth 520 m;
Bicescu 1967).

Apical cleft penetrates 1/3 telson length; proximal third of telson unarmed ..
..................... Mpysidetes patagonica O.S. Tattersall, 1955 (Beagle Channel,
Magellan Strait, Falklands (Malvinas), 48°S—55°S, depth 14-300 m; Brandt
et al. 1999, Price 2001).

Apical cleft penetrates less than 1/4 telson length; proximal half of telson
unarmed ....... Mysidetes anomala O.S. Tattersall, 1955 (Magellan Strait,
53°S, depth 0-300 m; Price 2001).

Lateral margins of telson armed all along with spines or all along, except for an
unarmed sub-basal portion; most proximal (basal) portion always armed.....12
Lateral margins of telson proximally unarmed (distal portions with spines).....7
Antennal scale four times as long as broad ...........cccoccoeiiiiniiiiiinns 10
Antennal scale 2-3 times as long as broad............cccccoooiiiiiin 8
Rostrum right-angled or acute, produced beyond eyestalks (in normal orienta-
tion); antennal scale short, reaching to about half-length of terminal segment
of antennular trunk........c.c....... Mysidetes brachylepis W.M. Tattersall, 1923
(South Georgia, Falkland Islands, South Shetland Islands, Bransfield Strait
and Ross Sea, 50°S-80°S; suprabenthic in 130-525 m depth; San Vicente
2011a).

Rostrum not covering eyestalks; antennal scale reaches to terminal margin of
antennular trunk or slightly beyond............ccccoooiiiiin 9
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Rostrum weakly acute to right-angled, about half as long as terminal segment
of antennular trunk; telson cleft armed all along with laminae......................
............................................................ Mpysidetes kerguelensis (Illig, 1906)
(South Georgia, Kerguelen Islands, Weddell Sea, 49°S—60°S; suprabenthic in
60-275 m depth; San Vicente 2011a; S#27).

Rostrum obtuse-angled, less than half as long as terminal segment of anten-
nular trunk; only proximal 2/3 of telson cleft armed with laminae, distal third
unarmed.....ooeeeeeeeeeeeeeeeeeeeeeen Mpysidetes crassa Hansen, 1913 (Patagonia,
South Georgia, Antarctic Peninsula, Weddell Sea, 45°S—71°S; suprabenthic in
18—412 m depth; Brandt et al. 1998, Petryashov 2007, San Vicente 2011a).
Apical cleft penetrates up to 1/5 telson length; cleft armed with 3—6 small lami-
NAC....coevrrcennee Mpysidetes farrani (Holt & Tattersall, 1905) (North Adantic:
Ireland to Morocco, U.S. east coast; Mediterranean, 33°N-52°N; bottom-living
in 235-1105 m depth; Tattersall and Tattersall 1951, Wright 1973, Price 2001).
Apical cleft penetrates at least 3/10 telson length; cleft armed with more than
30 small Jaminae.....ccuviiicviiiiiiiieceiee e 11
Cornea diameter exceeds length of combined median and terminal segment
of antennular trunk; rostrum about half-length of terminal segment of anten-
nular trunk; endopod of uropods with spines from statocyst to near apex.....
.................................... Mpysidetes macrops O.S. Tattersall, 1955 (Falklands
(Malvinas), South Georgia, 50°S-53°S, depth 88—503 m; Brandt et al. 1998,
Price 2001, Petryashov 2007).

Cornea diameter not exceeding length of combined median and terminal
segment of antennular trunk; rostrum about 4/5 length of terminal segment
of antennular trunk; endopod of uropods with spines from statocyst to 1/5
endopod length from apex....... Mysidetes intermedia O.S. Tattersall, 1955
(Magellan Strait, Falklands (Malvinas), 50°S-53°S, depth 94-170 m; Brandt
et al. 1998, Price 2001).

Antennal scale projects at least 1/5 of its length beyond antennular trunk;

telson cleft mostly narrow, 1.1-2.5 times deeper than its distal width....... 14
Antennal scale projects less than 1/5 of its length beyond antennular trunk;
telson cleft widely open, depth 0.7-1.2 times distal width ........................ 13

Rostrum obtuse, shorter than half length of terminal segment of antennular
trunk; endopod of uropods with about 20 spines densely arranged in continuous
series between statocyst and 1/3 endopod length from apex; each lateral margin
of telson with about 29 spines...... Mysidetes dimorpha O.S. Tattersall, 1955
(South Georgia and Antarctic Peninsula, 53°S-65°S; suprabenthic in 18-295
m depth; San Vicente 2011a).

Rostrum acute, exceeding 2/3 length of terminal segment of antennular
trunk; endopod of uropods with about 16-17 spines loosely arranged in dis-
continuous series between statocyst and 1/4 endopod length from apex; each
lateral margin of telson with about 4447 spines ..... Mysidetes microps O.S.
Tattersall, 1955 (South Georgia, Falkland Islands (Malvinas) and Antarctic
Peninsula, 50°S-63°S; suprabenthic in 60-250 m depth; San Vicente 201 1a).



Mysida in Antarctic marine ice caves 169

14 Each lateral margin of telson armed all along with 3040 spines, no unarmed
stretch; telson cleft with more than 35 laminae.......ceeeeueeeeeeeeeeeceeeeeeeeeee. 16

- Each lateral margin of telson with total of 33—47 spines, arranged as 6-9
spines at the base, followed by an unarmed stretch, median portions with
subequal spines and distal portions with discontinuous series of large spines
with small spines in between; telson cleft with 23-29 laminae.................. 15

15 Rostrum short, leaving the eyes completely exposed; antennal scale length
eight times maximum width; each lateral margin of telson with total of 33—
36 spines.....ccceevnee. Mpysidetes antarctica O.S. Tattersall, 1965 (Ross Sea,
Antarctic Peninsula (Bransfield Strait), 64°S-78°S; depth 100123 m, below
ice; Petryashov 2007).

- Rostrum covers at least basal portions of eyestalks; antennal scale length 4-7
times maximum width; each lateral margin of telson with total of 35-47
spines.......... Mpysidetes illigi Zimmer, 1914 (coast of East Antarctica: in < 200
m depth below sea ice at Gauss Station, 66°S 90°E; and in 6-10 m depth in ice
cave at Bernard Island, Adélie Land, 67°S 140°E; Zimmer 1914; S#2-4, 9).

16 Endopod of uropod with 12—13 spines; telson cleft with 54—60 laminae............
......... Mpysidetes morbihanensis Ledoyer, 1995 (Kerguelen Islands, 47°5—49°S,
depth 22-128 m; Ledoyer 1995).

- Endopod of uropod with 26-28 spines; telson cleft with about 36 laminae....
........ Mpysidetes posthon Holt &Tattersall, 1906 (circum-Antarctic up to the
Antarctic Divergence, also sub-Antarctic: Falkland Islands (Malvinas), South
Georgia Islands, South Sandwich Islands, Scotia Sea, 49°S—78°S; suprabenthic
in 15-800 m depth; Petryashov 2007, San Vicente 2011a; S#28-29).

Mpysidetes illigi Zimmer, 1914, bona species
Figures 7-13, 25A—C, Table 1, Suppl. material 1

Mysidetes illigi Zimmer, 1914: 404—405, Figs 47—49 in Fig.-Tab. XXVI (first description).

Mysidetes 1lligi, Hansen 1921: 5 (proposed validity check).

Mysidetes illigi referred to as synonym of Mysidetes posthon: W.M. Tattersall 1923: 275,
288; Illig 1930: 470, 581; Miiller 1993: 164; Mees and Meland 2021: AphialD =
451694 (unaccepted).

Type series. Holotype (by monotypy) subadult female (ZMB 18284) BL 12.7 mm,
in vial with ethanol, labelled “D.-Siidpol.-Exp. 31.12.1902, 200 m. Mjysidetes illigi sp.
nov. Typus”. Type not explicitly defined by Zimmer (1914). In accordance with the text
by Zimmer (1914), the label of the jar containing this vial indicates 21.12.1902 as the
date of sampling. According to Zimmer (1914), this specimen was taken on this day to-
gether with one specimen (now lectotype) of M. hanseni with a vertical haul 200-0 m at
the “Winterstation’ (= Gauss Station), 66°02'S, 89°38'E, coast of East Antarctica, S#9.

Non-types from ice caves. Three samples (S#2—-4) taken in austral summer
2015-2016 by P. Chevaldonné and S. Hourdez upon diving in an ice cave of Bernard
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Island, near Dumont d’Urville Station, Adélie Land, Antarctica, 66°39.64'S,
140°01.55'E:

One spent female (907) BL 17.9 mm, 5 43S 13.2-15.0 mm, 2 JJT 12.1-
12.9 mm, 1 9S* 13.9 mm, 5 91 12.3-14.1 mm (in vials, NHMW 27298, SMF-
57647, ZMB 34882, ZMH-K-60866), S#3; 1 20~ 18.1 mm (on slides; NHMW
27300), 5 990" 14.2-15.9 mm, 3 43S 11.3-12.6 mm, 2 29S 14.3-15.7 mm,
1 98 15.5 mm, 7 @ Q1 (in vials, NHMW 27299, SME-57648, ZMB 34883, ZMH-
K-60867), S#4; 1 20~ 18.4 mm (on slides, NHMW 27301) and 1 QI 15.6 mm (in
vial), S#2.

Diagnosis. Covers adult females and subadults of both sexes:

Species of Mysidetes with eyes (Figs 7A, B, 9A, B) well-developed, thick. Cornea
calotte-shaped, its length 0.8 times length of eyestalk, diameter 1.6-1.8 times length of
terminal segment of antennular trunk. Eyestalk without ocular papilla; length 0.7-0.8
times its width at conjunction with cornea. Rostrum triangular with acute to narrowly-
rounded apex and with concave, up-tilted lateral margins; rostrum 0.8-1.0 times as
long as terminal segment of antennular trunk.

Antennae s.1. (Figs 8C, D, 10A—C). Terminal segment of antennular trunk with
mid-ventral lobe (Figs 8D, 10B) bearing modified setae in females (Fig. 25C). Anten-
nal sympod (Fig. 10C) with one large, acute tooth on disto-lateral edge and more
caudally an additional shorter tooth. Dorsal face of sympod with triangular, apically
rounded lobe. Antennal scale two-segmented, apically rounded, setose all around, with
apical segment only 2% total scale length; scale 4-7 times as long as its maximum
width; scale projects 0.3—0.6 times its length beyond antennular trunk.

Mouthparts (Fig. 11). Median segment of mandibular palp 2.5-3.3 times as long
as maximum width (Fig. 11B), densely setose all around. Right mandible with digitus
mobilis and pars centralis modified as in Fig. 11B; remaining mouthparts normal,
labrum not produced rostrally, maxilla without spines.

Thorax (Figs 10D-K, 13A, B) without mid-sternal processes in females and non-
adult males. Flagellum of thoracic exopods 1, 8 with eight segments, flagella 2-7 with
nine segments (Fig. 13A). Carpopropodus of thoracic endopods 1-8 with 2, 2, 5-6,
6-8, 7-9, 6-9, 6-8 and 6-8 segments, respectively. Claw of endopod 1 (Fig. 10F)
strong, subapically, unilaterally, weakly serrated; claws 3-8 (Fig. 10H-K) weak, slen-
der, smooth. Marsupium formed by two pairs of large oostegites; additional rudimen-
tary oostegite on thoracopod 6 (Fig. 13A). Subadult males with penes (Fig. 13B) stiff,
slender, 1-2 times length of ischium of endopod 8.

Pleon (Figs 8A, 13B-G). Pleopods (Fig. 13C-G) reduced to unsegmented, setose
plates with comparatively large endopodal portion (pseudobranchial lobe) integrated.
All pleopods without spines, no modified setae. Total length increases in series of
pleopods 1 to 5.

Tail fan (Figs 9E, 13H, I). Endopod of uropods (Fig. 13H) with 8-13 slender
spines in series from statocyst to 25-35% endopod length from apex; proximal 2—4
spines short, in part crowded; remaining 6-9 spines longer, subequal amongst each
other, about equally spaced in linear series. Telson (Fig. 13I) trapezoid, length 1.9-2.5
times maximum width near basis and 67 times minimum width on bifid terminus.
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Figure 7. Mysidetes illigi from ice cave of Bernard Island, Antarctica A subadult male, dorsal B subadult
male, lateral € hyperbenthic association formed by mysids and early stages of nothotheniid fish D fish

swarm mixed with small number of mysids several metres inside cave A, B, living specimens in laboratory.

Length 0.7-0.8 times exopod of uropod. Lateral margins of telson each with total
of 35-47 spines; basal portions with 7-9 spines in continuous series followed by an
unarmed stretch, median portions start with 2—6 spines increasing in length distally,
followed up to tip by discontinuous series of large spines with small spines in between.
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Cleft U-shaped, penetrating 15-18% telson length, margin of cleft lined all along
with 23-29 laminae of which proximal 3—4 laminae larger than remaining 20-25
subequal laminae. Cleft 2.0-2.5 times as deep as its width at apex. Disto-lateral lobes
of telson triangular with narrowly truncate apex; each lobe armed with two spines at
apex, mesial spine 0.5-0.7 times length of lateral spine.

Description of holotype. Subadult female (Fig. 8) with 12.7 mm body length,
not dissected. Status of ovarian tubes not well established. Body moderately slender,
pleon (without telson) contributes 59% to total trunk length. Carapace including ros-
trum 32% of body length (including telson) when measured along dorsal mid-line.

Cephalothorax (Fig. 8B—D). Outer lobe from basal segment of antennular trunk
extending beyond median segment. Basally wide, low lobe located mid-ventrally close-
ly behind anterior margin of terminal segment (arrows in Fig. 8D). Antennal sym-
pod as in diagnosis (as in Fig. 10C). Scale is 3.8—4.3 times as long as its maximum
width (Fig. 8C), extending 46-59% its length beyond antennular trunk and 35-47%
beyond antennal peduncle. Basal segment contributing 20-24% to length of anten-
nal peduncle, median segment 45-46%, and distal segment 30-34%. Cornea large,
bulbous (damaged in this specimen). Eyestalk smooth, no ocular papilla. Frons with
five horizontal bulges vertically stacked between rostrum and antennular symphysis,
these ranging from subrostral process (bulge) ventrally down to that from the anten-
nular symphysis. Rostrum (Fig. 8A, B) large, triangular, basally broad, extending to
terminal margin of eyestalks or beyond, depending on orientation of eyestalks. Cara-
pace normal, its disto-lateral edges and its caudo-lateral lobes well-rounded. Carapace
leaves ultimate 1.5 thoracomeres dorsally exposed. Median segment of mandibular
palp 2.5-2.7 times as long as its maximum width. Flagellum of thoracic exopods 6-7
with nine segments, flagellum 8 with eight segments; all remaining exopods and en-
dopods 3-8 broken.

Pleon (Fig. 8A). Pleonites 1-5 are 0.8, 0.7, 0.6, 0.6 and 0.5 times length of ple-
onite 6, respectively. Pleopods as in diagnosis (Fig. 13C-E). Exopod of uropods ex-
tends 31% its length beyond telson. Both endopods with broken tip. Slender, about
equally-spaced spines along remainder of endopods; potential spines near statocyst not
visible without dissection. Statolith diameter 0.27 mm.

Telson trapezoid, 1.2 times length of ultimate pleonite, 1.9 times as long as maxi-
mum width near basis. Right margin of cleft lined by eleven laminae, amongst which
ten distal laminae short, subequal. Bottom of cleft with three larger laminae, i.e. me-
dian lamina flanked by two submedian laminae (including the proximal one on right
margin). Left disto-lateral lobe of telson distally broken. Corresponding right lobe
triangular with narrowly truncate apex armed with two spines, the mesial spine 2/3
length of the lateral spine. Right lateral margin of telson almost straight, with total of
35 spines. Basal portion of both margins with 7—8 spines in continuous series, followed
by unarmed stretch, median portion with 3—4 spines increasing in length distally; this
series distally continued by discontinuous series of large spines with small spines in
between, in the right margin up to the tip, left margin distally broken.
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Figure 8. Holotype of Mysidetes illigi, subadult female BL 12.7 mm A body, lateral, most thoracic
endopods broken (specimen artificially separated from background) B anterior body region, dorsal,

cuticle lifted from cornea as fixation artefact € cephalic region, ventral D detail of (C) showing distal
margin of right antennular trunk, arrows point to mid-dorsal lobe (female antennular lobe = derivate of
appendix masculina).
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Description of adult females from ice caves. First description of adult females;
all features as given in diagnosis. General appearance moderately slender, body length
14.2-18.4 mm (n = 8). Rostrum measures 3—4% body length, thorax 33—34%, pleon

_, 0.5 mm

Figure 9. Mysidetes illigi from ice cave of Bernard Island, Antarctica. Adult females BL 18.1 mm
(A, C-E), 18.4 mm (B) A head, lateral B anterior body region, dorsal, dashed line enhances the anterior
contour of carapace € paired circular structures symmetrically arranged in front of posterior margin of
carapace D series of cuticle structures parallel to lateral margin of carapace E tail fan, lateral.
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48-49%, telson 14-16% and carapace, including rostrum, 29-32%. Pleon (without
telson) contributes 54-59% to trunk length. Frons with 4-5 vertically stacked, hori-
zontal bulges, these ranging from subrostral process (bulge) ventrally down to that
from antennular symphysis.

Carapace (Figs 9B-D, 10D) with normal gross structure, no apparent sexual di-
morphism. Rostrum covering basal portions of normally orientated eyestalks, reaching
at most to distal margin of artificially straight forward-orientated eyestalks (without
cornea). Carapace with disto-lateral edges and caudo-lateral lobes well-rounded. Ter-
minal margin leaving ultimate 1.5-2.5 thoracomeres mid-dorsally exposed. Cervical
sulcus strong, cardial sulcus feebly developed. Group of about 30 pores (as in Fig. 17E)
about 1/9 carapace length in front of cervical sulcus and transverse series of about 40
pores (as in Fig. 17F) along cardial sulcus (Fig. 10D shows fewer pores due to lim-
ited graphical resolution). An unusual set of cuticle structures is present: two pairs of
circular structures (Fig. 9C) symmetrically arranged in front of the posterior margin
(Fig. 10D). Cuticle sculptured by minute depressions with crescent-shaped margins
(Fig. 9D), loosely and irregularly arranged in transverse series behind fold delimiting
up-tilted anterior portion of carapace, behind cardial sulcus; series also extending short
distance along posterior 2/3 of lateral margins (sculptures omitted in Fig. 10D). Outer
surface of carapace smooth, except for the here-described structures.

Eyes (Fig. 9A, B). Eyestalks and cornea dorsoventrally not or only slightly compressed.
In dorsal view, cornea appears calotte-shaped, in lateral view oviform to spherical. Stalk
mesially near basis with hispid bulge, remaining (= major) portions with smooth cuticle.

Antennulae (Fig. 10A, B). Trunk measures 8-9% body length extending 0.3-0.5
times its length beyond eyes and is 2.2-3.2 times longer than its maximum width.
Segments 1-3 measure 46-48%, 18-19% and 34-37% length of antennular trunk,
respectively. Lateral lobe from basal segment extends beyond median segment. Median
segment with its mesial face not inflated. Terminal segment 0.7-0.9 times as long
as wide. Its mid-dorsal apophysis with 3—4 barbed setae, with small cilia lining the
disto-mesial margin; no spiniform anterior projection. Lateral antennular flagellum in
adult females 1.2-1.4 times width of the mesial flagellum when measured near basis
of flagella.

Antennae (Fig. 10C). Sympod caudally with bulbous lobe containing end sac of
antennal gland. The three-segmented peduncle with basal segment 20-23% peduncle
length, second 43—46% and third 33—-36%, respectively. Third segment 1.1-1.6 times
as long as wide. Antennal scale with convex mesial margin; lateral margin slightly sig-
moid, almost straight. Small apical segment with five plumose setae.

Mandibles (Fig. 11B). Segments 1-3 contribute 9-12%, 56—64% and 26-32%,
respectively, to total length of three-segmented palp. Proximal segment of palp without
setae. Median segment 2.8-3.5 times as long as maximum width, both margins setose
all along. Terminal segment strongly setose along mesial margin; distal 3/4 in addi-
tion with series of shorter setae on rostral face. Left mandible essentially normal, right
mandible with modified teeth on pars centralis. Pars incisiva of left mandible with 4-5
large teeth plus a few very small teeth, its digitus mobilis strong, with 3—4 teeth and its
pars centralis with four separate, spiny teeth. Pars incisiva of right mandible with 4-5
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Figure 10. Mysidetes illigi from ice cave of Bernard Island, Antarctica. Adult females BL 17.9 mm
(A) 18.1 mm (B, D, K) 17.3 mm (C), 18.4 mm (E-J). A right antennula, dorsal B distal margin of

left antennular trunk, ventral, arrow points to mid-dorsal lobe (derivate of appendix masculina), flagellae

1 mm D

omitted € antenna with antennal gland, dorsal, setae omitted from antennal scale D carapace expanded
on slide E ‘tarsus of thoracic endopod 1, caudal, setae omitted, detail (F) shows claw G-K series of tarsus
2-5, 8, setae omitted.



Mysida in Antarctic marine ice caves 177

large teeth, digitus mobilis small with one large and 5-6 very small teeth, pars centralis
distally with two separate spiny teeth and proximally with 5-7 acute teeth projecting
from a common basis. Pars molaris with well-developed grinding surface in both man-
dibles; part of grinding lamellae with minute teeth.

Labrum and labium (Fig. 11A, C). Caudal face of labrum with field of small,
stiff bristles to left and with rugged, spiny area, also with stiff bristles to right. Densely
setose field on posterior half of oral (= dorsal) face. Labium normal, comprising two
hairy lobes with short, dense set of stiff bristles on distal half of mesial face.

Maxillula (Fig. 11D). Distal segment of maxillula terminally with 11-15 strong
spines, most of which are serrated by small denticles in median portions. No such den-
ticles on the largest spines in innermost (mesial) position, weak or no denticles on the
spine in outermost (lateral) position. Distal segment subterminally with 7-9 barbed
setae, furnished with comparatively long barbs along their median third and minute
barbs in comb-like arrangement along distal third; about 8—11 pores beneath basis of
outermost seta. Endite of maxillula terminally with three distally-spiny setae, flanked
by 2—4 proximally thick barbed setae; mesial and lateral margins of endite with numer-
ous less thick setae; innermost (mesial) seta longest, projecting mesially.

Maxilla (Fig. 11E) normal, densely setose, with various types of setae, but no
spines or teeth. Mesial margin of sympod with 1 (2) basally thick seta, barbed in cen-
tral portions, microserrated by minute stiff bristles along distal third; slightly or not
extending beyond dense brush of barbed setae. Terminal segment of endopod plus
sympod and all three large endites of sympod, with densely setose distal margins. Ba-
sal segment of endopod with three basally thick, barbed setae (below drawing plane
in Fig. 11E). Terminal segment 1.4-1.7 times longer than wide. The setae along its
lateral margin slender, sparsely barbed near basis, not resembling spines. Leaf-like exo-
pod extends shortly beyond the distal margin of basal segment of endopod. Exopod
with 32-37 barbed setae all along lateral margin, the subapical setae on inner margin
longest, the neighbouring apical seta second longest, both longer and thicker than the
remaining ones (all located on outer margin).

Foregur (Fig. 12). Lateralia mostly covered by smooth acute spines, apically
pronged spines (Fig. 12E) and fewer apically forked spines (Fig. 12D), the two lat-
ter spine-types with minute spinules along their shaft. Posterior part of lateralia on
each side of foregut with lobe bearing dense set of 5—7 unilaterally serrated spines
(Fig. 12C). Dorsolateral infoldings on each side with 5-6 spines decreasing in length
dorsally-medially, unilaterally serrated in median to subapical portions (Fig. 12B).
Foregut not covered by pigment bodies.

Thoracic sternites. Sternite 1 anteriorly produced into an anterior lobe contribut-
ing to the caudal closure of the mouth field as usual in Mysidae. Pair of comparatively
large barbed setae on intersegmental joint between thoracic sternite 2 and sympod 2.
No such setae on sternites 1 and 3-8.

Thoracopods general (Figs 10E-K, 13A). Length increasing from exopod 1 to 3, re-
maining subequal from 3 to 7 and decreasing from 7 to 8. Length of flagella 1.8-2.3 times
length of basal plates (Fig. 13A). Exopods with basal plates laterally expanded; length of
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0.2 mm D

0.3 mm A-C, E

Figure 11. Mysidetes illigi from ice cave of Bernard Island, Antarctica. Adult females BL 18.4 mm
(A, C, E), 18.1 mm (B, D) A labrum, ventral aspect B mandibles with right palp, rostral € labium

D maxillula, caudal E maxilla, caudal.

plates 1.9-2.3 times maximum width. Disto-lateral edge of plates angular, tip rounded to
varying degrees. Endopods 5-8 long and slender. Ischium becomes increasingly slender
from endopods 1 to 5. Length of ischium increasing from endopods 1 to 5, remaining
subequal amongst endopods 5-8. Ischium shorter than merus in endopods 1-4, but long-
er than merus in endopods 5-8. Dactyli of endopods 1-2 larger than those of endopods
3—4, these latter larger than those of 5-8. Claw 1 strong, weakly bent; claw 2 not devel-
oped; claws 3—4 needle-like and shorter than claw 1; claws 5-8 distinctly or indistinctly
curved, shorter than claw 3. The first thoracopods with large, leaf-like, smooth epipod.
Maxillipeds. Coxa of maxilliped 1 (thoracic endopod 1) with small endite bearing
one barbed seta at its tip. This seta extends across mid-line, thus setae from left and right
endite slightly overlapping. Basis with large, prominent endite densely setose on mesial
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0.2 mm A

0.05mm B,D,E

Figure 12. Cardiac portion of foregut in Mysidetes illigi from ice cave of Bernard Island, Antarctica. Adult
female BL 18.1 mm A foregut in dorsal view, food removed from right half, lower-case labels indicate
dorsolateral infoldings (), lateralia (/z), mid-gut (¢) and storage space (sp) B spine group from dorsolat-
eral infoldings € spinose lobe of posterior part of lateralia D, E spines from median portions of lateralia.

margin. Ischium and merus each with one smaller, but distinct, medially setose endite. Ba-
sis of maxilliped 2 (endopod 2) with setose, medially projecting endite. Combined praeis-
chium plus ischium 0.6-0.7 times merus length. Combined carpopropodus plus dactylus
measure 1.2-1.3 times merus. Dactylus very large, with dense brush formed by large
numbers of normal setae and 14-19 modified setae, the latter apically bent, bearing two
symmetrical series of denticles (stiff barbs) on either side in sub-basal to median portions.

Marsupium. Thoracopods 7 and 8 with large oostegites 1, 2, respectively. Each
oostegite without setae on upper (dorsal) margin. Ventral margin and part of posterior
margin, from sub-basal region up to rounded tip, with dense series of plumose setae,
together with bilaterally opposite oostegite forming gate contributing to ventral and
caudal closure of marsupium. Basal portions of marsupium inside with comparatively
long setae, microserrated on their distal half. Oostegite 1 near basis with about 20 mi-
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croserrated setae, oostegite 2 with about 8—10. No setae on outer face of marsupium.
Thoracopod 6 with rudimentary oostegite (Fig. 13A) represented by small, rounded,
smooth lobe bearing 10-13 smooth setae (n = 2) on terminal margin. This rudiment
not contributing to wall of brood chamber.

Pleon (Fig. 13C-E). Pleonites 1-5 are 0.6, 0.5-0.7, 0.5-0.6, 0.6-0.7 and 0.6-0.7
times the length of pleonite 6, respectively; thus combined pleonites 4, 5 longer than
pleonite 6. No pores found on tergites. Length and slenderness of exopodal portion
increasing from first to fifth pleopods. By contrast, thickness of exopodal portion and
length of endopodal portion decreasing in this direction (Fig. 13C-E). Scutellum pa-
racaudale subtriangular, terminally well rounded.

Tail fan (Fig. 13H, I). Exopod of uropods 1.3-1.5 times length of endopod and
1.4-2.0 times telson, endopod 1.0-1.3 times telson. Exopod extends 0.2—0.4 times its
length beyond endopod and 0.3—0.8 times beyond telson, endopod 0.1-0.3 times its
length beyond telson (partly due to telson inserting more rostrally). Exopod of uropods
with slightly sigmoid, almost straight lateral margin and clearly convex mesial margin.
Endopod with proximal four spines discontinuously increasing in length distally; distal-
ly followed by 6-9 longer and more slender spines, subequal amongst each other. Endo-
pod basally with large statocyst containing one egg-shaped, irregularly-discoid statolith
with partly moruloid surface, diameter 208—213 pum, height 90-98 um (n = 6 statoliths
from four specimens). Statoliths discoidal, composed of the mineral fluorite. Statolith
formula (3—4) + (1-2) + (4-7) + (6-9) + (4-9) = 19-25. Telson (Fig. 13I) 1.2—1.4 times
length of ultimate pleonite. Its lateral margins slightly sigmoid, almost straight.

Notes on non-adult males. Immature males are recognised by knob-like appen-
dix masculina with setae bases present, but not yet bearing setae (Fig. 25A). Subadult
males by appendix up to half the length of terminal segment of antennular trunk, in
part with short setae (Fig. 25B). Penes (Fig. 13B) slender, large, already reaching to
thoracic sternites 4-5 in immature males (body size 12—13 mm, n = 2), to sternite 4 up
to the maxillula in subadults (11-15 mm, n = 8). No spermatozoa seen inside penes.
Pleopods of subadult males (Fig. 13E G) with same structure and almost same size as
in adult females (Fig. 13C-E). No adult males available.

Gut contents. Five adult females (207) and five subadult males inspected in this
respect with 30-70% foregut volume filled with largely masticated organic material
(debris) plus varying amounts of mineral particles; additional three females ($0-) with
empty foregut. Abundant detritus and mineral particles are visible in Fig. 12A (content
artificially removed from the right half of this foregut).

Colour and microdistribution. Live colour was documented in the laboratory (Fig.
7A, B) and in the field (Fig. 7C). Eyestalks, carapace, posterior half of pleomeres and tel-
son densely covered by red pigment spots. Ovarian tubes and brood pouch content red;
cornea orange to brown. The animals appear fully red upon ‘expanded’ chromatophores.
Many specimens as in Fig. 7C show red cephalothorax and tail fan, but transparent
pleomeres 1-5, suggesting a differential ‘expansion’ of chromatophores as also found
in many other Mysidae species. The mysids swam several centimetres to several metres
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Figure 13. Mjysidetes illigi from ice cave of Bernard Island, Antarctica. Adult females BL 18.1 mm
(A, C-E, H), 18.4 mm (I); subadult males 13.7 mm (B), 13.1 mm (F, G). A thoracopod 6 including
rudimentary oostegite B penis of subadult male C~E series of female pleopods 1, 3, 5 F, G pleopods 4, 5

in subadult male H uropods dorsal, setae omitted I telson. €C~G, many setae broken.
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away from the substrate, in part within and close to swarms of early stages (Fig. 7C, D)
of the nothotheniid fish Pa. borchgrevinki (identification R. Causse, MNHN Paris).

Distribution and type locality. First described from samples below ice at the type
locality by monotypy, this is Gauss Station, 66°02'S, 89°38'E, coast of East Antarc-
tica. Data of Zimmer (1914) and Liidecke (2013) combined and refined by present
authors: Gauss Station is the ‘“Winterstation’ of the ‘Deutsche Stidpolar-Expedition
1901-1903’ about 85 km north of the continental coast, where the research vessel
‘Gauf$’ was locked in ice and drifting with ice for almost one year. Locality with peren-
nial ice cover, except for transient breaks, fissures and holes. The respective sample was
taken in 1902 during the austral summer through an artificial hole in the ice, sampling
depth from 200-0 m, bottom depth 385 m.

Our findings are the second published with the original name, obtained upon two
diving excursions to an ice cave of Bernard Island, in 6-10 m depth at 66°39.64'S,
140°01.55'E; this is also at the coast of East Antarctica. It is unclear whether and
from where this species previously might have been reported as M. posthon. The latter
taxon was considered the senior synonym of the present species for almost a century,
1923-2021; the taxon M. illigi is now reinstalled.

Mpysidetes hanseni Zimmer, 1914
Figures 14-20, 25D, Table 1, Suppl. material 1

Mysidetes hanseni Zimmer, 1914: 403, 404, Figs 43—46 in Fig.-Tab. XXV (first descrip-
tion); Brandt et al. 1998: Tab. 1 (endemism); Price 2001: 111 (in list, distribution);
San Vicente 2011a: 53, Tab. 4, Figs 38N, O (diagnosis, in key); Petryashov 2014:
map 11 (biogeography); Mees and Meland 2021: AphialD = 226498 (accepted).

Type series. Jar (ZMB 18283) labelled “Mjysidetes hanseni Zimmer. Typus. Gaufi-Sta-
tion, leg. D.S.P. Exp.” contains two vials each with one specimen preserved in ethanol.
All types sampled (S#9-10) at Gauss Station, 66°02'S, 89°38'E, coast of East Antarc-
tica. For prerequisites of lectotype designation, see Discussion.

Lectotype by present designation (Fig. 15). Adult male BL 18.6 mm (ZMB
18283a), vial inside labelled as “D. Siidpol.-Exp. 21.12.02 vertikal 200 m. Mysidetes
hanseni Typ”; S#9.

Paralectotype. Immature male BL 8.7 mm (ZMB 18283b), vial inside labelled
“D. Studpol.-Exp. 22.12.02 vert. 250 m. Mysidetes hanseni”; S#10.

An additional [transl.] “younger male specimen” reported by Zimmer (1914) is
not in the ZMB collection.

Non-type material from ice caves. Total of four samples (S#5-8) taken by P.
Chevaldonné and S. Hourdez upon diving in austral summer 2017-2018 in ice caves
at the coasts of Curie and Damiers Islands, near Dumont d’Urville Station, Adélie
Land, Antarctica:
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Six incubating females (? $B") BL 19.3-22.8 mm, 1 20~ 19.3 mm, 2 3 3'A 20.5-
22.2 mm, 3 335 13.3-17.8 mm, 12 331 7.5-12.0 mm (in vials, NHMW 27302,
SMEF-57649, ZMB 34484, ZMH-K-60868) and 1 $B~23.4 mm (on slides, NHMW
27303), Curie Islands, S#5; 5 Q9B 22.0-22.5 mm, 1 S 20.5 mm, 1 &S 18.9
mm (in vials, SMF-57650, ZMH-K-60869) and 1 J'A 24.7 mm (on slides, NHMW
27304), S#7; 13 Q9B 13.5-24.2 mm, 2 290" 16.6-17.8 mm, 5 JJA 17.3-18.1
mm, 2 995 18.8-21.3 mm, 1 S~ 19.3 mm, 4 3J3S 10.9-13.1 mm, 3 331 11.5-
12.1 mm, 2 juv. 7.7-7.9 mm (in vials, NHMW 27305, SMF-57651, ZMB 34485,
ZMH-K-60870), S#6; 17 Q9B 10.5-22.1 mm, 6 90~ 17.8-25.7 mm, 3 99’
17.2-21.1 mm, 6 33 12.3-14.2 mm, 10 331 9.2-13.4 mm, 1 21 7.9 mm (in vials,
NHMW 27306, SMF-57652, ZMB 34495, ZMH-K-60871), Damiers Islands, S#8.

Diagnosis. Diagnosis covers adults of both sexes. Eyes (Figs 15C, 16A, B) well-
developed, clearly longer than wide. Cornea roughly calotte-shaped with or without
indentation of proximal margin, its length 0.5-0.7 times length of conical eyestalk,
diameter 1.0-1.4 times length of terminal segment of antennular trunk. Cornea
occupies distal third to half of eye surface. Eyestalk without papilla; length 0.9-1.2
times its maximum width at conjunction with cornea. Rostrum (Figs 15C, 16B,
17D) subtriangular, terminally well-rounded; lateral margins concave (Fig. 17D) to
almost straight (Fig. 15C), margins slightly tilted up; 0.3-0.8 times length of terminal
segment of antennular trunk (measured along dorsal median line). Antero-lateral edges
of carapace well-rounded (Figs 15C, 17D).

Antennae s.1. (Figs 15D, 16C, 17A-C). Appendix masculina (Figs 16C, 17A)
strongly setose, measured without setae 0.5-0.8 times as long as terminal segment of
antennular trunk, shortly extending beyond anterior margin of this segment. Anten-
nal sympod (Figs 16A, 17C) with one large, acute tooth on disto-lateral edge and,
more caudally, an additional shorter tooth. Dorsal face of sympod with lappet-like
to triangular lobe, in every case apically rounded. Antennal scale (Fig. 17C) setose all
around, apically rounded, two-segmented with apical segment only 2-4% total scale
length; scale 4-5 times as long as its maximum width; scale projecting 0.3—0.5 times
its length beyond antennular trunk (0.2-0.4 in subadults) and 0.4-0.6 times beyond
antennal peduncle.

Thorax (Figs 15, 16C, 17G-K, 19A, B). Right mandible with digitus mobilis
and pars centralis modified as in Fig. 11B; remaining mouthparts normal; labrum
not produced rostrally; maxilla without spines. Thorax without mid-sternal processes
in both sexes. Flagella of thoracic exopods 1 and 8 with eight segments (Fig. 19A),
flagella 2—7 with nine segments. Carpopropodites of thoracic endopods 1-8 with 2, 2,
7-8, 7-8, 9-11, 9-10, 9 and 8-9 segments, respectively. Claw of endopod 1 strong,
subapically bilaterally serrated; claws 3-8 (Fig. 17H-K) weak, slender, smooth. Female
thoracopods 7 and 8 with large oostegites, thoracopod 6 with rudimentary oostegite.
Penes (Fig. 19B) tube-like, stiff, slender, smooth all along, without setae. Size variable
in adult males: length 1.5-2.5 times length of ischium 8 and 2—3 times merus 8; penes
anteriorly extending to thoracic sternites 2—5.
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Figure 14. Mysidetes hanseni in its natural habitat inside ice cave of Damiers Islands, Antarctica A adult
male, dorsal B incubating female, dorsal € physical aspect of habitat.

Pleopods (Fig. 19C-E) reduced to undivided, bifid, setose plates with compar-
atively long endopodal portion (pseudobranchial lobe) in both sexes. All pleopods
without spines, no modified setae. Uropods (Figs 16D, 19F) entire, slender, setose all
around, no spines; exopod extends by 18-29% its length beyond endopod.
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Telson (Figs 15B, 19G) trapezoid, length twice maximum width near basis and
5-6 times width shortly above bifid terminus; 0.7-0.9 times exopod of uropod. Each
lateral margin armed almost all along with 45-57 small spines. Sub-basal spine-free
portion, if any, up to 1/10 telson length in adults (occasionally longer in non-adults).
Spines arranged in consecutive sets on distal half; each set represents series of 2—6
spines increasing in length distally. Triangular apical cleft (Fig. 15B) penetrates 1/10
telson length, margins of cleft lined all along with 14-17 laminae. Telson cleft 1.0-1.8
times as deep as its width at apex. Disto-lateral lobes of telson rounded, each lobe ter-
minally armed with 4-5 strong, subequal spines with 4-5% telson length.

Description of types. The initial objective for inspection of the types was the un-
clear state of development of male characteristics. Zimmer (1914) indicated the largest
specimen examined by him as [transl.] “adult or subadult”. We found a damaged ap-
pendix masculina (left arrow in Fig. 15D) with a few setae, apex broken, on the right
antennula of the lectotype, suggesting that this appendix was longer in vivo, ergo the
lectotype considered adult.

Both available type specimens not dissected. Body proportions (Fig. 15A) slender
in both specimens as normal in males of Mysidetes species. Terminal segment of anten-
nular trunk with 3—4 large plumose setae plus a number of smaller barbed setae on
disto-mesial corner; additional large plumose seta inserted subterminally on mesial
margin in both specimens. Rostrum of both specimens short, terminally broad, with
slightly sigmoid, almost straight lateral margins (Fig. 15C).

Lectotype (Fig. 15). Cornea roughly calotte-shaped, dorsally with proximal inden-
tation, length 0.5-0.6 times eyestalk, diameter equals length of terminal segment of
antennular trunk. Eyestalk without papilla. Median segment of antennular trunk with
its mesial face inflated (right arrow in Fig. 15D), indicative of male adulthood. Anten-
nal scale as in diagnosis, apical segment 4% total scale length; scale five times as long as
its maximum width; scale projecting 0.3-0.4 times its length beyond antennular trunk
and 0.6 times beyond antennal peduncle (Fig. 15D). Flagella of thoracic exopods 1-6
as in diagnosis, flagella 7-8 broken. Carpopropodites of thoracic endopods 4—8 with
8,10, 9,9, and 9 segments, respectively. Claw of endopods 4-8 weak, slender, weakly
bent and smooth. Penes reach to sternite 4. Pleopods as normal in the genus; length
increases from pleopod 2 to 5; pleopod 1 slightly longer than pleopod 2. Uropods as
in diagnosis; exopod extends by 1/5 its length beyond endopod (Fig. 15A). Telson as
in diagnosis, length five times width shortly above bifid terminus. Length 1.2 times
sixth pleonite, 0.9 times endopod of uropod and 0.7-0.8 times exopod of uropod. Left
(undamaged) lateral margin all along with total of about 54 spines. Most proximal
portion of each lateral margin with seven crowded spines; sub-basal portion with six
subequal spines positioned with lower density in continuous series; median to distal
portions with about 41 spines densely arranged in consecutive sets of 2—6 spines in-
creasing in length distally. Apical cleft penetrates by 9% telson length. Margins of cleft
(Fig. 15B) all along with total of 15 laminae increasing in size distally; largest lamina
with 2/5 cleft length. Disto-lateral lobes as in diagnosis; terminal spines longer than
subterminal spines.
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Figure 15. Lectotype of Mysidetes hanseni Zimmer, 1914, adult male BL 18.6 mm A body, lateral B ter-

minal fifth of telson € anterior body region, dorsal D anterior body region, obliquely ventral, left arrow
points to remnant of broken appendix masculina, right arrow to mesial swelling of median segment of
antennular trunk. A, B, objects artificially separated from background.

Paralectotype. Median segment of antennular trunk not inflated as normal in
immatures. Penes reaching to sternite 6. Telson conforming well to that of lectotype,
taking differences due to body size into account: right lateral margin with total of 35
spines, ten of which in approximately linear arrangement along basal and sub-basal
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portions, remaining spines more densely set along median to apical portions, arranged
in groups as in lectotype. Apical cleft 10% telson length; numbers and relative size of
laminae as in lectotype.

Colour. Lectotype with well-pigmented dark cornea (Fig. 15) and large dark-
brown patches on the body, the latter often observed as artefacts in century-old pre-
served material. By contrast, the paralectotype is completely bleached, cornea includ-
ed. This suggests that the two specimens experienced different treatments before being
placed in ethanol.

For evaluation of differences between description by Zimmer (1914) and type
specimens, see Discussion.

Description of ice cave specimens. Includes re-description of males and first de-
scription of females. All features of the above diagnosis. General appearance of females
moderately slender (not considering the marsupium), males even more slender. Body
length of adult females 10.5-25.7 mm (n = 52), males 17.3-24.7 mm (n = 8). Ros-
trum comprising 1-3% body length, cephalothorax 32-39%, pleon 47-53%, telson
14-15% and carapace 26-31%. Frons with at least four horizontal bulges (Fig. 16A;
potential additional bulges not well verified).

Carapace (Fig. 17D) with normal gross structure, without apparent sexual dimor-
phism. Rostrum covering basal portions of normally orientated eyestalks, reaching at
most to middle of artificially straight forward-orientated eyestalks (without cornea).
Antero-lateral edges of carapace well rounded, not visibly projecting iz situ, whereas
weakly projecting in artificially expanded carapace. Posterior margin of carapace evenly
rounded, mid-caudally well emarginated, leaving ultimate 1-1.5 thoracomeres dorsally
exposed. Cervical sulcus strong, cardial sulcus indistinct. Median field of 4459 crowd-
ed pores (Fig. 17E) directly in front of cervical sulcus. Transverse series of 46-81 pores
(Fig. 17F) crossing carapace between, if present, cardial sulcus and posterior margin.
Except for the here-stated structures, outer surface of carapace smooth in both sexes.

Eyes (Fig. 16A—C). Eyestalks and cornea dorsoventrally (very) weakly compressed
(Fig. 16C). In dorsal view, cornea appearing calotte-shaped, in lateral view, oviform
with upper margin (= face) slightly flattened.

Antennulae (Fig. 17A, B). Trunk measures 7-9% body length in both sexes, ex-
tending 0.4-0.5 times its length beyond eyes, being 1.6-2.1 times longer than maxi-
mum width in adult males, 2.2-2.8 in adult females. Measured along dorsal midline,
basal segment 42—47% trunk length, median 18-20% and terminal 33—38%. Lateral
lobe from basal segment extending beyond median segment. Median segment with
its mesial face inflated in adult males only. Terminal segment 0.6-0.9 times as long as
wide. Part of terminal segment with cuticle sculptured by minute depressions in males
only; due to their small size and density, these depressions drawn as reduced numbers
of dots with exaggerated size in Fig. 17A. Details of depressions available in Fig. 16E
for oostegite 2. Antennulae of females (Fig. 17B) dorsally with smooth cuticle, not
sculptured by minute depressions. Terminal segment of antennular trunk in both sexes
with mid-dorsal apophysis bearing four barbed setae on its lateral half and small cilia
along its disto-mesial margin; no spiniform anterior projection. Lateral antennular
flagellum about as wide as mesial one when measured near basis.
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Figure 16. Mysidetes hanseni from ice cave of Curie Islands, Antarctica. Adult females BL 23.4 mm
(A, B), 21.4 mm (E); adult male 24.7 mm (C, D). A head of female, obliquely lateral B anterior body

region of female, dorsal, dashed line enhances the anterior contour of carapace € anterior body region of
g p y reg

male, lateral D tail fan, lateral E cuticle structures on outer surface of the large second oostegite.

Antennae (Fig. 17C). Sympod dorsally with terminally rounded, tongue-like pro-
cess; caudally with bulbous lobe containing end sac of antennal gland. Three-segmented
antennal peduncle in both sexes with basal segment 22-25% peduncle length, second
36-43% and third 32-36%. Third segment 1.1-1.4 times as long as wide. Antennal
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Figure 7. Mjysidetes hanseni from ice cave of Curie Islands, Antarctica. Adult male BL 24.7 mm
(A, C-F, 1, ), adult female 23.4 mm (B, G, H, K-M) A right male antennula, dorsal B distal margin
of left female antennular trunk, ventral, flagella omitted € antenna with antennal gland, dorsal, setae
omitted from antennal scale D carapace expanded on slide, details show cervical (E) and cardial (F) pore
groups G-K tarsus in series of thoracic endopods 2-5, 8, setae omitted L tergite expanded on slide to-

gether with pleurites of pleomere 1, setae of pleopods omitted, detail (M) shows transverse pore groups.
E, F, M, pore diameters not to scale.
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scale with convex mesial margin; proximal half of lateral margin slightly sigmoid, distal
half convex. Small apical segment with five plumose setae.

Mandibles. Segments 1-3 contributing 11-14%, 53—-60% and 29-33% length
to three-segmented palp. Proximal segment without setac. Median segment 2.7-3.3
times as long as its maximum width, both margins setose all along. Terminal segment
strongly setose along mesial margin; distal 2/3 in addition with series of short setae on
caudal face near lateral margin. Pars incisiva with 4-5 teeth. Left mandible normal, its
digitus mobilis strong, with 3—4 teeth and its pars centralis with 3—4 separate, spiny
teeth. Right mandible modified as in M. #/ligi (Fig. 11B), its digitus mobilis small with
one large and 3—4 very small teeth, pars centralis distally with one thick spiny tooth
and proximally with 3-5 acute teeth projecting from a common basis. Pars molaris
with well-developed grinding surface in both mandibles.

Labrum and labium as described above for M. illigi.

Maxillula. Distal segment of maxillula terminally with 12—14 strong spines,
in part serrated by small denticles in median portions. No such denticles on the
largest spine in innermost (mesial) position. Distal segment subterminally with 8—9
barbed setae, of which 7-8 setae densely set in transverse, linear series; 0-2 pore
near outermost seta; the remaining 1-2 setae positioned a short distance proximal—
ly, out of series. All these setae with barb patterns as in M. #/ligi. Endite of maxillula
terminally with three distally spiny setae accompanied by four proximally thick
barbed setae; mesial and lateral margins of endite with numerous less thick setae;
innermost seta not longest and not projecting mesially as in M. illigi.

Maxilla normal, densely setose, with various types of setae, but no spines or
teeth. Terminal segment of endopod and sympod including its three large endites,
with densely setose distal margins. The leaf-like exopod extends to distal margin of
basal segment of endopod or shortly beyond. Exopod with 22-25 barbed setae all
along lateral margin, the two apical setae longer and thicker than the remaining
ones. Basal segment of endopod with three basally thick, barbed setae. Terminal
segment 1.3-1.5 times longer than wide; setae along its lateral margin resembling
acute spines, but characterised as modified setae rather than spines based on the
densely barbed basal half. Mesial margin of sympod with long seta micro-serrated
by minute stiff bristles along its distal third; this seta extending beyond dense brush
of plumose setae.

Foregut (Fig. 18). Spines on most of the lateralia as in M. illigi, except for modified
spines in Figs 18B and C. Posterior part of lateralia on each side of foregut with lobe
bearing dense set of 10—14 bilaterally serrated spines (Fig. 18C). Dorsolateral infold-
ings on each side with two strong spines, unilaterally serrated in median to subapical
portions (Fig. 18B). Dorsal and rostral portions of foregut furnished outside with large
numbers of pigment bodies.

Thoracic sternites as described above for M. illigi.

Thoracopods general (Figs 17G-K, 19A). Exopods with variable length of flagella
and basal plates, no clear size trend along series of exopods 2—7; exopod 1 shorter in
both sexes; exopod 8 shorter in females, variable in males. Length of flagella 1.3-2.1
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Figure 18. Cardiac portion of foregut in Mysidetes hanseni from ice cave of Curie Islands, Antarctica;
pyloric parts removed. Adult female BL 23.4 mm. A foregut in slightly oblique lateral view, lower-case la-
bels indicate dorsolateral infoldings (%), lateralia (/z), mid-gut (mg), esophagus (oe), pigment bodies (pb),
and storage space (sp) B spine from dorsolateral infoldings € spinose lobe of posterior part of lateralia
D, E spines from anterior parts of lateralia.

times length of basal plates. Basal plates laterally expanded, length 1.2-2.2 times width.
Disto-lateral edge of plates rounded. Endopods becoming longer and more slender from
endopod 1 to 5 and decreasing slightly from 5 to 8. Endopods 57 long and slender. Is-
chium becoming increasingly slender from endopods 1 to 5. Length of ischium increas-
ing from endopods 1 to 5 and remaining subequal amongst endopods 5-8. Ischium
shorter than merus in endopods 1-4, but longer than merus in endopods 5-8. Dactyli
of endopods 1-3 larger than those of endopods 4-8. Claw 1 strong, weakly bent; claw
2 not developed; claws 3—4 slightly bent, equally long; claws 5-8 well or indistinctly
curved, shorter than claws 3—4. First thoracopods with large, leaf-like, smooth epipod.

Maxillipeds. Combined praeischium plus ischium of maxilliped 2 are 0.8-0.9
times merus length. Dactylus with large numbers of normal setae and 14-17 setae
modified as in M. #lligi. Remaining features as described above for M. illigi.
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Marsupium (Fig. 16E). Essentially as described above for M. illigi, except for setae
numbers and cuticle structure. Qostegite 1 near basis with about 30 micro-serrated
setae, oostegite 2 with 9-12. Large oostegite 2 with cuticle sculptured by minute de-
pressions over most of its outer surface. These structures resembling scales in episcopic
view, but clearly identifiable as depressions in tangential view (both views in Fig. 16E),
visible i7 situ already with 15x episcopic inspection. Qostegite 1 with a narrow rib-
bon of such structures along and close to upper margin, but most of its surface with
smooth cuticle, not considering setae. Thoracopod 6 with rudimentary oostegite bear-
ing 10-13 (n = 3) apically microserrated setae.

Penes (Fig. 19B) anteriorly bent at basis. Shaft terminally slightly widened, blunt,
ending in 2-3 indistinct lobes. Penes extend anteriorly to thoracic sternites 6—7 in im-
matures (n = 25), to sternites 3—7 in subadults (n = 14) and to sternites 25 (mainly
sternite 4) in adults (n = 7).

Pleon (Figs 17L, M, 19C-E). Pleonites 1-5 measure 0.6-0.7, 0.6-0.8, 0.6-0.7,
0.6-0.7 and 0.6-0.7 times the length of pleonite 6, respectively, i.e. combined ple-
onites 4 and 5 exceed pleonite 6. Tergites 1-7 with transverse linear series of various
numbers of pores as in Figs 17L, M. Pleopod structure as described above for M. #/-
ligi. Pleopods of about same size in both sexes. Length decreasing from pleopod 1 to
pleopod 2, remaining subequal amongst 2 and 3 and increasing from 3 to 5. Exopodal
portion of pleopod 1 wider than in pleopods 2—5. Its length ranges between that of
pleopods 3 and 4. Scutellum paracaudale forming a large acute triangle with slightly
concave margins.

Uropods (Figs 16D, 19F). Length of exopod 1.1-1.4 times endopod and 1.1-1.4
times telson, endopod 0.9-1.0 times telson. Exopod extending 0.2—0.3 times its length
beyond endopod and 0.2-0.3 times its length beyond telson, endopod 0.1-0.2 times
its length beyond telson (partly due to telson inserting more rostrally). Exopod with
slightly sigmoid, almost straight lateral margin and clearly convex mesial margin. En-
dopod basally with large statocyst containing one statolith with diameter of 178-227
pm (n = 8 statoliths from four specimens). Statoliths discoidal, composed of the min-
eral fluorite. Statolith formula 3 + 1 + (4=7) + (6=7) + (5-9) = 19-23.

Telson (Fig. 19G). Length 1.2-1.3 times length of ultimate pleonite. Basal portion
of lateral margins with linear series (rather than aggregated) of 2—5 spines in immatures
with 9 mm body length (n = 3) and in three subadults with 11 mm length (n = 3); spine-
free sub-basal portion 5-13% of telson length in immatures, 5-17% in subadults and
0-10% in adults (n = 10). Most proximal portion of each lateral margin with 3—7 crowd-
ed spines in adults; sub-basal spine-free portion, if any, distally followed by 4-8 subequal
spines positioned in a nearly continuous series; median to terminal portions with 31-46
spines densely arranged in consecutive sets of 2—6 spines increasing in length distally.

Larvae (Fig. 20). Nauplioids at substages N2 and N3 more slender than in Hez-
eromysis S.1. Smith, 1873 species, for example (Wittmann and Abed-Navandi 2021).
Twenty-one mounted nauplioid larvae with smooth cuticle, except for antennula,
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Figure 19. Mysidetes hanseni from ice cave of Curie Islands, Antarctica. Adult male BL 24.7 mm.
A thoracopod 8, rostral B penis C~E series of male pleopods 1, 3, 5, caudal (C, D) and rostral (E) face,

many setae broken F uropods, dorsal, setac omitted G telson.
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antenna and distal portions of abdomen. Antennae 1 and 2 sparsely covered with min-
ute hairs over distal 2/3 of their length. Density of hairs increases up to tip (Fig. 20C).
The old cuticle has started to separate from the tip of the antennula in Fig. 20C, there-
fore appearing flabby there. Antennula and antenna not yet bifid (Fig. 20B) in all N2-
larvae and in most N3-larvae examined. The most striking features of the nauplioids
are a pair of long cerci (Fig. 20D), together forming a comparatively large caudal furca
armed by numerous spine-like setae. Such spiny setae, together with tiny hairs (as on
antennae), are also present on (sub)-apical portions of abdomen. Remaining features
in Fig. 20 are typical for the state of development.

Distribution and type locality. Type locality is at the East-Antarctic coast,
66°02'S, 89°38'E (details as given above for M. illigi). The types only there were tak-
en in December 1902 with non-closing vertical hauls from 200-0 m (lectotype) and
250-0 m (paralectotype) below ice, bottom depth 385 m (Zimmer 1914). The present
records from ice caves in 2-5 m depth at Curie Islands, 66°38.64'S, 140°02.43'E and
in 2 m depth at Damiers Islands, 66°39.21'S, 139°57.61'E, are from the second and
third localities ever published; see also Discussion.

Colour and microdistribution. Live colour of this species was documented only
in the field (Fig. 14A, B). Most specimens showed a whitish tinge of body, eyes, he-
patic caeca and brood pouch content. Oil globules (fat bodies) also contributed to
the whitish tinge. Globules were found everywhere in the body trunk, with greatest
densities above the foregut and in the telson. Comparatively small numbers of red-
orange pigment spots were present on eyestalks, carapace, pleomeres, and telson. These
were slightly ‘expanded’ mostly on telson, partly also eyestalks. A few specimens (not
documented in Fig. 14) showed an overall, weakly red to orange tinge. Corneas ap-
peared white in the field, but were brown in ethanol-fixed materials; therefore, it is not
excluded that reflection had contributed to the white tinge in field photos. The mysids
were encountered close to and mostly in physical contact with the substrate ice or rock
surfaces, with or without epigrowth (Fig. 14A, B).

Gut contents. Upon external inspection of 49 foreguts, all appeared empty in
twenty incubating females examined, all in nine spent females available and in eight
out of twenty foreguts of immature males. Eight ‘empty’ foreguts dissected and mount-
ed on slides showed that 0-5% volume contained food. Fig. 18 gives an example of
a foregut considered ‘empty’ upon external inspection (40°), yet with a few diatoms
identified at 200x magnification. The 12 ‘positive’ immature males had 10-40% fore-
gut volume filled. Contents were unidentifiable, masticated organic material (debris),
cyanobacteria, diatoms, a few copepod remains and a few mineral particles.

Molecular study of ice cave mysids

Figures 21, 22

Sequencing of Pseudomma kryotroglodytum sp. nov. The 185 DNA sequences
obtained from the two here-described specimens of P kryotroglodytum sp. nov. were
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Figure 20. Nauplioid larva of Mysidetes hanseni from ice cave of Damiers Islands, Antarctica A larva at

late substage N2, lateral B antennae and mouth field, ventral, lower-case labels indicate antennula (21),
antenna (2), labrum (/) and mandibles (72) with palp (p) C tip of antennula D tip of abdomen with cau-
dal furca, lateral. A, larva artificially separated from background; A=D are from four different specimens.

identical and 805 bp long. COI sequences of unequal quality were obtained from
both specimens and were 614 and 658 bp for individuals 611-1 (paratype) and 612-
1 (holotype), respectively. Over the alignable part of these sequences, they differed
by only one synonymous position. Only 18S sequences could be compared with
GenBank sequences of other Pseudomma species. We aligned our sequences with 18
available GenBank sequences and obtained NJ and ML phylogenetic trees (Fig. 21)
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of similar topologies (only NJ shown), rooted with Holmesiella affinis 1i, 1937 and
bootstrapped (1000 replicates for each method). Not even half of the Pseudomma
species described to date are shown in this tree and only one Southern Ocean species
(P sarsii) is available for comparison, but P kryotroglodytum sp. nov. is molecularly
different from every other one in the tree. Bootstrap support is poor for most rel-
evant nodes, but two species appear more closely related to 2 kryotroglodytum sp.
nov. in this dataset: 2 longisquamosum Murano, 1974 and P maasakii Meland &
Brattegard, 2007.

Sequencing of Mysidetes illigi and M. hanseni. A total of six individuals of M.
illigi from Bernard Island and 10 M. hanseni from Damiers and Curie Islands were
sequenced at both the COI and 18S loci. No comparison with GenBank was possible
because this is the first time Mysidetes sequences are made available. The 18S sequences
obtained were 815 and 813 bp long for M. illigi and M. hanseni, respectively. No dif-
ferences were observed at this 18S fragment within species, whereas there was a 6 bp
difference (but no indel) between the two species. COI sequences of variable quality
were obtained (658 to 629 bp), of which 629 bp could be aligned. A simple distance
tree (NJ) was produced to visualise the differences and similarities amongst sequences
(rooted with A. maxima). As evident on Fig. 22, the M. hanseni sequences are quite
diverse (each specimen displays a distinct haplotype), but the Damiers and Curie speci-
mens are mixed, indicating that no apparent genetic structuring exists at this locus and
this geographical scale (3.8 km). In contrast, the Bernard Island M. illigi sequences
cluster in two divergent groups, which cannot be related either to morphological dif-
ferences or to collection date and station. The divergence between the two groups is ca.
10% — a high value for intraspecific comparisons, but quite low if they were different
species. As noted above, 18S is identical between the two M. illigi clusters, as is their
translated COI amino acid sequence.

Morphology

First records of structures on eyeplates and antennulae
Figures 23-25, Table 1

Eyeplate cyst. Eyeplate of Pseudomma kryotroglodytum sp. nov. contains a single cyst
shortly behind the median cleft (Fig. 23A). Cyst egg-shaped, delimited by envelope
of cells (Fig. 23B), length about 40 pm, width 25 pm; its rostral projection joins with
bottom of eyeplate cleft. Eyeplate cysts (of variable size and shape) found in all seven
species of Pseudomma inspected (tribus Pseudommini; Table 1).

Species of the tribus Calyptommini are characterised amongst other features by an
eyeplate without cleft. Nonetheless, an eyeplate cyst (Fig. 23C) is present in Michthyops
parvus (Vanhoften, 1897), the only species of this tribus examined in this respect
(Table 1). Cyst in median position at 30—40 pm distance from anterior margin of
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Pseudomma kryotroglodytum n. sp. 611-1

928/851

Pseudomma kryotroglodytum n. sp. 612-1
P. longisquamosum AY624293
P. maasakii AY624301
P. surugae AY624296

— P, kruppi AY624290

P. lamellicaudum AY624291
{ P. sarsii AY624300
—— P, latiphthalmum AY624292

P. izuensis AY624289
1 880/861 |
P. brevisquamosum AY624286

—— P, truncatum AY624297
804/864|
P. crassidentatum AY624287
P. aff. marumoi AY624299
733756 P. marumoi AY624294

P, frigidum AY624288

P. roseum AY624295

P. affine AY624283
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P. affine AY624285

836/848
P. affine AY624284

Holmesiella affinis AM422497

0.002

Figure 21. Phylogenetic placement of Pseudomma kryotroglodytum sp. nov. from Antarctic ice caves at
Bernard Island, amongst the Psendomma taxa available in DNA databases (GenBank accession numbers
shown), based on 18S rDNA. The root is the Erythropini Holmesiella affinis. Neighbour-Joining (NJ,
shown here) and Maximum Likelihood (ML) reconstruction methods gave a similar topology. Bootstrap

(1000 replicates) values, higher than 700, are shown at nodes (NJ/ML) in this order.
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Mysidetes hanseni

Curie Islands
Dumont d’Urville
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Mysidetes hanseni

Damiers Islands
Dumont d’Urville
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Mysidetes illigi

haplotypes 611-1,
611-4, 612-1, 612-2
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Antarctomysis maxima 1CO1-1
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Figure 22. Distance tree (Neighbour-Joining) of mitochondrial COI sequences of Mysidetes hanseni and
Mysidetes illigi specimens collected in Antarctic ice caves at Curie and Damiers Islands, Dumont d'Urville
Station, rooted with Antarctomysis maxima from the same area. Most relevant Bootstrap (1000 replicates)

values are shown at nodes.
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eyeplate. Cyst 20 um long; its converging apical part connected with anterior margin
of plate by a narrow tube < 2 pm thick (Fig. 23C).

Antennular depression. Basal segment of antennular trunk in P kryotroglodytum
sp. nov. shows a mid-dorsal, pit-like, deep, dorsally open, ventrally orientated depres-
sion with striated pad on the bottom. Mounted with dorsal face upside, the depression
appears pouch-like due to the perspective and partially due to inclination induced by
forcing the bent antennula into a plane (Figs 4A, 24A, B). Inspection of unmounted
material and of antennulae mounted in lateral position (as in Fig. 24C, D for Dac-
tylamblyops sp. A) showed that the depression is actually orientated straight ventrally.
Exogenous material present in depressions (Fig. 24B) of left and right antennulae.

Such depressions were found in a total of eleven species of the subfamily Erythropi-
nae (Table 1), none in Heteromysinae (Table 1). Most examined specimens showed
exogenous material in the depressions. The short arrow in Fig. 24C points to mineral
particles in the left depression of Dactylamblyops sp. A.

Female antennular lobe. Subadult and adult females of M. #lligi show a mid-
ventral lobe (Figs 8D, 10B) on distal third of terminal segment of antennular trunk,
where the appendix masculina is positioned in males. Lobes of adult females with
fields of densely-set, only 10-20 pm long, conical setac emerging from a socket collar
(Fig. 25C). The homologous setae of subadult males are more numerous and longer
(Fig. 25B). Immature and subadult females with low lobe as in the holotype (arrows in
Fig. 8D); dissected lobes without (n = 5) or with (n = 3) fields formed by setae bases,
no setae shaft visible as also in immature males (Fig. 25A).

No comparable structures were found upon examination of adult females of
three other congeneric species (Table 1). Females of these species have more setae
(Fig. 17B) on the terminal segment of the antennular trunk compared with M. illigi
(Fig. 10B), not counting setae of its mid-ventral lobe. No female antennular lobes
were found in the remaining species of the subfamily Heteromysinae examined
(Table 1). By contrast, female lobes were found in four non-ice cave species of the
genus Dactylamblyops Holt & Tattersall, 1906 (subfamily Erythropinae) listed in
Table 1: two species with comparatively large female lobes with long setae, though
lobes and setae shorter and setae less numerous than in males; two other species with
even smaller female lobes bearing minute setae. No species without female lobes were
found in material of this genus.

Breeding

Breeding in Mysidetes hanseni
Figures 26-29

Frequency of free-living stages. Pooled data for the Islands of Curie and Damiers
comprises 109 specimens sampled in ice caves, namely 52 adult and seven subadult
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Figure 23. Structure of eyeplates in Pseudomma kryotroglodytum sp. nov. and Michthyops parvus. Holo-

type adult female (D) and paratype subadult female (A, B) of P kryotroglodytum and non-type adult
female of M. parvus (C). A eyeplate expanded on slide, dorsal, to the right somewhat distorted B detail
of panel (A) showing cyst connected with bottom of median cleft € homologous cyst in another species
and genus, arrow points to tubular connection with anterior margin of eyeplate D series of denticles along
sub-lateral section of anterior margin of eyeplate.

females, plus eight adult, 14 subadult and 25 immature males, only two juveniles
and only one immature female. The frequency of the diverse stages (Fig. 26) does
not significantly differ between Islands (X*-test, 4 DE P = 0.52). The size-frequency
distribution in Fig. 27 shows a cluster of small-sized specimens (7.7-14.2 mm,
n = 42) comprising mainly immature and subadult males and a cluster of large-



Mysida in Antarctic marine ice caves 201

Figure 24. Pseudomma kryotroglodytum sp. nov., paratype subadult female BL 21.5 mm (A, B) and Dac-
tylamblyops sp., adult female 21.8 mm (C, D); A ventrally orientated depression mid-dorsally on basal
segment of right antennula, dorsal aspect B detail of panel (A), arrow points to striated pad on bottom
of depression, dorsal € depression as in panel (A) for left antennula in another genus, lateral aspect, the
short arrow points to mineral particles D detail of panel (C), the long arrow points to striated pad, lateral.
A, antennular depression somewhat caudally tilted by the pressure exerted by the cover glass.

sized specimens (16.6-26.1 mm, n = 67) mainly adults of both sexes. Each cluster
does not significantly deviate from normal distribution (Anderson-Darling-Test, P
= 0.27 and 0.20, respectively). Potential outliers are not supported (Grubbs-Test,
P = 0.99 and 0.43). Thus, the overall distribution is bimodal; a potential third
mode formed by the four largest specimens in Fig. 27 is not significant. The ovarian
tubes were filled with yolk in five out of seven subadult females available, with only
empty tubes in all remaining females, regardless of stage. Nine adult females with
empty brood pouch, one with unfertilised eggs, 14 with embryos (fertilised eggs)
and 28 with nauplioid larvae, none with postnauplioid larvae. Body length of the
nine spent (£07) females 16.6-26.1 mm, size of breeding females differentiated for
marsupial stages below.
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Table 1. Sensory structures in Mysidae from ice caves and other marine habitats.
Sample| Habitat at Species Material |Female antennular| Antennul. | Eyepl. |Eyeplate
nos in sampling examined lobe depression | with cyst
Suppl. station corneal
Table sulci
(§#)
Subfam. Erythropinae, tribus Pseudommini Wittmann, Ariani & Lagardere, 2014
1,2 sublittoral ice Pseudomma kryotroglodytum 19ad, 19 none present | present | present
cave Wittmann & Chevaldonné sp.nov.. subad.
11 bathybenthic | Pseudomma affine G.O. Sars, 1870 | 2 99,1J none present none | present
12 (from deep sea | Pseudomma affine G.O. Sars, 1870 19,18 none present none present
fish stomach)
13 bathybenthic | Pseudomma antarcticum Zimmer, 19,18 none present none present
1914
14 bathybenthic | Pseudomma calmani O.S. Tattersall, 19 none present none | present
1955
15 bathybenthic Pseudomma latiphthalmum 2292 none present none | present
Murano, 1974
16 bathybenthic Pseudomma roseum G.O. Sars, 299 none present none | present
1870
17 bathybenthic | Pseudomma sarsii Willemoés-Suhm 19 none present none | present
[in G.O. Sars, 1884]
Subfam. Erythropinae, tribus Calyptommini W.M. Tattersall, 1909
18 (from deep sea | Michthyops parvus (Vanhéffen, 299 none none none | present
fish stomach) 1897)
Subfam. Erythropinae, tribus Amblyopsini Tchindonova, 1981
19 bathybenthic | Amblyops abbreviatus (G.O. Sars, 19 - present - -
1869)
Subfam. Erythropinae, tribus Erythropini Hansen, 1910
20 bathypelagic | Dactylamblyops hodgsoni Holt & 12,18 comp. large lobe present - -
Tattersall, 1906 with normal setae
21 bathypelagic Dactylamblyops iii Nouvel & 19,18 small lobe with present — —
Lagardere, 1976 minute setae
22 mesopelagic Dactylamblyops murrayi W.M. 192,18 small lobe with | not detected - -
Tattersall, 1939 minute setae
23 bathybenthic Dactylamblyops sp. A 13 - present - -
24 bathybenthic Dactylamblyops sp. A 19 comp. large lobe present - -
with normal setae
25 (from deep sea | Erythrops microps (G.O. Sars, 19,18 none none - -
fish stomach) 1864)
26 (from deep sea Meterythrops pictus Holt & 19,18 none none - -
fish stomach) Tattersall, 1905
Subfam. Heteromysinae, tribus Mysidetini Holt & Tattersall, 1906
58 sublittoral ice | Mysidetes hanseni Zimmer, 1914 | 3 99,3 33 none none - -
caves
4 sublittoral ice Mysidetes illigi Zimmer, 1914 599 ad., |with modified setae none - -
cave 4 99 non-
ad.,
9 33 non-ad.
27 sublittoral Mysidetes kerguelensis (Illig, 19 none none - -
1906)
28 bathybenthic | Mysidetes posthon Holt & Tattersall, 19 none none — —
1906
29 sublittoral Mysidetes posthon Holt & Tattersall, 19 none none — —
1906
30 bathybenthic | Mysifaun erigens Wittmann, 1996 19,18 none none — —
Subfam. Heteromysinae, tribus Harmelinellini Wittmann, Ariani & Lagardére, 2014
31 sublittoral Harmelinella mariannae Ledoyer, 13 - none - -

marine cave

1989
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Sample| Habitat at Species Material |Female antennular| Antennul. | Eyepl. | Eyeplate
nosin | sampling examined lobe depression | with cyst
Suppl. station corneal
Table sulci
(S#)
32 (aquarium Harmelinella mariannae Ledoyer, 19,14 none none — —
tank) 1989

Subfam. Heteromysinae, tribus Heteromysini Norman, 1892

33 sublittoral | Heteromysis ekamako Wittmann & | 2 99,2 43 none none - -
marine cave Chevaldonné, 2017
34 (unknown) Heteromysis proxima \W.M. 19,18 none none - —
Tattersall, 1922
35 sublittoral Heteromysis sabelliphila Wittmann | 1 9,2 33 none none - -
cryptic habitats & Wirtz, 2017
36 sublittoral Ischiomysis peterwirtzi Wittmann, 19,288 none none - —
micro-caves 2013

Clutch size versus parent length. Fig. 28 shows the variations of clutch size with
parent body length. Egged females with 17.7-24.2 mm, clutch size 35-88 eggs. Di-
ameter at embryonic (egg) stage E1 is 0.40-0.66 mm (median of 0.59 mm; total of
792 eggs carried by 13 females); one female 21.3 mm with 44 substage E2-eggs with
0.58-0.67 mm diameter. Female 18.2 mm with 26 nauplioid larvae at substage N1
with 1.40-1.45 mm total length, four females 20.3-22.5 mm with 25-71 nauplioids
N2 with 1.62-2.00 mm, twenty females 10.5-22.9 mm with 16-75 nauplioids N3
with 1.80-2.45 mm and three females 20.3-22.8 mm with 48-78 nauplioids N4 with
2.17-2.50 mm.

Contrary to expectations, the females with eggs are significantly larger (t-test, 31
DE P < 0.05) than the females with nauplioid larvae: body length of E1-females is
21.44 £ 1.57 mm (£ SD; n = 13), that of N3-females 19.52 £ 3.01 mm (n = 20).
The individual data for clutch sizes of all marsupial stages sampled are given in Fig. 28.
Clutch sizes also differ significantly between substages E1 and N3: 60.92 £ 15.47
El-eggs versus 39.75 + 14.47 N3-nauplioids (t-test, 31 DE P < 0.01). To consider
the uneven size intervals of parent body length, the clutch sizes are more adequately
compared within the interval of parent body length (18.2-22.9 mm) shared by both
types of incubating females. Clutch sizes differ significantly also in the reduced dataset:
61.18 £ 16.13 (n = 11) El-eggs versus 41.59 + 14.35 (n = 17) N3-nauplioids (t-test,
26 DE P < 0.01); the respective variances are not significantly different (F-test, 16 v. 10
DE P = 0.65). Numbers of nauplioids (N) versus parent size (L, in mm) give a signifi-
cant linear regression: N = 3.358 x L —25.520 (t-test, 26 DE, P < 0.01; r = 0.57). This
is not significant for egg clutches (11 DE P = 0.34; r = 0.16); therefore, no respective
regression line is drawn in Fig. 28.

Frequency of marsupial substages. Fig. 29 shows the frequency distribution of
females related to the stages and associated substages in the marsupium. The frequency
of the substages does not significantly differ between the two islands inspected (X*-
test, 1 DE P = 0.90). Two cohorts are distinguished, namely early embryonic (egg)
substages and moderately advanced nauplioid larvae, the cohorts separated by a wide
gap due to the absence of advanced embryonic stages.



Figure 25. Surface details of appendix masculina and its female homologue in series of increasing body
size for Mysidetes illigi (A=C) and M. hanseni (D) from Antarctic ice caves. A immature male BL 12.1
mm B subadult male 14.7 mm € adult female 18.4 mm D adult male 24.7 mm.

Inhomogeneous clutches. Not included above are nauplioid larvae that oc-
curred in small numbers in marsupia, together with a main bulk of eggs (embryos)
or of younger larvae. Three females with 52, 88 and 68 El-eggs carried additional
2, 3 and 4 N3-larvae, respectively. Another female with 88 eggs carried two N2-
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larvae plus two N3-larvae. One N3-larva appeared amongst 13 N2-larvae in the
brood pouch of yet another female. All remaining marsupia contained homogene-
ous broods.

Discussion

Validity of Pseudomma kryotroglodytum sp. nov.

Only five Pseudomma species, so far described in this respect, share smooth lateral mar-
gins in combination with a transversely truncate (rather than convex) terminal margin
of the telson with the new species:

P antarcticum Zimmer, 1914, is widely distributed in 278-3425 m depth in the
Southern Ocean, according to Meland and Brattegard (2007) and also found at 1800—
2300 m depths in the Iceland Basin (N-Atlantic). It differs from the new species by
shorter apical lobe of the antennal scale, endopod of uropods with a small spine below
statocyst and by more (3—4 pairs) spines on terminal margin of the telson.

P bispinicaudum Murano, 1974, from 100 m depth in the East China Sea, differs
from the new species by endopod of uropods with a small spine below statocyst and a
small tooth on each disto-lateral edge of the telson.

P intermedium Murano, 1974, from 570-660 m depth in waters off Japan (N'W-
Pacific), differs from the new species by shorter apical lobe of the antennal scale, endo-
pod of uropods with a small spine below statocyst and by more (3—4 pairs) spines on
terminal margin of the telson.

P maasakii Meland & Brattegard, 2007, from 1250-2300 m depth in the Iceland
Basin (N-Adantic), prior to first description reported by Murano and Mauchline (1999)
as Pseudomma sp. from the stomachs of fish in the Rockall Trough (NE-Atlantic). It differs
from the new species by shorter apical lobe of the antennal scale, endopod of uropods with
asmall spine below statocyst and by more strongly converging lateral margins of the telson.

P matsuei Murano, 1966, from ?~1000 m depth in waters off Japan (N'W-Pacific),
differs from the new species by shorter disto-median fissure of the eyeplate, shorter
apical lobe of the antennal scale, more strongly converging lateral margins of the telson
and by disto-lateral spines shorter than submedio-apical spines of the telson.

Uropods and telson are unknown in P australe (G.O. Sars, 1884) from 60-120
m depth in the Bass Strait, South Australia. It differs strongly from all remaining so
far described species of Pseudomma by a very long apical lobe with 4/5 antennal scale
length; thus, no detailed discussion needed here.

P longisquamosum Murano, 1974, from 360-460 m depth off Japan (INW-Pacific)
is also discussed here due to its genetic affinity (Fig. 21) with P kryotroglodytum sp.
nov. It differs by more slender antennal scale (4.5 times as long as wide) with shorter
apical lobe only shortly over-reaching the tooth on the lateral margin, by more strongly
converging lateral margins of the telson, by presence of spines (11-13 versus none) on
lateral margin of the telson and by disto-lateral spines shorter than submedio-apical
spines of the telson.
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Figure 26. Frequency distribution of free-living stages in samples of Mysidetes hanseni from ice caves of
two Antarctic islands. Numbers of specimens are given for juveniles (J), immature (J1), subadult (3'S)
and adult (3'A) males, for immature (1), empty subadult (957 and expectant subadult ($S*) females
and for adult females classified as incubating females bearing unfertilised eggs (?U), embryos (RE),
nauplioid larvae ($N-) and postnauplioid larvae (£P), finally for non-incubating reproductive females
(90 and non-reproductive (spent) females (20).

Detection history of Mysidetes hanseni and M. illigi

Both species were first described by Zimmer (1914) from samples taken through
fissures and holes in sea ice in < 250 m depth and < 200 m depth, respectively, at
the continental coast of East Antarctica. Many samples were taken by the ‘Erste
deutsche Stidpolarexpedition 1901-1903" off the East Antarctic coast, 66°02'S,
89°38'E, where the research vessel ‘Gauf’ was locked in ice for almost one year
(Liidecke 2013). According to Zimmer (1914), the mysid yield was Hansenomysis
antarcticus Holt & Tattersall, 1906 [ending of taxon name updated], Pseudomma
belgicae Hansen [in Holt & Tattersall, 1906], Amblyops tattersalli Zimmer, 1914,
M. posthon and M. hanseni. From this station, he also described two additional
taxa, M. similis Zimmer, 1914 and M. illigi, both later synonymised by W.M.
Tattersall (1923) as M. posthon. The synonymy of M. illigi is here not accepted as
discussed below. A diver from that expedition reported that it was generally dark
below ice, with light penetrating through snow at a few spots (Liidecke 2013).
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Figure 27. Size-frequency histogram of free-living stages in samples of Mysidetes hanseni from ice caves
of two Antarctic islands. ‘Non-adults’ comprise immature and subadult stages (definition in ‘Methods’).

From today’s point of view this habitat shows some similarity with marine ice caves
regarding the ceiling, but clearly not regarding the sea floor in 385 m depth nor the
water dynamics of the huge water mass compared to ice caves measured in metres
to tens of metres.

Validity of Mysidetes illigi

Zimmer (1914) based the description of M. illigi as a new taxon essentially on the
large, triangular rostrum, the long endopod of uropods and on the spine-free sub-ba-
sal portion of the lateral margins of the telson. Without indication of details, Hansen
(1921) proposed to check the validity of this taxon, based on more material in the fu-
ture. W.M. Tattersall (1923) regarded the spine-free portion of the telson as evidence
of immaturity. In fact, we found such spine-free portions in immatures and subadults
of both Mysidetes species from ice caves, though (other than in M. illigi) none or very
short portions in adults of M. hanseni. Furthermore, W.M. Tattersall (1923) reported
a large, triangular rostrum and a long endopod of uropod in specimens which he
classified as M. posthon. Finally, he concluded that M. illigi might be a juvenile stage
of M. posthon. This synonymy was accepted by the scientific community up to the
present investigation.
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Figure 28. Clutch size in relation to body size of incubating females of Mysidetes hanseni from Antarctic ice
caves. Different symbols are given for unfertilised eggs (n = 1 brood), embryos (fertilised eggs; n = 14), and
nauplioid larvae (n = 28). A significant linear regression was obtained and drawn only for nauplioid larvae.

The present data show that adults of M. #lligi share large spine-free sub-basal
portions of the lateral margins of the telson with adults of only M. antarctica and
M. kerguelensis. Mysidetes antarctica differs from M. illigi by a shorter rostrum and
more slender antennal scale, M. kerguelensis by a shorter antennal scale and by a
proximally unarmed telson. Adult M. posthon differ from M. illigi by the lateral
margins of the telson having spines all along and by more (26-28) spines on the
endopods of the uropods. As shown above, females of M. hanseni, M. kerguelensis
and M. posthon do not have a ventral lobe on the terminal segment of the anten-
nular trunk (female unknown in M. antarctica). This lobe is present in the holotype
of M. illigi, but was overlooked upon first description by Zimmer (1914). It is here
first evidenced and interpreted as a modified appendix masculina, a rare character
for females of the family Mysidae, here evidenced also for four otherwise dissimilar
species of Dactylamblyops (Table 1). Thus, there is no doubt about the validity of

this taxon.
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Figure 29. Frequency distribution of incubating females with respect to marsupial stages and respective
substages in samples of Mysidetes hanseni from ice caves of two Antarctic islands. Numbers of specimens
are given for unfertilised eggs (E0), embryos (substages E1 to E6) and nauplioid larvae (N1 to N4); only
zero counts for postnauplioid larvae (P1 to P3).

Types of Mysidetes hanseni

There is no mention of types or any equivalent expression in the original description of
this taxon by Zimmer (1914). The present identification of types relies on the inven-
tory of the ZMB. Zimmer indicated 20 mm body length for the largest amongst three
specimens sampled by the ‘Deutsche Stidpolar-Expedition 1901-1903’. Our measure-
ments gave 18.6 mm for the adult male lectotype (ZMB 18283a) and 8.7 mm for the
immature male paralectotype (ZMB 18283b), the third specimen listed by Zimmer
(1914) as [transl.] “younger male specimen” is not in the inventory of the ZMB, pos-
sibly missing. The text by Zimmer (1914) insinuates that he described the largest speci-
men. The median segment of the antennular trunk with its mesial face is inflated (as an
indication of adulthood) in the lectotype (right arrow in Fig. 15D), not inflated in the
paralectotype or in Fig. 43 by Zimmer. The basal portion of each lateral margin of the
telson had seven crowded spines (arranged as in Fig. 19G) in the lectotype versus basal
spines in linear series in the paralectotype and in Fig. 45 by Zimmer. Nonetheless, the
total numbers of spines is about the same in the lectotype and in Fig. 45. The rostrum
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of both type specimens is terminally broad, with slightly sigmoid, almost straight lateral
margins (Fig. 15C); rostrum terminally less broad, both margins strongly concave as
given in Fig. 43 and expressly stated in the text (p. 404) by Zimmer. The rostrum of the
above-reported ice cave specimens varies from short, broad with almost straight lateral
margins (as in Fig. 15C) to weakly produced with biconcave margins (Figs 16B, 17D).

In summary, Fig. 43 by Zimmer (1914) shows a non-adult male whose rostrum
shape is the same as found in some parts of the ice cave specimens, but not in the type se-
ries kept by the ZMB. The distal 4/5 of the telson in Fig. 45 by Zimmer (1914) fits well
with the lectotype, but not with the minor numbers of spines in the paralectotype; by
contrast, the proximal fifth of the figured telson fits only with immatures including the
paralectotype. In conclusion, the rostrum and telson in Figs 43, 45 and in part of the text
by Zimmer (1914) are not consistent with the two available type specimens. We cannot
exclude that the shape of the rostrum in Fig. 43 was depicted from the unavailable third
“younger” specimen, listed by Zimmer. This appears unlikely for the telson in Fig. 45,
which might represent an artificial combination of immature and mature characteristics.

The ZMB holds the main stock of the ‘Deutsche Stidpolar-Expedition 1901—
1903’. Based on labels of the two available specimens as “Typus”, we define the largest
specimen (Fig. 15) as the lectotype, this therefore being the only name-bearing speci-
men according to the Code, Art. 74 (ICZN 1999).

Sensory structures

As many as three previously unknown, probably sensory structures were detected by
thorough examination of ice cave mysids. The initial expectance of some specificity for
ice cave environments was rejected, based on evidence from the subsequent examina-
tion of related species from other environments as shown in the following:

Female antennular lobe

As first evidence in the family Mysidae, the terminal segment of the antennular trunk
bears a low mid-ventral sensory lobe (Figs 8D, 10B, 25C) in females of M. #lligi. The
position of this organ is the same as for the appendix masculina otherwise present ex-
clusively in males of most subfamilies of Mysidae. The lobe size in adult females of M.
illigi is within the range found in subadult males. The setae bases in females fit within
the series of diameters increasing with increasing body size in males (note the uniform
scale of panels A-D in Fig. 25). However, females differ from males by fewer, shorter
and conical setae (Fig. 25C). Johansson and Hallberg (1992) attributed a chemosen-
sory function to the sensilla (setae) of the appendix masculina in males of two species
of Mysinae. The emergence of setae from socket collars (Fig. 25C) in females of M.
illigi point, in a preliminary interpretation, rather to mechanosensitivity; the shortness
of the setae points to near-field reception (cf. DeForest 2014).

No comparable structures were found in adult females of M. hanseni, M. posthon
and M. kerguelensis (Table 1). These species, however, show more plumose setae on the
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anterior margin of the antennular trunk compared to females of M. illigi. DeForest
(2014) interpreted certain plumose setae on the crayfish antennula as hydrodynamic
receptors. If this also holds true for species of Mysidetes, then some mechanosensitive
function of plumose setae on the antennula might have shifted to the modified setae of
the female antennular lobe in M. illigi.

Amongst the four species of Dactylamblyops examined (Table 1), females of two
species showed comparatively large lobes with normal setae that were somewhat shorter
than those of males; the remaining two species with small lobes bearing minute setae.
Future research could help to establish the incidence of female homologues of the male
lobe and their relationship to other sensilla of the antennula in species of Mysidae.

Antennular depression

As described above and listed in Table 1 for seven species of Pseudomma (tribus
Pseudommini), three species of Dactylamblyops and one Amblyops G.O. Sars, 1872
(Erythropini), the basal segment of the antennular trunk bears a mid-dorsal, ventrally
orientated depression with striated pad at the bottom (Figs 4A, 24). The depressions
contained mostly exogenous material (Fig. 24C). If these animals were decapods, one
would identify such depressions as statocysts. For mysids, however, a static function
appears unlikely due to the simultaneous presence of a large statocyst in the tail fan. No
such depressions were detected in the ten species of Heteromysinae examined (Table
1). Potential evidence in this respect in additional taxa of the family Mysidae requires
further examination.

The central position of the depression dorsally on the basal segment of the
antennula in 11 out of 15 Erythropinae species studied points to analogy rather
than homology with the Tattersall organ. The latter organ is located dorsally on the
antennula in more proximal position close to eye rudiments in Hansenomysis Stebbing,
1893 and Bacescomysis Murano & Krygier, 1985 (Petalophthalmidae). Additionally,
the remote taxonomic status of the here-studied Mysidae versus Petalophthalmidae
makes a potential homology unlikely. Siewing (1956) interpreted the Tattersall organ
in Hansenomysis as a rudimentary statocyst, but no statoliths could be identified.
O.S. Tattersall (1961) assumed a chemosensory function, based on the presence of
small, rounded, stainable areas. Casanova & De Jong (2005) described this organ in
Bacescomysis as a pit-like depression with circular aperture overlapped by a flap at the
bottom and interpreted it with some reservation as a potential chemosensory organ.

Eyeplate cyst

The finding of eyeplate cysts in all examined species with eyeplates (Table 1), namely
seven species of Pseudomma (tribus Pseudommini) and Michthyops parvus (Calyptom-
mini), points to an important role in species without visual elements. A cavity with
an envelope of cells (rather than cuticle) and with a connection to the exterior is char-
acteristic of the Organ of Bellonci which is found on eyestalks, typically at some dis-
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tance from the cornea, in many species of Peracarida and other crustacean superorders
(Hallberg and Chaigneau 2004). The eyeplate cysts differ from this organ by, amongst
other features, a long distance from the surface bridged over by a fissure or tube. A
potential homology requires confirmation by data on fine structure, which were not
available with the here-used methods. Hallberg and Chaigneau (2004) generally as-
sume a chemosensory or a photosensitive function of the Organ of Bellonci and do
not exclude that the function may vary between the diverse crustacean groups. In the
here-discussed mysids, the long’ distance between eyeplate cysts and surface points to
a chemosensory rather than photosensitive function. We do not exclude that the cysts
together with fissures or tubes could form an integral chemosensory organ. In any case,
additional data are needed to support such hypotheses.

Biogeography and the ice cave habitat

From the scarce data available, all three mysid species encountered in ice caves are con-
sidered Antarctic polar endemics living beyond 66°S. No large-scale horizontal migra-
tion has been documented so far for any mysids. Accordingly, these animals probably
have to cope with the long, dark, polar winter, when survival requires adaptation to
life in darkness below ice cover. Such adaptations could also help to inhabit ice caves
during the summer, as well as to survive under large accumulations of pack ice during
break up periods. Marine ice caves are ephemeral structures requiring short-term to
medium-term immigration by mysids. This is remotely reminiscent of three species of
Hemimysis G.O. Sars, 1869, that show circadian migration in and out of marine caves
in the Mediterranean to feed (Wittmann 1978a; Ledoyer 1989; Benzid et al. 2006;
Rastorgueff et al. 2011).

Pseudomma kryotroglodytum sp. nov. is so far known only from an ice cave in shal-
low (10 m) marine waters at Bernard Island, East Antarctica, 66°39.64'S, 140°01.55'E.
This peculiarity makes it, to our knowledge, the shallowest Pseudomma ever found.
Both females sampled showed moderately filled foreguts, possibly indicating that they
found food, such as the debris on rock and ice surfaces (Fig. 2) within the ice cave. This
would be a major difference from the Hemimysis example above because this troglo-
philic habit would allow this species to simultaneously benefit from a shelter from
predators and a feeding ground. Alternatively, it is possible that, during the hours of
decreased light, the mysids leave the ice caves to feed primarily outside, much like
their Mediterranean counterparts. Wherever they feed, another habitat must exist for
P kryotroglodytum sp. nov., from where it can regularly recolonise shallow-water dark
habitats such as ice caves.

Mysidetes illigi was previously recorded only from the type locality, namely the
Gauss Station about 85 km north of the continental coast of East Antarctica, 66°02'S,
89°38'E, where it was sampled through holes in ice with a vertical non-closing haul
200-0 m, bottom depth 385 m. The present record from an ice cave in 6-10 m depth
at Bernard Island shifts the eastern distributional limit to Adélie Land, East Antarc-
tica, 66°39.64'S, 140°01.55'E. In this cave, the mysids showed a benthopelagic habit
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at several centimetres to several metres distance from the substrate, in part staying in
swarms of young fish (Fig. 7C, D). The red body colour is also found in other Mysidetes
species examined in this respect (e.g. M. posthon figured in the header of O.S. Tattersall
1965). The food quality in the foregut of the here-studied specimens and the debris
visible in Fig. 2 makes it likely that the mysids find some food in ice caves. These data
suggest that M. illigi could be classified as troglophilic as well. Nevertheless, a deeper
habitat likewise must exist, as suggested by the type locality. Therefore, shallow-water
dark habitats, such as ice caves, may seasonally attract immigrants from deep-water
populations. It is possible that in January 2016, Bernard Island ice caves attracted M.
illigi individuals originating from different deep-water populations, helping to explain
the highly diverging haplotype groups simultaneously observed (Fig. 22).

Mysidetes hanseni is often cited in literature, though back-tracing led in each case
to the type samples, according to Zimmer (1914) taken through holes and fissures in
sea ice with non-closing vertical hauls in 200-0 m and 250-0 m depth, respectively, in
coastal waters of East Antarctica, 66°02'S, 89°38'E, bottom depth 385 m, 21-22 Dec
1902. The precise sampling depth of the types is unknown. The present records from
ice caves in 2-5 m depth at Curie and Damiers Islands shift the eastern distributional
limit to Adélie Land, East Antarctica, 66°38.64'S, 140°02.43'E. The ice cave speci-
mens showed an epibenthic habit, mostly in physical contact with the substrate. With
reservation due to the potential effect of light reflection, the predominantly whitish
tinge of the body, eyes, hepatic caeca and brood pouch content is quite unusual in My-
sidae; it may be striking in photic habitats and could thus point to a sciaphilic habit.
Most specimens examined in this respect showed empty foreguts even though were not
freshly moulted. The comparatively large numbers obtained in ice caves upon a total
of four diving excursions to two islands makes a potential erratic occurrence unlikely.
Ice caves may represent brooding shelters for this species as discussed below. If so, this
species could be classified as life cycle-dependent troglophilic.

Feeding habits

With the exception of their mandibles, the three mysid species encountered in ice
caves share the gross structure of external mouthparts as typical in Mysidae. They also
share the masticatory portion of the left mandible as is normal in Mysidae and a strong
pars molaris in both mandibles, the latter pointing to the ability to grind hard parti-
cles, such as diatoms. With few exceptions, the Mysidae show a uniform construction
of the foregut, the main differences being the diverse modifications of spines (Kob-
usch 1998). Such differences are useful in taxonomy and for estimating feeding habits
(Wittmann 2018) as discussed in the following:

Pseudomma kryotroglodytum sp. nov. is striking due to its very large mandibular
palp (Fig. 4E). The palp bears a dense brush of setae, but no spines or teeth. Beyond
a sensory function, it may be useful for sweeping great numbers of particles to the
mouth area. Maxilliped 2 is also very large (Fig. 3D) and its dactylus extremely setose
(Fig. 5F); this appendage also lacks spines or teeth and it may function as a brush as
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well. Thoracic endopods 3-8 are long and slender, ending in weak, small claws. This
excludes the ability of this species to prey on medium-sized to large motile animals.

The masticatory portion of the right mandible is modified as typical of the genus
Pseudomma by the spine row of the pars centralis present as a number of medium-
sized, smooth, acute teeth and a few small ones, rather than ‘serrated’ spines. Such
teeth appear capable of pricking and fixing particulate matter. Most spines of the
foregut appear weak, but not so a block of numerous blunt teeth arising from a
common basis (Fig. 6E). The block remotely resembles molar teeth of mammals; in
analogy, coordinated action of left and right blocks could be capable of masticating
resistant particles. Overall the equipment of this species points to detritivory and
potentially also to herbivory, capable of collecting and breaking small, hard food
particles. Moreover, the unusually large storage volume (Fig. 6A versus Figs 12A,
18A) of the foregut points to collection of food with low nutritional quality. The
two examined foreguts contained masticated, unidentifiable organic materials and
mineral particles, suggesting a prevalence of particles brushed from sediment and
rock or ice surfaces.

The two Mjysidetes species from ice caves share long, slender thoracic endopods
3-8 with short, weak claws; endopod 2 without a claw, endopod 1 with a normal-
sized claw. The external mouthparts are normal, well setose, almost identical in both
species. No spines on the mandibular palp, maxilla or maxillipeds. Predatory feeding
on medium-sized to large motile animals is also excluded in these species. Both spe-
cies also share modifications of the masticatory part of the right mandible, namely
the pars centralis distally bearing one (M. hanseni) or two (M. illigi) thick spiny teeth
and proximally with species-specific numbers of acute teeth projecting from a com-
mon basis. This differs between species of Mysidetes as shown by Bacescu (1967) who
explicitly described and figured equal left and right mandibles (as in most Mysidae)
for M. peruana Bacescu, 1967, from the Peru Trench at 520 m depth. The respective
modified teeth of the right mandible in both ice cave Mysidetes might have a function
similar to that of P kryotroglodytum sp. nov.

The storage volume of the foregut is about the same in M. #lligi (Fig. 12A) and
M. hanseni (Fig. 18A). The structure of modified spines is also quite similar. As a slight
difference, M. hanseni shows two strong spines (Fig. 18B) on dorsolateral infoldings
versus two strong spines accompanied by smaller spines (Fig. 12B), dorsally-medially
decreasing in size in M. illigi. The latter species shows fewer, but larger serrated spines
on the spiny lobe (Fig. 12C) at the posterior part of the lateralia, suggesting a slightly
superior ability to masticate hard particles. Gut contents analysed in M. illigi were
largely masticated organic material (debris) plus small amounts of mineral particles;
the same materials plus cyanobacteria, diatoms and copepod remains were found in M.
hanseni. Both species appear to be detritivorous to micro-herbivorous by brushing food
particles from available surfaces. The fraction of foregut volume filled was 30-70% in
five subadult males of M. illigi, although more was expected, based on the abundance
of detritus shown in Fig. 7C for the ice cave at Bernard Island in January 2016. Levels
of only 0-40% in twenty immature males of M. hanseni suggest a scarce food supply
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for this species upon inspection of ice caves at Curie and Damiers Islands in January
2018. Nonetheless, the here-studied M. hanseni showed an extraordinary large con-
tent of fat bodies (Fig. 14B) compared with the two other species (Figs 2A, 7A, B)
encountered in ice caves and also with average mysids elsewhere. This fat is clearly
accumulated outside caves.

In summary, all three mysid species in ice caves are essentially detritivorous. Pyr-
zanowski et al. (2019) concluded from the study of an opportunistic fish species that
detritivory could represent a feeding strategy for survival in harsh environments. Con-
suming large quantities of low-quality food could help to survive periods of scarcity of
alternative food. Nonetheless, we did not observe large food quantities in the foreguts
of the three mysid species, although we do not exclude that this might represent a tran-
sient situation. The unusually large storage volume of the foregut of P kryotroglodytum
sp. nov. may help balance the strongly fluctuating food availability.

Breeding

Inhomogeneous broods

In M. hanseni, four out of 14 marsupia with El-embryos contained additional
1-4 nauplioid larvae; another marsupium with N2-larvae had one N3-larva. The
inhomogeneity of E1-broods is interpreted as the result from the adoption of larvae
lost (liberated) by other mothers. Adoption was so far shown in field populations of
19 mysid species and confirmed in the laboratory for 16 species (Wittmann 1978b;
Mauchline & Webster in Mauchline 1980; Sato and Murano 1994; Wortham-Neal
and Price 2002; Johnston and Ritz 2005). Mysids cannot fix their young tightly
to any degree due to the water space required to supply oxygen to the brood. This
bears the risk of losing young upon violent movements of the parent, for example, as
response to water turbulence or to approaching predators. In most species, less than
1% of incubating females in the field carry adopted young that are older than the
main brood; the maximum value was 10% observed by Sato and Murano (1994) in
Nipponomysis misakiensis (Ii, 1936) from the Pacific coast of Japan. Johnston and Ritz
(2005) compared adoption in three species of Tasmania, whereby the species with
the highest degree of adoption lives in a habitat close to the shore where physical
conditions may increase the probability of losing young.

Shifted breeding

The frequency distributions of free-living (Fig. 26) and of marsupial (Fig. 29) stages
of M. hanseni in summer samples show practically no differences between Curie and
Damiers Islands, localities that are only 3.8 km apart. This makes potential erratic data
appear unlikely. The main characteristics are the almost complete absence of juveniles
and of immature females, the absence of postnauplioid larvae, the bimodal frequencies
of marsupial stages (Fig. 29) and the bimodal size-frequency distribution in free-living
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stages (Fig. 27). The strong peak of El-embryos in Fig. 29 clearly indicates that the
eggs were deposited shortly before sampling in summer. The peak of N3-nauplioids
shows that most sampled larvae were long after hatching from the egg membrane and
still before the moult that leads to the postnauplioid stage.

If the N3-broods were deposited during the preceding summer, one would expect
a total incubation period of about two years — based on extrapolating from the times-
pan between egg deposition and N3-stage taking about half the incubation period
(Wittmann 1981). This would yield 2-3 times the maximum of nine months (Lasenby
and Langford 1972) so far obtained for Arctic populations of Mysidae species. Such
a long incubation is hardly compatible with the empty foreguts in all adult females of
M. hanseni inspected by us.

Extrapolation from the summer samples suggests that the wide gap between the
modes for El-embryos and N3-nauplioids points to syntopic co-existence of early
breeding and late breeding females. Contrary to the results on a number of other spe-
cies from temperate (Mauchline 1973) and subtropical climates (Wittmann 1978a),
body lengths and clutch sizes of mothers with younger (E1) brood were greater than
those with older (N3) brood (Fig. 28). Potential intermoult shrinkage of the body is
excluded as a relevant factor here because of the constant contribution (14—-15%) of
the comparatively rigid telson to total body length. Different body size and fecundity
support arguments for a time shift between these breeding types. During such a shift,
subadults disposed towards late breeding could profit by prolonged growth and yolk
production until moult to the final stage and subsequent egg deposition in summer. If
the smaller clutch sizes of N3- versus E1-broods at comparable body length of mothers
(Fig. 28) were primarily due to premature loss of young, one would expect a higher
variance in the numbers of older (N3) versus younger offspring (E1). This variance,
however, is not significant in our material, suggesting that the different clutch sizes
reflect a different body-size-specific fecundity of two breeding types.

Breeding shifts were already reported by Ward (1984, 1985) for sub-Antarctic popu-
lations of A. maxima and A. ohlinii Hansen, 1908: the former species shows maximum
numbers of incubating females and of juveniles in April at South Georgia, but in De-
cember at the South Orkney Islands. The congener A. ohlinii shows shorter time shifts
for populations only a few km away in coastal waters of South Georgia: in Cumberland
East Bay, maximum numbers of incubating females are found in December, whereas in
Moraine Fjord, a tributary of this same Bay, in January. No other breeding schedules are
known in such detail in populations of sub-Antarctic and Antarctic species.

Life cycle

A biennial life cycle with co-existence of two cohorts at any particular time was re-
ported by Richoux et al. (2004) in a population of the boreal to arctic Mysis mixta Lilje-
borg, 1853, from about 240 m depth in a fjord-like bay of Newfoundland. This Arctic
locality shares with Antarctic ice caves that the seawater temperature is below 0 °C year
round. Our ice cave data for M. hanseni from mid-southern summer share an absence
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of juveniles, a presence of adults of both sexes and a bimodal size-frequency distribu-
tion of the free-living stages (Fig. 27; potential third mode not significant as shown
above) with data from late northern summer in Newfoundland (sample from 29 Sept
1999 in Richoux et al. 2004). Our findings of (almost) empty foreguts and of empty
ovarian tubes in all examined incubating and spent females of M. hanseni fit with the
conclusions of Richoux et al. (2004) that My. mixta females are semelparous and die
after releasing the young. The above-documented high content of fat bodies could
explain the supposed ability of M. hanseni to survive several months without feeding.

Size-frequency distributions are available for the congener M. posthon from hy-
perbenthic samples at diverse stations off the Antarctic Peninsula (Siegel and Miihlen-
hardt-Siegel 1988; San Vicente et al. 2006). For winter data, Siegel and Miihlenhardt-
Siegel (1988) obtained three size-groups by modal analysis according to Macdonald
and Pitcher (1979) and interpreted these groups as annual age classes of a 3+ years life
cycle. Shortly after the publication by Siegel and Miihlenhardt-Siegel (1988), Parsons
and Savard (1989) criticised the method of Macdonald and Pitcher (1979) as depend-
ing on starting parameters. Summer data, obtained by San Vicente et al. (2006), show
unimodal size-frequency distributions for juveniles and for immatures, whereby adults
are rare in these samples.

Synopsis of breeding schedules.

In summary, a biennial life cycle and shifted breeding are main strategies affecting the
frequency of stages of M. hanseni in our summer samples from Antarctic ice caves. A
biennial life cycle alone cannot sufficiently explain the bimodal frequency of marsupial
stages. A biennial life cycle superimposed by shifted breeding fits with most of our
data. The almost complete absence of juveniles and immature females (Fig. 26) in our
summer samples does not contradict the proposed scheme as discussed below.

Richoux et al. (2004) estimated an incubation period of five months for the above-
discussed Arctic population of My. mixta. Wittmann (1984) used a combination of
the allometric equation with a variant of the Arrhenius equation to describe variations
of the incubation period with egg size and temperature in 23 species (38 populations)
of Mysida and Lophogastrida from the Tropics to the Arctic. The resulting equation
yields five months (with a 99% confidence interval of 2-11 months) for the esti-
mate for species incubating eggs with a median diameter 0.59 mm at —1 °C (as in M.
hanseni). Based on the relative durations of marsupial stages in Mediterranean mysids
(Wittmann 1981), it is roughly interpolated that about half the incubation period
passes between egg deposition and N3-substage.

The timing of marsupial stages suggests that early-breeding females of M. hanseni
deposit eggs under less favourable trophic conditions in about November, the late-
breeding females during the summer bloom in January—February. The smaller body
length and lower fecundity in N3- versus E1-mothers could be explained in analogy
to findings of Beeton and Gannon (1991) that the freshwater species My. diluviana
Audzijonyte & Viin6ld, 2005 (as Mjy. relicta) bears smaller broods at smaller parental
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body size in an ultra-oligotrophic lake compared to a eutrophic lake. In an evolution-
ary and ecological interpretation, the price that early-breeding M. hanseni pay for an
earlier release of young into a presumably less dense population is a lower fecundity.

In an evolutionary context, it is plausible that a biannual life cycle, in combination
with shifted breeding, optimises the partition of seasonal food resources between the
diverse sex and age stages with different energy demands for individual growth and
yolk accumulation in ovarian tubes. Samples from the different seasons inside and
outside caves could help to verify the proposed timing of complete breeding cycles and
related differences in the state of development, age, body size, fat content and clutch
size between cohorts and potential sub-cohorts.

In condensed summary, we found support for a scenario in which the young live
outside caves until they are large and fat enough to reproduce and dwell in ice caves as
shelter for brooding only once during their remaining lifetime. The evidence for this is
the almost complete absence of juveniles and immature females in our ice cave samples
versus a high incidence of brooding females with empty foreguts and empty ovarian
tubes, but with high contents of oil globules, together with their energy-saving habit
to stay on the substrate rather than swimming.
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