A peer-reviewed open-access journal

ZooKeys 680: I-11 (2017)

o e aeps s 12727 +Z00Keys

o
http://zookeys.pensoft.net Launched to accelerate biodiversity research

Search for mesophotic octocorals (Cnidaria, Anthozoa)
and their phylogeny: I. A new sclerite-free genus
from Eilat, northern Red Sea

Yehuda Benayahu', Catherine S. McFadden?, Erez Shoham'

| School of Zoology, George S. Wise Faculty of Life Sciences, Tel Aviv University, Ramat Aviv, 69978, Israel
2 Department of Biology, Harvey Mudd College, Claremont, CA 91711-5990, USA

Corresponding author: Yehuda Benayahu (yehudab@tauex.tau.ac.il)

Academic editor: B.W. Hocksema | Received 15 March 2017 | Accepted 12 May 2017 | Published 14 June 2017

hitp:/lzoobank.org/578016B2-623B-4A75-8429-4D122E0D3279

Citation: Benayahu Y, McFadden CS, Shoham E (2017) Search for mesophotic octocorals (Cnidaria, Anthozoa) and
their phylogeny: I. A new sclerite-free genus from Eilat, northern Red Sea. ZooKeys 680: 1-11. https://doi.org/10.3897/
zookeys.680.12727

Abstract

This communication describes a new octocoral, Altumia delicata gen. n. & sp. n. (Octocorallia: Clavu-
lariidae), from mesophotic reefs of Eilat (northern Gulf of Agaba, Red Sea). This species lives on dead
antipatharian colonies and on artificial substrates. It has been recorded from deeper than 60 m down
to 140 m and is thus considered to be a lower mesophotic octocoral. It has no sclerites and features no
symbiotic zooxanthellae. The new genus is compared to other known sclerite-free octocorals. Molecular
phylogenetic analyses place it in a clade with members of families Clavulariidae and Acanthoaxiidae, and
for now we assign it to the former, based on colony morphology. The polyphyletic family Clavulariidae is,
however, in need of a thorough revision once the morphological distinctions among its phylogenetically
distinct clades are better understood.
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Introduction

Sclerites are microscopic, calcitic skeletal elements embedded in the tissues of certain
groups of invertebrates, such as holothurians, tunicates and octocorals. Amongst the
latter, they are considered to be one of the most prominent characteristic features and
their form and anatomical arrangement are of major taxonomic importance (Fabricius
and Alderslade 2001). Octocoral sclerites may vary greatly in morphology and size
among different parts within a colony as well as among distinct taxa. They also differ
in density and spatial orientation in the coenenchyme, and therefore in the degree
to which they provide mechanical support and protection to colonies. In some taxa
(e.g. gorgonians belonging to the subordinal group Scleraxonia) dense aggregations of
fused sclerites form rigid axes that support very large, arborescent colonies (Fabricius
and Alderslade 2001). In other taxa (e.g. some Nephtheidae) there is no skeletal axis
and relatively few sclerites can be found in the coenenchyme, but bundles of large
sclerites nonetheless support and protect individual polyps. Rarely, octocoral species
may lack sclerites entirely.

Octocorals that completely lack sclerites or other calcitic skeletal elements have
been described previously within seven octocoral families. These include the Acan-
thoaxiidae: Acanthoaxis wirtzi Ofwegen & McFadden, 2010; Acrossotidae: Acrossota
amboinensis (Burchardt, 1902) (see also Alderslade and McFadden 2007); Alcyoniidae:
Malacacanthus capensis (Hickson, 1900) (see also Williams 1987, 1992); Clavulariidae:
Clavularia celebense Hickson, 1894, C. reptans Hickson, 1894, C. pregnans Thomson &
Henderson, 1906, and Phenganax parrini Alderslade & McFadden, 2011; Cornulari-
idae: Cervera spp. Lopez-Gonzdles et al., 1995, Cornularia cornucopiae (Pallas, 1766)
(see also Lépez-Gonzélez al. 1995 ) and C. pabloi McFadden & Ofwegen, 2012; Den-
drobrachiidae: Dendrobrachia spp. (Opresko & Bayer, 1991); and Xeniidae: Anthelia
gracilis (May, 1898); Cespitularia coerulea May, 1898; C. taeniata May, 1899; C. wisharti
Hickson, 1931; C. hypotentaculata Roxas, 1933 and C. quadriserta Roxas, 1933; Effla-
tounaria totoni Gohar, 1939; Heteroxenia ghardagensis Gohar, 1940; Xenia quinqueserta
May, 1898; X. tumbatuana May, 1898; Xenia hicksoni Ashworth, 1899; X. sansibariana
May, 1899; X. kiikenthali Roxas, 1933; X. fimbriata Utinomi, 1955; X. novaecaledoniae
Verseveldt, 1974 and X. mucosa Verseveldt & Tursch, 1979. So far, the families Acan-
thoaxiidae, Acrossotidae, Cornulariidae and Dendrobrachiidae include only sclerite-free
species; it should, however, be noted that some of the original type-material of the Cor-
nulariidae should be re-examined in order to confirm the status of their sclerites (see also
Lépez-Gonzélez and Garcia-Gomez 1995).

The majority of species in the families Alcyoniidae, Clavulariidae and Xeniidae
have sclerites, however species without sclerites represent unusual exceptions. The fam-
ilies Alcyoniidae and Clavulariidae are highly polyphyletic (McFadden and Ofwegen
2012, 2013), and the few species that lack sclerites belong to unique clades that are
not closely related to other members of those families. The depth of collection has
been indicated for some of the above sclerite-free species, but none specifically refer to
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mesophotic coral ecosystems (MCEs). Thus, these octocorals are principally shallow-
reef inhabitants (<30 m depth), except for Dendrobrachia spp., which are deep-water
inhabitants. A recent remote-operated vehicle survey (ROV) conducted in Eilat (Gulf
of Agaba, northern Red Sea) at mesophotic depths (see also Benayahu et al. 2017)
revealed a sclerite-free octocoral, whose morphological features and phylogenetic af-
finities justify the establishment of a new genus, described below.

Materials and methods

Samples were collected by ROV (ECA H800) operated at a depth range of 50-190
m, by Sam Rothberg R/V of the Interuniversity Institute for Marine Sciences in Eilat
(IUD). In situ photography was carried out by a low-light black and white camera
VS300 (Eca Robotics) and 1CAM Alpha HD camera (SubCimaging). Samples were
obtained by the ROV arm; fragments were removed on board and preserved in 100%
ethanol for molecular work. The original samples were placed in 70% ethanol for

taxonomic identification, and deposited at the Steinhardt Museum of Natural History,
Israel National Center for Biodiversity Studies (ZMTAU).

Molecular phylogenetic analyses

DNA was extracted from EtOH-preserved samples, and two mitochondrial gene re-
gions (mtMutS, igrl + COI) were sequenced using previously published primers and
protocols (Alderslade and McFadden 2007) (GenBank accession nos. KY979504,
KY979505). Attempts to sequence the nuclear 28S rDNA gene failed. mMuztS (699
bp) and COI (coding region only, 560 bp) were aligned with the comprehensive,
130-taxon dataset of McFadden and Ofwegen (2012), which includes representatives
of all other sclerite-free octocoral taxa for which molecular data are available: Acan-
thoaxis wirtzi, Acrossota amboinensis, Cervera atlantica (Johnson, 1861), Cornularia
cornucopiae and C. pabloi, Malacacanthus capensis, Phenganax parrini, Xenia hicksoni,
and an undescribed species of Xenia from Indonesia (Xenia sp. 3, see: McFadden et
al. 2014). Phylogenetic analyses followed the procedure of McFadden and Ofwegen
(2012) using a combined dataset with different models of evolution applied to two
separate data partitions, mitochondrial genes (mtMutS + COL TVM+I+G) and 28S
rDNA (GTR+I+G). Bayesian analyses were run using MrBayes v.3.2 (Ronquist et al.
2012) with a GTR+I+G model applied to both data partitions separately. Analyses
were run for 4 million generations (until standard deviation of split partitions <0.01)
with a burn-in of 25% and default Metropolis coupling parameters. Pairwise genetic
distance values (Kimura 2-parameter) between species were estimated using MEGA v.
5.10 (Tamura et al. 2011). Alignment and tree files are available in TreeBase (http://
purl.org/phylo/treebase/ phylows/study/TB2:520950).
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Results

Systematic section

Family Clavulariidae Hickson, 1894
Sub-family Clavulariinae Roxas, 1933

Altumia gen. n.

http://zoobank.org/03DD2AAA-D26D-4E41-A6B8-AGDB1CAEF749

Diagnosis. Clavulariinae with a thin and soft encrusting base, sometimes resembling
a short stolon. Polyps erect when expanded, separate from each other; the stolon may
feature a few polyps, occasionally only one. Polyps fully retractile into base of the
colony, forming low truncated dome-shaped mounds. No sclerites in any part of the
colony. Colonies lack symbiotic algae (zooxanthellae). Type species: Altumia delicata
sp. n. by original designation and monotypy.

Etymology. The generic name is derived from the Latin ‘altuny’, deep, referring to
the habitat of the new genus at MCE depths and beyond. Gender female.

Molecular results. Maximum likelihood and Bayesian analyses yielded identical
tree topologies that both support the phylogenetic placement of Alrumia n. gen. as
the sister taxon to Acanthoaxis wirtzi (Acanthoaxiidae), within a larger well-supported
clade that also includes the Clavulariidae genera Carijoa E Miiller, 1867 and Crypro-
phyton Williams, 2000 (Figure 1). Pairwise genetic distances (Kimura 2-parameter)
between Altumia n. gen. and Acanthoaxis (mtMutS: 9.4%, COI: 2.9%) are comparable
to values among different genera and some family-level clades of octocorals (McFadden
etal. 2011).

Altumia delicata sp. n.
http://zoobank.org/4D9A82B8-F305-43E1-A5A4-3F9DB672781A
Figures 2-3

Holotype. ZMTAU CO 37427, Istacl, Gulf of Aqaba, Eilat, 29°30'38.31"N,
34°55'59.30"E, 132 m, 30 May 2016, collected by ROV, coll. M. Weis; paratype:
ZMTAU CO 37495, Israel, Gulf of Agaba, Eilat, 29°30'37.29"N, 34°55'59.28"E,
118 m, 8 March 2017, collected by ROV, coll. M. Weis

Diagnosis. The ethanol-preserved holotype is comprised of thin patches of short
stolon-like crusts growing over the dead branch of a black coral (Antipatharia) (Figure
2A), almost invisible to the naked eye. The milky-white, thin (<0.5 mm) crusts are a few
mm long (Figure 2B), very soft, almost slime-like. Polyps completely retracted and prac-
tically invisible in the preserved colonies. No sclerites observed in any part of the colony.

When alive, the delicate, semi-transparent expanded polyps are distinct and are up
to 20 mm long, featuring eight pinnate tentacles (Figure 3A). The ROV photographs

indicate that the colonies commonly grow on dead black corals; the latter may reach a
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Figure 1. Phylogenetic relationships among species of octocorals that lack sclerites (red asterisks) and
members of family Clavulariidae (blue labels), including Altumia delicata gen n. sp. n. (red label). Solid
circles at nodes indicate strong support from both maximum-likelihood (bootstrap value >70%) and
Bayesian (posterior probability >0.90) analyses; split circles indicate strong support from one analysis only
(left half solid: supported by ML; right half solid: supported by Bayesian analysis). Strongly supported
clades that include no clavulariid or sclerite-free species have been collapsed. Hexacorallian outgroup taxa
used to root tree are not shown. For a comprehensive list of taxa and sequences included in the analyses

see McFadden and Ofwegen (2012).
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Figure 2. Altumia delicata gen. n. sp. n. holotype ZMTAU CO 37427. A Colony growing over a branch
of a black coral B close up of holotype. Scale 10 mm at A, 1 mm at B.

large size (~45 cm in length) and can be predominantly fouled by A. delicata (Figure 3B).
Interestingly, debris, such as PVC net found at a depth of 100 m, was found to be
colonized by this octocoral (Figure 3C).

Intraspecific variability. There are no differences between the holotype and the
paratype except for the size of the colonies.

Etymology. The species name is formed from the Latin ‘delicata’, delicate, refer-
ring to the fine texture of the colonies and their polyps. Gender female.

Discussion

Assignment of Altumia gen. n. to family Clavulariidae is complicated by the recogni-
tion that this family is highly polyphyletic, comprising at least seven distinct clades
distributed across the Octocorallia (McFadden and Ofwegen 2012). Among other spe-
cies that lack sclerites, Altumia delicata n. gen. n. sp. is most similar morphologically
to Cervera atlantica, an azooxanthellate, stoloniferous species formally classified in the
family Cornulariidae (Lépez-Gonzdlez and Garcia-Gomez 1995). Cervera is, however,
far removed phylogenetically from Cornularia, a genus that is characterized by a theca-
like peridermal envelope that surrounds the polyp, a unique morphological feature
not found in Cervera or any other octocoral. Phylogenetically, Cornularia occupies a
unique, basal position within Octocorallia. In contrast, Cervera belongs to the large
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Figure 3. Altumia delicata gen. n. sp. n. live colonies. A, B colonies growing over branch of black coral

with expanded polyps € colonies growing on PVC net (arrow heads).

Holaxonia-Alcyoniina clade, where it is a close sister taxon of Azoriella, a genus of Cla-
vulariidae (Figure 1). These morphological and phylogenetic differences suggest that
Cervera should not be classified in Cornulariidae, but instead in Clavulariidae. Cervera
and Altumia gen. n. are also morphologically similar to another clavulariid, Phenganax
parrini, although that sclerite-free species has zooxanthellae.

Despite its morphological similarity to Cervera and Phenganax, the molecular phy-
logenetic analyses suggest that Altumia gen. n. is not closely related to either of those
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genera (Figure 1). Instead it falls within a clade comprising two other genera of Cla-
vulariidae, Carijoa and Cryptophyton, as well as Acanthoaxis wirtzi, the sole member
of family Acanthoaxiidae. Alrumia gen. n. is, however, morphologically distinct from
each of those genera. Carijoa and Cryptophyton both have sclerites; Carijoa is further
distinguished by a growth form in which secondary polyps arise from primary, axial
polyps, while Cryprophyron has a membranous growth form. Like Alrumia gen. n.,
Acanthoaxis wirtzi lacks sclerites, but it has an axis of gorgonin with a hollow, cross-
chambered core and spines, which are unique morphological features that define the
monotypic family Acanthoaxiidae. Because of its morphological similarity to other
Clavulariidae and its phylogenetic position within a clade that includes members of
that family, we have assigned Alzumia gen. n. to Clavulariidae. As discussed by McFad-
den and Ofwegen (2012), the polyphyletic family Clavulariidae will require extensive
revision once the morphological distinctions among its phylogenetically distinct, com-
ponent clades are better understood.

At present there is only scant information on MCE octocorals (Shoham and Be-
nayahu 2017 and references therein), and no study has referred to any octocoral similar
to Altumia delicata. Undoubtedly, the discovery of A. delicara highlights the need for an
in-depth study of MCE octocoral diversity. The photographic records from the ROV
indicate a continuous distribution of this species from 69 to 140 m depth and, there-
fore, it can be concluded that it inhabits lower MCEs (> 60 m, see Loya et al. 2016).
However, its possible occurrence at deeper sites should be further explored. For in-
stance, Kahng et al. (2014) noted that it is still unclear whether MCEs host specialized
coral communities, or are merely marginal extensions of their shallower counterparts.

Conclusion

The current study highlights the possibility that MCEs may host octocorals also found
below the deepest fringes of these MCEs; and that specifically, deep-water octocorals
may populate the zone alongside those of the lower MCEs, contributing to the biodi-
versity there. Consequently, questions related to the genetic/demographic connectivity
between MCEs and shallower reefs (Loya et al. 2016) are potentially relevant to under-
standing the connectivity between MCEs and deeper communities.
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Abstract

A new species of Microcharon Karaman, 1934 (Asellota: Lepidocharontidae) is described from Miho-
Uchihama beach, Shizuoka, Japan. Microcharon tanakai sp. n. differs from its congeners by having nine
simple, five penicillate setae on antennal article 6; one simple distal seta on article 1 of the mandibular
palp and having the apical lobe of male pleopod 1 convex, rounded, armed with seven setae. A key to
Asian species of the genus and 16S rRNA of the new species are provided.
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Introduction

Members of the genus Microcharon Karaman, 1934, are free-living interstitial isopods.
Being highly adapted to the narrow spaces of the interstitial environment, the species
possesses an elongated body without visual organs or pigmentation (Coineau 1994,
2000; Wilson and Wigele 1994). When Karaman (1934) described Microcharon, it was
included in the family Microparasellidae Karaman, 1934. However, following a recent
revision (Galassi et al. 2016), the genus is currently a member of the family Lepidocha-
rontidae. Besides Microcharon, Lepidocharontidae also includes Lepidocharon Galassi
& Bruce, 2016 and Janinella Albuquerque, Boulanouar & Coineau, 2014. The most
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prominent diagnostic character of Microcharon is the shapes of pereonites 1-7. Pere-
onites are cylindrical and each is rectangularly shaped in dorsal view whereas, Lepidocha-
ron and Janinella have trapezoidal pereonites (Galassi et al. 2016).

The genus Microcharon is one of the best studied groups of the family Lepidocha-
rontidae and 69 species have been described from all over the world (Boyko et al.
2008). The majority of species are known from Europe, especially from the Mediter-
ranean region (Coineau 1994; Boyko et al. 2008; Galassi et al. 2016). On the other
hand, only the following three Asian species have been recorded so far: M. halophilus
Birstein & Ljovuschkin, 1965; M. kirghisicus Jankowskaya, 1964; and M. raffaellae
Pesce, 1979. They are known from Turkmenistan, Kyrgyzstan, and Iran respectively
(Coineau 1994; Boyko et al. 2008; Galassi et al. 2016). Diversity of Microcharon in
East Asia remains particularly unknown. Only Shimomura et al. (20006) briefly noted a
single species of Microcharon collected together with an ingolfiellidean amphipod from
marine interstitial of Okinawa archipelago.

During a survey of the interstitial fauna of Miho-Uchihama beach (Shizuoka, Ja-
pan), a small number of psammolittoral isopods were collected together with other
marine interstitial fauna such as, harpacticoid copepods, nematodes and ostracods. The
isopod specimens had a typical Microcharon body plan, but a unique combination of
morphological characters which lends support to the establishment of the new species
described herein. Beside its description an identification key to the four Asian species
of this genus currently recorded. In addition, a partial sequence of 16S rRNA gene was
obtained and this may be useful for the future phylogenetic study studies of Microcha-
ron and the family Lepidocharontidae.

Materials and methods

Specimen collection and identification

Seven female and two male specimens were collected from coarse sand from Miho-
Uchihama beach, Shizuoka City, Shizuoka Prefecture, Japan on 7 February 2015
(Fig. 1). Coarse sand samples were washed five times in a bucket with fresh water. The
top layer of water was strained through nets of 40 um mesh size and material was im-
mediately preserved in 99% ethanol. Sorting from sediment sample and dissection of
specimens were done under an Olympus SZX 12 dissecting microscope. Dissected ap-
pendages were mounted onto glass slides in lactophenol. Line drawings were prepared
using a Zeiss Axioskop 50 compound microscope equipped with a camera lucida. All
studied material was deposited at the invertebrate collection of the National Institute
of Biological Resources (NIBR), Korea. Two female and one male were transferred
to isoamyl acetate for 20 minutes and dried in a critical-point dryer Hitachi E-1010.
Dried specimens were mounted onto a SEM stub and coated with gold using a sput-
ter coater to a thickness of 15-30 nm. Coated specimens were examined and photo-
graphed with a Hitachi S-3400 scanning electron microscope at Chungang University
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Figure 1. Sampling site. The arrow indicating the type locality of Microcharon tanakai sp. n. (Miho-
Uchihama beach, Shizuoka, Japan).

(Seoul). Measurements were done following the method of Riehl and Brandt (2010).
All measurements were taken from the dorsal view of line drawings using the distance
measurement tools of Adobe Acrobat Professional. The ratios of appendages were given
in distal to proximal order, excluding setae. The body ratios were given in anteromedial
to posteromedial point order excluding appendages. Whole body length was measured
from biggest female specimen. Terminology is largely based on Galassi et al. (2016).

DNA extraction and amplification

Two females from the type locality sample were identified without dissection under an
Olympus SZX 12 dissecting microscope. Before amplification, specimens were trans-
ferred into distilled water for 20 minutes to remove ethanol and then macerated with
a small glass rod. Whole specimens were used to isolate genomic DNA with the aid of
the LaboPassTM Kit (COSMO Co. Ltd., Korea) following the manufacturer’s proto-
cols. 16S rRNA was amplified with polymerase chain reaction (PCR) using PCR pre-
mix (BIONEER.Co) in TaKaRa PCR thermal cycler (TaKaRa Bio Inc., Otsu, Shiga,
Japan). The primers used were 16sar-L (5'-CWAAYCATAAAGAYATTGGNAC-3")
and 16sar-H (5'-ACTTCAGERTGNCCAAARAAYCA-3") (Palumbi et al. 1991).
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The amplification protocol consisted of the initial denaturation at 94°C for 2 min
and 35 cycles each consisting of denaturation at 94°C for 50 sec, annealing at 50°C
for 50 sec, extension at 72°C for 1 min 20 sec; the final extension was at 72°C for
7 min. Successful amplifications were confirmed by electrophoresis on 1% agarose gel.
The PCR products were purified for sequencing reactions, using the Labopass PCR
Purification Kit (COSMO Co. Ltd., Korea) following the guidelines provided with
the kit. DNA was sequenced on an ABI automatic capillary sequencer (Macrogen,
Seoul, Korea) using the same set of primers. All obtained sequences were visualized us-
ing Finch TV version1.4.0 (http://www.geospiza.com/Products/finchtv.shtml). Each
sequence was checked for the quality of signal and sites with possible low resolution,
and corrected by comparing forward and reverse strands.

Systematics

Suborder Asellota Latreille, 1802
Family Lepidocharontidae Galassi & Bruce, 2016

Genus Microcharon Karaman, 1934

Type species. Microcharon stygius (Karaman, 1933)

Genus diagnosis (modified from Galassi et al. 2016). Body cylindrical; rostrum
weakly developed or absent; antennula 5 or 6 articles; antennal flagellum longer than
podomere, pereonites rectangular in dorsal view, with subparallel lateral margins; free
pleonite as wide as preonite 7; pereopodal coxal plate hardly discernible, incorporated
to sternite body wall; distolateral lobe of male pleopod 1 with folded hyaline lamella
running parallel to lateral margin; female operculum as long as pleotelson, with two or
four apical setae; well-developed uropods with slender endopod and exopod.

Microcharon tanakai sp. n.
http://zoobank.org/638F2AF3-DF77-4293-8077-8E3ECC810F82
Figures 2-10

Type locality. Interstitial water of coarse sand, Miho-Uchihama beach, Shizuoka city,
Shizuoka Prefecture, Japan, 35°01'83"N, 138°51'71"E (Fig. 1).

Material examined. Holotype: adult female, (NIBRIV0000787789) com-
pletely dissected and mounted in lactophenol on four slides; paratype 1 female (NI-
BRIV0000787790) dissected on three slides, paratype 2 female (NIBRIV0000787791)
dissected on one slide; adult male pleotelson dissected on three slides; 2 females and 1
male used for SEM.

Diagnosis. Antennular article 6 smallest, with one aesthetasc, one penicillate,
three simple setae distally; article 1 of mandibular palp with one distal simple seta;
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Figure 2. Microcharon tanakai sp. n., holotype, female. A habitus, dorsal B cephalon, dorsal € pereonite
1, dorsal D pleotelson, dorsal E antennula, dorsal. Scale bars 100 um.
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lateral lobe of maxillula with eleven robust setae; distal apex of male pleopod 1 convex,
round, with three apical, four subapical setae; protopod of male pleopod 2.9 times
longer than wide; protopod of uropod 3.1 times longer than wide, with fifteen setae.

Description of the female holotype. Body (Fig. 2A): elongate, slender in whole
appearance, total length, 1.95 mm, measured from anteromedial point of cephalon to
posteromedial point of pleotelson, body approximately 8.5 times longer than wide,
maximum body width in pereonite 3, 0.92 times of maximum width of pleotelson;
color of preserved specimens transparent, whole surface of body with many ornamen-
tation looking like lines.

Cephalon (Fig. 2B): 1.12 times longer than wide and 0.12 times of whole body;
anterior margin with weak rostrum; lateral margins straight, with four pairs of simple
setae, three pairs of simple setae along dorsomedial surface.

Pereon (Fig. 2A, C): 0.68 times of whole body length, medial margin of tergite
convex, pereonites with lateral margin, straight, pereonite 1, 0.62 times longer than
wide, four simple setae along lateral margin, two setae on dorsal surface; pereonite 2,
1.12 times longer than wide, with four pairs of setae along lateral margin, two setae on
anteromedial edge; pereonite 3, 1.06 times longer than wide, with four pairs of setae
along lateral margin, two pairs of setae along dorsal surface; pereonite 4, 1.02 times
longer than wide, with nine setae on both lateral and dorsal surface; pereonite 5, 0.99
times longer than wide, with six setae on both lateral and dorsal margin; pereonite 6,
1.13 times longer than wide, with eight simple setae on dorsal margin; pereonite 7,
1.02 times longer than wide, with two setae on both anterolateral corner and three
pairs of setae along dorsal surface.

Pleonite 1 (Fig. 2A): as wide as pereonite 7, 0.38 times longer than wide, with two
simple setae on dorsomedial margin.

Pleotelson (Fig. 2D): 1.33 times longer than wide, wider than preceding pereonites,
with several setae, becoming slightly narrow from basal part to distal end, weak cleft
on middle of posterior rim.

Antennula (Fig. 2E): 6 articles; article 1 robust, 1.5 times longer than wide, with
three setae: two distomedial simple, one penicillate short setae distolaterally; article 2,
smaller than 1, distoventral projection, 1.8 times longer than wide, with two simple,
three penicillate setae, one of them elongate, stout, reaching distal tip of antennula;
article 3, naked, 1.5 times longer than wide; article 4 with one proximolateral simple
seta, two penicillate setae distolaterally; article 5, 1.2 times longer than wide with one
simple seta, one aesthetasc distomedially; article 6, smallest 0.6 times of article 5, with
one aesthetasc, one penicillate, three simple setae on distal end.

Antenna (Fig. 3A, B): six podomeres, twelve flagellar articles; article 1 globular in
dorsal view, with one lateral simple seta; article 2 semicircular, naked; article 3, 1.8
times longer than wide, with one distomedial simple seta, scale thick, robust, with two
simple setae laterally (Fig. 8A); article 4, as long as wide, with two simple setae disto-
laterally; article 5, 3.02 times longer than wide, with three distoventral simple setae,
one simple, one penicillate setae distodorsally; article 6, longest, 5.3 times longer than
wide, with two simple, five penicillate setac on lateral margin, seven simple setae on
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Figure 3. Microcharon tanakai sp. n., holotype, female. A antennal articles 4-6 with flagellum, dorsal
B antennal articles 1-3, dorsal € maxilliped dorsal D paragnaths dorsal E left mandible, dorsal F right
mandible, dorsal G mandibular palp, ventral. A-B scale bars 100um, C~G scale bars 50 pm.
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distal margin; flagellar articles from 2 to 8 subequal in length, armature of each articles
as follows: article 1 with two simple setae distally, article 2 with four simple setae dis-
tally, article 3 with three simple setae distally, article 4 with three simple setae distally,
article 5 with four simple setae distally, article 6 with six simple setae distally, article 7
with three simple setae distally, article 8 with four simple setae distally, article 9 with
four simple setae distally, article 10 with four simple setae distally, article 11 with three
simple setae distally, article 12 with four simple setae distally

Mandible (Figs 3E-G, 8B): body robust, curved inwardly; pars incisiva of both
mandibles with four cusps; right mandible (Fig. 3F), lacinia mobilis, with five cusps,
tapering proximally three pinnate, three simple setae located below lacinia mobilis; pars
molaris of both mandibles with one simple, one pinnate distal setae, slightly longer
than pars molaris, almost same length as seta on palp; left mandible (Fig. 3E), pars inci-
siva with four cusps, lacinia mobilis missing, with three pinnate and one naked robust
setae located below pars incisiva; palp (Fig. 3G) with three articles, inserted on cuticu-
lar projection; article 1 with one simple seta distally (Fig. 8B), article 2 longest, with
two pinnate and several hair-like setae on distal margin, article 3 curved outwardly,
with five pinnate and with several hair-like setae on lateral margin.

Paragnaths (Fig. 3D): deeply incised, with two lobes, each distal part of lobes cov-
ered with numerous setae.

Maxillula (Fig. 4D): lateral lobe with eleven strong robust setae on distal edge,
some denticulate, some setulose, two spinular rows along outer margin; mesial lobe
nearly half as long and wide as outer endite, with three short simple and several hair-
like setae on distal end.

Maxilla (Fig. 4C): lateral rami slightly shorter than median one, with four pecti-
nate setae on distal end respectively; mesial ramus coalescent with basis, much thicker
than others with eight strong setae distally and one of them pectinate.

Maxilliped (Fig. 3C): epipodite wide, apically pointed, distal tip reaching distal
part of first palp article; basis 2.1 times longer than wide; palp with 5 articles; article
1, 0.5 times longer than wide, with two simple setae on both distal corners; article 2,
1.7 times longer than article 1, with two simple setae on distomedial corner; article 3
tapering distally, with three simple setae along medial margin, one seta on distolateral
corner; article 4 curved inwardly, with four simple setae distally; article 5 with five sim-
ple setae, 2 claws distally; endite 2.4 times longer than wide, with five apical pinnate
setae, numerous spinules on distomedial corner.

Pereopods 1-4 (Figs 4A, B, 5A, B): inserted on pereon anterolaterally (Fig. 8C);
coxal plate minute, hardly discernible (Fig. 8D); anteromedial margin of basis pro-
truded, with one small seta on distal corner, pereopod 1 and 4 with two penicillate,
one simple setae (vs pereopod 2, with one penicillate, one simple setae; pereopod 3
with one penicillate, two simple setae); ischium, pereopod 1 and 2 with two simple
setae on both anteroposterior margin (vs pereopod 3 with two simple, one penicillate
setae; pereopod 4 with three simple setae); merus, shortest article, broaden distally, dis-
tinctly shorter than ischium, pereopod 2-4 with four simple setae on both side of distal
corner (vs pereopod 1 with five simple setae); carpus, longer than ischium, pereopods
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Figure 4. Microcharon tanakai sp. n., holotype, female. A pereopod 1, lateral B pereopod 2, lateral
C Maxilla, ventral D Maxillula, ventral. Scale bars 50um.
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Figure 5. Microcharon tanakai sp. n., holotype, female. A pereopod 3, lateral B pereopod 4, lateral
C pereopod 5, lateral. Scale bars 50pum.
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Figure 6. Microcharon tanakai sp. n., holotype, female. A pereopod 6, lateral B pereopod 7, lateral
C operculum, dorsal. Scale bars 50pum.
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Figure 7. Microcharon tanakai sp. n., male. A pleopod 1, dorsal B pleopod 2, dorsal € pleopod 3, dorsal
D pleopod 4, dorsal E female right uropod, dorsal. Scale bars 50pm.
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Figure 8. Scanning electron microscope images of Microcharon tanakai sp. n., A female antennal scale,

lateral, B female mandibular palp, lateral € female pereopod 1-3, lateral, D female coxal plate of perepod
2, ventral E female bifurcate seta of pereopod 4, lateral, F female articular plate of pereopod 5, lateral.
Scale bar unit pm.

2-4 with one bifid, two simple, one penicillate setae (Fig. 8E, F), (vs pereopod 1 with
two simple setae); propodus, slightly shorter than carpus, pereopod 1 with four simple
setae (vs pereopod 2 with two bifid, two simple, one penicillate setae; pereopod 3 with
two bifid, three simple, one penicillate setae; pereopod 4 with one bifid, four simple
setae); pereopod 4 with distal sclerite covering proximal part of dactylus, dactylus with



26 Jeongho Kim et al. | ZooKeys 680: 13-31 (2017)

! n\ 40

Figure 9. Scanning electron microscope images of Microcharon tanakai sp. n., G pereonite 7 and free ple-

oy
i\

onite, ventral, paratype male H penial papillae, ventral, I pleopod 1, dorsal, J distal part of male pleopod 1,
dorsal K proximal part of male pleopod 1, dorsal L distolateral view of male pleopod 1. Scale bar unit pm.

two claws (Fig. 8E), two pairs of setae on both dorsal and ventral margin (vs pereopod
1 with three simple, two simple setae on both dorsoventral margin respectively).
Pereopods 5-7 (Figs 5C, 6A, B): inserted on pereon posterolaterally, subequal in
whole appearance with preceding ones, with small differences in chaetotaxy; coxal plate
minute, hardly discernable; basis, with one small seta on distal corner, pereopod 5 with
one simple, one penicillate, setae on anteromedial margin (vs pereopod 7 with two
simple, one penicillate setae); ischium, with two simple setae on both anteroposterior
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Figure 10. Scanning electron microscope images of Microcharon tanakai sp. n., M lateral view of male

pleopod 1 N protopod of male pleopod 2, ventral O pleopod 3, dorsal, female J distal tip of pleopod 3

exopod. Scale bar unit pm.

margin; merus, with four simple setae on both side of distal corner; carpus, with one
bifid, two simple, one penicillate setae (vs pereopod 7 with one bifid, one simple, one
penicillate setae); propodus, pereopod 5 with two bifid, two simple, one penicillate setae
(vs pereopod 6 with two bifid, thre simple, one penicillate setae; pereopod 7 with two
bifid, two simple setae), with sclerite on distal margin, covering proximal part of dacty-
lus (Fig. 8F); dactylus with two claws, two pairs of setae on both dorsal, ventral margins.

Female operculum (Fig. 6C): 1.2 times longer than wide, with no ornamentation
on dorsal surface, with four setae on distal margin.

Uropods (Fig. 7E): protopod robust, slightly longer than pleotelson, length 3.1 times
longer than wide, with thirteen simple and two robust setae proximomedially; endopod
0.5 times longer than protopod, 1.7 times longer than exopod, with nine simple and four
penicillate setae; exopod 0.6 times longer than endopod, with four simple setae distally.

Description of male. Penial papillae (Fig. 9G, H): located at posteromedial mar-
gin of pereonite 7 in ventral view, coalescent, proximal margin round, tapering dis-
tally, but distal margin straight, with proximomedial opening channel.

Pleopod 1 (Figs 7A, 91-L, 10M): elongate, total length almost reaching posteri-
or margin of pleotelson, composed of two coalescent halves, proximal part enlarged,
gradually tapering at its distal part, approximately 1.9 times longer than maximum
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wide (measured at widest section of proximal part); separated in half by medial sperm
tube running from triangular opening on proximal part of medial groove, distolateral
edge of hyaline lamella straight, without ornamentations; parallel to lateral margin of
pleopod, in lateral view distal end of lobes convex, rounded at distal apex, each with
three simple setae distally, four subapical setae on ventral margin.

Pleopod 2 (Figs 7B, 10N): protopod elongate, robust, 2.9 times longer than wide;
appendix masculina, curved, tapering distally, tip nearly reaching to protopod apex,
with no armature; exopod rounded apically, broad.

Pleopod 3 (Figs 7C, 100, P): no sexual dimorphism, endopod two-articulated,
second article suboval, with ornamentation like turtle shell shape, and with one api-
cal, one mesial, one lateral plumose setae; exopod two-articulated, clearly longer than
endopod, reaching far beyond tip of endopod, with one simple seta distally.

Pleopod 4 (Fig. 7D): rudimentary, uniramous, no ornamentation, distal margin
rounded.

Etymology. The species is named in honor of the collector, Dr. Hayato Tanaka,
to express our appreciation for his support in this study.

Key to Asian species of Microcharon

1 Endopod of pleopod 3 with three plumose setae; article 1 of mandibular palp

with one single seta distally .........cocoeeiiinniiiiiins M. tanakai sp. n.
- Endopod of pleopod 3 naked; article 1 of mandibular palp naked............... 2
2 Antennula consist of 6 articles ........coeeereirineiiniiinicns M. halophilus
- Antennula consist of 5 articles ..........ocoeeiiiiniiiiii e 3
3 Female operculum with 4 distal simple setae; distal part of male pleopod 1,

rOUNAed ... M. raffaellae
- Female operculum with 2 distal simple setae; distal part of male pleopod 1,

STEAIZRE ¢ M. kirghisicus
DNA amplification

Partial 16S rRNA sequence was obtained only from a single female. The final length
of trimmed sequence was 493 base pairs (GenBank accession number KY498031) and
BLAST (Altschul et al. 1990) analysis of the GenBank data base revealed that the ob-
tained sequence was isopod in origin and was not contaminated. Chelator rugosus (Gen-
Bank accession number KJ578668.1, Desmosomatidae) was the most similar sequence
to M. tanakai resulted by Megablast optimization with the 74% identity, le-36 E-value,
92% of query cover, 165 of total and max score. On the other hand, when Blastn opti-
mization was chosen, Betamorpha fusiformis (GenBank accession number EF116503.1,
Munnopsidae) was the most similar sequence to that of our new species with 73% iden-
tity, 4e-67 E-value, 100% of query cover, and 266 of total and max score.
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Discussion

Microcharon tanakai sp. n. is identified as a member of the genus Microcharon based on
the combination of the following characters: 1) body slender, elongate and all somites
subequal in width, 2) pereopods 1-4 inserted anterolaterally, pereopods 5-7 inserted pos-
terolaterally 3) coxal plates indiscernible in dorsal view, 4) pleotelson longer than wide,
longer than any pereonite, 5) antennal article three with scale laterally 6) antennal flagel-
lum longer than podomeres 7) maxillipedal palps composed of five articles, which are
broader than the endite, 8) pereopod 1 leg-like, 9) uropods with long, broad protopod,
both endopod and expod shorter than protopod in all other marine species of Micro-
charon and exopod inserted subapically (Wilson and Wigele 1994; Albuquerque et al.
2014; Galassi et al. 2016). The new species can be clearly distinguished from the three
Asian species. Like M. halophilus described from the Kaptar-Khana cave, Turkmenistan
(Birstein and Ljovuschkin 1965), it shows six articles of antennula. However, their dif-
ferences include: a weak rostrum on the anterior margin of cephalon in the new species;
larger length/width ratio of article 6 of the antennula (1.7 vs 1); setal formula of the an-
tennula (article 1 with two simple, one penicillate setae vs one simple seta); the presence
of one simple distal seta on the article 1 of the mandibular palp; only a simple setae along
the medial margin (vs with combination of bifid, simple setae) on the carpus and propo-
dus of pereopod; the female operculum with four setae distally (vs two distal setae in M.
halophilus); and the endopod of the pleopod 3 with three penicillate setae (vs naked in M.
halophilus). The other Asian species, M. kirghisicus and M. raffaellae described from Kyr-
gyzstan (Jankowskaya 1964) and Iran (Pesce 1979) can be easily distinguished from A,
tanakai by the number of articles on the antennula (5 vs 6); both the carpus and propo-
dus of the pereopod with only one simple seta along the medial margin and a difference
in the setal formula of the endopod of pleopod 3 (naked vs with three penicillate setae).

We were able to amplify 16S rRNA partial sequence of M. tanakai. To date, 228
16S rRNA sequences of the suborder Janiroidea G.O. Sars, 1897 have been deposited
on GenBank belonging to the following 7 families: Desmosomatidae G.O. Sars, 1897,
Macrostylidae Hansen, 1916, Joeropsididae Nordenstam, 1933, Janiridae G.O. Sars,
1897, Munnopsidae Lilljeborg, 1864, Haploniscidae Hansen, 1916 and Acanthaspi-
diidae Menzies, 1962. Although this molecular marker has not been commonly used
for barcoding (Hebert et al. 2003; Costa et al. 2007), the 16S rDNA has been proven
a valid marker for distinguishing morphologically similar species of families Serolidae
Dana, 1852, Chaetiliidae Dana, 1849 and Munnopsidae Lilljeborg, 1864 (Held 2000;
Held and Wigele 2005; Raupach et al. 2007).
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Introduction

Approximately three years ago, the authors commenced the study of materials housed at
the Museum d’Histoire Naturelles de Genéve (MHNG), which was collected from the
Turrialba forest in Costa Rica. In this initial paper, we describe two new species belong-
ing to genera Mixacarus and Paulianacarus of the family Lohmanniidae. The taxonomy
of the first species, Mixacarus turialbaiensis sp. n., was problematic as taxonomically im-
portant characters of related species were not adequately described in most prior studies.
For the second species, Paulianacarus costaricensis sp. n., the situation is similar, but with
seemingly misinterpreted original descriptions an aggravating factor.

Material and methods

Specimens studied by means of light microscopy were macerated in lactic acid, and
observed in the same medium using the open-mount technique (cavity slide and cover
slip) as described by Grandjean (1949), Krantz and Walter (2009). Drawings were
made using a Zeizz GFL (Germany) compound microscope equipped with a drawing
tube. Specimens preserved in ethanol, studied under Scanning Electron Microscope
(SEM), were carefully rinsed by sucking them several times into a Pasteur pipette, after
which they were transferred to buffered glutaraldehyde (2,5%) in Sérensen phosphate
buffer: pH 7,4; 0,1 m for two hours. After postfixation for 2hr. in buffered 2% OsO4
solution and being rinsed in buffer solution; all specimens were dehydrated in a series
of graded ethanol and dried in a critical point apparatus. After mounting on Al-stubs
with double sided sticky tape, specimens were gold coated in a sputter apparatus (Al-
berti and Fernandez 1988, 1990a, 1990b; Alberti et al. 1991, 1997, 2007; Fernandez
etal. 1991). For SEM observations, a FEI-Quanta Feg 250 Scanning Electron Micro-
scope; with 10 Kv and working distant (WD) variable was used.

Measurements taken: total length (tip of rostrum to posterior edge of notogaster);
width (widest part of notogaster) in micrometers (um). Setal formulae of the legs include
the number of solenidia (in parentheses); tarsal setal formulae include the famulus (g).

Morphological terminology and abbreviations

Morphological terms and abbreviations used are those developed by Grandjean (1928—
1974) (cf. Travé and Vachon, 1975; Norton and Behan-Pelletier (in Krantzand Walter
2009);); Norton and Behan-Pelletier (2009); Fernandez et al. (2013a—c).

Institutions
MHNG  (Muséum d‘Histoire Naturelles, Genéve, Switzerland).
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New taxa descriptions

Family Lohmanniidae Berlese, 1916
Genus Mixacarus Balogh, 1958

Mixacarus turialbaiensis sp. n.
http://zoobank.org/BE1D6634-752A-4E97-8E51-128 B3E9GFIGE
Figs 1-28; Table 1

Etymology. The specific epithet is dedicated to the Turrialba forest of Costa Rica,
where the specimens were collected.

Type material. Holotype. Label details: “CCR 0978 Tu 11 Costa Rica Turrialba
forét naturelle du catie alt. 560 m. Triage d’humus cote est surface nid d’Azza au pied
de Custilla elastica 1.1X. 1978. LEG PWERNER 10.140744, alt. 120 m” conserved in
70% ethanol, deposited in MHNG.

Paratypes. same data, 2 9 9 deposited in MHNG; preserved in 70% ethanol.

Diagnosis (adult female). Setae 7o inserted anteriorly on transversal cuticular
ridge; Je, in setae erect; setae 70, le, in more or less similar length. Several ribbon-like
bands near 7o, le, exa, exp setae; sensillus pectinate (6-9 pectines); clearly visible supe-
rior cornea of naso (CSO).

Sixteen pairs of setae: ¢, ¢, ¢, d, d, d, e, e, f, f, b, hy b, p, p, p; eight
transversal bands: S2, §3, §4; S5, S6, §7, 88, §9. Bands S2, 56, S8, S9 cross medial
notogastral plane transversally; S3, §4, S5, §7 not crossing medial notogastral plane.
Five pairs of lyrifissures: ia, ip, ips, im, ih.

Adoral setae: o7, spoon-shaped, largest; or, elongate, tip beak-shaped; o7, large,
rounded apex. Epimeral setal formula 3—1-3—(3—4), epimere IV with either three or
four pairs of setae; genital plate undivided, rounded elevated central zone bearing nine
or ten pairs of setae; six or seven pairs of simple setae aligned paraxially,

Description (female). Measurements. 525 (485-560) x 233 (224-245) (ten speci-
mens measured).

Shape. Oval (Figures 1, 9, 10, 12).

Colour. Yellow to light brown; slightly shiny when observed in reflected light.

Cerotegument. Almost nonexistent; or disappeared during extensive period of con-
servation in ethanol.

Integument. Smooth: prodorsum, notogaster, ventral region (Figures 1, 12); de-
pressed areas of variable size with polyhedral microsculpture (Figure 7): s& (ribbon-like
prodorsal bands) (Figure 1); lateral prodorsal zone (Figures 5, 6); zone of /d (Figures
8, 13, 14); notogastral band S2, $3, §4, S5, 56, 57, 88, §9 (Figures 1,2, 9, 11, 12, 19);
notogastral marginal zone (Figures 12, 19); subcapitular zone around setae 4, m P My
a (Figure 20); epimeral zone (Figures 16, 17, 21, 23); anogenital zone (Figure 18);
ventral zone external to anogenital zone (Figures 16, 18); legs (Figures 24-28).
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Figures 1-8. Mixacarus turialbaiensis sp. n. Adult with cerotegumental layer. SEM. | dorsal view 2 no-

togastral setae 4, 3 70 setac 4 in setae 5 exa setae 6 exp setae T detail of cuticular microsculpture 8 polyhe-
dral microsculpture from porose area. Abbreviations: See Material and methods. Scale bars: | = 100 pum;
2=20pum; 3 =10 pm; 4 =20 um; 5 =5 pm; 6 = 10 pm; 7 = 2 um; 8 = 5 pm.
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Figures 9-11. Mixacarus turialbaiensis sp. n. Adult, optical microscopy. 9 dorsal view 10 ventral view
I'l lateral view. Abbreviations: See Material and methods. Scale bars: 9, 10 = 300 um; 11 = 200 pm.
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Figures 12-15. Mixacarus turialbaiensis sp. n. Adult with cerotegumental layer. SEM. 12 lateral view

I3 microsculpture lateral zone 14 anterior prodorsal zone 15 bothridial zone. Abbreviations: See Material
and methods. Scale bars: 12 =100 pm; 13 =20 pm., 14 pm =20 pm; 15 = 10 pm.
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Figures 16-18. Mixacarus turialbaiensis sp. n. Adult with cerotegumental layer. SEM. 16 ventral zone

17 Epimeral zone 18 anogenital region. Abbreviations: See Material and methods. Scale bars: 16=100 pm;
17,18=50 um.
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Figures 19-23. Mixacarus turialbaiensis sp. n. Adult with cerotegumental layer. SEM. 19 lateral noto-

gastral zone 20 adoral setae 21 epimeral zone, 2z setae 22 epimeral zone, 34 setae 23 epimeral zone, 36
setae. Abbreviations: See Material and methods. Scale bars: 19 = 20 pm; 20 = 10 pm; 21,22 = 2 pum;
23 =5 um.
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Figures 24-28. Mixacarus turialbaiensis sp. n. Adult with cerotegumental layer. SEM. 24 leg I antiaxial

view 25 leg II antiaxial view 26 leg IV antiaxial view 27 leg III antiaxial view 28 tarsus I, famulus zone.
Abbreviations: See Material and methods. Scale bar: 23 = 50 pm; 24 = 20 pm; 25 = 20 um; 26 = 20 pm;
27 =20 um; 28 = 5 pm.
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Setation (legs not included). Two types: simple, smooth: genital, anal (Figures 1, 2,
18); simple, barbed: prodorsum, notogaster, epimeral, subcapitular (Figures 3, 4, 5, 14,
21, 23). Barbs are small, difficult to observe.

Prodorsum. Shape: triangular, rounded apex in dorsal view (Figures 1, 9); triangu-
lar in lateral view (Figures 12, 14). Rostrum broadly rounded (Figures 1, 9); elevated
chitinous ridge present on either side of prodorsal area, externally to exa, exp, le setae,
derived from margins of leg depressions (Figures 12, 14); 7o setae inserted anteriorly
on transversal cuticular ridge, generally directing forward (Figures 1, 9, 12); le, in setae
erect (Figure 12); setae 7o, le, in more or less similar length. Several ribbon-like bands
near 7o, le, exa, exp setae, extending laterally to elevated lateral ridge (Figures 5, 6, 12,
13). Bo rounded, slightly elevated from the cuticular surface (Figure 15), laterally tilted
(Figures 1, 9, 12). Sensillus pectinate (6-9 pectines) (Figures 9, 11, 12). Postbothridial
transverse band s& clearly discernible, situated posterior to o and in setae (Figures 1,
9, 11). On anterior zone near apex, in front of 70 setal insertion and between cuticular
elevations of Ld, CSO clearly visible (Figures 1, 12, 14).

Notogaster. Sixteen pairs of primary notogastral setae: ¢, ¢, ¢, d, d, d, e, e, f,
fo by by by pp py p,cleatly discernible (Figures 1, 9, 11, 12) Nine transversal bands
$2, 83, 54, S5, S6, §7, 88, §9 (Figures 1, 9, 11 ,12); 82 crossing transverse medial
notogastral plane, exceeding slightly beyond ¢, setae, terminating near ¢, in a large rec-
tilinear tip (Figures 11, 12); 83 situated behind ¢ setal alignment and in front of 4 setal
alignment, not crossing medial notogastral plane; laterally stopping above ¢, 4, setal
insertion level (Figures 11, 12); S4 observed anterior to 4 setal alignment, not crossing
medial notogastral plane, running obliquely, exceeding 4, setal insertion level, termi-
nating in rounded end (Figures 1, 9); S4 extending to unsclerotized lateral longitudinal
line (Figures 11, 12); S5 thin (Figures 1, 9), not crossing medial notogastral plane,
laterally terminating before d3 setal insertion level (Figures 11, 12); S6 situated behind
e, crossing medial notogastral plane (Figures 1, 9), laterally reaching unsclerotized
lateral longitudinal line (Figures 1, 9, 11, 12); S7 situated behind f1 setal insertion,
not crossing medial notogastral plane, extending to unsclerotized lateral longitudinal
line (Figures 1, 9, 11, 12); S8, S9 crossing medial notogastral plane and unsclerotized
lateral longitudinal line (Figure 11).

Five pairs of lyrifissures present: 7z, ip situated below the unsclerotized lateral longi-
tudinal line (see Lateral region); 7ps situated on the adanal fold band (BPDA) (Figures 9,
10, 11); im near e,setae and i/ behind 4,.

Lateral region. Prodorsal margin present on either side of cavities housing legs I-IV
when retracted. Anterior notogastral zone presenting conspicuous tectum and clearly
defined unsclerotized lateral longitudinal line, terminating almost posterior to level of
ip lyrifissure and delimiting unpaired dorsal notaspis and pleuraspis (paired narrow lat-
eral zones) (Figure 11). In posterior notogastral zone, when unsclerotized line does not
exist, notaspis and pleuraspis not delimited (Figure 11). Each pleuraspis presenting an
anterior rounded lobe between legs II and III, where lyrifissure 7z is observed. Posteri-
orly, at level of 4, and ¢, setae, well delimited edges form canopies over cavities in which
legs I1I and IV are housed when retracted, with a protruding angle between them.
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Table 1. Mixacarus turrialbai sp. n.: setae and solenidia.

Femur Genu Tibia Tarsus Claw
Legl
setae Ud,v ld v (p),(w),(a),0,(it), (), (ft), (pv), e 1
solenidia 0,0 ¢ 0,0,
LegII
setae la, Ip,vb,v a0, a0l ), (w),(a),0,(tc),(f2), (pv) 1
solenidia o ¢ ©
Leg III
setae Lo d,lv dlv ?),(w),(a),0,(tc),(f2), (pv) 1
solenidia G )
LegIV
setae d,lv a,l d,lv (p),(w),(a),0,(tc),(f2), (pv) 1
solenidia c

Ventral region. Anterior zone of subcapitulum more or less triangular, posterior
zone ovoid. Four pairs of subcapitular setae (Figure 10) 4, m, m, a. Characteris-
tic adoral setae: or, largest, spoon shaped; or, elongate, terminating in beak-shape; or,
large, rounded apex (Figure 20).

Coxisternal region divided into two parts by ventrosejugal groove (Figures 10, 16, 17).
Apodemes short and clearly visible; epimeral setal formulae 3-1-3-(3-4), epimere IV with
three or four pairs of setae; all setae similarly shaped, but vary in length (Figures 21,
22, 23). Genital plate undivided, elevated central zone rounded with ten pairs of setae,
sometimes with only nine pairs; (Figures 10, 16, 18); six or seven simple setae aligned pa-
raxially, and three antiaxially. Preanal plate more or less triangular, rounded central zone.

Anal and adanal plates with four pairs of adanal and two pairs anal setae (Figures
16, 18). Band BPAD clearly visible in specimens immersed in lactic acid for lengthy
period; lyrifissure 7ps present near margin of this band (Figure 10).

Legs. Two types of femora can be distinguished. Femora of legs I and II displaying
large ventral blade (Figures 24, 25), femora of legs III and IV lacking ventral blade
(Figures 26, 27).

Setal formulae I (0-3-2-2-16-1) (2-1-2); IT (0—4—2-3-13-1) (1-1-1); III (2—
3-2-2-13-1) (1-1-0); IV (2-3-2-3-13-1(1-0-0). See Table 1.

Genus Paulianacarus Balogh, 1960

Paulianacarus costaricensis sp. n.
http://zoobank.org/662FF0B7-A77E-441D-90D2-2720B07FA833
Figs 29-55; Table 2

Etymology. The specific epithet is dedicated to Costa Rica costaricensis (Latin = from
Costa Rica), the country where the specimens were collected.
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Type material. Holotype. Label details: “? CR 0978 Tu 18a. Costa Rica Turrial-
ba forét naturelle du catie alt. 560 m. Racines d’epiphytes sur branche tombe 1 mois
avant. 24. IX. 1978 LEG PWERNER”. MHNG, preserved in 70% ethanol. Para-
types: same data and locality 2 $ 9. MHNG, preserved in 70% ethanol.

Diagnosis. Prodorsum. Triangular to slightly polyhedral; rostrum rectilinear; 7o
setae inserted far from rostrum; si pectinate (5-8 pectines). Notogaster. Sixteen pairs
of setaec, ¢, c,d,d,d,e, e, f.f, by by b, pyp, p, Cuticular surface with nine
elevated transversal thickenings; 1-5 complete, crossing medial notogastral plane; 6-9
not crossing medial notogastral plane; elevated transversal thickening, nine transverse
bands present; 3, 4, 7 smooth, others with promontories.

Description (Adult female). Measurements. Length 960 (1100-890) x535 (526-540)
(three specimens).

Shape. Elongate ovoid (Figures 29, 30, 31, 32).

Colour. Dark to light brown; slightly shiny when observed in reflected light.

Cerotegument. Nonexistent.

Integument. Complex microsculpture. Rounded promontories (Figures 29, 30, 38,
40, 41); elevated transversal thickening (z.e.7) (Figures 29, 30, 31, 33); polyhedral
microsculpture (0.7-0.8) (Figures 42, 43, 44, 45, 46 indicated by arrow) in depressed
areas (Figure 46, under large magnification), this type of microsculpture observed on
cuticular structures on various areas of body and legs (Figures 42, 43, 44, 45 indicated
by u), principally on transverse bands.

Setation (legs not included). Two types: simple, smooth: prodorsum: /e, ro length
163 (140-180); exp, exa length 153 (140—160); notogaster: 167 (140—180); epimeral
(40-53); genital 53 (40-52); aggenital 59.5 (45-72); anal 74 (63-81); adanal 119
(100-136); subcapitular (4, m) 51.5 (50-54); a 39.5 (36—41) (Figures 49, 50); simple
barbate: in setae 142 (130-150) (Figures 38, 41).

Prodorsum. Triangular to slightly polyhedral in dorsal view (Figures 30, 31); trian-
gular in lateral view (Figures 29, 34).

Rostrum rectilinear (Figures 33—-35). Prodorsal margin dentate (Figures 34, 39).
Depression housing legs /.d (for legs I and II) (Figure 36) clearly observed as laterally
situated concave arc—shaped zone; 7o setae inserted far from rostrum, in some instances
situated slightly anterior to #./z (transversal elevated thickening) (Figures 29, 30, 31);
margins of /.d formed by elevated cuticular thickening (indicated by arrows ; Figures
33, 34). Medial prodorsal zone, situated between s& (transverse postbothridial band),
transversal linear thickening (s.L7) and setae exp, exa, le, with prominent elevated
round promontories (Figure 33); smooth polyhedral area situated between /.d elevated
margins, #./. and rostrum; with an interior rectangular zone (Figures 33, 34 indicated
by s); /e setal insertion anterior to #./.# (Figure 33), situated near /d elevated margin
(Figure 33, indicated by arrows ;); bo cup-shaped, dorsally open (Figures 36, 38); si
pectinate, with 5-8 large pectines (Figures 33, 38, 41); iz setae inserted at level of 4o,
situated internally to b0 and in front of s& (Figures 30, 31); exa and exp well visible,
situated marginally on a smooth area (Figure 43); 56 clearly discernible, situated behind
in setal insertions (Figures 30, 31).
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Figures 29-30. Paulianacarus costaricensis sp. n. Adult with cerotegumental layer. SEM. 29 lateral

inclined view 30 dorsal with slight lateral tilt. Abbreviations: See Material and methods. Scale bars:
29,30 = 200 pm.
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Figures 31-32. Paulianacarus costaricensis sp. n. Adult, optical microscopy. 31 dorsal view 32 ventral
view. Abbreviations: See Material and methods. Scale bar: 31, 32 = 400 pm.

Frontal view. Rostrum rectilinear, situated in medial zone between [d elevated
cuticular thickening (Figures 33, 34, indicated by arrows ;); prodorsal border at first
concave and becoming convex towards the posterior; in boundary zone between con-
cave and convex, a series of dentate projections (Figures 34, 39). Anterior subcapitular
zone (Figures 32, 34, 35), adoral setae clearly visible: or, sigmoid; or, very complex,
leaf-shaped in ventral view (Figure 35), in lateral view (Figure 46) resembling a bird’s
head and beak; o7, very complex, resembling a leaf with edges eaten by a caterpillar
(Figures 35, 40).

Notogaster. Sixteen pairs of notogastral setae: ¢, ¢, ¢, d, d, d, e, e, f, f, h, b,
hy pp Py pp clearly discernible and directing backward (Figures 29, 30, 31).

Cuticular surface with elevated transversal thickenings (#7.¢.2); #r.e.z. I with rounded
promontories, situated in front of ¢ setal alignment, externally to ¢ | setae; smooth zone
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between ¢, setal pair (Figure 29). Transverse bands: S2 clearly visible (Figures 29, 30,
31), situated behind ¢ setal alignment. Thickenings #7.e.z.2 and #.¢.2.3 between ¢ and
d setal alignment; #.e.z.2 with rounded promontories, close to ¢ alignment; #.e.2.3
smoothly surfaced, close to d setal alignment; longitudinal furrow running between
d, setal insertions. Transverse band S3 observed between #r.e.2.2 and #r.e.2.3 (Figures
29, 30, 31). S$4 situated posterior to  setal alignment. Transverse thickenings #r.e.z.4
and #r.e.2.5 between d and e setal alignment; #7.e.z.4 smooth, with deep central furrow
(Figure 30, indicated by;) running along #r.e.74; tre.t5 with rounded promontories.
S5 situated between #.e.74 and tr.e.5. U-shaped S6, with rounded promontories, ob-
served between e and fsetal alignment, situated on either side of #.e.2.6. Posterior to f
setal alignment, in oblique position, with central zone not corssing longitudinal medial
plane, smooth #re.z. 7. S7 situated behind #r.e.2.7; #.e.t8 in oblique position, not cross-
ing medial longitudinal plane, surface with rounded promontories. S8 behind #.e.78;
tre.t.9 in oblique position, not crossing medial longitudinal plane, smooth; S9 situated
behind #r.e.z. A series of more or less triangular posterior promontories (p.p) observed
in posterior medial zone (Figures 29, 30, 31). Only lyrifissure 7z discernible anteriorly
on frontal lobe of pleuraspis.

Lateral region. Bothridium (bo): margin elevated, ovoid, clearly visible (Figures
36, 38); sb depressed zone situated close to and behind 4o and 77 (Figures 30, 31, 38);
polyhedral microsculpture (Figure 45); small depressed marginal zone situated above
longitudinal unsclerotized line (Figure 37). Rounded promontories easily visible (Fig-
ures 36, 38, 40). Prodorsal margin presenting conspicuous depression /.d (Figure 306),
housing legs I-IV during leg folding. Polyhedral lobe with lyrifissure iz and rounded
promontories (Figure 37) on anterior zone of pleuraspis. Conspicuous tectum on ante-
rior notogastral zone. Unsclerotized longitudinal line easily discernible, exceeding level
of £, setal insertions and clearly delimiting notaspis and pleuraspis (Figure 306).

Ventral region. Four pairs of subcapitular setae (Figure 49); setae 4, m,and 4 clearly
visible (more or less similar length); setae 7z, situated marginally and hardly discernible
(Figures 32, 37, 49). Infracapitulum: complex microsculpture. Triangular microscu-
Ipture with rounded promontories in central zone between setae 4, surrounded by
smooth zone. Several areas with polyhedral microsculpture (Figure 49, indicated by ;).

Epimeral zone: only epimere I with rounded promontories, easily observed in in-
sertion zones of setae Ia, 16, Ic (Figure 47). Other epimeres smooth; epimeral setae
variable on epimeres 3, 4 with formulae: 3—1-[3 (2)]-[4 (3)] (Figure 32 indicated by
1). All setae similarly shaped (Figure 47). Genital plate undivided with nine to ten pairs
of setae (Figures 32, 49); six or seven aligned paraxially and three or four antiaxially.
Preanal plate typically shaped, characteristic of the genus (Figures 47-48). Anal plate
fused with adanal, delimiting single plate with six pairs of setae (Figures 47, 48). BPAD
clearly visible after lengthy soaking in lactic acid (Figure 32); lyrifissures 7a, ip, ih, ip
observed (Figures 32, 37).

Legs. Setal formulae I (0-4-3-3-16-1) (2-1-2); II (0-6-3—-5-13-1 (1-1-1); III
(2-2-3-3-13-1 (1-1-0); IV (2-3-3-2-13-1(1-0-0). See Table 2 and Figures 52-55.
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Figures 33-35. Paulianacarus costaricensis sp. n. Adult with cerotegumental layer. SEM. 33 frontal view

34 prodorsum, laterally inclined 35 apical zone, infracapitulum. Abbreviations: See Material and meth-
ods. Scale bars: 33 = 100 pum; 34 = 50 pum; 35 = 20 pm.
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Figures 36-41. Paulianacarus costaricensis sp. n. Adult with cerotegumental layer. SEM. 36 lateral

view 37 anterior lateral notogastral zone 38 bothridial zone 39 prodorsal marginal zone 40 promonto-
ries 41 lateral view, sensillus zone. Abbreviations: See Material and methods. Scale bars: 36 = 200 pum;

37 =20 pum; 38 = 50 pm; 39 = 10 um; 40 = 10 pm; 41 = 50 pm.
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Figures 42-47. Paulianacarus costaricensis sp. n. Adult with cerotegumental layer. SEM. 42 lateral

view, notogastral promontories 43 Frontal prodorsum detail promontories 44 epimeral posterior zone
45 notogastral setae and microsculpture, “porose area” 46 depressed area microsculpture, notogastral
zone 47 adoral setae, frontal view. Abbreviations: See Material and methods. Scale bars: 42 = 20 pm;
43 =50 um; 44 = 20 pm; 45 = 10 um; 46 = 2 pm; 47 = 10 um.
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Figures 48-51. Paulianacarus costaricensis sp. n. Adult with cerotegumental layer. SEM. 48 ventral view

49 anogenital region 50 infracapitulum 51 apical infracapitular zone. Abbreviations: See Material and
methods. Scale bars: 48 = 200 pm; 49 = 100 um; 50 = 50pm; 51 = 20um.
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Figures 52-55. Paulianacarus costaricensis sp. n. Adult with cerotegumental layer. SEM. 52 leg I, antiaxial

53 leg I1I, antiaxial 54 leg I1, antiaxial 55 leg IV, antiaxial. Abbreviations: See Material and methods. Scale
bars: 52 = 20 um; 53 = 50 um; 54 = 50 pm; 55 = 50 pum.

Remarks. Polyhedral microsculpture observed in several areas. Porous areas are
very difficult to observe, as in most cases they are situated in the same zone as the mi-
crosculpture. On legs this microsculpture is present on all segments.
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Table 2. Paulianacarus costaricensis sp. n.: setae and solenidia.

Femur Genu Tibia Tarsus Claw
Legl
setae ).dv” D.d D.v (1) (W), (a).0,(it), (tc),(ft), (pv) ¢ | 1
solenidia 6,0 ¢ 0,
LegII
setae d,la”lp” [ vb, v d,” xt d, (), v,xt (), (w),(a),0,(tc),(f2), (pv) 1
solenidia c & I
Leg III
setae L ad,lv ad,lv (), (w),(a),0,(tc),(f2), (pv) 1
solenidia c &
Leg IV
setae d,lv dlv da,r (), (w),(a),0,(tc), (f2), (pv) 1
solenidia c
Discussion

The genus Mixacarus was proposed by Balogh (1958); but later Balogh and Balogh (1987)
proposed another new genus, Phyllolohmannia. Currently Mixacarus is divided into two
sub-genera, Mixacarus and Phyllolohmannia, and includes 22 species (Subias 2017).

A comparison between Mixacarus turialbaiensis sp. n. and Mixacarus exilis Aoki
1970 is quite complex, as some aspects of the initial description is detailed and others
are deficient, for example: lateral observations are ignored and for the ventral region,
drawings are referred to, but in a preceding paper by Wallwork 1962. Other problem-
atic aspects include the absence of any reference to the porose areas of M. exilis. Mak-
ing use of different study methods and technology, the authors were able to observe
structures evidently not previously observed, such as the particular microsculpture in
depressed areas (Figure 7), and transversal bands on notogaster (Figures 2, 5, 6, 13, 14,
16, 17, 19, 21, 23). Porose areas (Figure 8) were discernible on transversal notogastral
band in the zone of this microsculpture.

Mixacarus turialbaiensis sp. n. is close to Mixacarus exilis Aoki 1970, but is dif-
ferentiated by the depressed areas with particular microsculpture; all prodorsal setae
have similar characteristics and length; ribbon-like bands on prodorsum distributed
very differently; notogastral setae slightly barbate; nine transversal bands; epimeres
with large number of depressed areas; variable chaetotaxy in genital and epimeral zone.

Paulianacarus was proposed by Balogh (1960) from Madagascar. Subias (2004)
considered Millotacarus to be a subgenus of Paulianacarus. At present there are 15 spe-
cies allocated to Paulianacarus and Millotacarus. The taxonomy of these genera are com-
plex, and considering one a subgenus of the other is complicated by the lack of a de-
tailed comparative study of type materials. Several authors have expressed their opinions
(Mahunka 1985; Coetzee 2001; Chen et al. 2012, Fernandez et al. 2014), and these
considerations highlight the incongruences in the descriptions, indicating that some do
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not consider that these are different genera, or do not consider one to be a subgenus of
the other, while other researchers accept both subgenera. An analysis of these opinions
is not repeated here in order to avoid redundancy. The only way to solve the problem
is the study and comparison of type material, which was not possible in this instance.

The new species Paulianacarus costaricensis sp. n. was described using optical and
SEM microscopy. These techniques allowed us to understand some of the complex
structures also observed in Paulianacarus rugosus Balogh, 1961, a species close to the
newly described species.

P costaricensis displays the following characters: elevated transversal thickening
(tre.t) with transverse bands: 1) some cross the transverse medial notogastral plane,
others do not; 2) some are rectilinear, others oblique; 3) some present superficial
rounded protuberances, others are smooth; 4) smooth thickenings either with com-
plete furrow running the entire length, or partial furrow; 5) #.e.r are associated with
transversal furrows (S); 6) transversal furrows are related to one or both sides of the ele-
vated transversal thickenings. Variable number and disposition of genital and epimeral
setae, difficulty in observing lyrifissures. These are only some of the characteristics of
this species, but they emphasize the need for detailed studies.

P rugosus Balogh 1961 is close to P costaricensis, but is differentiated by the pres-
ence of prodorsal transversal band; barbate in setae; elevated transversal thickening,
transverse medial notogastral plane ez 1, 2, 3, 4, 5; tre.t 6, 7, 8, 9 not crossing
medial notogastral plane; elevated transversal thickening with rounded protuberances:
trerl,2,5,6,8,9; with smooth surface: #.e. 3, 4, 7; epimeral chaetotaxy: (3—1-[3
(2)]-[4 (3)]); porose area rounded, very difficult to observe as it is situated in poly-
hedral microsculpture zone; genital setae variable with 9-10 pairs, of which 6-7 are
aligned paraxially and 3-4 antiaxially.
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Introduction

The glaciers of the Quaternary ice ages shaped distribution patterns in biodiversity
and are considered as one of the primary forces of population divergence and specia-
tion (Stewart et al. 2010; Homburg et al. 2013). The Carpathians proved to be one
of the main glacial refugia for the re-colonization of northern regions of Europe in
Late Glacial and Postglacial periods (Mrdz and Ronikier 2016, Varga 2011). During
the Last Glacial Maximum, this mountain range was mostly unglaciated, providing
suitable conditions for many species of temperate fauna and flora to survive (Zasadni
and Klapyta 2014). Also, the Carpathians are an important center of biodiversity that
developed a characteristic biota with a high proportion of endemic taxa, due mainly to
the isolation from other mountain ranges and to its archipelago-like structure, forming
a series of habitat islands (Mraz and Ronikier 2016). The Eastern and Southern Car-
pathians proved to be biodiversity hotspots within the Carpathian Mountains, being
the richest areas in endemics regarding several groups of vascular plants and inverte-
brates, such as arachnids, mollusks and insects (Kenyeres et al. 2009, Bélint et al. 2011,
Theissinger et al. 2013, Gajdo$ et al. 2014, Cameron et al. 2016, Hurdu et al. 2016,
Mraz et al. 2016). Most of these endemics are organisms with low-dispersal abilities,
species likely to show stronger genetic differentiation patterns due to the absence of
gene flow (Homburg et al. 2013). This appears to be also the case for the flightless
bush-crickets of the Isophya camptoxypha species-group, which could be an interesting
model to explore speciation driven by climate changes in high mountainous land-
scapes. These species are slowly moving brachypterous insects, occurring in cold and
mesic meadows from montane to subalpine altitudes, always preferring broadleaved
dicotyledonous plants: Veratrum sp., Rubus sp., Rumex sp., Urtica sp., Aconitum sp.,
Vaccinium sp., Gentiana sp. etc. (Orci et al. 2010b, Iorgu 2012, Szévényi et al. 2012).

Although the species-level identification of specimens in this species-group is dif-
ficult due to morphological uniformity, the oscillographic structure of male calling
songs shows clear differences between species (Heller et al. 2004, Orci et al. 2005, Orci
et al. 2010a, Iorgu 2012, Torgu et al. 2017). In these bush-crickets, one of the main
functions of acoustic signaling is to transmit information between males and females
during their pair-forming behavior. Typically, males stridulate spontaneously and fe-
males decide which male to approach or to respond to acoustically (Heller 1990). In
the latter case, the singing interaction of male and female forms a duet. Female song
preferences and male song pattern is believed to be a significant ethological component
of the species-specific mate recognition system of these insects (Orci 2007, Orci et al.
2010a, Iorgu 2012, Szévényi et al. 2012). Therefore, analyzing the acoustic signals of
these bush-crickets may reveal previously unrecognized, morphologically cryptic spe-
cies when studying formerly unexamined populations. Here we describe a new Zsophya
species recognized by studying its male calling song. A characterization of the basic
features of its distinctive male calling song and male—female acoustic duet are pre-
sented, and a male calling song based identification key for the Isophya camptoxypha
species-group is provided.
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Materials and methods

Specimen collection

During the first visit in Calimani Mountains in the summer of 2012, several fsophya
specimens were collected by visual examination of the subalpine vegetation in mead-
ows below Pietrosul Peak (1800—1900 m asl) and at lower altitudes, near the village
Gura Haitii (900-1000 m asl). These specimens turned out to be very different from
all other known Isophya species regarding the pattern of male calling song and are de-
scribed here as a new, cryptic species: Isophya bucovinensis sp. n. Later, we discovered
this insect at other highland locations in the northern and western areas of the large
volcanic caldera of Cilimani Mountains and also in Suhard Mountains, in the south-
western and western parts of Bucovina region.

Morphology

The description of examined morphometric characters follows Orci et al. 2005. Measure-
ments were taken with a digital caliper for the following morphometric variables in males:
width of head, length of pronotum, frontal width of pronotum, caudal width of prono-
tum, length of left tegmen, width of left tegmen, length of cercus, length of hind femur.

Photos were taken with a Canon EOS 6D DSLR camera, Canon EF 180 mm
£3.5L 1:1 and Canon MP-E 65 mm {2.8 5:1 macro lenses. Scanning Electron Micro-
scope photos were taken of the stridulatory files and male cerci.

Acoustic examination and terminology

The calling song of eleven males and the “mate searching” duet of four males and
five females were recorded and analyzed. Recordings were taken with an Edirol R—
09HR digital recorder (microphone frequency response 20-40000 Hz, sampling rate
of 96000 Hz, 24-bit amplitude resolution). The sound analyses were run using the
software Audacity 2.1.2.

The acoustic terminology follows Ragge and Reynolds (1998) and Heller et al.
(2004): calling song — spontaneous song produced by an isolated male; syllable — the
song produced by one opening—closing movement cycle of the tegminae; impulse — a
simple, undivided transient train of sound waves (the highly-damped sound impulse
arising as the impact of one tooth of the stridulatory file); c/ick — an isolated, dis-
tinct impulse. As the calling songs of fsophya species are amplitude modulated signals
similarly to the stridulation of most phaneropterine (Heller et al. 2015), we measured
several oscillographic characters which may be useful when comparing the song of
the new species with the songs of other lsophya species: duration of syllable (DS),
duration of “B”—element (DB), duration of “C’—element (DC), number of impulses
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in “B”—element (NIB), number of impulses in “C’—element (NIC), silent interval
between “B”— and “C’—elements (IntBC), silent interval between successive syllables
(IntS), the longest impulse series in a syllable (LIS). The delay of female response was
measured from the beginning of “C’—element in male syllable to the beginning of
female reply (F). The detailed terminology of the measured male song characters in 7.
bucovinensis sp. n. reflects our hypothesis about the homology of these signal elements
with syllable-elements of Isophya nagyi (see Szdvényi et al. 2012), which seems to be
the closest relative of I bucovinensis sp. n. The first element of the syllables produced
by Isophya nagyi is missing in the syllables of 1. bucovinensis sp. n., therefore in the latter
species the first syllable element is referred to as “B”, and the second one is termed “C”.

Taxonomy

Isophya bucovinensis sp. n.
http://zoobank.org/797AC7E6-0702-4510-ACOC-4COE454EF81C
Fig. 1A, B

Type locality. Romania, Eastern Carpathian Mountains, Calimani Mountains.

Type material. Holotype: male. Original label: “Romania, Suceava County,
Cilimani Mountains, 12 Apostoli Peak, 47.221233°N, 25.213896°E, alt. 1730 m asl,
2015.07.27, leg. I. S. Iorgu”, coll. “Grigore Antipa” National Museum of Natural His-
tory, Bucharest, Romania. Paratypes: 1 41 Q, labeled: “Romania, Suceava County,
Gura Haitii, 47.226236°N, 25.300690°E, alt. 990 m asl, 2012.06.21, leg. I. §. Iorgu”;
233299, labeled: “Romania, Suceava County, Cilimani Mountains, meadow be-
low Pietrosul Peak, 47.130767°N, 25.191679°E, alt. 1800 m asl, 2012.07.20, leg. I.
S. Torgu”; 1 31 Q, labeled: “Romania, Suceava County, Suhard Mountains, Omu
Peak, 47.507519°N, 25.090278°E, alt. 1860 m asl, 2013.07.21, leg. L. S. Iorgu”; 2
33 2 99, labeled: “Romania, Suceava County, Cilimani Mountains, 12 Apostoli
Peak, 47.221233°N, 25.213896°E, alt. 1730 m asl, 2015.07.27, leg. I. S. lorgu”; 2
Q?, labeled: “Romania, Suceava County, Cilimani Mountains, 12 Apostoli Peak,
47.222835°N, 25.212571°E, alt. 1730 m asl, 2016.09.03, leg. I. §. Iorgu”, all in coll.
“Grigore Antipa” National Museum of Natural History, Bucharest, Romania; 3 a8
3 99, labeled: “Romania, Suceava County, Cilimani Mountains, 12 Apostoli Peak,
47.221233°N, 25.213896°E, alt. 1730 m asl, 2015.07.27, leg. I. §. Iorgu”, coll. Hun-
garian Natural History Museum, Budapest, Hungary.

Audio recordings: 1 3, Gura Haitii, 2012.06.21 (air temperature 25°C); 1 3,
meadow below Pietrosul Peak, Cilimani Mts., 2012.07.20 (22°C); 2 &3 3 29,
meadow below Pietrosul Peak, Cilimani Mts., 2012.07.20 (27°C); 3 &, Omu Peak,
Suhard Mts., 2013.07.21 (25°C); 4 43 2 29, 12 Apostoli Peak, Cilimani Mts.,
2015.07.27 (24°C).

Other material. lsophya bucovinensis sp. n.: 1 3 1 @, Romania, Suceava County,
Cilimani Mountains, 47.208928°N, 25.200489°E, alt. 1640 m asl, 2015.07.27, leg. I.
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Figure 1. Isophya bucovinensis sp. n.: A female habitus B male habitus € habitat in Cilimani Mountains,
at 12 Apostoli Peak (1730 m asl) on 27 July 2015.

S.Torgu; 2 33 3 92, Romania, Suceava County, Cilimani Mountains, 47.202448°N,
25.197817°E, alt. 1620 m asl, 2015.07.28, leg. I. S. Torgu; 1 & 4 99, Romania,
Suceava County, Cilimani Mountains, 47.134651°N, 25.178858°E, alt. 1680 m asl,
2016.08.07, leg. 1. S. lorgu. Isophya nagyi: 10 33 2 99 (audio recorded at 21.2—
24°C), Romania, Suceava County, Cilimani Mountains, 47.137°N, 25.256°E, alt.
1340 m asl and 47.141°N, 25.267°E, alt. 1580 m asl, 2011.07.27, leg. K. M. Orci, G.
Puskds & G. Szdvényi.

Diagnosis. Fastigium verticis approximately half as wide as scapus, male elytra
short and narrow, slightly shorter than or as long as pronotum, reaching anterior part
of second abdominal tergite. Length of cubital vein 3/4 of the width of pronotum
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posterior margin, forming an obtuse angle of nearly 110° at the right margin of left teg-
men. The stridulatory file is 2.2-2.5 mm long and contains 105-130 pegs. Male cerci
slender, 2.4-2.7 mm long, gradually and moderately incurved in distal 1/4, tapering
in an apical denticle. Ovipositor short, upcurved, 8.3—-9.2 mm long. Male calling song
consists of a long sequence of two-component syllables (Fig. 3A, B) repeated at a rate
of 160-220 per minute (at 22-27°C air temperature). Each syllable lasts for 237-385
ms and is formed of two parts: a longer group of 46—79 impulses (156—-286 ms) shortly
followed by a higher amplitude group of 2-7 clicks (3—28 ms) (Fig. 3C, D). Females
reply right after the male syllable, with a latency of 48-66 ms (Fig. 4C). All these
sounds are produced by closing the tegmina.

Morphologically, Isophya bucovinensis sp. n. belongs to the Isophya camptoxypha
species group. Within this complex, 1. bucovinensis sp. n. and 1. nagyi differ from all the
other species in the relatively high number of pegs observable in the male stridulatory
file. Furthermore, lsophya bucovinensis sp. n. can be easily distinguished from 7. nagyi
by examining the number of impulse groups within a syllable (three in 7. nagyi vs. two
in 1. bucovinensis sp. n.) and the syllable repetition rate during continuous singing:
60-80 syllables/minute in 1. nagyi (21-24°C) and 160-220 in /. bucovinensis sp. n.
(22-27°C) (Fig. 4).

Description. Male (Fig. 2A, C, H, ], K; Table 1). Fastigium verticis half as wide
as scapus, slightly tapering frontward. Head width 3.1-3.7 mm, 1.3 times the maxi-
mum pronotum width. The pronotum is 3.9-5 mm long, with lateral carinae nearly
parallel in prozona, broken at traverse sulcus, widen and divergent in metazona. Sad-
dle—shaped from a lateral view, the paranota with concave dorsal margin; anterior and
ventral borders straight, posterior edge moderately convex. Tegmina short and narrow,
slightly shorter than or as long as pronotum, reaching the second abdominal tergite.
Venation reticulate, Cu2 vein swollen, its length 3/4 of pronotum posterior margin.
The angle between cubital veins of approximately 70-80°, speculum large and quad-
rangular. At the distal end of Cu2, the right margin of left tegmen forms an obtuse
angle of nearly 110°. Stridulatory file arcuate, 2.2-2.5 mm long, with 105-130 teeth.
Hind femur without ventral spines, 3.5—4 times long as pronotum. Epiproct almost
twice as wide as long. Cerci covered by fine hairs, slender, 2.4-2.7 mm long, gradu-
ally narrowing towards tip, slightly curved in apical fourth. Terminal denticle strong,
located in middle of cercus apex. Subgenital plate moderately elongated, narrowed api-
cally with triangular apical incision and more or less acute lobes on its caudal margin.

Coloration green, densely punctuated with fine, dark green and brown spots.
Some specimens with two dorsal, parallel, bilateral stripes from pronotum to end of
abdomen, red, orange, or yellow colored. Antennae greenish, reddish or brownish,
compound eyes bicolored: upper part brown or red and lower part green. Disc of
pronotum green, bordered by a yellowish or whitish band, from behind the eye to the
posterolateral angle of wing, complemented by a reddish brown stripe in metazona.
Tegmina brown or dark red, with green margins and greenish or yellowish white costal
margin, as continuation of pronotum band. Legs usually green, brownish or reddish.
Cerci brown or reddish brown.
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Figure 2. Photographs of the typical eidonomy of Isophya bucovinensis sp. n. male (A, C, H, J, K) and
female (B, D, E, F, G, I). A, B head, pronotum and tegmina in dorsal view € D head, pronotum and
tegmina in lateral view E ovipositor in lateral view F female subgenital plate G female cerci in dorsal view
H male stridulatory file (SEM) I female stridulatory bristles (SEM) J male cercus (SEM) K male cerci in

dorsal view. Scale bars 1 mm.

Female (Fig. 2B, D, E, F, G, I). Head roughly as in male. Pronotum disc margin-
ally widening in its posterior part, with lateral carinae straight in prozona. Paranota
similar to these of male. Tegmina with dense reticulate venation, approximately 1/4—
1/3 the length of pronotum, reaching the first abdominal tergite, with more or less
rounded margins. Right tegmen with two dorsal fields of stridulatory bristles on cubi-
tal veins. Epiproct semicircular. Cercus short, hairy, conical. Subgenital plate rounded,
narrow. Ovipositor relatively short, upcurved, 8.3-9.2 mm long, with 8-9 spines on
dorsal margin and 7-9 spines on ventral margin, gonangulum ellipsoid.

Body coloration similar to that of male. Tegmina green with brownish inner and
whitish or yellowish lateral edges. Ovipositor green with dark brown spines.
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Figure 3. Oscillographic representation of the calling songs (A, B) of two males of sophya bucovinensis
sp. n. and detailed syllables (C, D). A, € Cilimani Mountains, 12 Apostoli peak, 1730 m asl (air tem-
perature 24°C) B, D Suhard Mountains, Omu peak, 1860 m asl (air temperature 25°C).
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—
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Figure 4. Acoustic signals analysis in two close—related species: A, B oscillographic pattern of male

10 20 30 40 kHz

calling song C, D a detailed syllable and the female response (marked with green) E spectrum (function:
Hanning window, size: 512). A, C, E red line Isophya bucovinensis sp. n. B, D, E blue line Isophya nagyi.

Bioacoustics (Figs 3, 4; Table 2). Males stridulate in the evening and at night.
Typically, the song consists of series of 8-35 syllables; uninterrupted series of more than
200 syllables were also recorded. Syllable repetition rate is 160—220 syllables/minute at
22-27°C. Isophya bucovinensis sp. n. produces a single syllable type, lasting for 237-385
ms (mean + SD: 311.6 + 57.85 ms, n = 11 males) and formed of two elements: the main
part (“B”) is a longer group of 46—79 impulses (mean + SD: 60.1 + 11.54), 156286 ms
(mean + SD: 215.2 + 52.7 ms) long, shortly followed by the terminal “C” part, a higher
amplitude group of 27 impulses (mean + SD: 4.4 + 1.64), 3-28 ms (mean + SD: 16.45
+ 7.39 ms) long. The same impulse interval was measured in both “B” and “C” groups,
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Table I. Morphometric characters measured in males of Isophya bucovinensis sp. n. (N = 10) and 1. nagyi
(N = 20) (values in millimeters).

. Isophya bucovinensis sp. n. Isophya nagyi

Morphometric parameters Min Max Mean + SD Min Max Mean + SD
Width of head 3.1 3.7 3.37 +0.213 3.4 3.8 3.64 £0.105
Length of pronotum 3.8 4.3 4.02 +0.198 3.3 4.3 3.84 +£0.261
Frontal width of pronotum 3.2 3.4 3.32 £ 0.083 3 3.6 3.19 £ 0.159

Caudal width of pronotum 3.9 5.0 4.41 £ 0.442 4.4 5.2 4.6 +0.201
Length of left tegmina 3.4 4.8 3.88 + 0.449 4 4.8 444 +0.211

Width of left tegmina 3.1 4.2 3.7 £ 0.361 3.8 4.4 4.1£0.16
Length of hind femur 13.5 15.9 14.7 £ 0.718 14.3 16.8 | 15.58 + 0.747
Length of cercus 2.4 2.7 2.5+0.103 2.2 2.8 2.54 £ 0.131

Table 2. Descriptive statistics for oscillographic parameters of the male calling song and for female re-
sponse delay in Lsophya bucovinensis sp. n. and 1. nagyi (duration values in milliseconds). Number of speci-

mens for which measurements were made: . bucovinensis 11 males, 5 females; /. nagyi 10 males, 2 females.

. Isophya bucovinensis sp. n. Isophya nagyi
Calling song parameters Min | Max | Mean + SD | Min | Max Mean + SD
Duration of syllable (DS) 237 | 385 | 311.6 £ 57.85 | 489.6 | 934.3 | 727.33 + 148.27

Duration of “B”—element (DB) 156 | 286 | 215.2+£52.7 |129.5|217.8| 188.96 % 32.03
Number of impulses in “B”—clement

(NIB) 46 | 79 | 60.1+11.54 | 38.7 | 79 56.83 + 12.77

Silent interval between “B”—
and “C’—elements (IntBC)
Duration of “C”—element (DC) 3 28 | 16.45+7.39 1 5.4 3.59 + 1.62
Number of impulses in “C’—ele-
ment (NIC)

Silent interval between successive

syllables (IntS)
Female response delay (F) 48 | 66 | 58.7+4.77 71 127 112.2

59 | 94 | 76.85+10.56 | 54.2 | 91.5 | 69.43 +12.36

2 7 4.4+ 1.64 1 4 2.6 +£0.96

76 | 125 94.2 £ 17 121.2 1 227.9 | 160.24 + 34.24

2—4 ms. The two parts are separated by a short silent interval of 59-94 ms (mean + SD:
76.85 + 10.56 ms). The following syllable begins 76125 ms (mean + SD: 94.2 + 17
ms) later (Fig. 3). All sounds are produced when the male closes the tegmina. Apart
from the described typical syllable structure, some males produce syllables without the
“C” element at the beginning of syllable series. The calling song’s dominant frequency
components are between 10-35 kHz, highest peak at approximately 25 kHz (Fig. 4E).

Females find males by phonotaxis and emit simple clicks if the male song is attrac-
tive for them. In the resulting male—female acoustic duet, the female replies only after
the male syllables (“C”—part), with a latency of 48—66 ms (mean + SD: 58.7 + 4.77 ms,
n = 200 replies from 5 females) (Fig. 4C).

Etymology. The specific name is derived from the historical region of Bucovina,
“Land of the beech forests”.
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Figure 5. Oscillograms showing the typical pattern of male calling songs in each species of the Iso-
phya camptoxypha species-group: A I posthumoidalis (25°C, Bieszczady Mountains, Poland) B 1. dochia
(24.8°C, Gurghiu Mountains, Romania) C . camproxypha (25°C, Bieszczady Mountains, Poland) D 1.
sicula (24.8°C, Harghita-Ciceu Mountains, Romania) E 7. ciucasi (25°C, Ciucas Mountains, Romania)
F I nagyi (22.5°C, Cilimani Mountains, Romania) G 1 bucovinensis sp. n. (25°C, Suhard Mountains,
Romania). Time scale (shown at the bottom) is the same for all oscillograms in the figure. The arrows

indicate the characteristic interval separating syllable groups.

Distribution and natural history. The new species populates mesophytic mon-
tane meadows in the south-western part of Bucovina, within the altitudinal range
of 900-1900 m (Fig. 1C). The insects were collected from broad leaves of various
dicotyledonous plants: Veratrum sp., Rumex sp., Rubus sp., Aconitum sp., Vaccinium
sp., Urtica sp., Gentiana sp., Hypericum sp. etc. The distribution of this bush-cricket
includes highlands from northern and western Cilimani Mountains, the northern part
of Suhard Mountains (Eastern Carpathians) (Fig. 6) and most likely occurs also in
Dorna depression and the central and southern parts of Suhard Mountains.

Conservation status. [sophya bucovinensis sp. n. is known only from Cilimani
and Suhard Mountains. It could be considered as Endangered Blab(iii, v)+2ab(iii, v)
following IUCN’s Red List categories and criteria version 3.1 (known EOO=234 km?
and AOO=28 km?; the constant degradation of species” habitat is the result of mech-
anized mowing in June and July, and overgrazing, especially in Suhard highlands)
(IUCN 2012).

Discussion. In this study, we report the discovery and give the description of a new
bush-cricket species recognized based on its distinctive calling song. The basic pattern
of its song is not unique within the genus Zsophya: a series of evenly repeated syllables,
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each consisting of two elements: a longer impulse series followed by a short impulse
group (see e. g. Heller 1988, Chobanov et al. 2013). However, species producing this
male song pattern can be found in several different, morphology-based species-groups
(Warchatowska-Sliwa et al. 2008, Chobanov et al. 2013). One of these species-groups
is the Lsophya camptoxypha complex. Six morphologically closely-related species inhab-
iting the Carpathians were recently placed within this group: 1. camproxypha Fieber,
I ciucasi lorgu & lorgu, 1. nagyi, 1. sicula Orci, Szdvényi & Nagy, L posthumoidalis
Bazyluk and Isophya dochia Torgu (Sz6vényi et al. 2012, lorgu 2012). Because of its
similar morphology, 1. bucovinensis sp. n. also belongs to this group.

Since the species of the sophya camptoxypha species-group are all very similar to
each other regarding the morphology, we believe that a male calling song based identi-
fication key will be helpful to identify specimens from populations of unknown species
identity.

Identification key for the presently recognized species of 1. camptoxypha species
group, based on male song characters:

1 Male calling song consists of syllable groups separated from each other by
a characteristic interval. Syllable groups are composed of two syllable types
(“A” and “B”), each group being a series of “A” syllables followed by one “B”
syllable containing conspicuous, high amplitude clicks (Fig. 5A, B)............ 2
- Male calling song is a series of syllables, no regular syllable groups are observ-
able, syllables show the same basic structure (i.e. the song is composed of one

syllable type) (Fig. SC—G)....cvvviiiiniiiiiiiiiiiiiiciiccce 3
2 “A” syllables are shorter than 25 ms, the conspicuous click(s) follow(s) a silent
interval of 300-450 ms (Fig. 5A) ...c.ccccovvreiiinniienennn. L posthumoidalis

— “A” syllables have a duration of 30—60 ms, the high amplitude click(s) between
the syllable groups follow(s) a 550-950 ms long silent interval (Fig. 5B) ......

....................................................................................................... I dochia
3 The longest impulse series in the syllables (LIS) is shorter than 80 ms......... 4
— LIS is longer than 100 mS........cccceiininiiieiciiiineeecesieeeeeceseeeeeenee 5
4 LIS falls between 25-60 ms, consisting of more than 10 impulses (Fig. 5C)...

............................................................................................... L. camptoxypha
— LIS is shorter than 25 ms, consisting of 1-3 impulse(s) (Fig. 5D).... L sicula
5 Syllables consisting of two impulse groups..........cceeueueivinieieeciiinniecnnnn. 6
- Syllables consisting of three impulse groups (Fig. 5F) ......cccccccueueee. I nagyi
6 Interval after LIS is longer than 300 ms (Fig. 5E) .....ccoccoeiinininnnes L ciucasi

— Interval after LIS is shorter than 150 ms (Fig. 5G)...... I bucovinensis sp. n.

The duration values given in the above key are based on male songs recorded at an
ambient air temperature between 20-25°C. To identify specimens, a song recording
should be made in that range of air temperature. The key is most reliable when mean
values based on at least 5-10 measurements per specimen are used in all quantitative
characters.
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Figure 6. Geographic distribution of the Eastern Carpathian endemic Zsophya species: red dots — L. bu-
covinensis sp. n., yellow pentagons — I. ciucasi, green squares — 1. dochia, blue diamonds — 1. nagyi, black

triangles — 1. sicula.
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The easiest way to identify male specimens of Isophya bucovinensis sp. n. is to ex-
amine both the male stridulatory file and the pattern of male calling song. Within the
1. camptoxypha species group, only two species have male stridulatory files containing
more than 100 stridulatory pegs: /. nagyi and I. bucovinensis sp. n. Interestingly, except
for the different number of syllabic elements and syllable repetition rates, the syllables
produced by males of Isophya bucovinensis sp. n. and 1. nagyi show remarkable simi-
larities in oscillographic structure (Fig. 4). The longest impulse series of their syllables
(element “B”) are almost identical (156-286 ms, 4679 impulses in 1. bucovinensis sp.
n. and 129-217 ms, 38-79 impulses in /. nagyi), and also the high amplitude, short
impulse group (element “C”) after the long impulse series is rather similar in the two
species (3-28 ms, 2—7 impulses in . bucovinensis sp. n. and 1-6 ms, 1-4 impulses in
I nagyi). Because of these similarities in song and due to the high level of morpho-
logical similarity, we hypothesize that the two species are likely to be a pair of young
sister species. This premise should be examined during subsequent studies relying on
molecular genetic analysis. Spectral properties of the male calling songs are similar in
these two species, most likely due to the comparable dimensions of male stridulatory
apparatus (Fig. 4E).

In Isophya bucovinensis sp. n., the delay of female response is much shorter (48—-66
ms) than that in L nagyi (71-127 ms) (Fig. 4C, D). Since female reply delay proved
to be a critical parameter for males to recognize female response as a conspecific signal
in a number of phaneropterine bush-crickets (Heller & von Helversen, 1986), the
detected difference in response delay is likely to make the responses of 1. bucovinensis
sp. n. females ineffective for communicating with /. zagyi males and vice versa. Also,
another impediment for heterospecific communication in these two species is that the
responses of . nagyi females would overlap with a dense impulse series of the male’s
next syllable if she would try to duet with a male I bucovinensis sp. n.; the detection
of the female signal is less likely if the male’s own signal masks it. Therefore, in ad-
dition to the clear difference of male songs, the divergence of female response delay
also suggests that the two taxa are best treated as specifically distinct. However, several
interesting questions arise regarding the male—female communication of these two
species. Presently, it is uncertain which feature of the male signal serves as a marker to
start the timing of female response. Females of duetting Phaneropterinae bush-crickets
usually use a conspicuous motif of the male song as a response timing marker (Heller
and von Helversen 1986, Heller 1990, Dobler et al. 1994). Clearly detectable features
of the male song in 1. bucovinensis sp. n. are the beginning and end of “B” and “C” ele-
ments. Among these, we consider the beginning of “C” element to be most likely the
female response timing marker (this is why we measured female response delay from
that male song feature). However, it is only a presumption and a future laboratory test
with playback experiments applying modified male syllables will be needed to answer
this question.

The Isophya camptoxypha species-group shows a surprisingly high rate of endemism
in the Eastern Carpathians. Five of its recently described species have very small dis-
tribution areas (Fig. 6) : . ciucasi populates montane meadows in the southern part of
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the Eastern Carpathians: in Ciucas and Vrancea Mountains, /. dochia is known to oc-
cur in Ceahldu, Bistritei and Gurghiu Mountains, /. sicula is distributed in Harghita-
Maidarag and Stinisoarei Mountains, /. zagyi occurs in small areas in the southern part
of Calimani volcanic caldera and /. bucovinensis sp. n. is known from the northern and
western parts of Cilimani, reaching Suhard mountains in north. The ancestors of these
species presumably penetrated from the distribution center of this genus in Balkan—
Asia Minor along the western part of Southern Carpathians and Apuseni Mountains
dispersal routes (Kenyeres et al. 2009), and speciated during their expansion by isola-
tion of the populations in the mountain chains of Eastern Carpathians.
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Abstract

We present the description of a new genus and new species of praying mantis, Hondurantemna chespiritoi
gen. n. & sp. n. This species of cryptic mantis, collected in National parks in Mexico and Honduras,
remained unknown despite its considerable body size. Based on a phylogenetic analysis with molecular
data and traditional morphological analysis, we place this new genus within Antemninae, a monotypic
Mantidae subfamily. We update the subfamily concept for Antemninae and provide a key to the two gen-
era. We describe the external morphology of immatures and adults of the new species as well as the genital
complexes of both sexes and the ootheca of Antemna rapax. The observed morphological changes between
immature and adult females suggests that the selection for an alternate strategy for crypsis is a response
to size increase of the abdomen during development. Immatures exploit a stick/branch habitat based on
their morphological appearance while adult females appear as a leaf to disguise the profile of the body.

Copyright Henrique M. Rodrigues et al. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution,and reproduction in any medium, provided the original author and source are credited.
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Resumen

Se presenta la descripcién de un nuevo género y una nueva especie de mantis religiosa, Hondurantemna
chespiritoi gen. n. & sp. n. Esta nueva especie de mantis criptica, colectada en ciertos parques nacionales
de México y Honduras, habfa permanecido hasta ahora desconocida para la ciencia a pesar de su gran
tamafio corporal. Utilizando un andlisis filogenético con datos moleculares y junto con andlisis tradicional
de morfologfa, se logré clasificar a este nuevo género dentro de la subfamilia monotipica Antemninae que
pertenece a la familia Mantidae. Como resultado se actualiza el concepto taxondémico de Antemninae y se
presenta una clave para identificar los dos géneros atribuidos a esta subfamilia. Se describe la morfologfa
externa de los juveniles y adultos de la nueva especie, asi como el complejo genital de ambos sexos y la
ooteca de Antemna rapax. La diferencia morfoldgica observada entre juveniles y adultos sugiere que existen
fuerzas selectivas divergentes, posiblemente en respuesta al aumento del tamafo del abdomen durante el
desarrollo, para asi mantener su camuflaje a lo largo de su ciclo de vida. Sobre la base de su apariencia gen-
eral, los juveniles utilizarfan una estrategia criptica asemejando ramas, mientras que las hembras adultas
asemejan hojas verdes para ocultar el contorno corporal.

Keywords
Mantodea, Praying mantis, Dictyoptera, crypsis

Palabras clave
Mantodea, mantis religiosa, Dictyoptera, crypsis

Introduction

The taxonomy of Mantodea has been revised several times during the 20th century,
leading to unstable family and subfamily arrangements (Giglio-Tos 1927, Beier 1964,
Terra 1995). Ehrmann and Roy (Ehrmann 2002) proposed the most recent classifica-
tion of the order, which greatly improved the classification proposed by Beier (1964),
although some problems remained. Svenson and Whiting (2004, 2009) conducted
molecular phylogenetic analyses and found evidence that around half of the families
and subfamilies were not monophyletic, concluding that patterns of convergent mor-
phology mislead taxonomists into creating artificial groups. Their findings indicated
the need of revisionary work at almost all levels of Mantodea systematics to better
understand the diversity and create a natural classification. In phylogenetic studies,
most Neotropical mantises are recovered in two major clades (Yager and Svenson 2008,
Svenson and Whiting 2009). The first clade is comprised of the primitively deaf spe-
cies, the Acanthopoidea (recently revised by Rivera and Svenson 2016), diverging early
in the evolution of the group while the second clade diverged much later and includes
almost all Neotropical species within Mantidae (Svenson and Whiting 2009). Finally,
Rivera (2010b) reviewed the state of the systematics of Neotropical genera and high-
lighted several groups that needed revision, including all Mantidae subfamilies, calling
for increased studies on the diversity and taxonomy of the group.

Two enigmatic praying mantis specimens, one male and one female, were discovered
in collections from the United States and France. Shared characteristics of the two speci-



A new lineage of cryptic Neotropical mantises 75

mens suggested they were conspecific, but they were incompatible with the descriptions
of known Neotropical genera. Additional material collected in Honduras, including two
adult females and nymphs of both sexes, confirmed the conspecificity of the specimens
and provided the opportunity to study some morphological variation. Initial examina-
tion of other Neotropical taxa allied our unknown specimens with Antemna rapax Stal,
1877, the only representative of Antemninae. In both species, mid- and hindlegs present
a posteroventral sub-apical lobe on the femora; males have a medial ocellar process; and
the shape of the forewing of the females is similar, with an enlarged costal area, which is
unusual for Neotropical species. No other Neotropical genus included with the Acan-
thopoidea sensu Rivera and Svenson (2016), Vatinae sensu Svenson et al. (2016), Stag-
momantinae - Stagmatopterinae - Choeradodinae sezsu Ehrmann and Roy (Ehrmann
2002) demonstrated enough similarity to suggest close relation. However, the high level
of morphological convergence in the order (Svenson and Whiting 2009) prevented a
definitive placement of the new lineage in the absence of a phylogenetic analysis. The
description of immatures of this new species also presents an opportunity to shed new
light on an often-neglected aspect of praying mantis natural history: ontogenetic changes
in morphological traits associated with camouflage and mimicry.

Ontogenetic studies on Mantodea are uncommon and most species are described
based on adult specimens, while nymphs remain unknown or undescribed, with a few
exceptions. Heitzmann-Fontenelle (1969) revised Cardioptera Burmeister, 1838 and
described the nymphal stages of two species of the genus while Terra (1980) studied
the development of raptorial forelegs in four species of Neotropical mantises. Avendano
and Sarmiento (2011) did the most complete work by characterizing morphological
changes during the post-embryonic development of Callibia diana Stil, 1877 while
collecting data to characterize allometric growth. However, these works dealt with cases
where the morphology of immatures and adults were similar enough that matching life
stages was not difficult. Wieland (2013) reviewed Mantodea post-embryonic develop-
ment of different body parts and recent studies have revealed a number of cases across
Mantodea where nymphal strategy and appearance differ from adults. For instance,
nymphs of Acontista Saussure & Zehntner, 1894 (Acontistidae) have been reported to
resemble ants both in overall shape and in behavior, a strategy not seen in adults (Salazar
2003). The Amazonian Mantillica nigricans Westwood, 1889 (Thespidae, Bantiinae)
was recently reported to also exhibit ant-mimicry, a strategy observed in nymphs of
both sexes as well as adult females, but not in adult males (Agudelo and Rafael 2014).
Immature males of the lichen-mimic Pseudopogonogaster kanjaris Rivera & Yagui, 2011
(Thespidae, Pseudopogonogastrinae) exhibit cuticular, lichen-like lobes on the abdomi-
nal terga similar to those observed in adult females, but in the adult stage these become
reduced and tucked under the well-developed wings (Rivera et al. 2011).

Morphological sexual dimorphism, frequently present in Mantodea species (Hurd
1999), can be reflected during development as considerable changes occurring between
instars. In cases of moderate to extreme dimorphism, males, females and nymphs have
been described as separate genera due to discrepant morphologies, e.g. Antemna Stal, 1877,
Phyllomantis Saussure, 1892 and Neacromantis Beier, 1931 (Rehn 1935), Pseudopogonogaster
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Beier, 1942 and Calopteromantis Terra, 1982 (Rivera et al. 2011), and Pachymantis
Saussure, 1871 and Triaenocorypha Wood-Mason, 1890 (Svenson et al. 2015). Careful
study including adults and immatures can prevent life stages being described as separate
taxa or resolve instances where that happened. Studies tracking changes during post-
embryonic development not only add descriptive knowledge (e.g. Heitzmann-Fontenelle
1969, Avendano and Sarmiento 2011) they can also reveal different life strategies between
immatures and adults (e.g. Salazar 2003) and shifts between male and female ecologies.

Herein, we leverage a molecular based phylogeny paired with traditional comparative
morphology to place our unknown taxon among other Neotropical praying mantises.
We 1) place our unknown taxon in a newly created genus allied with Antemna within
Antemninae; 2) provide a diagnosis for the new genus and an extensive description of
the new species, high-resolution images and morphological illustrations; and 3) describe
morphological changes occurring through post-embryonic development with comments
on the ecological significance and present the distribution for the new species.

Methods

Specimens examined and depository

We examined twenty specimens of the new taxon, one male genitalia and one ootheca
of Antemna rapax. Specimens are accessioned in four collections: the Muséum National
d’Histoire Naturelle (MNHN) Paris, France, the California Academy of Sciences
(CAS) San Francisco, USA, the Academy of Natural Sciences of Drexel University
(ANSP) and the Cleveland Museum of Natural History (CLEV) Cleveland, USA.

Morphology

We examined specimens using a Leica M80 stereomicroscope and measured them with
a Leica M165C stereomicroscope fitted with an IC80 HD coaxial video camera and the
live measurement mode of the Leica Application Suite (LAS). Measurements are given
in millimeters and include: body length (measured from the frons to the apex of the ab-
domen); prozona length (measured from the anterior end of the prothorax to the sulcus
above the supracoxal dilation); metazona length (measured from the sulcus above the
supracoxal dilation to the posterior end of the prothorax); prothorax width (measured
at the level of the supracoxal dilation); forewing length (measured from the point where
the forewing articulates with the thorax to the tip); hindwing length (measured from the
point where the hindwing articulates with the thorax to the tip); forecoxa length (meas-
ured from the articulation with the prothorax to the articulation with the trochanter);
forecoxa width (measured at the widest point of the coxa); forefemur length (measured
from the articulation with the trochanter to the articulation with the tibia); forefemur
width (measured at the widest point of the femur); foretibia length (measured from
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the articulation with the femur to the articulation with the tarsus); mesofemur length
(measured from the articulation with the trochanter to the articulation with the tibia);
metafemur length (measured from the articulation with the trochanter to the articula-
tion with the tibia). We calculated ratios useful for species identification (Svenson 2014,
Rodrigues and Cancello 2016) for the new species: metazona length/prozona length;
pronotum length/width; pronotum length/forecoxa length; forefemur length/width.
We give spine count for forelegs according to the spination formula proposed by Rivera
(2010a) and modified by Brannoch and Svenson (2016), e.g. F= 3DS/10AvS/4PvS;
T=12AvS/15PvS where F is forefemur, T is foretibia, DS is discoidal spines, AvS is
anteroventral spines and PvS is posteroventral spines. All spines are numbered from the
base of the segment to the apex. We extracted male and female genital complexes from
the abdomen and treated them in a heated weak KOH solution for 5 minutes to dis-
solve soft tissues (Rodrigues and Cancello 2016). Treated genital structures were either
placed inside vials filled with glycerin and pinned with the specimen or placed with the
specimen inside an ethanol-filled vial. Nomenclature of genital structures follows Klass
(1997, 1998). Morphological features of the adult female and nymphs that are identical
in the males were omitted from the description to avoid redundancy.

Digital imaging

We took high resolution photos with a Passport Storm® system (Visionary Digital™,
2012), which included a Stackshot z-stepper, a Canon 5D SLR, macro lenses (50mm,
100mm and MP-E 65mm), three Speedlight 580EX II flash units with initial im-
age processing done on Adobe Lightroom 3.6. Z-stepper was controlled using Zerene
stacker 1.04, and images stacked with P-Max protocol. Photos were edited using Ado-
be Photoshop CC to correct for background noise and to add scale bars. We created
illustrations with Adobe Illustrator CC based on high-resolution photos of the struc-
tures. We constructed plates with Adobe Illustrator CC.

Phylogenetic analysis

We conducted phylogenetic analyses to test the position of our new taxon using mo-
lecular data. The ingroup sample included taxa within Antemninae, Stagmatopteri-
nae, Stagmomantinae, and Vatinae (Table 1), which provided coverage across the four
major lineages of Neotropical Mantidae. Representative outgroup taxa were included
to test the position of our new taxon relative to Acanthopoidea (Rivera and Svenson
2016) and African and Asian taxa recovered in close relation to our ingroup (Svenson
and Whiting 2009). Representatives of Chaeteessidae and Mantoididae were included
to root the phylogeny based on their consistent recovery as the two earliest branches
of Mantodea (Svenson and Whiting 2009, Wieland 2013, Svenson et al. 2015). We
assembled a molecular dataset from previously published works (Svenson and Whiting
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2004, 2009, Svenson et al. 2016) and newly generated sequence data (see Table 1 for
GenBank accession numbers). The molecular dataset included four genes: the mito-
chondrial cytochrome oxidase I (COI) and NADH dehydrogenase subunit 4 (ND4)
and the nuclear Histone subunits 2 and 3 (H2A and H3). Lab protocols for extraction,
amplification, and sequencing followed published procedures (Svenson and Whiting
2004, 2009, Svenson et al. 2015). New sequence data was imported, verified, and
aligned along with published data using Geneious alignment on Geneious v7.1.4. The
resulting alignment included 3512 characters. We determined the best fit models for
each gene using the Akaike Information Criterion implemented in MEGA v.7 (Ku-
mar et al. 2015): GTR+Y+I for COI, T92+Y for ND4, HKY+Y for H2A and T92+I
for H3. We conducted four independent mixed model Bayesian inference (BI) using
MrBayes ver. 3.2.5 (Altekar et al. 2004, Ronquist et al. 2012). For all BI, each run
was started from a random tree. All sampled generations (every 1000) prior to sta-
tionarity were discarded (burn-in). The trees sampled from the stationary distribution
were summarized as a 50% majority rule consensus tree to find posterior probabilities
(PP) (Huelsenbeck and Imennov 2002, Huelsenbeck et al. 2002). We also performed
partitioned maximum likelihood (ML) analysis using RAXML v8 (Stamatakis 2014).
Nucleotide substitution parameters were estimated independently from each data par-
tition. One thousand nonparametric bootstrap (BS) pseudoreplicates were performed
under a GTR model with CAT approximation of Gamma-distributed among-site rate
heterogeneity. Every fifth BS tree was used as a starting tree for more thorough optimi-
zation of the real data under GTR+Gamma. FigTree v1.4.2 (Rambaut 2012) was used
to visualize topologies and produce figures for both ML and Bayesian analyses.

Results

Phylogeny

The results of BI and ML analyses were largely congruent and generally well sup-
ported (Fig. 1). The partitioned ML analysis recovered a topology (likelihood score:
-22681.630120) with a moderate BS value (83) resolving our new taxon as sister to
Antemna within a clade including one Stagmomantis Saussure, 1869 taxon (Fig. 1).
However, BS values within (Stagmomantis 1 + Antemna + the new taxon) indicate
taxon relationships within the clade and with other Stagmomantis taxa may be un-
stable. The BI (harmonic mean: -22653.69) also recovered our new taxon as sister to
Antemna with high PP, with the remainder of the topology in almost complete congru-
ence with the ML topology. PP for nodes within the (Szagmomantis 1 + Antemna + the
new taxon) clade firmly place the new taxon within this lineage (Fig. 1). We recovered
Stagmomantis 1 as sister to the new genus plus Antemna in both analyses rather than
sister to other Stagmomantis taxa, indicating a paraphyletic Stagmomantis.
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Hondurantemna chespiritoi 1
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Hondurantemna chespiritoi 3
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Figure |. Bayesian Inference (BI) tree with bootstrap values from the Maximum-likelihood and pos-
terior probabilities values higher than 70 shown. Star represent clades with maximum support in both
analyses, dash represents support lower than 70 in one of the analyses and asterisk represents a clade
recovered only in the BI analysis. Hondurantemna chespiritoi n.gen. n. sp. is highlighted in red.

Systematics

The phylogenetic analyses recovered the new taxon as closely related to Antemna rapax
(Fig. 1). This result corroborates our initial hypothesis based on morphological obser-
vations and supports inclusion of the new taxon within Antemninae. Terra (1995) cre-
ated the subfamily Antemninae to accommodate only the type-genus Antemna. With
the description of a new genus within Antemninae, we update the concept of the
subfamily to reflect its new composition. We also present the first photos of the male
genitalia of Antemna rapax (see below) (Figs 20, 21).
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Antemninae Terra, 1995

Type-genus. Antemna Stil, 1877.

Diagnosis. Males have a medial ocellar process that originates posteriorly to the
ocelli but anterior to the postfrontal sulcus. The dorsal margin of the forefemora at
least partially produced, forming a lamellar projection. Forefemora with four discoidal
spines. Meso- and metathoracic legs bearing a posteroventral sub-apical lobe originat-
ing from an expansion of the keel running along the margin of the femur. Abdomen
of the females swollen, almost as wide as long.

Key to Antemninae genera

1 Five posteroventral forefemoral spines. Dorsal expansion of forefemur ex-
tending to femoral apex (Fig. 7). Forewing of females with a spot on the
center of the discoidal area. Apofisi falloide of male genitalia with the anterior
apex recurved dorsally (Fig. 12). Processo ventrale of the right phallomere
longer than wide (Fig. 13) .ocoveiiiiiiiiciiine Hondurantemna gen. n.

- Four posteroventral forefemoral spines. Dorsal expansion of forefemur end-
ing abruptly before femoral apex (Fig. 19). Forewing of females with a spot
on the border of the discoidal and costal areas. Apofisi falloide of male geni-
talia with the anterior apex not recurved dorsally (Fig. 20). Processo ventrale
of the right phallomere wider than long (Fig. 21) .....cccccceiinnn. Antemna

Hondurantemna gen. n.
http://zoobank.org/4B298C0B-9D51-44ED-9E12-860116CAOE24
Figs 2-18

Type species. Hondurantemna chespiritoi sp. n. by monotypy

Diagnosis. Rounded compound eyes, nymphs and adult males have a medial
ocellar process, subadult and adult females without the process. Forelegs with five
posteroventral spines and four discoidal spines. Mid- and hindlegs with a single small
lobe near the apex of the femur. Male’s forewings are hyaline with green crossveins,
forewings of females with a spot close to the center of the discoidal area.

Etymology. The generic epithet combines the words Honduras, country were the
majority of specimens we studied were collected, and Antemna, in reference to the
morphological similarities of both Antemninae genera.

Hondurantemna chespiritoi sp. n.
http://zoobank.org/08043DE8-6E08-4930-BC22-288FA7C6386B

Type-specimens. Holotype. 1 &' Mexico, Chiapas, Municipio de La Trinitaria, Lagu-
nas de Monte Bello National Park, bellow Dos Lagos on rd. to Santa Elena, 1219m,
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14.x.1981, D.E. & PM. Breedlove (CAS). Allotype. 1 @ Honduras, Cortes 18km O.
San Pedro Sula, Cra. El Merendon, 1650m, vii.1995, T. Porion A. Grange (MNHN).
Paratypes. Adults: 19 Honduras, Cortez, San Pedro Sula, Cusuco National Park, Base
Camp, 15.4964 -88.2119, 27.vii.2015, N. Reid col. GD0073, MN758; 19 Hondu-
ras, Cortez, San Pedro Sula, Cusuco National Park, Base Camp, 15.4964 -88.2119,
31.vii.2015, N. Reid col. GD0072. Immatures: 19 Honduras, Cortez, San Pedro Sula,
Cusuco National Park, Santo Tomas, 15.5611 -88.2974, 21.vii.2015, N. Reid col.; 15
Honduras, Cortez, San Pedro Sula, Capuca, 15.5031 -88.2222, 17.vi.2015, N. Reid
col.; 18 69 Honduras, Cortez, San Pedro Sula, Cusuco National Park, Base Camp,
low vegetation, 15.4964 -88.2119, 09.vi.2015, N. Reid col.; 18 Honduras, Cortez,
San Pedro Sula, Cusuco National Park, Base Camp, low vegetation, 15.4964 -88.2119,
09.vi.2015, N. Reid col., MN757; 29 Honduras, Cortez, San Pedro Sula, Cusuco
National Park, Base Camp, 15.4964 -88.2119, 17.vi.2015, N. Reid col.; 1 YHondu-
ras, Cortez, San Pedro Sula, Cusuco National Park, Base Camp, 15.4964 -88.2119,
17.vi.2015, N. Reid col., MN759; 19 Honduras, Cortez, San Pedro Sula, Cusuco
National Park, Base Camp, 15.4964 -88.2119, 26.vii.2015, N. Reid col.; 29 Hondu-
ras, Cortez, San Pedro Sula, Cusuco National Park, Base Camp, 15.4964 -88.2119,
vi—vii.2015, N. Reid col. (all paratypes are accessioned at CLEV).

Description. Male: Medium sized. General coloration light brown with dark
brown spots (Fig. 2A, B). Body length: 34.2; prozona length: 2.9; metazona length:
5.9; prothorax width: 3.8; forewing length: 21.9; hindwing length: 18.1; forecoxa
length: 7.2; forecoxa width: 1.9; forefemur length: 8.8; forefemur width: 2.4; foretibia
length: 5.0; mesofemur length: 12.0; midleg metatarsus length: 1.8; metafemur length:
15.3; hindleg metatarsus length: 2.5; metazona length/prozona length: 2.0; pronotum
length/width: 2.3; pronotum length/forecoxa length: 1.2; forefemur length/width: 3.6.

Head (Fig. 3A): Rounded eyes. Vertex with dark brown spots, straight, on the
same level as the imaginary line connecting the dorsal margin of compound eyes, and
separated from the ocelli by two lateral keels and a central depression, the latter bearing
the medial ocellar process with a rounded apex. Juxtaocular bulges not developed, on
the same level as the vertex. Ocelli medium sized, arranged in the shape of a “V”, with
the two lateral ocelli further away from each other due to the central depression. Scape
and pedicel light brown, flagellomeres of antennae filiform, dark brown. One small
tubercle between the eye and the antennal socket. Lower frons subpentagonal, almost
as high as wide, bearing two small tubercles, upper margin arcuate, sinuous, the apex
straight. Clypeus with a vertical central keel on the lower half. Maxillary palps with
black spots on the medial surface, progressively larger towards the apical segments.
Labial palps black on the medial surface of all segments.

Thorax (Fig. 4A): General shape cruciform, with the supracoxal dilation pro-
nounced and rounded, metazona two times longer than the prozona. Margins of the
prozona convergent anteriorly, ciliated, posteriorly slightly expanded, produced as flat
projections, herein called shelves. Margins of the metazona also slightly produced in
shelves, ciliated, with small tubercles, almost all of which are black, the anterior part
of the metazona with symmetrical depressions on the dorsal surface. Cervix framed by
lateral and intercervical sclerites, two ventral sclerites present; the intercervical sclerites
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Figure 2. Dorsal and ventral habitus of Hondurantemna chespiritoi gen. n. sp. n., A dorsal habitus of the
male B ventral habitus of the male € dorsal habitus of the female D ventral habitus of the female. Scale

bar = 10mm.

with a pronounced torus intercervicalis, the first ventral cervical sclerite constricted
in the middle (Fig. 5). Metathoracic hearing organ with deep groove, without knobs
(DNK type) (see Yager and Svenson, 2008).

Prothoracic legs: Forecoxae (Fig. 6A) triangular in cross-section, light brown except
for the dorsal apical lobe, which is dark brown; posteroventral margin with dispersed
tubercles, anteroventral margin with small tubercles bearing slender setae, dorsal mar-
gin bearing five large spines and smaller spines between them, the former dark brown
on the posterior surface and black on the anterior surface and around the base; ante-
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Figure 3. Frontal view of the head of Hondurantemna chespiritoi gen. n. sp. n. A male B female. Scale

i

Figure 4. Dorsal view of the prothorax of Hondurantemna chespiritoi gen. n. sp. n. A male B female.

bar = 2mm.

Scale bar = 5mm.

rior apical lobes divergent. Forefemora (Fig. 7A) light brown with three dark brown
spots on the dorsal area of the anterior surface, dorsal margin regularly convex, slightly
compressed anteroposteriorly; F=4DS/15AvS/5PvS; crenulation between posteroven-
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Figure 5. Ventral view of the cervical region of male Hondurantemna chespiritoi gen. n. sp. n. Scale bar

S
>

Figure 6. Anterior view of the forecoxa of Hondurantemna chespiritoi gen. n. sp. n. A male B female.

= Imm.

Scale bar = 2mm.

tral spines II, III and IV; all discoidal spines black on the anterior surface, the first
spine with a dark spot on its base; all the large anteroventral spines black on the inner
surface with a dark spot on their bases, a dark spot on the anterior surface above the
first two spines; genicular spine developed on both sides of the femora; spur sulcus
located in the proximal quarter of the femora; femoral brush extending from the 13*
anteroventral spine to beyond the most distal. Foretibiae (Fig. 8A) light brown; T=
12-13AvS/12-13PvS. Foretarsi light brown, with an anterior-basal dark brown spot
on the first tarsomere and dark brown anterior-apical spots on tarsomeres I-I1I.
Wings: Forewings reaching the apex of the abdomen, costal area with a sinuous
margin, reticulate veins, opaque green; discoidal area mostly hyaline, with an anterior
area smoky green and all the veins and crossveins opaque green. Hindwings shorter
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Figure 7. Anterior view of the forefemur of Hondurantemna chespiritoi gen. n. sp. n. A male B female.
Scale bar = 2mm.

Figure 8. Anterior view of the foretibia of Hondurantemna chespiritoi gen. n. sp. n. A male B female.
Scale bar = 2mm.

than the forewings, not reaching the apex of the abdomen; hyaline with brown-red
veins and crossveins (Fig. 2A, B).

Meso- and metathoracic legs: Coxa with two strong keels, one anterodorsal and
the other posterodorsal. Trochanter with a notch on apical ventral margin, bearing
a spine on the articulation with the femora (Fig. 9). Femora smooth except for one
keel that runs along the posteroventral margin and originates one single subapical lobe
(Fig. 10A); one genicular spine present on the anterior surface. Tibiae smooth, circular
in cross-section with two genicular spines. Tarsi with metatarsomeres shorter than
other tarsomeres together.

Abdomen: With black spots on the sides of tergites II-V and VII-IX, and a black
stripe on tergites VI-VIL. Slightly dorsoventrally compressed, with apical lobes on
sternites IV=VI, more developed on segments V and VI, the lobes flat against the body
(Fig. 11). Supra-anal plate triangular, wider than long, posterior margin arcuate. Cerci
elongated but not reaching the apex of subgenital plate, the latter almost as wide as
long, flat between styli.
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Figure 9. Anterior view of the mesotrochanter and mesofemur of an adult male, arrow showing the spine

on the articulation between the trochanter and the femur. Scale bar = Imm.

Figure 10. Apex of the hindfemur of Hondurantemna chespiritoi gen. n. sp. n. A male B female. Scale
bar = Imm.

Genitalia: Left phallomere — Sclerite L4B roughly rectangular, longer than wide,
left margin projected anteriorly; apofisi falloide (afa) with the anterior part bearing
small spines and extremely elongate, projecting dorso-posteriorly, posterior part also
elongated, curved towards the left, tapering distally and bearing small spines at the
apex; lobo membranoso (loa) elongate, without projections, glabrous; processo apical
(paa) elongate, slightly flattened, curved 30° to the left, apex curved anteriorly; sclerite
L4A roughly circular, without projections other than the processo distal (pda); pda
elongate, curved to the right, uniformly broad, tapering at the distal third, ending in
a strongly sclerotized spine (Fig. 12). Right phallomere — roughly triangular, rounded
posterior apex; right arm elongate, slender, without projections; anterior process elon-
gate and slender; apodema anterior (aa) oval and slender; processo ventrale (pva) elon-
gate, smooth, apex rounded and well sclerotized; piastra ventrale (pia) elongate, well
sclerotized, with “U” shaped striations (Fig. 13).

Female: Medium to large sized. General coloration light green without any spots
(Fig. 2C, 2D). Body length: 52.9-53.9; prozona length: 5.1-5.5; metazona length:
10.8-11.2; prothorax width: 6.7-7.0; forewing length: 29.4-31.6; hindwing length:
31.6-31.9; forecoxa length: 12.7-14.0; forecoxa width: 3.0-3.9; forefemur length:
15.6-16.0; forefemur width: 4.3—4.6; foretibia length: 8.5-8.9; mesofemur length:
12.0-12.4; metafemur: length 15.3-15.8; metazona length/prozona length: 2.0-2.1;
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Figure 11. Close up of the ventral side of the abdomen of an adult male of Hondurantemna chespiritoi
gen. n. sp. n., arrows indicate the ventral lobes. Scale bar = 2mm.

pronotum length/width: 2.4-2.5 pronotum length/forecoxa length: 1.2—-1.3; forefemur
length/width: 3.4-3.6.

Head (Fig. 3B): Vertex straight or slightly sinuous, raised above imaginary line
connecting dorsal margins of the eyes, juxtaocular bulges slightly developed. Ocelli
small, arranged in the shape of an arc. Scape, pedicel and first half of the flagellomeres
of the antennae green, the second half of the flagellomeres dark brown. Lower frons
bearing two small central tubercles, except in one of the specimens. Maxillary palps
green, the last segment with black spot on the medial surface.

Thorax (Fig. 4B): Supracoxal dilation pronounced and rounded. Margins of the
prozona convergent, ciliated with small tubercles, produced in shelves. The posterior
third of the metazona with a central keel. The first ventral cervical sclerite in one of
the specimens constricted in the middle, in the other two specimens not constricted.

Prothoracic legs: Forecoxae (Fig. 6B) green, dorsal margin bearing six to eight large
spines, dark brown on the anterior surface and around the base, apical lobes paral-
lel. Forefemora (Fig. 7B) green, dorsal margin bearing small tubercles, regularly con-
vex, slightly compressed anteroposteriorly; F=4DS/15AvS/5PvS; posteroventral spines
with crenulation present after the second spine; the first discoidal spine black on the
anterior surface, the other three dark brown; the first anteroventral spine and all the
large anteroventral spines dark brown on the anterior surface, the large spines may
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Figure 12. Left phallomere complex of the male genitalia of Hondurantemna chespiritoi gen. n. sp. n.,

afa (apofisi falloide), loa (lobo membranoso), paa (processo apicale), pda (processo distale). A dorsal view
B- ventral view. Scale bar = Imm.

present a dark spot on their base. Foretibiae (Fig. 8B) green; T= 14AvS/13-14PvS.
Foretarsi green, without dark spots.

Wings: Forewings opaque green, costal area almost as wide as the discoidal area, the
apex constricted, making the tegmina follow the abdomen contour, with 7-10 branch-
es of the sub-costa vein, crossveins with a reticulate appearance; spot in the center of
the discoidal area, composed of an anterior small crescent-shaped brown portion and
a posterior round white portion; anal area smoky green. Hindwings as long as the
tegmina, reaching the apex of the abdomen, apex of the discoidal area well developed,
opaque green, the remainder of the hindwing hyaline (Fig. 2C, D).

Meso- and metathoracic legs: Femora with three keels, one runs along the poster-
oventral margin and originates one single subapical lobe (Fig. 10B), the second runs
along the dorsoposterior margin and the third, less marked, runs along the dorsoante-
rior margin. Tibiae with two rows of aligned setae. Metatarsi with the metatarsomeres
equal or slightly smaller than the other tarsomeres together.

Abdomen: Without black spots. Slightly dorsoventrally compressed, without apical
lobes on sternites. Cerci elongated, cercomeres cylindrical, except the last one, which
is conical.

Genitalia: Gonoplacs (gl) simple, bearing setae along the dorsal margin and the
base, apex bearing a ventral projection. Gonapophysis IX (gp) mostly membranous,
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Figure 13. Right phallomere of the male genitalia of Hondurantemna chespiritoi gen. n. sp. n., aa (ap-

odema anterior), pia (piastra ventrale), pva (processo ventrale). A dorsal view B ventral view. Scale bar
= lmm.

with two sclerotized ribbons, one elongate and tapering towards the apex of gp, the
other shorter and occupying a medial projection of gp, this projection being rounded;
gl and gp of almost the same length. Gonapophysis VIII (ga) bearing setae on the base,
on the ventral surface and on the apex, a dorsal groove spanning the two basal thirds,
ending in a pointed projection, the apex enlarged ventrally. Basivalvula (bv) with the
lateral surface smooth, bearing a central depression, the medial surface rugose, with
two projections, one central directed medially, the other more posterior, directed to
the base of the ga. Interbasivalvula (ib) well sclerotized, rugose and shaped like a sec-
tioned rhombus. Laterosternal shelves (Is) weakly sclerotized, roughly rhomboid, with
short rounded posterior projections (Fig. 14).

Nymphs (unless specified, description applies to male and female nymphs of all
instars): General coloration varies from entirely light brown to light brown mottled
with dark brown.

Head: Vertex higher than imaginary line connecting dorsal margin of the com-
pound eyes, without lateral keels and a central depression but with the medial ocellar
process. In female nymphs, the process becomes increasingly smaller during develop-
ment, being absent on the instar before the final molt (Fig. 15). Juxtaocular bulges
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Figure 14. Female genital complex of Hondurantemna chespiritoi gen. n. sp. n., bv (basivalvula),
ga (gonapophysis VIII), gp (gonoplacs), ib (interbasivalvula), Is (laterosternal shelf). Scale bar = Imm.
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Figure 15. Dorsolateral view of the head of female nymphs of Hondurantemna chespiriroi gen. n. sp.
n. Black arrows point the medial ocellar process that degenerates during ontogenetic development, grey

arrow points the region where the process stood. A early instar nymph B mid instar nymph C late instar

nymph. Scale bars = Imm.

Figure 16. Anteroventral view of the femur of female nymphs of Hondurantemna chespiritoi gen. n. sp.
n. with arrows showing the end of the expansion of the carina. A early instar nymph B late instar nymph.

Scale bars = Imm.
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Figure 17. Lateral view of the abdomen of a male nymph of Hondurantemna chespiritoi gen. n. sp. n.,

arrows indicate the ventral lobes. Scale bar = 1mm.

slightly developed. Ocelli small, underdeveloped. Lower frons mottled dark brown to
completely light brown, with the upper margin not sinuous, tubercles light brown.
Clypeus with a transversal keel on the middle, light brown or with the upper half mot-
tled dark brown and the lower half light brown. Maxillary palps with segments I and
IT black on the medial surface, IV light brown to light brown with a dark brown spot,
segment V light brown to completely dark brown. Labial palps segments black on the
medial surface or completely dark brown.

Thorax: The first ventral cervical sclerite may be split in two. Metathoracic hearing
organ underdeveloped.

Prothoracic legs: Forecoxae light brown except for the lower apical lobe, which is
dark brown. Dorsal margin bearing five to six large spines. Forefemora varying, light
brown with three dark brown spots on the dorsal area of the anterior surface to dark
brown with light brown spots; F=4DS/15AvS/5PvS; males without crenulation be-
tween posteroventral spines, females with crenulation; discoidal spines black on the
anterior surface, the first spine presenting a dark spot on its base; the first anteroventral
spine black, a dark spot on the anterior surface above the first two to four spines; femo-
ral brush extending from the 12 anteroventral spine to the last, a dark spot may be
present under the femoral brush. T=13—-14AvS/12-14PvS. Foretarsi with an anterior-
basal dark brown spot on the first tarsomere and dark brown anterior-apical spots on
all tarsomeres.

Meso- and metathoracic legs: Femora with three keels, one runs along the pos-
teroventral margin and originates one single subapical lobe, the second runs along
the dorsoposterior margin and the third, less marked, runs along the dorsoante-
rior margin, the keels on the youngest female nymphs are expanded into shelves
(Fig. 16A). Metatarsi with the metatarsomeres equal or slightly smaller than the
other tarsomeres together.
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Figure 18. Living specimens of Hondurantemna chespiritoi. A~C nymph females D=F adult females.

Female in F is showing deimatic display. Credits: A=B by Andrew Snyder, C~F by Ethan Staats.

Abdomen: Without black spots or bands on the tergites. Not dorsoventrally com-
pressed, on males apical lobes present on sternites IV-VI, lobe on segment V more
developed, the lobes pointing down instead of being held against the body (Fig. 17),
on females, lobes absent. Supra-anal plate triangular, almost as long as wide, posterior
margin arcuate. Cerci short, styli developed on males, absent on females.

Distribution and habitat. The Lagunas de Montebello National Park, Mexico, from
which the holotype was collected, is ca. 6,500 hectares located on the high plains of Chiapas,
withanaltitude between 1,200 and 1,800 metersabove sealevel (UNESCO: Lagunas de Monte-
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bello http://www.unesco.org/mabdb/br/brdir/directory/biores.asp?mode=gen&code=MEX+37).
The predominant vegetation is Central American pine-oak forest over a highly rugged ter-
rain. The Sierra del Merendén, from which the allotype and paratypes were collected, is a
mountain range extending from northwest Honduras into southeast Guatemala bordered
by the Lempa and Motagua River valleys. The size of the region and its typographical com-
plexity supports four principal forest ecotypes; 1) tropical lowland dry forest, 2) tropical
moist forest, 3) montane cloud forest (above 1,200m) and 4) the Bosque Enano or ‘dwarf
forest’ occurring at the highest elevations (above 2,000m). The Parque Nacional Cusuco,
surrounding Montafia San Ildefonso (also known as Cerro Jilinco), from which the para-
types were collected, is located within the Sierra del Merendén, and is a protected area of
23,440 hectares (Slater et al. 2011). The vegetation is mostly montane secondary broad-
leaved forest interspersed with pines, which dominate steeper slopes with palms or bamboo
thickets along elevated ridges and tree ferns at lower altitudes (NR, pers. comm.). All nymph
specimens were collected in small clearings on low vegetation, usually in the early morning
when individuals were found commonly at the apex of herbaceous plants ca. 1-2m tall often
hanging upside-down on the underside of a leaf or branch.

Etymology. A name in the genitive case, this species is named after “Chespirito”,
the screen name of famous late Mexican TV comedian Roberto Gomez Bolafos. Che-
spirito created and portrayed several characters cherished across Latin America, includ-
ing “El Chavo del Ocho” and “El Chapulin Colorado”, the latter a sort of superhero
whose outfit was inspired by grasshoppers or “chapulines”.

Antemna rapax Stal, 1877
Figs 19-22

Description. Genitalia: Left phallomere — Sclerite L4B roughly oval, much longer
than wide, left margin projected anteriorly; afa with the anterior part smooth and
short, posterior part elongated, curved towards the right, clubbed and bearing spines
at the apex; loa elongate, without projections, glabrous; paa elongate, slightly flattened,
curved 30° to the left, apex curved anteriorly; sclerite L4A elongate, without projec-
tions other than the pda; pda elongate, curved to the right, uniformly broad, tapering
at the apex, ending in a sclerotized spine (Fig. 20). Right phallomere — roughly trian-
gular, rounded posterior apex; right arm elongate, broad, without projections; anterior
process elongate and slender; aa oval and slender; pva short, smooth, apex blunt and
well sclerotized; pia short, well sclerotized (Fig. 21).

Egg case: somewhat barrel-like, laterally compressed, posteroventral end encirc-
ling substrate to which it is attached, ventral surface away from, and forming an angle
with the substrate. External wall russet brown in color and rough in appearance. Exter-
nal coating in the form of a whitish layer of frothy material. The coating extends over
the emergence area and adjacent dorsal surface of egg case. Exhibiting 40—44 egg cham-
bers whose boundaries are clearly visible as sigmoidal markings along the dorsolateral
surface the egg case (external coating might conceal this feature in some specimens), and
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Figure 19. Posterior view of the forefemur of a male Antemna rapax. Scale bar = Smm.

Figure 20. Left phallomere complex of the male genitalia of Antemna rapax. A dorsal view B ventral
view. Scale bar = Imm.
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Figure 21. Right phallomere of the male genitalia of Antemna rapax. A dorsal view B ventral view. Scale
bar = Imm.

Figure 22. Lateral habitus of the egg case of Antemna rapax. Scale bar = 10mm.

with as many emergence openings as egg cambers, aligned to form two parallel rows
along the dorsal margin. Some emergence openings can be seen on a long, relatively
straight, and upwardly projected, distal process (Fig. 22). Approximated measurements:
length: 35; width: 15; distal process: 22.
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Examined material. Male genitalia: Costa Rica, Puntarenas, P. N. Piedras Blancas,
Esquinas Lodge (NW — Golfito), 15.v.1996, D. Brzoska, GSMC005332, GD0097
(CLEV). Ootheca: Antemna rapax, ANSP.

Discussion

Our molecular phylogenetic analyses confirmed our morphology based hypothesis of a
unique taxon, Hondurantemna chespiritoi, being placed within the subfamily Antemni-
nae. Our analysis also recovered Antemninae and Stagmomantinae as closely related,
with the latter recovered as paraphyletic. This result suggests that current classification
does not represent natural lineages, a pattern that repeats across various major lineages
within Mantodea (Svenson and Whiting 2009, Svenson et al. 2015, Rivera and Svenson
2016). Our results being incongruent with current classification is due to either: 1) An-
temninae is a lineage within Stagmomantinae, or 2) Stagmomantis does not represent a
monophyletic genus and Stagmomantinae is likely in need of revision. Given the highly
complex taxonomic history, and poorly understood relationships within Stagmomantis
(Maxwell 2014), it is likely that the genus in its current composition is not monophyl-
etic. We recovered a nymphal specimen, listed as Stagmomantis 1, as sister to (Antemna +
Hondurantemna) (Fig. 1). Stagmomantis 1 was collected in the Dominican Republic and
this specimen is likely Stagmomantis domingensis (Palisot de Beauvois, 1805), a species
placed in a monospecific genus, Isomantis Giglio-Tos, 1917, which Terra (1995) syn-
onymized with Stagmomantis. The position of Stagmomantis 1 in this analysis indicates
that it is not a true Stagmomantis, adding support to Giglio-Tos’ (1917) Isomantis. How-
ever, a larger taxon and gene sampling within Stagmomantinae is necessary to better un-
derstand the organization within Stagmomantinae and its affinities with other lineages.

There are two non-exclusive explanations for differing morphologies in immatures
and adults. Adaptive responses to changes in habitat and resource (i.e. prey) use during
postembryonic development, e.g. Acontista (Salazar 2003) or different selective pres-
sures on adult males and females leading to sexual dimorphism (Slatkin 1984, Shine
1989, Svenson et al. 2016). Praying mantis females are thought to be under selective
pressure for increased fitness leading to a more cryptic life style, while males are se-
lected for increased mobility and mate location (Edmunds 1976, Hurd 1999). As the
development of immatures progresses, morphological differences between males and
females become more accentuated, with nymphs resembling only one of the sexes, e.g.
Pseudopogonogaster (Rivera et al. 2011).

Nymphs of both sexes and adult males of Hondurantemna chespiritoi exhibit cryptic
features to resemble small twigs. These include brown coloration, presence of a medial
ocellar process (Figs 3A and 15A), mid- and hindlegs bearing lobes (Figs 9, 10, 16), and
the presence of abdominal, sternal lobes on males (Figs 11 and 17). All of these characters
can have a masquerading effect by disrupting the body outline, making difficult location
of individuals in their natural environment (Edmunds and Brunner 1999). In females, as
immatures reach adulthood, the medial ocellar process becomes increasingly small and
eventually is lost (Fig. 15), the size of the leg lobes relative to the leg decreases (Fig. 16),
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coloration changes from brown to green (Fig. 18), and the abdomen swells. This latter
feature is particularly pronounced, as the abdomen becomes increasingly enlarged during
postembryonic development due to the production of large egg masses (Roy 1999). The
enlarged abdomen would be prohibitive to a twig-like cryptic strategy in females, as body
outline becomes too distinct and conspicuous. We hypothesize that different selective
pressures on females forced their departure from the twig strategy employed as a nymph
and drove the reduction of twig-like characters and the evolution of enlarged, leaf-like
forewings that could conceal the large abdomen. Their predominately green coloration
would additionally enhance the cryptic effect by blending within strongly green vegeta-
tion. These features would help adult females resemble leaves as their central cryptic strat-
egy, unlike adult males, which retain the same cryptic strategy of nymphs.

The ontogenetic changes of Hondurantemna chespiritoi brings to question the iden-
tity of nymphs described by Agudelo et al. (2002). The authors described first instar
nymphs, which they assigned to Antemninae based on the morphological similarity of
the nymphs with adults of Antemna rapax. Those nymphs, despite their general simi-
larity to A. rapax, lacked the medial ocellar process and femoral lobes on the mid- and
hindlegs, characteristic of A. rapax. The authors noted those characters could develop
during posterior development, but chose not to assign the nymphs to a genus until
early instar nymphs of A. rapax or the adult of the nymphs they described became
known. The changes during ontogenetic development of Hondurantemna described
here are comparable to the changes expected if those nymphs are A. rapax. However,
the Antemna ootheca described here is distinct from the description and images pro-
vided by Agudelo et al. (2002). Additional material and studies are necessary to con-
firm the placement of those nymphs within Neotropical Mantodea.

Conclusion

Hondurantemna chespiritoi is exemplary of large, undiscovered insect diversity yet to
be documented. Although H. chespiritoi has fascinating post-embryonic changes that
indicate distinct selective pressures acting on both sexes, the pattern may be more
common than we realize, considering the lack of information on nymphal biology.
This study shows the importance of describing all life stages and both sexes whenever
possible, to prevent misidentification of conspecific specimens and bring to light the
natural history of the species.
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Abstract
Sponges are key components of the benthic assemblages and play an important functional role in many
ecosystems, especially in coral reefs. The Indonesian coral reefs, located within the so-called “coral trian-
gle”, are among the richest in the world. However, the knowledge of the diversity of sponges and several
other marine taxa is far from being complete in the area. In spite of this great biodiversity, most of the
information on Indonesian sponges is scattered in old and fragmented literature and comprehensive data
about their diversity are still lacking. In this paper, we report the presence of 94 species recorded during
different research campaigns mainly from the Marine Park of Bunaken, North Sulawesi. Six species are
new for science and seven represent new records for the area. Several others are very poorly known species,
sometimes recorded for the second time after their description. For most species, besides field data and
detailed descriptions, pictures iz vivo are included. Moreover, two new symbiotic sponge associations are
described.

This work aims to increase the basic knowledge of Indonesian sponge diversity as a prerequisite for
monitoring and conservation of this valuable taxon.

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

Baseline knowledge on species and assemblages is indispensable for monitoring the
more and more frequent changes in biodiversity (Bell and Smith 2004). Sponges are
often a key component of the benthic fauna for their abundance, dominance, wide
pattern of interactions they develop (e.g. Cerrano et al. 2006, Wulff 2006, Wulff 2012,
Bell 2008), longevity (Hogg et al. 2010) and role in the functioning of several ecosys-
tems (Scheffers et al. 2010, de Goeij et al. 2013). Unfortunately, also due to the lack
of taxonomic expertise, sponges are usually not considered in monitoring surveys and
conservation programs (Bell and Smith 2004, Bell 2008).

The Indonesian archipelago, with its large number of islands (more than 17,000),
hosts various and diversified habitats supporting high levels of diversity and endemism
in marine life; this exceptional biodiversity is also the result of its geographic location
and geological history (Tomascik et al. 1997). However, the impressive diversity of
several marine taxa, such as sponges, corals, molluscs, ascidians etc., is still poorly known
(Tomascik et al. 1997).

The knowledge on Indonesian sponges is mainly based on old expedition reports (such
as Snellius II and Siboga expeditions) and on fragmented, recent studies including a few
genera revisions (Hofman and van Soest 1995, de Voogd and van Soest 2002, Sim-Smith
and Kelly 2011, Becking 2013) and new species descriptions (Azzini et al. 2008, de Weerdt
and van Soest 2001, de Voogd 2003, de Voogd 2004, Calcinai et al. 2005a, Calcinai et al.
20006, Calcinai et al. 2007, de Voogd and van Soest 2007, de Voogd et al. 2008, Calcinai
etal. 2013, Muricy 2011); for a more complete list, see also van Soest (1990). A few other
papers concerning sponge ecology, distribution and symbiosis (Bavestrello et al. 2002, Bell
and Smith 2004, Calcinai et al. 2004, Cerrano et al. 2006, de Voogd and Cleary 2008, de
Voogd et al. 2009, Powell et al. 2014, Rossi et al. 2015) have been published.

In this paper, a list of 94 sponge species collected during several research expedi-
tions conducted in this area is reported, and six new species are described from the
North Sulawesi peninsula. Moreover, two new symbiotic associations are documented.

The aim of this study is to improve the knowledge on sponge diversity and distri-
bution of North Sulawesi, a prerequisite for any study of monitoring and conservation
of tropical coral reef assemblages.

Materials and methods

The Bunaken Park is located in the northwest part of Sulawesi Island, Indonesia, in the
coral triangle. It covers a total surface area of more than 89,000 hectares and includes
five principal islands (Bunaken, Manado Tua, Mantehage, Nain and Siladen) (Fig. 1).
Reefs can show different degrees of conservation (Fava et al. 2009) due to different
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Figure 1. Locality map of North Sulawesi area showing the sponge collection sites. Black squares are
the sampling sites. Key: | Liang 2 Lekuan IT 3 Depan Kampung 4 Pangalisan 5 Timur 6 Siladen Jetty
7 Siladen Barat 8 Raymond’s Point 9 Fukui 10 Aluang Banua Il Bualo 12 Tanjung Kopi 13 Tiwoho
14 Tanjung Pisok 15 Barracuda Point 16 Nain 17 Mapia Resort 18 Police Pier 19 Lembeh 20 Pintu
Kolada 21 Angel’s window 22 Gangga Jetty 23 Bangka 2 24 Bangka2 25 Busa Bora 26 Yellow Coco.

anthropogenic impacts. The Lembeh Strait is a long, narrow, calm, and sheltered channel
between the eastern coast of Sulawesi and the island of Lembeh that protects Bitung’s
natural harbour. Bangka Island is an island of 4,778 hectares situated north of Manado,
on the northeast tip of Sulawesi. Around the island, there are phanerogam meadows and
mangrove forests as well as a reef with different steepness degrees (Calcinai et al. 2016).

The studied collection is the result of several expeditions performed in different
years (August 1999, March 2000, May 2001, May 2002, September 2003, June 2004,
January 2005) in the framework of bilateral agreements between Italy and Indonesia,
focused on the exchange of researchers between the Italian Universities of Genoa and
Polytechnic of Marche and the University of Sam Ratulangi (Manado, North Sulawe-
si). In May 2005, a further expedition in collaboration with the biopharmaceutical
company Pharma Mar (http://www.pharmamar.com) was organised. In 2011, an expe-
dition at Bangka Island in the frame of a joint project between Sam Ratulangi Univer-
sity and the Polytechnic University of Marche allowed to characterise the diversity of
Porifera inside two small mangrove forests. Table 1 shows a list of all species and their
distributions. In the Suppl. material 1, we included underwater photos of the species.

Spicule preparations, for optical and scanning electron microscopy (SEM), were made
according to Riitzler (1974). Spicule dimensions were obtained by measuring 30 spicules
per type. Maximal, minimal, and average sizes, + standard deviation (length and width)
are given. The skeletal architecture, under light and scanning electron microscope (SEM),
was studied on hand-cut sections of sponge portions, following Hooper (2000). The SEM
analysis was conducted using a Philips XL 20 SEM.
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Histological sections were prepared from fragments of sponges fixed 77 situ in buff-
ered 2.5% glutaraldehyde in artificial sea water, dehydrated in graded ethanol series,
desilicified in 4% hydrofluoric acid, decalcified in 4% hydrochloride acid and embed-
ded in Technovit 8100 (Kulzer). Other fragments were routinely paraffin-embedded
and sectioned to obtain preparations of the associated sponges.

Comparative type material of Acanthostrongylophora ingens (Thiele, 1899) was kindly
provided by The Naturhistorisches Museum at Basel (NMB) (Switzerland). Type material
is deposited at the Museo di Storia Naturale di Genova Giacomo Doria (MSNG), Italy.

Results

A total of 94 demosponge species belonging to 33 families is documented and identified;
these species are listed in Table 1; seven of these are new records for the area (Table 1). Six
new species were discovered and are herein described.

Seven species (Tethytimea tylota (Hentschel, 1912), Rhabdastrella distincra (Thiele,
1900), 7hoosa letellieri Topsent, 1891, Theonella mirabilis (de Laubenfels, 1954),
Tedania (Tedania) coralliophila Thiele, 1903, Podospongia colini Sim-Smith and Kelly,
2011 and Amphimedon cf. sulcara Fromont, 1993) were recorded for the first time
since their original description; for those involved in symbiotic relationships (7. #ylota,
R. distincta, and A. cf. sulcata), extensive morphological and ecological remarks are
added, while the others are otherwise briefly described in the Suppl. material 2. Addi-
tional taxonomic notes and pictures are added for Acanthostrongylophora ingens Thiele,
1889, Spirastrella pachyspira Lévi, 1958 and Mycale (Mycale) vansoesti sensu Calcinai,
Cerrano, Totti, Romagnoli & Bavestrello, 2006. In vivo pictures of the listed species
are given in Suppl. material 1.

Taxonomy

Class Demospongiae

Subclass Heteroscleromorpha

Order Suberitida Morrow & Cardenas, 2015
Family Suberitidae

Genus Aaptos Gray, 1867

Aaptos lobata Calcinai, Bastari, Bertolino & Pansini, sp. n.
http://zoobank.org/A771C968-0DB7-406C-A3A8-9B56BE236ABF

Figure 2

Material examined. Holotype: MSNG 60134, PH-1, 13/01/2005, Timur (Bunaken
Island), about 20 m depth. Paratype: MSNG 60135, PH-27, 13/01/2005, same local-
ity as holotype, about 20 m depth.
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Other material. BU-82, 22/03/2000, Lekuan II (Bunaken Island), 20 m
depth. BU-580, 27/06/2004, Alung Banua (Bunaken Island), 16 m depth. INDO-
079, 08/05/2005, Tanjung Kopi (Manado Tua), unknown depth, N01°39'07.4";
E124°41'58.8". INDO-278, 11/05/2005, Tansung Pisok (Manado), unknown depth,
NO01°34'31.2"; N01°34'31.2". INDO-336, 12/05/2005, Bualo (Manado), unknown
depth, N01°37'00.7"; E124°41'21.9". INDO-339, 12/05/2005, Bualo (Manado),
unknown depth, N01°37'00.7"; E124°41'21.9".

Diagnosis. Cushion-shaped, sub-spherical sponge; yellow, brown or dark orange.
Strongyloxeas, styles and subtylostyles not separable in size categories, forming ascend-
ing tracts protruding through the sponge surface.

Description. The sponge is massive, sub-spherical or lobate (Fig. 2A, B). The
holotype (Fig. 2A) is a fragment about 1.5 cm long and 1 cm thick, sampled from a
large globular specimen; the paratype is a small portion, approximately 2.5 cm long
and 1 cm thick, of a large cushion-shaped specimen approximately 60 cm across. The
paratype (Fig. 2B) shows a sort of lobate organisation, with roundish parts connected
by bottleneck narrowings. The colour in life is yellow, varying between orange and
brown according to light exposure; it is not uniform, but presents dark red spots or
stripes (Fig. 2A, B). The sponge is always yellow inside. Alcohol-preserved specimens
are dark green-brown. The sponge surface is smooth, but microscopically hispid. Os-
tia, grouped in distinct areas on the sponge surface, have such a large diameter that
they are visible to the naked eye. Oscula are flush, more or less circular, with a very
low rim. Converging exhalant canals are visible in their lumen (Fig. 2A). Consistency
is hard when preserved.

Skeleton. The choanosomal skeleton is radiate, regular in the outer part of the
sponge and more irregular in the deeper part. Due to high spicule density, spicule
tracts are not easily detectable (Fig. 2C, D). In the ectosome, the smallest styles are
arranged in palisade and do not form brushes, whereas the spicules of intermediate
size are concentrated in the sub-ectosomal layer and protrude through the surface with
their tips (Fig. 2C, D). Abundant spheroulous cells, approximately 12 pm in diameter,
are detectable in the choanosome.

Spicules. Three size categories of megascleres, partially overlapping at the extremi-
ties of their size-frequency distributions. The larger spicules are straight strongyloxeas
with acerate or slightly stepped tips (Fig. 2E) and often evident axial canal. Intermedi-
ate and small megascleres, straight or slightly curved, vary in shape from strongyloxeas
to subtylostyles to thin styles (Fig. 2F). The measurements are given in Table 2.

Etymology. The name refers to the multi-lobate organisation of the sponge.

Remarks. The genus Aapros Gray, 1867, according to van Soest et al. (2016), en-
compasses in total 24 valid species, 10 of which distributed in the tropical Indo-Pacific
and adjacent areas (Table 2). The descriptions are usually based on the very few diag-
nostic features detectable in the genus, making it difficult to differentiate species (Kelly-
Borges and Bergquist 1994). The radial skeleton, the arrangement of the megascleres
and the spicule morphology, being quite uniform within the genus, are seldom accu-
rately described (Kelly-Borges and Bergquist 1994). Therefore, the importance of other



Demosponge diversity from North Sulawesi, with the description of six new species 121

200 pm 100 pm

Figure 2. Aaptos lobata sp. n. A, B specimens in situ: A holotype B paratype C skeleton organisation
(transverse section) D peripherical part of the skeleton E large strongyloxea F thin style.

morphological characters useful to differentiate species, such as colour, collagen distri-
bution in the cortex, shape and arrangement of megasclere tracts, presence of interstitial
spicules, is greatly emphasised (Kelly-Borges and Bergquist 1994). Recently, Carvalho
etal. (2013) stressed the importance of other morphological aspects as main characters
for the species distinction in the genus, such as external morphology, colour, shape and
size of the megascleres, ectosomal spicules arrangement (palisade or bouquets).

The skeletal organisation of Aaptos lobata sp. n. is comparable with that of the
type species of the genus, the Atlantic-Mediterranean Aapros aaptos (Schmidt, 1864)
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(see van Soest 2002). Aaptos lobata sp. n. has been compared with all the congeneric
species and especially with those recorded from the Indo-Pacific and adjacent areas,
whose characteristics are reported in Table 2. Aaptos ciliata (Wilson, 1925) has spicules
different in size and shape; in particular, the ectosomal styles are longer (1,100-1,300
x 4 pm). The species A. conferta Kelly-Borges & Bergquist, 1994, is an encrusting
sponge, black outside and yellow inside, that has oxeas as additional spicules, whereas
A. globosa Kelly-Borges & Bergquist, 1994 differs in colour (dark red outside and yel-
low inside) and in the skeletal organisation, since choanosomal tracts are thick and
ramified under the surface and the intermediate megascleres form tracts. Aaptos hor-
rida (Carter, 1886) and A. nuda (Kirkpatrck, 1903) have oxeas as megascleres instead
of strongyloxeas; A. laxosuberites (Sollas, 1902) is encrusting, white in alcohol and has
strongyloxeas and long tylostyles as megascleres. Aapros niger Hoshino, 1981 is a black,
massive sponge, usually embedding exogenous material; while A. rosacea Kelly-Borges
& Bergquist, 1994, is red outside and yellow inside and differs from the new species in
skeletal arrangement and size of spicules. The species A. suberitoides (Brondsted, 1934),
black outside and dark red inside, has a very simple skeleton of styles only, while A.
tenta Kelly-Borges & Bergquist, 1994, brown in colour, has a peculiar skeletal arrange-
ment and different spicules. Since no species in this vast geographic area matches with
the characters of our specimens, we decided to erect a new species.

Order Tethyida Morrow & Cérdenas, 2015
Family Tethyidae Gray, 1848
Genus Tethytimea de Laubenfels, 1936

Tethytimea tylota (Hentschel, 1912)
Figure 3

Donatia tylota Hentschel, 1912: 317.

Material examined. BU-98, 23/03/2000, Lekuan II (Bunaken Island), 5 m depth.
BU-289, 17/05/2001, Raymond’s Point (Bunaken Island), unknown depth. BU-533,
21/06/2004, Bualo (Manado Tua Island), about 8 m depth. BU-545, 23/06/2004,
Raymond’s Point (Bunaken Island), about 20 m depth. BU-562, 26/06/2004, Bualo
(Manado Tua Island), unknown depth.

Description. Encrusting sponge 3—6 mm thick; the largest examined specimen
(BU-289) is approximately 10 cm in diameter. The consistence is firm; the body of
the sponge lacunose. The surface is irregular, with extended verrucous areas covered by
sand and largely colonised by epibiotic ascidians, algae and hydroids (Fig. 3A). In the
microscopic observation, the surface appears micro-hispid. The colour of living speci-
mens is orange; when preserved, the sponge becomes yellowish-green.

Skeleton. Tethytimea tylota does not have a distinguishable ectosomal skeleton or
a proper cortex; the choanosomal skeleton is formed by bundles of big tylostyles of
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Figure 3. Tethytimea tylora (Hentschel, 1912) A specimen in situ (BU-562) B cross section showing
bundles of big tylostyles (full arrow) and the microscleres (empty arrow) € SEM image showing fans of
small tylostyles (full arrow) and microscleres (empty arrow) of 7. tylota (t), below the sponge Stelletta
sp. n. (s) involved in the association D small tylostyle E, F heads of tylostyles G-l oxyspherasters J, K ty-

lasters L groups of microscleres.
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100-200 um directed outwards (Fig. 3B). Close to the surface, these main bundles
support fans of small tylostyles hispidating the sponge surface (Fig. 3B, C).

Spicules. Megascleres are straight tylostyles with a slightly developed head
(Fig. 3D). They can be distinguished into two size classes (Fig. 3E, F); tylostyles I
measure 930 - (1,104.8 + 146.7) - 1,339 x 12.5 - (17.8 £ 3.4) - 25 pm; tylostyles II
(Fig. 3D) measure 490 - (576.6 + 72.5) - 660 x 5 - (6.6 + 2.0) - 10 um and form the
superficial fans that protrude out of the surface; microscleres are two kinds of asters
(Fig. 3G-K). Oxyspherasters (Fig. 3G-I) with thick ramified or rounded, often bi-
furcated rays, measuring 65 - (122.5 + 39.6) - 200 um. Tylasters with rays variable in
length ending with apical groups of spines variable in number (Fig. 3], K); they meas-
ure 7.5 - (11.1 + 1.9) - 16.3 um. Microscleres are abundant throughout the sponge,
but more concentrated close to the surface (Fig. 3L), where the smallest tylasters form
a thin, continuous layer (Fig. 4H, inlet).

Remarks. This sponge was exclusively found as epizoic on Stelletta tethytimeata
sp. n. (see below). It has been attributed to 7. #yloza for its skeletal organisation, made
of bundles of main tylostyles supporting superficial fans of small tylostyles, the super-
ficial layer of tylasters (present also in the holotype), the size and shape of megascleres
and microscleres (Sara 2002). The genus Tethytimea is monospecific and 7. tylota
was found at Aru Island (Indonesia). This is the first record of this species since the
original description (Hentschel 1912). In the revision of the genus (based on the re-
examination of the type material), Sara (2002) confirmed the presence in the holotype
of very rare spheres; these spicules were not detected in the present specimens as in
the paratype (Sara 2002).

It is interesting to note that the holotype of 7. #ylota was encrusting on a stone and
in association with another sponge (Sara 2002).

Remarks on the association. See below.

Order Tetractinellida Marshall, 1876
Family Ancorinidae Schmidt, 1870
Genus Stelletta Schmidt, 1862

Stelletta tethytimeata Calcinai, Bastari, Bertolino & Pansini, sp. n.
http://zoobank.org/8C01D0F2-326D-4C50-827F-706CF3D6EAF6
Figure 4

Material examined. Holotype: MSNG 60136, BU-289, 17/05/2001, Raymond’s Point
(Bunaken Island), unknown depth. Paratype: MSNG 60137, BU-562, 26/06/2004,
Bualo (Manado Tua Island), unknown depth.

Other material. BU-533, 21/06/2004, Bualo (Manado Tua Island), about 8 m
depth. BU-545, 23/06/2004, Raymond’s Point (Bunaken Island), about 20 m depth.
BU-98, 23/03/2000, Lekuan II (Bunaken Island), 5 m depth.
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200 pm - 200 pm

Figure 4. Stelletta tethytimeata sp. n. A specimen in situ (BU-533), partially cut to put in evidence the
association with Tethytimea tylota. The black arrow indicates the thin layer of the external sponge (7.
tylota, orange) while the white arrow indicates S. tethytimeata sp. n. B paraffin-embedded section of 7.
tylota (t) and S. tethytimeata sp. n. (s) co and ch indicate, respectively, the cortex and the choanosome of
S. tethytimeata sp. n. € cross section showing triaenes close to the boundary between 7. #ylota (t) and S.
tethytimeata sp. n. (s) D bundles of oxeas reaching the boundary between 7. tylota (t) and S. tethytimeata
sp. 0. (s) E anatriaene F oxea G micrasters H histological preparation showing the cortex (co) of S. zethy-
timeata sp. n. The arrow points to the collagenous layer between S. rethytimeata sp. n. and 7. tylota (t).
The inset shows the layer of tylasters of 7. tylota (arrow).
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Diagnosis. Massively rounded yellow sponge; the colour changes after fixation.
Megascleres are anatriaenes with characteristic bending and a single type of oxeas; mi-
croscleres are represented by a heterogeneous set of tylasters and oxyasters.

Description. The sponge is light yellow-lemon iz vivo (Fig. 4A); the colour chang-
es in the preserved specimens, becoming dark-brown to blackish. It is almost totally
covered by the associated epibiotic species 7. tylota (see above), with the exception of
the oscula that, protruding from the surface of 7. #ylora, are clearly distinguishable
for their different colour (Figs 3A, 4A). Since the external sponge 7. #ylota is thinly
encrusting, most of the mass of the associated sponges is due to S. tethytimeata sp. n.
that can be as large as 10 cm across (Fig. 4A, B).

Skeleton. The cortex is a collagenous layer 400-700 pm thick (Fig. 4B); the
triaenes have their clades tangential to the surface and sometimes protrude from it
(Fig. 4C), merging in the tissue of the epibiotic 7. #ylota. The choanosomal skeleton
is formed by tracts of oxeas without a clear radial arrangement with microscleres scat-
tered in between (Fig. 4D). Towards the sponge surface, the spicule density lowers and
oxeas are more or less parallelly arranged (Figs 3C, 4B, D).

Spicules. Megascleres are anatriaenes (Fig. 4E), with straight, sharp-pointed rhab-
dome of 570 - (708.2 + 119.3) - 800 x 10 - (15.7 + 3.8) - 22.5 pum and clads of 80
- (113.4 + 43.3) - 225 x 7.5 - (9.0 £ 2.6) - 12.5 um with sharp tips and characteristic
bending. Oxeas straight, fusiform, with sharp tips (Fig. 4F), sometimes modified into
styles; they measure 1274 - (1514.5 + 145.3) - 1950 x 20 - (24.5 + 3.9) - 30 pm. Micro-
scleres encompass a heterogeneous set of tylasters and oxyasters (Fig. 4G), with 4-9 rays,
with spines along the rays or grouped at the extremities 20 - (27.2 + 4.4) - 35 pm.

Etymology. The name refers to the association with ZTezhytimea tylota.

Remarks. Stelletta tethytimeata sp. n. is characterised by one type of triacnes and
by a single category of oxeas. Out of the 146 species of Stellerra, distributed in all the
oceans (van Soest et al. 2016), 49 are from the tropical Indo-Pacific area (van Soest
1994). However, they all differ from the new species in colour, skeletal organisation and
especially in the spicule features. They show different categories of megascleres (oxeas of
different sizes, plagio-, orto- and dico-triacnes) and microscleres. In particular, 10 spe-
cies of the tropical Indo-Pacific Stelletra species present a single type of triaenes: S. bocki
Rao, 1941, S. brevioxea (Pulitzer-Finali, 1993) and S. cavernosa (Dendy, 1916) have
ortotriaenes; S. brevis Hentschel, 1909, S. centroradiata Lévi and Lévi, 1983, S. centro-
tyla Lendelfeld, 1907 and S. herdmani Dendy, 1905 have plagiotriaenes; S. herdmani
var. robusta Thomas, 1979 has protriaenes, whereas S. hyperoxea Lévi and Lévi, 1983,
S. vaceleti (Lévi and Lévi, 1983), S. phialimorpha Lévi, 1993 and S. digitata (Pulitzer-
Finali, 1993) have dicotriaenes. Actually, Stelletta tethytimeata sp. n. is the only species
of the genus in this area possessing anatriaenes (peculiar for the characteristic clad bend-
ing) and a single category of oxeas. It is therefore justified, based on the five specimens
in association with Tethytimea tylota encountered in this region, to erect a new species.

Remarks on the association. The associated specimens of 7. tylota and S. tethy-
timeata are flat or cushion-shaped with big, rounded lobes and wide oscular structures

(Figs 3A, 4A).
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By superficial analysis, the two associated species could appear as a single large
individual sponge. The external species (7 #ylota) can be detached with difficulty from
the internal one (S. tethytimeata sp. n.); the contact area may be observed in SEM im-
ages (Fig. 3C) and by histological preparations where the presence of a thin collagen
layer of separation between the two species is detectable (Fig. 4B, H). Histological
preparations clearly show the presence of the cortex of S. tethytimeata sp. n. made by
a collagen layer up to 700 um thick (Fig. 4B, H). In the cortex, collencytes are clearly
visible and pigmentary cells are numerous (Fig. 4H).

The two associated species are quite common in North Sulawesi, always in associa-
tion, generally in dim-light conditions, at a maximum depth of 20 m.

Genus Rhabdastrella Thiele, 1903

Rhabdastrella distincta (Thiele, 1900)
Figure 5

Coppatias distinctus Thiele, 1900: 56.

Material examined. BU-560, 26/06/2004, Bualo (Bunaken Island), unknown depth.
BU-575, 27/06/2004, Alung Bauna (Bunaken Island), 27 m depth.

Description. The sponge has a massive and irregular shape, a large size, up to 50
cm in diameter, and was exclusively found partially covered by Amphimedon cf. sulcara
(see below). In the part not covered by the epibiotic sponge, R. distincta is yellow-
lemon (Fig. 5A), or dark green (Fig. 5B), turning black when cut or preserved. Wide
oscular areas are often evident (Fig. 5A, B).

Skeleton. Spherasters are located in the outer part of the sponge, but do not form
a real cortex (Fig. 5C, D). The choanosomal skeleton consists of scattered oxeas which
tend to form radial tracts towards the peripheral part (Fig. 5C). Oxyasters and ox-
yspheraster are dispersed in the choanosome.

Spicules. Megascleres are fusiform oxeas (Fig. 5E) with rather sharp tips, 720
- (832.5 £ 65.7) - 990 x 10 - (13.3 = 2.9) - 20 pm. Microscleres are spherasters of
variable size, 12.5 - (29.5 + 6.4) - 35 um in diameter (Fig. 5F), with a large centre and
thick rays with sharp or bifurcated tips; oxyasters (Fig. 5G) with small centre and thin
rays, 35 - (49 + 8.1) - 65 um in diameter; oxyspherasters with well-developed centre
(Fig. 5H), 10 - (15.1 + 2.6) - 20 pm.

Remarks. The Indonesian specimens fit with the description of R. distincta in
having the same skeletal organisation (characterised by oxeas scattered in the inner
part of the sponge and radially arranged close to the surface), absence of triaenes,
spherasters in the peripheral part, oxyasters and oxyspheraster scattered in the choano-
some. Spicule sizes are comparable to those of the type species that are fusiform oxeas
of 850 x 25 um, spherasters up to 40 pum, oxyasters up to 80 um and oxyspherasters
of 15 pum (see Uriz 2002). The principal difference with Thiele’s original description is
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200 pm 10 pm 20 pm

Figure 5. Rhabdastrella distincta (Thiele, 1903) A, B specimens in situ (r), partially covered by the
epibiotic sponge Amphimedon cf. sulcata Fromont, 1993 (a) specimen of Figure 5A is BU-575, that of
Figure 5B is BU-560 € SEM image of a cross section of R. distincta (r) showing the radial tracts of oxeas
in proximity of the external part, a indicates the epibiotic sponge A. cf. sulcata D histological prepara-
tion of R. distincta (r) and A. cf. sulcata (a) showing spherasters (black arrow) in the peripheral part, and
oxeas of R. distincta (white arrow) penetrating the tissues of A. cf. sulcata E oxea F spheraster G oxyaster

H oxyspheraster.

that smooth microscleres were not observed and a real cortex is not detectable in the
studied specimens.

This is the first record of the species since the original description of Thiele (1900)
based on two specimens from Ternate, Indonesia.

Remarks on the association. See below.
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Order Haplosclerida Topsent, 1928
Family Niphatidae
Genus Amphimedon Duchassing & Michelotti, 1864

Amphimedon cf. sulcata Fromont, 1993
Figure 6

Material examined. BU-560, 26/06/2004, Bualo (Bunaken Island), unknown depth.
BU-575, 27/06/2004, Alung Bauna (Bunaken Island), 27 m depth.

Description. The sponge is flat, with a roundish contour, about 1 cm thick, with-
out visible oscules. It is completely free of epibiotic organisms. Colour 77 sizu may be
greyish-white (Figs 5A, 6A) or pale cerulean (Figs 5B, 6B), off-white to greyish in the
preserved state. The sponge shows ridges and grooves, covered by a very thin mem-
brane, that give a typical convoluted or brain-like aspect to its surface (Fig. 6B).

Skeleton. The ectosomal skeleton is a reticulation of pauci-spicular tracts (3-4
spicules) (Fig. 6C) organised in quite regular triangular meshes with scarce spongin at
the nodes. The choanosomal skeleton (Fig. 6D) is formed by a reticulation of multi-
spicular tracts and round meshes of approximately 60 pm in diameter, with abundant
scattered spicules. The spicule tract extremities barely protrude from the sponge sur-
face, causing micro-hispidation.

Spicules. Megascleres are straight or slightly curved oxeas with sharp tips; they
measure 125 - (188.9 + 33.5) - 247.5 x 2 - (5.2 + 3.4) - 12.5 um (Fig. 6E); numerous
thin oxeas are present (Fig. 6F); microscleres are very thin, C-shaped, sigmas 10 - (12.9
+ 1.5) - 15 x < 1um (Fig. 6G).

Remarks. The sponge here described has a skeleton organisation fitting with the
diagnosis of the genus Amphimedon that is characterised by an ectosomal skeleton of
tangential fibres forming meshes, covered by a thin membrane and by a choanosomal
skeleton formed by a plumose, irregular reticulation of multispicular tracts (Desquey-
roux-Fdundez and Valentine 2002).

Our specimens are similar to A. sulcata, especially for the very characteristic sur-
face: “meandering parallel ridges, interspersed with spaces, give a convolute or brain-
like appearance to the surface” (Fromont 1993), for the thin membrane covering the
ridges and the absence of abundant spongin.

Among the Indo-Pacific species of Amphimedon, only A. sulcata has sigmas similar
in size (13 - (15.9) - 16.9 pm) to our specimens, but its oxeas (122 - (139) - 153 x 3 -
(4.5) - 5.3 pm) are smaller than those we observed. Another difference is in the colour:
“mauve alive, cream or fawn in alcohol” in A. sulcata (Fromont, 1993).

Remarks on the association. Amphimedon cf. sulcata is not tightly attached to Rhab-
dastrella distincta, and the two sponges can be separated rather easily. Frequently, wide are-
as of R. distincta are not covered by the outer sponge (Figs 5A, B, 6A, B), and exhalant and
probably also inhalant parts of R. distincta are in these portions, free from the epibiont.

In the boundary between the two sponges, a thin collagenous layer is present.
Both in the histological preparations and in SEM images, the oxeas of R. distincta are
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2 mm v 2 mm

50 pm 50 pm 5 um

Figure 6. Amphimedon cf. sulcara Fromont, 1993 A, B specimens 77 situ (@), partially covering the asso-
ciated sponge Rhabdstrella distincta (r), specimen BU-560al in Figure 6A, BU-560 in Figure 6B € SEM
image of the ectosome D SEM image of the choanosome E oxea F thin oxea G sigma.

clearly visible, protruding out of the surface and penetrating inside the tissues of the
external sponge (Fig. 5C, D), as it is usual in similar associations (Avila et al. 2007).
This association was frequently observed in North Sulawesi, usually below a depth of
30 m.
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Amphimedon anastomosa Calcinai, Bastari, Bertolino & Pansini, sp. n.
http://zoobank.org/768365CA-8FBA-4660-A3B9-90E76B42A940
Figure 7

Material examined. Holotype: MSNG 60138, PH-58, 17/01/2005, Tiwoho (Bunaken
Island), about 20 m depth.

Diagnosis. Dark green, highly branched sponge with an irregular ectosomal skel-
eton of rectangular, paucispicular meshes and multispicular choanosomal fibres, form-
ing an irregular reticulation. Oxeas are mucronate.

Description. Highly branched sponge (Fig. 7A) with repent habit. Anastomosing
branches are flattened, 4-8 mm in diameter, creeping over the substrate. Colour in
situ is dark green to dark brown, greenish in alcohol or in the dried state. Consistence
soft and brittle; the sponge easily crumbles when dried. Surface slightly rough, irregu-
lar; when the transparent membrane is preserved, it gives a smooth appearance at the
macroscopic observation. Oscula not visible. Numerous barnacles are embedded in the
sponge tissue, with only their openings free (Fig. 7B).

Skeleton. The ectosomal skeleton is an irregular reticulation of rectangular meshes
120-150 pm, up to 190-250 pm in diameter, formed by fibres 20-40 pm thick (Fig.
7B, C). Fibres are cored by 4—6 spicules. In the well-preserved parts of the sponge,
a thin dermal membrane covers the surface. When the membrane is damaged, the
sponge surface is microhispid due to protruding fibres. The choanosomal skeleton
(Fig. 7D) is irregular, formed by primary multispicular (approximately 10 spicules)
fibres, about 60 um thick, directed towards the surface; secondary fibres are 20-35 pm
in diameter. Secondary and primary fibres create an irregular reticulation of more or
less circular meshes 170-300 pm across. Spongin is not abundant.

Spicules. Megascleres are oxeas slightly curved, with sharp tips (Fig. 7E, F), 97 -
(111.6 £ 6.7) - 1224 x 2.6 - (4.5 + 1.2) - 5.2 pm.

Etymology. The name refers to the habitus of the sponge, characterised by anas-
tomosing branches.

Remarks. The species described here may be attributed to the genus Amphimedon
due to its skeleton characteristics. Out of the 54 species of Amphimedon hitherto de-
scribed (van Soest et al. 2016), only two (A. denhartogi de Voodg, 2003 and A. elastica
(Kieschnick, 1898) are present in Indonesia, whereas 30 have been recorded in the
Indo-Pacific region. Amphimedon denhartogi and A. elastica differ from A. anastomosa
sp. n. in their skeletal organisation and general morphological characters. The species
A. denhartogi is green in life, like A. anastomosa sp. n., but it has an erect, flabellate
shape and star-shaped oscula; moreover, it has strongyles as spicules. In contrast, 4.
elastica is a single-tube yellow-brownish sponge with a wide apical osculum (11 mm
in diameter) and smooth surface; spicules are oxeas of 90-100 pm. Also, the other
Indo-Pacific species show significant differences with A. anastomosa sp. n.; A. aculeara
Pulitzer-Finali, 1982 is a vase-shaped sponge with conical projections on the surface
and strongyles as spicules, whereas A. aitsuensis (Hoshino, 1981), described from Ja-
pan, is a massive sponge, grey in colour and with oxeas of two distinct size categories
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Figure 7. Amphimedon anastomosa sp. n. A The holotype just after collection B Sponge surface with the
round opening of a symbiotic barnacle € ectosomal skeleton D choanosomal skeleton E oxeas F magni-

fication of an oxea tip.

(thick oxeas of 132148 x 7-9 um and thin oxeas of 115-135 x 4—6 um). Amphime-
don alata Pulitzer-Finali, 1996 has oxeas of 100130 x 7—11.5 pm and peculiar, small,
wing-shaped toxas (11-50 um); A. brevispiculifera (Dendy, 1905) is an erect sponge
light-brown in the dry state; it is digitate or flabellate, with evident large oscula; it dif-
fers from A. anastomosa sp. n. also for its stout primary fibres 164 um thick. The two
species A. chinensis and A. flexa have been described by Pulitzer-Finali (1982) from
Hong Kong; A. chinensis differs from the new species for the orange colour, the pres-
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ence of oscula arranged in a single row and the larger oxeas (125145 x 8-9.5 um),
while A. flexa is plurilobate with oscula on top of the lobes; its primary fibres, slightly
thicker than those of the new species, create larger meshes from 300 to 900 pm across.
The species A. chloros llan et al., 2004 is green, like A. anastomosa sp. n., but cushion-
shaped, with oxeas that usually become strongyloxeas. In contrast, A. conferta Pulitzer-
Finali, 1996 is sub-cylindrical, brown in life, cream in the dry state, with ectosomal
tracts 75 pm in diameter; spicules are oxeas longer and thicker (140-160 x 7-9 pm)
than those of A. anastomosa sp. n., with frequent stylote modifications. Amphimedon
cristata Pulitzer-Finali, 1996 is sub-cylindrical, violet in colour and rigid, with an api-
cal osculum; it has large oxeas (230-370 x 11-18 um) with blunt extremities. Other
three species of Amphimedon have been described by Helmy and van Soest (2005)
from the Red Sea: A. dinae, A. jalae, A. hamadai. Amphimedon dinae is a brown, mas-
sive sponge with oscula 2-4 mm wide and very thin and short oxeas (52-61 x 1-1.5
pm); A. jalae is massive, cushion-shaped, with large oxeas (100170 x 4—6 pm) and
choanosomal rounded meshes of 600-800 pm. Amphimedon hamadai is brown, ir-
regularly lobated, with very short oxeas (48—60 x 2—3 um), while A. delicatula (Dendy,
1889) is erect, bushy, yellow in colour and with stout fibres 126 pm thick and very
slender, slightly curved oxeas (98 by 3.5 pum). Amphimedon lamellata Fromont, 1993
is a lamellate, erect sponge, pale pink in colour; with a reticular choanosomal skeleton
and two types of oxeas differing in thickness (111-130 x 2.5-4.4 pm and 105-126 x
1.3-2.3 pm); A. massalis (Carter, 1886) is massive, yellow in the basal portion, dark
brown-red on the surface, with vents “on monticular elevations” and oxeas measuring
155 x 6 um. Amphimedon navalis, A. rubida, A. rubiginosa and A. spinosa have been
described by Pulitzer-Finali (1993) from Kenya. Amphimedon navalis is a cushion-
shaped sponge, dark blue and violet in colour, with blunt oxeas (160-210 x 11-15
um); A. rubida is cylindrical, red brownish, with meshes of 220-360 pm across and
oxeas measuring 185-230 x 11.5-18 um. Amphimedon rubiginosa has a massive shape
with elevated oscula and a skeletal organisation with ill-defined plurispicular tracts.
Amphimedon spinosa has a tubular shape and fibres cored by single spicules, while A.
pﬂmz/z'ridis Fromont, 1993 is encrusting or ramose, green-olive in life, with primary
fibres of 50160 pm and secondary of 20—50 um, thicker than those of the new spe-
cies. Moreover, abundant oxeas (133-151 x 3.9-8.0 um) are scattered in between the
fibre reticulation (absent in A. anastomosa sp. n.). Amphimedon queenslandica Hooper
& van Soest, 20006 is a blue-grey and green sponge with an encrusting base from which
lobate or digitate portions rise. Unlike the new species, it has unispicular fibres. A.
robusta (Carter, 1885) is a branching-digitate, orange sponge with oscula located on
one side; A. rudis Pulitzer-Finali, 1996 is violet-brownish, with blunt and very stout
oxeas (360—-420 x 10-12.5 um). Amphimedon strongylata Pulitzer-Finali, 1996 is sub-
cylindrical, grey in colour, with strongyloxeas as megascleres; A. subcylindrica (Dendy,
1905) is a cylindrical sponge with reptant habit; it has a smooth surface and oscula
with prominent rims; its fibres are cored by a high number of spicules (slightly longer
(140 x 8 um) oxeas), without visible spongin. Amphimedon sulcara Fromont, 1993 is
a small, globular sponge with oxeas of 122-153 x 3.0-5.3 um and C-shaped sigmas
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as microscleres. Finally, A. zamboangae (Lévi, 1961), which is green in colour, has a
velvety surface, thick fibres (130 pm) and two types of oxeas (120-150 x 4—6 um and
120130 x 3 pm).

“Amphimedon differ from other Niphatidae in having an optically smooth, but micro-
scopically microtuberculate fibrous superficial skeleton, usually with abundant spongin,
and lacking microscleres” (Hooper and van Soest 2006). Because of the slight differences
between Amphimedon and Niphates (Desqueyroux-Fdundez & Valentine 2002), all the
Indo-Pacific species of the latter genus were also checked. All these species of Niphates
differ from the new species in shape, colour and skeletal organisation. The most similar
species, in terms of the branched shape, is V. aga (de Laubenfelds, 1954), but it has a con-
fused ectosomal skeleton and longer oxeas (175-180 um). Amphimedon anastomosa sp. n.
is well characterised by its growth form and colour. Since no species in this vast geographic
area matches with our specimen, we are justified to erect a new species.

Genus Niphates Duchassaing & Michelotti, 1864

Nipbhates laminaris Calcinai, Bastari, Bertolino & Pansini, sp. n.
http://zoobank.org/4E0827B5-02C7-45D4-8456-78 EOFSAE1B31
Figure 8

Material examined. Holotype: MSNG 60139, PH-47, 17/01/2005, Tiwoho (Bunaken
Island), 20 m depth.

Diagnosis. Lamellate, azure-violet sponge, with differentiated inhalant and os-
cular faces. Skeleton is a regular reticulum of primary and secondary fibres, with su-
perficial brushes hispidating the surface; megascleres are straight and sinuous oxeas.
Microscleres are sigmas.

Description. The sponge is a thin, irregular, folded lamina, attached to the sub-
strate in few points (Fig. 8A); its rim is more or less rounded, not regular (Fig. 8B).
The holotype consists in alcohol-preserved fragments, collected from a bigger speci-
men (Fig. 8A, B). The largest observed specimen is approximately 8 x 4 cm long
and 2 mm thick. The colour in life is azure-violet in the part exposed to light and
beige on the shadowed side (Fig. 8B). The sponge becomes white-bluish when dried.
Consistence soft, slightly elastic. The aspect of the two sides of the laminar sponge is
different: roundish vents, 700-1,300 pm in diameter, most probably acting as oscula,
are concentrated on the excurrent side (Fig. 8C); on the opposite side, a thin dermal
membrane, pierced by numerous pores, covers several smaller apertures, not visible to
the naked eye (Fig. 8D). In the dried state, spicule brushes and small ridges (made by
tracts of tangential oxeas connecting the brushes) create a microconulose surface, vis-
ible also to the naked eye, in both sides of the sponge.

Skeleton. The ectosomal skeleton is a reticulation of multispicular tracts (30-60 pm
thick) forming polygonal (mostly quadrangular) meshes 340-900 pm in diameter, with
brushes of spicules at the nodes (Fig. 8D). The choanosomal skeleton is a not very
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Figure 8. Niphates laminaris sp. n. A holotype in situ B, € holotype freshly collected showing the exhal-
ant side of the sponge D sponge skeleton on the exhalant side with in evidence the choanosomal ascending
tracts protruding through the surface and the vents E sinuous and straight oxeas F sigma.

regular reticulation, with elongated, almost rectangular meshes 400-800 um across and
empty spaces. The spicule tracts may be divided into ascending primary tracts, 55-100
pm thick, and secondary tracts, 25-35 pm thick, with a more or less transverse arrange-
ment. The extremities of the ascending tracts protrude through the surface, forming
brushes (Fig. 8D). Very numerous pigmented (green) cells and abundant spicules, both
megascleres and microscleres, are dispersed in the ectosome and choanosome.
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Spicules. Oxeas slightly curved or sinuous, rarely straight, with acerate tips (Fig.
8E). They measure 150.8 - (163.37 £ 7.0) - 176.8 x 2.5 - (3.7 + 1.1) - 5.2 pm. Sigmas
C-shaped, sometimes with a part of the shaft almost straight (Fig. 8F). They measure
13-(17.0 £3.18) - 23.4 pm x 1 pm.

Etymology. The name refers to the lamellate shape of the sponge.

Remarks. The new species clearly belongs to the family Niphatidae for the pres-
ence of multispicular fibres in the ectosome and to the genus Niphates for the skeletal
organisation. The genus Niphates includes sponges with “Surface conulose to spiny
[....] produced by primary longitudinal fibres ending on surface” (Desqueyroux-Fain-
dez and Valentine 2002). The ectosomal skeleton is a tangential network of secondary
fibres, obscured by protruding tufts of primary fibres. Microscleres are rare sigmas
(Desqueyroux-Fatndez and Valentine 2002). However, other species of the genus
(e.g. Niphates nitida Fromont, 1993) have a smooth surface as the new species.

Niphates laminaris sp. n. is characterised by a non-spiny, rather irregular, micro-
conulose surface and by a choanosomal skeleton with a reticulation of primary and
secondary tracts. Microscleres are numerous. In the Indo-Pacific area, only N. nitida
has sigmas. However, N. nitida is a sponge with repent habit, with oscula located
at the top of small erect lobes; a choanosomal fibrous reticulation with round or
triangular meshes (104—-146 um) and oxeas measuring 128 x 5.6 um. Therefore, it
substantially differs from Niphates sp. n; all other Niphates in the area differ from
the new species for the absence of sigmas and for other significant features listed be-
low. Niphates olemda (de Laubenfelds, 1954) is a blue, or pink tubular sponge with
small oxeas (92-100 x 2—3 pm), while N. aga (de Laubenfelds, 1954) is ramose with
superficial projections, a confused ectosomal skeleton and straight and large oxeas
(175-180 x 5 um). Niphates cavernosa Kelly-Borges & Bergquist, 1988 is a massive,
creeping and branching sponge, violet in life, with two categories of oxeas differing
in thickness (oxeas I: 5-10 pum thick; oxeas II: 2—4 um); N. furcata (Keller, 1889)
is green, erect, branching, with rather short oxeas (100 x 12 pm). Niphates hispida
Desqueyroux-Fdundez, 1984 is a hard and incompressible sponge with very small
oxeas (60-80 x 2-4 um), consisting of a series of coalescent, cylindrical tubes arising
from a massive common base. Niphates mirabilis (Bowerbank, 1873) is an ochre-
pinkish sponge with a unispicular ectosomal reticulation, while N. obrusispiculifera
(Dendy, 1905) is a branching, cylindrical sponge with strongyles as megascleres. /Vi-
phates plumosa (Bowerbank, 1876) is fawn-coloured and has a peculiar, stipitate and
fan-shaped growth form with only oxeas as spicules. Niphates rowi llan et al., 2004
is the species most similar to the new species. Its ectosomal skeleton is a reticula-
tion of fibres creating quadrangular meshes which are smaller than those of Niphates
laminaris sp. n. (70-115 pm). In addition, the choanosomal reticulation of N. rowi
has rectangular meshes which are smaller (115-200 pm) than those of Niphates
laminaris sp. n., whereas the oxea size is similar (115 - (140) - 170 x 5.5 - (6.5) - 7.5
pum). In conclusion N. rowi, which is an encrusting sponge, differs from Nipahtes
laminaris sp. n. in the growth form, the absence of sigmas and sinuous oxeas and in
the size of the ectosomal and choanosomal meshes.
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Subclass Keratosa

Order Dictyoceratida

Family Irciniidae Gray, 1867

Genus Psammocinia Lendenfeld, 1889

Psammocinia alba Calcinai, Bastari, Bertolino & Pansini, sp. n.
http://zoobank.org/2304C2B3-8156-4163-AC33-0AEC55EBADEE
Figure 9

Material examined. Holotype: MSNG 60140, PH-41, 14/01/2005, Timur (Bunaken
Island), 22 m depth.

Diagnosis. Lobate, white sponge with oscular cavities at the top of the lobes. Thin ar-
moured surface with sand and foreign spicules. Slightly fasciculated fibres, not very dense.

Description. Massive, lobate sponge with flush, roundish oscular cavities (about
1.5 cm) where the excurrent canals converge, located at the top of the lobes (Fig. 9A).
The deposited holotype consists of fragments 3 x 1.5 cm, coming from a larger speci-
men approximately 15 cm across (Fig. 9A).

The colour in life is white outside (Fig. 9A) and cerulean inside; it becomes light
cerulean after collection and beige after preservation in alcohol. Surface character-
ised by numerous small conules, 0.5-1 mm high and 2 mm apart, united by ridges
(Fig. 9A, B). Consistence soft, but elastic, difficult to tear apart.

Skeleton. The surface is covered by a thin reticulation of sand and foreign spicules,
forming regular, more or less circular, meshes 100 um in diameter (Fig. 9C), well vis-
ible in the stereo-microscope. The density of the fibres is moderate. The primary fibres
of the choanosome are slightly fasciculated (Fig. 9D), about 80 pum thick and cored
with foreign debris and a few foreign spicules. The secondary fibres are thinner (20 pm
in diameter) and free from inclusions (Fig. 9D). The size of the ovoid meshes ranges
from 50 x 80 to 57.5 x 115 um; a few smaller meshes, 30 x 55 um, are also present.
Filaments, 2.5 um thick, are numerous and dense.

Etymology. Referring to the white colour in life.

Remarks. Our species is attributed to Psammocinia due to the presence of a surface
armoured by sand and foreign spicules and to the reticular skeleton of primary and
secondary fibres.

According to van Soest et al. (2016), 25 species of Psammocinia are known in total.
Most of them have been described from New Zealand and South Korea and only one
from Brazil.

Psammocinia bulbosa Bergquist, 1995 from New Caledonia and P. lobatus Sim &
Lim, 2002 from Korea are the most similar species to Psammocinia alba sp. n. Psam-
mocinia bulbosa is a massive, repent sponge with quite long oscular fistules. Its surface
is covered by small conules 0.5-1 mm high and has a sandy crust up to 1 mm thick.
The skeleton is formed by primary fibres giving rise to columns up to 700 pm long and
secondary fibres 30-50 pm in diameter. The main differences to our species are the
presence of fistules, a distinctive characteristic of P. bulbosa, and thicker fibres. Psam-
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25cm

Figure 9. Psammocinia alba sp. n. A the sponge in situ B a small conule at SEM C reticulation made of
sand grains and foreign spicules D primary fibres cored with foreign material and, on the right, secondary

fibres free from inclusions.

mocinia lobatus, lobate in shape, has a surface covered by conules 1-2 mm high and
2-5 mm apart. Both primary and secondary fibres (60—10 pm thick) are comparable in
size with our species. The main differences to P. alba sp. n. are the colour (dark brown,
black), the presence of sharp conules and the small amount of foreign material present
in the fibres. From New Zealand, the following species have been described: P. beresfor-
dae Cook & Bergquist, 1996, formed by a compact base with broad-based fistules with
an apical osculum 3-7 mm in diameter and primary fibres 120 pum thick; P. verrucosa
Cook & Bergquist, 1996, a small, massive sponge with a very characteristic surface
with rounded lamellae supported by skeletal fibres and a reticulate pattern; P. hirsuta
Cook & Bergquist, 1998, formed by a coalescent group of digitate structures or lobes,
with long, cylindrical fistules and a thick (400 um) superficial sand layer; P. charadrodes
Cook & Bergquist, 1998, a massive sponge with very long, rounded conules and very
thick (till 1086 pm) primary fibres; P. papillata Cook & Bergquist, 1998, a massive,
compact sponge with a coarsely conulose surface and both primary and secondary fibres
thicker than in Psammocinia alba sp. n.; P. perforodosa Cook & Bergquist, 1998, a mas-
sive, compact sponge without conules, with a folded surface (800 pm thick) armoured
by sand, foreign spicules and rocky fragments; P. maorimotu Cook & Bergquist, 1998,
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a lobate sponge with oscula on top, a surface with grooves and ridges and primary fi-
bres with a thickness of 349 um. From South Korea and China, the following species
have been described: P. conulosa Lee & Sim, 2004, a massive sponge with ectosomal
membrane covered by sand but devoid of circular meshes, oscula scattered and sharp
conules 2—4 mm high; P. wlleungensis Lee & Sim, 2004, dark grey in colour, with a
smooth surface and thick, slightly fasciculated, primary fibres (100-300 pm); P. mam-
miformis Sim, 1998, a massive, grey or purple coloured sponge, covered with mammi-
form protuberances and with very thick choanosomal fibres 550-900 pm; P. mosulpia
Sim, 1998 mainly differs from P. alba sp. n. for its crust of sand and foreign spicules
not organised in circular meshes; P. jejuensis Sim, 1998, characterised by tick fibres
(up to 470 pm) and by filaments with large terminal knobs (12-20 pm in diameter);
P. gageoensis Sim & Lee, 2001, has no detritus in the fasciculated primary fibres. Both
P. samyangensis Sim & Lee, 1998 and P. wandoensis Sim & Lee, 1998 differ from P.
alba sp. n. mainly in the thickness of the secondary fibres. Finally, P. rubra Sim & Lee,
2002 differs from P. alba sp. n. for its red colour and the larger size (up to 320 um) and
colour (reddish-brown) of the fibres.

The other species of Psammocinia have a particular morphology, very different
respect to Psammocinia alba sp. n.; P. arenosa (Lendenfeld, 1888) and P. hawere Cook
& Bergquist, 1996 are cup-shaped sponges. Psammocinia halmiformis (Lendenfeld,
1888) is irregularly lamellate and P. vesiculifera (Poléjaeff, 1884) is a tube sponge.
Psammocinia amodes Cook & Bergquist, 1998 is a spatulate sponge with a thin, semi-
cylindrical basal portion for anchoring to the substrate, while P. bergquistae Sim &
Lee, 2001 has a thumb shape and secondary fibres, forming a secondary web.

Due to the difficulties to differentiate, in some cases, species of the genus Psammo-
cinia from other taxa of the family Irciniidae, we also examined the species belonging
to [rcinia and Sarcotragus from the Indo-Pacific area. All these species are different from
Psammocinia alba sp. n. in morphology, fibre thickness, and structure (see below).

The incorporation of foreign material can play several roles in sponge growth.
Usually, this behaviour is explained just as strengthening of the sponge tissue, but
other roles could be considered, e.g. the enhancement of sponging fibre production
(Cerrano et al. 2007).

Genus Ircinia Nardo, 1833

Ircinia colossa Calcinai, Bastari, Bertolino & Pansini, sp. n.
http://zoobank.org/3547C559-C615-420B-874F-6782568B7D40
Figure 10

Material examined. Holotype: MSNG 60141, PH-44, 15/01/2005, Timur (Bunaken
Island), about 20 m depth. Paratype: MSNG 60142, BKA 25, 12/09/2014, Yellow
coco (Bangka Island), about 20-25 m depth.
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Figure 10. Ircinia colossa sp. n. A specimen BU-590 in situ B portion of the holotype € fasciculated
fibres D primary fibres with foreign spicules E filaments organised in tracts F filaments with a terminal
knob in evidence.

Other material. BU-590, 27/07/2004, Timur (Bunaken Island), 25 m
depth. INDO-431, 13/05/2005, Jetty (Siladen), depth not stated, N01°37'38.8";
E124°48'00.8".

Diagnosis. Soft and elastic cup-shaped Ircinia with a large, central cavity; conu-
lose surface; heavily fasciculated fibres with foreign material.
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Description. The sponge is columnar, reminding of a partially hollow cylinder,
due to the presence of a wide central cavity (Fig. 10A). It may be as high as 80 c¢m,
with a wall 1-2 cm thick. The holotype is a fragment approximately 4.5 x 2 cm. The
external colour is light brown with greenish tinges on the conules and on the rim of
the cavity (Fig. 10A). The freshly collected sponge is beige inside (Fig. 10B). Alcohol-
preserved specimens remain almost the same in colour. The sponge surface is strongly
conulose, with rounded or slightly flattened conules 2-4 mm high (Fig. 10A, B). The
oscula (3—5 mm in diameter) are present in the inner part of the central cavity. Con-
sistence is soft and elastic, but the sponge is difficult to tear off.

Skeleton. The choanosomal skeleton is formed by primary fibres cored by foreign
spicules (Fig. 10C, D), 180-350 pum in diameter and heavily fasciculated (Fig. 10C).
They are connected by secondary fibres 50-80 pm in diameter, sometimes cored by
single spicules. The fibres form a reticulation of elongated meshes, 100150 pm in size,
and cribrose plates (Fig. 10C). Very abundant thin filaments are mainly organised in
tracts (Fig. 10E), but also dispersed in the mesohyl. They are 3-5 um thick and present
an oval or rounded terminal knob (7.5-10 pm in diameter) (Fig. 10F).

Etymology. The name refers to the sturdy and large size of the sponge.

Remarks. The studied specimens are attributed, according to Cook and Bergquist
2002, to the genus /rcinia for the strong fasciculation of fibres, with foreign material
inside and the presence of filaments. There are more than 40 species of massive, en-
crusting, digitate or branching /rcinia in the Indo-Pacific area (van Soest et al. 2016),
which differ from Ircinia colossa sp. n. in morphology, fibre thickness and quantity of
external debris in the skeleton.

Only two species of Ircinia, living between 10 and 40 m depth in the temperate
water of South-East Australia, show a central cavity: /. caliculata (Lendenfeld, 1888)
and /1. rubra (Lendenfeld, 1889). Ircinia caliculata difters from 1. colossa sp. n. in
the general morphology, colour, and organisation of the fibres. It has the rim of the
cup bent outwards; the internal part of the cavity with small conules 2-3 mm high.
The external part of the sponge presents digitate processes about 10 mm thick. The
colour is dark-red brownish. It has fasciculated fibres full of sand grains. frcinia rubra
differs from 7. colossa sp. n. in the general shape and fibre size. It is a small, conical,
pedunculate sponge with a central cavity. All the fibres are full of debris and foreign
spicules and the secondary fibres, 100 pm in diameter, are thicker than those of
Ircinia colossa sp. n.

We also examined species belonging to the genus Sarcotragus; none of them fits
with the characters of the new species. Sarcotragus aliger (Burton, 1928) is clavate,
cylindrical with an apical osculum and fibres 80 pm in diameter, while S. australis
(Lendenfeld, 1888) is a massive red sponge. Sarcotragus coreanus (Sim & Lee, 2002) is
massive to encrusting, beige in colour; S. gapaensis Sim & Lee, 2000 is subspherical,
dark brown to black, with big primary fibres 280-530 um in diameter. Sarcotragus
maraensis Sim & Lee, 2000 is globular with sharp conules 2-8 mm high and an ivory
and purple colour. Sarcotragus myrobalanus (Lamarck, 1814) is an ovoid sponge with
a long peduncle, brown-reddish in colour; S. tuberculatus (Poléjaett, 1884) has fibres



144 Barbara Calcinai et al. / ZooKeys 680: 105-150 (2017)

that often do not ramify and its surface, greyish in colour, is covered by rounded tu-
bercles; filaments are roundish and 55 pm in diameter.

Ircinia colossa sp. n. is frequent in the Bunaken Park and the nearby Bangka Island
(North Sulawesi); the paratype was found with other relatively large specimens (50 cm
high or more) near a hot vent flowing from a sandy bottom (Bertolino et al. 2017).

This species is probably present also throughout northern Australia and Papua
New Guinea (J. Hooper, pers. comm.). Molecular analysis, compared against sequenc-
es made by Péppe et al. (2011) for [rcinia and Psammocinia species from northern
Australia, would be very useful to confirm if /rcinia colossa sp. n. and P. alba sp. n. are
also present in Australia.

Conclusions

The marine diversity in Indonesia is still far from being well known. The present con-
tribution highlights the underexplored diversity of Porifera in this area, suggesting the
presence of a very high number of still undescribed species. Thanks to this impressive
diversity, the areas here considered are important spots for diving tourism, requiring the
urgent development of sustainable tourism practices. In particular, at Bangka Island,
mining activities are rapidly damaging reef integrity, even if this process is currently
strongly counteracted by the local population. It is worth noting that also there, as in
many other strongly populated areas, the conflict between the need to preserve local
biodiversity and the economic development can quickly lead to a lose-lose equilibrium.

Generally, the economic value of biodiversity is still far from being adequately
understood; in particular, the actual value of sponges in the maintenance of the ho-
meostasis of a reef needs to be studied in more detail.

In temperate regions affected by climatic anomalies, filter feeders are among the
most affected functional categories (Coma et al. 2009, Di Camillo and Cerrano 2015),
and negative trends of sponge diversity and abundance have been reported from several
areas (Wulff 2013).

The area of the present study is very rich in terms of diversity, but the baseline
needs urgent implementation and constant update to avoid the possibility of disre-
garding changes.

We have documented 94 sponge species from three small spots of the northern tip
of Sulawesi. Since 1989, van Soest has reported approximately 830 species from Indo-
nesia; the species recorded here represent only a small part of the astonishing sponge
diversity of the area.

The coral triangle is known for its high level of biodiversity and continuously, in
recent years, new marine organisms have been described. Moreover, many authors (see
for example Barber et al. 2000) have demonstrated strong regional genetic differentia-
tion even across short distances and even for reef organisms presumed to be subjected
to rapid dispersion even between distant populations. Sponge diversity across Indone-
sian coral reefs could be extraordinarily underestimated considering the limited capac-
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ity of sponge larval dispersal (Maldonado and Bergquist 2002). Unfortunately, for
North Sulawesi and the rest of the archipelago, both collecting and taxonomic efforts
remain limited.

The listed taxa (Table 1) sometimes include well-known sponge species because
reef sponges of Indonesia are also present in the Indo-Pacific area (van Soest 1990); for
other poorly known species, specimen photos and short taxonomic notes may assist for
further identification, supporting future, desirable monitoring work (Supplementary
files 1 and 2).
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