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Abstract

‘This study presents new insights in the anatomy of genital organs of some large helicid gastropods from
northern Africa. The genetic analysis with the markers COI, 16S, H3, and 5.8 S rRNA+ITS2 reveales a
high support for Alabastrina and Otala as separate evolutionary lineages within the Otalini. The position
of Siretia as another separate lineage within the Otalini is discussed. “ Tingitana minettei decussara” clusters
within the O. xanthodon clade and confirms that the genus 7ingitana can be synonymised with Ozmla. The
genus Alabastrina differs from all other known genera by possession of a penial appendix. This character
state is also found in topotypic A. #istutensis. Examination of the twin penial papilla system in Orala recov-
ers a reduction of the proximal penial papilla in O. punctara. The position of Helix murcica as a separate
subspecies of O. lactea is not supported, and it is here considered to be a synonym of the latter species.
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Introduction

Working with the terrestrial molluscs from northern Africa, students are faced with a
confusing situation: an enormous number of species- and genus-level taxa are available
to arrange the malacodiversity but for many groups a modern treatment is missing. As
a result, this important part of the Palaearctic fauna is still in a chaotic state (Rour et al.
2002). The major problem in the Helicidae is the absence of a stable generic concept
that is based on recognisable character states. This can be morphological, anatomical,
or genetic data. For this reason, we follow the idea of integrative taxonomy and try to
draw conclusions based on a synopsis of these types of traits.

Research on the malacofauna of northern Africa was mainly elaborated by three re-
searchers, Bourguignat (1829-1892), Kobelt (1840-1916), and Pallary (1869-1942),
who laid a fundament so strict that it is followed more or less until today. This system
was more or less supported by P Hesse (1911) by his anatomical research on some
groups of Helicidae. His research was the onset of the valorisation of genital morphol-
ogy as another source of characters and character states. Amongst others, he investi-
gated species, which are treated also in this publication. Unfortunately, Hesse restricted
his research to the outer morphology of the genital organs thus missing the highly
informative traits found in the lumen. While in the remaining part of the western Pal-
aearctic, taxonomy of terrestrial snails went through a phase of deep changes, northern
Africa was left more or less untouched. This situation is currently changing, and several
papers were published in the last years which resulted in new data, for example on the
Helicidae (Psonis et al. 2013, Neubert 2014, Neubert and Koriabek 2015, Walther et
al. 2016, Bouaziz-Yahiatene et al. 2017). Recently, Holyoak and Holyoak (2017) pub-
lished a major paper on the large group of Otalini G Pfeffer, 1930, which has its centre
of radiation in the north-west of Africa. In this paper, the authors went through numer-
ous available names and came up with a radical solution following a lumping approach.

The investigation in this study is mainly based on specimens collected by the sec-
ond author during his excavation campaigns in north-eastern Morocco (Hutterer et
al. 2011a, b. 2014). The taxonomic investigation of terrestrial molluscs was part of an
archaeological study of various cave sediments in the Rif region (Mikdad et al. 2000).

This study aims to serve as an addition to the recent studies on helicid phylogeny.
Due to the restricted number of taxa available in our study, we here can add only
some remarks to the ongoing work on the north African Helicidae. Particular empha-
sis is laid on filling gaps in the knowledge of the anatomy of the genital organs. It has
to be stressed that the investigation of this complex of organs should always include
the structure of the internal lumina; they certainly help in identifying autapomorphic
character states. In addition, we supply new data on shell and anatomical traits, and
present a first genetic approach to some of the genera involved using the following
markers: cytochrome ¢ oxidase subunit I (COI), 16S rRNA (16S), histone 3 (H3),
and partial sequence of 5.8 S rRNA flanking the internal transcribed spacer 2 (ITS2).
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Material and methods

Specimens investigated

The specimens were collected in Morocco and Algeria between 1998 and 2015. Ref-
erence specimens from Spain and Portugal could be included. Detailed sampling lo-
cations of the investigated specimens are given in Fig. 1 and Table 1. The voucher
number and the GenBank accession numbers for the obtained DNA sequences can be
found in Table 1. All specimens used in this study are housed in the Natural History
Museum Bern, Switzerland.

Abbreviations of institution:

MHNL Musée de Confluence, Lyon

MNHN Museum National d’Histoire Naturelle, Paris
NMBE Naturhistorisches Museum, Bern

SMF Research Institute Senckenberg, Frankfurt
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Figure 1. Sampling locations of the investigated specimens. This map was produced with QGIS (2016,
v2.18.12) using the Natural Earth data set.
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Table I. Detailed list of the sampling sites and the GenBank accession numbers of the investigated specimens.

Species Locality Latitude | Longitude Voucher GenBank GenBank GenBank GenBank
accession accession accession accession
ber COI ber 16S ber H3 b
ITS2
Alabastrina | Morocco, Montes de | 35.027N | 2.614W | NMBE-549817 | MK754458 | MK585087 | MK728781 | MK585111
alabastrites Kebdana, Kebdana
Mountain/ Rif
Morocco, Rif Jbel 34.938N | 3.193W | NMBE-549813 | MK754457 MK585086 MK728780 | MK585110
Fiztoutine w Hills
El Batel
Morocco, Cave Ifri | 34.782N | 3.094W | NMBE-549812 | MK754456 MKS585085 MK728779 | MK585109
n’Ammar, 20 km SW
Berkane
Morocco, Hassi 34.796N | 3.195W | NMBE-549811 | MK754455 MK585084 | MK728778 | MK585108
Ouenzga nach Afso/
Oriental
Morocco, Etsedda/ | 35.195N | 3.269W | NMBE-549816 | MK754459 | MK585088 MK728782 | MK585112
Kebdane
Alabastrina | Morocco, Rif, Tiztou- | 34.955N | 3.166W | NMBE-555174 | MK754469 | MK585099 | MK728792 | MK585123
tistutensis tine, village bouaza
Allognathus Spain, Mallorca, 39.822N 2.887E EHUMC-1051 KR705026 KR704986 no data no data
balearicus Escorca
Arianta Austria, Upper Austria, | no data nodata | NHM-109000 | KF596871 KF596823 KF596915 no data
arbustorum Héllengebirge Mts
Helix Tunisia, Kasserine 35.172N 8.831E NMBE-540550 | MF564162 MF564116 MF564178 no data
melanostoma France, between Ra- | 43.663N | 3.441E NMBE-520822 | MK754471 MF564115 MF564177 no data
bieux and Saint-Félix-
de-Lodez/ Herault
Marmorana Italy, Rome 41.885N | 12.481E MN-2554 KR705023 KR704983 no data no data
muralis
Massylaea Algeria, Ighil Bourmi | 36.487N 4.061E NMBE-540545 | MF564168 MF564122 MF564185 no data
constantina
Massylaea | Algeria, Makouda, Tizi | 36.791N | 4.066E | NMBE-540544 | MF564159 | MF564112 | MF564174 no data
vermiculata Ouzou/ Kabylie
Otala lactea Spain, Finca de la 36.760N | 4.428W | NMBE-554174 | MK754463 MKS585093 MK728786 | MK585117
Concepcién, N
Malaga
Spain, Punta Entinas, | 36.690N | 2.694W | NMBE-554175 | MK754464 MK585094 MK728787 | MK585118
W Almeria
Spain, Punta Entinas, | 36.690N | 2.694W | NMBE-554176 | MK754465 | MK585095 | MK728788 | MK585119
W Almeria
Portugal, W Almoc- | 38.798N | 9.485W | NMBE-553246 | MK754460 MK585089 MK728783 | MK585113
ageme/ Sintra Cascais
National Park
Morocco, Hassi Ouen-| 34.698N | 3.256W | NMBE-555171 | MK754452 | MK585081 | MK728775 | MK585105
zga/ Oriental
Morocco, Hassi Ouen-| 34.698N | 3.256W | NMBE-549814 | MK754468 MK585098 MK728791 | MK585122
zga/ Oriental
Morocco, West of 30.709N | 8.268W | NMBE-549951 | MK754472 MK603015 MK728794 | MK602877
Aoulouz/ Souss-Massa-
Draa
Morocco, Etsedda/ | 35.195N | 3.269W | NMBE-545594 | MK754448 MK585077 MK728771 | MK585101
Kebdane
Otala Spain, El Tarajal, W | 36.705N | 4.506W | NMBE-554171 | MK754462 MK585092 MK728785 | MK585116
punctata Milaga
Spain, El Tarajal, W | 36.705N | 4.506W | NMBE-554172 | MK754467 MK585097 MK728790 | MK585121
Miélaga
Algeria, Makouda, Tizi| 36.745N 4.068E NMBE-534228 | MK754466 | MK585096 MK728789 | MK585120
Ouzou/ Kabylie
Otala Morocco, Tarzout de | 33.381N 4.778E NMBE-510549 no data no data no data no data
tingitana Guigou/ Boulmane,

NW Boulmane
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Species Locality Latitude | Longitude Voucher GenBank GenBank GenBank | GenBank
ber COI ber 168 ber H3 b
1TS2
Otala Morocco, Kebdana, | 34.821N | 2.745W | NMBE-555169 | MK754450 | MK585079 | MK728773 | MK585103
xanthodon Moulouya valley S
Mechraa Elmalh

Morocco, Kebdana, | 34.821N | 2.745W | NMBE-555170 | MK754451 MK585080 MK728774 | MK585104
Moulouya valley S
Mechraa Elmalh
Kebdana, Moulouya | 34.739N | 2.803W | NMBE-549825 | MK754453 MK585082 MK728776 | MK585106
valley below barrage
Kebdana, Moulouya | 34.739N | 2.803W | NMBE-549826 | MK754454 | MK585083 MK728777 | MK585107
valley below barrage
Morocco, Montes de | 35.027N | 2.614W | NMBE-549841 | MK754473 | MKG603016 | MK728795 | MKG602878
Kebdana, Kebdana
Mountain/ Rif
Morocco, Montes de | 35.030N | 2.613W | NMBE-549843 | MK754474 MKG603017 | MK728796 | MK602879
Kebdana, Djebel Sebaa
Reyal/ Rif
Morocco, Guercif, 34.207N | 3.414W | NMBE-549820 | MK754449 MK585078 MK728772 | MK585102
Oued Melloulon/ Taza

al-Hoceima

Siretia Morocco, Montes de | 35.027N | 2.614W | NMBE-549815 | MK754461 MK585090 MK728784 | MK585114
pallaryi Kebdana, Kebdana

Mountain/ Rif
Theba Morocco, West of 30.709N | 8.268W | NMBE-549949 | MF564172 MF564126 MF564188 no data
subdentata | Aoulouz/ Souss-Massa-
subdentata Draa

“Tingitana Morocco, Montes de | 35.030N | 2.613W | NMBE-549840 | MK754470 | MK585100 | MK728793 | MK585124
minettei Kebdana, Djebel Sebaa
decussata” Reyal/ Rif

Molecular study

For total DNA extraction the Qiagen Blood and Tissue Kit (Qiagen; Hilden, Germany)
was used in combination with a QIAcube extraction robot. Ca. 0.5 cm? of foot tissue
was cut from the foot muscle and placed in a mix of 180 pl ATL buffer and 20 pl Pro-
teinase K. It was then incubated for ca. 4 hours at 56 °C in a heater (Labnet, Vortemp 56,
witec AG, Littau, Switzerland). For subsequent DNA extraction the QIAcube extraction
robot with the Protocol 430 (DNeasy Blood Tissue and Rodent tails Standard) was used.
In this study, two mitochondrial markers (COI and 16S) and two nuclear markers (H3
and 5.8 S IRNA+ITS2) were investigated. PCR mixtures consisted of 12.5 pl GoTaq G2
HotStart Green Master Mix (Promega M7423), 8.5 ul ddHZO, 1 pl forward and reverse
primer each, and 2 pl DNA template. In Table 2 the used primer pairs for the PCR are
listed. Following PCR cycles were used: for COI 2 min at 94 °C, followed by 35 cycles
of 1 min at 95 °C, 1 min at 40 °C and 1 min at 72 °C and finally, 5 min at 72 °C; for
16S 5 min at 95 °C, followed by 45 cycles of 30 s at 95 °C, 30 s at 48 °C and 45 s at 72
°C, and finally, 5 min at 72 °C; for H3 3 min at 95 °C, followed 40 cycles of 1 min at
95 °C, 1 min at 42 °C and 1 min at 72 °C, and finally, 10 min at 72 °C, and for 5.8 S
rRNA+ITS2 1 min at 96 °C, followed by 45 cycles of 30 s at 94 °C, 30 s at 50 °C and
1 min at 72 °C, and finally, 10 min at 72 °C (SensoQuest Tabcyclet and Techne TC-512,
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Table 2. Used primer pairs for the two mitochondrial and two nuclear markers.

Gene Primer Sequence 13:;;:?;;) Reference
COI LCO1490 5-GGTCAACAAATCATAAAGATATTGG-3’ 680 Folmer et al. 1994
HCO2198 5-TAAACTTCAGGGTGACCAAAAAATCA-3’
16S 16S ar 5-CGC CTG TTT ATC AAA AAC AT-3’ 440 Simon et al. 1994
16S br 5’- CCG GTC TGA ACT CTG ATC AT -3’
H3 H3AD 5-ATGGCTCGTACCAAGCAGACVGC-3’ 380 Colgan et al. 1998
H3BD 5-ATATCCTTRGGCATRATRGTGAC-3’
ITS2 ITS2ModA 5-GCTTGCGGAGAATTAATGTGAA-3 900 Bouaziz-Yahiatene et al.
ITS2ModB 5-GGTACCTTGTTCGCTATCGGA-3’ 2017

witec AG, Littau, Switzerland). The purification and sequencing of the PCR product
was performed by LGC (LGC Genomics Berlin, Germany). Interpretation of Bootstrap
values: 70 to 80 = moderate support; 80 to 90 = well supported; > 90 = high support.
Bayesian posterior probabilities: values above 0.95 are significant support.

Phylogenetic analyses

For the phylogenetic analyses sequences obtained from GenBank were included as out-
groups: Arianta arbustorum (Linnaeus, 1758) (Cadahia et al. 2014), Marmorana muralis
(OF Miiller, 1774), and Allognathus balearicus (Rossmissler, 1838) (= Allognathus hispani-
cus (Rossmissler, 1838)) (Neiber and Hausdorf 2015). Additionally, sequences of Helix
melanostoma Draparnaud, 1801, Theba subdentata subdentata (Férussac, 1821), Massylaea
constantina (E Forbes, 1838) and Massylaea vermiculata (OF Miiller, 1774) from the study
of Bouaziz-Yahiatene et al. 2017 were also included as outgroups. These species were se-
lected to identify the phylogenetic placement of the focal taxa investigated in this study.

For sequence processing and editing the software package Geneious v9.1.8 (Biomat-
ters Ltd) was used. The protein-coding gene fragments of COI and H3 were defined in
two data blocks. The first two codon positions were defined as one block and the third co-
don position as a second block. The non-coding regions from 16S and 5.8 S rRNA+ITS2
were defined as a single data block. Partitionfinder-2.1.1 (Lanfear et al. 2012) was applied
for searching optimal evolutionary models for the partitions using the corrected Akaike
Information Criterion (cAIC). RAXML plug-in for Geneious (Stamatakis 2006) was im-
plemented for computing ML inference, using Geneious™ plug-in with rapid bootstrap-
ping setting, the search for the best scoring ML tree and 1500 bootstrapping replicates.
Bayesian Inference (BI) was performed using Mr. Bayes v3.2.6 x64 (Huelsenbeck and
Ronquist 2001; Ronquist and Huelsenbeck 2003; Altekar et al. 2004) through the HPC
cluster from the University of Bern (http://www.id.unibe.ch/hpc). For the concatenated
data set, Partitionfinder-2.1.1 was used for finding the optimal evolutionary models for
each subset with the model = all function. The Monte Carlo Markov Chain (MCMC)
parameter was set as follows: starting with four chains and four separate runs for 20 mil-
lion generations with a tree sampling frequency of 1000 and a burn in of 25%.
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Anatomical and morphological study

Living animals were killed in boiling water and stored for one day in 80% ethanol. The
next day, the ethanol was exchanged and the specimens were stored in the fridge at 5 °C
until DNA extraction and dissection. Our experience showed that this procedure main-
tains the soft tissue and is essential for proper anatomical studies, as well as for the conser-
vation of DNA. The dissection of the snail genitalia took place under a stereomicroscope
(Leica MZ12) using thin tweezers and scissors. The genitalia were dissected from the
body, spread on a wax bedded bowl, and properly pinned with small needles. The total
length of the situs was measured using a calliper (Mitutoyo). Proportions between differ-
ent parts of the genitalia were estimated using the total situs length as a reference. Addi-
tionally, the inner structures of the penis and the epiphallus were investigated. Pictures of
the situs were taken with a Leica DFC425 microscope camera using an image-processing
program (IMS Client V15Q4, Imagic, Switzerland). The empty shells were imaged using
a camera (Canon EOS 50D) in a frontal, lateral, apical, and ventral position. The shell
height and shell diameter were measured with perpendicular shell axis with the calliper.

Abbreviations used in the anatomical descriptions and figures:

At atrium HD hermaphroditic duct
AG albumin gland MG mucus glands
AS atrial stimulator MRP musculus retractor penis
BC bursa copulatrix PA penial appendix
BCD diverticulum of the bursa cop- Pe penis
ulatrix PF penial flap
D shell diameter PP1 proximal penial papilla
DS dart sac PPr2 distal penial papilla
Ep epiphallus PS penis sheath
Fl flagellum Va vagina
FO free oviduct VD vas deferens
H shell height
Results
Phylogenetic results

The RAXML analysis of the concatenated data set (Fig. 2) recovered the genus Alabastrina
as sister genus to Siretia and Otala. This node is supported with a ML support value of 90.
The species A. tistutensis Galindo, 2018 clusters within the five specimens of A. alabastrites
(Michaud, 1833). The monophyly of S. pallaryi (Kobelt, 1909) and Otala (and thus the
separation of S. pallaryi and Alabastrina) is highly supported (bootstrap value of 99). The
monophyly of Ozala is not statistically supported (bootstrap value of 61). Within Ozala we
recovered three major clades, i.e., O. punctata (OF Miiller, 1774), O. lactea (OF Miiller,
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Figure 2. Maximum Likelihood (RAXML) tree based on concatenated data set of COI, 16S, H3, and
5.8 S rRNA+ITS2. Numbers represent bootstrap support values from the ML analysis.
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Figure 3. Bayesian Inference tree based on concatenated data set of COL, 16S, H3, and 5.8 S tIRNA+ITS2.

Numbers represent Bayesian posterior probabilities.

1774), and O. xanthodon (Anton, 1838). The specimen of “Tingitana minettei decussata”
(nomen nudum) clusters within the O. xanthodon clade. The monophyly of O. lactea is not
statistically supported (bootstrap value of 65). Within O. xanthodon there are some nodes
with very low support, especially the node which includes “7ingitana minettei decussata”
(NMBE 549840). Otala . murcica (Rossmiissler, 1854) (NMBE-554175 and NMBE-
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554176 in Figs 2, 3) nests within the O. lactea clade. Both, the separate mitochondrial
and nuclear tree show the same topology as the concatenated tree. They can be found in
the supplementary material (Suppl. materials 1, 2).

The Bayesian Inference analysis of the concatenated data set (Fig. 3) recovered the
monophyly of Alabastrina. This node is statistically supported (posterior probability of
1). The monophyly of S. pallaryi and Orala and thus the separation of S. pallaryi and
Alabastrina is fully supported. There is no difference in both types of analyses in the O.
lactea and the O. xanthodon clade. The separate mitochondrial and nuclear trees can be
found in the supplementary material (Suppl. materials 3, 4).

Taxonomic accounts

The nomenclature of the parts of the genital organs follows Neubert and Bank (2006)
and Neubert (2014). In Table 3, the traits of the genital organs are summarised.

Alabastrina Kobelt, 1904

1904  Alabastrina Kobelt, in Rossmissler: Iconographie der Land- & Siisswasser-
Mollusken, (2) 11: 33, 132, 194 [type species Helix alabastrites Michaud, 1833
by OD].

1904  Alabastra Kobelt, in Rossmissler: Iconographie der Land- & Siisswasser-Mol-
lusken, (2) 11: 100.

Currently, this genus is subdivided in six subgenera (Schileyko 2006). This system is
more or less completely based on shell characters and only for a few specimens the mor-
phology of the genital organs has been investigated and published. Schileyko (2006:
1794, fig. 2297B, C) shows the genital organs of Helix hieroglyphicula Michaud, 1833,
which is the type species of Michaudia Pallary, 1926 [by original designation]. In his
definition of Alabastrina sensu lato, he uses the character state “branches of mucus
glands before entering common duct form distinct swellings” (Schileyko 2006: 1792).
This interesting trait is not seen in any of the Alabastrina species investigated by us.
Holyoak and Holyoak (2017: 426, Table 1) relegate Michaudia into the synonymy of
Otala, also based on Schileyko’s figure arguing with the conformity in the structure of

Table 3. Traits of genital organs.

A. alabastrites A. ti is S. pallaryi  O. lactea  O. punctata  O. xanthodon
relative size of the AS medium medium no data large large large
penial flap yes yes no data no no no
relative size of the Fl short short no data long medium long
relationship BC:BCD 1:1 no data no data 1.5:2 1:1 1.5:2
no. of penial papillae 1 1 no data 2 1 2

penial appendix yes yes no data no no no
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the interior of the proximal penis. The assumption by Schileyko (2006) that Alabas-
trina agrees with Otala on the presence of two penial papillae is wrong.

Without further comment, Holyoak and Holyoak (2017) consider Loxana Pallary,
1899 a separate genus, follow Razkin et al. (2015) in leaving A#lasica Pallary, 1917 as
a subgenus of Alabastrina, and omit Lechatelieria Pallary, 1926. Taxon sampling in
Razkin et al. (2015) is not sufficient enough to clearly reveal the subgeneric position
of Atlasica. Based on our anatomical investigation, the genus Alabastrina can now be
newly characterised using the following traits of the genital organs: Penis with a single
penial papilla (PP) with a central pore, distal penis with penial flap (PF), proximal
penis with a small penial appendix (PA); epiphallus and flagellum of similar length;
mucus glands (MG) multifid, branches very long and slender.

Nomenclatural remark: Kobelt established the names Alabastra and Alabastrina
simultaneously in the register volume of the “Iconographie”. In this work, he presented
a register on the “System der palaearktischen Binnenconchylien”, listing a genus group
name together with a single species group name (129 f1.). In the second register (171
fI.), he provided a systematically ordered list with information on all taxa ever pub-
lished in the “Iconographie”, and affiliated these taxa into the new system as outlined
before in register 1. Both registers are accompanied by text dealing with zoogeographic
considerations and taxonomic remarks.

The name Alabastra was used three times exclusively on page 100 (in combination
with a species list). The name Alabastrina was used on page 33 (zoogeographic con-
text), page 132 (systematic register combined with the species group name alabastrites),
page 158 (a list of potential members of Alabastrina including alabastrites), and finally
page 194 (amended list of illustrated taxa of Alabastrina sensu Kobelt). According to
ICZN 24.2.4 we deem Kobelt to act here as First Reviser, because he consequently
used the name Alabastrina in his registers. We interpret the name Alzbastra to consti-
tute an erroneous misspelling.

Both genus group names included species lists of differing composition, the name
alabastrites was always included (loc. cit.). In the first register, the name Alabastrina
was combined with a single species (p. 132). We consider this act a designation of the
type species by the original author (OD); Schileyko’s note on the type species selection
(2006: 1792) as “monotypy” is erroneous.

Alabastrina alabastrites (Michaud, 1833)
Figs 4-8

1833 Helix alabastrites Michaud, Catalogue des testacés vivans envoyés d’Alger par
M. Rozet, capitaine au corps royal d’Etat-Major, au cabinet d’'Histoire Na-
turelle de Strasbourg; 4, figs 6-8 [Oran].

1833 Helix soluta Michaud, Catalogue des testacés vivans envoyés d’Alger par M.
Rozet, capitaine au corps royal d’Etat-Major, au cabinet d’Histoire Naturelle

de Strasbourg: 3, figs 9, 10 [Oran].
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Figure 4. Alabastrina type specimens. A Helix soluta, syntype MHNL 45000679, Oran, Algeria, coll.
Michaud, D = 24.15 mm B Helix alabastrites, syntype MHNL 45000690, Oran, Algeria, coll. Michaud,
D = 22.48 mm. All photographs by Kneubiihler & Neubert, x 1.5.

Type specimens: Helix alabastrites: syntype MHNL 450006905 Helix soluta: syntype
MHNL 45000679.

Specimens examined: for sequenced specimens, see Table 1.

Description. The range of the shell diameter of the investigated specimens is be-
tween 14.93-22.77 mm and shell height is between 10.85-13.45 mm. The shell of
this species is pale and often with dark brown stripes. Some individuals do not show
any stripes at all (Figs 4B, 6A). There is none to one tooth found in the aperture.

This species has a rather short flagellum which is a bit shorter than the penis. MG
are thin and fragile. The epiphallus goes over into the penial lumen without any penial
papilla. Parallel but outside of the epiphallus is a penial appendix found. This penial
appendix lies next to the epiphallus and is also covered by the penial sheath. It is blind
on one side and opens into the penial lumen on the other side (PA in Fig. 5C, D).
From there a huge penial papilla (PP) points towards the atrium. The PP is surrounded
by massive muscles. In the atrium is a large atrial stimulator found and a smaller is
located at the exit of the penis (PF).

Alabastrina tistutensis Galindo, 2018

2018  Alabastrina tistutensis Galindo, Mostra mondiale, Cupra Marittima (2): 22-26.

Type specimen: Alabastrina tistutensis: holotype MMM Cupra Marittima (2): 23.
Specimens examined: for sequenced specimen, see Table 1.
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Figure 5. Alabastrina alabastrites NMBE 549817), Kebdana Mountain, Morocco; A shell B situs C pe-
nis D penial lumen; D = 21.91 mm, H = 13.36 mm, situs length 27.57 mm (atrium-flagellum). All

photographs by Kneubiihler, shell x 1.5.

Description. The shell is pale and characterised by a sharp keel. The aperture is white
with a white lip. The mucus glands (MG) are fragile and slender. The flagellum is slightly
shorter than the penis. The epiphallus is characterised by longitudinal tissue ridges and
goes over into the penial lumen without any penial papilla. Parallel but outside of the

epiphallus is a penial appendix found (PA in Fig. 9C). It is together with the epiphal-
P1p P pPp g g P1p
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Figure 6. Alabastrina alabastrites (NMBE 549812), cave Ifri " Ammar, Morocco; A shell B situs € penis
D penial lumen; D = 19.72 mm, H = 13.00 mm, situs length 26.27 mm (atrium-BCD). BC lost during
dissection. All photographs by Kneubiihler, shell x 1.5.

lus covered by the penial sheath. The PA is blind on one side and the other side opens
into the penial lumen. This species possesses one penial papilla (PP in Fig. 9C) which is
slightly smaller than in A. alabastrites but it is clearly visible. A large atrial stimulator is
found in the atrium and a smaller stimulator is situated in front of the exit of the penis.
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Figure 7. Alabastrina alabastrites (NMBE 549813), hills El Batel, Morocco; A shell B situs € penis;
D =17.25 mm, H = 10.85 mm, situs length 13.46 mm (atrium-flagellum). Situs is not complete. All

photographs by Kneubiihler, shell x 1.5.

Siretia Pallary, 1926

1926 Siretia Pallary, Journal de Conchyliologie, 70: 19.

This genus is characterised by a triangular, toothless aperture, the short upper edge of
the shell, its flat form, and by having four dark bands (Pallary 1926). Although Siretia
has a peculiar shell morphology, Schileyko (2006) considers it as a subgenus of Alabas-
trina. Our phylogenetic analyses reveal it as a separate genus.

Siretia pallaryi (Kobelt, 1909)

Figure 10

1909  Archelix pallaryi Kobelt, Nachrichtsblatt der Deutschen Malakozoologischen
Gesellschaft, 41 (3): 134 [Taforalt im Gebiet der Beni Snassen].

1914 Archelix pallaryi, — Kobelt: in Rossmissler: Iconographie der Europdischen
Land- & Siisswasser-Mollusken (2) 20: 21, fig. 2790.
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Figure 8. Alabastrina alabastrites NMBE 549816), Etsedda/ Kebdana, Morocco; A shell B situs € pe-
nis; D = 22.77 mm, H = 13.45 mm, situs length 36.84 mm (atrium-BCD). BC destroyed. All photo-
graphs by Kneubiihler, shell x 1.5.

1926 Siretia pallaryi, Journal de Conchyliologie, 70: 19, figs 5, 6, 8.

Type specimen: Siretia pallaryi: syntype SMF 75926.

Specimens examined: for sequenced specimen, see Table 1.

Description. In Figure 10B, a syntype of S. pallaryi from Teforalt (= Taforalt), Mo-
rocco (coll. CR Boettger ex Kobelt) is shown. The type specimen is slightly larger than
our investigated specimen (Fig. 10A). Both show similar shell morphology and stripe
pattern. Unfortunately, our specimen was badly preserved and a juvenile, therefore no
proper investigation of the genital organs could be made.

Remarks. Holyoak and Holyoak (2017: 446) attribute this species to A Koch.
However, in the description Kobelt explicitly mentions “Koch mss”. Therefore, Kobelt
is considered the nomenclatural author of this taxon.
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Figure 9. Alabastrina tistutensis (NMBE 555174), Tiztoutine, Morocco; A shell B situs € penis;
D =19.59 mm, H = 8.74 mm, situs length 13.51 mm (atrium-flagellum). Situs not complete. All photo-
graphs by Kneubiihler, shell x 1.5.

Figure 10. A Siretia pallaryi (NMBE 549815), Kebdana Mountain, Morocco, D = 16.82 mm,
H = 8.81 mm; B S. pallaryi (SMF 75926), Teforalt (= Taforalt), Morocco, coll. CR Boettger,
D =19.38 mm. All photographs by Kneubiihler & Neubert, x 1.5.
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Otala Schumacher, 1817

1817  Otala Schumacher, Essai d’'un nouveau syst¢me des habitations des vers
testacés: 58, 191 [type species Helix lactea OF Miiller, 1774, by subsequent
designation Pilsbry, 1895: 323].

1904  Otala (Dupotetia) Kobelt: in Rossmissler: Iconographie der Europiischen
Land- & Siisswasser-Mollusken (2) 11: 158 [type species Helix dupotetiana
Terver, 1839 by original designation].

1918  Alabastrina (Tingitana) Pallary, Bulletin de la Société d” Histoire naturelle de
I'Afrique du Nord, 9 (7): 145 [type species Archelix minettei Pallary, 1917 by

monotypy].

This genus was recently revised by Holyoak and Holyoak (2017). After examining
several hundreds of specimens from Morocco and Algeria, they distinguish five species
within the genus Orala, i.e., O. punctata, O. lactea, O. xanthodon, O. tingitana (Paladil-
he, 1875), and O. hieroghyphicula (Michaud, 1833). The species formerly attributed to
Tingitana Pallary, 1918, and Dupotetia Kobelt, 1904 (genera which appeared to have
species in the area of the Kebdana) are now lumped under Otala tingitana. This lump-
ing approach is supported by the molecular study of Helicoidea by Razkin (2015), who
revealed that the genus 7ingitana is nested within Otala. In our phylogenetic analysis
we included a specimen of the well-known shell form “7ingitana minettei decussata”,
which clustered within the O. xanthodon clade thus supporting the results of Razkin
(2015) and Holyoak and Holyoak (2017). More taxon sampling is needed to reveal the
phylogenetic relationships within Ozla.

Otala lactea (OF Miiller, 1774)
Figs 11-16

Type specimens: Helix lucasii: MNHN IM-2000-31721.

Specimens examined: for sequenced specimens, see Table 1.

Description. The shell of O. lactea is characterized by a dark aperture. The shell
diameter of the investigated specimens ranges between 27.01-40.81 mm and shell
height between 15.77-21.75 mm. This species has a large and thick penial tube. It
has two distinct penial papillae with each a large central pore. The distal penial lumen
between the large tongue-shaped atrial stimulator and the distal penial papilla (PP2)
exhibits longitudinal ridges. The distal penial papilla is located ca. 2 mm distally to
the atrium. The penial chamber which is bordered by the two penial papillae ranges
between 2—4 mm and is characterised by strong annular tissue folds. There is a short
transformation zone between the proximal penial papilla (PP1) and the epiphallus.
The epiphallus is characterised by longitudinal tissue ridges. The flagellum is ca. 1.5x
the length of the penis. The BCD is ca. double in length as the BC, except for the
specimen in Figure 13, where they are approximately the same length. The vagina
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Figure 1. Otala lactea NMBE 553246), W Almocageme, Portugal; A shell B situs € penis and atrium;
D =29.82 mm, H = 18.71 mm, situs length 41.34 mm (atrium-BCD). All photographs by Kneubiihler,
shell x 1.5.

is stout and short. The MG consist of two massive stems which subdivide into ten
smaller branches.

Remarks. The analysis includes also specimens of O. [ murcica (Fig. 15) from
Almeria, Spain, which is the type locality. This taxon is characterised by a larger shell
and an aperture, which is enlarged and more reflected (Cadevall and Orozco 2016).
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Figure 12. Omla lactea (NMBE 554174), N Malaga, Spain; A shell B situs; D = 27.25 mm,
H = 18.60 mm, situs length 22.90 mm (atrium-albumin gland); juvenile, BC destroyed. All photographs
by Kneubiihler, shell x 1.5.

The morphology of the genital organs shows no difference to the specimens of O. lactea
investigated from Portugal or Morocco.

In a small area in north-eastern Morocco, another form of O. lactea occurs, namely He-
lix lucasii (Fig. 16D). Our investigation of a specimen from this population revealed some
differences in the anatomy of the genital organs (Fig. 16C). The penial chamber is much
longer than in the other specimens of O. lactea. The length of the penial chamber (PP1-
PP2) is 4 mm and the length of the distal penial lumen (PP2-AS) is 1.8 mm. The internal
structures differ substantially. Here, the inner walls of this tube are filled by numerous fine
transverse ridges arranged in a very dense annular pattern. All other specimens seen so far
displayed an irregular network of tissue folds in this section of the penis. Additionally the
shell is quite large and flat with a comparatively strong basal tooth or strengthened lip.

Otala punctata (OF Miiller, 1774)
Figs 17, 18

Specimens examined: for sequenced specimens, see Table 1.
Description. The shell is characterized by a white lip and a basal tooth. This spe-
cies is characterized by a long and thick penial tube. It has a large penial papilla (PP),
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Figure 13. Otala lactea (NMBE 555171), Hassi Ouenzga/ Oriental, Morocco; A shell B situs € penis
and atrium; D = 22.63 mm, H = 14.85 mm, situs length 34.60 mm (atrium-flagellum). All photographs
by Kneubiihler, shell x 1.5.

which is located ca. 2 mm distally to the atrium (Figs 17, 18) with a large central
pore. The second proximal penial papilla is reduced and inconspicuous. The distal
penial lumen between the atrial stimulator and the penial papilla exhibits a few low
longitudinal ridges intersected by many small annular folds. The proximal lumen
between penial papilla and epiphallus is filled by a network of irregularly shaped
folds and small and large ridges. The epiphallus is characterised by longitudinal tis-
sue ridges with a small transformation zone at the proximal end of the penial lumen.
The flagellum has approximately the same length as the penis. The vagina is short and
stout. The mucus glands (MG) consist of two massive stems which subdivide into
10-12 smaller subsequent branches. The BCD has approximately the same length
as the BC. They are ca. 3x the length of the flagellum and the penis. The dominant
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Figure 14. Owla lactea (NMBE 549951), W Aoulouz, Morocco; A shell B situs; D = 27.01 mm,
H = 15.77 mm, situs length 30.77 mm (atrium-flagellum); juvenile; situs not complete; BC destroyed. All

photographs by Kneubiihler, shell x 1.5.

structure in the atrium is a large, folded stimulator, which was also mentioned by De
Mattia and Mascia (2011).

Otala xanthodon (Anton, 1838)
Figs 19-23

Specimens examined: for sequenced specimens, see Table 1.

Description. The shell is characterized by a dark aperture with a white and strong-
ly reverted lip. This species possesses one basal tooth. A palatal tooth is found in some
specimens. The shell diameters of the investigated specimens range between 21.47—
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Figure 15. Omla lactea (NMBE 554175), W Almerfa, Spain; A shell B situs € penis and atrium;
D =31.89 mm, H = 18.23 mm, situs length 57.86 mm (atrium-BCD). All photographs by Kneubiihler,
shell x 1.5.

27.77 mm and shell height between 13.37-16.04 mm. Otala xanthodon has two dis-
tinct penial papillae with each a large central pore. The distal penial lumen between
the atrial stimulator and the distal penial papilla (PP2) exhibits smooth longitudinal
tissue ridges. The penial chamber which is bordered by the two penial papillae is filled
by a network of irregularly shaped tissue folds and is ca. 3 mm long. There is a short
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Figure 16. Owmla lactea (NMBE 545594); Etsedda/Kebdana, Morocco; A shell B situs € penis;
D = 40.81 mm, H = 21.75 mm, situs length 61.47 mm (atrium-BCD), BC destroyed; D H. lucasii
(syntype MNHN IM-2000-31721), Oran, Algeria, D = 35.4 mm. All photographs by Kneubiihler &

Neubert, shell original size.

transformation zone between the proximal penial papilla (PP1) and the epiphallus.
The epiphallus contains few smooth longitudinal ridges. This species has a large flagel-
lum which is ca. double the length of the penis. The BC is a thin tube and ca. half the
length of the BCD. It has two massive mucus glands (MG) which subdivide in four
thinner branches of which each again subdivides in two thin branches. The dominant
structure in the atrium is a large tongue-shaped stimulator.
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Figure 17. Owla puncrata (NMBE 534228); Makouda, Algeria; A shell B situs C penis; D = 36.02 mm,
H = 22.37 mm, situs length 59.77 mm (atrium-BCD). All photographs by Kneubiihler, shell original size

“Tingitana minettei decussata”

Figs 24, 25

Specimens examined: Otala tingitana NMBE 510549); for the sequenced specimen of
“Tingitana minettei decussata” NMBE 549840, see Table 1.

Nomenclatorial note: The name “decussata Pallary” is a nomen nudum as already
stated by Holyoak and Holyoak (2017: 463). Pallary never made the name available,
nor did Llabador (1952). For the latter publication, the provisions of Article 13 ICZN
(names published after 1930) rule that every new name must “be accompanied by a
description or definition that states in words characters that are purported to differenti-
ate the taxon” or Article 13.1.2. “be accompanied by a bibliographic reference to such
a published statement”. No such statements are provided by Llabador. This taxon is
well known and often treated as a subspecies of 7Tingitana minettei (Pallary, 1917) (see
for example Cossignani 2014). The genus 7ingitana Pallary, 1918 is synonymised with
Otala by Holyoak and Holyoak (2017).
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Figure 18. Orala punctata NMBE 554171); W Mélaga, Spain; A shell B situs € penis; D = 30.30 mm,
H = 18.05 mm, situs length 70.10 mm (atrium-BC). All photographs by Kneubiihler, shell x 1.5.

Description. The shells of “decussata” are flat and have a sharply keeled last whorl.
The aperture is oval and dark brown inside with a white lip and a strong basal tooth.
“Tingitana minettei decussata” has a network-like sculpture on its surface (Fig. 25). This
is in contrast to Otala tingitana with a rather smooth surface and a few weakly devel-
oped radial ribs. In this species, the interior of the aperture is brighter and the basal
tooth conspicuously smaller. Typically, O. xanthodon has a smooth shell with evenly
rounded whorls and up to three apertural denticles.

The genital organs of “decussata” are characterised by two distinct penial papillae,
each with a central pore. The distal penial lumen between the atrial stimulator and the
distal penial papilla (PP2) is characterised by a network of irregularly shaped folds with
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Figure 19. Otala xanthodon (NMBE 549825), Moulouya, Morocco; A shell B situs € atrium and penis;
D =23.13 mm, H = 14.49 mm, situs length 32.68 mm (atrium-BCD). BC destroyed. All photographs
by Kneubiihler, shell x 1.5.

large and small ridges. The penial chamber exhibits many annular tissue folds and is
ca. 3 mm long. Between the proximal penial papilla (PP1) and the epiphallus is a short
transformation zone. The epiphallus is characterised by two strong and several smooth
longitudinal ridges. The mucus glands consist of two massive stems which subdivide
into several thinner branches which again become thinner in the second half. The
dominant structure in the atrium is a large tongue-shaped stimulator. There are almost
no differences in the inner and outer morphology of the genital organs of “decussata”
and O. xanthodon specimens.
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Figure 20. Otala xanthodon (NMBE 549826), Moulouya, Morocco; A shell B situs € atrium and PP2
D penial chamber; D = 21.47 mm, H = 14.22 mm, situs length 37.23 mm (atrium-BCD). All photo-
graphs by Kneubiihler, shell x 1.5.

Remarks. According to field observations by R Hutterer, this particular taxon does
only occur on top of one mountain in the Kebdana range; comparison with similar
specimens illustrated by Cossignani (2014: 109) from Ras el Ma and Tazouta is pend-
ing. The distribution area of O. tingitana/minettei is far and separated by lowlands, so a
position of this taxon as a species in its own right is highly probable. However, as long
as topotypic specimens of O. tingitana are missing in the genetic analysis, the exact
taxonomic position of “decussata Pallary” remains unclear. Our results signal a position
within or close to O. xanthodon rather than to O. tingitana.
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Figure 21. Otala xanthodon (NMBE 549841), Kebdana Mountain, Morocco; A shell B situs;
D =26.85 mm, H = 15.74 mm, situs length 33.58 mm (atrium-flagellum). Situs not complete. All pho-
tographs by Kneubiihler, shell x 1.5.

Figure 22. Otala xanthodon, Kebdana, Moulouya valley, Morocco; A shell from O. xanthodon (NMBE
555169), D = 22.33 mm, H = 13.61 mm; B shell from O. xanthodon (NMBE 555170), D = 23.10 mm,
H = 13.37 mm. Kebdana, Djebel Sebaa Reyal/ Rif C shell from O. xanthodon (NMBE 549843),
D =27.77 mm, H = 16.04 mm. All photographs by Kneubiihler, shell x 1.5.
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Figure 23. Orala xanthodon (NMBE 549820), Guercif, Morocco; A shell B situs € atrium and penis;
D =26.74 mm, H = 15.96 mm, situs length 42.81 mm (atrium-BCD), BC destroyed; D Helix zaffarina
Terver, 1839 (syntype MHNL 45001034), Oran, Algeria, coll. Michaud, D = 29.54 mm. All photographs
by Kneubiihler & Neubert, shell x 1.5.

Figure 24. Ouwla tingitana (NMBE 510549), Tarzout de Guigou, Morocco, D = 27.42 mm, H = 14.38 mm
(specimens from the type locality of Archelix minettei Pallary, 1917). All photographs by Kneubiihler, shell x 1.5.
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Figure 25. “Tingitana minettei decussata” (NMBE 549840), Kebdana, Morocco; A shell B situs € atri-
um and penis; D = 32.45 mm, H = 16.12 mm, situs length 28.84 mm (atrium-flagellum). Situs not
complete. All photographs by Kneubiihler, shell x 1.5.

Discussion

The results of our study strongly support the monophyly of the genera Alabastrina and
Otala within the tribe Otalini. Alabastrina alabastrites is morphologically as well as ge-
netically clearly separated from the genera Siretia and Otala. All investigated specimens
within Alabastrina show the unique trait of the presence of a blind penial appendix.
This is an anatomical character, which has never been reported before within the Heli-
cidae. The function of this penial appendix is not known. Schileyko’s system which was



Anatomical and phylogenetic investigation of the genera Alabastrina Kobelr, 1904... 31

based on morphology only, is incorrect as we could demonstrate in our phylogeny that
the species Archelix pallaryi Kobelt, 1909, which is the type species for the genus Siretia,
clusters outside the Alabastrina clade. We consider this taxon as a separate genus. Ana-
tomical and genetic data for Helix bailloni Kobelt, 1888, the type species of Guilia Pal-
lary, 1926 also suggest a phylogenetically separate position of this genus (Kneubiihler et
al. in prep.). The position of A. #istutensis within the clade of A. alabastrites shows that
this extreme local shell form should probably be considered a local subspecies rather
than a species in its own rights. Further sampling is necessary to resolve the problem.

The phylogenetic results clearly show that Siretia is separated from Alabastrina. In
the ML analyses Siretia forms a lineage separate from Orala (Fig. 2; Suppl. materials
1, 2). However, in the Bayesian Inference analyses, Siretia clusters within the Orala
clade (Fig. 3; Suppl. materials 3, 4). Thus, the monophyly of Ozla is not supported.
It cannot be excluded that Siretia forms a subgenus or even a synonym of Otala. Un-
fortunately, we cannot present anatomical data for S. pallaryi because of the bad pres-
ervation of the only specimen we could analyse. More sequence data are necessary to
corroborate the monophyly of Orala and to resolve the relationships within the Ozla
clade (including Siretia). For the time being, Siretia is considered here as a separate unit
because of the differences in shell shape. Holyoak and Holyoak (2017: 423) regard
Siretia as a distinct genus within the Otalini.

Otala lactea is characterized by a dark aperture, which clearly differentiates it from
O. punctata with a white aperture. We investigated several populations of O. lactea
from Morocco, Spain and Portugal and they all cluster together in the phylogenetic
analysis. Hesse’s (1911) investigations of the outer morphology of the genital organs
of Archelix punctata, A. lactea, and A. lucasi showed no difference to our results. In
contrast to Holyoak and Holyoak (2017), we could distinguish the species O. lactea
and O. punctata without any doubt by their genital anatomy. Orala punctata has one
strongly developed penial papilla and a second which is nearly completely reduced,
whereas O. lactea has two massive and distinct penial papillae. Unfortunately, Holyoak
and Holyoak (2017: 425, Table 1) do not describe the form of the proximal verge (PP1
herein) for each species nor do they provide a drawing. This hampers the interpretation
of the data known so far and we agree that more detailed study may be necessary for a
reliable comparison of species.

We also investigated specimens of O. /. murcica from Almeria, Spain; from a ge-
netic point of view there is no difference to the remaining specimens of O. /. lactea.
The two specimens of O. /. murcica included in the analyses from the same population
(NMBE-554175 and NMBE-554176 in Figs 2, 3) cluster together with the Portu-
guese specimen of O. lactea, which originates close to the type locality of the neotype
of O. lactea designated by Holyoak and Holyoak (2017: 446). For this reason we con-
clude that this subspecies has to be considered a synonym of O. lactea.

The specimen from Etsedda, Morocco (NMBE-545594 in Figs 2, 3) clusters as
the sister lineage of all investigated O. lactea specimens. It shows a slightly different
shell morphology and genital anatomy (Fig. 16A, B, C). The shells of this population
strongly resemble Helix lucasii (syntype shown under Fig. 16D). However, the boot-
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strap support value for this clade (65) is too low to currently allow the separation as
a distinct species or whether it falls within the range of variability of O. lactea. More
specimens are needed here to corroborate the differences in the anatomical details of
the genital organs as well as the separate position on the phylogeny.

“Tingitana minettei decussata’ clusters within the specimens of O. xanthodon but
with a low support (Figs 2, 3). The genital organs show strong similarities to other O.
xanthodon specimens as exemplified by the system of two penial papillae, the short
penial chamber, the massive mucus glands, and the large atrial stimulator. However,
the shell morphology of this form is clearly different. This could be due to a local
adaptation to a rocky habitat since the gastropod shell form is strongly influenced by
the substrate the species live on (Goodfriend 1986); specimens with a flat shell can
hide more easily in crevices, particularly in limestone. This conflicts with the defini-
tion of Tingitana by Pallary, who erected this genus for species with a keeled shell.
Next to the observation cited above that keeled shells are probably an adaptation to
a rocky environment with crevices, juvenile shells of large helicid species often show
this phenomenon of a keeled shell (see for example species of Levantina Kobelt, 1871,
Codringtonia Kobelt, 1898, Isaurica Kobelt, 1901, etc. (Holyoak and Holyoak 2017)).
Consequently, this trait is unsuitable for generic definition; its use even for species
delimitation is disputable.

Holyoak and Holyoak (2017) synonymised H. zaffarina (a species usually under
Dupotetia) with O. xanthodon. Therefore, we included a specimen that usually would
have been identified as D. zaffarina in our study (Fig. 23A), and compared the shell
with that of the syntype (Fig. 23D). We agree here with the synonymisation of .
zaffarina with O. xanthodon, because our genetic analyses revealed that this specimen
clusters within the specimens of O. xanthodon.
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Abstract

Two new genera, Brevishieldophyes Chakrabarti & Pandit, gen. n. and Mesoshieldophyes Chakrabarti &
Pandit, gen. n., and a new species Mesoshieldophyes varecae Chakrabarti & Pandit, sp. n. are described.
These mites are leaf vagrants. The morphological characters of the afore-mentioned genera and those
of Ashieldophyes Mohanasundaram are compared. A key for separating the genera within the subfamily
Ashieldophyinae is provided. The diagnostic characters of the subfamily Ashieldophyinae are also revised.

Keywords
Ashieldophyes, Brevishieldophyes gen. n., comparison, descriptions, Mesoshieldophyes gen. n., Mesoshieldo-
phyes varecae sp. n., Brevishieldophyes glochidionae comb. n.

Introduction

Ashieldophyes pennadamensis Mohanasundaram, 1984, infesting Cuasearia tomentosa
Roxb. (Salicaceae) from near the Pennadam Sugar Factory, Arcot district, Tamil Nadu,
south India, was the type species for the genus Ashieldophyes Mohanasundaram within
the new family Ashieldophyidae Mohanasundaram. Later, the family Ashieldophyidae
was made one of the subfamilies (Ashieldophyinae) of the Eriophyidae Nalepa (1898)

Copyright Samiran Chakrabarti 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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because a small prodorsal shield was actually observed on the propodosoma of the
mite (Amrine and Stasny 1994; Amrine 1996; Amrine et al. 2003). A second species,
Ashieldophyes glochidionae Chakrabarti & Pandit, 2009, infesting Glochidion multilocu-
lare (Rottler ex Willd.) Voigt (Phyllanthaceae) from Lataguri Forest, Jalpaiguri, West
Bengal, was described in this taxon.

During periodical samplings for exploration of eriophyoid mite diversity in West
Bengal & Assam, further samples of eriophyoids infesting Casearia vareca Roxb. and C.
glomerata Roxb. were collected. Examination of those specimens allowed establishing
two new genera, Mesoshieldophyes Chakrabarti & Pandit, gen. n. for accommodating
Mesoshieldophyes varecae Chakrabarti & Pandit, sp. n. and Brevishieldophyes Chakra-
barti & Pandit, gen. n. for reassigning A. glochidionae in the Ashieldophyinae.

Materials and methods

Eriophyoid mites were collected and studied as described by Chakrabarti et al. (2017).
The terminology and classification given by Lindquist (1996) and Amrine et al. (2003),
respectively are followed here. The specimens were examined with a phase contrast
Leica DM3000 microscope and photographs were taken with Leica DFC295 camera.
All measurements were made following Amrine and Manson (1996) and de Lillo et
al. (2010), and are given in micrometres (um). Measurements and means are rounded
off to the nearest integer and refer to the length of the morphological characters unless
specified otherwise. Drawings were made following de Lillo et al. (2010) and Amrine
et al. (2003). In the text, measurements of the holotype are followed by the range of
measurements of the paratypes plus holotype given in parentheses. All type specimens
are now deposited in the collection of the Post-Graduate Department of Zoology, Vid-
yasagar College, Kolkata 700006, India. After publication, holotypes and paratypes
will be deposited in public institutions: one slide with paratypes of each species will
be deposited to the National Pusa Collection, Indian Agricultural Research Institute,
New Delhi; the holotype and the remaining paratypes will be deposited in the Na-
tional Zoological Collection, Zoological Survey of India, Kolkata.

Taxonomy

Ashieldophyes Mohanasundaram, 1984
http://zoobank.org/9A73DBEB-3C29-44D3-89DF-B349D0C8F895

Diagnosis. Prodorsal shield small and oval shaped; scapular tubercles absent but with
very short scapular setae sc, placed on lateral margins, directed laterally; pedipalp gen-
ual setae 4 present and simple; femoral setae bv of leg I present; genual setae /" of leg
IT present; coxae with setae 14; female genitalia located between coxae I genital cover

flap lacks ridges.
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Table I. Data set for some morphological characters of Ashieldophyes, Brevishieldophyes, and Mesoshiel-

dophyes.
Characters Ashieldophyes Brevishieldophyes Mesoshieldophyes

Body Vermiform Fusiform Fusiform
Pedipalp genual setae & Present Present Absent
Prodorsal shield Small, oval shaped Small, sickle shaped ~ Semi-circular, comparatively larger.
Scapular tubercles Absent Absent Absent
Scapular setae sc Present (very short) Absent Absent
Femoral setae bv on leg 1 Present Present Absent
Solenidion @ Blunt Knobbed knobbed
genual seta /" on Leg IT Present Present Absent
Dorsal and ventral semiannuli  Equal number, smooth  Equal number, smooth Equal number, granular
Seta 16 Present Absent Present

Type species. Ashieldophyes pennadamensis Mohanasundaram, 1984.

Remarks. Ashieldophyes Mohanasundaram, 1984, Brevishieldophyes Chakrabarti
& Pandit, gen. n., and Mesoshieldophyes Chakrabarti & Pandit, gen. n. belong to the
subfamily Ashieldophyinae of family Eriophyidae in having small or moderately de-
veloped shield, lacking opisthosomal setae  and e, coxae widely separated anteriorly,
female genitalia appressed to the coxae and with a triangular cover flap. These three
genera can easily be separated by the characters given in Table 1 and in the key pro-
vided below. The genus is monotypic.

Ashieldophyes pennadamensis Mohanasundaram, 1984
http://zoobank.org/D84AC07F-CD6A-42E1-9E42-EA6782545674
Fig. 1 AD1, CG1

Ashieldophyes pennadamensis Mohanasundaram, 1984, Oriental Insects, 18: 251-252.

Diagnosis. Body vermiform; pedipalp genual seta & present; prodorsal shield small
and oval; scapular tubercles absent but with very short setae s¢; legs with all usual setae;
solenidion @ blunt; opisthosoma with equal number of smooth dorsal and ventral
semiannuli; setae 14 present.

Description. Female (n = 20). Body vermiform, brown colour in life, dorso-ven-
trally flattened; 250 (175-250) and 40 (39-46) wide. Gnathosoma 15 (14-15) pro-
jecting obliquely down-curved, dorsal pedipalp genual setae & 1 (1-2); chelicerae 13
(13-15). Prodorsal shield small, oval-shaped, without lobe, 9 (9-10) and 23 (22-23)
wide, lacking scapular tubercles but with very short scapular setae sc, placed on lateral
margin and directed laterally. Leg I from base of trochanter 20 (20-21), femur 7 (7-8),
femoral setae bv 7 (7-8), genu 3 (2-3), genual setae /" 20 (21-23), tibia 5 (3-5), tibial
setae /' 15 (12-15), tarsus 5 (3—5), tarsal setae f# and /7" both 12 (10-12), solenidion
w 4 (3—4), straight and blunt; empodium e simple, 4-rayed; setae #' 2 (2-3). Leg II
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I

10um AD CG3

Figure 1. Female: Antero-dorsal region AD and coxigenital region CG ADI and CGI of
Ashieldophyes pennadamensis AD2 and CG2 of Brevishieldophyes glochidionae AD3 and CG3 of
Mesoshieldophyes varecae.

from base of trochanter 18 (18-20); femur 6 (5-6), femoral setae bv 5 (5-6), genu 2
(2-3), genual setae /" 23 (20-23), tibia 3 (3—4), tibial setae /" absent, tarsus 4 (3—4), so-
lenidion w 8 (7-8), straight and blunt; empodium ez simple, 4-rayed; tarsal setae f#' 8
(8-10) and f#" 12 (10-12), setae #' 2 (2-3). Coxigenital area smooth; broadly joined,
sternal line absent, coxa [ widely separate, setac 16 2 (2-3) and 5 (5-6) apart, setac la
8 (8-9) and 7 (7-8) apart, setae 22 13 (13—15) and 18 (18-20) apart. Opisthosoma
dorsally flat, smooth, with equal number of dorsal and ventral semiannuli, 21 (20-21);
setae ¢2 10 (7-11) on ventral semiannulus 2 (2-3), setae & and e absent, setae /14
(12-15) on ventral semiannulus 7 (6-7) from rear margin; setae 4/ absent, setae 42 12
(12-14). Genital cover flap 10 (9-11) and 16 (17-18) wide, triangular and smooth;
setae 34 8 (6-8). Internal genitalia apodeme short, spermathecae rounded with short
funnel-like spermathecal tubes.

Specimens examined. India: Tamil Nadu: South Arcot District, near Pennadam
Sugar Factory, 16.VII1.1981, 2 females from C. tomentosa, coll. M. Mohanasundaram,
coll. no. 427 (TNAU); West Bengal: North 24-Parganas, Madral, 12.VII1.2005, many
females and nymphs from C. tomentosa, coll. R Pandit, coll. nos. 1182-1184/19/2005.

Distribution. India: Tamil Nadu & West Bengal.

Relation to the host plant. The mites inhabit the under surface of leaves as va-
grants without showing symptoms of damage to the host plant.
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Remarks. This species is so far known only from its type locality and here reported
for the first time from West Bengal.

Brevishieldophyes Chakrabarti & Pandit, gen. n.
http://zoobank.org/16667767-867C-4329-A2F9-CF791F511F0B

Diagnosis. Body fusiform, dorso-ventrally flattened. Gnathosoma short, down-
wardly curved, cheliceral stylet short; prodorsal shield small and sickle-shaped;
scapular tubercles and scapular setae sc lacking; pedipalp genual setae 4 present
and simple; coxae without setae /6; femoral setae bv of leg I present; genual setae
" of leg II present; empodium simple; female genitalia appressed to the coxae,
genital cover flap smooth, triangular, located between coxae II; apodeme normal
in length.

Type species. Ashieldophyes glochidionae Chakrabarti & Pandit, 2009.

The genus is monotypic.

Etymology. Brevi derived from the adjective Latin word érevis meaning short (in
relation to prodorsal shield) and ophyes derived from eriophyes meaning erion = wool +
phyes = a grower/maker.

Gender. Masculine.

Brevishieldophyes glochidionae (Chakrabarti & Pandit, 2009), comb. n.
http://zoobank.org/33D1FFB7-997E-495E-AD21-EF1EDB27CB2B
Fig. 1AD2, CG2

Ashieldophyes glochidionae Chakrabarti & Pandit, 2009, International Journal of
Acarology, 15:163-164.

Diagnosis. Body fusiform; pedipalp genual seta & present; prodorsal shield small
and sickle shaped; scapular setae sc absent; legs with all usual setae; solenidion w
knobbed; opisthosoma with equal number of smooth dorsal and ventral semiannuli;
setae /b absent.

Specimens examined. India: West Bengal: Jalpaiguri, Lataguri forest, 15.X.2004,
many females and nymphs from G. multiloculare, coll. R Pandit. coll. nos. 1275-
1279/45/2004. Type material of A. glochidionae Meghalaya: Burnihat, 18.X.1985,
many females and nympbhs, from C. glomerata, coll. B Das, coll. nos. 967-971/61/1985.

Distribution. India: West Bengal & Meghalaya.

Relation to the host plant. The mites inhabit the under surface of leaves as va-
grants without showing symptoms of damage to the host plant.

Remarks. The original report of B. glochidionae from G. multiloculare needs fur-
ther confirmation because this mite species and other two Ashieldophyinae have been
collected subsequently from plants of the genus Casearia (Salicaceae).
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Mesoshieldophyes Chakrabarti & Pandit, gen. n.
http://zoobank.org/7227C05D-E910-44EE-AC65-49CACF572032

Diagnosis. Body fusiform, dorso-ventrally flattened. Gnathosoma short, obliquely
down-curved, cheliceral stylet short; pedipalp genual setae & absent; prodorsal shield
semi-circular without any lobe, lacking scapular tubercles and scapular setae s¢; femoral
setae bv of leg I and genual setae /” of leg II absent; coxae with setae 76; dorsal and
ventral semiannuli with granules; female genitalia appressed to the coxae; genital cover
flap triangular and smooth; empodium simple; apodeme short in length.

Type species. Mesoshieldophyes varecae Chakrabarti & Pandit, sp. n.

This genus is monotypic.

Etymology. The genus name Mesoshieldophyes is derived from meso = middle, refer-
ring to the medium size of prodorsal shield and phyes derived from eriophyes meaning
erion = wool + phyes, a grower/maker.

Gender. Masculine.

Remarks. The size of the prodorsal shield in this genus is larger than that in the
other two genera of this subfamily.

Mesoshieldophyes varecae Chakrabarti & Pandit, sp. n.
http://zoobank.org/E19A73E2-8A4C-4ABD-8C2F-4FC2DDFBC135
Figs 1AD3, CG3, 2, 3

Diagnosis. Body fusiform; pedipalp genual seta & absent; prodorsal shield semi-circu-
lar; scapular setae sc absent; femoral setae bv on leg I absent; genual setae /” on leg 11
absent; solenidion w knobbed; opisthosoma with equal number of granulated dorsal
and ventral semiannuli; setae /4 present.

Description. Female (n=12). Body fusiform, yellow colour in life, dorso-ventrally
flattened; 140 (120-145) and 50 (45-50) wide. Gnathosoma 15 (14-15) projecting
obliquely down-wards, dorsal pedipalp genual setae & absent, setae ep 1 (1-2); cheli-
cerae 13 (13-15). Prodorsal shield semicircular, without lobe, 14 (18-20) and 43
(40—43) wide with granules, lacking scapular tubercles and setae sc. Leg I from base of
trochanter 20 (20-21), femur 7 (7-8), femoral setae v absent, genu 3 (2-3), genual
setae /" 20 (21-23), tibia 4 (3—4), tibial setae /' 10 (10—12), tarsus 5 (3—5), tarsal setae
f#and f#" both 12 (10-12), solenidion 4 (3—4), straight and knobbed; empodium e
4 (4-5), simple, 4-rayed; setac ' 2 (2-3). Leg II from base of trochanter 18 (18-20);
femur 6 (5-6), femoral setae bv 5 (5-6), genu 2 (2-3), genual setae /" absent, tibia 3
(3—4), tibial setae /" absent, tarsus 4 (3—4), tarsal setae /' 8 (8—10), 2" 12 (10—12); sole-
nidion » 8 (7-8), straight and knobbed; empodium en 4 (4-5), simple, 4-rayed; setae
u' 2 (2-3). Coxigenital area smooth; sternal line absent, coxae widely separated, setae
162 (2-3) and 5 (5-6) apart, setae 1z 8 (8-9) and 7 (7-8) apart, setae 22 13 (13-15)
and 18 (18-20) apart. Opisthosoma dorsally flat, with equal number of dorsal and
ventral semiannuli, 21 (20-21), both dorsal and ventral semiannuli ornamented with
fine granules; setae ¢2 10 (7-11) on ventral semiannulus 2 (2-3), setae 4 and e absent,
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Figure 2. Mesoshieldophyes varecae, Female. Abbreviations CG coxigenital region D dorsal view of body;
em empodium IG Internal genitalia LO Dorsal and ventral annuli.

setae f'14 (12-15) on ventral semiannulus 7 (6-7) from rear margin; setae 4/ absent,
setae #2 12 (12-14). Genital cover flap 6 (5-6) and 16 (17-18) wide, triangular and
smooth; setae 32 7 (6-7). Internal genitalia apodeme short, spermathecae globose
with short, funnel-like spermathecal tubes.

Male. Not observed.

Type host plant. Casearia vareca Roxb. (Salicaceae).

Relation to the host plant. The mites inhabit the under surface of leaves as va-
grants without showing symptoms of damage to the host plant.

Type locality. India: West Bengal: Darjeeling, Bengdubi Forest (26°42'30.1"N,
88°25'36.7"E), 163 m above sea level, 03.11.2015, coll. S Chakrabarti, R Pandit, S Sarkar.
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Figure 3. Mesoshieldophyes varecae, Female A prodorsal shield with dorsal annuli B genital cover flap

C entire dorsal body D posterior part of opisthosoma with setae fand A2.

Type material. Holotype: female marked on slide (no. 1294/N11/2015); para-

types: 2 females on slide bearing holotype and 36 females, larvae and nymphs on 10
slides (nos. 1295-1304/N11/2015).

Etymology. The species name varecae is from the specific designation of the host

plant in the genitive case.

Key to the genera of subfamily Ashieldophyinae

1

Body vermiform, scapular setae sc present; femoral setae bv on leg I and gen-
ual setae /” on leg II present, on Salicaceae ..........ccoovvveveucicininiiiccininnnee
..................................................... Ashieldophyes Mohanasundaram, 1984
Body fusiform, scapular setae s¢ lacking ........c.cccoevveieiiinnniciiinncne, 2
Prodorsal shield small, sickle shaped; coxal setae 74 lacking; femoral
setae bv on leg I and genual setae /" on leg II present, on Salicaceae &
Phyllanthaceae.............. Brevishieldophyes Chakrabarti & Pandit, gen. n.
Prodorsal shield moderate, semicircular; coxal setae 14 present; femoral setae
bv of leg I and genual setae /" of leg II lacking, on Salicaceae ............c.co.......
....................................... Mesoshieldophyes Chakrabarti & Pandit, gen. n.
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Subfamily Ashieldophyinae Mohanasundaram (1984)

Diagnosis. Prodorsal shield poorly developed to moderately developed, lacking scapu-
lar tubercles, scapular setae sc absent but if present very short; sternal line absent; coxae
widely separated anteriorly; legs with all segments, setae v on leg I and genual setae
/" on leg II may or may not be present; opisthosoma lacking setae 4 and ¢ but ¢2 and f
present; genitalia appressed to the coxae, genital cover flap triangular; genital apodeme
curved and abbreviated and spermathecae globose with short spermathecal tubes.
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Abstract

Five new species of the genus Stigmus: S. capoblongus Bashir & Ma, sp. n., S. denticorneus Bashir & Ma,
sp. n., S. fronticoncavus Bashir & Ma, sp. n., S. interruptus Bashir & Ma, sp. n. and S. lobomelanicus
Bashir & Ma, sp. n. are described and illustrated from China. Also, a key to the species of Stigmus Panzer

occurring in China is provided.

Keywords
Hymenoptera, new species, Pemphredoninae, Stigmus

Introduction

The genus Stigmus Panzer was erected by Panzer (1804) on the basis of type species
Stigmus pendulus Panzer. At present 25 species and 4 subspecies are described world-
wide, of which the highest number of species is known from the Nearctic Region (10
species and 2 subspecies), followed by the Palearctic Region (7 species); 4 species and
2 subspecies were found in the Oriental Region (of which 3 species and 2 subspecies
were in China), 2 species in Neotropical Region, 1 species in the Palearctic and Orien-
tal Regions, and 1 species in the Nearctic and Neotropical Regions (Morawitz 1864;

Copyright Nawaz Haider Bashir 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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Tsuneki 1954, 1977; Kolesnikov 1977; Allen 1987; Budrys 1987, 1995; Uffen 1997,
1998; Jones 2001; Pulawski 2018). Recently, Stigmus eurasiaticus was well described by
Mokrousov from Russia (Mokrousov 2017).

The diagnostic characteristics that differentiate Stigmus from other genera in
Pemphredonini are the presence of occipital carina; mandibles in the male bidentate,
in the female uni-, bi-, or usually tridentate; vertex micropore field (opaque area)
present; labrum subtriangular, pentagonal or trapeziform; face with a shallow scapal
basin; interantennal tubercle absent; clypeus of male with silvery dense setae; eyes
broadly separated, pitted grooves along orbits narrow or absent; head moderately
developed behind eyes; pronotum with a transverse carina; notauli indicated or de-
veloped; omaulus well developed (only in S. solskyi A. Morawitz is it invisible against
the background of a wrinkled mesopleuron sculpture); no definitive episternal sulcus;
stigma large, two submarginal cells; hindwing media diverging before or beyond cu-
a, hindwing median cell normal size; petiole at least twice its diameter; and female
pygidial plate present (Valkeila 1956; Krombein 1973; Bohart and Menke 1976;
Finnamore 1995).

In the present study, five new species of genus Stigrmus Panzer are described and
illustrated. A key to the species of the genus Stigmus reported from China is also
provided.

Materials and methods

The specimens examined in this study belong to the following institutions: Insect Col-
lections of China Agricultural University, Beijing, . R. China (CAU); Insect Collec-
tions of Yunnan Agricultural University, Kunming, Yunnan, P. R. China (YNAU);
and Parasitic Hymenoptera Collection of Zhejiang University, Hangzhou, Zhejiang
Province, P. R. China (Z]JU).

The specimens were observed and illustrated with the help of an Olympus ster-
eomicroscope (SZ Series, Japan) with an ocular micrometer. For the terminology
we mainly followed Bohart and Menke (1976). The abbreviations in the text are
as follows: BL, body length; HLD, head length in dorsal view (the distance from
frons to occipital margin in the middle); HLE head length in frontal view (the dis-
tance from vertex to clypeal margin in the middle); HW, head width (dorsal view,
maximum); EW, eye width (lateral view, maximum); EWd, eye width (frontal view,
maximum); TW, gena width (lateral view, maximum); EL, eye length (lateral view,
maximum); POD, postocellar distance (distance between inner margins of hind
ocelli); OOD, ocellocular distance (distance between outer margin of hind ocellus
and nearest inner orbit); OCD, ocello-occipital distance (distance between poste-
rior margin of hind ocellus and occipital margin, dorsal view); PW, petiole width
(dorsal view, in the middle); PL, petiole length (lateral view); WTI, maximum
width of metasomal tergum I (dorsal view); LTI, maximum length of metasomal
tergum I (dorsal view).
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Key to the species of Stigmus Panzer from China

PR and OR represent Palearctic and Oriental Regions, respectively.
Females (unknown for S. capoblongus sp. n)

1 Clypeus deeply impressed, not produced (OR) ............. S. fronticoncavus sp. n.
—  Clypeus flat or slightly convex, slightly or strongly produced ..........ccccoeueveneeeee. 2
2 Scrobal suture inconspicuous, lacking or just a single weak carina (PR)...............
........................................................................................ S. denticorneus sp. n.
—  Scrobal suture narrow or broad, slenderly or distinctly crenate (OR)................. 3
3 Ventral surface of petiole shiny, without carina.......... S. kansitakuanus Tsuneki
—  Ventral surface of petiole with a few strong longitudinal carinae medially and
POSTEIIOLLY ..ttt 4
4 Ventral gena with large dense punctures mixed with several irregular rugae later-
ally; lateral surface of petiole with several irregular rugae and two strong lateral
carinae medially and posteriorly .......c.ccccovreineicnncnnne. S. lobomelanicus sp. n.
—  Ventral gena shiny, smooth; lateral surface of petiole with a few strong longitudi-
nal carinae medially and posteriorly ..........ccoccveiiiininiinininie, 5
5 Pronotal collar with strong lateral carinae, forming round antero-lateral angle;
inner orbital furrow broad, shiny, slenderly rugulose.......... S. murotai (Tsuneki)
—  Pronotal collar without lateral carina or carina incomplete, without antero-lateral
angle; inner orbital furrow lacking ...........ccocoocviiiiiiiiiine 6
6 Occipital carina complete, distinctly crenulate; scutellum with midsize sparse
punctures, median line weakly impressed; posterior surface of propodeum with
sturdy reticulation .......c.coeceviecincinniiene S. shirozui alishanus Tsuneki
—  Occipital carina incomplete, not crenulate; scutellum with fine sparse punctures,
without median line; posterior surface of propodeum with sparse, longitudinal
rugae or irregular FUGae .......ccvvviuiiiiiiiiiii 7
7 Mesoscutum with large punctures, anterior and posterior area with dense longi-
tudinal micro sculptures; vertex with few punctures; pronotal collar with sturdy
incomplete anterior carina........co.ceveeverveeeerenieenenenenenes S. interruptus sp. n.
—  Mesoscutum with tiny punctures, without micro sculpture or slightly coriaceous
anteriorly; vertex impunctate; pronotal collar with strong complete anterior ca-

8  Dorsal surface of petiole distinctly widened toward apex; lateral surface of pro-
podeum with contiguous, slender or sturdy, oblique rugae; admedian and parap-
sidal line weakly impressed; median and upper frons impunctate; pygidial area
impunctate, with dense longitudinal rugae............... S. convergens ami Tsuneki

—  Dorsal surface of petiole slightly widened toward apex; lateral surface of propo-
deum reticulate; admedian and parapsidal line distinct; median and upper frons
with fine punctures; pygidial area with two lines of large punctures, without
FUZAC ...ttt nas S. japonicus Tsuneki
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Males (unknown for S. fronticoncavus sp. n. and S. interruptus sp. n.)

Clypeus nearly flat or flat (OR) ....c.ooveuiiiiiiiniiiiiiccccccceeeee 2
Clypeus reflected toward apex......c.coveeeviruiinieininiiinicinccncecceeeeaes 3
Frontal furrow lacking; parapsidal line weakly impressed; vertex behind ocelli
IMPUNCIALE. c.evveneieiei et S. lobomelanicus sp. n.
Frontal furrow fine and weak on upper frons, anteriorly deeper, broader and dis-
tinct; parapsidal line distinct; vertex behind ocelli with fine punctures................
................................................................................. S. kansitakuanus Tsuneki
Scrobal suture inconspicuous, lacking, or just a single weak carina (PR)..............
......................................................................................... S. denticorneus sp. n
Scrobal suture broad, distinctly crenate and complete (OR)....c.coevvevivninncnnnne. 4
Pronotal collar with strong lateral carinae, forming round antero-lateral angle ...
......................................................................................... S. murotai (Tsuneki)
Pronotal collar without lateral carina, without antero-lateral angle.................... 5
Median and upper frons with punctures; vertex behind ocelli with punctures;
propodeal enclosure U-shaped medially; dorsal surface of petiole slightly widened
TOWAL APEX . vttt ettt ettt ettt st eb et besa e enes 6
Median and upper frons impunctate; vertex behind ocelli impunctate; propodeal
enclosure triangular medially; dorsal surface of petiole distinctly widened toward
] 01 GO 7
Frontal furrow weakly impressed; gena with fine punctures; admedian line weakly
impressed; pronotal lobe white; tegula yellowish ................ S. capoblongus sp. n
Frontal furrow distinctly impressed; gena with midsize punctures; admedian line
distinctly impressed; pronotal lobe ivory; tegula dark brown ...
......................................................................................... S. japonicus Tsuneki
Gena finely punctate; mesoscutum with tiny punctures; admedian and parapsidal
line weakly impressed.........cceveveiniiinincinicinne, S. convergens ami Tsuneki
Gena impunctate; mesoscutum with large punctures; admedian and parapsidal
line distinctly impressed......cccoveevieverinciniccnennene. S. shirozui alishanus Tsuneki

Taxonomy

Family Crabronidae
Subfamily Pemphredoninae

Genus Stigmus Panzer, 1804

Type species. Stigmus pendulus Panzer, 1804, by monotypy.
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Stigmus capoblongus Bashir & Ma, sp. n.
http://zoobank.org/ CA9AG376-28E7-42A3-9846-78 C3BB171BAE
Figs 1, 6a

Type material. Holotype: &, China: Gansu: Dangxian: Daheba, 35°32'N, 105°17'E,
30.VI1.2004, 2003m, No. 200707614, coll. Qiong Wu (ZJU); Paratypes: 33,
China: Gansu: Dangxian: Daheba, 35°32'N, 105°17'E, 30.VIL.2004, 2530m, No.
200707818, 200707830, coll. Min Shi, No. 200707834, coll. Qiong Wu (Z]JU);
18, China: Shanxi: Liuba: Ziboshan, 38°19'N, 111°28'E, 2004.VIIL.3, 1632m, No
.200707852, coll. Min Shi (ZJU); 1&, China: Henan: Funiushan Mount, 33°37'N,
111°43'E, 10.VI1.1996, No. 973367, coll. Ping Cai (Z]JU).

Diagnosis. Differs from S. japonicus Tsuneki (1954) by frontal furrow weakly im-
pressed, inconspicuously; median and upper frons with fine sparse punctures; adme-
dian line weakly impressed; lateral surface of propodeum shiny and smooth anteriorly
and medially, distinctly coriaceous mixed with several longitudinal rugae posteriorly.
Closely related to S. quadriceps Tsuneki but differs by free margin of clypeus with
two triangular teeth medially; flagellomere beneath fulvous, above, remaining reddish
brown to dark brown; scutellum shiny, with fine sparse punctures; petiole subquadrate
(non-cylindrical); pronotal collar with strong carinae anteriorly, lateral carina lacking,
without antero-lateral corner.

Description. Male (Figs 1, 6a):

Measurements. BL: 5-5.5 mm; HW : HLD : HLF = 76 : 43 : 57; HW : EWA :
EW : TW : EL =76 :23:26: 20 : 46; length of scape : length of pedicel : length of
flagellomere I : width of flagellomere I : length of flagellomere II : width of flagellomere
11=21:8:9:3:8:3;PL:PW:LITT:WTI=238:8:36:40.

Colour pattern. Clypeus with reddish brown to dark brown band subapically;
mandible yellowish except reddish brown apically; palpi ivory; scape beneath ivory,
above fulvous; pedicel fulvous; flagellomere beneath fulvous, above I fulvous, remain-
ing reddish brown to dark brown; pronotal lobe white; tegula yellowish; forewing
veins brown; fore leg: yellowish to fulvous except outer margin of femur somewhat
brown, coxa dark brown largely; mid leg: yellowish to fulvous except outer margin of
femur somewhat brown, coxa dark brown largely; hind leg: coxa apically, trochanter,
base and apex of femur, tibia largely, tarsi yellowish to fulvous, remainder dark brown;
petiole black; gaster dark brown, gastral sterna II-VII posteriorly bright yellow; setae
on clypeus silvery and mandible yellow.

Head. Mandible bidentate apically (Fig. 1a). Clypeus nearly flat, with dense tiny
punctures, setae on clypeus dense, short; free margin of clypeus slightly produced and
with two triangular teeth medially, slightly reflected (Fig. 1a). Scapal hollow half mat,
coriaceous, somewhat shallow, provided with a vestigial minute tubercle medially, not
spined. Frontal furrow very fine and weakly impressed, inconspicuously, sometimes
lacking. Median and upper frons shiny, with fine sparse punctures, gently convex.
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Figure 1. Stigmus capoblongus Bashir & Ma, sp. n. (male). a Frontal view of head b dorsal view of head
c dorsal view of collar d dorsal view of propodeum e dorsal view of petiole and gastral tergum I f lateral
view of petiole and gastral tergum I g dorsal view of male genitalia h lateral view of male genitalia i ventral
view of male genitalia. Scale bars: 1 mm (a—f); 1.24 mm (g—i).

Ocellar triangle area flat, shiny, impunctate, area near eyes with dense, short, impressed
lines, opaque area smaller than hind ocellus. Basal half of vertex shiny, with sparse fine
punctures, posterior area half mat, with inconspicuous microsculpture and fine sparse
punctures (Fig. 1b). Gena shiny, with several fine punctures dorsally, ventral gena shiny
and smooth. Head from above with temples slightly convergent posteriorly. Occipital
carina incomplete, not ending in hypostomal carina, suddenly ended at the posterior
ridge of stomal hollow, not tooth, much narrowed, no crenulate; inner and outer or-
bital furrows lacking; flagellomeres without tyloids, normal.

Mesosoma. Pronotal collar with strong carinae anteriorly, lateral carina lacking,
without antero-lateral corner (Fig. 1c). Mesoscutum shiny, with several fine punctures,
anterior area with dense large punctures medially; admedian line weakly impressed,
extending to half of scutum. Prescutal sutures deeply grooved and crenulate, reach-
ing one third of scutum. Parapsidal line distinct. Scutellum shiny, with fine sparse
punctures. Metanotum slenderly coriaceous. Mesopleuron shiny, with tiny, sparse or
dense punctures, posterior mesopleuron with sparse, short, sturdy, longitudinal rugae,
episcrobal area with dense, fairly slender, longitudinal rugae, scrobal suture, omaulus
and hypersternaulus broadened, distinctly crenate, scrobal suture complete. Propodeal
enclosure U-shaped medially, and with a sturdy, longitudinal median carina and sparse
transvers rugae, with several sturdy, oblique longitudinal rugae laterally (Fig. 1d). Pos-
terior surface of propodeum with irregular rugae, groove inconspicuous. Lateral sur-
face of propodeum shiny and smooth anteriorly and medially, distinctly coriaceous
mixed with several longitudinal rugae posteriorly.
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Legs. Normal, outer surface of hind tibia with three long, slender, fulvous to dark
brown, spines.

Wings. Forewing venation typical for genus Stigmus, hindwing media diverging
beyond cu-a.

Metasoma. Dorsal surface of petiole subquadrate (cross section), slightly convex
and widened toward apex slightly, and with two sturdy, longitudinal median carinae,
area between carinae with dense, sturdy, irregular rugae, median and posterior areas
with two sturdy, longitudinal, lateral carinae on each side (Fig. le). Lateral surface of
petiole with a few strong longitudinal carinae (Fig. 1f). Ventral surface of petiole with
4 sturdy, short, longitudinal carinae posteriorly. Gaster segments shiny, nearly impunc-
tate. Male genitalia (Fig. 1g—i).

Female. Unknown.

Distribution. China (Gansu, Shanxi).

Etymology. The specific name, capoblongus, is derived from the Latin cap- (= head)
and the Latin word 0blongus (= oblong), referring to the oblong head.

Stigmus denticorneus Bashir & Ma, sp. n.
http://zoobank.org/D79E43E1-99E2-4D66-8B65-B2E714AE7C58

Figs 2, 6b, ¢

Type material. Holotype: @, China: Gansu: Dangxian: Daheba, 35°32'N, 105°17'E,
30.VI1.2004, 2530m, No. 200707781, coll. Qiong Wu (ZJU); Paratypes: 19748,
China: Gansu: Dangxian: Daheba, 35°32'N, 105°17'E, 30.VIL.2004, 2530m, %, No.
200707788, 73, No. 200707785, 200707812, 200707771, 200707795, 200707816,
200707814, 200707829, coll. Qiong Wu, Min Shi (Z]JU).

Diagnosis. Distinguished from §. japonicus by combination of characters: in fe-
male, free margin of clypeus slightly produced and with two distinct cornuted teeth
medially, deeply emarginated in the middle; scrobal suture inconspicuous, just with
several longitudinal rugae; lateral surface of petiole with two strong longitudinal cari-
nae; admedian and parapsidal line weakly impressed; posterior surface of propodeum
with a shallow narrow median groove, shiny, remaining with contiguous punctures
and sparse irregular oblique longitudinal rugae. Closely related to S. guadriceps except
antenna dark brown; forewing veins brown; gena with sparse midsize to large punc-
tures dorsally; in male, frontal furrow distinctly impressed on upper frons; free margin
of clypeus slightly produced and nearly truncate medially; anterior area of pronotal
collar narrowly emarginated in middle, antero-lateral corner lacking; petiole subquad-
rate (non-cylindrical), slightly convex, not longer than 1* abdominal tergite.

Description. Female (Figs 2a—g, 6b):

Measurements. Q BL: 5 mm; HW : HLD : HLF = 68 : 42 : 52; HW : EWd : EW
: TW :EL =68:15:20: 21 : 42; length of scape : length of pedicel : length of flagel-
lomere I : width of flagellomere I : length of flagellomere II : width of flagellomere 11
=20:8:6:4:6:4;PL:PW:LTI:WTI=37:9:32:38. &, BL: 3.8-4.2 mm;
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Figure 2. Stigmus denticorneus Bashir & Ma, sp. n. (a=g female h=l male). a, h Frontal view of head
b, i dorsal view of head ¢ dorsal view of collar d dorsal view of propodeum e dorsal view of petiole and
gastral tergum I f lateral view of petiole and gastral tergum I g dorsal view of pygidial plate j dorsal view
of male genitalia k lateral view of male genitalia | ventral view of male genitalia. Scale bars: 1 mm (a, b,

d—f, h,i); 1.63 mm (c, g, j-I).

HW:HLD:HLF=62:36:48; HW:EWd: EW : TW:EL=62:16:21:14: 38;
length of scape : length of pedicel : length of flagellomere I : width of flagellomere I :
length of flagellomere II : width of flagellomere II =15:7:6:3:7:3.5; PL: PW :
LTI: WTT=34:10:28:28.

Colour pattern. Clypeus with reddish brown to dark brown band subapically;
mandible yellowish except reddish brown apically; labrum dark brown; palpi fulvous;
antenna beneath fulvous and dark brown; pronotal lobe ivory; tegula fulvous; forewing
veins brown; fore and mid legs: base and apex of femur, tibia, tarsi fulvous, trochanter
and remaining femur dark brown; hind leg basal one fourth of tibia and tarsus fulvous,
remaining tibia dark brown; petiole black; gaster dark brown; setae on clypeus and
mandible yellow.

Head. Mandible tridentate apically, median tooth larger (Fig. 2a). Labrum pen-
tagonal, apex deeply emarginated (Fig. 2a). Clypeus shiny, slightly convex, with sparse
midsize punctures, setae on clypeus sparse, long; free margin of clypeus slightly pro-
duced and with two distinct cornuted teeth medially, slightly reflected (Fig. 2a). Scapal
hollow half mat, coriaceous, somewhat shallow, provided with a vestigial minute tuber-
cle medianly, not spined. Frontal furrow very fine and weakly impressed, inconspicu-
ous. Median and upper frons shiny, with fine sparse punctures, gently convex. Ocellar
triangle area flat, shiny, impunctate, near eyes area with dense, short, impressed lines,
opaque area smaller than hind ocellus. Vertex behind ocelli half mat, with slender mi-
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crosculpture, and fine sparse punctures. Gena shiny, with sparse midsize to large punc-
tures dorsally (Fig. 2b), ventral gena shiny, smooth. Head from above with temples
rarely convergent posteriorly, subquadrate. Occipital carina incomplete, not ending in
hypostomal carina, suddenly ended at the posterior ridge of stomal hollow, not tooth,
much narrowed, no crenulate; inner and outer orbital furrows lacking.

Mesosoma. Anterior area of pronotal collar with sturdy carinae (incomplete), nar-
rowly emarginated in middle, lateral carina lacking, antero-lateral corner lacking (Fig.
2¢). Mesoscutum half mat, anterior area with large dense punctures and slender co-
riaceous, remaining with sparse, midsize to large punctures. Admedian line weakly
impressed, extending to half of scutum. Prescutal sutures deeply grooved, reaching one
third of scutum. Parapsidal line weakly impressed. Scutellum shiny, with fine sparse,
punctures; metanotum slenderly coriaceous. Mesopleuron shiny, with sparse, midsize
punctures, episcrobal area with dense longitudinal rugae, omaulus and hypersternaulus
broadened, distinctly crenate, scrobal suture inconspicuous, just with several longitu-
dinal rugae. Propodeal enclosure elongate, U-shaped medially, and with a sturdy longi-
tudinal median rugae and sparse transvers rugae, lateral area with contiguous, irregular
rugae and punctures mixed with several, sturdy, oblique longitudinal rugae laterally
(Fig. 2d). Posterior surface of propodeum with a shallow narrow median groove, shiny,
remaining with contiguous punctures and sparse, irregular, oblique longitudinal rugae
(Fig. 2d). Lateral surface of propodeum with slender, contiguous mixed with several
sturdy, oblique longitudinal rugae.

Legs. Normal, outer surface of hind tibia with three long, slender, fulvous to dark
brown, spines.

Wings. Forewing venation typical for genus Stigmus, hindwing media diverging
beyond cu-a.

Metasoma. Dorsal surface of petiole subquadrate (cross section), slightly convex
and widened toward apex slightly, with two strong longitudinal carinae, and irregular,
strong rugae anteriorly and medially, lateral area with 2 strong longitudinal carinae
posteriorly on each side (Fig. 2e). Lateral surface of petiole with a few strong longitu-
dinal carinae (Fig. 2f). Ventral surface of petiole with a few strong, longitudinal carinae
medially and posteriorly. Gastral segments shiny, nearly impunctate, gastral sternum
VI with fine, coarse punctures, half mat. Pygidial area shiny, broadly U-shaped, apex
rounded, with 2 lines, large punctures and setae medially (Fig. 2g).

Male (Figs 2h-1, 6¢). Almost same to female except mandible ivory with reddish
brown apically; palpi ivory; flagellomere reddish brown to dark brown; pronotal lobe
white; fore and mid legs: trochanter, base and apex of femur, tibia, tarsi yellowish to
fulvous, remaining dark brown; setae on clypeus dense, silvery, short. Mandible bi-
dentate apically (Fig. 2h); clypeus near flat, with dense tiny punctures; free margin of
clypeus slightly produced and nearly truncate medially, moderately reflected apically
(Fig. 2h); frontal furrow distinctly impressed on upper frons; median and upper frons
shiny, with several midsize to large punctures, strongly convex; ocellar triangle area
slightly convex, shiny, impunctate, near eyes area with dense, short, impressed lines,
opaque area large (Fig. 2i); vertex behind ocelli half mat, slenderly coriaceous, with
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several shallow, midsize punctures; gena shiny, inconspicuous coriaceous, with several
fine to midsize punctures dorsally; head from above with temples somewhat roundly
convergent posteriorly (Fig. 2i); occipital carina incomplete, distinctly crenulate; flag-
ellomeres without tyloids, normal. Male genitalia (Fig. 2j-1).

Distribution. China (Gansu).

Etymology. The specific epithetic, is derived from the Latin denz- (= tooth) and
the Latin word corneus (= cornuted), referring to the free margin of clypeus with two
distinct cornuted teeth medially.

Stigmus fronticoncavus Bashir & Ma, sp. n.
http://zoobank.org/C03B9D82-3729-4CD5-8D49-2A77FA164F06

Figs 3, 6d

Type material. Holotype @, China: Yunnan: Ruili: Mengxiu, 24°05'N, 97°47'E,
2.V.1981, coll. Fasheng Li (CAU).

Diagnosis. Similar to S. murotai (Tsuneki, 1977) but differ by clypeus impunc-
tate; free margin of clypeus not produced, with two small teeth medially, nearly trun-
cate apically; labrum five lobed; ventral surface of petiole smooth, without carina;
gena impunctate; parapsidal line weakly impressed; pygidial area broadened triangular
shaped. S. murotai has the following characters: clypeus with sparse, fine punctures;
free margin of clypeus narrowly produced, with two triangular teeth medially, slight-
ly emarginated in middle; labrum trapeziform; ventral surface of petiole with dense,
sturdy, short, longitudinal carinae posteriorly; gena with fine punctures; parapsidal line
distinct; pygidial area broadened U-shaped.

Description. Female (Figs 3, 6d):

Measurements. BL: 5.3 mm; HW : HLD : HLF = 81 : 53:53; HW : EWd : EW
: TW : EL = 81:22:23:28:50; length of scape : length of pedicel : length of flagel-
lomere I : width of flagellomere I : length of flagellomere II : width of flagellomere 11
=28:8:8:35:9:4;PL:PW:LTI:WTI=34":8:40:43.

Colour pattern. Clypeus dark brown apically; mandible yellowish except reddish
brown apically; labrum, palpi, scape, tegula and pedicel fulvous; flagellomere I-V1 seg-
ments fulvous, VII-X reddish brown to dark brown; pronotal lobe yellowish; forewing
veins brown; legs fulvous except coxa dark brown basally; petiole black; metasoma
black, last segment dark brown; setae on clypeus and mandible golden.

Head. Mandible tridentate apically (Fig. 3a), median tooth larger, outer margin
of mandible with a broad triangular tooth nearly apical area (Fig. 3b). Labrum with
five lobes, apex with two lateral teeth and round teeth medially (Fig. 3a). Clypeus
shiny, impunctate, fairly deeply impressed, setae on clypeus sparse, long; free margin
of clypeus not produced, nearly truncate apically, and with two small teeth medially
and two blunt teeth laterally, median teeth slightly reflected (Fig. 3a). Scapal hollow
shiny, fairly deep and broad, not well outlined, provided with a small round tubercle
medially, not spined. Frontal furrow lacking. Median and upper frons shiny, impunc-
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Figure 3. Stigmus fronticoncavus Bashir & Ma, sp. n. (female). a Frontal view of head b ventral view of
mandible ¢ dorsal view of head d dorsal view of collar e dorsal view of propodeum f dorsal view of petiole
and gastral tergum I g lateral view of petiole and gastral tergum I h dorsal view of pygidial plate. Scale
bars: 1 mm (a=h).

tate. Ocellar triangle area flat, shiny, impunctate, near eyes area with 3 or 4 short
impressed lines, opaque area small. Vertex behind ocelli shiny, impunctate; gena shiny,
smooth and impunctate (Fig. 3¢). Head from above with temples somewhat roundly
convergent posteriorly. Occipital carina incomplete, not ending in hypostomal carina,
suddenly ended at the posterior ridge of stomal hollow, forming a blunt tooth, much
narrowed, not crenulate. Inner orbital furrow broad, shiny, with inner marginal carina
distinct; outer orbital furrow lacking.

Mesosoma. Anterior and lateral areas of pronotal collar with strong carinae, form-
ing blunt angle at antero-lateral corner (Fig. 3d). Mesoscutum shiny, with tiny sparse
punctures. Admedian line weakly impressed, extending to half of scutum. Prescutal
sutures shallowly grooved and crenulate, reaching only anterior of scutum; parap-
sidal line weakly impressed. Scutellum shiny, with fine sparse punctures. Metanotum
slenderly rugulose. Mesopleuron with dense sparse punctures, posterior mesopleuron
shiny, with several short, slender, longitudinal rugae, episcrobal area with sparse, ir-
regular, longitudinal rugae, scrobal suture, omaulus and hypersternaulus broadened,
distinctly crenate, scrobal suture complete. Propodeal enclosure triangular medially
(Fig. 3e), with a sturdy longitudinal median carina and sparse transvers rugae, with
sparse sturdy oblique longitudinal rugae laterally; posterior surface of propodeum with
sparse irregular rugae, forming several smooth areas (Fig. 3e); lateral surface of propo-
deum with sparse, sturdy, oblique longitudinal rugae.

Legs. Normal, outer surface of hind tibia with three long, slender, fulvous to dark
brown, spines.
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Wings. Forewing venation typical for genus Stigmus, hindwing media diverging
before cu-a.

Metasoma. Dorsal surface of petiole subquadrate (cross section), slightly convex
and widened toward apex distinctly, basal half of petiole with two sturdy lateral carinae
and dense irregular rugae, apex with dense, sturdy, longitudinal carinae posteriorly
(Fig. 3f); lateral surface of petiole with a few strong, longitudinal carinae medially and
posteriorly (Fig. 3g); ventral surface of petiole shiny, smooth, without carina. Metaso-
mal segments shiny, nearly impunctate, gastral sternum VI with fine or coarse punc-
tures, half mat; pygidial area shiny, broadly triangular, smooth (Fig. 3h).

Male. Unknown.

Distribution. China (Yunnan).

Etymology. The name, fronticoncavus, is derived from the Latin fronz- (= frons) and
the Latin word concavus (= concave), referring to the hollow, deep and broad scapal.

Stigmus interruptus Bashir & Ma, sp. n.
http://zoobank.org/636548BE-E8B7-47D5-A59F-D71CBCC4DB21

Figs 4, e

Type material. Holotype @, China: Tibet: Linzhi, 29°42'N, 87°21'E, 20.VII1.2003,
No. 20035170, coll. Dejimeiduo (ZJU); Paratypes: 29, same data as Holotype except
No. 20035185, 20034328; 12, China: Tibet: Sejilashan Mount, 29°59'N, 94°54'E,
1.IX.2002, No. 20032992, coll. Naiquan Lin (ZJU).

Diagnosis. Distinguished from closely related species S. japonicus by pronotal lobe
white; median and upper frons with midsize punctures; vertex behind ocelli with mid-
size punctures; pygidial area half mat, apex truncate; lateral surface of petiole with two
strong longitudinal carinae; mesoscutum with sparse large punctures; posterior sur-
face of propodeum with a shallow somewhat narrow median groove, remaining with
contiguous punctures and several oblique longitudinal rugae. Stigmus japonicus has
following characters: pronotal lobe ivory; median and upper frons with fine punctures;
vertex behind ocelli impunctate; pygidial area shiny, apex round; lateral surface of
petiole with a few strong longitudinal carinae; mesoscutum with fine sparse punctures;
posterior surface of propodeum with irregular rugae, groove inconspicuous.

Description. Female (Figs 4, Ge):

Measurements. BL: 4.3—4.8 mm; HW : HLD : HLF = 65 : 40 : 55; HW : EWAd :
EW : TW :EL = 65: 14 : 18 : 21 : 42; length of scape : length of pedicel : length of
flagellomere I : width of flagellomere I : length of flagellomere II : width of flagellomere
1=20:7:8:4:8:45;PL:PW:LITT:WTI=34:9:34:36.

Colour pattern. Clypeus with reddish brown to dark brown band subapically;
mandible ivory except reddish brown apically; palpi yellowish; scape beneath ivory,
above dark brown largely; pedicel beneath fulvous, dark brown above; flagellomere
dark brown to black; pronotal lobe white; tegula fulvous; forewing veins dark brown;
fore and mid tibia, tarsi, femur (base and apex), trochanter, hind coxa, basal one third
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Figure 4. Stigmus interruptus Bashir & Ma, sp. n. (female). a Frontal view of head b ventral view of
mandible ¢ dorsal view of head d dorsal view of collar e dorsal view of propodeum f dorsal view of petiole
and gastral tergum I g dorsal view of pygidial plate h lateral view of petiole and gastral tergum I. Scale
bars: I mm (a, ¢, e, f, h); 0.95 mm (b); 1.24 mm (d, g).

of hind tibia (remaining tibia dark brown) fulvous; petiole black; metasoma black ex-
cept last segment reddish brown apically; setae on clypeus and mandible silvery.

Head. Mandible tridentate apically (Fig. 4a), median tooth larger (Fig. 4b). CI-
ypeus shiny, flat, with sparse, midsize punctures, setac on clypeus sparse, long; free
margin of clypeus narrowly produced and with two triangular teeth medially, slightly
reflected (Fig. 4a). Scapal hollow shiny, somewhat shallow, broadened, not well out-
lined, without tubercle medially. Frontal furrow very fine and weakly impressed, incon-
spicuous. Median and upper frons shiny, with midsize sparse punctures, gently convex.
Ocellar triangle area flat, shiny, impunctate, near eyes area with dense, short, impressed
lines, opaque area large. Vertex behind ocelli shiny, with several midsize punctures (Fig.
4c). Gena shiny, with sparse, midsize to large punctures dorsally, ventral gena shiny
and smooth. Head from above with temples somewhat roundly convergent posteriorly.
Occipital carina incomplete, not ending in hypostomal carina, suddenly ended at the
posterior ridge of stomal hollow, not tooth, much narrowed, no crenulate; inner and
outer orbital furrows lacking.

Mesosoma. Anterior area of pronotal collar with sturdy carinae, incomplete, nar-
rowly emarginated in middle, lateral carina lacking, without antero-lateral angle (Fig.
4d). Mesoscutum half mat, with sparse large punctures, anterior and posterior ar-
eas with dense, longitudinal micro-sculptures. Admedian line distinct, extending to
half of mesoscutum. Prescutal sutures deeply grooved and crenulate, reaching half of
mesoscutum. Parapsidal line distinct. Scutellum shiny, with fine sparse punctures.
Metanotum slenderly coriaceous. Mesopleuron shiny, smooth, episcrobal area with
dense, slender, longitudinal rugae, scrobal suture, omaulus and hypersternaulus nar-
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rowed, distinctly crenate, scrobal suture complete. Propodeal enclosure elongate,
U-shaped medially, and with a sturdy longitudinal median rugae and sparse irregu-
lar transvers rugae (Fig. 4e), lateral area with contiguous irregular rugae mixed with
sparse, slender, oblique longitudinal rugae, laterally. Posterior surface of propodeum
with somewhat narrow median groove, shiny, with several transverse rugae, remain-
ing with contiguous punctures and several oblique longitudinal rugae (Fig. 4e); lateral
surface of propodeum with contiguous punctures and slender mixed with several
sturdy, oblique longitudinal rugae.

Legs. Normal, outer surface of hind tibia with three long, slender, fulvous to dark
brown, spines.

Wings. Forewing venation typical for genus Stigmus, hindwing media diverging
beyond cu-a.

Metasoma. Dorsal surface of petiole subquadrate (cross section), strongly convex
and widened toward apex slightly, and with two sturdy, longitudinal median carinae,
and with irregular strong rugae anteriorly and medially (Fig. 4f); lateral surface of
petiole with a few strong longitudinal carinae medianly and posteriorly (Fig. 4h); ven-
tral surface of petiole with a few strong longitudinal carinae medianly and posteriorly.
Metasomal segments shiny, nearly impunctate, gastral sternum VI with fine or coarse
punctures, half mat; pygidial area half mat, broadly U-shaped, apex truncate, with
longitudinal micro-sculptures, basal area with several large punctures (Fig. 4g).

Male. Unknown.

Distribution. China (Tibet).

Etymology. The name, interruptus, is derived from the Latin word interruptus (=
interrupt), referring to the anterior area of the pronotal collar with sturdy carinae, in-
complete, narrowly emarginate in the middle.

Stigmus lobomelanicus Bashir & Ma, sp. n.
http://zoobank.org/5FB42D4C-37DE-4C6E-A152-3DDE420A0BD8
Figs 5, 6f, g

Type material. Holotype ©, China: Yunnan: Xishuangbanna: Jinghong: Yexianggu,
22°09'N, 100°52'E, 23.IX.2006, coll. Hesheng Wang (YNAU); Paratypes: 19, China:
Yunnan: Ruili: Nanjingli, 24°05'N, 97°47'E, 5.V.1981, coll. Fasheng Li (CAU); 1d,
China: Yunnan: Ruili, 23°59'N, 97°37'E, 2.V.1981, No. 812489, coll. Junhua He
(CAU); 1d, China: Yunnan: Mengla: Wangtianshu Forest Park, 22°01'N, 100°47'E,
2.V.2005, coll. Peng Wang (YNAU); 191, China: Guizhou: Luodian, 25°13'N,
105°50'E, 2-5.V1.1981, coll. Fasheng Li (CAU); 19, China: Yunnan: Menghai,
22°27'N, 98°20'E, 17.V.1981, coll. Fasheng Li (CAU).

Diagnosis. Differs from S. pendulus by free margin of clypeus strongly produced
and truncate medially, frontal furrow lacking, gena with large dense punctures, scutel-
lum with several large punctures, pygidial area broadly triangular, with dense, slender,
longitudinal striations; from S. munakatai Tsuneki it differs by setae on clypeus and
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Figure 5. Stigmus lobomelanicus Bashir & Ma, sp. n. (a—g female h—-m male). a, h Frontal view of head
b, i dorsal view of head ¢ dorsal view of collar d dorsal view of propodeum e lateral view of petiole and
gastral tergum I f dorsal view of petiole and gastral tergum I g dorsal view of pygidial plate j ventral view
of gastral tergum VIII k dorsal view of male genitalia I lateral view of male genitalia m ventral view of
male genitalia. Scale bars: 1 mm (a—f, h, i); 1.63 mm (g, j-m).

mandible golden, upper frons with midsize to large punctures, inner orbital furrow
broad, pronotal collar without antero-lateral angle, scutellum with large punctures,
propodeum strongly reticulate, lateral surface with longitudinal rugae, pygidial area
broadly triangular; in male, free margin of clypeus truncate medially, mandible reddish
brown with black basally.

Description. Female (Figs 5a—g, 6f):

Measurements. © BL: 5.2-6.1 mm; HW : HLD : HLF = 84 : 45 : 70; HW :
EWd : EW : TW : EL = 84 : 23 : 28 : 23 : 58; length of scape : length of pedicel :
length of flagellomere I : width of flagellomere I : length of flagellomere II : width of
flagellomere 1 =25:8:7:4:7:5PL:PW:LTI: WTT=35:10:42:58. &, BL:
5.2-5.5 mm; HW : HLD : HLF = 81 : 41 : 63; HW : EWd : EW : TW : EL = 81 :
25:29 : 15 : 55; length of scape : length of pedicel : length of flagellomere I : width of
flagellomere I : length of flagellomere II : width of flagellomere 1 =20:8:6:3.5:6:
4; PL:PW:LTI: WTI=35:10:42:50.

Colour pattern. Clypeus black; mandible reddish brown to dark brown except
black basally and apically; palpi dark brown; scape, pedicel, tegula and flagellomere
dark brown to black; pronotal lobe black; forewing veins fulvous to dark brown; fore
and mid legs: tibia, tarsi, femur (apex) reddish brown to dark brown, hind tarsus dark
brown; petiole and metasoma black; setae on clypeus and mandible golden.
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Head. Mandible tridentate apically, median tooth larger (Fig. 5a). Clypeus
shiny, with sparse fine to midsize punctures, apex with a line, large dense punctures,
strongly reflected toward apex gradually, setae on clypeus sparse, long; free margin of
clypeus strongly produced and truncate medially (Fig. 5a). Scapal hollow half mat,
slenderly coriaceous, somewhat shallow, without tubercle medially. Frontal furrow
lacking. Median frons half mat, somewhat coriaceous, upper frons with midsize to
large, sparse punctures, slightly convex. Ocellar triangle area flat, shiny, impunctate,
near eyes area with dense, short, impressed lines, opaque area smaller than hind ocel-
lus. Vertex behind ocelli shiny, with fine sparse punctures, round posteriorly; gena
shiny, with sparse midsize to large punctures (Fig. 5b); ventral gena shiny, with large
dense punctures mixed with several irregular rugae laterally. Head from above with
temples rarely convergent posteriorly, subquadrate. Occipital carina incomplete,
not ending in hypostomal carina, extending to nearly base of mandible, not tooth,
outer orbital furrow much narrowed, no crenulate, on lower part somewhat broad,
coarsely crenulate. Inner orbital furrow broad, shiny, slenderly rugulose; outer or-
bital furrow lacking.

Mesosoma. Anterior and lateral areas of pronotal collar with strong carinae, with-
out antero-lateral angle (Fig. 5¢). Mesoscutum shiny, with midsize to large punctures,
anterior area slenderly coriaceous. Admedian line weakly impressed, extending to one
third of scutum. Prescutal sutures deeply grooved and crenulate, reaching only anterior
of scutum. Parapsidal line weakly impressed. Scutellum mat, coriaceous, with several
large punctures. Metanotum distinctly rugulose. Mesopleuron shiny, with sparse large
punctures, posterior mesopleuron with sparse, short, sturdy, longitudinal rugae, epis-
crobal area with dense reticulation, scrobal suture, omaulus and hypersternaulus much
broadened, distinctly crenate, scrobal suture complete. Propodeal enclosure triangular
medially, and with sturdy irregular reticulation (Fig. 5d). Posterior surface of propo-
deum with a fairly broadened shallow median groove, and sparse sturdy transverse
rugae in groove, remaining sturdy, irregularly reticulate (Fig. 5d). Lateral surface of
propodeum with dense, sturdy, oblique longitudinal rugae anteriorly and medially,
and irregular reticulation posteriorly.

Legs. Normal, outer surface of hind tibia with three long, slender, fulvous to dark
brown, spines.

Wings. Forewing venation typical for genus Stigmus, hindwing media diverging
before cu-a.

Metasoma. Dorsal surface of petiole subquadrate (cross section), moderately con-
vex and widened toward apex distinctly, and with strong irregular rugae (Fig. 5f); lat-
eral surface of petiole shiny, with several irregular rugae and two strong lateral carinae
medially and posteriorly (Fig. 5e); ventral surface of petiole with 4 sturdy, short, lon-
gitudinal carinae posteriorly. Metasomal segments shiny, with fine sparse punctures,
gastral sternum VI with fine or coarse punctures, half mat; pygidial area shiny, broadly
triangular, with dense, slender, longitudinal striations (Fig. 5g).

Male (Figs 5h-m, 6g). Almost same to female except mandible reddish brown
with black basally, setae on clypeus dense, silvery and short; mandible bidentate api-
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1 mm

Figure 6. a Stigmus capoblongus Bashir & Ma, sp. n. (male) b, ¢ Stigmus denticorneus Bashir & Ma, sp.
n. (b female ¢ male) d Stigmus fronticoncavus Bashir & Ma, sp. n. (female) e Stigmus interruptus Bashir
& Ma, sp. n. (female) f, g Stigmus lobomelanicus Bashir & Ma, sp. n. (f female g male) a~g lateral view,
Scale bars: 1 mm (a—g).
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cally (Fig. 5h); clypeus moderately reflected toward apex gradually, with dense fine
punctures (Fig. 5h); vertex behind ocelli impunctate (Fig. 5i); gena shiny, inconspicu-
ous coriaceous, with several large punctures dorsally, ventral gena shiny, with sturdy,
sparse, irregular rugae laterally; head from above with temples distinctly convergent
posteriorly; flagellomeres without tyloids, normal; dorsal surface of petiole subquad-
rate (cross section), slightly convex and widened toward apex slightly, and with strong
irregular rugae; metasomal segments shiny, nearly impunctate. Sternum VIII (Fig. 5j).
Male genitalia (Fig. Sk—m).

Distribution. China (Yunnan, Guizhou).

Etymology. The name, lobomelanicus, is derived from the Greek /ob- (= lobe) and
the Greek word melanicus (= black), referring to pronotal lobe black.
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Abstract

A series of small emergent coral reefs and shallow, submerged coralliferous banks are scattered along the
western edge of Campeche Bank (southwest Gulf of Mexico), 150-200 km offshore from the Yucatdn
Peninsula, Mexico. Here a reasonably comprehensive, annotated checklist of reef-associated fishes for one
reef, Cayo Arcas (expanded from 162 to 209 species) is presented, with preliminary checklists of such
fishes from three other emergent reefs (Cayo Arenas, Tridngulo Oeste, Tridngulo Este) and four submerged
bank reefs (Banco Obispo Norte, Banco Obispo Sur, Banco Nuevo and Banco Pera). During 2017-18
a total of 260 species was observed or collected from those reefs, and previous studies and georeferenced
museum records in the global aggregator Fishnet2 added another 101 shallow-living species recorded on
or adjacent to those reefs. Some coral-reef fishes are thought to be strongly dependent on seagrass and
mangrove areas as nursery habitats for maintenance of their local populations on reefs near to those habi-
tats. The abundance of a number of such “nursery” species on these Campeche reefs indicates otherwise,

Copyright D. Ross Robertson 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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as there are no seagrass- or mangrove habitats for reef fishes within -~ 150 km of the study reefs. Other
isolated Caribbean-area reefs that lack mangroves and, in some cases, seagrasses, also support many such
nursery species of reef-fishes.

Keywords
endemic species; invasive species juvenile habitats; reef-fishes; Southwest Gulf of Mexico

Introduction

The southwest Gulf of Mexico has relatively few coral reefs, most of which are quite
small. Only a few of these are offshore reefs on the broad, shallow Campeche Bank that
extends 200+ km north from the Yucatdn Peninsula. This part of the Gulf of Mexico
has a different marine environment from the rest of that gulf (Belanger et al. 2012,
Lorda et al. 2019). Due in part to the number of endemic reef-fishes found there, the
shore-fish fauna of this area forms a discrete biogeographic subunit within one of three
major biogeographic subdivisions of the shore-fish fauna of the Greater Caribbean
(Robertson and Cramer 2014).

The reef-fish faunas of most of the Campeche Bank offshore reefs have not been
documented. Only three of them have substantial published checklists: Alacranes Reef,
a large (- 300 km?) emergent reef in the center of the bank and the largest reef in
the region (Génzalez-Gdndara and Arias-Gonzdlez 2001), Madagascar Reef, a tiny (-
0.25 km?), shallow, submerged coralliferous rocky bank ~ 40 km offshore from Sisal,
on the northwest coast of the Yucatdn peninsula (Zarco-Perell$ et al. 2014, Robertson
et al. 2016a), and Cayo Arcas, a cluster of three small emergent reefs located near the
outer edge of the southwest corner of Campeche Bank (Robertson et al. 2016b).

Here we present an expanded list of non-cryptic and cryptic reef-fishes we observed
and collected at Cayo Arcas, and at seven other reefs and submerged banks (Cayo Are-
nas, Tridngulo Oeste, Tridngulo Este, Obispo Norte, Obispo Sur, Banco Nuevo and
Banco Pera), scattered along the western edge of Campeche Bank, ~ 150 km from the
mainland coast during 2017-18. In addition we include a list of fishes that were col-
lected from the vicinity of those reefs and are lodged in the database of the aggregator
website Fishnet2 (http://www.fishnet2.net/) by some of the 75 international museums
that supply data to that website.

Surveys of local reef-fish faunas serve several purposes. They provide the grist for
studies of the biogeography of reef fishes by fleshing out information on the distribu-
tions of species. If sites are small and depauperate in habitat diversity their faunal com-
position provides information that helps identify the importance of different habitats
and reef-size for maintaining local populations of different species. Both types of infor-
mation are useful for indicating the importance of sites for management and conserva-
tion purposes. Hence the reef-fish faunas of the reefs we discuss here also are of interest
not only because of their location, but also because those reefs are small, isolated and
lack two major ancillary habitats that are commonly found adjacent to reefs and used
by reef-fishes in other parts of the Greater Caribbean: seagrass beds and mangroves.
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Methods

Study reefs

The set of eight study reefs is spread from the Cayo Arcas complex in the southwest corner
of Campeche Bank, to the Cayo Arenas complex, 220 km northeast of Cayo Arcas, at the
northwest corner of that Bank (Figure 1). Cayo Arenas (Suppl. material 1: Figures S1-S3) is
at 22.11°N, 91.39°W, Tridngulo Oeste (Suppl. material 1: Figure $4) at 20.96°N, 92.3°W,
Tridngulo Este (Suppl. material 1: Figure S5) at 20.91°N, 92.22°W/, Banco Obispo Norte
(Suppl. material 1: Figure S6) at 20.49°N, 92.20°W, Banco Obispo Sur (Suppl. material
1: Figure S7a,b) at 20.41°N, 92.22°W, Banco Nuevo at 20.55°N, 91.88°W, Banco Pera
(Suppl. material 1: Figure §8) at 20.73°N, 91.93°W/, and Cayo Arcas (Suppl. material 1:
Figures §9, $10) at 20.20°N, 91.97°W. The study reefs include all the emergent reefs on
the western edge of Campeche Bank except Cayo Nuevo (21.83°N, 92.09°W), which is
located - 95 km north of Tridngulo Oeste and - 78 km southwest of Cayo Arenas, and all
the named submerged coralliferous banks except Bancos Ingleses, -~ 15 km east-southeast
of Cayo Nuevo. Cayo Arenas and Cayo Arcas each have a manned lighthouse and are
permanently staffed by a lighthouse keeper and Mexican Armada marines.

Reef-fish habitats on the study reefs:

Cayo Arenas, Cayo Arcas and the two Tridngulo reefs (Oeste and Este) are emergent
reefs or reef complexes, with well-developed coral cover, and coral zonation patterns
(Tunnell et al. 2007) similar to those of other reefs on the outer parts of the continental
shelf elsewhere in the Greater Caribbean. The reef systems of Cayos Arcas and Arenas
each comprise a cluster of three separate emergent reefs spread over an area of - 5 km®.
Tridngulo Oeste is a single reef with an emergent area of <0.25 km? , and Tridngulo Este
(also known as Tridngulo Este-Sur) is composed of a 5 km long line of four elongate, nar-
row (0.5 km wide) emergent reefs separated from each other by shallow-water distances
of < 1 km (Suppl. material 1: Fig S3). Reef development on those reefs extends down
to 25-30 m (Logan et al. 1969, Tunnell et al. 2007). The two Obispo banks and Banco
Nuevo and Banco Pera are rocky banks that rise to within 10 m (Obispos) and - 15 m
(Nuevo and Pera) of the surface. While a few small patch reefs on those banks have well
developed coral cover, for the most part the surface of the areas of those banks we visited
comprised rock, with a thin covering of sand and an abundance of 2-3 m high, tree-like
gorgonians, with only small scattered clumps of hard corals 1 m or so in diameter, and
numerous large barrel sponges. Logan et al. (1969) described the general geological and
morphological characteristics of reefs, submerged coralliferous banks and inter-reef soft
bottoms on the Yucatin Peninsular, and Chavez et al. (2007) summarized information
about reef morphology and coral zonation patterns of Cayo Arcas. Various aspects of the
habitat structure and benthic organisms found on the reefs at Cayo Arcas, Cayo Arenas
and the Tridngulos reefs also are described and discussed in Tunnell et al. (2007).



74 D. Ross Robertson et al. | ZooKeys 843: 71-115 (2019)

Figure I. General location of study reefs on Campeche Bank. Base map by NASA.

Mangroves and seagrasses on the Campeche Bank reefs

Mangroves and beds of seagrasses (typically 7halassia testudinum Banks ex Koenig,
1805) represent major ancillary habitats adjacent to or within many reefs in the tropi-
cal northwest Atlantic. Those two habitats are used by many reef fishes, often as nurs-
ery habitats (Nagelkerken et al. 2017). Flores (1992), who is cited as the source of
information on mangroves and seagrasses (7. testudinum) on Campeche Bank offshore
cays by Gulfbase (http://www.gulfbase.org/checklist/pdfs/marine-spp-list.pdf) an ag-
gregator of biological information on the Gulf of Mexico, listed mangroves as being
present at Cayo Arcas but not Cayo Arenas. Flores (1992) figure 47 of the distribution
of plants on the lighthouse cay at Cayo Arcas shows a few mangrove plants where cur-
rently there is a shallow (<1 m deep) pond immediately along the east and southeast
side of that cay, inshore from the intertidal reef crest, but he presented no information



Reef-associated fishes from the offshore reefs of western Campeche Bank, Mexico, with... 75

about their size or abundance. We noticed no mangroves in that area in 2016, but did
see several small, young plants in the southeast section of the pond in 2018 (Suppl. ma-
terial 1: Figure S10). Tunnell and Chapman (2001) surveyed seabird rookeries on Cayo
Arenas, Cayo Arcas and Cayo Tridngulo Oeste and noted vegetation on those islands,
but did not mention mangroves at any of them. We saw mangroves only at Isla Arenas,
in 2017. At that site there was a small (- 30 m diameter) patch of small (up to -~ 1 m
high) mangroves with slender (up to several cm diameter) trunks growing on a bottom
surfaced entirely with flattened coralline rock chips in the intertidal zone on the south-
west side of the Lighthouse island, on the seaward side of a saltwater pond (see Suppl.
material 1: Figure §2). At low tides during our stay there (May 2017) those mangroves
were completely exposed, with only small (to - 25 cm wide), shallow (<2 cm deep)
scattered puddles containing water in the mangrove area, a few of which contained a
few small gobies (Bathygobius sp.), but no other fishes (Suppl. material 1: Figure S3).
Hence that mangrove patch does not represent permanently available habitat for reef
fishes and would offer little shelter even at high tide. It does not constitute a patch of
permanently immersed mangrove nursery habitat of the type commonly used by reef
fishes. The situation vis a vis the presence of small stands of stunted, sparsely scattered
mangroves on the small, low sandy cays of Campeche Bank on which intertidal habi-
tats are quite likely to change in response to storms may well have changed at Cayo
Arenas and Cayo Arcas in 25+ years since Flores” (1992) research. Tunnell et al. (2007)
noted the disappearance of small stands of mangroves growing in small, beach-front
ponds next to two sand cays at Alacranes Reef between the 1960s and 2000s. They also
noted the presence of a small stand of mangroves growing in a pond at the southeast
corner of Perez Island at Alacranes reef. That - 0.1 ha stand, much of which was grow-
ing on dry land around the pond, was still present in 2016 during the visit by DRR.
That pond was separated from the shore by a beach berm, and only intermittently con-
nected to the sea. As with the Cayo Arenas mangrove patch, that on Isla Perez likely
does not represent a significant amount of habitat useable as a reef-fish nursery.

There are seven seagrasses in the Gulf of Mexico (Littler and Littler 2000, Green
and Short 2003). Three of them, Turtlegrass, 7halassia testudinum; Manatee grass, Sy-
ringodium filiforme Kutzing in Hohenacker, 1860; and Shoal grass, Halodule wrightii
Ascher, 1868, grow in beds that can be sufficiently dense to provide a shelter-rich habi-
tat useable by reef-associated fishes. No live seagrasses growing on sandy bottoms were
seen by us or any other divers from UNAM-Sisal studying shallow water organisms
during expeditions to the study reefs in 2016-2018. Those dive sites included lagoonal
areas on the leeward sides of emergent reefs and large sand patches on the submerged
banks. At Cayo Arcas and Cayo Arenas the cays have shallow (<1m deep) saline ponds
bordering the islands that become isolated at low tide; we saw no seagrasses growing
in those. We did see substantial amounts of dead seagrass leaves deposited on the
beaches of Cayo Arcas in 2016, with much smaller amounts on those beaches in 2018.
However, the beaches of Cayo Arenas and the cay at Tridngulo Oeste only contained
windrows of dead macroalgae. The seagrass windrows on Cayo Arcas were composed
of slender, cylindrical, thread-like leaves of Syringodium and/or Halodule, and no dead



76 D. Ross Robertson et al. | ZooKeys 843: 71-115 (2019)

blades of 7halassia were observed. All those dead seagrass threads were either brown or
bleached white, short (mostly <10cm long) and lacked leaf bases with roots attached to
them. Similar threads were observed floating in the open sea near Cayo Arcas. Those
three species of seagrass are restricted to shallow water in sheltered habitat with fine-
sand and mud bottoms: the depth limit of 7. testudinum is -~ 20m, of S. filiforme 25
m, and H. wrightii 5 m (Littler and Littler 2000; Short et al. 20104, b, ¢). Robertson
etal. (2016b) thought that A. wrightii might be growing in shallow beach-side ponds
of Cayo Arcas. That does not appear to be the case. Thus it is very doubtful that any
seagrasses are growing around or very near to the study reefs but missed during our
expeditions between 2016 and 2018 as the emergent reefs provide the only sheltered
soft substrata in their leeward lagoons, and water around the reefs is deeper than that
in which these seagrasses are known to grow.

Turtlegrass was the only seagrass listed by Flores (1992) as present on offshore
Campeche reefs, and he indicated it was present at Cayo Arcas, Cayo Arenas, and Cayo
Tridngulo (i.e., Tridngulo Oeste). However, a map (map XIII) of seagrass distribution
in the Gulf of Mexico by Green and Short (2003) shows them present inshore along
the entire Gulf coast of the Yucatdn peninsula and at Alacranes Reef, but nowhere
else on Campeche Bank. It seems less likely that seagrasses, which typically grow in
sheltered (e.g., lagoonal) habitats, such as that at Alacranes reef, would have vanished
from our study reefs. Chdvez et al. (2007) noted the absence of seagrasses on “most”
Campeche reefs other than Alacranes, which they attributed to a lack of accumulation
of fine sediment needed for seagrass establishment. The simplest explanation for the
occurrence of the long-dead manatee/shoal grass threads on the beach of Cayo Arcas
and floating in water nearby is that they drifted ~ 150 km in from grass beds along
the mainland coast. Hence we conclude that two major ancillary habitats, mangroves,
and seagrass beds, used by reef fishes throughout much of the wider Caribbean area
currently are lacking within - 150 km of the offshore reefs of western Campeche Bank.

Data collection

Cayo Arenas was visited by a group of divers, including DRR, who camped on the island
from 22 to 27 May, 2017. During that visit DRR made 14 dives between 0-30 m at
different sites on the three reefs that comprise that reef system. During September 815,
2017 a group of divers on a live-aboard diving-support vessel, the 30 m long “Barco
Isla Mujeres” (see https://www.youtube.com/watch?v=xt-aP0zOFTw.), visited six reefs
and banks located between Cayo Arcas and Cayo Arenas. During that expedition DRR,
OD-D and RMM made a total of 60 person dives, at Tridngulo Oeste (September 810,
six dives per person between 1-25 m), Tridngulo Este (September 11-12; five dives per
person between 1-28 m), Banco Obispo Norte (September 13, three dives per person at
9-24m), Banco Obispo Sur (September 14, three dives each at 9-25 m), Banco Nuevo
(September 15, two dives each at 18-20m) and Banco Pera (September 15, one dive
each at 24 m). During 19-26 June 2018 DRR, RMM and OD-D camped as part of a
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group of researchers from UNAM-Sisal on Cayo Arcas. Together with two assistants they
made a total of 105 person dives at 17 sites on the three reefs that make up that complex.
During his dives at the different reefs DRR focused on obtaining a seascape view of the
fish fauna, covering large areas and noting the occurrence and abundance of non-cryptic
species at different sites. The other divers on the September 2017 and June 2018 trips
focused on collecting cryptic fishes using the anesthetic clove oil (10% clove oil in 70%
ethanol), and non-cryptic fishes by spearing with multi-pronged pole spears. Collec-
tions with clove oil were made in two ways: the anesthetic sprayed into holes without
knowing what fishes were inside, and, in other cases, after noticing suitable specimens in
holes. Abundance categories given here are the same as those reported in Robertson et al.
(2016b) for earlier, similar observations at Cayo Arcas: Rare (1 seen during entire expedi-
tion); Uncommon (< 5 total); Occasional (- 20 total, at multiple dive sites); Common,
widespread (scores, at most/all dive sites); Locally common (scores to hundreds at 1-2
dive sites); Abundant, widespread (hundreds to thousands at most/all dive sites).

In addition a search was made on Fishnet2 (www.fishnet2.net; accessed October 5,
2018), for records of fish species collected in two quadrants, one that encompassed Cayo
Arenas and adjacent areas on its east and west sides highlighted by Google Earth (quad-
rat sides: 22.0°N to 22.15°N, 91.05°W to 91.55°W, ~ 885 km?), and another that en-
compassed all the remaining study reefs (quadrat sides: 20.05°N to 21.0°N, 91.5°W to
92.5°Wj; ~ 11,000 km?). We used those quadrats in part to accommodate lack of precision
in georeferencing of collection records that might relate to those reefs. We incorporated
Fishnet2 records of fish species that could be encountered in shallow reef habitats (< 30 m
depth) or occur in pelagic and soft-bottom habitats shallower than 30m adjacent to reefs.

Tissue samples (for genetic analyses) of large, easily recognizable species of reef-
fishes and voucher specimens of all small cryptic species that were collected at the study
reefs and preserved in ethanol have been deposited in the Ichthyological Collection
of the Laboratorio de Biologia Acudtica, Universidad Michoacana de San Nicolds de
Hidalgo, México (SEMARNAT registration number MICH-PEC-227-07-09).

Results

Table 1 includes a list of 364 fish species from 75 families now known from the west
Campeche offshore reefs. Of those 360 are bony fishes, which include 260 species that
we observed or collected on the study reefs between 2016-2018. In addition there are
nine other species that were observed or collected on those reefs by Chavez (1966) and
by Gardufno (1988) but not seen by us, and museum records of 136 species in the two
quadrats, 96 of which were not recorded by us on the reefs. The 136 include 48 soft-
bottom species (46 of which we did not record on the reefs), 31 pelagic species (20 not
recorded by us), and 57 species that occur on hard reef substrata (as well as other sub-
strata in some cases), 30 of them not recorded by us. Robertson et al. (2016b) reported
a fauna of 162 species from Cayo Arcas; our 2016-18 sampling increased that to 209
species, primarily as a result of collection of 35 cryptic species using clove-oil anesthetic.
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Species Notes

These notes refer to information relating to species of particular interest, e.g., those
possibly misidentified or which can be confused with other similar species, invasive
species, and species that are thought to be reliant on mangroves or seagrass beds for
nursery habitats.

Halichoeres burekae \Weaver & Rocha, 2007 and H. pictus (Poey, 1860). Halicho-
eres burekae, a western Gulf of Mexico endemic, is perhaps the most abundant labrid
on all eight reefs. This species is listed as Endangered (i.e., at a high risk of extinction)
by the IUCN Red List (Rocha et al. 2015) due to the small size of its geographic range
and the paucity of reef habitat within that area. The abundance of this species on the
west Campeche reefs has substantial conservation significance, as it indicates that the
set of small offshore reefs scattered along the western side of Campeche Bank may be
essential for its continued existence. None of those reefs are as yet designated as Ma-
rine Protected Areas. There is a museum record of H. pictus in the Tridngulo Quadrat,
although we did not observe this species on any of our study reefs. This species is con-
spicuous and found on shallow fore-reefs, feeding in midwater in small aggregations
in the same habitat as H. burekae, which also forms aggregations. Older records of this
species on inshore reefs of Veracruz state, and (perhaps) Alacranes reef, may also relate
to Halichoeres burekae, a recently described (2007) species endemic to that region, as
the latter (but not A. pictus) is included in checklists from those reefs published after
that date (e.g., Gonzdlez-Gédndara 2014; Gonzélez-Gdndara et al. 2012, 2013, Aguilar-
Perera and Tuz-Sulub 2009). H. burckae is abundant on the west Campeche reefs, and
also common at Alacranes reef and the inshore reefs of Veracruz state.

Halichoeres poeyi (Steindachner, 1867).This species typically is found in seagrass
beds around the fringes of Caribbean Reefs. A single specimen of H. poeyi was collected
at Cayo Arcas in 2018. However, it was not observed by DRR during either the 2016
or 2018 expeditions to that reef or any of the other seven reefs considered here. Hence
it must be rare on those reefs. It is present on Alacranes reef (Gonzélez-Gdndara and
Arias-Gonzdlez 2001), which has seagrass beds, and on the coastal reefs of Veracruz
(del Morales-Flores et al. 2013) that also have adjacent seagrass beds.

Xyrichtys splendens (Castelnau, 1855). This species typically is found in seagrass
beds adjacent to Caribbean reefs. On the west Campeche reefs we repeatedly observed
small groups of adults associated with concentrations of macroalgae attached to small
rocks in and around sandy areas on the leeward sides of reefs.

Stegastes diencaeus (Jordan & Rutter, 1897) and S. adustus (Troschel in Muller,
1865). Stegastes diencaeus was not observed by DRR at Cayo Arcas in either 2016 or
2018, although we collected one individual there in 2018. This species was present,
but uncommon in coralline-rock habitats at - 10-15m depth at both Cayo Arenas and
Tridngulo Oeste. As noted by Robertson et al. (2016b), records by Gardufio (1988) of
“Eupomacentrus mellis”, which is the juvenile of S. diencaeus (see Robertson and Allen
1981) on Cayo Arcas quite possibly relate to the similarly colored juveniles of S. leucos-
tictus and S. xanthurus, which are easily confused with each other. Adults of S. adustus,
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which are similar in form and color to those of S.diencaeus and are easily confused with
it (see Robertson et al. 2016b), were abundant on reef habitats with well-developed
structure between 0.5-20 m on the five emergent reefs that had such habitat (i.e., all
except the three Bancos).

Neopomacentrus cyanomos (Blecker, 1856). This Indo-Pacific damselfish was lo-
cally common to abundant on all reefs we visited, and was observed in aggregations of
up to ~ 100 individuals (Robertson et al. 2016a).

Pterois volitans (Linnaeus, 1758). This species was uncommon in the shallow
depths at which we dived at all the reefs visited between 2016 and 2018. At Cayo Arcas
in 2016 the group of eight divers recorded <12 individuals (Robertson et al. 2016b).
A similar number was seen by the group of ten divers who worked at 21 different sites
there in 2018. During both the 2016 and 2018 visits a single adult was seen at - 30m
depth on the oil loading platform 1.5 km from the Arcas reef. At Cayo Arenas the
group of seven divers recorded a total less than ten individuals at 38 dive sites visited
during May 2017. During the Tridngulos trip in 2018 23 divers visited 59 dive sites
and noted < 25 individuals in total. At Alacranes Reef on the center of Campeche Bank
lionfish is uncommon in shallow water (DRR pers. obs. 2016), and is more abundant
at depths below 30m (Aguilar-Perera et al. 2016).

Sphyraena barracuda (Edwards in Catesby, 1771). Adults of all sizes and me-
dium to large juveniles were seen on all eight reefs, with large numbers of subadults (an
aggregation of - 100 fish, each ~ 70 cm TL on one dive) in the lagoon of the lighthouse
island of Cayo Arenas. A few small (3—5 cm) juveniles were observed associated with
dislodged clumps of macroalgae on the sand bottom of the lagoon on the leeward side
of the lighthouse cay at Cayo Arenas.

Ocyurus chrysurus (Bloch, 1791). This was a common species on all reefs, and
present in scores around the Cayo Arcas oil loading platform (see Robertson et al.
2016b). Adults and larger juveniles were both common, and small, recently recruited
juveniles ~ 5 cm TL were seen in two situations: (i) a few single individuals were noted
with dislodged macroalgae on the 3 m deep floor of the lagoon on the leeward side
of the lighthouse island at Cayo Arenas; and (ii) dozens of individuals associated with
each of several small (1-2 m diameter) patches of coral debris on sand at - 30 m depth
on the seaward side of that same reef.

Lutjanus apodus (Walbaum, 1792). Although this species was not observed at
Cayo Arcas in 2016, several adults were noted in 2018. At Cayo Arenas in 2018 up to
30 adults of various sizes per dive were recorded on several dives. No small juveniles
were seen at either site.

Coryphopterus hyalinus Bohlke & Robins, 1962 and C. personatus (Jordan &
Thompson, 1905). These two small, hovering gobies are very similar in appearance,
and are sufficiently similar that usually they are combined in faunal surveys. They were
abundant in aggregations of up to hundreds of fish hovering within a meter of the
bottom in sheltered habitats on the four emergent reefs abundant and present on the
Bancos. Both species were collected at Cayo Arcas in 2018, and subsequently identified
in the laboratory, and we assume both were present on the other reefs as well.
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Scarus guacamaia Cuvier, 1829. This species was seen on Cayo Arcas reef, in both
2016 and 2018, with ~ 20 small to large adults seen at various different sites on both
occasions. However, because the surveys of each reef during the Tridngulos expedition
were relatively brief, and not specifically aimed at assessing this species, we are uncer-
tain whether this species was present on any of the reefs examined during that expedi-
tion. No individuals of this species were seen at Cayo Arenas.

Scarus coeruleus (Bloch, 1786). This species was invariably observed over low-
energy sandy bottoms, notably in the semi-enclosed lagoons on the western sides of
reefs. It was common at Cayo Arcas, but none of the other reefs.

Discussion

Comprehensiveness of the faunal lists

Small cryptic fishes commonly represent -~ 40% of the reef-associated shorefish faunas
in the neotropics and elsewhere (Smith-Vaniz et al. 2006, Robertson and Smith-Vaniz
2008, Brandl et al. 2018). The most effective way to comprehensively enumerate the
cryptic component of the fish fauna of a reef is with the use of small amounts of anes-
thetics such as clove oil or quinaldine (Robertson and Smith-Vaniz 2010), and small
ichthyocide stations (Smith-Vaniz et al. 2006, Robertson and Smith-Vaniz 2008). The
latter generally are much more effective than anesthetics at dislodging fishes living deep
within the matrices of coralline habitats and allow sampling of larger areas of reef in
single stations: ~ 5-10 m diameter vs < 1 m diameter for anesthetics (Robertson and
Smith-Vaniz 2008, 2010, and see Goatley et al. 2016). However, as in the present case,
use of rotenone often is forbidden by permitting authorities and factors such as cost
and local availability determine which anesthetic (clove oil, quinaldine, quinaldine
sulphate, MS222) is used in any particular study. Use of clove oil produced specimens
of 62 cryptic, reef-associated fish species from the eight reefs we sampled, 26% of the
237 demersal (non-pelagic) fishes we recorded. Cryptic species also represented 35 (74
%) of the 47 species added to the fauna of Cayo Arcas in 2018, and brought the rep-
resentation of such species up to 24% (47) of the demersal fish fauna (199 species) on
that reef. We note however, that the anesthetic stations employed were very small, each
using - 100 ml of 10% clove oil solution delivered by squirt-bottle that affected much
less than 0.25 m? of the surface substratum and superficial crevices. This sampling was
aimed primarily at obtaining specimens for a study of connectivity among reef fish
populations of the southwest Gulf of Mexico and Caribbean Mexico. Due to time
limitations the full variety of types of hard-reef microhabitats and soft-sediment mi-
crohabitats within and bordering reef areas were not comprehensively sampled. Hence
full documentation of the cryptic reef-fish fauna of these reefs has yet to be done. For
example, we collected no ophichthid or congrid eels, no antennariids, gobiesocids, or
callyonymids, only a single syngnathid, and no cuskeels. Thus 24% cryptic species
likely is an underestimate of that component of the Cayo Arcas demersal fish fauna.
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For Cayo Arenas, a reef complex of similar size and form to that at Cayo Arcas, 167
species also seems low, especially given that only 14% (24) of the species currently
recorded from there are cryptic. For Tridngulo Oeste, the reef most heavily sampled
during the 2018 cruise of the Isla Mujeres, the cryptic representation was 31% (41) of
the 132 species, although the total also seems low, even for reef much smaller than the
reefs at either Cayo Arcas or Cayo Arenas. Clearly there is more collecting to be done
before the reef-fish fauna of this area can be classed as comprehensively sampled.

Common species on the study reefs: 1980s vs. 2010s

Table 2 includes information on the relative commonness of species at Cayo Arcas and
Cayo Arenas during either or both of two periods separated by 30+ years. This list in-
cludes species defined as numerically dominant (ie common) at one or both reefs in the
1980s by Gardufio and Chévez (2000) and others that were common to abundant dur-
ing our surveys in 201618 but not present in the 1980s list. Among the 42 common
1980s species only seven were relatively uncommon in the 2010s: Lutjanus apodus,
Haemulon plumieri (Lacepéde, 1801) H. sciurus (Shaw, 1803) and Holacanthus tricolor
(Bloch, 1795) at both reefs, and Anisotremus virginicus (Linnaeus, 1758), Brachygenys
chrysargeum (Giinther, 1859), and Haemulon carbonarium Poey, 1860 at one reef. In
contrast 17 species that were common in the 2010s were not listed among the 1980s
group. All species on both lists, except Halichoeres burekae, are common and widely
distributed inhabitants of Greater Caribbean reefs. Some, but not all, of the differences
between the two lists can be attributed to the use of different methodologies: small
transects used in the 1980s (see Gardufio and Chdvez 2000) are less likely to detect
locally abundant and patchily distributed species than are the wide-ranging “seascape”
visual surveys by us in the 2010s that sampled much larger areas. Exceptions include
all seven species common in the 1980s but not the 2010s. Fishing is an obvious factor
to consider with most of those seven, particularly species like L. apodus. While we often
saw small fishing boats around the reefs during our expeditions they fished during the
day several kilometers or more away from the reefs and only came in to shelter at the
leeward edges of reefs at night. We saw no fish traps during any of our diving surveys,
and the fishing boats were relying on hook-and-line fishing. In addition, the Cayo
Arcas reef-system derives a measure of protection from fishing by being in a security
exclusion zone, due to its close proximity to major offshore oil installations. However,
L. apodus is a nocturnally active species that uses shallow reef habitats as resting sites
during the day and migrates distances of up to at least several km away from those reefs
to feed at night (Nagelkerken 2009, Hitt et al. 2011, Friedlander et al. 2013). Such
diurnal migrations could make it susceptible to off-reef fishing, which could affect
populations sheltering on small reefs (cf. Halpern 2004). Differences in methodology
could account for some of the species that were common in the 2010s not being so
in the 1980s. However, there are some obvious exceptions to that possibility: Stegastes
adustus, H. burekae, Scarus iseri (Bloch, 1789) and Sparisoma aurofrenatum (Valenci-



96 D. Ross Robertson et al. | ZooKeys 843: 71-115 (2019)

Table 2. Relative abundance of fishes classified as dominant species on Cayo Arcas and Cayo Arenas
during 1984-86 by Garduno (1988) as reported in Chdvez and Beaver (2007) and our own observations
on the same reefs in 2016-18.

Species Arenas 2017 Arenas 1980s Arcas 2016-18 Arcas 1980s
HOLOCENTRIDAE
Holocentrus rufus * C YES O YES
SERRANIDAE
Cephalopholis cruentata C C
Cephalopholis furcifer LC C
Epinephelus adscensionis O C
Epinephelus guttatus * O YES C YES
Serranus tigrinus * C YES C YES
GRAMMATIDAE
Gramma loreto * LC YES C YES
CARANGIDAE
Caranx ruber LA YES LC YES
LUTJANIDAE
Lutjanus apodus (0] YES U YES
Lutjanus griseus * C C
Lutjanus mahogoni C O
Ocyurus chrysurus * A YES A YES
HAEMULIDAE
Anisotremus virginicus - YES LC YES
Brachygenys chrysargyreum * - YES LC YES
Haemulon aurolineatum * LC YES C YES
Haemulon carbonarium R YES U YES
Haemulon flavolineatum * C YES C YES
Haemulon plumierii * - YES U YES
Haemulon sciurus R YES U YES
Haemulon vittatum * C YES LC YES
MULLIDAE
Mulloidichthys martinicus * C C YES
PEMPHERIDAE
Pempheris schomburglii * LC YES LC
KYPHOSIDAE
Kyphosus sectatrix C C
Kyphosus vaigiensis C C
CHAETODONTIDAE
Chaetodon ocellatus C C
Chaetodon sedentarius C C
POMACANTHIDAE
Holacanthus tricolor * R YES R YES
Pomacanthus paru * O YES LC YES
POMACENTRIDAE
Abudefduf saxatilis * A YES A YES
Chromis cyanea * LC YES LC YES
Chromis multilineata * A YES A YES
Chromis scotti C C
Microspathodon chrysurus * C YES C YES
Stegastes adustus A A
Stegastes leucostictus * LC LC
Stegastes partitus * A YES A YES
Stegastes planifrons * (@] YES A YES
Stegastes xanthurus * C YES A
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Species Arenas 2017 Arenas 1980s Arcas 2016-18 Arcas 1980s
LABRIDAE
Clepticus parrae * A YES LC YES
Halichoeres bivittatus A A
Halichoeres burekae A A
Halichoeres garnoti * C YES C YES
Halichoeres maculipinna * A YES C YES
Halichoeres radiatus * - C
Thalassoma bifasciatum * A YES A YES
SCARIDAE
Scarus coeruleus * U YES C YES
Scarus iseri C C
Scarus taeniopterus * C YES C YES
Scarus vetula * A YES C YES
Sparisoma aurofrenatum * LC C
Sparisoma chrysopterum A YES (@) YES
Sparisoma rubripinne LC LC YES
Sparisoma viride * C YES C YES
ACANTHURIDAE
Acanthurus chirurgus C YES C YES
Acanthurus coeruleus * A YES C YES
Acanthurus tractus * A YES C YES
SPHYRAENIDAE
Sphyraena barracuda * A O
BALISTIDAE
Melichthys niger LC YES LC
TETRAODONTIDAE
Canthigaster rostrata * C YES C YES

Notes: * Asterisk after species name indicates specimen and/or tissue specimen was cataloged in UMSNDH collec-
tion. Habitat: R = demersal on reef, SB = demersal on soft bottom, P = pelagic, BP = benthopelagic, C = cryptic, SC =
semicryptic (more visible than cryptic species). Ranked abundance on reefs (see methods for details): A = abundant;
C = common, widespread; LC = locally common; O = occasional; U = uncommon; R = rare; P = present but no data on
abundance; blank = not recorded on a particular reef or quadrat. No. reefs = no. reefs on which a species was recorded
by us; 2018 superscript: species recorded by us in 2018 but not 2016. No. species per quadrat: a (b) = total no. species
in quadrat (no. species in quadrat that were not recorded by us on any reef).

ennes in Cuvier and Valenciennes, 1840) all of which are common throughout a wide
range of habitats today and are susceptible to being counted in transects. Halichoeres
burekae was exceptionally abundant and widely distributed across a range of habitats in
the 2010s. Although this species was not described and named until 2007 there are no
references made to any species similar to it (e.g., Halichoeres pictus) in the 1980s. There
is no obvious reason why there was no mention of these four species in the 1980s.

“Mangrove/seagrass nursery species” of reef fishes at isolated Greater Caribbean
reefs that lack adjacent nursery habitat(s)

A series of studies have developed around the hypothesis that certain common species
of reef fishes in the Greater Caribbean use mangroves and seagrass beds as nurseries
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(hereafter nursery-species) and are sufficiently reliant on one or both of those as nurs-
ery habitats that their local abundances reflect the local availability of those nursery
habitats adjacent to reefs (e.g., Nagelkerken et al. 2000, 2017, Serafy et al. 2003,
Dorenbosch et al. 2004, 2006, 2007, Halpern 2004, Mumby et al. 2004, Scharer et al.
2007, Scharer 2009, Jones et al. 2010, Claydon et al. 2015). Those studies have relied
primarily on examination ofreef areas that contain such habitats, in either variable
amounts or at varying distances from local reefs within large reef complexes. However,
a few studies have examined nursery-species at locations that lack mangroves but have
seagrass beds (Scharer 2009; Aguilar-Perera and Herndndez-Landa 2017).

Below we summarize information on the occurrence and, in some cases, abun-
dance of 16 species of reef-fishes commonly regarded as nursery-species in the faunas
of various isolated Caribbean reefs that lack mangroves, and, in some instances, sea-
grass beds. Campeche Bank offshore reefs are among them.

Campeche outer bank reefs. Table 3 contains information on the abundances of
nursery-species on West Campeche reefs (no mangroves or seagrasses) and Alacranes reef
(seagrasses only). Of those, all are common on Alacranes except Lutjanus apodus and
Scarus taeniopterus (Lesson in Bory de Saint-Vincent, 1829). Eight species are common
on West Campeche reefs, including Scarus taeniopterus, one (Haemulon parra (Des-
marest, 1823)) is absent on West Campeche reefs and the remaining six are uncommon.
The vast area (- 100,000 km?*) of Campeche bank is relatively shallow, with depths of
30-50 m in most parts. Inter-reef areas comprise a mixture of soft bottoms and small
patches of coral and sponges (Hedgpeth 1954, Logan et al. 1969). Bycatch from shrimp
trawlers working on soft bottoms on the part of Campeche bank south of the study reefs
that were recorded by Hildebrand et al. (1964) included three of the 16 nursery species:
Lutjanus griseus (Linnaeus, 1758), Ocyurus chrysurus, and Haemulon plumieri.

Veracruz (Mexico) coastal reefs. Published checklists are available for seven coast-
al reefs in the northern part of Veracruz state. Of those reefs six are emergent and one
submerged, none have mangroves and only two of the emergent reefs have seagrass
beds (Table 4). Those reefs vary in their degree of isolation from the mainland coast
and from each other. Mexican government chart SM 030 indicates those reefs are all
on the continental shelf in water less than ~ 50 m deep, 5-20 km from the coast. The
nature of the inter-reef bottoms in that area is unclear. Gonzalez-G4ndara (2014) used
an extensive set of surveys to define the fish fauna of Blake Reef, a small (2.5 km long)
submerged (minimum depth 9 m) reef that is isolated from both the shore and emer-
gent reefs (20 km from the shore, 36 km from the nearest emergent reef). That reef
lacks both seagrasses and mangroves, and the top surface is a plain covered with boul-
ders, corals and sponges (C Gonzélez-Gdndara pers. comm. to DRR 2018). Of the 16
nursery species, only four are not listed at Blake Reef (Table 4). On the six emergent
reefs (Gonzdlez-Gdndara et al. 2012, 2013) the only nursery species that were absent
on all but one reef were Haemulon parra and H. sciurus.

Flower Garden Banks. These banks are two submerged patches of coral reef locat-
ed 180 km offshore from the coast of Texas, on the continental shelf. Minimum depth
is 17 m, the banks are surrounded by water >50 m deep, and there are no seagrasses or
mangroves. Mufioz et al. (2017) found seven nursery species present during quantita-
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Table 3. Sixteen species of common Greater Caribbean reef-fishes thought to be reliant on mangroves

and seagrass beds as near-reef nursery habitats, and their general abundance on the west Campeche study

reefs and Arrecife Alacranes.

Species Mangroves  Seagrass W Campeche Alacranes
Mangrove & seagrass present? Neither Seagrass
Lutjanus analis ++ ++ Rare Common
Lutjanus apodus ++ + Occasional Uncommon
Lutjanus griseus ++ ++ Common Common
Lutjanus mahogoni ++ ++ Locally Common Common
Ocyurus chrysurus ++ ++ Abundant Abundant
Haemulon flavolineatum ++ ++ Common Common
Haemulon parra ++ + Absent Common
Haemulon plumieri ++ ++ Occasional Common
Haemulon sciurus ++ ++ Uncommon Common
Chaetodon capistratus ++ + Occasional Common
Scarus coeruleus + + Locally common Common
Scarus guacamaia ++ Uncommon Common
Scarus iseri + ++ Common Abundant
Scarus taeniopterus ++ + Common Uncommon
Acanthurus chirurgus + + Common Common
Sphyraena barracuda ++ + Common Common

Notes: ++ indicates strong dependency, + weaker dependency. Sources: Usage of seagrass and mangroves as reef fish
nurseries: Nagelkerken et al. 2000a, b, 2001, 2017; Cocheret de la Moriniere et al. 2002; Nagelkerken and van der
Velde 2003; Halpern 2004; Mumby et al. 2004; Dorenbosch et al. 2004, 2006, 2007; Verweij et al. 2008; Nagelkerken
2009; Scharer 2009, Machemer et al. 2012, Harborne et al. 2015, Serafy et al. 2015. Claydon et al. 2015. W Cam-
peche: a summary of results presented here. Fishes of Alacranes reef: Gonzdlez-Gdndara and Arias-Gonzdlez 2001,
abundance based on observations by DRR during dives at 23 different sites at Alacranes reef during May 2016.

Table 4. Sixteen mangrove/seagrass nursery-fishes present at reefs lacking mangroves, and, in some cases,
seagrasses, on the continental shelf near Tuxpan, Veracruz, Mexico.

Species Lobos Medio  Blanquilla  Blake Tanhuijo  Enmedio  Tuxpan
Submerged/Emergent  Emergent  Emergent  Emergent  Submerged Emergent  Emergent  Emergent
Mangrove/Seagrass No/Yes No/No No/No No/No No/No No/No No/Yes
Disanee o 15 75 5 20 10 10 13
Fish Species
Lutjanus analis Yes Yes Yes
Lutjanus apocus Yes Yes Yes Yes Yes Yes
Lutjanus griseus Yes Yes Yes Yes Yes Yes Yes
Lutjanus mahogoni Yes Yes Yes Yes Yes Yes
Ocyurus chrysurus Yes Yes Yes Yes Yes Yes Yes
Hﬂem}tlon Yes Yes Yes Yes Yes Yes Yes
Sflavolineatum
Haemulon parra Yes
Haemulon plumieri Yes Yes Yes Yes Yes Yes Yes
Haemulon sciurus Yes
Chactodon capistratus Yes Yes Yes Yes Yes Yes
Scarus coeruleus Yes Yes Yes
Scarus guacamaia Yes Yes Yes Yes Yes
Scarus iseri Yes Yes Yes Yes Yes Yes Yes
Scarus taeniopterus Yes Yes Yes Yes Yes Yes Yes
Acanthurus chirurgus Yes Yes Yes Yes Yes Yes Yes
Sphyraena barracuda Yes Yes Yes Yes Yes Yes

Sources: Gonzdlez-Gdndara et al. 2013, Gonzédlez-Gdndara 2014
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tive surveys, four of them moderately common (Table 5). For most of the nursery spe-
cies not recorded by those authors or by the Flower Garden Bank MPA website, these
banks were either out of or at the latitudinal limit of their geographic range, and hence
the species would not likely be common enough to be registered by Munoz et al. (2017)

Navassa Island. This 3.5 km-long island has a narrow fringing reef and rises
abruptly out of deep water between Haiti and Jamaica. It is 57 km from land and sepa-
rated from the shelf around Hispaniola by 35 km of deep (>1000 m) water. Almost the
entire reef is 25 m or deeper. Navassa has no mangroves or seagrass beds, but does have
substantial stands of macroalgae. The island’s limited reef area likely is overfished by
subsistence fishers from Haiti (Miller 2002, Sandin 2002). Ten nursery species are pre-
sent at the island, most of them common (Table 5). Although there are few haemulids
and lutjanids at this island, two nursery species dominated the biomass of carnivores at
the beginning of the 2000s: Lutjanus apodus and Sphyraena barracuda.

Mona Island. Mona Island is a 10 km long island that arises precipitously out
of deep water, has a narrow shallow fringing reef, no mangroves in the sea and only
~ 1 km? of seagrass, in beds or mixed with rubble, corals, bedrock and sand patches
(Scharer 2009). Located in the channel between Hispanola and Puerto Rico, this is-
land is separated by 6070 km from those two large mangrove bearing islands. Scharer
(2009) examined habitat usage and various aspects of the ecology of the reef-fish fauna,
focusing in particular on ontogenetic changes in habitat usage by nursery species. Of
the 16 nursery species, seven were common, seven were uncommon, and two were ab-
sent (Table 5). Abundances of three nursery species are of particular interest: Lutjanus
apodus and Lutjanus mahogoni (Cuvier in Cuvier and Valenciennes 1828) were com-
mon, and Haemulon parra was moderately common (Scharer 2006). Scharer (2009)
and Scharer et al. (2007) found that nursery habitat usage by eight common species
for which sufficient data were available for analysis had the following characteristics:
nursery habitats typically were shallow; the smallest juveniles were concentrated in
seagrass habitats, although most also used hard bottoms; juveniles expanded the range
of nursery habitats they used as they grew.

Saba Bank. This large (2,200 km?) submerged coralliferous bank that lacks both
seagrass and mangroves is separated by a narrow (several km) stretch of deep water
from Saba Island, 6 km away. Minimum depth of the bank is -~ 11 m. There are no
mangroves on Saba Island and the only seagrasses there are small patches of Syringo-
dium. Toller et al. (2010) and Williams et al. (2010) documented the reef-fish fauna
of Saba bank, where 11 nursery-species are present, six of them common (Table 5).

Swan Islands. This doublet of islands is situated in deep water 170-180 km off-
shore from Honduras and the nearest emergent reefs. The area of shallow reef is - 8X3
km, and neither island has mangroves. Whether or not there are seagrasses is unclear.
The only known survey of the reef-fishes of that island is by AGRRA (http://www.
agrra.org/), which uses counts of fishes on small transects, which are likely to miss
large, mobile, wide ranging species that avoid divers. That survey, which was made
in 2013, and is far from complete, listed 64 species, including 12 of the 16 nursery
species (Table 5).
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Table 5. Occurrence of 16 mangrove/seagrass nursery-fishes at isolated, emergent, and submerged reefs
in the northern Gulf of Mexico and the Caribbean that lack mangroves, and, in some cases, seagrass
nursery habitats.

Species Mona Island Swan Island Flower Garden Banks Saba Bank  Navassa Island
On continental shelf? No No Yes No No
Isolation distance (Km) 60 170 180 30* 35
Submerged/Emergent Emergent Emergent Submerged Submerged Emergent
Mangrove/Seagrass No/Yes No/No No/No No/No No/No
Fish Species
Lutjanus analis Uncommon (Out of range)
Lutjanus apodus Common Present Present (Limit of range) ~ Present Common
Lutjanus griseus Uncommon Common
Lutjanus mahogoni Common present Uncommon (Limit of Common
range)
Ocyurus chrysurus Uncommon present Uncommon Present Uncommon
Haemulon flavolineatum Common Present (Out of range) common Uncommon
Haemulon parra Common (Limit of range)
Haemulon plumieri Uncommon present Uncommon Common
Haemulon sciurus Uncommon Present (Out of range) Uncommon
Chaetodon capistratus Common Present (Limit of range) Present Uncommon
Scarus coeruleus (Out of range) Uncommon
Scarus guacamaia Present Present (Out of range) Present
Scarus iseri Common present Common (Limit of Common Uncommon
range)
. Common (Limit of
Scarus taeniopterus Common present range) Common Uncommon
Acanthurus chirurgus Uncommon present Common Common Uncommon
Sphyraena barracuda Uncommon present Present Common Common

Sources: Mona — Scharer (2009) and see species account; Swan — Aggra (2013); Flower Garden Banks — Munoz et al.
(2017) and https://flowergarden.noaa.gov/about/fishlist.html; Navassa — McClellan & Miller (2002), Collette et al.
2003; Saba — Toller et al. 2010 (abundance data), Williams et al. 2010 (presence/absence)(* Saba Island, 6 km from,
and separated by several kilometers of very deep water from Saba Bank, lacks mangroves and 7halassia, and the nearest
location with 7halassia is St. Eustatius island, 30 km from that bank). Out of range: site is outside the geographic range
of the species. Limit of range: site is at or near latitudinal limit of the geographic range of the species.

Individual nursery-species accounts (composites from island-fauna accounts)

Lutjanidae. Lutjanus analis (Cuvier in Cuvier and Valenciennes, 1828) uses a variety of
habitats as nursery habitat (Lindeman et al. 2016a), in addition to mangrove and sea-
grasses. It varies from being absent to common on reefs lacking nearby mangroves (Ta-
bles 3-5), and generally is rare to absent on reefs without both mangroves and seagrass
beds, indicating it may well be dependent on such habitats as nurseries. Juveniles of L.
apodus, another “mangrove-dependent” nursery species, also use rocky habitat as nurs-
ery (Lindeman et al. 2016b). It is sometimes common at sites without mangrove that
have seagrasses, which also is used as nursery habitat (Hildebrand et al. 1964), and can
be present in significant numbers at sites without either habitat (Tables 3—5). Halpern
(2004) suggested that the population at Navassa Island was maintained by immigration
from Haiti. However, this is extremely unlikely given the large distances involved; the
fact that Lutjanus apodus is a demersal species not known to extend below 156 m, and
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that most of the distance between Hispaniola and Navassa is very deep water. Lutjanus
griseus is another nursery species, the juveniles of which also use estuaries (Lindeman et
al. 2016¢). It is common at isolated reefs on the continental shelf that lack mangroves,
and in some cases, seagrasses, but is absent on most isolated oceanic reefs lacking such
habitat (Table 3—5). Which habitats are crucial for producing this distribution pattern
is far from clear. Lutjanus mahogoni is thought to be weakly dependent on nursery
habitats, and can be common at sites without either nursery habitat. Ocyurus chrysu-
rus uses a variety of microhabitats as nurseries, including hard bottom, in addition to
mangroves and seagrass beds (Lindeman et al. 2016d, Hildebrand et al. 1964). Large
areas of inter-reef substrata scattered over the 100,000+ km? of Campeche Bank that
have small patches of rubble microhabitat we saw used by this species as nursery could
sustain large populations of this species on the small shallow and emergent reef areas
lacking mangroves or seagrasses along the western edge of Campeche Bank. Lutjanids
are also known to migrate appreciable distances over shallow shelf habitats, as much as
65 km in the case L. griseus (see Nagelkerken 2009). Such relocation across shallow shelf
areas, particularly those with stepping-stone patches of submerged reefal habitat, such
as sponges (Hedgepeth 1954, Hildebrand et al. 1964), could account for populations
of this species on on-shelf reefs far from nursery habitat, at least 180 km in the case of
the Flower Garden Banks. Known diel movements of L. apodus and L. analis to off-reef
habitats from daytime resting areas on emergent reefs are much shorter, on the order
of < 10 km (Hitt et al. 2011, Friedlander et al. 2013), but a capacity for such activity
could be sufficient to provide connectivity across shallow shelves that have scattered
patches of submerged reefal habitats (e.g., sponge beds), or increase the susceptibility
of fish observed on reefs during the day to fishing some distance away from those reefs.

Haemulidae. Haemulon flavolineatum (Desmarest, 1823) is common on all reefs
within its geographic range, regardless of the mangrove/seagrass status of those reefs
(Tables 3—5). Haemulon parra, which is classed as seagrass-dependent for nursery habi-
tat (and see Hildebrand 1964), appears to be one of the few species that typically is
absent on reefs lacking such habitat (Tables 3—5). Haemulon plumieri has been classed
as mainly mangrove dependent (Table 3), but commonly uses shallow hard bottoms
and seagrass beds as nurseries (Lindeman et al. 2016e). It is found, often commonly,
on reefs without either mangroves or seagrass beds. Haemulon sciurus has been classed
as mainly mangrove-dependent, but also using seagrass and hard-bottoms as nursery
habitat (Table 3). It is present on reefs lacking mangroves, but uncommon to absent
on those without seagrass beds (Tables 3-5). Information available on the mobility of
grunts such as H. flavolineatum, H. plumieri, and H. sciurus, indicates that they range
over relatively short distances, < 5 km (Friedlander et al. 2013). Whether or not this
capacity for mobility is sufficient to allow grunts to move across large distances of shelf
between the shore and isolated on shelf reefs is unclear. Perhaps it does for H. plumieri,
which is trawled in inter-reef areas on Campeche Bank where unnamed, submerged
coral and sponge patches are common.

Chaetodontidae. Chaetodon capistratus Linnaeus, 1758 has been classed as man-
grove-dependent (Table 3), but is present, sometimes common, on reefs without
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mangroves, and, in some cases, without seagrasses. This species evidently is capable of
maintaining significant local populations using other nursery habitats.

Scaridae. Scarus coeruleus has sometimes been classed as mangrove/seagrass nurs-
ery dependent (Table 3). Its adults typically feed on low-energy sandy bottoms (Rocha
et al. 2012, DRR pers. obs.). It does occur, sometimes commonly, on isolated reefs
lacking one or both nursery habitats, and its occurrence may also be influenced by the
availability of suitable sandy habitat for adults.

The Rainbow parrotfish, Scarus guacamaia, which reaches 120 cm TL, is the largest
parrotfish in the Greater Caribbean. It is typically observed in small groups or schools
that roam over large areas (Mumby et al. 2004). It is typically seen feeding in shal-
low reef-edge habitats, including intertidal areas, in water < 5 m deep (Claydon et al.
2015, Herndndez and Aguilar-Perera 2018, DRR pers. obs.), although its depth range
extends down to at least 55 m (MT Scharer pers. comm. December 2018). This iconic
reef-fish is thought to be strongly reliant on mangroves as nursery habitat (Mumby
et al. 2004, Claydon et al. 2015, and see studies cited in Table 2), to the extent that
removal of mangroves can result in local extinction (Mumby et al. 2004).

Various studies of the habitat distributions of different size classes of S. guacamaia
elsewhere have indicated that (i) juveniles observed in mangroves usually are ~ 10-20
cm (range 5-60 cm)TL (Dorenbosch et al. 2006; Nagelkerken and Van der Velde 2003,
Nagelkerken 2009, Sefay et al. 2003, Jones et al. 2010, Claydon et al. 2015) and that
the smaller numbers of juveniles seen in seagrasses near mangroves are somewhat larger
than those in mangroves (Nagellkerken et al. 2002, 2009), indicating a shift from man-
groves to seagrasses during development. None of those papers provided information on
nursery habitats used by juveniles smaller than ~ 5 cm. More recently, however, Aguilar-
Perera and Herndndez-Landa (2017) observed juveniles 5-10 cm TL in shallow coral-
rubble habitat on the reef top at Alacranes reef on Campeche bank, as well as adults and
substantial schools of large juveniles on that reef. Those authors pointed out that juvenile
Scarus guacamaia are not known from the nearest mangroves along the Gulf coast of
the Yucatdn peninsula, that the nearest coral reefs with adjacent mangroves are 300 km
away. They proposed that the Alacranes population of this species is self-sustaining in
the absence of mangrove habitat. Although, as noted above, there is one small patch of
mangroves associated with a pond at the southeast corner of Isla Perez at Alacranes reef
(Tunnell and Chapman 2001), due to its tiny size (- 0.1 ha) and semi-isolated status
that patch is unlikely to act as a significant piece of reef-fish nursery habitat. Long before
Aguilar-Perera and Hernandez-Landa’s (2017) observations, Hildebrand et al. (1964)
collected even smaller juveniles (3—4 cm) of this species in the extensive 7halassia beds at
Alacranes reef using push nets, and considered those beds to be nursery habitat for this
species. These two studies show that, on mangrove-free reefs, adequate nursery habitats
for S. guacamaia can be present in the form of seagrass beds for the smallest juveniles after
pelagic larvae recruit there, with shallow rocky habitats acting as secondary nursery habi-
tat for somewhat larger juveniles that typically are seen in mangroves at other locations.

Claydon et al. (2015) examined the distribution of S. guacamaia on shoreline reefs
at Bonaire, under the assumption that use of mangrove nurseries is obligatory for this
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species and the only nursery habitat of importance at that island. They found substan-
tial densities of adults as much as 42 km from the nearest mangroves and assumed they
had migrated such distances along the continuous shallow coastline reef. They also
found very low densities of this species at a small, mangrove-free island (Klein Bonaire)
separated from Bonaire by < 1km of water that has minimum depths of 80 m, and
concluded that this was due to lack of immigration from Bonaire.

This species is now known to occur in appreciable numbers at a variety of isolated
sites that lack mangroves and, in some cases seagrasses. This includes Cayo Arcas (150
km from the mainland shore), which, like other small, west Campeche emergent reefs,
has many reef habitats found on Alacranes reef. If the population of S. guacamaia at
Alacranes is self-recruiting then the assumption that that is the case with the Cayo Ar-
cas population is reasonable. The small size of individual West Campeche reefs could
make it difficult to sustain populations of large, low density species like S. guacamaia,
and account for the apparent absence of this species on Cayo Arenas. The alternative
to juvenile recruitment onto Cayo Arcas would be very long-distance migration, as
the nearest reefs with adjacent mangroves are 350 km away in Veracruz state, while
Alacranes reef is 330 km from Cayo Arcas, and 170 km from Cayo Arenas.

Scarus guacamaia also occurs on other emergent and submerged reefs lacking man-
groves and, in some cases, seagrasses that are situated on the continental shelf but
located away from the shoreline in Veracruz state, in the southwest Gulf of Mexico
and in Venezuela. In Venezuela this species occurs at three archipelagos of small, rocky
islands that lack structural coral reefs and mangroves, and in some cases seagrasses, that
are found on the continental shelf off the coast of Venezuela. At each archipelago small
groups (- 6 fish) of adults were seen by DRR at multiple dive sites: Los Monjes at the
mouth of the Gulf of Venezuela, 35-40 km from the shore of the Guajira Peninsula
Colombia (DRR pers. obs. 2008), Los Frailes, 13 km from mangrove-bearing Isla
Margarita (DRR pers. obs. 2005), and Los Testigos, - 70 km from both Los Frailes and
the shore of the Paria Peninsula (DRR pers. obs. 2006). Depths of the shelf between
those islands and the mainland are ~ 30-50 m. While at Isla Margarita in 2005 DRR
saw a large adult (- 1 m TL) of S. guacamaia that had been freshly caught be a shrimp
trawler in shallow water ca. 1.5 km offshore from that island. This indicates that adults
of this species do sometimes move through inter-reef areas of soft bottoms, although
how far from reef habitat that individual was caught is not clear. The known depth
range of S. guacamaia extends down to 55 m (MT Scharer, pers. comm. to DRR, De-
cember 2018). Hence, while it is feasible for a large species like S. guacamaia to have
migrated to those isolated reefs across shallow shelf areas that seems unlikely: it would
require that a species that prefers very shallow coral-reef habitat disperses tens of kilo-
meters across unusable habitat and does so in large enough numbers for appreciable
numbers of fish to find their way to tiny, isolated patches of non-coral habitat: the Los
Monjes islands are all <1 km in diameter, the Frailes < 2 km, and the Los Testigos all
< 5 km in maximum dimension. Larval recruitment to those islands, and to all other
similarly isolated islands and reefs on the continental shelf that lack nearby mangroves
seems much more likely.
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Migration from sites that have nursery habitats to reefs isolated by deep water is
even less likely than long-distance trans-shelf movements with larval recruitment the
most likely source sustaining populations at such sites. Scarus guacamaia also is now
known from sites scattered around the Caribbean that lack mangroves and, in some
cases, seagrass beds and are isolated by deep water from the shelves of the nearest land
that has such habitat: While there were no Scarus guacamaia in transect surveys made
by Scharer et al. (2007) at Mona Island, fishers previously speared this species in shal-
low water there (M Scharer pers. comm. December 2018), and it has been observed at
Monito Island, a 0.5 km diameter islet separated from Mona by 5 km of water ~ 50m
deep. It also occurs at nearby Isla Desecho, which lacks both mangroves and seagrasses
and is isolated by deep water, 40 km from Puerto Rico, and at Bajo Sico (neither nurs-
ery habitat), a submerged bank that rises to within 20m of the surface and is isolated
by a 5 km stretch of 190 m-deep water from the shallows of the Puerto Rico shelf, and
is 27 km from the nearest mangroves on that island (MT Scharer pers. comm. to DRR,
December 2018). Other isolated sites in deep water that lack mangroves and seagrasses
and at which this species is now know include Navassa Island and Saba Bank, as well as
Swan Island, which lacks mangroves. S. guacamaia is listed as Near Threatened by the
IUCN Red List (Choat et al. 2012), due in part to loss of mangrove habitat through-
out its geographic range. However, while recruitment to non-mangrove habitats has
been established, and is sufficient to maintain a substantial population on a large reef
like Alacranes reef, the general significance of such an ability for maintenance of popu-
lations of this species are unknown. Large-bodied parrotfishes such as this occur at
much lower population densities than small-bodied species and large areas of habitat
for both juveniles and adults likely are necessary for maintaining isolated populations.
Alacranes reef, which has a surface area of - 300 km?, provides such an area.

According to Mumby et al. (2015) the extinction of S. guacamaia on Glovers Reef
(a 350 km?atoll isolated by 20 km of deep water from the shelf edge Barrier Reef of Be-
lize) in the 1970s was most probably due to the removal of mangroves there, although
the species also was heavily fished during the mangrove-removal period. This atoll has
huge areas of seagrass (>100 km?; Strindberg et al. 2016). However, the atoll has only
five tiny (combined area <25 ha) sand cays, some of which once supported mangroves
and the total area of mangroves prior to their removal to facilitate human habitation on
several of those cays must have been tiny. Censuses in 2007 and 2017 indicate that this
species has subsequently remained rare on that reef (A Tewfik, pers. comm. to DRR
January 2019). Given what we now know about the ability of the rainbow parrotfish
to maintain a population on mangrove-free Alacranes reef by using seagrass and rubble
banks as nursery habitat, overfishing of a once self-recruiting population seems more
likely than mangrove-loss to account for its demise and subsequent rarity.

To date studies of the relationship between S. guacamaia populations and abun-
dance of nursery habitat have focused largely on mangroves as nurseries, and been based
on observations alone (Mumby et al. 2004, Machemer et al. 2012, Claydon et al. 2015,
and see other studies cited in Table 3). Future studies of nursery habitats of this species
necessarily should involve examination and active collections aimed at small juveniles
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hidden in seagrass beds (cf. Hildebrand et al. 1964), and include observations and col-
lections in other habitats, such as shallow rubble banks now known to be used by small
juveniles. Comparison of densities of S. guacamaia in areas with and without seagrasses
and mangroves are also needed, to assess the population impact of such nursery habitats,
taking into account the likely effects of reef-size, and the extent of preferred, emergent
habitat for adults on sizes of populations of a large, highly mobile, low density species.
Correlational studies focused on the relationship between variation in abundances of
mangroves and S. guacamaia at the regional level (e.g., Serafy et al. 2015) need to be
revisited, incorporating variation in the abundance of both seagrasses and mangroves.

Scarus iseri has been classed as strongly dependent on seagrasses for nursery habi-
tat (Table 3, and see Rocha et al. 2012, Hildebrand et al. 1964). It is ubiquitous, and
typically common, on isolated reefs regardless of the presence or absence of both nurs-
ery habitats. Scarus taeniopterus, which is thought to be somewhat dependent on both
mangroves and seagrass beds (Table 3), also is ubiquitous, and often common, on iso-
lated reefs in the region that lack mangroves, and often seagrass beds. These two small
parrotfishes evidently maintain significant local populations without mangroves or sea-
grasses. What habitats they use as nurseries in such situations remains to be determined.

Acanthuridae. Acanthurus chirurgus (Bloch, 1787) has been considered a nursery
species that uses other nursery habitats as well as mangroves and seagrasses. This species
occurs on all the reefs we considered here, although it is not as common as the other
two members of its genus, which are not considered to be nursery species. There is no
clear evidence that availability of mangrove or seagrass has any strong influence on its
abundance across different reef systems.

Sphyraenidae. Sphyraena barracuda. This pelagic species is thought to be man-
grove-nursery dependent but also uses seagrass beds (Aiken et al. 2015). It ranges
widely across expansive continental shelves, such as that on the west side of Florida,
and travels hundreds of kilometers in the open ocean (Hansen and Kerstetter 2015),
where it is taken as bycatch by tuna purse-seiners (e.g., Torres-Irineo et al. 2014). Sea-
grass beds acting as nurseries could support populations on reefs that lack mangroves,
including Alacranes reef (see Hildebrand et al. 1964). However, adult dispersal of this
large, mobile pelagic fish can account for its occurrence at all isolated locations that
lack both nursery habitats, including submerged banks and reefs isolated by deep water
from shallow areas containing such habitats (Tables 3-5).

Conclusions about reliance on mangroves and seagrasses as nursery habitats.
Even though abundances of the 16 nursery species vary on reefs that have both nurs-
ery habitats adjacent to them, patterns of occurrence at isolated shallow reefs that
lack mangroves and, sometimes, seagrasses indicate that distributions of only three
of 16 nursery species of reef fishes on different reefs are consistent with their being
highly dependent on such habitats. Those three are Haemulon parra, H. sciurus, and
Lutjanus griseus, which appear to be dependent on seagrass beds as they are lacking on
oceanic reefs without such habitat that are also isolated by deep water from immigra-
tion. Lutjanus griseus evidently has the ability to migrate long distances from shoreline
nurseries to isolated reefs on continental shelves. We recognize that the information
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on abundances of others of those species that we presented here is relatively crude,
and preliminary. Whether the density of populations of the other 13 nursery-species
is lower on reefs lacking those nursery habitats remains to be determined, through use
of similar methods of quantification of their abundances across a range of reef types.
Conclusions of a number of previous studies that have focused on the dependency
of Caribbean nursery-species on mangroves or seagrasses are limited in a number of
ways: (i) They sometimes have been too narrowly focused on mangroves, rather than
including seagrasses and other potential nursery habitats (but see Scharer 2007, 2009,
Scharer et al. 2016) and (ii) have not attempted to examine reef systems that lack one
or both nursery habitats, particularly reefs that are sufficiently isolated by deep water
that immigration to them is highly unlikely (but see Scharer 2007, 2009, Scharer et
al. 2016). (iii) All those studies have relied exclusively on observations rather than also
employing specimen collections to enable accurate identification of newly recruited
fishes (cf. Hildebrand 1964) and quantification of their abundance in different po-
tential nursery habitats. Some reefs have both mangrove and seagrass habitats, others
have seagrasses but no mangroves, but none likely have mangroves but not seagrasses
as conditions sheltered enough to allow mangrove development invariably also allow
seagrass development. This limits our ability to separate the relative influence of each
of those two nursery habitats. Finally, the role of macroalgal beds as nursery habitat
for Caribbean reef fishes thought to be reliant on mangroves and seagrasses needs
evaluation. Eggertsen et al. (2017) found much higher densities of juvenile reef fishes,
including some of the “nursery species” discussed here, in macroalgal beds than in
beds of Shoal grass adjacent to Brazilian reefs (see also Evans et al. 2014, Tano et al.
2017). On the west Campeche reefs a number of reef fishes commonly seen elsewhere
in seagrass beds were found associated with macroalgae: Xyrichtys splendens, Sparisoma
atomarium (Poey 1861), S. radians (Valenciennes in Cuvier and Valenciennes 1840), as
well as small juveniles of Sphyraena barracuda and Ocyurus chrysurus. Macroalgal beds
clearly have the potential to act as suitable habitat for juveniles and adults of a number
of reef fishes that commonly use seagrass beds.

While the reefs examined in the present study indicate that none of the 16 nursery
species have an obligatory or even strong reliance on mangroves as nursery habitat,
and that only a few may be strongly reliant on seagrasses, this does not invalidate the
conclusions of previous studies of the importance of those habitats at sites for which
the mangrove-nursery hypothesis was developed: Curacao and Bonaire. Those two is-
lands rise abruptly from deep water and have only a very narrow rim of steeply sloping
coral reef around their edges, with no sheltered habitat other than in large, peripheral
inlets that contain mangroves and seagrasses. It may well be that those inlets provide
all or nearly all suitable sheltered nursery habitat for S. guacamaia and some of the
other nursery species on those islands. However, isolated reefs such as Alacranes reef
(and Glover’s reef) are very different as it comprises a large, ~ 300 km? oval of reef and
shallow lagoon that host large areas of seagrass and shallow rocky substrata, with only a
few tiny sand cays (Bello et al. 2005, Purkis et al. 2015). Oceanic islands like Curacao
and Bonaire, shallow atolls like Alacranes and Glovers, and large submerged banks
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like Saba Bank represent extremes in terms of the absolute and relative abundances of
different types of nursery habitat, the usage of which by nursery species may, in most
cases, simply reflect their availability.
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Abstract

An ichthyofaunal list of bycatch species was compiled, the fish captured by bottom gill-nets set at ap-
proximately 300 m depth in the Uraga Suido Channel central Japan. Fragmentary ichthyofaunal lists
are available for this area; these lists have focused on chondrichthyans or commercial actinopterygians,
but voucher specimens have not been prepared for museum storage. An initial list of the fish fauna was
compiled with vouchers, and seven species not previously recorded from the channel are reported. Most
of these species belong to the Class Actinopterygii; Apristurus platyrhynchus (Tanaka, 1909), Beryx decadac-
tylus Cuvier, 1829, Hoplostethus japonicus Hilgendorf, 1879, Sebastes iracundus (Jordan & Starks, 1904),
Scalicus amiscus (Jordan & Starks, 1904), Atrobucca nibe (Jordan & Thompson, 1911), and an unidenti-
fied species of the eelpout family Zoarcidae. The taxonomic identity of the eelpout and the biogeography
of the Uraga Suido Channel are considered. Further research is required to resolve outstanding faunistic
issues, but live collections will likely end when the aging fishers who provide the specimens retire. At that
point, existing museum collections will become increasingly important for future research. Examination
of a collection that may have been previously deposited in the Chiba Prefectural Museum will be essential.
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deep sea, distributional boundary, Sagami Sea, western Pacific
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Introduction

The deep ocean is a frontier for ichthyological exploration. The fish fauna of the deep
sea is much less well known than that of shallow coastal zones. Efforts to conserve
deep-water fish faunas are essential in the face of threats from anthropogenic distur-
bance, such as seabed mining (Cuyvers et al. 2018). These efforts are hampered by a
dearth of data on deep sea fish diversity.

The Tokyo Submarine Canyon has an unusual hydrography. The shoreward end
is located at the mouth of Tokyo Bay (in the narrow sense, defined below). About 31
million people live around the shores of the bay’s basin (Tokyo Bay Environmental
Information Center 2017). The maximum water depth in the Uraga Suido Channel at
5—7 km offshore is about 700 m (Fig. 1). The canyon drops off rapidly into the Sagami
Trough (> 1000 m deep), and then plunges deeper to the Japan Trench (8020 m maxi-
mum depth) (Kato et al. 1985).

Knowledge of the fish fauna in the submarine canyon is fragmentary. Obara et al.
(2008) compiled a list of chondrichthyans, which are represented by 41 species be-
longing to eight orders. Some checklists have included deep-sea species of commercial
interest, such as the splendid alfonsino Beryx splendens Lowe, 1834 and the blackthroat
seaperch Doederleinia berycoides (Hilgendorf, 1879) (Kohno et al. 2011; Kudo 1997,
2011). The non-commercial ray-finned species occurring in deep water have been lit-
tle studied, and the few reports available have not provided essential information on
voucher specimens, so the records cannot be re-verified.

Data for the ichthyological surveys in the deep waters of the channel have been
obtained by examining the bycatch in commercial bottom gill nets. These nets are
used to catch the Japanese spider crab, Macrocheira kaempferi Temminck, 1836, and
the Japanese lobster, Mezanephrops japonicus (Tapparone-Canefri, 1873). The nets have
been deployed by a single fishing boat, the Chougorou-maru, since the 1980s. The first
author of this report was able to sail on this boat with a TV crew, and was provided
with bycatch specimens as the nets were hauled onboard. The specimens captured
included some of the first records from the Uraga Suido Channel. Here, we provide a
checklist of the fishes of the Tokyo Submarine Canyon with voucher specimens and
photographs. We discuss ichthyofaunal issues in the region.

Materials and methods

Definitions of Tokyo Bay and the Sagami Sea

Biogeographical studies of the Uraga Suido Channel have been confused by conflicting
definitions of the regions through which it passes, i.e., Tokyo Bay and the Sagami Sea.
Some publications have included the channel within Tokyo Bay, while others consider
it a component of the Sagami Sea. The broad definition of Tokyo Bay encompasses the
Uraga Suido Channel, which includes almost the entire length of the Tokyo Submarine
Canyon (Kanou et al. 2010).
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Figure |. Map showing the study site in the eastern Uraga Suido Channel (extending from Cape Tsuru-
gisaki [south-east of the Miura Peninsula] to Cape Sunosaki [south-west of the Boso Peninsula] and from
Cape Kan-nonzaki [east of the Miura Peninsula] to Cape Futtsu [west of the Boso Peninsula]). The chan-
nel is included within the broad definition of Tokyo Bay (northward from the Uraga-suido Channel) and
Sagami Bay (from Cape Irozaki on the southern Izu Peninsula to Cape Nojimazaki, on the southern Boso
Peninsula, including Izu-oshima Island). The channel is not included in the narrow definition of Tokyo Bay.

Kudo (1997, 2011) and Kohno et al. (2010) used a broad definition of Tokyo Bay,
which is divided into the inner and outer sectors. The inner sector lies to the north of
a line from Cape Futtsu to Cape Kan-nonzaki. The outer sector lies south of this line
and extends to a southernmost boundary line from Cape Sunosaki to Cape Tsurugisaki
(Fig. 1). The outer sector of Tokyo Bay in this broad sense corresponds to the Uraga
Suido Channel, which is recognized as a major marine traffic lane and a region for the
branding of fish products. However, these definitions are not of biological importance
(Furota 1997; Senou et al. 2006). The narrow-definition of Tokyo Bay corresponds to
the inner sector.

Senou et al. (2006) compiled an ichthyofaunal list of the Sagami Sea, including the
Uraga Suido Channel. We follow this work and use the narrow definition of Tokyo Bay.
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Sampling and specimens

The fishing depth was 100-500 m (averaging 200-300 m) below the water surface
within the east Tokyo Submarine Canyon, Chiba Prefecture, Japan (Fig. 1; see also
Yano et al. 2007; Obara et al. 2008). The fish specimens were provided by two fish-
ers, Mrs Hisao Tejima and Akio Tejima, who operate commercial bottom gill-nets
(total 5000 m in length, 1 m in height, and 10 cm mesh size) set on the steep fishing
ground (mostly 200-300 m deep). The voyages were undertaken for the production
of a TV program series, “Comprehensive Surveys at the Tokyo Bay (original Japanese
title: Tokyo-wan Dai-chousa)”, during December 2017, and January and March 2018.

Collected specimens were immediately transferred to a mixture of ambient sea-
water and ice held in insulated boxes. The fishes were later fixed in 10% formalin,
and subsequently preserved in 70% ethanol, except for larger specimens more than
approximately 1.0 m total length (TL). Color images were captured after about 1-3
hours fixation. The specimens were deposited in the Kanagawa Prefectural Museum of
Natural History, Odawara, Japan (KPM-NI), and in the Museum of Marine Science,
Tokyo University of Marine Science and Technology, Tokyo, Japan (MTUE-P). Pho-
tographic images of the specimens were deposited in the Image Database of Fishes at
the Kanagawa Prefectural Museum of Natural History (KPM-NR).

We were not provided with specimens of fishes with commercial value; these we
photographed with an Olympus camera on board the vessel or on the dock. In addi-
tion to still shots, we also cut frames from video sequences. These images were also
registered to the Image Database of Fishes, and some are available online as “FishPix”
(see also Miyazaki et al. 2014).

The systematic arrangement of families, scientific names, and standard Japanese
names generally follow Nakabo (2013), with a modification (White et al. 2017).

Results and discussion

Based on examinations of our voucher specimens (56 individuals) and the photographic
images, we identified 36 species in 25 families and 13 orders (Table 1; Figs 2-5). The
collection included rare chondrichthyans, such as the frilled shark Chlamydoselachus an-
guineus Garman, 1884 and the goblin shark Mitsukurina owstoni Jordan, 1898, which
were previously reported by Yano et al. (2007) and Obara et al. (2008). The four species,
M. owstoni, Lophiomus setigerus (Vahl, 1797), Doederleinia berycoides (Hilgendorf, 1879),
and Eopsetta grigorjewi (Herzenstein, 1890), were identified from their database photo-
graphic images only (Fig. 5); no voucher specimens were deposited in the museums. The
compilation included one agnathan, 13 chondrichthyans species (Figs 2, 5), and 21 actin-
opterygian species (Figs 3—5). Among the actinopterygians, the family Macrouridae was
the most speciose (four species). Other families were represented by one or two species.
We found seven species (Table 1) that had not been included in the previous
reports on the fish fauna of the Uraga-suido Channel (Kudo 1997, 2011; Senou et
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Figure 2. Photos of the voucher specimens of the agnathan and chondrichthyans species collected from
the Uraga Suido Channel, the Sagami Sea, Japan. A MTUF-P 30681: Epratretus atami, 503 mm TL
B KPN-NI 47883: Chimaera phantasma, 481 mm TL (tail broken) € KPM-NI 46348: Hydrolagus mit-
sukurii, 315 mm TL (tail broken) D MTUEF-P 30716: Cephaloscyllium umbratile, 489 mm TL E KPM-
NI 46359, Apristurus platyrhynchus, 634 mm TL F KPM-NI 46352: Chlamydoselachus anguineus, 1258
mm TL G KPN-NI 47884: Heptranchias perlo, 910 mm TL H KPM-NI 46346: Dalatias licha, 472 mm
TL 1 KPN-NI 47882: Deania calcea, 656 mm TL J KPM-NI 46349: Deania hystricosa, 844 mm TL
K MTUE-P 30717: Centrophorus atromarginatus, 453 mm TL L KPM-NI 46356: Cirrhigaleus barbifer,
846 mm TL M KPM-NI 46360: Squalus mitsukurii, 581 mm TL.

al. 2006; Obara et al. 2008; Kohno et al. 2011): Apristurus platyrhynchus (Tanaka,
1909), Beryx decadactylus Cuvier, 1829, Hoplostethus japonicus Hilgendorf, 1879,
Sebastes iracundus (Jordan & Starks, 1904), Scalicus amiscus (Jordan & Starks, 1904),
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Table I. An ichthyofaunal list with their vouchers collected by our surveys from the seep-sea area (ranges

100-500 m, average 300 m) of the Uraga Suido Channel, the Sea of Sagami, central Japan. The species

with an asterisk indicate the first records with voucher(s) from this area.

Order/Family/Species Standard Japanese name Voucher number
Myxiniformes
Myxinidae
Eptatretus atami (Dean, 1904) Kuro-nuta-unagi MTUE-P 30681
Chimaeriformes
Chimaeridae

Chimaera phantasma Jordan & Snyder, 1900

Hydrolagus mitsukurii (Jordan & Snyder,
1904)

Lamniformes
Mitsukurinidae
Mitsukurina owstoni Jordan, 1898
Carcharhiniformes
Scyliorhinidae

Cephaloscyllium umbratile Jordan & Fowler,
1903

Pentanchidae
Apristurus platyrhynchus (Tanaka, 1909)*
Chlamydoselachiformes
Chlamydoselachidae
Chlamydoselachus anguineus Garman, 1884
Hexanchiformes
Hexanchidae
Heptranchias perlo (Bonnaterre, 1788)
Squaliformes
Dalatiidae
Dalatias licha (Bonnaterre, 1788)
Centrophoridac
Deania calcea (Lowe, 1839)
Deania hystricosa (Garman, 1906)

Centrophorus atromarginatus Garman, 1913
Squalidae

Cirrhigaleus barbifer Tanaka, 1912

Squalus mitsukurii Jordan & Snyder, 1903

Polymixiiformes
Polymixiidae
Polymixia japonica Giinther, 1877
Gadiformes
Macrouridae

Coryphaenoides marginatus Steindachner &
Déderlein, 1887

Coelorinchus kishinouyei Jordan & Snyder, 1900

Coelorinchus japonicus (Temminck &

Schlegel, 1846)

Coelorinchus tokiensis (Steindachner &

Déderlein, 1887)

Ginzame

Aka-ginzame

Mitsukurizame

Nanukazame

Herazame

Rabuka

Edo-aburazame

Yoroizame

Hera-tunozame

Sagamizame

Aizame

Hige-tsunozame

Futo-tsunozame

Ginmedai

Heri-dara

Mugura-hige
Tojin

Miyako-hige

KPN-NI 47883
KPM-NI 46348; MTUEF-P 30679

KPM-NR 193004

MTUE-P 30716

KPM-NI 46359, 46365

KPM-NI 46352, 46354

KPN-NI 47884; MTUEF-P 30672

KPM-NI 46346, 46351, 46353

KPM-NI 47881, 47882

KPM-NI 46349, 46350, 46364;
MTUE-P 30671

MTUE-P 30717

KPM-NI 46356

KPM-NI 46360-46363, 478865
MTUE-P 30673

KPN-NI 47867-47869

KPM-NI 46347, 46358, 47880;
MTUE-P 30677

KPN-NI 47876
MTUE-P 30678

MTUE-P 30680
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Order/Family/Species Standard Japanese name Voucher number
Lophiiformes
Lophiidae
Lophiomus setigerus (Vahl, 1797) Anké KPM-NR 193003
Beryciformes
Berycidae
Beryx decadactylus Cuvier, 1829* Nan’y6-kinme KPN-NI 47870
Trachichthyidae
Gephyroberyx japonicus (Ddderlein, 1883) Hashikinme KPN-NI 47871
Hoplostethus japonicus Hilgendorf, 1879* Hiuchidai KPN-NI 47872, 47873;
MTUE-P 30682
Perciformes
Sebastidae
Helicolenus hilgendorfii (Déderlein, 1884) Yume-kasago KPM-NI 47874, 47875
Sebastes iracundus (Jordan & Starks, 1904)* Osaga KPM-NI 46355
Scorpaenidae
Scorpaena neglecta Temminck & Schlegel, 1843 Izu-kasago KPN-NI 47877
Triglidae
Lepidotrigla guentheri Hilgendorf, 1879 Kanado KPN-NI 47885
Peristediidae
Scalicus amiscus (Jordan & Starks, 1904)* Hige-kihobo KPN-NI 47887
Acropomatidae
Doederleinia berycoides (Hilgendorf, 1879) Akamutsu KPM-NR 193002
Malakichthys griseus Doderlein, 1883 Ome-hata KPN-NI 47879
Sciaenidae
Atrobucca nibe (Jordan & Thompson, 1911)* Kuroguchi KPM-NI 46357
Pentacerotidae
Pentaceros japonicus Steindachner, 1883 Tsubodai MTUE-P 30676
Zoarcidae
Zoarcidae sp.* Natsushimachojyagenge KPN-NI 47888
Gempylidae
Ruvettus pretiosus Cocco, 1833 Baramutsu MTUE-P 30674
Pleuronectiformes
Pleuronectidae
Tanakius kitaharae (Jordan & Starks, 1904) Yanagi-mushigarei KPN-NI 47878; MTUE-P 30675
Eopsetta grigorjewi (Herzenstein, 1890) Mushi-garei KPM-NR 193005

Atrobucca nibe (Jordan & Thompson, 1911), and an unidentified species of the
eelpout family Zoarcidae (see below). Miya and Aizawa (1995) briefly reported on
the ichthyofauna of the same region based on specimens collected with the fishing
gear that we used. This work is reported in an abstract for the “Symposium on Tax-
onomy, Ecology, and Stocks of Elasmobranchs” held at the Ocean Research Institute,
University of Tokyo on November 27-28%, 1995. However, neither a species list
nor details of voucher specimens were provided, and no publication emerged subse-
quently. Some of the specimens collected in this 1995 study may have been depos-
ited in the Natural History Museum and Institute, Chiba Prefecture to which they
have belonged. Examination of previous collections that may have been deposited in
the Chiba Prefectural Museum and other museums will be increasingly important
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Figure 3. Photos of the voucher specimens of the actinopterygian species (Polymixiiformes, Gadiformes,
and Beryciformes) collected from the Uraga Suido Channel, the Sagami Sea, Japan. A KPN-NI 47868,
Polymixia japonica, 171 mm SL B KPM-NI 47880, Coryphacenoides marginatus, 575 mm TL (tail broken)
C KPN-NI 47876, Coelorinchus kishinouyei, 302 mm TL (tail broken) D MTUE-P 30680, Coelorinchus
tokiensis, 772 mm TL (tail broken) E KPN-NI 47870, Beryx decadactylus, 210 mm SL F KPN-NI 47871,
Gephyroberyx japonicus, 204 mm SL G KPN-NI 47872, Hoplostethus japonicus, 140 mm SL.

and essential, because live collections will likely end when the aging fishers who pro-
vide the specimens retire.

The fishers who provided our specimens are aging, and no successors are likely to
take over their operations. Collections will likely cease when the fishing closes down
and hence, museum holdings will become increasingly important for faunistic studies.

The specimen that we identified as Sebastes iracundus (Fig. 4B) has a black inner
surface in the mouth. Nakabo and Kai (2013) indicated that this coloring is charac-
teristic of Sebastes flammeus (Jordan & Starks, 1904). However, other morphological
traits, such as the patterns of tooth bands, are indicative of S. iracundus. A fishing writ-
er also mentioned the same confusion, that is, it is difficult to identify the two species
captured from this area based on the external morphology (Shiina 2019). These two
species were regarded as conspecifics by Balanov et al. (2004), but genetic differences
between the two entities have been reported subsequently (Orr and Hawkins 2008).
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Figure 4. Photos of the voucher specimens of the actinopterygian species (Perciformes, and Pleuronecti-
formes) collected from the Uraga Suido Channel, the Sagami Sea, Japan. A KPN-NI 47875, Helicolenus
hilgendorfii, 146 mm SL B KPM-NI 46355, Sebastes iracundus, 531 mm SL € KPN-NI 47877, Scorpaena
neglecta, 158 mm SL D KPN-NI 47885, Lepidotrigla guentheri, 122 mm SL E, F KPN-NI 47887, Scalicus
amiscus, 179 mm SL G KPN-NI 47879, Malakichthys griseus, 150 mm SL H KPM-NI 46357, Atrobucca nibe,
348 mm SL | MTUEF-P 30676, Pentaceros japonicus, 162 mm SL ] KPN-NI 47888, Zoarcidae sp., 78 mm SL
K MTUE-P 30674, Ruvettus pretiosus, 536 mm SL L, M KPN-NI 47878, Tanakius kitaharae, 228 mm SL.
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Figure 5. Voucher images deposited to the Image Database of Fishes at the Kanagawa Prefectural Mu-
seum of Natural History without specimens collected from the Uraga Suido Channel, the Sagami Sea, Ja-
pan. A-D KPM-NR 193004A-D, Mitsukurina owstoni E, F KPM-NR 193003A-B, Lophiomus setigerus
G KPM-NR 193002, Doederleinia berycoides H KPM-NR 193005, Eopsetta grigorjews.

The Uraga Suido Channel is the southern distribution boundary for these species (Na-
kabo and Kai 2013), and we provide the southernmost record of S. iracundus.

The unidentified eelpout (Fig. 4]) in our collections may be a species shown as
“Andpriashevia natsushimae” by Nishiguchi et al. (2009). However, the name is not
available according to Art. 8 of the International Code of Zoological Nomenclature
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(International Commission on Zoological Nomenclature 1999). There are incon-
sistencies in the original description (the number of vertebrae in the holotype) and
morphological details are inadequate (Hatooka 2013; Shinohara and Takami 2014).
Based on further observations of the external and internal morphology of additional
specimens collected from Suruga Bay and Sagami Bay, Shinohara and Takami (2014)
reported that the undescribed species probably belongs to an undescribed genus. The
taxonomic study of this new entity is ongoing,.
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Abstract

Afghanistan is a herpetologically understudied country with few published papers since the end of “Af-
ghanistan’s Golden Age” from the 1930s to the 1970s. Although a detailed checklist of the herpetofauna
of the country, based on exploration of herpetodiversity using biodiversity archives, has been published
recently, there still exist additional historical data that have not been considered. This is the case for a so far
unknown collection of lizards from Afghanistan deposited in the herpetological collection of the Institute
for Biological Research “Sini$a Stankovi¢ at the University of Belgrade, Belgrade, Serbia. The material
comes from field research conducted in 1972 and contains 27 specimens in seven lizard genera represent-
ing four families (Agamidae, Gekkonidae, Lacertidae, Scincidae). This historical collection was examined
and basic morphometric data, field data, and photographs are provided, comparing the distributional
data with published datasets. Updated species distribution maps reveal new locality or province records
and an important range extension for Eurylepis raeniolata Blyth, 1854 which represents the northernmost
record for this species in Afghanistan. In addition, one further distribution record for the Bufotes viridis
(Laurenti, 1768) complex from the same research trip is noted.
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Introduction

A transition zone between the Palearctic and Oriental faunas, a species hotspot for
some amphibians and reptiles (Hynobiidae, Agamidae, Lacertidae, Colubridae), areas
that never been zoologically explored, and unknown or taxonomically unresolved spe-
cies; these reasons make Afghanistan one of the most important herpetological regions
of the world (Leviton and Anderson 1970, Clark 1990, Béhme and Szczerbak 1991,
Wagner et al. 2016). On the other hand, 40 years of war have made the country one of
the most inaccessible in the world, where current zoological or herpetological research
is almost completely non-existent. This is evident in the published research related to
this country (see Nahif 1986). Since the end of Afghanistan’s so-called “Golden Age”
in the mid-1970s, only a few papers on its herpetofauna have been published (Bshme
and Szczerbak 1991, Clark 1992, Kuch 2004, Moravec et al. 2006, Wagner et al. 2016,
Jablonski and Lesko 2018). However, most of these papers are related to field research
trips from the period between the 1950s and 1970s.

Wagner et al. (2016) presented a summary of most of the known material from
Afghanistan in the form of an up-to-date checklist with distributional data and maps for
all species based on data from biodiversity archives. According to Wagner et al. (2016),
the herpetofauna of Afghanistan comprises 116 species (118 with subspecies) belonging
to 58 genera and 21 families. Though the authors were consistent and examined mate-
rial stored in museum and private collections, there still exist additional historical data
or material not incorporated into the checklist. These include collections that were or
are unknown for different reasons (forgotten personal collections, unclassified or non-
catalogued collections, etc.). This is the case for the recently reported upon herpetologi-
cal collection of the Institute for Biological Research “Sinisa Stankovi¢” of the University
of Belgrade, Belgrade, Serbia (Dzuki¢ et al. 2017). This collection currently contains
8213 specimens originating from 23 countries. Apart from assigning collection numbers
to the specimens, there have not been, until now, any systematic efforts to sort and cata-
logue the collection. This is why the original collection of lizards from a field trip con-
ducted in Afghanistan during 1972 has not been previously studied. The field trip results
and collected specimens were only mentioned once at the national congress of former
Yugoslavia (Dzuki¢ and Vasi¢ 1974) without any details published in the proceedings.

Because distribution data relating to the herpetofauna of Afghanistan are very
important from a biogeographical point of view and comparative material from this
country is rare, we have evaluated particular species and specimens stored in the Bel-
grade collection and compared them with information and distribution data from

Wagner et al. (2016).

Material and methods

This material comes from a field trip to Afghanistan that was conducted between
3 and 25 August 1972 by Vojislav Vasi¢. The specimens of herpetofauna were col-
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lected primarily during different ornithological field trips inside the country (see
Vasi¢ 1974; this work is missing in the bibliographical overview related to zoo-
logical research in Afghanistan presented by Nahif 1986). Overall, 27 specimens in
seven genera are discussed. The material was originally determined to the subspecies
level according to the keys of Schmidtler and Schmidtler (1969) and Leviton and
Anderson (1970). Together with lizards, an additional record of the Bufores viridis
Laurenti, 1768 complex was mentioned (Dzuki¢ and Vasi¢ 1974), but the voucher
specimens have, unfortunately, been lost. We identified this collection to the spe-
cies level and available material was coordinated with the classification of Wagner
et al. (2016). Localities and dates of collection for each specimen were noted using
the original labels. The material is currently in the collection of the Institute for
Biological research “Sini$a Stankovi¢” preserved in 75% ethanol. Some specimens
had previously been kept in the freezer or stored in formaldehyde and were recently
transferred to 75% ethanol. All material is stored in labelled single-species glass jars
grouped by the country and region of origin in order to facilitate their cataloguing
and future work with the collection. During 2011 and 2017 the material was re-
vised and this collection is a result of this work (Dzuki¢ et al. 2017). Whereas this
collection from Afghanistan is not large and information regarding to the fauna of
the country is important, all specimens were examined morphologically and photo-
graphed in detail. We examined ten basic morphological characters following Cam-
eron et al. (2013): snout-to-vent length (SVL), body length (BL), tail width (T'W),
tail length (TL), jaw width (JW), jaw length (JL), fore-limb length left (FLL L),
fore-limb length right (FLL R), hind-limb length lefc (HLL L), hind-limb length
left (HLL R). Measurements were taken with a digital caliper to the nearest 0.1 mm.
Morphometric data for all specimens are presented in Table 1. We have taken photos
of the ventral and dorsal aspects of the specimens, as well as of details of the cloaca,
the pileus, and the left and right sides of the head (see Results and Suppl. material
1). All available data relevant to each record (name of the locality, coordinates, sex,
date, type of habitat) were noted and are presented. We reviewed locality data pre-
sented by Wagner et al. (2016) and made updated maps for particular species using
QGIS software (2018).

Results and discussion

REPTILIA
Agamidae

Paralaudakia badakbshana (Anderson & Leviton, 1969), Badakhshana Rock
Agama
Fig. 1, Suppl. material 1: Figs S1-S3

Originally identified as Agama badakhshana.
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Material. Four adult specimens: 753/1 (F), 3 August 1972, Bamyan town (= Bam-
ijan; original name on label), Bamyan, 34°48'1.65"N, 67°49'16.09"E, (desert with
rocky outcrops); 753/2 (M), 753/3 (M), 753/4 (M), 4 August 1972, Azhdar-e Surkhdar
(= Davolja dolina original name on label), Bamyan, 34°49'57.68"N, 67°46'22.45"E,
(desert with rocky outcrops).

Distribution in Afghanistan. Mainly central parts of the Hindu Kush range,
with extended records in Badakhshan (including the Wakhan corridor) and Balkh
provinces. This species is currently known from the provinces of Badakhshan, Balkh,
Bamyan, Ghazni, Kabul, Parwan, and Wardak (Fig. 2; Wagner et al. 2016). The re-
cord “Salang Pass, N of, road to Pulikumri [= Pol-e Khomri, Prov. Baghlan] (USNM
194973-76)” presented by Wagner et al. (2016; p. 417) is not georeferenced but will
probably correspond geographically with record from “Salang Pass [Kabul Prov., 3000
m] (ZFMK 5377-81)”. Both our records are new localities for the species (Fig. 2).

Paralaudakia caucasia (Eichwald, 1831), Caucasian Agama
Fig. 3, Suppl. material 1: Figs $4-S8

Originally identified as Agama caucasica.

Material. Six adult specimens: 912/1 (?) and 912/2 (?), 12 August 1972, Qala-e-
Naw (= Kala-I-Nav — original name on label), Badgis, 34°57'58.97"N, 63°8'41.85"E,
(desert with loess profiles); 912/3 (?) and 912/4 (2), 8 August 1972, Jam (= Dzam),
Ghor, 34°23'45.51"N, 64°30'57.52"E, (gorge with large boulders and rocks); 912/5
(probably F) and 912/6 (M), 16 August 1972, Takht-e Rostam (=Takt - I - Rosten,
Samangan), Samangan, 36°14'47.43"N, 68°1'12.29"E, (rocky desert).

Distribution in Afghanistan. This species has a wide distribution range from the
northwestern to the southeastern parts of the country, including northern Badakh-
shan. It is currently known from the provinces of Badakhshan, Badgis, Baglan, Balkh,
Bamyan, Ghazni, Ghor, Herat, Kabul, Khost, Logar, Nangarhar, Paktia, Paktika, Pan-
jshir, Takhar, and Wardak (Fig. 4; Wagner et al. 2016). The following records presented
by Wagner et al. (2016; p. 472) are not georeferenced: “Bamiyan, NW of Kabul (MCZ
R-97297-98)”; “40 mi S Characharan (CAS 147465)”; “Masdjed-Tchoubi (MZLU
1959/3051)”; “above Pagham (Smith 1940: 384; probably BMNH 1940.3.1.18)”.
Our specimens document new locality records for the species and include the first spe-
cies record for Samangan Province (Fig. 4).

Trapelus megalonyx Giinther, 1864, Afghan Ground Agama
Fig. 5, Suppl. material 1: Fig. S9

Originally identified as Agama ruderata megalonyx.
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Figure 1. The specimen of Paralaudakia badakhshana no. 753/1 from Bamyan town, Bamyan. Other
specimens are presented in Suppl. material 1.

Paralaudakia badakhshana

Figure 2. Distribution of Paralaudakia badakhshana in Afghanistan — white dots are from Wagner et al.
(2016), red dots from this study: | Bamyan 2 Azhdar-e Surkhdar.
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Figure 4. Distribution of Paralandakia caucasia in Afghanistan — white dots from Wagner et al. (2016),
red dots from this study: | Qala-e-Naw, Badgis 2 Jam, Ghor 3 Tasht-e Rostam, Samangan.
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Figure 5. The specimen of Trapelus megalonyx no. 887/A from Shawarkhil, Kabul. The second specimen
is presented in Suppl. material 1.

Trapelus megalonyx

Figure 6. Distribution of Trapelus megalonyx in Afghanistan — white dots from Wagner et al. (2016), red
dots from this study: | Kabul — Guldara, Kabul 2 Shawarkhil, Kabul.
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Material. One adult and one juvenile specimen: 887/A (F), 21 August 1972,
Shawarkhil (=Sivaki, Kabul), Kabul 34°48'3.02"N, 69°9'26.03"E, (habitat data not
available); 887/B (?), 21 August 1972, Kabul — Guldara (= Kabul, Guldara), Kabul
34°45'08.89"N, 68°59'23.58"E, (rocky desert).

Distribution in Afghanistan. This species is known mainly from south-eastern
parts of the country in the provinces of Baglan, Ghazni, Kabul, Kandahar, Kapisa,
Logar, Nangarhar, Uruzgan, and Wardak (Fig. 6; Wagner et al. 2016). One record
from Fayzabad (Badakhshan) is not marked on the map of Wagner et al. (2016: p
481 and pl 5, p 541). Both new records document additional localities for the spe-
cies (Fig. 0).

Gekkonidae

Tenuidactylus turcmenicus (Szczerbak, 1978), Turkmenian Thin-Toed Gecko
Fig. 7, Suppl. material 1: Figs S10-S18

Originally identified as Cyrtodactylus fedtschenko.

Material. Nine adult and one subadult specimens: 795/1 (F), 795/2 (M), 795/3
(?) subadult, 795/4 (F), 13 August 1972, Maymana, Faryab (= Farjab, Maymana),
35°54'54.99"N, 64°46'30.01"E, (walls of the houses in the village); 795/5 (M), 795/6
(F), 79517 (M), 795/8 (F), 795/9 (M), 795/10 (F), 16 August 1972, Takht-e Rostam,
Samangan (Take - I - Rosten, Samangan), 36°14'47.43"N, 68°1'12.29"E, (small cave
3 km from Samangan town).

Distribution in Afghanistan. Mainly northern parts of the country, from approx-
imately Bala Morgab to Kunduz (Fig. 8; Wagner et al. 2016). This species is known
from the provinces of Balkh, Farah, Herat, Jowzjan, Kunduz, and Takhar. Wagner et al.
(2016: 490) also mentioned the record “Seistan [Faizabad Prov.] (ZMUC R-34128)”.
This record is probably incorrect as there is not a Faizabad Prov. in Afghanistan. The
city Faizabad (Fayzabad) is in Badakhshan Prov. (eastern Afghanistan). Moreover, the
coordinates provided by authors in the Appendix 1 are the same as for locality “Seistan
[= Sistan area near Iran border]” on p 556 (western Afghanistan). Its potential distri-
bution in Badakhshan needs further clarification. On the other hand, Wagner et al.
(2016: 490) presented the record “Kouh-Akhour near Farah (NMW 15879)” which
is not shown on their map, but represents the southern- and easternmost locality of
the species in Afghanistan (see map in Fig. 8 and compare it with the species map in
Wagner et al. 2016: pl 6, p 542). This range extension needs further clarification. Both
records reported here represent new locality records for the species and first records for
the provinces of Faryab and Samangan (Fig. 8).
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Figure 7. The specimen of Ténuidactylus turcmenicus no. 795/5 from Takht-e Rostam, Samangan. Other
specimens are presented in Suppl. material 1.

Tenuidactylus turcmenicus

Figure 8. Distribution of Zenuidactylus turcmenicus in Afghanistan — white dots from Wagner et al.
(2016), red dots from this study: | Maymana, Faryab 2 Takht-e Rostam, Samangan.
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Lacertidae

Mesalina watsonana (Stoliczka, 1872), Persian Long-Tailed Desert Lizard
Fig. 9

Originally identified as Eremias guttulata.

Material. One adult specimen: 167 (M), 21 August 1972, Kabul — Guldara, Ka-
bul (= Kabul, Guldara), 34°45'08.89"N, 68°59'23.58"E, (rocky desert).

Distribution in Afghanistan. A common species with a number of records
mainly from southern Afghanistan below the Hindu Kush Range. It is currently
known from the following provinces: Badakhshan, Farah, Ghazni, Ghor, Helmand,
Herat, Kabul, Kandahar, Khost, Logar, Nangarhar, Paktia, Paktika, Parwan, Uruz-
gan, Wardak, and Zabul (Wagner et al. 2016 and Fig. 10). Two localities mentioned
by Wagner et al. (2016: 498): “40 km NE of Kandhar, on Tarnak River (CAS 90757-
60” and “Mil-Karez, Pol-Mil (MZLU 1958/3230)” are not presented with coordi-
nates. Therefore, they are not included in the map (Fig. 10). Guldara is an additional
record for the species, whereas this lizard is known from many of records in Kabul
Province (Fig. 10).

Scincidae

Ablepharus lindbergi Wettstein, 1960, Lindberg’s Snake-Eyed Skink
Fig. 11, Suppl. material 1: Fig. S19

Originally identified as Ablepharus bivittatus lindbergi.

Material. Two adult specimens: 779/1 (?), 4 August 1972; 779/2 (?), 5 August
1972, Band-e Amir, (= Band I Amir), Bamyan, 34°50'1.51"N, 67°12'58.35"E, (arid
soil desert with vegetation).

Distribution in Afghanistan. Scattered localities in the western and central
Hindu Kush and Shinkay Hills. This species is currently known from the provinces
of Baghlan, Bamyan, Ghazni, Herat, Paktika and Uruzgan (Wagner et al. 2016 and
Fig. 12). The following localities presented by Wagner et al. (2016; p. 499) were not
georeferenced by those authors and they are not shown on the map (Fig. 12): “Kotal-
e-sh-tu [Maidan Prov., western Behsud, 2000 m] (ZFMK 8664)”; “Masdjed, Tohoubi
(MZLU 1959/3044)”; Tshomay [Maidan Prov., western Behsud, 2000 m] (ZFMK
8663)”. The locality presented here is a new record although this lizard was previously
known from this region and from the province (Fig. 12).
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Mesalina watsonana

Figure 10. Distribution of Mesalina watsonana in Afghanistan — white dots from Wagner et al. (2016),
red dot from this study: Kabul — Guldara, Kabul.
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Figure 11. The specimen of Ablepharus lindbergi no. 779/1 from Band-e Amir, Bamyan. The second
specimen is presented in Suppl. material 1.

Ablepharus lindbergi

Figure 12. Distribution of Ablepharus lindbergi in Afghanistan — white dots from Wagner et al. (2016),
red dot from this study: Band-e Amir, Bamyan.
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Eurylepis taeniolata Blyth, 1854, Yellow-bellied Mole Skink
Fig. 13

Originally identified as Eumeces taeniolatus.

Material. One adult specimen: 168 (probably M), 16 August 1972, Takht-e Rostam (=
Take - I — Rosten, Samangam), Samangan, 36°14'47.43"N, 68°1'12.29"E, (rocky desert).

Distribution in Afghanistan. The species is known from three localities in south-
ern and south-eastern parts of the country, and from one locality in the northwestern
part of the country (provinces of Badghis, Kandahar, Khost, and Nangarhar; Wagner et
al. 2016 and Fig. 14). One locality (“Tajan River” probably from Herat province) orig-
inating from Leviton and Anderson (1970) and given also by Wagner et al. (2016), is
not georeferenced and is not included in our map (Fig. 14). The locality presented here
is a new record for the species and the first record for Samangan Province in northern
Afghanistan. It is also the northernmost species record for Afghanistan, located more
than 300 airline km from the Nangarhar record (Somarkhel) and more than 400 km
from the Badghis record (Bala Murghab, Fig. 14; see also Wagner et al. 2016).

Eutropis dissimilis (Hallowell, 1857), Striped Grass Skink
Fig. 15

Originally identified as Mabuya dissimilis.

Material. One adult specimen: 169 (probably M), 25 August 1972, Jalalabad —
Hadda (= Hada, Dzalalabad), Nangarhar, 34°21'54.86"N, 70°28'34.37"E, (grassy
patch in the desert).

Distribution in Afghanistan. The species is known only from three localities in
the southeastern part of the country in Nangarhar Province (Wagner et al. 2016 and
Fig. 16). Our locality is a new locality record for the species, although it is known from
the vicinity of Jalalabad and in Nangarhar Province (Fig. 16).

AMPHIBIA

Bufonidae

Bufotes viridis (Laurenti, 1768) complex, Green Toad
Fig. 17

Originally identified as: Bufo raddei.

Material. Two voucher specimens that are currently not found in the museum
collection were collected on 3 August 1972 in the vicinity of Bamyan town (= Bami-
jan), 34°48'1.65"N, 67°49'16.09"E, (irrigation canals near the town). The specimens
were identified as Bufo raddei based on the morphometric characters, according to

Schmidtler and Schmidtler (1969).
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Eurylepis taeniolata

Figure 14. Distribution of Eurylepis taeniolata in Afghanistan — white dots from Wagner et al. (2016),
red dot from this study: Takht-e Rostam, Samangan.
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Eutropis dissimilis

Figure 16. Distribution of Eutropis dissimilis in Afghanistan — white dots from Wagner et al. (2016), red
dot from this study: Jalalabad — Hadda, Nangarhar.
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Q Bufotes oblongus
<k Bufotes turanensis
| A\ Bufotes zugmayeri

Figure 17. Distribution of all species forming Bufotes viridis complex in Afghanistan — white symbols
from Wagner et al. (2016), red dot from this study: vicinity of Bamyan town, Bamyan.

Distribution in Afghanistan. According to Wagner et al. (2016), in Afghanistan
this species complex comprises four species (B. oblongus, B. pseudoraddei, B. turanensis,
B. zugmayeri) that are recorded through the whole of the country except the central
Hindu Kush Range (Fig. 17). These toads are known from the provinces of Badakh-
shan, Badghis, Baglan, Balkh, Bamyan, Farah, Faryab, Ghazni, Helmand, Herat, Kabul,
Kandahar, Kunduz, Logar, Nangarhar, Paktia, Samangan, Takhar, Wardak, and Zabul
(Wagner et al. 2016 and Fig. 17). One locality presented by Wagner et al. (2016: 463)
for B. pseudoraddei, “Culangor [Logar Prov.] (USNM 194595-97)”, lacks georeferenced
data and is not included on the map. For additional information and unclear locali-
ties see remarks (p 462) in Wagner et al. (2016). The specimens noted here confirm a
record treated as incertae sedis within the Bufotes viridis complex for Bamyan (Wagner
et al. 2016). The record from Bamyan probably belongs to B. baturae (Stéck, Schmid,
Steinlein, and Grosse 1999). Whereas Wagner et al. (2016) mentioned this taxon as a
subspecies of B. pseudorradei (Mertens, 1971) and Frost et al. (2019) presented both as
independent species occurring in Afghanistan (Stock et al. 2006, Betto-Colliard et al.
2015), we present records of these toads under B. baturael pseudoraddei (Fig. 17). The
distribution and taxonomy of these toads in Afghanistan needs further research.
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Abstract

The Amazonian savannas occupy approximately 150,000 km?* of the Brazilian Amazon, occurring in
scattered isolated patches over large areas of forest in the states of Amapd, Amazonas, Pard, Roraima
and Rondénia. Despite having considerable variation in the Anuran composition between locations and
between the savanna’s physiognomies, a systematic and geographically wide sampling has not been per-
formed for the savanna from Amapd yet, located in the north of Brazil, eastern Amazonia. In this perspec-
tive, a study was conducted on the richness, composition, diversity, and abundance of Anuran species in
a savanna area in Amapd State. For Anuran sampling, we performed 24 samples in four physiognomies
(grassland savanna, scrub grassland savanna, parkland savanna, open woodland savanna) through an ac-
tive and auditory search more than 20 sampling plots of 100 x 50 meters in each physiognomy. Twenty-
one (21) species of frogs belonging to five families were registered: Bufonidae, Hylidae, Leptodactylidae,
Microhylidae and Phyllomedusidae. Scrub grassland savanna registered a greater number of individuals
regarding the species richness by physiognomy. The species rarefaction curve for the total area reached an
asymptote, suggesting that the data collection effort was enough to adequately sample the species richness
of the area. The Kruskal-Wallis variance analysis revealed significant differences in the species richness and
diversity among the physiognomies. The Bray-Curtis similarity analysis grouped the physiognomies into
three main groups: open woodland savanna, grassland savanna and scrub grassland savanna and parkland
savanna. Through ordering by non-metric multidimensional scaling, the species composition from the

Copyright C.E. Costa-Campos, E.M.X. Freire. 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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savanna anuran assemblage resulted in a separation among three sampled physiognomies with significant
differences, indicating differences in assemblage composition of the three sampled physiognomies. The
local richness (21 species) corresponds to 14% of the 15 typical species that have strongly associated dis-
tribution with the Cerrado from Central Brazil, and 35.6% of 59 typical species of neighboring domains
which only marginally occur in the Cerrado, representing a considerable part of frog species richness
recorded in the savanna in the eastern portion of the Brazilian Amazon.

Keywords
Amapd, eastern Amazon, frog assemblages, tropical forest, amphibians

Introduction

The Amazonian savannas are usually flat areas covered by open vegetation composed
of herbaceous strata dominated by grasses, with trees and shrubs scattered in differ-
ent coverage densities (Solbrig 1996). They occupy approximately 267,164 km?* with
almost 90% of the total area occurs in Bolivia and Brazil, occurring in isolated spots
spread over large areas of forest in the states of Amapd, Amazonas, Pard, Roraima and
Rondonia (Pires and Prance 1985; Sanaiotti et al. 1997) with smaller areas in Ven-
ezuela, Guyana and Suriname (Carvalho and Mustin 2017). The largest continuous
savanna block are the Beni savannas in Bolivia (127,096 km?); the Guyanan savanna
in Brazil, Venezuela and Guyana; the Sipaliwini-Pard savanna in Brazil and Suriname,
and the savanna of Amap4 in Brazil (13,027 km?) (Pennington et al. 2006, Barbosa et
al. 2007, Carvalho and Mustin 2017).

The complexity and heterogeneity found in different savanna phytophysiognomies
(Eiten 1972, Coutinho 1978), as well as the influence of neighboring domains, reveal the
existence of geographic distribution patterns, diversity, richness and abundance of inhab-
iting species in these areas (Mesquita et al. 2006). With regard to fauna studies and given
the great diversity of anuran amphibians from savannas, the number of studies about as-
semblage ecology in Amazonian savannas has been increasing over the years, addressing
different aspects such as the mechanisms that act on the selection and use of habitats and
the factors responsible for maintaining diversity, and in the proper assemblage structures
(Menin et al. 2007; Menin et al. 2011; Rojas-Ahumada et al. 2012; Landeiro et al. 2014;
Dias-Terceiro et al. 2015; Jorge et al. 2016; Ferrao et al. 2018; Ferreira et al. 2018).

In this context, despite the territorial extension and heterogeneity, the Amazon
savannas are extremely unfamiliar areas in terms of their frog communities and are
highly threatened by the expansion of human activity, therefore it is urgent to conduct
inventories on anuran species (Neckel-Oliveira et al. 2000, Barreto et al. 2007, Ber-
toluci et al. 2007, Brasileiro et al. 2008, Giaretta et al. 2008, Pinheiro et al. 2012, Lima
etal. 2017). The strong anthropic pressure, the high degree of endemism and declining
savanna frog populations are other factors that justify the importance of inventories
(Stuart et al. 2004, Eterovick et al. 2005).

Despite the considerable variation in the anuran composition between locations
and between the Cerrado physiognomies (Neckel-Oliveira et al. 2000, Valdujo et al.
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2012), a systematic and geographically wide study has not been performed for the
Eastern Amazonia savanna. Therefore, an inventory on the anurans in the savanna area
of Amapd was performed in order to know the composition, richness, and diversity
along the different physiognomies. In this study, we investigated the following ques-
tions: (1) what is the species composition of anurans in the study area? (2) Do the
species richness, diversity, and equitability differ between different types of savanna
physiognomies? Additionally, we compared our findings with studies conducted in
other Amazon savannas and well-sampled areas in the Cerrado in central Brazil.

Materials and methods

Study area

The Amap4 savanna occupies a narrow longitudinal band of approximately 140,000
km?, which corresponds to 7.2% of the total area of the Amap4 State territory (Mustin
et al. 2017), is characterised by a mosaic of areas with open woody vegetation, areas
with a denser woody shrub layer, and open grassy areas, and by seasonally flooded areas
in the transition zone with floodplains (Costa-Neto et al. 2017). In this area, specifi-
cally in the Experimental Field of the Brazilian Agricultural Research Corporation —
EMBRAPA (00°23'5"N; 51°02'2"W), the present study was conducted in a total area
of 1,381 hectares and a perimeter of 15,080 m (Figure 1).

Four savanna physiognomies were sampled (cf. Miranda et al. 2003; Melém-
Junior et al. 2003): (1) grassland savanna (GS), characterized by extensive grass
fields, abundant herbaceous stratus and woody stratus well dispersed by the continu-
ous herbaceous stratus and sparse dwarf trees (< 1.0 m high); (2) scrub grassland
savanna (SG), with herbaceous stratus covered by grass with a large density and tree
stratus with irregular presence and sparse small trees (< 3.8 m high); (3) parkland
savanna (PS), with less developed herbaceous stratus and thicker arboreal tree cover
(< 4.3 m high) forming a discontinuous canopy; and (4) open woodland savanna
(OW), with and absent of herbaceous stratus with higher density, forming a closed
canopy (> 2.0 m high).

The predominant climate type is Ami (tropical rainy climate with short dry period)
according Koppen-Geiger classification. Due to the concentration of rainfall in six
consecutive months (January — July), the climate throughout the year can be typically
recognized in only two seasons: a quite clear dry season and a rainy season with high
rainfall. Regarding the monthly average temperature, the minimum is 24.4 °C and
maximum 28.4 °C (Alvares et al. 2013). Summarized data is displayed in Figure 2.

The terrain is flat or gently hilly on soils that occur in two main forms, being
oxisols and quartz sands. The savanna domain occurs on two basic types of terrain:
crystalline or sedimentary plateaus and interplateau depressions. In general, the regions
of plateaus predominate in the interfluvia wider savanna forms, while the interplateau
depressions occur in denser cerrado (Aguiar et al. 2004).
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Figure I. Maps showing the Amap4 state and sampling sites in the Experimental Field of the Brazilian
Agricultural Research Corporation — EMBRAPA, municipality of Macapd, Amapd State, northern Brazil.
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Figure 2. Rainfall data and minimum and maximum temperatures at the Experimental Field of the Bra-
zilian Agricultural Research Corporation — EMBRAPA, municipality of Macap4, Amapd State, northern
Brazil between January and December 2009, 2010, and 2013.
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Sampling design

For the anuran sampling plot 24 incursions into each physiognomy were conducted,
12 in the rainy season and 12 in the dry season. Twenty (20) sampling units were es-
tablished in each physiognomy (grassland savanna, scrub grassland savanna, parkland
savanna and open woodland savanna), arranged according to the availability of water
bodies. Each sample unit was represented by a portion of 100x50 meters (0.5 ha),
at least 500 meters away from each other. Active and auditory visual searches were
conducted in these sampling units (Crump and Scott 1994, Heyer et al. 1994, Zim-
merman 1994). The sampling effort was the same in the four physiognomies to enable
comparisons. The species taxonomy applied follows the Brazilian Society of Herpetol-
ogy (SBH), according to Segalla et al. (2016) and Dubois (2017).

The active visual and auditory search was performed in each sampling plot by four
researchers from 18:00 to 00:00. The number of individuals of each species calling
activity was recorded every 10 minutes. The sampling effort was calculated by multi-
plying the number of hours in the field by the number of researchers involved in the
collection in both methods, resulting in a sampling effort of 1,920 hours/man. All col-
lected specimens were anesthetized and killed, fixed in 10% formaldehyde and stored
in 70% ethanol. Voucher specimens are deposited at the Herpetological Collection
of the Universidade Federal do Amapd (UNIFAP), under the care of Carlos Eduardo
Costa Campos (CECCAMPOS) (Appendix 1).

Data analysis

The amphibian species diversity of between the four studied savanna physiognomies
was calculated through the Shannon-Wiener diversity Index (Krebs 1999), where A=
species diversity index, pi = Ni / N = probability that an individual belongs to species 7
in total “S” species, Vi = total number of individuals of the species i, NV = total number
of species.

H' = Z(pi)l = 1 (Inpi)

The equitability index was calculated by the ratio between the diversity obtained
and the maximum diversity, where j = equitability, A’ = achieved diversity. Hmax’ =
maximum diversity. This index shows the population homogeneity or how the species
are represented by the number of individuals of each species in the assemblage (Magur-
ran 2004). This index ranges from 0, when a species excels in abundance, to 7, when
species are equally abundant in the environment.

"~ Hmax'

J
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To analyze the anuran species richness, accumulation curves of species were built
based on the number of individuals and number of samples (Gotelli and Colwell 2001,
2011) using the EstimateS 9.1 program (Colwell 2013) with 1,000 randomizations.
Considering the diverse richness estimators available, we chose to use the Jackknife
algorithm first order based on its performance when compared to other estimators
(Magurran 2004; Hortal et al. 2006; Reese et al. 2014)

The possible differences in the richness variations, diversity, and equitability in
the different physiognomies were verified through one-way ANOVA, Kruskal-Wallis
and Dunn tests a posteriori (Zar 2010). All the analyses were performed through the
BioEstat 5.0 (Ayres et al. 2007) and PAST 2.09 (Hammer et al. 2001) programs. The
values were considered significant at p < 0.05.

To verify if the assemblage composition differs between physiognomies, a cluster anal-
ysis (Cluster Analysis) and spatial Non-Metric Multidimensional Scaling (NMDS) were
performed. The differences between the species composition and physiognomies were
evaluated using an Analysis of Similarity ANOSIM (Clarke 1993). A percentage break
analysis of the Similarity (SIMPER) considering the Bray-Curtis similarity index was used
to detect which frog species are responsible for the differences between the groups.

Results

Species composition

We recorded 21 anuran species belonging to the following families were obtained: Bufo-
nidae (3 species), Hylidae (10 species), Leptodactylidae (6 species); Microhylidae (1 spe-
cies), and Phyllomedusidae (1 species) (Table 1, Figure 3). From the recorded species in the
study area, three representatives of the Hylidae, Leptodactylidae and Microhylidae families
(Scinax fuscomarginatus, Pseudopaludicola boliviana, Elachistocleis helianneae, respectively)
were recently reported for the first time in the Amapa state by these three studies (Costa-
Campos and Freire 2014, Costa-Campos and Freire 2015, Costa-Campos et al. 2016).

Sample efficiency: species rarefaction curve and richness estimators

A slight tendency toward stabilization can be observed in the species accumulation
curve (Figure 4), suggesting that the data collection effort was enough to adequately
sample the species richness of the studied area. The estimated richness for the study
area provided by the richness estimators was 21 species.

Species diversity and equitability

The species diversity obtained the sampled physiognomies ranged from A = 0.814 to
H’=2.728, and the equitability ranged from 0.587 to 1.887. The highest diversity of
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Table 1. List of anuran species registered at the savanna area in Amap4 state, municipality of Macap4.
Gray blocking denotes anurans sampled in each physiognomies. Sampled physiognomies: GS grassland
savanna; SG scrub grassland savanna; PS parkland savanna; OW open woodland savanna. N number of
individuals recorded. Number of species per family in parentheses.

Family/Species Sampled physiognomies N
GS SG PS ow

Bufonidae (3)
Rhinella major (Muller & Helmich, 1936) 10
Rhinella marina (Linnaeus, 1758) 5
Rhinella sp. 14
Hylidae (10)
Boana multifasciata (Giinther, 1859) 20
Boana punctata (Schneider, 1799) 18
Boana raniceps Cope, 1862 15
Dendropsophus cf. walfordi (Bokermann, 1962) 8
Osteocephalus taurinus Steindachner, 1862 10
Scinax fuscomarginatus (A. Lutz, 1925) 1
Scinax nebulosus (Spix, 1824) 32
Scinax ruber (Laurenti, 1768) 18
Scinax x-signatus (Spix, 1824) 12
Trachycephalus typhonius (Linnaeus, 1758) 27
Leptodactylidae (Leiuperinae) (1)
Pseudopaludicola boliviana Parker, 1927 14
Leptodactylidae (Leptodactylinae) (5)
Adenomera hylaedactyla (Cope, 1868) 32
Leptodactylus fuscus (Schneider, 1799) 30
Leptodactylus macrosternum Miranda-Ribeiro, 1926 5
Leptodactylus pentadactylus (Laurenti, 1768) 8
Leptodactylus podicipinus (Cope, 1862) 12
Microhylidae (Gastrophryninae) (1)
Elachistocleis helianneae Caramaschi, 2010 14
Phyllomedusidae (1)
Pithecopus hypochondrialis (Daudin, 1800) 17

Table 2. Kruskal-Wallis variance analysis and the Dunn test performed later between the species rich-
ness, diversity and equitability between the savanna physiognomies in Amapd. The significant results are

in bold (p < 0.05).

Physiognomies Richness H J
Grassland savanna and scrub grassland savanna 4.318 4.044 2173
Grassland savanna and parkland savanna 0.093 0.331 0.150
Grassland savanna and open woodland savanna 1.479 1.619 1.795
Scrub grassland savanna and parkland savanna 4.412 4.375 2.323
Scrub grassland savanna and open woodland savanna 5.798 5.663 3.969
Parkland savanna and open woodland savanna 1.386 1.287 1.645

species was recorded at scrub grassland savanna (/4 = 2.459; N = 19 species), followed
by grassland savanna (H = 2.276; N = 13 species). The Kruskal-Wallis variance analysis
revealed significant differences between the species richness, diversity, dominance (1-
D) and equitability between the sampled physiognomies (p < 0.0001). The Dunn test
results performed later showed significant differences in species richness, diversity and
equitability between the Amapd savanna physiognomies (Table 2).
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Figure 3. Anurans recorded in the savanna area from the Experimental Field of the Brazilian Agricultural
Research Corporation — EMBRAPA, municipality of Macapd, Amapd State, northern Brazil: A Rhinella
major B Rhinella sp. C R. marina D Boana multifasciata E B. punctata F B. raniceps G Dendropsophus cf.
walfordi H Osteocephalus taurinus | Scinax fuscomarginatus ) S. nebulosus.
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Figure 3. Continued: K S. ruber L S. x-signatus M Trachycephalus typhonius N Pseudopaludicola boliviana
O Adenomera hylaedactyla P Leptodactylus fuscus Q L. macrosternum R L. pentadactylus S L. podicipinus
T Pithecopus hypochondrialis, and U Elachistocleis helianneae.
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Figure 4. The species accumulation curves sampled in the savanna area from the Experimental Field of
the Brazilian Agricultural Research Corporation — EMBRAPA, municipality of Macapd, Amapd State,
northern Brazil, for each of the sampled physiognomies: A grassland savanna B scrub grassland savanna
C parkland savanna D open woodland savanna, based on the number of individuals representing the
observed (Sobs) and estimated species richness (Jackknife 1).

Similarity and non-metric Multidimensional Scaling (MDS) between different
physiognomies from the studied savanna

The similarity analysis from the Bray-Curtis index separated the physiognomies into
three main groups: (A) open woodland savanna, (B) grassland savanna and scrub grass-
land savanna (C) parkland savanna. The group (A) is characterized by the higher Rh-
inella sp. occurrence frequency. For the group (B), the most frequent species were P
hypochondrialis and L. fuscus. In addition, the last group (C) is characterized by the
high frequency of occurrence of B. punctata (Figure 5).

The similarity analysis (SIMPER) evaluated the contribution of each species and
showed that the average similarity within physiognomies was 27.48 for the grassland
savanna, 48.84 for scrub grassland savanna, 58.70 open woodland savanna and 47.02
for parkland savanna. For the grassland savanna, the L. fuscus species contributed the
most to the average similarity with 53.64, followed by B. multifasciata (13.94) and
1" typhonius (13.64). For scrub grassland savanna, the P hypochondrialis species con-
tributed the most to the average similarity with 26.68 of contribution, followed by L.
Sfuscus (18.43) and S. nebulosus (16.25). For the open woodland savanna, the Rhinella
sp. (88.40) and A. hylaedactyla species (11.27) were those that contributed the most
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Figure 5. Dendrogram of similarity between the savanna area physiognomies, sampled in the Experi-
mental Field of the Brazilian Agricultural Research Corporation — EMBRAPA, municipality of Macapd,
Amapi State. Group A (open woodland savanna, OW), Group B (Parkland savanna, PS), and Group C

(grassland savanna, GS and scrub grassland savanna, SG).

to the average similarity. For the parkland savanna, B. punctata (81.84) and B. raniceps
species (8.44) contributed the most to the average similarity.

The assemblage average dissimilarity between physiognomies was larger between:
open woodland savanna and parkland savanna (99.53); the scrub grassland savanna
and the open woodland savanna (97.48); the grassland savanna and the open wood-
land savanna (96.45); the grassland savanna and the parkland savanna (96.22); the
scrub grassland savanna and the parkland savanna (94.85); and lower between grass-
land savanna and scrub grassland savanna (75.18). Regarding the total differences, the
species that contributed most to the average dissimilarity between areas were: Rhinella
sp. (open woodland savanna and parkland savanna, 32.0%); B. punctata (grassland
savanna and parkland savanna, 21.7%); and P hypochondrialis (grassland savanna and
scrub grassland savanna, 17.37%).

Through the MDS constructed from the Bray-Curtis similarity matrix, it has been
shown that the anuran assemblage in the study area is distributed between three sam-
pled physiognomies, formed by 1) grassland savanna and scrub grassland savanna, 2)
parkland savanna, and 3) open woodland savanna, with significant differences (ANO-
SIM, R = 0.823, p <0.001) and stress level of 0.07. In this way, the assemblage formed
distinct groups in the MDS, indicating differences in the assemblage species composi-
tion of the four physiognomies (Figure 6).
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Figure 6. Order by MDS of physiognomies in the savanna area physiognomies, sampled in the Experi-
mental Field of the Brazilian Agricultural Research Corporation — EMBRAPA, municipality of Macapd,
Amap4 State generated from the Bray-Curtis similarity matrix. Grassland savanna (GS); scrub grassland
savanna (SG); parkland savanna (PS); open woodland savanna (OW).

Discussion

The registered richness supports the estimated richness of 18-43 species in well sam-
pled locations in the Cerrado of Central Brazil (Brasileiro et al. 2005, Vasconcelos and
Rossa-Feres 2005, Santos et al. 2007, Brasileiro et al. 2008, Ribeiro-Jr and Bertoluci
2009, Aratjo and Almeida-Santos 2011) and in Amazonian savannas (Neckel-Oliveira
et al. 2000, Pinheiro et al. 2012, Bitar et al. 2012, Neckel-Oliveira et al. 2012, Lima
etal. 2017). The local richness corresponds to 14% of the 150 species which have dis-
tribution strongly associated with the Cerrado, and 35.6% of the 59 typical species of
neighboring domains and which only marginally occur in the Cerrado (Valdujo et al.
2011, 2012), representing 21 anuran species recorded in the savannas of the eastern
portion of the Brazilian Amazon.

The anuran species richness of the studied savanna varied in different physiogno-
mies, where the open formations (e.g., grassland savanna) had greater richness, followed
by forest formations (e.g., parkland and open woodland savanna). This is probably a
reflex of the proportion of abundant and rare species in each physiognomy (Magurran
2004). These data agree with other studies, which suggest that the open formations
tend to have higher richness when compared to forest formations of the Domain Cer-
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rado (Maffei etal. 2011). Studies carried out by Striisssmann et al. (2000), Brandao and
Aratjo (2002) and Valdujo et al. (2011) found higher anuran richness in open savanna
formations than in the gallery forest. This is due to the fact that the reproduction of
most savanna species occurs in open areas, and as the availability of breeding sites is
one of the most important factors in the selection of habitat for anurans, higher species
richness and abundance of individuals is expected in open physiognomies (Colli et al.
2002, Bastazini et al. 2007).

On the other hand, in the study performed by Neckel-Oliveira et al. (2000) in
an area of the Amazonian savanna in the municipality of Santarém, by Pinheiro et al.
(2012) in the Carajds region, both in the state of Pard, and by Lima et al. (2017) in
the Amazonian Savanna of the Rio Curiati Environmental Protection Area in Amapd,
higher richness and abundance of anuran species were found in forested environments.
Several studies report that species of open environments can use forested areas as sites
for foraging, migration, reproduction, or refuge (Brassaloti et al. 2010, Oda et al.
2016, Santos and Conte 2016).

Furthermore, several studies have shown that complex and heterogeneous environ-
ments facilitate the coexistence of more species when compared to homogeneous en-
vironments (Conte and Rossa-Feres 2007, Santos et al. 2007, Vasconcelos et al. 2009,
Silva et al. 2011). In addition to the heterogeneity and biodiverse of the Cerrado (Silva
etal. 20006), differences in their composition and species richness between various sam-
pled locations must have been favored by the contact with four major phytogeographic
domains from South America: Amazonia, Atlantic Forest, Caatinga, and Chaco (Joly
etal. 1999).

Despite the species cumulative curve having a tendency to stabilize, the possibil-
ity of local richness expansion is not unlikely, but as the study continues, an increased
effort would contribute very slowly to adding to the species richness, as evidenced by
richness estimators. This highlights the importance of accomplishing inventories with
the association of different sampling methods for a more complete knowledge of anu-
rans (Greenberg et al. 1994, Brown 1997, Maritz et al. 2007; Ribeiro-Jr et al. 2008),
as the species richness is closely related to the sampling effort.

According to Santos (2006), accumulation curves are excellent for evaluating the
inventories efficiency in the record of all species of certain sites or habitats. Similar to
the rarefaction for the total area, the species accumulation curves for all physiogno-
mies also stabilized; however, for the tree savanna stabilized in a relatively low species
richness, this indicates that the additional sample effort would be necessary in the for-
est environments. In this context, three non-mutually exclusive factors and associated
to the canopy cover structure may be responsible for the different richness patterns
and frog species composition observed in the studied physiognomies: 1) some species
ability in colonizing environments characterized by sparser vegetation; 2) the species
distinct physiological tolerances concerning water temperature, light intensity and hu-
midity near the soil surface; and 3) specific microenvironment dependence on specific
sites for breeding.
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In terms of diversity by physiognomies, the greatest diversity was found in scrub
grassland savanna. The higher diversity recorded in the scrub grassland savanna cor-
roborates comparative studies of the species diversity of open formations with grass-
lands backgrounds, savanna and forest in the Cerrado (Brasileiro et al. 2005, Aratjo
et al. 2009, Aradjo and Almeida-Santos 2011, Valdujo et al. 2011). The diversity and
equitability rates showed significant differences between sampled physiognomies. This
result was expected due to the differences present in the physiognomies in the envi-
ronmental heterogeneity (Vasconcelos et al. 2009, 2010), as this heterogeneity has an
important role in determining species richness and in the assemblage structure by pro-
viding environments and several conditions for species with different ecophysiological
requirements (Huston 1994, Buckley and Jetz 2007).

The obtained Bray-Curtis index seems coherent, presenting groupings that reflect
differences between the main sampled physiognomies and revealing greater similarity
between the grassland savanna and the scrub grassland savanna. Both physiognomies
differ in the floristic composition of the dominant tree species, shrub and herbaceous
substrate, and topography (Batalha 2011), and these differences have probably influ-
enced the obtained results. However, geographically close areas generally exhibit simi-
lar structural features, which support similar assemblages in their richness and diversity
(Dixo and Verdade 2006). Even though they do not favor species with more limited
needs, the parkland savanna and open woodland savanna physiognomies, with lower
structural complexity, are relatively favorable for structuring frog assemblages, thus
potentially contributing to the preservation of regional diversity in mosaic vegetation
areas (Gardner et al. 20006).

The Amapd savanna although scarcely known, may suffer from the agricultural
expansion of grain production, extensive cattle ranching and urban growth, leading to
habitat loss and vegetation fragmentation. Coupled with the wide diversity of anurans
found in the area and the finding of new species and new records for Amap4 State
make Amap4 savanna a hotpoint for anurans within the Amazon Forest hotspot (Silva
and Bates 2002; Lima et al. 2017, Mustin et al. 2017) and, consequently, a place for
the implementation of priority conservation measures aiming the increase of the pro-
tected area.
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Appendix |

Voucher specimens

Voucher specimens are deposited at the Herpetological Collection of the Universidade
Federal do Amapd (UNIFAP), under the care of Carlos Eduardo Costa Campos (CEC-
CAMPOS).

BUFONIDAE

Rhinella major — CECCAMPOS 0747.

Rbinella sp. - CECCAMPOS 0799-0800, 0805-0806.
Rhinela marina — CECCAMPOS 0668.

HYLIDAE

Boana multifasciata — CECCAMPOS 0035, 0132, 0545.
Boana punctate — CECCAMPOS 0050, 0130, 0550, 0554, 0600.
Boana raniceps — CECCAMPOS 04806.

Dendropsophus cf. walfordi — CECCAMPOS 0765-0769.
Osteocephalus taurinus — CECCAMPOS 0676.

Scinax fuscomarginatus — CECCAMPOS 0037.

Scinax nebulosus — CECCAMPOS 0575-0580.

Scinax ruber — CECCAMPOS 0745, 0747, 0761.
Scinax x-signatus — CECCAMPOS 0321, 0683-0684.
Trachycephalus typhonius — CECCAMPOS 0739-0740.

LEPTODACTYLIDAE

Pseudopaludicola boliviana — CECCAMPOS 1153.

Adenomera hylaedactyla — CECCAMPOS 0047, 0548, 0560, 0609.
Leptodactylus fuscus — CECCAMPOS 0586, 0589, 0748, 0749, 0762.
Leptodactylus macrosternum — CECCAMPOS 0485, 0582.

Leptodactylus pentadactylus — CECCAMPOS 0670, 0737.

Leptodactylus podicipinus — CECCAMPOS 0048, 0049, 0606, 0753, 0772.

MICROHYLIDAE
Elachistocleis helianneae — CECCAMPOS 0122, 0227.

PHYLLOMEDUSIDAE
Pithecopus hypochondrialis — CECCAMPOS 0546, 0572, 0733.






