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Abstract

The genus Muricea is considered abundant and widely distributed along the eastern Pacific. Its occurrence
in shallow waters has been recognised; however species from deeper than 30 m have been rarely recorded.
During the 2005 R/V Urracd expedition along the north and central Pacific coast of Costa Rica several octo-
coral specimens were collected by bottom trawling from 30 to 150 m yielding new species and new records.
Herein we describe a new species of Muricea from deeper than 30 m. The morphological characters of the
species were analysed and illustrated by optic and scanning electron microscopy. Muricea subtilis sp. n. can
be distinguished from the other species in the genus by its thin spiny branches, non-imbricate calyces, white
colony and sclerites, and the size and composition of sclerites. Comparative character tables are provided for
the closest Muricea species-group. This new species increases the number in the genus to 26, and contributes
to the knowledge on the diversity and distribution of mesophotic soft corals in the eastern Pacific.
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Introduction

The genus Muricea is considered abundant and widely distributed in shallow waters
(< 30 m) along the eastern Pacific and was recently revised and updated to contain 25
valid species (Breedy and Guzman 2015, 2016). Muricea has been reported from Cape
Hatteras, North Carolina to Brazil, including Bahamas, Greater and Lesser Antilles,
and Caribbean islands (Bayer 1961); it also occurs in the eastern Pacific from southern
California to Perti and presumably in Chile (Breedy and Guzman 2016).

Muricea midas Bayer, 1959 is the deepest record for the genus, at 201 m in the
western Atlantic (Bayer 1959); and Muricea fruticosa Verrill, 1869, is known to 102 m
in the eastern Pacific. Muricea galapagensis Deichmann, 1936, known from 94 m, was
only once collected. Normally, the genus occurs shallower from one meter in intertidal
zones to 30 m deep (Breedy and Guzman 2016). However, several species have been
found in deeper mesophotic zones requiring further exploration and taxonomic work.

According to Breedy and Guzman (2016) boundaries among species of Muri-
cea (as in many other octocorals) are difficult to draw. However, the morphological
characters such as colony and sclerite shapes, sizes and colours still represent a valid
approach to determine species together with field observation (e.g. habitat, bathym-
etry). The genus was divided in four groups according to the morphology of colonies
and sclerites: the Muricea squarrosa species-group, Muricea fruticosa species-group, the
Muricea austera species-group and the Muricea plantaginea species-group (Breedy and
Guzman 2015, 2016).

Herein we describe a new mesophotic Muricea species collected during the 2005
R/V Urracd-STRI expedition to the Pacific coast of Costa Rica, that resulted in inter-
esting material from deeper waters (see Vargas-Castillo 2008).

Material and methods

The specimens were collected by bottom trawling from unexplored habitats down to
70 m deep in the middle mesophotic zone (from 40 to 150 m), on board of the
Smithsonian Tropical Research Institute R/V Urracd along the north and central Pa-
cific coast, from Santa Elena Bay to the Nicoya Gulf.

The specimens were fixed in 70% ethanol or air-dried. For microscopic study, they
were prepared according to the protocol described by Breedy and Guzman (2002),
and observed using optic microscopy, Olympus LX 51 inverted microscope, and scan-
ning electron microscopy, with a Hitachi 3700 at the Research Center of Microscopic
Structures (CIEMIC) of the University of Costa Rica (UCR) and a Zeiss EVO 40 at
the Electron Microscopy Laboratory (Tupper Research and Conference Center). The
holotype and paratypes are deposited in the Museo de Zoologia, Universidad de Costa
Rica (MZUCR).

The taxonomic approach was by the evaluation of characters following Breedy and
Guzman (2015, 2016). Morphological characters of colonies and sclerites are presented
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in Tables 1-2 and comparison with the type material of the related taxa in the genus.
Measurements of branches are given taking in account the length of the calyces whether
preserved in ethanol or dry. Terminology used in descriptions mostly follows Bayer et
al. (1983) and Breedy and Guzman (2015, 2016).

Results

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

Genus Muricea Lamouroux, 1821

Muricea Lamouroux, (pars.) 1821: 36; Blainville (pars) 1834: 509; Ehrenberg (pars.)
1834: 134; Dana 1846: 673; Milne Edwards and Haime 1857: 142; Kolliker 1865:
135; Verrill 1868: 411; Verrill 1869: 418-419, 450; Studer 1887: 58; Wright and
Studer 1889: 93; Gorzawsky 1908: 8; Nutting 1910: 9; Kiikenthal 1919: 835;
1924: 141; Riess 1929: 383—384; Aurivillius 1931: 102—104; Deichmann 1936:
99; Bayer 1956: F210; 1959: 12; 1961: 179-180; 1981: 930 (in key); 1994: 23—
24; Tixier-Durivault 1970: 154; Harden 1979: 140; Hardee and Wicksten 1996:
127-128; Marques and Castro 1995: 162; Castro et al. 2010: 779; Breedy and
Guzman 2015: 6-7; 2016: 7-9.

Eumuricea (pars.) Verrill, 1869: 449; Riess 1929: 397; Breedy and Guzman 2015: 6-7.

Type species. Muricea spicifera Lamouroux, 1821, by subsequent designation (Milne
Edwards and Haime 1857.)

Genus diagnosis (based on Breedy and Guzman 2016). Colonies planar or mul-
tiplanar, bushy, arborescent, laterally branched, pinnately branched, dichotomous
or with long flexible branches, with some occasional branch anastomosis. Branches
and branchlets upward bending almost parallel, and with about the same thickness all
along, frequently with slightly enlarged tips. Coenenchyme moderately to very thick
(compared to other plexaurids) with a circle of longitudinal canals surrounding the
axis and dividing the coenenchyme into a thin inner layer or axial sheath, and a thicker
outer layer. The outer and inner layer of coenenchyme indiscriminate, almost blended
in species with thinner branches. In some species with a thin coenenchyme polyps
fully retractile within prominent calyces longitudinally and closely placed all around
branches and branchlets, or spaced in loose spirals around branches and branchlets.
Calyces prominent, shelf-like or tubular, with prickly projecting spindles, longitudi-
nally arranged. Base of anthocodia without sclerites or with flat rods arranged in weak-
ly differentiated collaret and points below tentacles, or just transversely set along the
neck zone of polyp. Sclerites of outer coenenchyme and of calyx mostly long, unilateral
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spinous spindles, often massive, sculptured on inner surface by crowded complex tu-
bercles and on outer surface by simple spines or prickles, and in some species with a
few more or less prominent coarse, prickly projections. Spindles with laterally placed
spinous or leaf-like processes are the dominant type in some species. Axial sheath com-
posed of capstans, spindles, or oval forms, and undeveloped sclerites. Sclerite colours
are white, various hues of yellow, amber, orange, purple and red. Anthocodials with
lower hues.

Muricea subtilis sp. n.
http://zoobank.org/23F8B95D-10AB-4AC2-A4FC-EF1326AD0765
Figures 1-3

Material. Holotype: UCR 2322 (URR 46), ethanol preserved, off Esterillos, Pun-
tarenas, Central Pacific, Costa Rica, 09°20.940'N, 84°30.240"W-09°21.242'N,
84°30.043'W, 51.7-53 m, R. Vargas, R/V Urraca, 17 July 2016. UCR 2322A, frag-
ment for molecular analysis in progress.

Paratypes: MZUCR-OCT 0082 (URR 44), ethanol preserved, off Punta Mala,
Puntarenas, 09°22.085'N, 84°32.206"W—-09°22.280'N, 84°32.037'W, 44.2—44 m, R.
Vargas, 17 July 2005; MZUCR-OCT 0125 (URR 26-53), dry, off Carrillo Beach,
Nicoya, Guanacaste, 09°51.264'N, 85°29.37'W-09°50.727'N, 85°29.37'W, 39—40
m, R. Vargas, R/V Urraca, 16 July 2005; MZUCR 0126 (TWL 27-36), dry, off
Carrillo Beach, 09°50.013'N, 85°29.476"W-09°49.88'N, 85°29.40'W, 30-32 m,
R. Vargas, R/V Urraca, 16 July 2005; MZUCR 0140 (URR 47), dry, off Esterillos,
09°20.212'N, 84°28.358"W—-09°21.610'N, 84°28.275'W, 51.7-53 m, R. Vargas, R/V
Urraca, 17 July 2016; UCR 2321 (URR 46), as the holotype.

Typelocality. 09°20.940'N, 84°30.240"W (off Esterillos, Puntarenas), 53 m in depth.

Diagnosis. Colonies spiny and delicate in appearance, fan-like or lateral. Branching
irregular, mostly dichotomous, in one or two planes. Branches and branchlets thin, 1.5-2
mm in diameter, in some cases thinner, about 1 mm. Some branch pseudo-anastomosis
present. Polyps mostly close together. Calyces shelf-like, prominent, up to 1.2 mm.
Calyces not imbricate. Coenenchyme thin. Coenenchymal and calycular sclerites mostly
leaf-like spindles up to 0.95 mm long. Anthocodial sclerites mostly irregular warty rods
and thin torches, translucent or whitish. Colony colour whitish to pale yellow.

Description. The holotype is a 14.5 cm tall and 23 cm wide colony. A 15 mm
long stem, 6 mm in diameter, subdivide in two main branches, 4-5 mm diameter
and arise from an irregular, 15 mm diameter holdfast (Figure 1A). The branches are
about the same diameter at the bottom of the colony 3-4 mm producing thinner
branchlets 2-3 mm diameter up to the ends. Branching is irregular, mostly dichoto-
mous, branches and branchlets project at angles 45°~75°and separated up to 25 mm.
They spread in one plane in a fan-like colony. The branchlets are straight or curved
inwards, some are anastomosed. Unbranched terminal ends are about 2 mm in di-
ameter and up to 40 mm long. The axis is amber. The calyces are shelf-like, 1-1.2
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Figure 2. Muricea subrilis sp. n., UCR 2322 (holotype). A—~C Coenenchymal sclerites D Anthocodial
sclerites (optic micrographs).

mm long, giving a spiny appearance to the colony. They are close together, or only a
few millimetres apart, 0.5-1.5 mm, and not imbricate (Figure 1B). Some branches
are devoid of polyps, probably eaten by worms. Polyps are on the upper side of the
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Figure 3. Muricea subrilis sp. n., UCR 2322. A=B Calycular and coenenchymal sclerites € Axial sheath
D Anthocodial sclerites.

elongated calyces. The calyx size and spacing vary from the larger branches to the
thinner, being larger and acute, and closer placed at the branchlets and shorter, and
distant at the main branches and almost absent at the stem. The coenenchyme is
thin, composed of whitish and translucent sclerites, mostly of various kinds of spin-
dles (Figure 2A—C). The coenenchyme and the calycular sclerites are mostly leaf-like
spindles, 0.25-0.93 mm long, and 0.09-0.20 mm wide and spindles, 0.40—-0.60 mm
long and 0.06-0.10 wide (Figure 3A—C). The axial sheath is composed of spindles,
0.25-0.45 mm long and 0.04-0.07 mm wide (Figure 3D). The anthocodial sclerites
are translucent irregular warty rods, thin torches, irregular short spindles, 0.05-0.2
mm long, and 0.01-0.05 mm wide (Figures 2D, 3D). The colony is whitish to pale
yellow (Figure 1A-B).

The paratypes agree in all characters with the holotype; however, some colonies
have thinner branchlets, about 1 mm in diameter, and the leaf-like spindles can reach
0.95 mm long.



A new Muricea species (Cnidaria, Anthozoa, Octocorallia) from the eastern tropical Pacific 7

Etymology. The adjective subrilis (L) meaning fine, thin, delicately slender, of a
cutting edge, is used here, in allusion to the thin and spiny branches characteristic of
the species. The term subrilis in literature combines sharpness and acuteness that imply
clarity which could also evoke the white colour of the colony.

Habitat and distribution. The species has been collected from muddy-sand bot-
toms, together with other octocoral species such as Muricea fruticosa Verrill, 1869;
Pacifigorgia senta Breedy & Guzman, 2003, and other invertebrates from 30 to 54
m deep. A few species of gorgonians were the dominant component of the catches;
some specimens were attached to debris or shells that probably hold the colonies on
the mud-sandy substrate. Muricea subtilis sp. n. was collected along the outer part of
Nicoya Gulf and central Pacific coast of Costa Rica.

Discussion

The species belongs to the M. plantaginea species-group together with M. mortense-
nii and M. californica. According to Breedy and Guzman (2016) this species-group is
characterised by shelf-like calyces, thin coenenchyme, thin branches and the lack of
unilateral spinous spindles (as defined for the genus). The new species” delicate spiny
colony, almost immediately separates it from the others in the group. However, it is
similar to M. plantaginea (Valenciennes, 1846), white variety and M. mortensenii Hick-
son, 1928 in the colour of the colony and sclerites. It differs from the latter in its thicker
branches, shorter calyces and smaller spindles that are the dominant type of sclerites in
M. mortensenii (Tables 1-2). Muricea plantaginea is distinguished from Muricea subtilis
sp. . in having thicker non-dichotomous branches, and mostly flabellate colonies with
stronger structure that is evident also in small, young colonies of M. plantaginea. The
imbricate calyces and larger leaf-like spindles, up to 1 mm or slightly more (Table 1-2)
in M. plantaginea are also features that differentiate these two close species.

Table |. Diagnostic characters of sclerites in the Muricea plantaginea species-group. Measurements given

are from the holotypes and lectotypes, in mm.
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M. plantaginea rb, amb/w lo, Ib/w Is 1x0.2 0.25%0.08
M. californica ro, ly, amb lo Is 0.54x0.2 0.23x0.06
M. mortensenii w w s 0.7x0.12 0.21x0.08
M. subtilis sp. n. w w Is 0.93%0.14 0.20x0.05

Colours: amb, amber; b, light brown; lo, light orange; rb, reddish brown; ro, reddish orange; w, white,

colourless. Type of coenenchymal and calycular sclerites: ls, leaf-like spindle; s, spindles.
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Table 2. Diagnostic characters of colony morphology in the Muricea plantaginea species-group. Measure-

ments given are from holotypes and lectotypes, in mm.
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M. plantaginea db/w fla irr, lat 10-50 2-3 0.7-1.2 ¢, imbr
M. californica ro bu irr, lat 0.5-2.8 3-3.2 1.1-19 | © iSi;gbhrtly
M. mortensenii py fla irr 2-4 2-3 0.7-1 c
M. subtilissp.n.|  py,w lat, fla 1r(r1,icl;t, 5-40 1.5-2 1-1.2 c

Colours: db, deep brown; py, pale yellow; ro, reddish orange; w, white, coloutless.
Colony shape: bu, bushy; fla, fan-like, flabelliform.

Branching pattern: dich, irregularly dichotomous; irr, irregular; lat, lateral.

Calyx arrangement at branchlets: c, close, not imbricate; imbr, imbricate.

Acknowledgements

We thank Leen van Ofwegen (Netherlands Centre for Biodiversity Naturalis), Stephen
Cairns (Museum of Natural History, Smithsonian Institution) and Gary Williams
(California Academy of Science) for their time and suggestions to improve this publi-
cation. Also, Yolanda Camacho and Rita Vargas (UCR) for collecting the material for
this study and the Smithsonian Tropical Research Institute researchers Rachel Collins
and Ross Robertson who were in charge of the R/V Urracd-STRI 2005 expedition.
We appreciate Jorge Ceballos (Smithsonian Tropical Research Institute), Alexander
Rodriguez and Cristian Mora (UCR) for their valuable contribution in this research.
Finally, we acknowledge Jorge Brenes and Annette Calvo-Shadid (UCR) who kindly
helped us with the species etymology. The project was partially sponsored by the Vicer-
rectorfa de Investigacion de la Universidad de Costa Rica, project 808-B5172, and the
Smithsonian Tropical Research Institute.

References

Aurivillius M (1931) The gorgonians from Dr. Sixten Bock’s expedition to Japan and the Bonin
Islands, 1914. Kungliga Svenska Vetenskapsakademiens Handlingar (ser. 3) 9: 1-337.
Bayer FM (1956) Octocorallia, Part F. Coelenterata. In: Moore RC (Ed.) Treatise on Inverte-
brate Paleontology. Geological Society of America and University of Kansas Press, Lawrence-
Kansas, 166-231.

Bayer FM (1959) Octocorals from Surinam and the adjacent coasts of South America. Studies
on the Fauna of Suriname and Other Guyanas 6: 1-43.



A new Muricea species (Cnidaria, Anthozoa, Octocorallia) from the eastern tropical Pacific 9

Bayer FM (1961) The shallow-water Octocorallia of the West Indian Region — A manual for
marine biologists. In: Hummelinck W (Ed.) Studies on the Fauna of Curacao and other
Caribbean Islands 12(55): 1-373.

Bayer FM (1981) Key to the genera of Octocorallia exclusive of Pennatulacea (Coelenterata:
Anthozoa) with diagnoses of new taxa. Proceedings of the Biological Society of Washing-
ton 94(3): 902-947.

Bayer FM (1994) A new species of the gorgonacean genus Muricea (Coelenterata: Octocorallia)
from the Caribbean Sea. Precious Corals and Octocoral Research 3: 23-27.

Bayer FM, Grasshoff M, Verseveldt J (1983) Illustrated Trilingual Glossary of Morphological
and Anatomical Terms Applied to Octocorallia. E.J. Brill/Dr. W. Backhuys, Leiden-the
Netherlands, 75 pp.

Blainville HMD de (1834) Manuel d’Actinologie ou de Zoophytologie. FG Levrault, Paris, 694 pp.

Breedy O, Guzman HM (2002) A revision of the genus Pacifigorgia (Coelenterata: Octocorallia:
Gorgoniidae). Proceedings of the Biological Society of Washington 115(4): 782-839.

Breedy O, Guzman HM (2003) A new species of Pacifigorgia (Coelenterata: Octocorallia: Gor-
goniidae) from Panamd. Zootaxa 128: 1-10. doi: 10.11646/zootaxa.128.1.1

Breedy O, Guzman HM (2015) A revision of the genus Muricea Lamouroux, 1821 (Anthozoa,
Octocorallia) in the eastern Pacific. Part I: Eumuricea Verrill, 1869 revisited. ZooKeys 537:
1-32. doi: 10.3897/z00keys.537.6025

Breedy O, Guzman HM (2016) A revision of the genus Muricea Lamouroux, 1821 (Antho-
zoa, Octocorallia) in the eastern Pacific. Part II. ZooKeys 581: 1-69. doi: 10.3897/zook-
eys.581.7910

Castro CB, Medeiros MS, Loyola LL (2010) Octocorallia (Cnidaria: Anthozoa) from Brazilian
reefs. Journal of Natural History 44: 763-827. doi: 10.1080/00222930903441160

Dana JD (1846) Zoophytes. United States Exploring Expedition during the years 1838, 1839,
1840, 1841, 1842, under the command of Charles Wilkes, U.S.N. Vol. 7. Lea and Blanchard,
Philadelphia, 740 pp.

Deichmann E (1936) The Alcyonaria of the western part of the Atlantic Ocean. Memoirs of
the Museum of Comparative Zoology at Harvard College, Vol. LIII. Cambridge, Mass-
achsetts, 317 pp.

Ehrenberg CG (1834) Beitrage zur physiologischen Kenntniss der Corallenthiere im allge-
meinen, und besonders des rothen Meeres, nebst einem Versuche zur physiologischen
Systematik derselben. Abhandlungen der Koniglichen preussischen Akademie der Wis-
senschaften zu Berlin. Aus dem Jahre 1832. Erster Theil, 380 pp.

Gorzawsky H (1908) Die Gorgonaceenfamilien der Primnoiden und Muriceiden. Inaugural-
Dissertation zur Erlangung der philosophischen Doktorwurde der hohen philosophischen
Fakultat der Kongelige Universitit Breslau, Buchdruckerei H. Fleischmann, Breslau.

Gray JE (1859) On the arrangement of zoophytes with pinnated tentacles. Annals and Magazine
of Natural History 4(3): 439-444.

Haeckel E (1866) Generelle Morphologie der Organismen. Berlin, 1036 pp. doi: 10.1515/97831-
10848281

Hardee M, Wicksten MK (1996) Redescription and taxonomic comparison of three eastern
Pacific species of Muricea (Cnidaria: Anthozoa). Bulletin of the Southern California Academy
of Sciences 95(3): 127-140.



10 Odalisca Breedy ¢ Hector M. Guzman | ZooKeys 629: 1-10 (2016)

Harden DG (1979) Intuitive and Numerical Classification of East Pacific Gorgonacea (Octo-
corallia). PhD Thesis, Illinois State University, Illinois.

Hickson SJ (1928) Papers from Dr. Th. Mortensen’s Pacific Expedition 1914—16. XLVIL. The
Gorgonacea of Panama Bay together with a description of one species from the Galdpagos
Islands and one from Trinidad. Videnskabelige Meddelelser Fra Dansk Naturhistorisk
Forening 85: 325-422.

Kolliker RA von (1865) Icones histiologicae oder Atlas der vergleichenden Gewebelehre.
Zweite Abtheilung. Der feinere Bau der hoheren Thiere. Erstes Heft. Die Bindesubstanz
der Coelenteraten. Verlag von Wilhelm Engelmann, Leipzig, 181 pp.

Kiikenthal W (1919) Gorgonaria. Wissenschaftliche Ergebnisse der deutsche Tiefsee-Expedi-
tionen “Valdivia® 1898-99 13(2): 1-946.

Lamouroux JVF (1816) Histoire des polypiers coralligénes flexibles, vulgairement nommés
Zoophytes. Caen, F. Poisson, 560 pp. doi: 10.5962/bhl.title.11172

Lamouroux JVF (1821) Exposition méthodique des genres de ordre des polypiers, avec leur
description et celles des principales especes, figurées dans 84 planches; les 63 premieres ap-
partenant a 'Histoire Naturelle des Zoophytes d’Ellis et Solander. Paris, chez Mme Veuve
Agasse, Paris, 115 pp. doi: 10.5962/bhl.title.11328

Marques ACS], Castro CB (1995) Muricea (Cnidaria, Octocorallia) from Brazil, with description
of a new species. Bulletin of Marine Science 567(1): 161-172.

Milne Edwards H, Haime J (1857) Histoire naturelle des coralliaires ou polypes proprement dits,
Vol. 1. 4 la Libraire Encyclopédique de Roret, Paris, 326 pp.

Nutting CC (1910) The Gorgonacea of the Siboga Expedition. III. The Muriceidae Siboga
Expedition Monograph, 13b, 108 pp.

Riess M (1929) Die Gorgonarien Westindiens. Kapitel 8. Die Familie Muriceidae. Zoologische
Jahrbuecher Systematik Supplement 16(2): 377-420.

Studer T (1887) Versuch eines Systemes der Alcyonaria. Archiv fiir Naturgeschichte 53(1):
1-74.

Tixier-Durivault A (1970) Octocoralliaires. Campagne de la “Calypso” au large des cotes atlantiques
de 'Amérique du Sud (1961-1962). Annales de I'Institut Oceanographique 47: 145-169.

Valenciennes A (1855) Extrait d’une monographie de la famille des Gorgonidees de la classe
des polypes. Comptes Rendus Académie des Sciences, Paris, 41: 7—15. doi: 10.5962/bhl.
part.28683

Vargas-Castillo R (2008) Estomatépodos y decdpodos (Crustacea), de la expedicién R/V Ur-
racd-STRI (2005) en las costas del Pacifico central y norte de Costa Rica. Revista de Biologia
Tropical 56(4): 105-112.

Verrill AE (1868) Ciritical remarks on halcyonoid polyps in the museum of Yale College, with
descriptions of new genera. American Journal of Science and Arts 45: 411-415.

Verrill AE (1869) Notes on Radiata in the Museum of Yale College, Number 6: Review of the
corals and polyps of the West Coast of America. Transactions of the Connecticut Academy
of Arts and Sciences (Second Edition) 1: 418-518.

Wright EP, Studer T (1889) Report of the Alcyonaria collected by H.M.S. “Challenger” during
the years 1873-91876. Challenger Reports: Zoology 31(64): 1-314.



A peer-reviewed open-access journal

ZooKeys 629: 1149 (2016)

o121 +Z00Keys

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

Two new mite species of the genus Zygoseius Berlese
from Mexico (Acari, Mesostigmata)

Ali Ahadiyat', Frédéric Beaulieu?

| Department of Entomology, Science and Research Branch, Islamic Azad University, Tehran, Iran 2 Canadian
National Collection of Insects, Arachnids and Nematodes, Agriculture and Agri-Food Canada, 960 Carling
avenue, Ottawa, ON K1A 0C6, Canada

Corresponding author: Ali Ahadiyar (a.ahadiyat@srbiau.ac.ir; ali.ahadiyat@hotmail.com)

Academic editor: £ Faraji | Received 9 August 2016 | Accepted 13 September 2016 | Published 7 November 2016

http://zoobank.org/ DAF04819-EFD8-462C-AA6B-1D3ED3D2FCB4

Citation: Ahadiyat A, Beaulieu F (2016) Two new mite species of the genus Zygoseius Betlese from Mexico (Acari,
Mesostigmata). ZooKeys 629: 11-49. doi: 10.3897/zookeys.629.10121

Abstract
Two new species of mites of the genus Zygoseius Berlese, Z. papaver sp. n. and Z. lindquisti sp. n., collected
from moss and flood debris, respectively, in a creek in Chiapas State, Mexico, are described herein.
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Introduction

The genus Zygoseius Berlese, 1916 is a moderately small genus of mesostigmatic mites,
with 13 described species currently. It was first defined by Berlese (1916) as a subgenus
of Lasioseius Berlese, 1916, with description of the species Z. furciger, collected from
ants’ nests in Argentina. The genus was variously reviewed by Halliday (1997), Karg
(1998) and Karg and Schorlemmer (2009). Zygoseius species are found in soil, leaf lit-
ter, moss, compost, cow and chicken dung, and ants’ nests (Halliday 1997, Karg 1998,
Karg and Schorlemmer 2009). Some species were found in association with insects,

namely dung beetles (e.g. Z. furciger (Costa 1963) and Z. sarcinulus Halliday, 1997
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(Halliday 1997)). Feeding behavior has been observed for one species, Z. furciger,
which fed readily on nematodes (Walter and Ikonen 1989).

The taxonomic placement of Zygoseius is still problematic and authors placed it in
various families: Ascidae sensu lato or Blattisociidae (Evans 1958, Sheals 1962, Costa
1963, Hyatt 1964), Halolaclapidae (Karg 1998, Christian and Karg 2006, Karg and
Schorlemmer 2009), Laelapidae (Vitzthum 1943) and Pachylaelapidae (Lindquist
and Evans 1965, Hafez and Nasr 1982, Krantz and Ainscough 1990, Halliday 1997,
Moraza and Pefa 2005, Lindquist et al. 2009, Childers and Ueckermann 2015).
Magdn and Halliday (2014) excluded the genus from Pachylaelapidae based on its leg
chaetotaxy and the two dorsal shields of the deutonymphs. Recently, the molecular
analyses of Sourassou et al. (2015) suggest that Zygoseius is related to members of the
superfamily Rhodacaroidea.

Materials and methods

Mite specimens were collected from moss and debris in Chiapas State (officially the
Free and Sovereign State of Chiapas), Mexico, in May 1969. All specimens had been
extracted from samples using Berlese-Tullgren funnels, then cleared in lactophenol and
mounted in Hoyer’s medium on microscope slides. Specimens were examined using a
Zeiss Axio Imager M2 and a Leica DM 2500 compound scopes, attached to cameras
AxioCam ICc 5 and ICC50 HD, respectively. Images and morphological measure-
ments were taken via ZEN 2012 software (version 8.0) and Leica Application Suite
(LAS) software (version 4.2, Live and Interactive Measurements modules). More than
120 morphological characters were examined and measured for each species. All the
measurements were given as ranges of minimum-maximum, in micrometers (um).
Lengths of shields were taken along their midlines from the anterior to posterior mar-
gins; widths were measured approximately at mid-level (at the widest point) for the
dorsal shield, between mid-level of coxae II (at the narrowest point) for the female
sternal shield, and from the posterior part of coxae IV (at the widest point) for the
male holoventral shield. Epigynal shield lengths were measured along their midlines
from anterior margin of hyaline extension to posterior shield margin and also from the
level of setae sz5 to the posterior shield margin. Epigynal and ventrianal shield widths
were measured at the widest point, past sz5 level, and near ZV2 level, respectively. Leg
lengths were measured ventromedially from the base of coxa to the apex of tarsus,
excluding the ambulacrum (ambulacral stalk, claws and pulvillus); lengths of leg seg-
ments were taken dorsomedially. Ambulacra were measured ventromedially including
pulvilli and claws. Setae lengths were measured from the bases of their insertions to
their tips. Distances between setae were measured from the center of the setal alveolae.
Corniculi were measured from the apex to the median section of posterior margins.
Chelicera lengths were measured for: the first or basal segment, second segment (from
base to apex of the fixed digit; width measured at the widest point), fixed digit (from
dorsal poroid to apex) and movable digit (from base to apex). Length of peritreme
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was measured from the anterior margin of stigmata to the anterior end of peritreme.
Length and width of anal opening were measured excluding the raised band of cuticle
surrounding the anus. Idiosomal notation for setae used in this paper follows that of
Lindquist and Evans (1965). The notations for leg and palp setae follow those of Evans
(1963a, 1963b). Idiosomal and peritrematal shield notations for pore-like structures
(gland pores and poroids/lyrifissures) follow the systems of Athias-Henriot (1971) for
ventral idiosoma and Athias-Henriot (1975) for dorsal idiosoma. The notations of
spermathecal structures are based on Athias-Henriot (1968) and Evans and Purvis

(1987).

Results

Zygoseius papaver sp. n.
http://zoobank.org/0DFF7672-E02A-48B3-90D8-1CC9D5601100
Figures 1-14, 27-31, Plate 1

Diagnosis (female). Dorsal shield oval, well-reticulated throughout, except nearly
smooth medially between setae j6—/4; shield with serrated lateral margins. Dorsal setae
smooth, relatively short, all <35 long, some podonotal (s3-5, z6) and opisthonotal
(/1, ]2, J4, Z1-4) setae longer than other setae; setae /5 strongly mesad, and slightly
anterad Z5. Sternal shield irregularly and sparsely micropunctate, with a transverse,
recurved linea posterad level of setae sz/. Epigynal shield punctate, mostly anteriorly
and laterally. Ventrianal shield wider than long, lineate except anterad anus, and punc-
tate except in anterior fourth; setae /V /-2 1.5-2x as long as other setac on shield.
Peritrematal shield micropunctate; punctae larger in poststigmatic region. Soft lateral
and opisthogastric integument bearing nine pairs of short setae. Epistome bifurcate,
distal haves of projections bipectinate. Hypostomal setae /1 twice as long as 42 and
1.5x as long as /3. Cheliceral movable digit with two subapical, unconspicuous teeth.
Cheliceral fixed digit with two subapical teeth. Genua II-III with 10 and 8 setae, lack-
ing setae av and pu, respectively. Spermathecal apparatus with globular spermatheca
separated from small, ring-like sperm reservoir by a thick-walled, short duct; spermatic
canal long, narrow.

Description. Female (n = 11). Dorsal idiosoma (Figs 1, 28). Dorsal shield ovoid,
340-374 long, 252-275 wide (length/width ratio: 1.26-1.44), completely covering
idiosoma, slightly widened posteriorly. Shield margins serrated posterolaterally from
level of setae 73. Shield well-reticulated throughout, except more or less smooth med-
ially in j5—6 region and in median narrow band between setae j6—/4. Reticulations
in opisthonotal region densely covered with small punctae. Posterior region between
pairs of setae /4, Z4, |5 with large punctae, not reticulate. Dorsal shield bearing 37
pairs of setae, 23 and 14 pairs on podonotal and opisthonotal regions, respectively; se-
tae /3 missing. Dorsal setae less than 35 long (Table 1), all smooth, acuminate, slightly
widened in basal halves, except /5 pilose in basal half (Fig. 3A); setae /4 slightly pilose
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Figure 1. Zygoseius papaver sp. n., female, dorsal idiosoma.

basally in some specimens (Fig. 3B). Dorsal idiosoma with 23 pairs of pore-like struc-

tures, including seven gland openings and 16 poroids.
Ventral idiosoma (Figs 2, 29). Tritosternum with a trapezoidal base 22-27 long,

11-13 wide proximally, 4-6 wide apically, and a pair of laciniae, 76-83 long; laciniae
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Figure 2. Zygoseius papaver sp. n., female, ventral idiosoma.

with barbs relatively short and blunt (Fig. 4). Sternal shield 93-105 long, 55-65 wide
(Iength/width ratio: 1.50—1.78), bearing two pairs of poroids (iv/-2), and three pairs
of smooth, subequal setae s2/-3 (Table 1); anterolateral arms of shield each insens-
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Table I. Lengths of most idiosomal setae of Zygoseius papaver sp. n. and Z. lindquisti sp. n.

Setae Z. papaver Z. lindquisti
Female (n=11) Male (n=1) Female (n=2)
jl 10-15 : -5-7
j2 17-25 2 14-17
i3 19-27 24 15-17
4 18-25 21 16-19
is 16-20 15 14-17
j6 16-20 17 16-20
J1 26-30 24 27-32
J2 24-32 26 28-34
J4 24-30 22-24 30-31
75 16-22 17-19 19-21
zl 9-12 ? - 5-7
22 17-21 ~12 13-18
23 17-25 - 20 17-19
24 19-31 22 15-19
25 16-23 16 15-19
26 24-32 30 26-34
Z1 22-29 27 30-31
72 25-30 26 33-34
Z3 23-28 22 31-33
74 22-28 22 30-31
zZ5 15-22 16 20-26
sl 12-17 ~11 14-19
s2 19-26 ? 17-22
s3 21-28 22 19-21
s4 22-27 25 18-21
s5 23-30 25 22-24
s6 19-22 18 28-29
S1 18-24 ? 27-31
$2 17-23 18 29-32
83 16-21 - 16 26-30
S4 1622 19 27-31
S5 16-21 17 28-31
2 12-20 - 16 19-20
3 14-17 15 19-21
r4 18-20 21 20-21
r5 17-20 ? 22-25
76 19-20 ~20 24-29
stl 16-21 18 16-20
st2 17-23 16 20-23
st3 17-22 18 18-21
st4 15-20 13 16-19
st5 18-24 14 18-19
Jvi 25-32 25-27 19-23
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Setae Z. papaver Z. lindquisti
Female (n=11) Male (n=1) Female (n=2)
Jv2 26-34 28-30 22-25
JV3 16-22 17-18 16-19
JV4 13-17 13-14 20-21
Jv5 14-18 14-15 18-19
VA% 12-18 10-14 15-16
VA 11-17 12 18-21
ZV3 14-17 13-15 18-21
Para-anal setae (pa) 18-22 18 21-24
Post-anal seta (po) 17-23 16 20-22

? the seta was insufficiently clear to be measured.

> @ (@ ‘@

20 um

Figure 3. Zygoseius papaver sp. n., female, A seta /5 B seta /4.

ibly fragmented apically into a platelet, itself abutting subtriangular exopodal plate
between coxae I and II; shield anterior margin with a weak, wide median depression
and two subtriangular projections; posterior margin narrow, truncate. Shield irregu-
larly and sparsely micropuntate. A transverse, recurved linea posterad level of setae sz1.
Metasternal platelets fused to endopodal elements, arc-like in shape, punctate, bearing
simple setae 574 and poroids iv3. Epigynal shield trapezoidal, 72-79 long, 22-27 long
from sz5 to posterior margin, 68-81 wide (length/width ratio: 0.91-1.03), with punc-
tae most conspicuous in anterior and lateral portions; lineate posteriorly, three pairs of
large subcircular sigillae centrally; anterior hyaline portion rounded, poorly sclerotized,
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Figure 4. Zygoseius papaver sp. n., female, tritosternum.

indistinct; shield widest past level of sz5, with posterior margin truncate; closely abut-
ting ventrianal shield. Setae sz5 smooth, inserted near shield lateral margins; poroids
iv5 near posterolateral margins of shield. Ventrianal shield subpentagonal, expanded,
wider than long, 113-121 long, 147-180 wide (length/width ratio: 0.70-0.80),
straight anteriorly between setae ZV1. Shield distinctly lineate anteriorly, distinctly
punctate posteriorly and medially, weakly lineate posterad /V2 level, with small punc-
tae in lateral margins; shield with five pairs of pre-anal and three circum-anal setae,
all smooth. Setae /VI-2 subequal, 1.5-2x as long as other setae (Table 1); para-anal
setae inserted near level of anterior margin of anal opening; gland openings g3 on
posterolateral margins of shield near mid-level of anus; cribrum well-developed, with
a few narrow transversal strips of spicules; anal opening 20-25 long, 18-22 wide, sub-
triangular to ovoid, located in posterior fourth or third of shield. Peritreme 175-198
long, densely covered by aciculae, extending anteriorly almost to level of seta 2/, with
one gland pore (gp) located at mid-level of coxa II. Peritrematal shield wide, essentially
in ventral position; completely fused to exopodal, parapodal and metapodal elements,
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Figure 5. Zygoseius papaver sp. n., female, peritrematal shield.

extending well behind posterior level of coxae IV. Shield essentially micropunctate
throughout, with larger punctae in poststigmatic region, bearing four pore-like struc-
tures (id3, gd3, id7), including gv2. Exopodal element between coxae II-III insensibly
separated from posterior portion of more posterior exopodal-peritrematal elements
(Fig. 5). Soft lateral and opisthogastric integument finely plicate, bearing nine pairs of
short smooth setae, 11-20 long, most of which slightly thickened basally; soft cuticle
with five pairs of poroids (4 ivo, idR3), and one subcircular platelet bearing two pore-
like structures (putatively a gland pore, and an associated poroid), near posterolateral
margin of peritrematal-metapodal shield.

Gnathosoma. Epistome (Fig. 6) bifurcate, with two long (12-20) and relatively
thick projections, forming a U-shape at their bases (separated by 4—7); distal halves
of projections deeply serrated on both inner and outer margins, margins proxim-
ally smooth; basal margins coarsely serrated laterally. Posteromedian ridge with
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Figure 6. Zygoscius papaver sp. n., female, epistome.

denticles in lateral portions; larger denticles or tubercles on posterolateral ridges.
Corniculi (Fig. 7) 28-31 long, horn-like. Internal malae (Fig. 7) with a pair of
smooth lobes, apically blunt, membranous, almost reaching apex of corniculi; la-
brum longer than internal malae, fimbriate distally. Hypostomal and capitular se-
tae (Fig. 7) smooth, needle-like, 41 (39-45)>h3 (24-31)>pc (17-24)=h2 (17-21).
Deutosternum (Fig. 7) with seven transverse rows of denticles; rows broad, variable
in width, 5% and 7%, or 5-7* rows usually broader, anteriormost (first) row with
larger denticles; numbers of teeth in rows from anterior row (1%) to posterior row
(7™), respectively: 7-9, 12, 10-12, 13-14, 14-15, 13-15, 13-15. Chelicera (Fig.
8) with movable digit with two subapical, inconspicuous teeth; fixed digit with two
subapical teeth followed by a short, relatively thick pilus dentilis; dorsal cheliceral
seta short, setiform; first cheliceral segment 34-55 long, second 103-110 (17-28
wide), fixed digit 29-33, movable digit 34-40. Palp (Fig. 9) 101-107 long, with
dorsal surfaces of genu and especially femur with some sigillae; trochanter 11-14
long, femur 31-37, genu 27-30, tibia 19-22; apotele 3-tined. Palp chaetotaxy:
from trochanter—tibia 2-5-6-14 setae; trochanter 0 0/1 0/1 0, femur 1 2/0 1/0 1,
genu 2 2/0 1/0 1 and tibia as in Fig. 9; all palp setae smooth, tapered; av (v2, sensu
Evans 1963b) on trochanter strongly bent inwards (Fig. 27); / on femur, a/I-2 on
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Figure 7. Zygoscius papaver sp. n., female, subcapitulum.

genu and one of &/ setae on tibia short and spatulate; genu with stout spur dorsod-
istally (see arrow, Fig. 9).

Legs (Figs 10-13). Lengths of legs: 1 265-305, 11 253279, 11 234-250, TV 271—
300. Lengths of femora: I 56-64, 11 42-58, III 45-53, IV 58-68; genua: I 4549, 11
36-41, 11l 25-30, IV 27-32; tibiae: I 40-46, 11 29-36, 111 27-29, IV 30-36; tarsi: |
57-65, 11 73-85, 111 67-73, IV 82-95; ambulacra: 1 20-23, 11 20-24, III 19-22, IV
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Figure 8. Zygoscius papaver sp. n., female, chelicera, ventro-paraxial view.

22-25. Chaetotaxy of leg segments I-1V normal for Zygoseius (sensu Halliday 1997)
except for genu I and genu III: coxae 2-2-2-1, or I-1I1 (0 0/1 0/1 0), IV (0 0/1 0/0 0);
trochanters 6-5-5-5, or I (1 0/1 1/2 1), IT (1 0/1 0/2 1), III-IV (1 1/1 0/2 0); femora
13-11-6-6, or I (2 3/1 2/3 2), 11 (2 3/1 2/2 1), III-1V (1 2/1 1/0 1); genua 13-10-8-9,
or1(23/23/12),11(23/02/12),111(22/12/01),IV (22/13/0 1); tibiae 13-10-8-8,
or1(23/23/12in 10 females or 2 4/2 3/1 2 in one of the 11 females), IT (2 2/1 2/1
2), III-IV (2 1/1 2/1 1); tarsi II-IV 18-18-18, all as 3 3/2 3/2 3 + md and mwv. All setae
on legs I-1V simple, relatively short and tapered, except: femur I with pd//—2 thickened
(lengths: pd1 12-13, pd2 10-11); tarsi II-1V with apical setae a/I, avl, pvi, plI and
subapical setae av2, pv2, md and mv short, spur-like. Trochanter III with small cuticu-
lar spur posterolaterally, and trochanter IV with two cuticular spurs, posterolaterally
and posterodorsally. Sigillae on ventral surfaces of coxae I-IV and trochanters I-II,
and dorsal surfaces of femora, genua and tibiae I-1V, and basitarsi II-IV. All ambu-
lacra with a pair of well-developed hooked claws. Pulvilli not discerned.
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Figure 9. Zygoseius papaver sp. n., female, palp, excluding tarsus, dorsal view.

Spermathecal apparatus (Plate 1). Spermatheca (Plate 1C) globular, large (diameter
8-11), connected to a short, thick-walled duct (5-10 long), followed by a small ring-
like sperm reservoir (diameter 5-6), and a narrow and long spermatic canal (16-24
long), sometimes widened basally (as in Plate 1B).

Male (n = 1). Dorsal idiosoma (Fig. 30). Dorsal shield oval, 338 long, 252 wide
(length/width ratio: 1.34), completely covering idiosoma. Shield ornamentation and
chaetotaxy similar to those of female, except reticulation in central region of idiosoma
between setae j6—j6 to /2—/2 more distinct.

Ventral idiosoma (Fig. 31). Tritosternum as in female, 14 long, 11 wide proxim-
ally, 6 wide apically; laciniae 76 long. Gonopore diameter 20, discernible part of duct
50 long. Holoventral shield 271 long, 217 wide (length/width ratio: 1.25), reticulate
nearly throughout except between setae sz5-/V1, cells punctate inside and along mar-
gins; ventral region weakly lineate and punctate between setae /VI and /V2, with more
distinct punctae laterally and especially posteriorly. Holoventral shield fused laterally to
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Plate 1. Zygoseius papaver sp. n., female, A, B spermathecal apparatus in two different females. Abbrevia-

tions: sp.c.= spermatic canal, sp.res.= sperm reservoir, spt.= spermatheca € spermatheca.

peritrematal, metapodal and exopodal elements, bearing 12 pairs of simple and smooth
setae (five and seven pairs on sternogenital and ventrianal regions, respectively) (Table 1),
and three smooth circum-anal setae; shield with nine pairs of pore-like structures (7v1-3,
iv5, gv2-3, three pairs of ivo), excluding those on peritrematal-exopodal shields. Setae
JVI-2longer than other ventral setae, including /V3-5, ZVI-3 (Table 1). Peritreme 178
long. Soft lateral and opisthogastric integument with 67 pairs of short setae, 715 long,
slightly thickened basally, and two or three pairs of pore-like structures. Anal opening
subtriangular, 22 long and 19 wide. Other features of ventral idiosoma as in female.
Gnathosoma. Epistome as in female, with two projections, 19 long, distance between
bases of projections 5. Corniculi (26 long) and deutosternum as in female. Lengths of
hypostomal setae: 1 39, h2 14, h3 24, pc 19. Chelicera and spermatodactyl not avail-
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Figures 10-13. Zygoseius papaver sp. n., female, legs I-IV, dorsal view.

able for study (broken off specimen). Palp 98 long, similar to that of female; trochanter
13 long, femur 40, genu 22, tibia about 21; palp setae and chaetotaxy as in female.

Legs. Lengths of legs: I 288, 11 239, I11 231, IV 288. Lengths of femora: 1 61, II 44,
11 55, IV 60; genua: 1 45, 11 37, 111 26, IV 30; tibiae: I 44, 11 32, 111 25, IV 31; tarsi: 1
61,1171, I11 68, IV 87, ambulacra: I 18, II 20, III 19, IV 24. Chaetotaxy of legs I-IV
similar to that of female, except that the femur II has one conical spine-like projection
ventrodistally (Fig. 14). Setae pdI-2 on femur I thickened as in female, pd1 14-15,
pd2 10-12. Sigillae locations similar to those of female.
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Figure 14. Zygoseius papaver sp. n., male, trochanter-genu II, ventral view.

Immature stages. Unknown.

Material examined. Holotype: Female. Mexico, Chiapas State, Volcan Tzonte-
huitz, 9000 ft. (= 2743.2 m. a.s.l.), 12 miles NE of San Cristébal de Las Casas, from
moss on log, 19 May 1969, coll. J. M. Campbell. Paratypes: 15 females, 1 male, same
data as holotype. The holotype and 12 paratypes (females and male) are deposited at
the Canadian National Collection of Insects, Arachnids and Nematodes (CNC) at the
Agriculture and Agri-Food Canada, Ottawa, Canada, and four female paratypes are
deposited at the Acarology Collection of the Department of Entomology (ACDE),
College of Agriculture and Natural Resources, Science and Research Branch, Islamic
Azad University, Tehran, Iran.

Etymology. The specific name refers to the shape of the spermatheca of the new
species, which resembles the capsule of opium (Papaver somniferum L., 1753). It is
considered as a noun in apposition.

Remarks. The spermathecal apparatus of Z. papaver sp. n. is distinct from that of
any other Zygoseius species for which it was described: the spermetheca is globular and
larger than any other sclerotized part of the apparatus, and ends in a flower-like pattern.
The new species can also be distinguished by its long /7-2 setae relative to the distance
between /I and /2 setae (ratio setal length/distance = 0.90 + 0.06 st.dev., range 0.75—
1.0). Based on their illustrations, a few species described from South America have long
J1-2 setae relative to the distance between them, such as Z. alveolaris Karg, 1998 and Z.
triramuli Karg & Schorlemmer, 2009 (Karg 1998, Karg and Schorlemmer 2009), but
these have a different arrangement of setae of the j—/ series, including the presence of /3.

The epistome of Zygoseius papaver sp. n. is unique among described species, with rela-
tively short but thick projections that are conspicuously barbed apically. The epistome
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of Z. laticuspidis Karg, 1998 is similar; however, it is even more swollen apically, and is
slightly denticulate on the basal margin in-between the projections. Zygoseius laticuspidis
also has /5 setae inserted mesad of Z5 (note, however, that the relative position of /5 and
Z5 can vary, depending on how flattened is the dorsal shield on the slide). The new spe-
cies can further be distinguished from Z. laticuspidis by its shorter dorsal setae (all are <30
long; most are 30-60 long in Z. laticuspidis), 4 setae separated by 1.4—1.9x the distance
between /1 setae (/4—/4 distance over twice that between /1-/1 in Z. laticuspidis), and by
the presence of nine pairs of setae on the opisthogastric soft cuticle (six pairs in Z. laticus-
pidis). Other Zygoseius species can be distinguished from Z. papaver sp. n. by some of the
same characters mentioned above, as well as by (1) its epistome; (2) the length and width
(and their ratios) of the dorsal, sternal and ventrianal shields; (3) relative length of dorsal
setae, especially Z5; (4) the ornamentation of the dorsal and sternal shields; and (5) long
JVI-2 setae, 1.5-2x as long as other pre-anal setae on the ventrianal shield, and as long
as about 2/3 of distance between JV1 and JV2. Zygoseius ampullus Halliday, 1997 and Z.
Jforamenis Karg, 1998 also have longer /VI-2 setae but clearly differ by their epistomes,
and by shorter //—2 setae and a ventrianal shield as long as wide. In the key to species of
Karg and Schorlemmer (2009), Z. papaver sp. n. would reach couplet 3 (12), and can be
distinguished from species in (3) and (12) by the characters mentioned above.

Another distinguishing feature of Z. papaver sp. n. is the distinctly serrated lateral
margins of the dorsal shield. This also characterizes Z. ovatus Karg, 1998. The margins
of the dorsal shield of other species may appear somewhat serrated (e.g. Z. ampul-
lus, Z. metoecus Halliday, 1997 and Z. separatoporus Karg, 1998), although the serra-
tion matches with the insertion of setae in marginal positions (mostly 7 and § setae),
whereas in the new species and at least in Z. ovatus, most serration are independent
of setal insertions. Such serrated margins of the dorsal shield are reminiscent of the
dorsal shield of many Zerconidae (Ujvdri 2010, 2011) and some species of Pachyseius
Berlese (Pachylaelapidae) (Masdn 2007, Ahadiyat et al. 2016). Note that the serration
of dorsal shields in zerconid and Pachyseius species is largely correlated, although not
entirely, with the insertion of marginal setae.

Zygoseius papaver sp. n. also differs from other Zygoseius species by its reduced
chaetotaxy on genu II, lacking seta av, and genu III, lacking seta pv, instead of the
usual complement of two ventral setae, including both v and pv as noted in the genus
diagnosis of Halliday (1997). His diagnosis was based on four species (Z. furciger,
Z. ampullus, Z. metoecus, Z. sarcinulus), so we can predict that other described (with
unstudied leg chaetotaxy) and undescribed species have such genual chaetotaxy. How-
ever, because at least another species of Zygoseius, newly described herein (see below),
sometimes lacks pv on genu III, we can suspect that other species also lacks such seta.
Members of other non-parasitic dermanyssine families lack both of these setae (e.g.
Phytoseiidae; Evans 1963a), or lacks either av on genu II (some Pseudolaelaps spe-
cies, Pseudolaelapidae; Masdn 2014) or more commonly pv on genu III (e.g. some
Eviphididae, Pachylaelapidae, Macrochelidae, Ascoidea, Blattisociidae; Evans 1963a,
Lindquist and Evans 1965, Moraza and Johnston 1990, Ma$dn 2007, Masdn and Hal-
liday 2010), showing plasticity of the development of those setae. Based on the studied
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chaetotaxy of Z. furciger and of other dermanyssines (Evans and Till 1965, Lindquist
and Evans 1965, Halliday 1997), when present in the adults, ventral setae of genua
II-III appear at the deutonymphal stage. Therefore, they are theoretically not as stable
as (i.e. less likely to be retained in the adult stage than) setae appearing at an earlier
developmental stage (Evans 1963a, Lindquist and Evans 1965, Rowell et al. 1978).

Zygoseius lindquisti sp. n.
http://zoobank.org/50B0C71A-5F59-4852-B39E-CID5E78895FB
Figures 15-26, 27, 32-33, Plate 2

Diagnosis. Dorsal shield oval, densely micropunctate, with relatively distinct reticula-
tion and lineation, except more weakly reticulated medially between setae j4—6. Edges
of lateral parts of dorsum smooth. Dorsal setae smooth, except /4 and /5 with a few
barbs basally; all setae less than 35 long; setae 26, 56, and all opisthonotal setae (except
J5 and Z5) 1.5-2x as long as other setae. Sternal shield densely micropunctate, except
in the regions of setal insertions. Epigynal shield conspicuously punctate in anterior
2/3, punctae lighter posteriorly. Ventrianal shield distinctly lineate in anterior half,
reticulate laterally and posteriorly; setae /V2 slightly longer than other setae on shield.
Peritrematal shield micropunctate throughout, punctae larger in poststigmatic region.
Soft lateral and opisthogastric cuticle with nine pairs of setae. Epistome bifurcate, thin
projections slightly converging, about twice as long as distance between their bases,
sparsely serrated in apical half. Hypostomal setae 41 about twice as long as 42, and
subequal to 43. Femur I with seta pd2 thickened. Spermathecal apparatus with a small,
kidney-shaped spermatheca directly connected to a globular, large sperm reservoir, fol-
lowed by a long spermatic canal with diverging walls.

Description. Female (n = 2). Dorsal idiosoma (Figs 15, 32). Dorsal shield oval,
396-413 long, 278-283 wide (length/width ratio: 1.40-1.48), completely covering
idiosoma; edges of lateral parts of dorsum smooth, with no marginal serration; shield
densely micropunctate throughout, distinctly reticulate-lineate, more weakly reticu-
late medially, especially between setae j4—j6 and posterad setae Z3—4 and around and
posterad /5. Dorsal shield with 37 pairs of setae, 23 and 14 pairs on podonotal and
opisthonotal regions, respectively; lacking setae /3. Dorsal setae less than 35 long,
all smooth, acuminate, slightly swollen basally, except /4-5 finely pilose basally (Fig.
17A, B). Opisthonotal setae about twice as long as podonotal setae (Table 1). Dorsal
idiosoma with 23 pairs of pore-like structures, including seven gland openings and 16
poroids.

Ventral idiosoma (Figs 16, 33). Tritosternum with a trapezoidal base, 23-28 long,
12-14 wide proximally, 4—6 wide apically, and a pair of laciniae (61-64 long). La-
ciniae with barbs relatively short and blunt (Fig. 18). Sternal shield 98-102 long,
66-71 wide (length/width ratio: 1.44-1.48), bearing two pairs of poroids and three
pairs of smooth, subequal setae sz7—3 (Table 1); shield anterolateral arms long, con-
tiguous to subtriangular exopodal plate between coxae I and II; anterior margin with



Two new mite species of the genus Zygoseius Berlese from Mexico (Acari, Mesostigmata) 29

A1

100 pm

Figure 15. Zygoseius lindquisti sp. n., female, dorsal idiosoma.

distinct median notch and two subtriangular projections; posterior margin truncate;
shield densely micropunctate throughout, except smooth around sternal setae. Com-
plex of metasternal and endopodal elements arc-shaped, mostly smooth, punctate in
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Figure 16. Zygoseius lindquisti sp. n., female, ventral idiosoma.

restricted areas, bearing simple setae s#4 and poroids iv3. Epigynal shield trapezoidal,
85-87 long, 22-24 long from sz5 to posterior margin, 81-84 wide (length/width
ratio: 1.03—1.07), conspicuously punctate in anterior 2/3, punctae lighter poster-
iorly; shield with transverse convex line passing behind setae s25; anterior hyaline
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Table 2. Distances between pairs of some dorsal and ventral idiosomal setae of Zygoseius papaver sp. n.

and Z. lindquisti sp. n.

Characters Z. papaver Z. lindquisti

Female Male Female
stl-stl 31-41 37 41-48
st2—st2 43-47 41 50-53
st3—st3 39-45 45 50-54
std—st4 51-57 37 61-63
st5—st5 55-62 39 62-65
J1-J1 37-49 31 52-58
J4-J4 63-80 61 81-83

J4-J4I]1-]1 1.38-1.72 1.96 1.42-1.57

J2-J2 34-47 38 45-47
Ji-J2 26-35 31 36-41

» \p

20 um

Figure 17. Zygoseius lindquisti sp. n., female, A seta /5 B seta /4.

portion rounded, indistinct; shield closely abutting ventrianal shield; three pairs of
suboval to subcircular sigillae medially, posterior ones larger, oval. Setae sz5 smooth,
inserted near shield lateral margins. Poroids 7v5 near posterolateral margins of epigy-
nal shield. Ventrianal shield subpentagonal, broad, 153-154 long, 189-196 wide
(length/width ratio: 0.79-0.81), with straight anterior margin; distinctly lineate in
anterior half, reticulate laterally and posteriorly; cells micropunctate inside and along
cell margins; shield bearing five pairs of pre-anal and three circum-anal setae, all
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Figure 18. Zygoseius lindquisti sp. n., female, tritosternum.

smooth; setae /V2 slightly longer than other setae; other setae subequal, except ZV1
shorter (Table 1); para-anal setae inserted at level of anterior margin of anal opening;
gland openings gv3 on posterolateral margins of shield at level of posterior margin of
anus; cribrum well-developed, 2—3 rows of spicules, extending along posterior shield
margin between gv3 openings; anal opening 25-26 long, 21-22 wide, subtriangular
to subcircular, located in posterior fifth or fourth of shield. Peritreme 191-198 long,
densely covered with aciculae, extending anteriorly near seta z/, with one gland pore
(gp) at mid-level of coxa II. Peritrematal shield wide, fused to exopodal, parapodal
and metapodal elements, extending well behind posterior level of coxae IV; shield
micropunctate, with larger punctae in poststigmatic region, with four pore-like struc-
tures (id3, gd3, id7, gv2). Exopodal element between coxae II-III fused with other
exopodal-peritrematal elements (Fig. 19). Soft lateral and opisthogastric integument
plicate, bearing nine pairs of setae, 15-30 long, slightly thickened basally, marginal
setae as the longest. Soft cuticle with five pairs of poroids, including four ivo, idR3,
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Figure 19. Zygoseius lindquisti sp. n., female, peritrematal shield.

and an oval platelet bearing two pore-like structures, at level of posterior margin of
peritrematal shield.

Gnathosoma. Epistome (Fig. 20) bifurcate, with two slender projections (16-20
long), forming a U shape at their bases (separated by 8-10), slightly converging; distal
halves of projections sparsely serrated on inner margin (in one specimen) or both inner
and outer margins (in other specimen), margins proximally smooth; basal margin fine-
ly serrated laterally; a transverse series of blunt to sharp tubercles posteromedially, and
fewer series laterally. Corniculi (Fig. 21) short, 24-26, horn-like. Internal malae (Fig.
21) finely developed, reaching slightly beyond corniculi; anterolateral margins fimbri-
ate, inner margins smooth; labrum fine, shorter than internal malae, finely fimbriate
distally. Hypostomal and capitular setae (Fig. 21) smooth, needle-like, 43 (21-about
28) and A1 (21-25)>pc (about 13-17)>h2 (8-9). Deutosternum (Fig. 21) with 6-7



34 Ali Abadiyat & Frédéric Beauliew | ZooKeys 629: 11-49 (2016)

20 um

Figure 20. Zygoseius lindquisti sp. n., female, epistome.

transverse rows of denticles, followed posteriorly by a smooth ridge; posteriormost row
of denticles widest; two anteriormost (1 and 2™) and posterior-most (5 and/or 6™)
rows with larger denticles; numbers of denticles from anterior to posterior rows: 8-10,
~9,10-11, - 10-11, 12-14, 15-18. Cheliceral teeth not clearly discernable (digits
oriented dorsoventrally); first cheliceral segment 35-44 long, second segment and
fixed digit unclear; movable digit 27-29; width of second segment 17-21. Palp (Fig.
22) 105-113 long, dorsal surfaces of femur and genu with some sigillae; trochanter
13-18 long, femur 34-36, genu 27-29, tibia 23-26; apotele 3-tined. Palp chaetotaxy:
from trochanter—tibia 2-5-6-14 setae; trochanter 0 0/1 0/1 0, femur 1 2/0 1/0 1, genu
2 2/0 1/0 1; tibia as in Fig. 22. All palpal setae smooth, tapered; av (22, sensu Evans
1963b) on trochanter strongly bent inwards (Fig. 27); @/ on femur, 2/I-2 on genu and
one of a/ setae on tibia short and spatulate; genu with stout spur dorsodistally (see ar-
row, Fig. 22).

Legs (Figs 23-26). Lengths of legs: 1 295-307, 11 257-261, 111 233-241, IV 307—
309. Lengths of femora: I 60-63, II 49-52, III 48-53, IV 64—66; genua: I 4445, 11
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Figure 21. Zygoseius lindquisti sp. n., female, subcapitulum.

42-44, 111 24-27, IV 31-34; tibiae: 1 42-45, 11 33-36, 111 28-29, IV 36-38; tarsi: |
66-72, 11 68-73, 1II 63-65, IV 88-91; ambulacra: I 21-25, I1 21-22, III 19-20, IV
20-22. Chaetotaxy of leg segments I-IV normal for Zygoseius (sensu Halliday 1997):
coxae 2-2-2-1, or I-III (0 0/1 0/1 0), IV (0 0/1 0/0 0); trochanters 6-5-5-5, or I (1
0/1 1/2 1); I1 (1 0/1 0/2 1), TII-IV (1 1/1 0/2 0); femora 13-11-6-6, or I (2 3/1 2/3
2), 11 (2 3/1 2/2 1), III-IV (1 2/1 1/0 1); genua 13-11-8 or 9-9, or I (2 3/2 3/1 2), 11
(23/12/12),111 (22/12/0 1 in one specimen, or 2 2/1 2/1 1 in another specimen),
IV (2 2/1 3/0 1); tibiac 13-10-8-8, or I (2 3/2 3/1 2), I (2 2/1 2/1 2), TI-IV (2 1/1
2/1 1); tarsi II-1V 18-18-18, all as 3 3/2 3/2 3 + md and mv. All setae on legs I-IV
simple, relatively short and tapered, except: femur I with pd/-2 thickened, pd2 thicker
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Figure 22. Zygoseius lindquisti sp. n., female, palp, excluding tarsus, dorsal view.

(lengths: pd1 10-12, pd2 11-12); tarsi II-11I with apical setae a/I, avl, pvi, plI and
subapical setae av2, pv2 and md short, spur-like; tarsus IV with setae a/1, avl, pv1, pl1
and md short, spur-like; tarsi II-IV with mv longer and slightly slender. Trochanter
I with small cuticular spur posterolaterally, and trochanter IV with two cuticular
spur posterolaterally. Ventral surfaces of coxae II-IV and trochanters I-II, anterolat-
eral surface of trochanter IV, and dorsal surfaces of femora and tibiae I-1V, genua and
basitarsi II-1V with some sigillae. All ambulacra with a pair of well-developed hooked
claws. Pulvilli not discerned.

Spermathecal apparatus (Plate 2). Spermatheca small, 6-8 wide, somewhat kidney-
shaped, with no stalk, directly connected to a globular, large sperm reservoir (diameter
17-21), followed by a long spermatic canal (27-34 long). Sperm reservoir presenting
a narrow central duct; spermatic canal with distinct walls, diverging basally.

Male and immature stages. Unknown.
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Figures 23-26. Zygoseius lindquisti sp. n., female, legs I-1V, dorsal view.

Material examined. Holotype: Female. Mexico, Chiapas State, 6 miles NE of
San Cristébal de Las Casas, from flood debris in creek, 15 May 1969, coll. Evert E.
Lindquist. Paratype: Female, same data as holotype. The holotype and paratype are
deposited at the Canadian National Collection of Insects, Arachnids and Nematodes
(CNC), Agriculture and Agri-Food Canada, Ottawa, Canada.
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Plate 2. Zygoseius lindquisti sp. n., female, A, B spermathecal apparatus in two different females (Abbre-
viations as mentioned in Plate 1).
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Figure 27. Seta av on palp trochanter of Zygoseius papaver sp. n., Z. lindquisti sp. n. and Z. furciger.

Etymology. The species is named in honor of Evert E. Lindquist, for his invalu-
able endeavors on the systematics of Mesostigmata over the years. The specimens of
this new species were collected by him.

Remarks. The dorsal seta of trochanter I in Z. papaver and Z. lindquisti is inserted
in a posterior position. We herein call this seta & (Figs 10, 23), although in the chaeto-
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Figure 28. Zygoseius papaver sp. n., female, dorsal idiosoma.

tactic formula, we indicated it as posterodorsal, given its clear posterior position, as in
Halliday (1997). Evans (1963a, fig. 1i) indicated ‘ad for this dorsal seta, as illustrated

for Pergamasus (Parasitidae). In the text, however, he called it ‘d, for Pergamasus and
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Figure 29. Zygoseius papaver sp. n., female, ventral idiosoma.

for other gamasines. We have examined adult specimens of other Zygoseius spp., as
well as of Pachylaelaps (Pachylaclapidae), Gaeolaelaps (Laelapidae), Asca (Ascidae),
Proctolaelaps (Melicharidae), Parasitus and Pergamasus (Parasitidae), and the dorsal
seta of trochanter I was usually inserted in a slightly to moderately posterior position,
and rarely on the mediodorsal line or in a (slightly) anterior position.
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Figure 30. Zygoseius papaver sp. n., male, dorsal idiosoma.

In his diagnosis of the genus Zygoseius, Halliday (1997) indicated one pv and one
pl setae on trochanter IV, whereas Evans (1963a) indicated two pv and no p/ (as we
did, herein). Indeed, pv! is inserted much more posteriorly than pv2 (although not
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Figure 3 1. Zygoseius papaver sp. n., male, ventral idiosoma.

necessarily posterolaterally), and this situation is similar to that of pv /-2 of trochanters
II-1II (Evans 1963a; Figs 11-13, 24-206).

In addition to poroid idR3, between setae R3 and R4, the soft opisthogastric cu-
ticle has a sclerotized complex of two pore-like structures, posterolaterad the peritre-
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Figure 32. Zygoseius lindquisti sp. n., female, dorsal idiosoma.

matal-metapodal shield. These structures may be two openings of the same underlying
gland complex; alternatively, they may be a gland opening and an associated poroid
(note that both of these structures are sometimes visible in lateral view when the soft
cuticle is folded, instead of the normal ventral view). It is unclear whether this gland
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Figure 33. Zygoseius lindquisti sp. n., female, ventral idiosoma.

opening is homologous to the one (gp) typically found in the poststigmatic region of
peritrematal shields in many Mesostigmata (e.g. Lindquist and Moraza 2016). This
double pore-like structure also occurs in Z. papaver sp. n., as well as in Z. ampullus and
Z. metoecus (Halliday 1997), and Z. sarcinulus (AA, personal observations).
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Zygoseius lindquisti sp. n. shares certain morphological features with Z. incisus Karg,
1998 and Z. margaritatus Karg & Schorlemmer, 2009, including: (1) an epistome with
two thin projections, about twice as long as distance between their bases, sparsely ser-
rated, mostly in apical half; (2) the ratio /4 setae inserted well farther apart from each
other than /7 setae (ratio of distance /4-/4/]/1-]1= 1.42-1.57 in Z. lindquisti sp. n.);
(3) J1-2 setae slightly shorter than distance between insertions of /I and /2 (length
J1-2 setae/J1-2 distance= 0.8-0.9 in Z. lindquisti sp. n.); (4) ventrianal shield with
short setae, including /VI-2; (5) the length of seta Z5 (20-26 in Z. lindquisti sp. n.).
It also has a spermathecal apparatus similar to Z. margaritatus, although the latter has
a more elongate, egg-shaped spermatic reservoir followed by a spermatic canal more
constricted distally. The spermathecal apparatus of Z. incisus is distinct, with a narrow
elongate spermatic canal. The species Zygoseius lindquisti sp. n. can further be distin-
guished from the two species by (1) the dense micropunctation on its dorsal, sternal
and genital shields, and its ventrianal shield lineate anteriorly and reticulate laterally
and posteriorly; (2) its relatively broad dorsal shield (396-413 long, 278-283 wide; vs
430 long, 260 wide in Z. incisus, 336-392 long, 231-256 wide in Z. margaritatus); (3)
its relatively wide ventrianal shield (153-154 long, 189—-196 wide; vs. 160 long, 170
wide in Z. incisus, 140 long, 182 wide in Z. margaritatus); (4) many longer setae in the
opisthonotal region (e.g. /1, /4, S5).

The new species also has a spermathecal apparatus similar to Z. furciger. Based on
the two females examined, however, Z. lindquisti sp. n. has a sperm reservoir globular
with enlarged spermatic canal throughout, whereas the sperm reservoir of Z. furciger
ranges from globular to oval with spermatic canal constricted distally (in proximity
to sperm reservoir). The detailed description of Halliday (1997) allows to easily dis-
tinguish the new species from Z. furciger, by (1) its sternal shield faintly lineate and
densely micropunctate (reticulate and with punctae along cell margins in Z. furciger);
(2) smaller dorsal shield (396-413 long; vs 418-518 in Z. furciger); (3) some setae in
opisthonotal region slightly longer (e.g. /1, /4); (4) hypostomal setae 41 and A3 sub-
equal in length (/3 about 1.5x as long as /1 in Halliday, 1997); (5) deutosternum with
67 rows of denticles (eight rows in Z. furciger).

Discussion

The record of a “Zygoseius sp.” by Palacios-Vargas (1983) probably represents from
the first mention of the genus in Mexico. Among the now 15 described species, 12
are found in South America, including one (Z. furciger) that is also found elsewhere
(USA, Africa, Israel); two (described herein) occur in Mexico, and one (Z. sarcinulus)
is widespread in Australia.

Some morphological characters are of particular interest for the diagnosis of Zygo-
seius species and possibly also for classifying them into species groups. Perhaps the
most useful character to distinguish Zygoseius species is the spermatheca itself varying
in size relative to the rest of the apparatus, and the sperm reservoir varying in shape,
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ranging from oval to globular (Halliday 1997, Karg 1998). More detailed studies of
the spermathecal apparatus will probably help further the systematics of Zygoseius,
analogously as to its use for other Mesostigmata, such as the Phytoseiidae (Chant and
McMurtry 1994, Beard 2001) and Pachylaelapidae (Masdn 2007).

The dorsal idiosomal chaetotaxy is moderately useful, with some setae varying
markedly in position between species, such as /5 relative to Z5, and with the atypical
presence of seta /3 in some species (in Z. triramuli and Z. alveolaris; Karg 1998). Al-
though Halliday (1997) stressed the difficulty in using shield ornamentation (e.g. ster-
nal shield) for species discrimination because of intraspecific variation, it is useful in
some cases, including for the dorsal, sternal and ventrianal shields (compare Z. papaver
and Z. lindquisti, Figs 1-2, 28-29, 15-16, 32-33; Halliday 1997).

The epistome and the male chelicerae appear as the most studied (or most often
illustrated) gnathosomal characters in Zygoseius. There is some interspecific varia-
tion in the epistome, including the number (usually 2, rarely 3 or 4) and length
of projections, and the extent of barbs on the margins. These variations are overall
only moderate, although overall represent useful diagnostic features. Male cheli-
cerae may be useful, with some apparent variation in dentition and in the lengths
of spermatodactyls (e.g. Z. furciger has a longer spermatodactyl relative to cheliceral
digits; Halliday 1997, Karg 1998, Karg and Schorlemmer 2009). The dentition
of the female chelicerae has been illustrated for a few species only (Z. incisus, Z.
alveolaris, Z. furciger (in Halliday 1997), Z. papaver sp. n.), and may differ in some
species (e.g. Z. incisus has stronger teeth). The deutosternum has a variable numbers
of transversal rows of denticles; e.g. that of Z. papaver, Z. lindquisti and Z. furciger
have 7, 6-7 and 8 rows of denticles, respectively. The relative lengths of hypostomal
setae (h1-h3, pe) also vary significantly, with some species having a particularly
long A1 seta (e.g. in Z. papaver sp. n.), whereas in other species (e.g. Z. lindquisti
sp. ., Z. furciger), h3 tends to be the longest.
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