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RESUMEN.

El género Stenochrus estaba conformado por 22 especies descritas, distribuidas
mayoritariamente en México y Centroamerica, las cuales habitaban principalmente en cuevas, y
selvas tropicales, aunque también pueden ser encontradas en selvas bajas y bosques templados.
Adicionalmente, la morfologia encontrada dentro del grupo era muy variable con respecto a otros
géneros del orden Schizomida, debido a esta variabilidad, la caracterizacion morfologica del
género Stenochrus es compleja.

La Unica caracteristica diagnostica del género Stenochrus era la presencia de dos pares de
I6bulos en la espermateca, en las cuales, los I6bulos laterales se encuentran reducidos;
adicionalmente, el flagelo de los machos presenta un relieve dorsal liso, sin ninguna
modificacion. Por consiguiente, el género Stenochrus se convirtio en un género “basurero” en el
cual ubicaban a todas las especies que carecian de estructuras modificadas o que no podian
encajar con la descripcion de algan otro género. Lo anterior conllevo a que cerca de ocho
especies fueran ubicadas dentro de Stenochrus en los Ultimos afos, en las cuales se ha hecho
énfasis de la ubicacion de esas especies dentro de Stenochrus debido a que su ubicacion dentro
de algun otro género era conflictiva.

De esta manera se describen 10 especies nuevas, las cuales difieren de las actuales
especies descritas, en su morfologia y distribucion geogréafica (Capitulos 111y IV). La mayoria de
las diferencias morfoldgicas que pueden ser observadas en las especies de Stenochrus varian en
las diferentes combinaciones de caracteres en el flagelo de los machos, la armadura y forma de
los pedipalpos, asi como la forma general de las espermatecas.

Adicionalmente se reporta por primera vez dentro del género Stenochrus la presencia de
dimorfismo en los pedipalpos de los machos adultos, el cual habia sido reportado anteriormente
en los géneros Rowlandius y Mayazomus (Capitulo I11). De esta forma, el dimorfismo sexual
podria ayudar a la caracterizacion y delimitacion de las especies del género Stenochrus, sin
embargo las implicaciones bioldgicas o evolutivas de esta condicion aun son desconocidas.

Por ultimo se presentan los resultados filogenéticos realizados con evidencia morfologica
y molecular, los cuales dieron como resultado que el género Stenochrus era un grupo
parafilético. Tras la exhaustiva examinacion de la morfologia del grupo y con base en los analisis
filogenéticos se propone una nueva clasificacion natural, la cual refleja la historia evolutiva del
grupo, describiendo seis géneros nuevos, re-diagnosticando el género Stenochrus y finalmente
revalidando el género Heteroschizomus (Capitulos IV y V).



ABSTRACT.

The genus Stenochrus included 22 described species, mostly distributed in Mexico and Central
America, which inhabited mainly in caves and tropical forests, but could also be found in dry
forests and pine/oak forest. Additionally, the morphology present within the group was very
variable with respect to other genera of the order Schizomida, and due to this variability, the
morphological characterization of the genus Stenochrus was complicated.

The only diagnostic feature for Stenochrus was the presence of two pairs of lobes in the
spermathecae, with lateral lobes reduced; additionally, the male flagellum presents a smooth
dorsal relief, without any modification. Therefore, the genus Stenochrus became a "junkyard"
genus in which they located all the species that lacked modified structures or that could not fit
with the description of some other genus. This led to the fact that in the last years, about eight
new species were located within Stenochrus, in which emphasis had been placed on the location
of these species within Stenochrus because their location in another genus was conflictive.

Thus, we described 10 new species, which differ from the formerly described species, in
their morphology and geographical distribution (Chapters 111 and V). Most of the morphological
differences that can be observed in Stenochrus species vary in the different combinations of
characters in the flagellum of the males, the armature and shape of the pedipalps, as well as the
general shape of the spermathecae.

Additionally, the presence of dimorphism in pedipalps of adult males was reported for the
first time within the genus Stenochrus, which had previously been reported in the genera
Rowlandius and Mayazomus (Chapter I11). Therefore, the sexual dimorphism could help in the
characterization and delimitation of the species of the genus Stenochrus; however, the biological
or evolutionary implications of this dimorphic condition in males are still unknown.

Finally, the phylogenetic results of the morphological and molecular data are presented,
which recovered Stenochrus as a paraphyletic group. The exhaustive examination of the
morphology of the group and based on the phylogenetic analysis, a new and natural classification
is here proposed, which reflects the evolutionary history of the group, describing six new genera,
re-diagnosing the genus Stenochrus and revalidating the genus Heteroschizomus (Chapters IV
and V).



INTRODUCCION GENERAL.

El orden Schizomida es un grupo de aracnidos considerado como uno de los grupos menores
dentro de la clase Arachnida debido a su diversidad (Harvey, 2003). Esta compuesto por dos
familias: Protoschizomidae Rowland, 1975 con tres géneros y 17 especies, endémica a
Norteamérica y la familia Hubbardiidae Cook, 1899 con 59 géneros y 339 especies distribuidas
alrededor del mundo (Harvey, 2003, 2013; Monjaraz-Ruedas et al., 2017). En el continente
Americano se distribuyen aproximadamente 29 géneros de Hubbardiidae, de los cuales 14
géneros son monotipicos, seis generos incluyen solo dos especies y solo nueve de ellos contienen
mas de dos especies, siendo los géneros Rowlandius Reddell y Cokendolpher, 1995 (56 spp.),
Stenochrus Chamberlin, 1922 (22 spp.) y Surazomus Reddell y Cokendolpher, 1995 (22 spp.) los
mas diversos (Harvey, 2003, 2013; Monjaraz-Ruedas y Francke, 2015). En México, actualmente
se distribuyen seis géneros pertenecientes a las dos familias: los géneros Protoschizomus
Rowland, 1975 (6 spp.) y Agastoschizomus Rowland, 1971 (8 spp.) dentro de Protoschizomidae;
y los géneros Mayazomus Reddell y Cokendolpher, 1995 (9 spp.), Pacal Reddell y
Cokendolpher, 1995 (3 spp.), Stenochrus (22 spp.), y Sotanostenochrus Reddell y Cokendolpher,
1991 (2 spp.) dentro de Hubbardiidae (Harvey, 2003, 2013; Monjaraz-Ruedas y Francke, 2015).

El género Stenochrus esta distribuido en Estados Unidos, Guatemala, Honduras,
Nicaragua y México, siendo este tltimo el pais con la mayor diversidad con 22 especies (Harvey,
2003; 2013) (Tabla 1). Sin embargo, la presencia de la especie cosmopolita Stenochrus
portoricensis Chamberlin, 1922, amplia el rango de distribucion del género hacia Belice,
Bermuda, Brasil, Colombia, Cuba, Dominica, Ecuador, Eslovaquia, Espafia, Estados Unidos,
Guatemala, Honduras, Inglaterra, Islas Virgenes, Jamaica, México, Nicaragua, Panam4, Puerto
Rico, Republica Checa y Republica Dominicana (Christophoryova et al., 2013; Harvey, 2013;
Korenko et al., 2009).

Actualmente, las especies incluidas dentro del género Stenochrus presentan una amplia
diversidad morfologica que puede ser observada en las diferentes formas en el flagelo de los
machos (el caracter mas importante en la delimitacion de especies), en la diversidad de tamafios
corporales, diferentes coloraciones, diferentes patrones sedales e inclusive la presencia de
dimorfismo sexual en algunas especies, el cual se ve enteramente reflejado en la modificacion de
los pedipalpos de los machos. Esta gran diversidad morfoldgica puede deberse a que las especies
actualmente incluidas en el genero Stenochrus se distribuyen en una gran cantidad de habitats
diferentes, que van desde cuevas, selvas bajas, selvas altas, bosques de pino y matorrales
(Rowland y Reddell, 1980). Otro factor que muy probablemente afecta la diversidad morfologica
del genero es la probable existencia de una mezcla de dos componentes biogeograficos
diferentes, siendo que las especies distribuidas en Estados Unidos y el Norte de México tienen
mayor similitud morfoldgica con especies del género Hubbardia Cook, 1899 (California, EU),
mientras que las especies distribuidas en el Sur de México y Centro America, presentan una
mayor afinidad morfologica a las especies de generos Sudamericanos como Belicenochrus
Armas y Viquez, 2010, Rowlandius Reddell y Cokendolpher, 1995 y Surazomus. Por lo cual, el
género podria estar conformado por fauna Neartica y Neotropical, ampliando de esta forma la
variabilidad morfoldgica, tal como fue reportado por Rowland (1975) y Reddell y Cokendolpher
(1995). Sin embargo, la diversidad morfologica también podria estar dada por la mezcla de mas
de un grupo natural (diferentes géneros) en lo que actualmente esta definido como Stenochrus
(Reddell y Cokendolpher, 1995).



Historia Taxondmica

El género Stenochrus fue originalmente descrito por Chamberlin (1922) para ubicar a la especie
Stenochrus portoricensis, basandose en la ausencia de mesopeltidio y la presencia de l16bulos
laterales reducidos en las espermatecas de las hembras (Reddell y Cokendolpher, 1991). Més
tarde Rowland (1973) sinonimizo el género Stenochrus con el género Schizomus Cook, 1899
argumentando que la presencia de mesopeltidio es una caracteristica presente en todos los
miembros del orden Schizomida (Reddell y Cokendolpher, 1991). De esta forma Rowland y
Reddell (1980,1981) describen 16 especies de Guatemala, México y Estados Unidos dentro del
género Schizomus, las cuales ubicaron en los grupos ““mexicanus’, “pecki’” y ““goodnightorum”.
Sin embargo, més tarde Reddell y Cokendolpher (1991) deciden resucitar el género Stenochrus
basandose unicamente en los Iobulos laterales de las espermatecas de las hembras y ubicar en el
a las 16 especies incluidas en los grupos “mexicanus™, “pecki” y *““goodnightorum”, quedando
incluida dentro del género una gran diversidad morfoldgica.

Los unicos trabajos filogenéticos realizados con esquizomidos del Nuevo Mundo fueron
realizados con miembros de la familia Protoschizomidae. Cokendolpher y Reddell (1992)
pusieron a prueba la monofilia de la familia utilizando miembros del orden Thelyphonida y dos
representantes de la familia Hubbardiidae como grupos externos; encontrando que la familia se
recuperaba como un grupo monofiletico con dos géneros: Agastoschizomus Rowland, 1971y
Protoschizomus Rowland, 1975. Recientemente, Monjaraz-Ruedas et al. (2017) encontraron que
la familia Protoschizomidae en realidad esta conformada por tres géneros (incluyendo uno
conocido solo de un fosil del Mioceno, de Arizona, EE. UU.) y que la posicion de
Protoschizomus en relacion con Agastoschizomus es conflictiva.

El dnico trabajo referente a la familia Hubbardiidae es el de Rowland (1975) con su tesis
doctoral, donde realizé la revision de las especies del Nuevo Mundo ubicadas en el género
Schizomus y propuso siete grupos de especies para acomodar y diferenciar a las diferentes
especies. El analisis cladistico realizado por Rowland (1975) y basado en solamente 12
caracteres morfologicos, recuperd a siete grupos de especies monofiléticos, siendo el grupo
“briggsi’ el grupo hermano de los seis grupos restantes, los cuales a su vez, se agrupaban en dos
grandes clados “mexicanus’+“pecki’” +’goodnightorum” y
“brasilensis”+*““dumitrescoae”+*“simonis’. Posteriormente, Rowland y Reddell (1979a, 1979b,
1980 y 1981) erigen formalmente los grupos ““brasilensis™, ““briggsi’’, ““dumitrescoae”,
“mexicanus”, “pecki’, “*goodnightorum” y “simonis”.

Mas tarde Reddell y Cokendolpher (1991) retomaron el estudio de los esquizémidos del
Nuevo Mundo y decidieron reubicar a todas las especies de los grupos “mexicanus”, ““pecki” y
““goodnightorum” dentro del género Stenochrus independientemente de las caracteristicas
morfologicas que presentaba cada grupo de especies, ignorando el anélisis cladistico de Rowland
(1975), y basandose unicamente en los Iobulos laterales reducidos en las espermatecas.
Finalmente realizaron la rediagnosis del género Stenochrus, con lo cual quedo conformado el
género con 22 especies validas.

Por otro lado, durante la revision del género Mayazomus por Monjaraz-Ruedas y Francke
(2016), en el cual se puso a prueba la monofilia del género Mayazomus utilizando como grupo
externo a diferentes géneros norte, centro y sudamericanos (Hubbardia, Rowlandius,
Hansenochrus y Stenochrus), y ademas se incluyeron representantes de cada grupo de especies
recuperado por Rowland (1975) (“mexicanus™, *““pecki”, ’goodnightorum”’, “brasilensis”,
“dumitrescoae™, “*simonis’) en una matriz morfolégica con 130 caracteres, encontraron que el
género Stenochrus se recuperaba como un grupo parafilético cercanamente relacionado a géneros



centroamericanos (Fig. 2). Sin embargo, otro analisis realizado por Monjaraz-Ruedas y Francke
(2017) (Capitulo Il — Articulo requisito) con diferentes taxones demostrd que bajo esa hipotesis,
el género Stenochrus se recuperaba como un grupo monofilético hermano del género
Belicenochrus (Fig. 3). Dichos resultados conflictivos, ambos basados en una muestra pequefia
de la diversidad del género indicaron posibles conflictos en la verdadera naturaleza del género
Stenochrus.

Por consiguiente, un anélisis exhaustivo haciendo uso de evidencia morfologia y
molecular, ademas de adicionar las nuevas especies encontradas y ubicadas momentaneamente
dentro de Stenochrus, era necesario, para establecer una hipdtesis de las relaciones internas del
género, asi como de la naturaleza (monofiletico o no) del género Stenochrus.
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Schizomid female flagellum, including the number of “flagellomeres” and the setae, are among the most
important taxonomic characters within the order. It is widely used to diagnose genera within both extant
families. Despite the traditional use in schizomid taxonomy, the phylogenetic signal of these charac-
ters has been only once tested in the systematics of Protoschizomidae. However, our understanding
of the pseudosegmentation of the flagellum, along with different terminologies of the relative posi-
tion of certain setae, creates conflict in terms of homology assessments. In the present contribution,

Keywords: . homology hypotheses and the phylogenetic importance of these characters across the only two extant
Ancestral state reconstruction e . . . .

Model-based families Protoschizomidae and Hubbardiidae were established and tested. The analyses were based on 44
Parsimony morphological characters of 22 schizomid exemplar species, and two thelyphonid species as outgroup.

Setae Parsimony, Bayesian inference analyses, and the ancestral state reconstruction of the “annuli” characters
Flagellomere were conducted. The resulting topology revealed Hubbardiidae as monophyletic with the two subfamilies
currently recognized (Hubbardiinae + Megaschizominae). However, Protoschizomidae was not recovered
as monophyletic. The ancestral state reconstruction of the number of annuli in the common ancestor of
Schizomida suggested gain and loss of the different annuli at different hierarchical levels. Finally, the
flagellum contains robust taxonomic characters, but caution needs to be taken when used to diagnose
genera.
© 2016 Elsevier GmbH. All rights reserved.

1. Introduction has evolved multiple times in many contexts (Davis and Patel,

1999).

Body segmentation or metamerism is considered as repetition
of a unit comprising characters that involve the whole body along
the anterior-posterior axis (Willmer, 1990; Davis and Patel, 1999).
Arthropod segmentation and tagmosis still represent a dogma in
multiple discussions in a wide range of contexts such as EvoDevo,
phylogeny and taxonomy (Fusco and Minelli, 2013). Accordingly to
Minelli and Fusco, (2004) tagmosis in arthropods can be invariable
in the number of segments of the body (e.g. decapod crustaceans) or
variable (e.g. spirostrepid millipedes). In arthropod appendages the
tagmosis is evident in antennae or legs, suggesting the metamerism

* Corresponding author.
E-mail addresses: cae@ibt.unam.mx, ironc81@hotmail.com
(C.E. Santibafiez-Lépez).
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Within Arachnida, tagmosis is evident in the body, like the ter-
gites in the opisthosoma, with subsequent losses in most of the
spiders (apomorphic condition), except in Mesothelae which con-
serves the plesiomorphic condition (Garrison et al., 2016); and
appendages, like tarsomeres of legs in Amblypygi and Opiliones
(Harvey, 2003; Shultz and Pinto-da-Rocha, 2007), or in the flagel-
lum in Thelyphonida and Palpigradi (Harvey, 2003; Giribet et al.,
2014).

One of the most important characters supporting the Uropygi
clade (Thelyphonida + Schizomida) is the presence of a distinctive
flagellum (post anal appendage). Particularly in schizomids, the
female flagellum (Fig. 1) bears different and important taxonomic
characters such as “segments” (Fig. 2), and distinctive setal patterns
(e.g., Harvey, 1992a; Cokendolpher and Reddell, 1992; Moreno-
Gonzailez et al., 2014; Monjaraz-Ruedas and Francke, 2015).
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Fig. 1. Habitus of Agastoschizomus lucifer (Q); arrow showing flagellum.

The current terminology of the setae on the flagellum in
Schizomida is conflictive in terms of homology statements for phy-
logenetic analyses, due to the confusion of the relative position of

certain setae with respect to each other in the two extant families:
Protoschizomidae and Hubbardiidae. Both families were recov-
ered as monophyletic in previous works (i.e. Cokendolpher and
Reddell, 1992). The main reason for this confusion is the lack of
understanding of the underlying pseudosegmentation in the flag-
ellum. Furthermore, the terminology proposed by Cokendolpher
and Reddell (1992) is unsatisfactory. In the present contribution,
considering that both families (Hubbardiidae and Protoschizomi-
dae) were recovered monophyletic in the previously mentioned
work, we conducted a phylogenetic analysis using a taxon sam-
pling, which represents the diversity of the order Schizomida. Our
analyses are based on twenty two schizomid species and two the-
lyphonid species as outgroup, and 44 morphological characters, to
establish homology hypotheses and test the phylogenetic signal
of the setal patterns and annuli in female’s flagellum across both
schizomid families.

2. Methods
2.1. Taxa

Material examined (Supplementary file 1) is deposited in the fol-
lowing collections: American Museum of Natural History, New York
(AMNH); Coleccion Nacional de Aracnidos, Instituto de Biologia,
Universidad Nacional Auténoma de México, Mexico City (CNAN);
and Natural History Museum, London (NHM).

Observations were made using a Nikon SMZ-800 and a SMZ-
1500 stereomicroscope, and a Nikon Eclipse E100 microscope.
Terminology follows Cokendolpher and Reddell (1992), except for
cheliceral (Lawrence, 1969), and flagellum setae terminology (see
below).

Drawings were obtained from digital images taken under visible
light with a Nikon Coolpix S10 VR camera attached to a Nikon SMZ-
800. Images were edited with Adobe Photoshop CS6, and drawings
were edited with Adobe Illustrator CS6.

SEM photographs for four species of the two schizomids fam-
ilies (Agastoschizomus lucifer, Hubbardia pentapeltis, Stenochrus
portoricensis and Mayazomus aluxe); and two thelyphonid species

Fig. 2. Agastoschizomus lucifer. Showing the annuli of the female flagellum under different types of microscope. (A) Schema of the dorsal view, (B) photo of dorsal view under

stereoscopic microscope. (C) SEM photograph of dorsal view.
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Fig. 3. Scheme representing the loss/gain of annuli and flagellomere; and the relative position of the setae in dorsal and ventral views, black dots represent the setae present
whereas open circles represent absence. (A) Megaschizominae; (B) Protoschizomidae (C) scheme representing the loss of the flagellomere IV and annulus ‘d’, that produced
the reduced length of the flagellum of Hubbardiinae; (D) flagellum with three annuli which can be found on genera as Rowlandius, Piaroa, Hubbardia, Mayazomus, etc. (E)
flagellum with two annuli which can be found on genera as Stenochrus, Surazomus, Pacal, Draculoides, etc.

(Mastigoproctus giganteus and Mastigoproctus sp.) were taken using
a Hitachi S-2460N Scanning Electronic Microscope, at the Insti-
tuto de Biologia, UNAM, Mexico. Preparation of the samples follows
Acosta et al. (2007).

2.2. Annuli terminology

We labelled the annuli from basalmost to distalmost with
lower-case letters (a—e), based on Megaschizomus (genus with the
highest number of annuli: five); and the flagellomeres, follow-
ing Cokendolpher and Reddell (1992) with roman numerals (I-VI)
(Figs. 2 and 3).

2.3. Data matrix

We examined 48 species, including all extant species in Pro-
toschizomidae, and 33 species of 14 genera in Hubbardiidae: 31
species of 13 genera in Hubbardiinae and 2 species of genus
Megaschizomus of Megaschizominae (including Me. mossambicus
and one unpublished record not listed in the Supplementary file
1). Given that the number of setae and annuli in Hubbardiidae was
conservative (based on our observations and the recent illustrated
spieces descriptions), we only scored four representative species of
Protoschizomidae, 17 Hubbardiinae species (10 species with two
annuli representing 26% of the genera with two annuli; and seven
species with three annuli representing 37% of the genera with three
annuli) and one Megaschizominae species. From the 17 species of
Hubbardinae, we examined seven and scored 10 from the literature
(e.g., all species of Apozomus).

Forty-four qualitative characters of adult morphology (Sup-
plementary file 2) were scored (Supplementary file 3) for 24
terminal taxa in the analysis using museum material and 13 species
from the literature: Etienneus africanus (Hentschel, 1899)(coded
from Huff and Prendini, 2009); Apozomus watsoni, Harvey (1992);
A. pellew, Harvey (1992); A. rupina Harvey (1992); A. sauteri
(Kraepelin, 1911)(all Apozomusspecies were coded from Harvey,
1992a); Attenuizomus mainae (Harvey, 1992a); Bamazomus mada-
gassus (Lawrence, 1969); Antillostenochrus cokendolpheri Armas
and Teruel (2002); Afrozomus machadoi (Lawrence, 1958)(coded
from Reddell and Cockendolpher, 1995); Draculoides vinei, (Har-
vey, 1988)(coded from Harvey et al.,2008); Piaroa virichaj, Villarreal
et al. (2008); Schizomus crassicaudatus, (O.P.-Cambridge, 1872)and
Trithyreus grassi (Thorell, 1889)(both coded from Reddell and
Cockendolpher, 1995). Fourteen characters were modified from
Cokendolpher and Reddell (1992) and two characters were taken
from Shultz (2007). Thirty-eight characters were binary and six
multistate. Seventeen characters were scored only for females, and
seven were scored only for males. Fifteen characters were scored
from setal patterns and annuli in the flagellum. Five characters were
uninformative.

2.4. Parsimony phylogenetic analyses

A driven search of the 39 informative characters was conducted
in TNT (Goloboff et al.,, 2003a,b, 2008) combining three of the
new technology algorithms (Nixon, 1999; Goloboff, 1999) exe-
cuted using a script file modified from Dimitrov et al. (2013) and
Santibafiez-Lopez et al. (2014): hold 100,000; rseed1; xm: noverb

8
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Fig.4. SEM photographs of different members of Hubbardiinae. (A and B) Hubbardia
pentapeltis, with three annuli. (C and D) Stenochrus portoricensis, with two annuli. (E
and F) Mayazomus aluxe, with three annuli.

nokeep; rat: it 0 up 4 down 4 au 0 num 36 give 99 equa; dri: it 10
fit 1.00 rfi 0.20 aut 0 num 36 give 99 xfa 3.00 equa; sec: mins 45
maxs 45 self 43 incr 75 minf 10 god 75 drift 6 glob 5 dglob 10 rou
3 xss 10 — 14 +2 noxev noeq; tf: rou 5 minf 3 best ke nochoo swap;
xm: level 10 nochk rep 50 fuse 3 dri 10 rss css noxss mult nodump
conse 5 conf 75 nogive notarg upda autoc 3 xmix; xm; xmult;. Analy-
ses were conducted with equal weighting and implied weighting,
using three values of the concavity constant (k=1, 3, 10), to assess

the homoplasious characters under the effect of weighting them
(Santibafez-Lopez et al., 2014). The relative support for each node
on the preferred hypothesis was calculated with Bremer support
(Bremer, 1994) and jackknife resampling (Farris et al., 1996).

Bremer support was calculated in TNT by searching for subop-
timal Trees 10 steps longer, and holding 1000 trees per replication.
Jackknife support was estimated with exact searches of 1000
pseudoreplicates, using the commands resample jak repl 1000.
Characters were optimized unambiguously on cladograms with
WinClada (Nixon, 2002) and were edited with Adobe Illustrator
C6.

We removed seven characters related to the annuli, to observe
if these characters were contributing to the support or grouping of
taxa, and conducted the same analyses mentioned above.

2.5. Bayesian inference analysis

Ever since Lewis (2001) proposed the model to analyze mor-
phological data under model-based inference, some problems on
the use of parsimony to analyze this kind of data have been
argued (i.e Ronquist, 2004). However, the role of morphology in
the reconstruction of the evolutionary history of organisms under
the model-based approach remains subjective to the combined use
with molecular data (e.g., Leaché and Reeder, 2002; Wiens, 2004;
Glenneretal.,2004; Nylanderetal.,2004; Rawlings et al.,2008),and
only to a few studies analyzing fossil terminals (Snively et al., 2004;
Friedman, 2007; Prieto-Marquez, 2010; Lee and Worthy, 2011).

Rindall and Brower (2011) presented arguments on the broad
similarity between the topologies recovered by model-based infer-
ence analyses and those from parsimony; and recently, Spencer
and Wilbert (2013) criticized the efficiency and the convenience of
those model-based analyses versus parsimony. It is not our inten-
tion to compare the efficiency of both approaches with our dataset
here, but to contrast slightly the way these approaches treat char-
acter evolution.

The matrix was analyzed (complete and without the annuli
characters) under the Bayesian inference using MrBayes ver. 3.2
(Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck,
2003). The model used was set using the command prset symdiri-
hyperpr =fixed (infinity). All characters were considered unordered
using the command ctype unordered:all. Since all characters were
informative, they were coded as informative using the command
Iset coding =informative. The analysis comprised two iterations of
four Markov chain Monte Carlo models, performed for 50 million
generations. Trees were sampled every 1000 generations, those
sampled before stationary discarded using the burnin command.
The majority 50% rule consensus tree was obtained using the com-
mand sumt. It was visualized in the FigTree software and edited in
Adobe Illustrator C6.

2.6. Ancestral states reconstruction

We reconstructed the ancestral states of characters 37-42
(female flagellum annuli characters). Analyses were conducted
using SIMMARP (Bollback, 2006) employing Bayesian inference, and
with BayesTraits ver 2.0 (Pagel and Meade, 2004, 2006) employ-
ing the Maximum Likelihood approach. For these analyses we used
the topology recovered by the Bayesian analysis of the matrix
without the annuli characters (chars 37-42). The SIMMAP analy-
sis consisted in 1000 iterations under the following parameters:
characters 37-41, were treated with a Beta distribution prior (as
default settings), and a gamma distribution prior with k value of
90; while character 42 (multistate) was treated with an Equal (1/k)
prior and same gamma distribution. The BayesTraits analyses con-

9
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Fig. 5. Agastoschizomus lucifer. Female flagellum, dorsal view. Showing different close-ups of the different annuli. (A) General view. (B) Annulus ‘a’. (C) Annuli ‘c’ and ‘d". (D)
Annuli ‘d’ and ‘e’. (E) Ventral view of annulus ‘e’. (F) Close-up of annulus ‘e’.

Fig. 6. SEM photos showing true segments: (A-D) flagellum of Mastigoproctus giganteus. (A and B) Basal segments. (C and D) Distal segments. (E and F) Legs of Paramitraceras
sp. (Opiliones) (E) Leg I. (F) Leg II.

10



R. Monjaraz-Ruedas et al. / Zoologischer Anzeiger 263 (2016) 118-134 123

Fig. 7. Male flagellum nomenclature with the hypotheses of homology. (A) Mayazomus infernalis (Rowland, 1975); (B) Agastoschizomus lucifer Rowland (1971). Scale

bars=1mm.

sisted in 1000 bootstrap iterations using only the clades of interest
(i.e. Hubbardiidae and Hubbardiinae).

3. Results and discussion

3.1. Segments, annuli or articles?

The female flagellum of schizomids, when observed under an
optical microscope, shows circular light-colored or “thinner” areas

of the cuticle, each one termed “annulus” (plural =annuli) for their
ring-like appearance, and whose definition and number have been
used in systematics for many years. Millot (1949) in a general work
about the order (Uropygi: Schizopeltida) refers to the sections of
the flagellum between annuli as “articles”, even though there is
not a flexible articulation between them. Lawrence (1958) indi-
cated that the female of Afrozomus machadoi (Lawrence, 1958) has
“no true joint, but three rather indistinct, fine ‘pseudoarticulations’
dividing the appendage into four segments”; whereas in the origi-

11
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Fig. 8. Schema of the dorsal (A and D), ventral (B and E) and lateral views (C and F) of the female flagellum of Protoschizomidae and Megaschizominae. (A-C) Agastoschizomus

lucifer. (D-F) Megaschizomus mossambicus. Scale bars=1 mm.

nal description of Me. mossambicus (Lawrence, 1958) he described
the female flagellum as “consisting of three distinct segments, a
long basal and two much shorter ones, the apical one slender and
distinctly pointed; the long basal segment with three fine but dis-
tinct transverse sutures dividing it into four ‘pseudosegments’ but
quite different from the complete divisions separating the true seg-
ments.”
Later, Rowland and Reddell (1979: 165) indicated that:

“The articles of the female flagellum are joined either by seg-
mentation and annulation or by annulation alone. The term
segmentation does not suggest that the articles are derived from
metameres, but only that they are separated from each other by
a slight membranous region. Annulations, on the other hand,
appear to represent lines of incomplete fusion of two flagellar
articles.”

Unfortunately, these authors left the term “article” undefined,
and the distinction between “segmentation” and “annulation” in
many specimens is not clear. Subsequently, working with Aus-
tralian schizomids, Harvey (1992a) used the term “segments” to
refer to the portions between annuli. In their revision of of Proto-
schizomidae, Cokendolpher and Reddell (1992: 33) indicated that:

“There are five positions on the female flagellum of schizomids
where annuli can occur. These areas may be evident as thin-
ning of the cuticle (sometimes only on ventral surface) or as
clean breaks in the cuticle. . . The distinction between segments
and articles is not entirely clear. When examined under 100X
the divisions between segments appear as breaks in the cuticle.
The lines are generally thin and sometimes difficult to see. No
musculature is evident and it is unlikely that these segments
can be moved. Attempts to bend the flagellum at a segmen-
tal junction in a preserved specimen results in a clean break at

12
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the border. Subdivisions of the segments are evident by areas
of thinned cuticle. These zones are sometimes quite wide and
appear lighter in color than the surrounding cuticle. Segments
do not appear to break at these subdivision zones and in pre-
served specimens this zone will withstand some bending. When
the flagellum is divided by breaks in the cuticle we refer to the
resulting subdivisions as segments. When a segment or entire
flagellum is divided by only thinnings in the cuticle we refer to
the resulting units as articles. Annuli are also present in juveniles
but not in the flagellum of mature males.”

Subsequently, the same authors (Reddell and Cokendolpher,
1995:14) in their comprehensive work on the order indicated that:

“The female flagellum may be segmented or be segmented and
contain thin areas (articles) of the cuticle that allow bending
of the flagellum. ... The Protoschizomidae and Megaschizomi-
nae have both segments and articles, whereas the Hubbardiinae
possess only segments.”

Based on SEM images of protoschizomids and Hubbardiinae
(Figs. 4 and 5) and some of the observations of Cokendolpher and
Reddell (1992), there is no evident segmentation of the flagellum of
female and juvenile schizomids, since there are no divisions, breaks
or muscles associated to the annuli on the cuticle, in contrast to true
segmentation in the flagellum of Mastigoproctus (Thelyphonida;
Fig. 6A-D) or in the leg tarsomeres in Paramitraceras (Opiliones;
Fig. 6E-F). SEM images (Figs. 4 and 5) show the female’s flagel-
lum as a smooth cylinder, without any divisions (except for a tiny
discontinuity in the surface of the flagellum where the annuli is
observed); those that exist are only visible with transmitted light.

The apparent segments of the cuticle in the flagellum of The-
lyphonida perhaps allows the observed flexibility in the longer
flagellum of those arachnids (Fig. 6A-D), and for those reasons it
does not break, as suggested by Cokendolpher and Reddell (1992).
Thus, the annuli in schizomids are just thinning on the cuticle, of
variable width and depth, which can be observed through trans-
mitted light (Fig. 2). It is incorrect to refer as “true” segmentation
or articles (given the above definition) in the female’s flagellum.
Furthermore, it is evident that “segments”, “pseudosegments” and
“articles” in the female and juvenile flagellum are homologous, as
demonstrated below. Therefore, we propose the use of the term
flagellomere to refer to the areas between annuli, since a flagellom-
ere represents a part of a complete flagellum and does not involve
any kind of muscles or cuticular breaks at each annulus.

3.2. Annuli configuration in Protoschizomidae and Hubbardiidae

The positions of setae are good indicators or “place-holders” that
allow us to homologize the loss of annuli in the members of Proto-
schizomidae and Hubbardiinae with respect to Megaschizominae
species examined (Fig. 3A). In Megaschizominae, flagellomere II
bears one dorsal (Dm1) and three ventral (Vm1 and Vm2 paired);
flagellomere III has one pair of dorsal (DI1) and one pair of ventral
(Vm3) setae; flagellomere IV has one pair of dorsal (Dm3) and one
pair ventrally (Vm4); flagellomere V has one pair dorsal (DI2) and
one ventral (Vmb5); and finally, flagellomere VI has three distal-most
setae, two dorsal (DI3 and DI4) and one ventral (VI2) (Fig. 3, Table 1).

The general pattern in Protoschizomidae (Fig. 3B), where
females normally have four annuli and five flagellomeres (or excep-

Fig. 9. Strict consensus of the five most parsimonious trees (L= 65, CI=0.600, RI=0.819, Fit=27.025, adjusted homoplasy =4.975) obtained from the analysis of 37 morpholog-
ical characters (annuli characters deactived) coded for 22 schizomid species and 2 thelyphonid species with implied weighting with k value = 3. Unambiguous synapomorphies
optimized on branches: black squares indicate uniquely derived apomorphic states, white squares indicate parallel derivations of apomorphic states; numbers above squares
indicate characters, numbers below indicate states. Jackknife values greater than 70% indicated above branches, Bremer support values below branches.
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Fig. 10. Phylogram obtained by Bayesian analysis of 44 morphological characters coded for 22 schizomid species and 2 thelyphonid species. Posterior probabilities indicated

on branches.

tionally less), is that annulus ‘b’ is absent, and flagellomeres II and
Il are thus completely fused: the fused flagellomere Il +1II bears
setae Dm1, Vm1 and VI2 (paired), which are homologous to those
in Megaschizominae flagellomere II; and DI1 and Vm3 (both paired),
also homologous to those in Megaschizominae flagellomere III. In
addition, protoschizomids have Dm2, which is absent in Hubbardi-
idae. Protoschizomid flagellomere IV has one pair of dorsal setae
(Dm3) and Vm4 (paired) homologous to those in Megaschizominae.
Flagellomere V has DI2 (paired), which are homologus to those in
Megaschizomiae; but also, presents a single Dm4 and a pair of VI1
(absent in Megaschizominae, but present in Hubbardiinae). Finally,
flagellomere VI bears three distal-most setae, two dorsal (DI3 and
DI4) and one ventral (VI2) as in megaschizomines (Fig. 3A, Table 1).

Some genera of Hubbardiinae have three annuli (e.g. Afrozomus,
Attenuizomus, Hubbardia, Notozomus, Rowlandius) whereas others
have only two (e.g. Apozomus, Bamazomus, Draculoides, Stenochrus,
Surazomus). There is a report of one species, Burmezomus cav-
ernicola (Gravely, 1912), by Bastawade (2004) indicating that this
species has no annulus; however, in his illustration (Fig. 49; page

Table 1

219) the female flagellum shows what appears to be the presence
of “annuli”. We could not study this species, but if indeed it does
not bear annuli, it would represent a subsequent loss in the Hub-
bardiinae. While annulus ‘a’ is missing in two species of Apozomus
(A. pellew and A. rupina), annulus ‘b’ is present in all Hubbardinae
genera.

Annuli ‘d’ and ‘e’ are lost in all hubbardiine genera, and addition-
ally annulus ‘c’ is lost only in those genera with two annuli. Also,
the terminal flagellomere represents the fusion of flagellomeres V
and VI. However, in Hubbardiinae not only are the annuli lost, and
the last flagellomere is fused; but also flagellomere IV and the cor-
responding setae Dm3 and Vm4 are lost (therefore, these setae are
absentin all species of the subfamily). In addition, those genera with
two annuli only also have the last flagellomere as a fusion of flagel-
lomeres III, V and VI. The loss of flagellomere IV is probably one of
the reasons why the length of the female flagellum with respect to
body size is shorter in Hubbardiinae than in Megaschizominae and
Protoschizomidae.

Female flagellum annuli and flagelomeres, indicating relative positions of the setae in relation to each flagellomere for species with five, four, three and two annuli
(Megaschizominae, Protoschizomidae and Hubbardiinae respectively). Dotted lines indicate fusion of flagellomeres.

1 11 11 v \Y% VI
Megaschizominae No setae  Dm1, Dm2, Vm1, Vm2 Vm3,DI1  Vm4,Dm3 Dm4,DI2, VI1,Vm5 DI3, DI4, VI2
Protoschizomidae No setae Dm1, Dm2,DI1,Vm1,Vm2,Vm3 - Vm4,Dm3 Dm4, D12, VI1 DI3, D14, Vm5, VI2
Hubbardiinae (3 annuli) Nosetae Dm1, Vm1, Vm2 - - DI1, Vm3 Dm4, D12, D13, DI4, Vm5, VI1, VI2
Hubbardiinae (2 annuli) Nosetae Dm1, Vm1, Vm2 - - - Dm4, D11, DI2, D13, DI4, Vm3, Vmb5, VI1, VI2
Apozomus rupina - Dml1, Vm1, Vm2 - Dm4, D12, DI3, D14, Vm5, VI1, VI2

Apozomus pellew - Dm1, Vm1, Vm2 -

- DI1, Vm3

Dm4, DI1, D12, D13, D14, Vm3, Vm5, VI1, VI2
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Fig. 11. Strict consensus of the 15 most parsimonious trees (L=92, CI=0.533, RI=0.749, Fit=31.64, Adjusted Homoplasy =7.360) obtained from the analysis of 44 mor-
phological characters coded for 22 schizomid species and 2 thelyphonid species with implied weighting with k value =3. Only annuli characters mapped. Unambiguous
synapomorphies optimized on branches: black squares indicate uniquely derived apomorphic states, white squares indicate parallel derivations of apomorphic states;

numbers above squares indicate characters, numbers below indicate states.

The flagellomere I lacks setae in all members of Schizomida and
Thelyphonida. Apozomus pellew and A. rupina are considered as the
only two species with setae on flagellomere I. However, based on
the original description of both species (Harvey, 1992a), it seems
that they have flagellomeres I and II fused; and it is reflected in
the length of their first flagellomere, which is unusual longer than
the flagellomere I from the eight other Apozomus species described
in the same publication. This would suggest these two species lost
annuli ‘a’ as well.

Additionally, setae Dm1, Vm1 and Vm2 in these two species (A.
pellew and A. rupina) are placed posteriorly near annuli ‘b’, suggest-
ing these setae are homologous to the setae present in flagellomere
Il in the rest of hubbardiids (see below). In Hubbardiinae flagel-
lomere II has a single dorsal seta (Dm1) and three ventral setae
(Vm1 and Vm2 paired). Flagellomere III, present in some genera
and absent in others, has DI2 and Vm3 (both paired). These setae
are found basally in the fused flagellomere III+V+VI in the two-
annuli hubbardiines (Fig. 3C-E). The last flagellomere also has Di2,
Dm4, DI3, DI4 and VI1 (absent in megaschizomines), Vm5 and VI2
(homologous to protoschizomids).

3.3. Flagellum setae and the primary hypotheses of homology
between Hubbardiidae and Protoschizomidae

Based on the relative position of the setae used recently in
descriptions of hubbardiids (Harvey et al., 2008; Moreno-Gonzailez
et al., 2014; Villarreal et al., 2014) and more detailed observa-
tions in flagellar setation of protoschizomids and Me. mossambicus
(Lawrence, 1958), here we re-evaluated the flagellar setation ter-
minology as currently used. Setae Dm1, Dm4, DI1, DI2, DI3, DI4,
Vm1i, Vm2, Vm3, VI1 and VI2 are present in Hubbardiinae (Fig. 7A, 8,
Table 2), with Megaschizominae having additionally Dm2, Dm3, and
Vm4; whereas setae Dm1, Dm2, Dm3, Dm4, DI1, DI2, DI3, Di4, Vm]1,
Vm2, Vm3, Vm4, Vmb, VI1, and VI2 are present in Protoschizomidae
(Fig. 7B, Table 2). Moreno-Gonzailez et al. (2014) mentioned that
seta Dm3 (a microseta) is present in hubbardiids between Dm1 and
DI1; however, our observations suggest that the Dm3 mentioned by
these authors is not homologous to the Dm3 in protoschozomids
(Fig. 8).

Species of Protoschizomidae present the same microsetae at
the same position as indicated by Moreno-Gonzailez et al. (2014),
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Fig. 12. Ancestral state reconstruction of character 37.

Table 2

Flagellum setae nomenclature with the new proposals for Hubbardiidae and Pro-
toschizomidae. + = presence, — =absence, ()=nomenclature used by Cokendolpher
and Reddell (1992) and Harvey (1992a).

Setae Flagellum setae

Male Female

Protoschizomidae Hubbardiinae Protoschizomidae Hubbardiinae

Dml1 + + + +

Dm2  +/- - +— -

Dm3 + - +/+ microsetae -

Dm4 + + +[— +

Di1 + - + microsetae + microsetae
DI2 + +(DIT) + +(DIT)

DI3 + + + +

Dl4 + microsetae - + microsetae + microsetae
Vi1 + + + +

\%% + + + +

vm1 + + + +

Vm2 + + + +

vm3 + +(Vm4) + +(Vm4)

vm4  +/- - + -

vm5  +/— + + +

although some species of Protoschizomus present an extra pair of
microsetae between Dm3 and DI4 (e.g. P. franckei and P. occiden-
talis); for these reasons, in which some species of protoschizomids
present two or three pairs of microsetae, it is difficult to homolo-
gize the microsetae of Hubbardiidae with those of protoschizomids.
Also, Agastoschizomus huitzmolotitlensis presents an extra pair of
antero-dorsal macro-setae. Females of genus Draculoides Harvey,
1992 present an extra pair of microsetae on the distal flagellomere,
between DI3 and VI2, which varies in its relative position, and thus

it is difficult to homologize them as well. Therefore, we hypothe-
size that hubbardiines lost Dm3 and Vm4, concurrent with the loss
of flagellomere IV of megaschizomines.

Based on the relative position of the setae in Hubbardinae,
Megaschizominae and Protoschizominae, we observed that setae
DI1 and Vm4 of Hubbardiidae are at the same position as setae DI2
and Vm3 in protoschizomids (Table 1); therefore they are homol-
ogous, and DI1 in hubbardiids is a microseta and Dm3 and Vm4
are lost in hubbardiids. Harvey et al. (2008) was the first to report
microsetae on the female flagellum of the Australian genus Dracu-
loides; however, some illustrations on previous works (e.g. Rowland
and Reddell, 1980; Reddell and Cokendolpher, 1995) shown the
presence of one or two pairs of microsetae (although they never
named them) in the last flagellomere. Based on our observations
(Table 1; and Mark Harvey, pers. Com.) the microsetae DI1 and DI4
are present in all members of Schizomida. Males of Hubbardiidae
present a pair of microsetae patches on the distal portion of the
flagellum (between setae DI2 and DI3), which are homologous to
those microsetae patches in males of Protoschizomidae near the
ventral lobes of the flagellum (Fig. 7). Finally, setae Vm3 and Vm4 of
protoschizomids and megaschizomines are absent in Hubbardiinae
(Table 2).

The relative positions of setae indicate that these setae are
changing their position in relation with other setae. This effect can
be seen in many other arachnids, such as in some opilionids (Kury
and Villarreal, 2015); scorpions (Prendini et al., 2010) and pseu-
doscorpions (Mahnert, 1981; Harvey, 1992b). Kury and Villarreal
(2015) proposed the first homology hypothesis in macrosetae on
ventral plate in penis. These authors considered the presence of
five setal groups on penis, which may be in different arrangements
and positions (e.g. E and C setae groups in Stygnidae vs Stygnop-
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Fig. 13. Ancestral state reconstruction of character 38.

sidae, Kury and Villarreal, 2015: Figs. 1 D-F, 4 A-C). Thus it leads
to confusion when considering these setae as homologous, as the
principle of position is violated.

However if we follow the principle of congruence in homology,
two different structures cannot be present in the same position or
cannot take two positions at the same time, so it would be impor-
tant to clear up if the setae (named by Cokendolpher and Reddell,
1992) are homologous. On the other hand, these homoplastic prob-
lems in position and congruence in homologous structures has been
poorly explored. Homologous characters have been considered
generally by topological equivalences; however, sometimes several
correspondences among homologous characters can be expressed
in many ways, which can be expressed in multiple explanations of
homology (Ramirez, 2007).

3.4. Phylogenetic analyses

All analyses (complete matrix vs matrix without the annuli
characters; equal weighting vs implied weighting, parsimony vs
Bayesian inference) recovered the monophyly of Hubbardiidae,
subsequently divided into Megaschizominae and Hubbardinae as
currently stated by Cokendolpher and Reddell (1992), but it also
recovered Protoschizomidae paraphyletic. The percentage of the
support values (Jackknife in parsimony and the posterior probabil-
itiesin the Bayesian inference) for Hubbardiidae (and Hubbardinae)
changed accordingly to each analysis (e.g. the analysis with the
matrix without the annuli characters had higher support values
in parsimony, see Table 3; and the Bayesian inference).

Our preferred topology of the parsimony analyses was the strict
consensus of the five most parsimonious trees obtained from the
analysis of the matrix without the annuli characters and implied

weighting with k value =3 given its tree statistics (shown in Fig. 9;
Table 3). In this topology Hubbardiidae was supported by seven
synapomorphies and one homoplasious character, and it was sup-
ported by 91% of Jackknife value (see Fig. 9 and Supplementary file
2). It was subsequently divided into the two currently established
Hubbardinae and Megaschizominae (represented in our analysis by
Me. mozambicus; Fig. 9). Subfamily Hubbardinae was supported by
three synapomorphies and one homoplasious character, but with
low Jackknife support value (74%); and with no internal resolution
(Fig. 9). The lack of resolution of the internal relationships within
Hubbardinae reflects that current morphological characters used
to diagnose genera are highly homoplasious. Therefore, we recom-
mend the use of molecular markers to resolve the relationships of
Hubbardinae.

However, the monophyly of Protoschizomidae was not recov-
ered with our dataset. All protoschizomid species came out at the
base of the tree during the analyses. One hypothesis for this sit-
uation might be the plesiomorphic states of several characters in
protoschizomids (e.g. the absence of a cheliceral brush, the number
of dorsoventral muscles, and the male flagellum without distinct
stalk) and that currently recognized “synapomorphies” for the
family are indeed plesiomorphies. The status of Protoschizomidae
(including the description of new characters) is revised elsewhere
(manuscript in prep.).

The topology recovered with the Bayesian inference analysis
was consistent with the one obtained from the parsimony anal-
yses (Fig. 10). Unlike other studies (i.e. Friedman, 2007), our results
can not be used as an extra branch support given that the values
were similar. Our results suggest that analyzing our dataset with
a model-based inference was unnecessary, for the same reasons
Spencer and Wilbert (2013) already mentioned; however, it was
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Fig. 14. Ancestral state reconstruction of character 39.

necessary to reconstruct the ancestral states to include the phylo-
genetic uncertainty (Ronquist, 2004). Also, this study is among the
first attempts to analyze extant taxa with these approaches. Mod-
els of morphological character evolution are still in early stages of
development and more research on them is necessary.

3.5. Ancestral states reconstruction of characters 37-42: the
plesiomorphic condition vs the percentage of uncertainty

Ancestral reconstruction under Parsimony criteria consists only
of mapping each character (optimization) as an observation, under-
estimates the possible total number of changes of character
selected (Maddison, 1990). Mapping characters under Parsimony

Table 3

is reasonable when the rates of evolution are low, with fewest
changes in the topologies generated, which it is not the case in
the data matrix examined here (Huelsenbeck et al., 2003). On
the contrary, the software SIMMAP and BayesTraits considered a
model character, unlike Parsimony, therefore all possible character
histories are considered, with probability and uncertainty (Pagel,
1999; Huelsenbeck et al., 2003). These two methods exposed these
probabilities across the branches and on the most recent ances-
tor, respectively. We used unambiguous optimization to map the
changes on the topology obtained with the analysis of the complete
matrix and implied weighting with k value =3 (Fig. 11; but see also
Table 3),and comparing this optimization against the percentage of

Tree statistics of most parsimonious trees (MPTs) obtained from the parsimony analyses of 22 schizomid species and two thelyphonid species as outgroup with equal
weighting (Ew) or implied weighting (Iw) with three k values. Length (L), consistency index (CI), retention index (RI), Fit and adjusted homoplasy (AH). *Statistics for the

consensus tree.

Matrix complete

Jackknife support values

MP L Cl RI FIT AH Hubbardidae Hubbardinae
Ew 9* 90 0.544 0.76 31.33 - 86% 75%
Iw k=10 15* 92 0.533 0.749 35.73 3.270 86% 81%
Iw k=3 15* 92 0.533 0.749 31.64 7.360 84% 82%
Iw k=1 5* 93 0.527 0.743 27.48 11.52 90% 85%
Matrix without annuli characters Jackknife support values
MP L Cl RI FIT AH Hubbardidae Hubbardinae
Ew 380" 98 0.398 0.590 24.253 - 91% 63%
Iw k=10 5% 65 0.600 0.819 30.068 2.097 90% 69%
Iw k=3 5* 65 0.600 0.819 27.025 4.975 91% 74%
Iw k=1 20* 80 0.487 0.715 23.559 8.440 92% 78%
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Fig. 15. Ancestral state reconstruction of character 40.

uncertainty from the ancestral state reconstruction using SIMMAP
and BayesTraits.

Character 37 (annulus ‘a’), state O (absence) was recovered as
a potential synapomorphy (Fig. 11) for two species of Apozomus
(A. pellew and A. rupina). The rest of the terminals were recovered
with state 1 (presence). The analysis with SIMMAP suggested that
the absence of this annulus is a subsequent lost in these two species,
because state 1 was recovered as the ancestral state for Schizomida
(100%). However, the analysis with BayesTraits suggested that the
presence of this annulus had an equal probability to be the ancestral
state for Schizomida (49-51%: Fig. 12).

Character 38 (annulus ‘b’), state 1 (presence) was recovered as
a synapomorphy for Hubbardiidae (Fig. 11). Both analyses, with
BayesTraits and SIMMAP, recovered the state of presence of the
annulus ‘b’ as the ancestral state in Hubbardiidae (with 95% and 96%
values respectively; Fig. 13). Our observations in other protoschizo-
mids suggest that the presence of annulus ‘b’ is an apomorphic
condition for Hubbardiidae.

Character 39 (annulus ‘c’) state 0 (absence) was recovered as
homoplastic character (shared by some hubbardiids and Ag. patei
which lost annulus ‘c’, Fig. 11). The analysis with BayesTraits con-
sidered either state (presence or absence) as the ancestral state for
Schizomida, Hubbardiidae and Hubbardinae, because eight termi-
nals were coded 0. However, the analysis with SIMMAP considered
the state 1 with higher probability (presence, 99%) as the ances-
tral state for Schizomidae and Hubbardinae (Fig. 14). In this case, it
is more likely that the plesiomorphic condition (state 1) remained
in the common ancestor of Hubbardiidae (which is present in sev-
eral genera, e.g. Afrozomus, Attenuizomus, Hubbardia, Notozomus,
Rowlandius) and subsequent losses occurred in other genera (e.g.

Antillostenochrus, Bamazomus, Draculoides, Pacal, Stenochrus, Sura-
zomus, etc.).

Characters 40-41 (annuli ‘d’ and ‘e’) were recovered as homo-
plasious characters in the current parsimony analyses (not shown
inFig. 11). Based on our observations above on setal patterns, annuli
‘d’ and ‘e’ are missing in the Hubbardiinae and in two protoschizo-
mid species (Ag. patei and P. gertschi). The analyses with BayesTraits
(Figs. 15, 16) considered the presence of these annuli as the ances-
tral condition for Schizomida with high probability (97%); however,
the presence of these annuli got lower percentage (71%) support-
ing the ancestral condition for Hubbardiidae (Me. mossambicus has
both annuli); and finally the absence of both annuli had the high-
est probability (100%) as the ancestral state for Hubbardinae. The
analysis with SIMMAP (Figs. 15 and 16) considered the absence
of annuli ‘d’ and ‘e’ as the ancestral state for Schizomida (with low
probabilities, 66%); and the percentage increased for the absence of
these annuli as the ancestral state for Hubbardiidae (82%) and Hub-
bardinae (100%). Interestingly, these two methods considered the
phylogenetic uncertainty differently, as BayesTraits suggest pres-
ence while SIMMAP considered absence (Fig. 17).

Character 42 (multistate, number of annuli) was also recovered
as a homoplastic character in the parsimony analyses. Given the
lack of resolution for Protoschizomidae, it is hard to explain the gain
or loss of annuli from a parsimony perspective. State 0 (all annuli,
not mapped on the topology; Fig. 11) represents an autapomorphy
for Me. mossambicus. State 1 (four annuli); state 2 (three annuli) and
state 3 (two annuli) were recovered as homoplasious characters.
Finally, state 4 (0 annulus) is autapomorphic for Ag. patei.

The analysis with BayesTraits considered state O (with 29%)
as the ancestral state for Hubbardiidae; state 1 (with 81%) as the
ancestral state for Schizomida; state 2 (with 43%) as the ancestral
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Fig. 16. Ancestral state reconstruction of character 41.

state for Hubbardinae; but also state 3 (with 57%). These results
suggest 29% of probability that five annuli were the ancestral con-
dition to Hubbardiidae, with no loss or gain in Megaschizominae,
and subsequent losses (two or three annuli) in Hubbardinae. How-
ever, the analysis with SIMMAP suggests differently. It considered
only state 3 (two annuli) as the ancestral state for Schizomida (97%);
Hubbardiidae (80%) and Hubbardinae (100%). These results would
suggest multiple gains of annuli in different taxa, and only the loss
of all annuli in Ag. patei.

4. Conclusions

Our results indicate that the number of annuli in the female
and juvenile flagellum in schizomids is a character that can be
helpful to diagnose genera. However, this character fails to group
genera into higher categories due to the multiple losses of differ-
ent annuli in different groups. For these reasons, the hypothesis
of grouping genera with three annuli, or genera with two annuli
into well-supported clades failed [as previously suggested by
Rowland, 1975]. This situation also was observed also in the 20th
century Opiliones systematics, when the number of the leg tar-
someres was considered an important character to separate and
recognize supraspecific taxa (Peirez-Gonzailez, 2006). However,
nowadays there is sufficient evidence to assume that the number
of tarsomeres is a highly variable character, homoplastic and phy-
logenetically uninformative, because the gain (or loss) of segments
occurred many times, suggesting ecological adaptations to similar
habitats (Sharma and Giribet, 2009).

On the other hand, the loss of the annuli does not involve any
kind of specific evolutionary process or specific structures (i. e.,
muscles or segments), and as it was shown before (in Protoschizo-

midae) the annuli are present in some members or absent in others
(such as Ag. patei).

Our observations among subfamilies and the two families rep-
resented in character 34 (annuli shape) show that widened annuli
could be found in the distal portion of the flagellum (annuli ‘c’, ‘d’
and ‘e’) corroborating the hypothesis that the wider annuli pro-
vide flexibility to the flagellum, as also present in the flagellum of
Thelyphonida.

Finally, the relative positions of the flagellar setae, homologized
here across families and subfamilies, are good characters to diag-
nose the different genera. However, we recommend cautious use
of seal pattern for taxonomic decisions as the discovery of new
species and genera might bring new characters (i. e., more setae on
the flagellum of both, males and females) into play.
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Fig. 17. Ancestral state reconstruction of character 42.
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A new genus of schizomids (Arachnida: Schizomida: Hubbardiidae)
from Mexico, with notes on its systematics
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During the systematic revision of Mayazomus, the third most diverse genus of micro whip-scorpions in North America, we
found three species with peculiar morphological variation, which are different from those diagnostic characters for
Mayazomus. These species share with Mayazomus the large body size and the unusual development of the male pedipalps;
however, these three species share the shape of the female spermathecae with Stenochrus rather than with Mayazomus.
Therefore, their phylogenetic placements create a dilemma. Here we perform analyses with morphological evidence, using
two different methodologies (Parsimony and Bayesian inference) in order to hypothesize the phylogenetic relationships of
the three species mentioned with each other and with respect to other North American and/or Central American genera. The
results confirm our initial hypothesis that the species belong to a different genus, Olmeca gen. nov., which is recovered as
the sister group of all hubbardiine genera included in these analyses, except for the genus Hubbardia. The results also
indicate that despite sharing some morphological similarities, it is distantly related with Mayazomus. Three species are
described herein: Olmeca brujo sp. nov., Olmeca cruzlopezi sp. nov., and Olmeca santibanezi sp. nov. Additionally, we

provide a hypothesis of the relationships and biogeography of Olmeca gen. nov. with other genera.

http://zoobank.org/urn:1sid:zoobank.org:pub:F64CE801-7D82-4827-A5B9-0C0B41F58043

Key words: Bayesian inference, morphology, new-species, Olmeca gen. nov., parsimony, phylogenetics

Introduction

The family Hubbardiidae is represented in Mexico by four
genera: Mayazomus Reddell and Cokendolpher, 1995 (seven
species), Pacal Reddell & Cokendolpher, 1995 (three spe-
cies), Sotanostenochrus Reddell and Cokendolpher, 1991
(two species), and Stenochrus Chamberlin, 1922, as the
genus with the highest diversity (16 species) (Monjaraz-
Ruedas & Francke, 2015; Reddell & Cokendolpher, 1995).
These differences in the number of species are due, proba-
bly, to poor collecting efforts, and the lack of taxonomic
studies with the group, as there are very few experts working
with the schizomid fauna of Mexico and Central America.
Currently, the correct generic assignment of newly col-
lected specimens in Mexico is problematic, mainly because
of the lack of taxonomic publications on the group. For
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example, the genus Stenochrus, despite its high diversity
and the problematic widespread species S. portoricensis
(Christophoryovd, Sestikovd, Krumpal, & Fenda, 2013;
Harvey, 2013; Korenko, Pekar, & Harvey, 2009), has not
been revised. On the other hand, most recent works have
focused on the genus Mayazomus, which was recovered as a
monophyletic group (Monjaraz-Ruedas & Francke, 2015,
2016). Monjaraz-Ruedas and Francke (2016) found that the
most representative characteristics of Mayazomus are the
size and shape of the male pedipalps, and the presence of
spines and apophyses on the pedipalps, that diagnose this
genus. Also, they demonstrated that the setae patterns of the
pedipalps provide important information for the systematics
of schizomids, helping us to diagnose other genera within
the order Schizomida.

Traditionally, the description of new taxa in higher lev-
els, such as family or genus, was based mainly on the mor-
phological differences that a taxonomist recognized, and
their suggestions to differentiate groups, which in
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schizomids were based upon characteristics of the male
flagellum and female spermathecae (Armas, 2002, 2014;
Harvey, 2001; Reddell & Cokendolpher, 1995). However,
descriptions of new taxa within the Schizomida lack a
phylogenetic context; this has led to a potential over- or
under-estimation of diversity at various higher taxonomic
levels; this is particularly reflected in the number of
monotypic genera recently described (Armas, 2002;
Armas & Colmenares-Garcia, 2006; Armas & Delgado-
Santa, 2012; Armas & Teruel, 2002; Moreno-Gonzalez &
Villarreal, 2012; Teruel & Armas, 2002; Villarreal, Giup-
poni, & Tourinho, 2008).

Currently, only four works on schizomids have used
phylogenetic systematics as a base to describe new taxa:
the phylogeny of Protoschizomidae Rowland, 1973 by
Cokendolpher and Reddell (1992); the description and
revision of the genera Draculoides Harvey, 1992 and Par-
adraculoides Harvey, Berry, Edward, & Humphreys,
2008 based on molecular and morphological evidence by
Harvey et al. (2008); and the revision of the genus Maya-
zomus with the description of five new species based on
morphological evidence (Monjaraz-Ruedas & Francke,
2015, 2016). However, in future works with schizomids,
it is necessary to make taxonomic decisions based on rig-
orous phylogenetic analyses, especially in the descriptions
of new higher taxa such as genera.

As a result of the examination of the material studied in
the revision of the genus Mayazomus, we found specimens
with a combination of characters, which could not be
assigned to any current genus. For this reason, we include
those specimens in a phylogenetic analysis, comparing
them with other Mexican species and other representative
species of New World schizomid genera, with which they
share certain traits, as evidenced by the analyses of Mon-
jaraz-Ruedas and Francke (2016).

Materials and methods
Material examined

Specimens were deposited in the following collections:
American Museum of Natural History, New York
(AMNH), and Coleccién Nacional de Ardcnidos, Instituto
de Biologia, Universidad Nacional Auténoma de México,
Mexico City (CNAN). Specimens were collected by hand
and/or using an aspirator, and preserved in 80 and 96% eth-
anol. Observations were made using Nikon SMZ-800 ster-
eomicroscopes, and a Nikon Eclipse EI100 optical
microscope. Measurements (mm) follow Reddell and
Cokendolpher (1995), and were obtained with an ocular
micrometre calibrated at 20x. Morphological terminology
for legs and pedipalps follows Reddell and Cokendolpher
(1995), cheliceral setae nomenclature follows Lawrence
(1969), flagellar setae terminology after Monjaraz-Ruedas,
Francke, Cruz-Lopez, and Santibanez-Lopez (2016),

pedipalp setae terminology follows Monjaraz-Ruedas &
Francke, 2016, and finally spermathecae nomenclature fol-
lows Moreno-Gonzélez, Delgado-Santa, and Armas (2014).
Male chelicerae were dissected and prepared for scan-
ning electron microscopy (SEM) according to Acosta,
Pérez-Gonzalez, and Tourinho (2007), with a modification
to the cleaning process which consisted of a series of three
cycles of washes, alternating distilled water and biological
detergent, followed by 1 minute in the ultrasonic cleaner.
Microphotographs were taken using a Hitachi SU1510
SEM. Female spermathecae were dissected in 80% etha-
nol and cleared in lactophenol for 10 min (Krantz & Wal-
ter, 2009), after which they were fixed in Hoyer’s liquid
and mounted in a permanent preparation. Photographs
were taken under visible light with a Nikon Coolpix S10
VR camera attached to a Nikon SMZ-800 microscope.
Photographs were edited with Adobe Photoshop CS6.

Taxa

We included 20 specimens, collected in Mexico, which
represent three new species (described below). To test their
phylogenetic position, we included in our analysis the fol-
lowing 17 species of the subfamily Hubbardiinae (Hubbar-
diidae): six species distributed in Mexico and the USA
representing the North American fauna (two Hubbardia,
two Stenochrus and two Pacal); nine species distributed in
the Caribbean region and Central America (five Mayazo-
mus, one Belicenochrus, two Rowlandius and one Hanse-
nochrus); and finally two species distributed in South
America (two Surazomus) with a total of 21 terminal taxa;
those species were included based on the results of Mon-
jaraz-Ruedas and Francke (2016) showing that Mayazomus
(morphologically the most similar genus to Olmeca) is
closely related with Central and South American genera.
To root the tree, we used a member of the family Proto-
schizomidae: Protoschizomus franckei Monjaraz-Ruedas,
2013 (Appendix 1, see online supplemental material, which
is available from the article’s Taylor & Francis Online
page at http://dx.doi.org/10.1080/14772000.2016.1271057).
With this, we intended to gain an understanding of the phy-
logenetic affinities of the new genus.

Data matrix

One hundred and eleven qualitative characters (Appendix
2, see supplemental material online) taken from the matrix
used by Monjaraz-Ruedas and Francke (2016) were
scored (Appendix 3, see supplemental material online) for
the 21 terminal taxa in the analyses (Appendix 1, see sup-
plemental material online). Thirty-four characters were
multistate and 76 binary, 12 characters were uninforma-
tive and deactivated in all parsimony analyses (Appendix
2, see supplemental material online).
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Parsimony phylogenetic analyses

The analyses were conducted in TNT (Goloboff, Carpen-
ter, Arias, & Miranda-Esquivel, 2008) combining three of
the new technology algorithms (Goloboff, 1999; Nixon,
1999) using a script file modified from Dimitrov, Astrin,
and Huber (2013) and Santibanez-Lopez, Francke, and
Prendini (2014) as implemented in Monjaraz-Ruedas and
Francke (2016) for a smaller data matrix: hold 1000;
rseed]l; xm: noverb nokeep; rat: it 0 up 4 down 4 au
0 num 36 give 99 equa; dri: it 10 fit 1.00 rfi 0.20 aut 0
num 36 give 99 xfa 3.00 equa; sec: mins 45 maxs 45 self
43 incr 75 minf 10 god 75 drift 6 glob 5 dglob 10 rou
3 xss 10- 14 + 2 noxev noeq; tf: rou 5 minf 3 best ke
nochoo swap; xm: level 10 nochk rep 50 fuse 3 dri 10 rss
css noxss mult nodump conse 5 conf 75 nogive notarg
upda autoc 3 xmix; xm; xmult:;. Uninformative characters
were deactivated using the command xinact;. Analyses
were carried out with equal weighting (EW) and implied
weighting (IW) using three values of the concavity con-
stant (k = 1, 3, and 10). The analyses with implied weight-
ing were conducted as a sensitivity analysis to assess the
nodal stability (Giribet, 2003) and evaluate the robustness
of the clades with different parameters, in this case the dif-
ferent values of k in the IW analyses (Goloboff et al.,
2003; Goloboff, Farris, & Nixon, 2008; Prendini, 2000;
Wheeler, 1995). The relative support for each node on the
preferred hypothesis was calculated with Bremer support
(Bremer, 1994) and jackknife resampling (Farris, Albert,
Kallersjo, Lipscomb, & Kluge, 1996). Bremer support was
calculated in TNT by expanding the memory and holding
suboptimal trees up to 10 steps and without collapsing
nodes. Jackknife support was estimated with heuristic
searches of 1000 pseudoreplicates, with a removal proba-
bility of 36%. Cladograms were generated with WinClada
(Nixon, 2002) and edited with Adobe Illustrator C6.

Bayesian analyses

The analysis with Bayesian inference was performed in
order to compare the results with the different topologies
recovered with Parsimony analyses, because high levels of
homoplasy introduce noise in the results and could lead us
to an erroneous hypothesis. Moreover, studies have shown
that the use of Bayesian methods with morphological data
diminish resolution in the topology but generate better
results (O’Reilly et al., 2016). The model implemented in
the Bayesian inference for morphological data (Lewis,
2001) allows the inclusion of categorical data, which is
treated without rate variation, allowing us to statistically
test the importance of synapomorphies present in our
hypotheses. In addition, with the branch lengths calculated
with the Bayesian analysis, we can recover clades based on
different parameters which allows us to recover topologies
that consider the presence of one character in a branch, but

also considers the probability of the absence of that charac-
ter in the rest of the tree.

The Bayesian analyses were performed in MrBayes 3.2.6
(Ronquist et al., 2012), implementing the Mkv model for
categorical data, in this case morphology (Lewis, 2001).
Two independent runs were conducted with four chains
each (one cold and three heated) for 2 million generations,
with a heat parameter of 0.2, and a sampling frequency
every 1000 generations. We checked for stationarity of the
chains plotting the log-likelihood of the trees against gener-
ation using TRACER 1.5 (Rambaut, Suchard, Xie, &
Drummond, 2014). Twenty-five per cent of the trees were
discarded as burn-in and the remaining were used to calcu-
late the posterior probabilities. Consensus trees were plot-
ted and edited in FigTree 1.4.2 (Rambaut, 2014).

Results

The analysis with equal weighting recovers two most par-
simonious trees (MPT) (Consensus: length (L) = 310,
consistency index (CI) = 0.432, retention index (RI) =
0.611)), with a polytomy on the relationships amongst
Pacal, Mayazomus, and the rest of the hubbardiid schizo-
mids, excluding Olmeca gen. nov. and Hubbardia
(Fig. 1). The analysis with IW k£ = 10 recovered the same
topology as one of the trees obtained with EW; but with
slightly different tree statistics (Table 1). The analyses
obtained with implied weighting with values of k = 1 and
3 recovered a different topology than the one obtained
with EW, in which there are changes in the relationships

Fig. 1. Consensus of the two most parsimonious trees obtained
under equal weights (L = 310, CI = 0.432, RI = 0.611). Clade
support is indicated above (Jackknife values) and below (Bremer
support) the branches. Sensitivity plots (‘Navajo rugs’) indicate
the recovery of the nodes in the different analysis under implied
weights with different values of ‘A’ (black squares indicate
clades recovered; white squares indicate clades not recovered).
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Table 1. Tree statistics of the most parsimonious trees (MPTs)
obtained from the parsimony analyses with equal weighting
(EW) and different implied weighting (IW) under different
values of the concavity constant (k). Length (L), consistency
index (CI), retention index (RI), Fit and adjusted homoplasy
(AH).

MP L CI RI FIT AH

EW  Consensus 2 310 043 0.61 46.97 —

IW k=10 1 307 044 0.62 8531 13.69
IW k=3 1 309 043 061 67.77 31.23
W k=1 1 309 043 0.61 4823 50.77

between Rowlandius and Hansenochrus (Fig. 1). In all the
analyses performed, the genus Olmeca is recovered as a
monophyletic group, located basally in the topology, as
the sister group to all the other hubbardiine genera
included, except Hubbardia (Figs 1, 2).

Our preferred parsimony topology was the one obtained
using IW under &£ = 10. Our choice was based on the index
values obtained with IW (Table 1) where the most prefera-
ble topology is the one with the highest values of Fit
instead of number of steps (Goloboff et al., 2008). Addi-
tionally the topology with £ = 10 is congruent with one of
the MPT and the phylogenetic affinities of the genera
included are consistent with their geographic distribution
and the findings of Monjaraz-Ruedas and Francke (2016).

The Bayesian Inference recovers the genus Olmeca
gen. nov. as a monophyletic group in the consensus tree,
with a posterior probability (PP) of 0.91 (Fig. 3). However
Olmeca gen. nov. is placed in an unresolved polytomy
with all the hubbardiine genera used in this analysis, and
this lower resolution is a phenomenon previously men-
tioned by O’Reilly et al. (2016); except for Hubbardia,
which is recovered as monophyletic (as in the Parsimony
analyses), with a Posterior Probability of 0.88 (Fig. 3).

Fig. 2. Preferred single tree resulted from the analysis under implied weights with concavity constant £ = 10. Apomorphies are plotted on
branches. Black squares indicate synapomorphies; white squares indicate homoplastic character states (parallelisms or reversals) according
to the character sampling. Numbers above branches indicate character number, and numbers below branches indicate character state.
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Fig. 3. Optimal tree obtained under Bayesian inference, imple-
menting the Mkv model; posterior probability values indicated
above branches.

Figs. 4-5. Olmeca cruzlopezi. Male holotype. Habitus: 4. Dorsal
view. Female paratype. Habitus: 5. Dorsal view. Scale bar =
2 mm.

Systematics

Family Hubbardiidae Cook, 1899
Subfamily Hubbardiinae Cook, 1899

Olmeca gen. nov.
Figs 1-46; Tables 2—4 (see supplementary material

online)

Type species. Olmeca cruzlopezi sp. nov.

Distribution. Olmeca is distributed throughout South-
eastern México in the states of Chiapas and Veracruz.

Etymology. The generic name is a noun in apposition
that honours the prehispanic Mexican tribe of the Olme-
cas, which was one of the oldest Mexican civilizations;
they lived in the region of Veracruz, Tabasco and Chiapas
before the emergence of the Mayan culture. It is mascu-
line in gender.

Diagnosis. Anterior process of propeltidium with two
anterior setae (one behind the other) and two pairs of dor-
sosubmedian setae; corneate eyes absent, with one pair of
eyespots; metapeltidium entire; body without clavate setae.
Tergite II with one pair of dorso-submedian setae; seg-
ments IX—XII not elongated. Movable cheliceral finger
without accessory tooth; with a single guard tooth at end of
serrula, setal group G3 with setae G3—4 basally. Pedipalps
sexually dimorphic; trochanter with mesal spur and a pro-
jected rounded Apical Process (Figs 12, 13); femur with
setae Fe2 spiniform (character 34, state 1) and with setae
Fvi and Fv2 as well-developed spiniform setiferous
tubercles, both located ventrally (character 40, state 1);
tibia with seta 7 of the external row (7er) and setac 5 of
the internal row (7ir) spiniform and strongly sclerotized
(Figs 12, 13). Femur IV with anterodorsal margin produced
at about 90° angle. Male: without posterodorsal abdominal

Figs. 6-13. Olmeca cruzlopezi. Male holotype. Flagellum (6-8):
6, dorsal view. 7, ventral view. 8, lateral view. Female. Flagel-
lum (9-11): 9, dorsal view. 10, ventral view. 11, lateral view.
Male pedipalp (G, H): 12, ectal view. 13. mesal view. Arrow
indicates the anterior process. Scale bars = 0.2 mm.
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process on segment XII; flagellum dorsoventrally flattened,
elliptical or ovate, with one pair of dorso-submedian
depressions (Figs 6-—8). Female: flagellum with two annuli;
spermathecae with two pairs of lobes, lateral lobes wider
and smaller than medial lobes (about 1/3 or 1/2 the length
of medial lobes); lateral lobes usually drop-shaped, median
lobes straight to slightly curved; without bulbs; chitinized
arch ‘U’ shaped, without anterior branch; lateral tip lobed
or not sclerotized; gonopod long.

The genus Olmeca resembles the genus Stenochrus in
having female spermathecae with lateral lobes reduced
and with two annuli on the female flagellum; however,
the spermathecae of Olmeca has lateral lobes smaller than
those known in the species of Stenochrus; in addition, the
median lobes in Olmeca are straight whereas in Stenoch-
rus they are predominantly ‘J° shaped. Olmeca also
resembles Mayazomus in large body size, having long
pedipalps, and sharing spiniform setiferous tubercles on
pedipalp femur; however males of Olmeca do not present
femoral or tibial apophyses, but instead they present spini-
form setae on tibia and setae Fv/ and Fv2 as tubercles
located ventrally, whereas in Mayazomus those setiferous
tubercles are located ventrally (Fvi) or distally (Fv2);
also Mayazomus presents both femoral and tibial apophy-
ses, whereas Olmeca does not present any apophysis.
Olmeca presents one pair of setae on tergite Il and Maya-
zomus presents two pairs. Finally, the flagellum of females
of Mayazomus presents three annuli, whereas in Olmeca it
presents only two annuli.

Included taxa. Olmeca brujo sp. nov, Olmeca cruzlopezi
sp. nov. and Olmeca santibanezi sp. nov.

Remarks. This genus shares some diagnostic characters
with Stenochrus and Mayazomus such as: the reduced

Figs. 14-17. Olmeca cruzlopezi. Male. Chelicera (14-17): 14,
mesal view. 15, fixed finger. 16, movable finger. Female. Sper-
mathecae: 17, dorsal view. Scale bar (Fig. 17) = 0.05 mm.

lateral lobes in the female spermathecae (shared with
Stenochrus) and the setae Fvl and Fv2 as spiniform setif-
erous tubercles (shared with Mayazomus). However the
phylogenetic analyses show that it is completely separated
from the last genus (see trees above).

Identification key to the species of Olmeca,
gen. nov.

la Male flagellum ovate shaped, with a pair of dorso-
median depressions not connected posteriorly (Fig. 34);
pedipalp femur with setae Fel spiniform and strongly
sclerotized; pedipalp patella with setaec Pe 1-4 and Pm
1-4 spiniform (Figs 40, 41). Females and males with
the same opisthosomal setation; spermathecae with
lateral lobes 1/2 length of median lobes (Fig. 45)
.................................................. Olmeca brujo
Sp. nov.
1b Male flagellum elliptical/lanceolate shaped, with a pair
of dorso-submedian depression connected posteriorly
(Figs 6, 20); pedipalp femur with setac Fe/ acuminate,
not sclerotized; pedipalp patella with setae Pe 2—-3 and Pm
2-3 spiniform. Females and males with different opistho-
somal setation; spermathecae with lateral lobes 1/3 length
of median lobes (Figs 17,31) .....cooovviiiiiiniiiinnns 2
2a Male flagellum lanceolate shaped (Fig. 6); pedipalp
femur with seta Fe5 acuminate; pedipalp trochanter with a
triangular (<45°) apical process, with dorsal margin
straight; with an acuminate seta on mesal surface near
mesal spur (Figs 12, 13). Female spermathecae with lateral
lobes drop shaped; chitinized arch *V’ shaped (Fig. 17)
.............................. Olmeca cruzlopezi sp. nov.
2b Male flagellum elliptical shaped (Fig. 20); pedipalp
femur with setae Fe5 spiniform; pedipalp trochanter with
a triangular (45°) apical process with a dorsal margin
curved; with a spiniform seta hardly projected on mesal
surface near mesal spur (Figs 26, 27). Female spermathe-
cae with lateral lobes tubular shaped; chitinized arch ‘U’
shaped (Fig. 31) ... .Olmeca santibanezi sp. nov.

Olmeca cruzlopezi sp. nov.

Figs 4-17, 13, 46; Tables 2—4 (see supplementary
material online)

Type material. MEXICO: Chiapas: male holotype
(CNAN-T1078) [20 June 2011, G. Contreras, J. Cruz, O.
Francke, R. Monjaraz, C. Santibanez, A. Valdez, K.
Zarate], from El Rastrejon, Guadalupe Victoria
(16.63049°N, 93.3451°W, 925m), Municipio Ocozo-
cuautla. Paratypes: 1 male and 1 female (CNAN-T1079),
same data as holotype. 1 male and 1 female (CNAN-
T1080) [15 June 2011, G. Contreras, J. Cruz, O. Francke,
R. Monjaraz, C. Santibanez, A. Valdez, K. Zarate], from
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outside cave of Paso Burro (16.82883°N, 93.2628°W, 767
m), Municipio Berriozabal.

Habitat and distribution. Known from the Municipali-
ties of Berriozabal, Cintalapa and Ocozocuautla in the
western region of Chiapas, Mexico (Fig. 46). The speci-
mens were collected in a very dry zone in Ocozocuautla,
and in moist areas of a rain forest in Cintalapa and Berrio-
zabal; they were collected sympatric with Mayazomus and
Pacal.

Etymology. This species is named honouring our col-
league Jesus A. Cruz-Lépez for his help collecting the
type material and also for his great contributions to the
systematics of arachnids, specifically Opiliones in México.

Diagnosis. Males can be distinguished by trochanter with
a triangular apical process (arrow in Fig. 12), less than
45° ending in a rounded tip (Fig. 12); pedipalp femur with
setae Fel and Fe2 acuminate, tibia with setae Ter5 spini-
form and Ter6 feathered (slightly sclerotized). Male fla-
gellum lanceolate shaped with one pair of dorso sub-
median depressions connected distally (Figs 6-8).
Females can be distinguished by the spermathecae
(Fig. 17) with median lobes curved inward, lateral lobes
drop shaped. Olmeca cruzlopezi resembles Olmeca santi-
banezi sp. nov. in the shape of the apical process of the
trochanter and the Fvl and Fv2 setac of the pedipalp
femur; however, O. santibanezi has a more projected api-
cal process than O. cruzlopezi; the male flagellum of O.
santibanezi presents an elliptical shape, whereas the male
flagellum in O. cruzlopezi is lanceolate in shape. The
female spermathecae of O. cruzlopezi has lateral lobes
drop shaped, whereas O. santibanezi presents lateral lobes
tubular shaped.

Description. Male (holotype): Brownish (Fig. 4). Pro-
soma: propeltidium with two setae on anterior process
(one behind the other) and two pairs of dorsal setae; ocu-
lar spots asymmetrical, slightly visible. Metapeltidium
0.53 long, 0.88 wide. Anterior sternum with nine setae,
plus two sternophysial setae; posterior sternum with six
setae.

Chelicerae (Figs 14—16): Movable finger: Serrula with
22 teeth, guard tooth present. Fixed finger with 4 smaller
teeth between 2 primary teeth. Setation: Setal group for-
mula: 1:3, 2:6, 3:4, 4:2, 5:11, 6:1. G1 with three spatulate
setae, covered with few spinose and small spicules start-
ing from the middle of the shaft; G2 composed of six
feathered setae, subequal in length, and shorter than mov-
able finger length; G3 with four setae subequal in length,
feathered apically and smooth basally; G4 consisting of
two setae, smooth, short and thick, elongated at the tip;
G5 with 11 similar sized setae, feathered apically and

shorter than fixed finger; G6 with one smooth setae about
1/2 of movable finger length.

Pedipalps (Figs 12, 13): long; 2.88 times longer than
propeltidium length. Trochanter with apical process trian-
gular shaped <45° with a projected rounded tip (arrow in
Fig. 12); with a row of very short setae on ventral margin
plus one row of five microsetae on ectal face; mesal sur-
face with a row of three setac near ventral margin, plus
two setae near dorsal margin; with a small, distal mesal
spur. Femur, 2.0 times longer than high, distal margin
curved, ventral margin curved; ventral margin on ectal
surface with spiniform setiferous tubercles Fvi and Fv2
well developed and near each other; mesal surface with a
row of three ventral setae (Fvr 1-3) plus two dorsal setae
(Fmd2, Fmd3). Patella, setac Pe4, Pe3, and Pm4 spini-
form; without setae Pmel or special armature, seta Pmm3
feathered. Setae formula on tibia 4:3:6 (external row
(Ter): medial row (Tmr): internal row (Tir)), setae Ter7,
Tmr5, and Tir5 spiniform and hardly sclerotized, seta
Ter6 slightly sclerotized, seta Tml feathered, setac 7m2
acuminate. Tarsus long, 3.56 times longer than high.
Claw about 1.2 times as long as dorsal length of tarsus;
spurs asymmetrical.

Legs: Leg I, basitarsal-telotarsal proportions: 27: 5: 6:
6: 6: 7: 15. Femur IV 2.4 times longer than high.

Opisthosoma: Tergite I with two pairs of microsetae
anteriorly plus one pair of macrosetae; tergite II with
three pairs of microsetae anteriorly plus one pair of mac-
rosetae; tergites III-VII with one pair dorsal setae each;
tergites VIII, IX with one pair dorsal and one pair lateral
setae each; segments X, XI telescoped with one pair lat-
eral setac and six ventral setae; segment XII with one
dorsal, two lateral and two ventral pairs of setae, without
posterodorsal process. Sternites, with two irregular rows
of setae each; genital aperture with two rows of
microsetae.

Flagellum (Figs 6-8): dorsoventrally flattened, lanceo-
late in shape; 2.2 times longer than wide, 3.0 times longer
than pedicel length; with a pair of dorso-submedian
depressions fused posteriorly. Setation: Dm/ situated over
the bulb base; Dm4 situated distally; DI/2 anterior to ViI,
DI3 at same level as VI2; pair Vm2 present; seta Vml at
same level as Vm2; VmS5 posterior to V1. With one pair of
antero-dorsal microsetae between Dml and DI2, nearest
to DI2; one pair of antero-lateral microsetae on flagellar
pedicel; and with two pairs of microsetaec between V1]
and Vi2.

Female (paratype) (Fig. 5): Pedipalps shorter and without
development as on male, 1.9 times longer than propelti-
dium length. Abdominal setation: tergite I and segments
X-IX as on male, tergites II-VIII with one pair of dorsal
macroseta, plus two rows of microsetae near anterior and
posterior margin of each tergite, each row with six to eight
microsetae. Flagellum with two annuli (Figs 9-11). Seta-
tion: seta DI2 reduced and anterior to VII; DI3 at same
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level as ViI2; Vm2 present and not reduced; seta Vml at
same level as V'm2; microsetae DI] and DI4 present.

Spermathecae (Fig. 17) with two pairs of lobes;
median pair slightly curved inwards, longer than lateral
pair, with apical duct openings ending in a blunt margin;
lateral pair shorter, about 1/3 of the median lobes, drop
shaped, without duct openings. Chitinized arch U-shaped,
extending laterally to almost the same size as median
lobes; lateral tip not sclerotized. Gonopod long, wide.
Chelicera: serrula with 20 teeth. Setal group formula 1:3,
2:8, 3:4, 4:2, 5:11, 6:1. Fixed finger with 3 teeth between
two primary teeth.

Remarks. Males of Olmeca cruzlopezi differ in the size
of the pedipalps, having males with the same setation on
pedipalps and the same armature, but with evidently
smaller pedipalps 3.1 vs 2.8 times longer than propelti-
dium length. Also the apical process of the pedipalp tro-
chanter differs in some males, in which this process is
shorter and less pronounced. The females differ consider-
ably in the number of dorsal setae of the tergites, from
eight setae to three or four setae in each tergite.

Olmeca santibanezi sp. nov.

Figs 18-31, 46; Tables 2—4 (see supplementary material
online)

Type material. MEXICO: Chiapas: male holotype
(CNAN-T1081) [28 July 2013, O. Francke, J. Mendoza,
R. Monjaraz, C. Santibanez, A. Valdez, K. Zarate], from

Figs. 18-19. Olmeca santibanezi. Male holotype. Habitus: 18.
Dorsal view. Female paratype. Habitus: 19. Dorsal view. Scale
bar = 2 mm.

Figs. 20-27. Olmeca santibanezi. Male holotype. Flagellum
(20-22): 20, dorsal view. 21, ventral view. 22, lateral view.
Female. Flagellum (23-25): 23, dorsal view. 24, ventral view.
25, lateral view. Male pedipalp (26, 27): 26, ectal view. 27.
mesal view. Arrow indicating the anterior process. Scale bars =
0.2 mm.

Figs. 28-31. Olmeca santibanezi. Male. Chelicera (28-31): 28,
mesal view. 29, fixed finger. 30, movable finger. Female. Sper-
mathecae: 31, dorsal view. Scale bar (Fig. 31) = 0.05 mm.
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El Aserradero (16.78533°N, 91.0382°W, 205 m), Munici-
pio Ocosingo. Paratypes: 2 males and 1 female (CNAN-
T1082), same data as holotype. 1 male (CNAN-T1083)
[28 July 2013, O. Francke, J. Mendoza, R. Monjaraz, C.
Santibanez, A. Valdez, K. Zarate], from El Encano, Sierra
de la Cojolita (16.81133°N, 91.0774°W, 165 m), Munici-
pio Ocosingo. 1 female and 2 juveniles (CNAN-T1084)
[28 July 2013, O. Francke, J. Mendoza, R. Monjaraz, C.
Santibanez, A. Valdez, K. Zarate], from Arroyo Nayté,
Sierra de la Cojolita (16.79406°N, 91.0423°W, 194 m),
Municipio Ocosingo.

Habitat and distribution. Known from the Selva Lacan-
dona and the Sierra de la Cojolita in the Municipio of
Ocosingo, in the eastern region of Chiapas, Mexico
(Fig. 46). The specimens were collected sympatric with
Mayazomus aluxe, and Stenochrus portoricensis; how-
ever, the specimens of S. portoricensis were collected
under scrap pieces of wood (many with bark attached) in
the middle of the jungle, where a large tree was cut into
planks, and there was a thick layer of moist sawdust
underneath; whereas the Mayazomus and Olmeca were
found under rocks, near small streams and rivers, in very
moist microhabitats.

Etymology. The specific name is dedicated to our col-
league Carlos E. Santibanez-Lopez for his help collecting
the type material, his contributions to the systematics of
scorpions and for all the advice and help in past research
on schizomid systematics.

Diagnosis. Males can be distinguished by trochanter with
a long apical process projected distally (arrow in Fig. 26),
slightly curved on the dorsal margin, ending in a pointed
tip (with a setae) (Fig. 26); by the presence of a very long
and sclerotized seta on mesal surface of the trochanter,
near mesal spur; pedipalp femur with seta Fel/ acuminate
and seta Fe?2 spiniform; tibia with setae Ter6 and Ter7 spi-
niform strongly sclerotized. Male flagellum elliptical
shaped with one pair of deep dorso sub-median depres-
sions connected distally (Figs 20-22). Females can be
distinguished by the spermathecae (Fig. 31) with median
lobes curved outward, and lateral lobes tubular shaped.
Olmeca santibanezi resembles Olmeca cruzlopezi in the
shape of the apical process of the trochanter and the
setac Fvl and Fv2 of the pedipalp femur both located
ventrally, however, O. santibanezi has a more projected
apical process and curved along the dorsal margin, and
O. cruzlopezi has a triangular apical process; also the
mesal surface of the pedipalp trochanter presents a spini-
form seta near mesal spur, whereas O. cruzlopezi has an
acuminate seta. The male flagellum in O. santibanezi
presents an elliptical shape, elongated on the posterior
part, whereas in O. cruzlopezi it is lanceolate and
rounded on the posterior region. The female

spermathecae of O. cruzlopezi has lateral lobes drop
shaped whereas O. santibanezi presents lateral lobes
tubular shaped; in addition, the chitinized arch in O. san-
tibanezi is completely “V’ shaped, whereas in O. cruzlo-
pezi it is curved near the gonopod.

Description. Male (holotype): Brownish (Fig. 18). Pro-
soma: propeltidium with two setae on anterior process
(one behind the other) and two pairs of dorsal setae; ocu-
lar spots irregular and asymmetrical, clearly visible. Meta-
peltidium 0.45 long, 0.85 wide. Anterior sternum with
nine setae, plus two sternophysial setae; posterior sternum
with six setae.

Chelicerae (Figs 28-30): Movable finger: Serrula with
26 teeth, guard tooth present. Fixed finger with 4 smaller
teeth between 2 primary teeth. Setation: Setal group for-
mula: 1:3, 2:6, 3:4, 4:2, 5:13, 6:1. G1 with three spatulate
setae, covered with spinose spicules starting from the base
of the shaft; G2 composed of six feathered setae, subequal
in length, and shorter than movable finger length; G3 with
four setae subequal in length, two feathered apically and
smooth basally with a blunt tip, and two feathered along
their length and with a pointed tip; G4 consisting of two
setae, smooth, short and thick, spine shaped; G5 with 13
similar sized setae, feathered apically and shorter than
fixed finger; G6 with one smooth setae about 1/3 of mov-
able finger length.

Pedipalps (Figs 26, 27): long; 3.02 times longer than
propeltidium length. Trochanter with apical process trian-
gular shaped about 45°, curved in the dorsal margin and
expanded distally in the posterior part with a pointed tip
(arrow in Fig. 26); with a row of long setae on ventral
margin plus one row of five microsetae and one spiniform
setae on ectal face; mesal surface with a row of four setae
near ventral margin, the third seta spiniform, longer than
the mesal spur and with an expansion of the cuticle, plus
two setae near dorsal margin; with a small, medial mesal
spur. Femur 2.25 times longer than high, distal margin
curved, ventral margin curved; ventral margin on ectal
surface with spiniform setiferous tubercles Fv/ and Fv2
well developed and near each other; mesal surface with a
row of three ventral spiniform setae (Fvr 1-3) plus two
dorsal spiniform setae (Fmd2, Fmd3). Patella, setae Pe4,
Pe3, Pm3, and Pm4 spiniform; without setae Pmel or spe-
cial armature, seta Pmm3 feathered. Setae formula on tibia
4:4:5 (external row (Ter): medial row (Tmr): internal row
(Tir)), setaec Ter7, Ter6, Tmr5, and Tir5 spiniform and
strongly sclerotized; setae 7m/ and Tm2 acuminate. Tar-
sus long, 3.33 times longer than high. Claw about 1.2 times
as long as dorsal length of tarsus; spurs asymmetrical.
Legs: Leg I, basitarsal-telotarsal proportions: 28: 5: 6: 6:
7:7:15. Femur IV 2.4 times longer than high.

Opisthosoma: Tergite [ with two pairs of microsetae
anteriorly plus one pair of macrosetae; tergite Il with three
pairs of microsetae anteriorly plus one pair of macrosetae;
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tergites III-VII with one pair dorsal setae each; tergites
VIIIL, IX with one pair dorsal and one pair lateral setae
each; segments X, XI telescoped with one pair lateral
setae and five ventral setae; segment XII with one dorsal,
two lateral and four ventral pairs of setae, without postero-
dorsal process. Sternites, with two irregular rows of setae
each; genital aperture with three rows of microsetae, one
anterior and two posterior.

Flagellum (Figs 20-22): dorsoventrally flattened, ovate
in shape; 2.18 times longer than wide, 2.5 times longer
than pedicel length; with a pair of deep dorso-submedian
depressions fused posteriorly. Setation: Dm/ situated over
the bulb base; Dm4 situated distally; DI2 anterior to VII;
DI3 at same level as VI2; pair Vm?2 present; seta Vml at
same level as Vm2; VmS5 slightly posterior to V//. Without
antero-dorsal microsetae; with one pair of antero-lateral
microsetae on flagellar pedicel; and with three pairs of
microsetae between VI and VI2.

Female (paratype) (Fig. 19): Pedipalps shorter and
without development as on male, with a short and triangu-
lar apical process, 2.09 times longer than propeltidium
length. Setation: tergite I, IX and segments X—XII as on
male, tergites II-VIII with two irregular rows of setae
near anterior and posterior margin of each tergite, each
row with a principal dorsal pair of macrosetac and with
six to eight setae. Flagellum with two annuli (Figs 23—
25). Setation: seta DI2 reduced and anterior to ViI; DI3
posterior to VI2; Vm?2 present and not reduced; seta Vml
at same level as Vm2; microsetae DI/ and DI4 present.
Spermathecae (Fig. 31) with two pairs of lobes; median
pair slightly curved outwards, longer than lateral pair,
with apical duct openings starting about 1/3 of the base,
ending in a blunt margin; lateral pair shorter, about 1/2
length of the median lobes, tubular shaped, with apical
duct openings ending in a blunt tip. Chitinized arch V-
shaped, almost same size as median lobes; lateral tip
lobed. Gonopod long. Chelicera: serrula with 26 teeth.
Setal group formula 1:3, 2:6, 3:4, 4:2, 5:12, 6:1; G4 with
smooth setae ending in a long tip. Fixed finger with 4 teeth
between 2 primary teeth.

Remarks. As in Olmeca cruzlopezi, males of Olmeca
santibanezi also vary in the size of the pedipalps, from
3.09 to 2.10 times longer than propeltidium length; the
size and thickness of the setae in the mesal surface of the
pedipalp trochanter varies amongst males, some males
present more developed and sclerotized setae (similar to
the mesal spur) in the three of them, whereas other males
only present that sclerotization in the two distal setae. The
spermathecae varies in the size of the lateral lobes, having
lateral lobes wider than others or even longer, with varia-
tion in size from 1/3 to 1/2 the length of median lobes.
Also the females differ in the number of dorsal setae on
the tergites, having females with 9 setae per row in each
tergite and other females with only 5 setae.

Figs. 32-33. Olmeca brujo. Male holotype. Habitus: 32. Dorsal
view. Female paratype. Habitus: 33. Dorsal view. Scale bar =
2 mm.

Olmeca brujo sp. nov.

Figs 32-45, 46; Tables 2—4 (see supplementary material
online)

Type material. MEXICO: Veracruz: male holotype
(CNAN-T1085) [11 January 2012, J. Cruz, O. Francke, R.
Monjaraz, G. Montiel.], from Estaciéon Bioldgica ‘Los
Tuxtlas’ (18.58482°N, 95.0749°W, 173 m), Municipio
San Andrés Tuxtla. Paratypes: 1 male and 2 female
(CNAN-T1086), same data as holotype. 1 male (CNAN-
T1087) [10 November 2012, J. Cruz, O. Francke, R. Mon-
jaraz, G. Montiel, A. Valdez], same locality as holotype. 1
female (CNAN-T1088) [11 November 2012, J. Cruz, O.
Francke, R. Monjaraz, G. Montiel, A. Valdez], from
1.5 km East from Ejido la Perla de San Martin
(18.55550°N, 95.12110°W, 749 m), Municipio Catemaco.
1 male (CNAN-T1089) [28 March 2013, G. Contreras.],
from Rio Zapota, San Martin (18.30147°N, 94.7290°W,
950 m), Municipio Pajapan.

Habitat and distribution. Known from the South-east
region of Veracruz known as Los Tuxtlas, that includes
the UNAM Biological Station, Catemaco, San Andres
Tuxtla, and Pajapan; it is also known from the foothills of
Volcan San Martin and surroundings (Fig. 46). The speci-
mens were collected under rocks in a well conserved rain
forest, living sympatrically with undescribed species of
Stenochrus and Pacal.
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Figs. 34-41. Olmeca brujo. Male holotype. Flagellum (34-36):
34, dorsal view. 35, ventral view. 36, lateral view. Female. Fla-
gellum (37-39): 37, dorsal view. 38, ventral view. 39, lateral
view. Male pedipalp (40, 41): 40, ectal view. 41. mesal view.
Arrow indicating the anterior process. Scale bars = 0.2 mm.

Etymology. The specific name is a noun in apposition
that means wizard or shaman in Spanish, referring to the
witchcraft ceremonies performed in the region of Cate-
maco and the Tuxtlas.

Diagnosis. Males can be distinguished by trochanter with
a small triangular (more than 45°) apical process, ending

Figs. 42-45. Olmeca brujo. Male. Chelicera (42—45): 42, mesal
view. 43, fixed finger. 44, movable finger. Female. Spermathe-
cae: 45, dorsal view. Scale bar (Fig. 45) = 0.05 mm.

in a pointed tip (arrow Fig. 40); by all rows of setae Pe
and Pm on pedipalp patella with spiniform setae; pedipalp
femur with setae Fvi, Fv2, Fel, and Fe2 spiniform, setae
Fvr4 present and spiniform; tibial external row (7er) with
spiniform strongly sclerotized setae. Male flagellum, bul-
bous ovate shaped, with one pair of dorso sub-median
depressions not fused distally (Figs 34—36). Females can
be distinguished by the spermathecae (Fig. 45) having
median lobes slightly longer than lateral lobes, ending at
the same level as the lateral lobes, appearing to be of the
same length. Olmeca brujo resembles Olmeca cruzlopezi
and Olmeca santibanezi having setae FvI and Fv2 as spi-
niform setiferous tubercles and located ventrally, but dif-
fers considerably from the last two in having a more
bulbous flagellum, and pedipalp femur and patella with
spiniform setae; also, the mesal row of setae on pedipalp
femur presents an extra seta (Fvr4) absent in both O. cru-
zlopezi and O. santibanezi. The spermathecae of O. cru-
zlopezi and O. santibanezi present median lobes
noticeably longer than lateral lobes, whereas O. brujo
present lobes apparently of the same length. Finally the
dorsal setation in females of O. brujo is the same as in
males, whereas in O. cruzlopezi and O. santibanezi the
females present a more complex dorsal setation than the
males.

Description. Male (holotype): Brownish (Fig. 32). Pro-
soma: propeltidium with two setaec on anterior process
(one behind the other) and two pairs of dorsal setae; ocu-
lar spots irregular and asymmetrical, clearly visible. Meta-
peltidium 0.38 long, 0.77 wide. Anterior sternum with 10
setae, plus two sternophysial setae; posterior sternum with
SiX setae.

Chelicerae (Figs 42—44): Movable finger: Serrula with
22 teeth, guard tooth present. Fixed finger with 4 smaller
teeth between 2 primary teeth. Setation: Setal group for-
mula: 1:3, 2:8, 3:4, 4:2, 5:10, 6:1. G1 with three spatulate
setae, covered with spinose spicules starting from the mid-
dle of the shaft; G2 composed of eight feathered setae,
subequal in length, and shorter than movable finger
length; G3 with four setae subequal in length, two feath-
ered apically and smooth basally with a blunt tip, and two
feathered along their length and with a pointed tip; G4
consisting of two setae, smooth, short and thick, elongated
at the tip; G5 with 10 similar sized setae, feathered api-
cally and shorter than fixed finger; G6 with one smooth
setae about 1/2 of movable finger length.

Pedipalps (Figs 40, 41): 2.4 times longer than propelti-
dium length. Trochanter with a small apical process trian-
gular shaped >45°, ending in a pointed tip (with a seta)
(arrow in Fig. 40); with a row of long setae on ventral
margin plus two distal spiniform setae and one row of six
spiniform setae on ectal face; mesal surface with a row of
four spiniform setae near ventral margin, plus two spini-
form setae near dorsal margin; with a small, distal mesal
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Fig. 46. Distribution map of the known species of genus Olmeca.

spur. Femur 2.04 times longer than high, distal margin
curved, ventral margin curved; ventral margin on ectal
surface with spiniform setiferous tubercles Fvi, Fv2, Fel,
and Fe2 well developed and strongly sclerotized;
mesal surface with a row of four ventral spiniform setae
(Fvr1—4) plus two dorsal spiniform setae (Fmd2, Fmd3).
Patella with setae Pe5—3, Pm5—3 spiniform, with setae
Pmel and Pmm3 spiniform. Setac formula on tibia 4:3:5
(external row (Ter): medial row (Tmr): internal row
(Tir)), setae row Ter7—4 spiniform, setae Tmr5 and Tir5
spiniform and strongly sclerotized; seta 7m/ acuminate,
seta Tm2 feathered. Tarsus 2.30 times longer than high.
Claw about 1.7 times as long as dorsal length of tarsus;
spurs asymmetrical.

Legs: Leg I, basitarsal-telotarsal proportions: 22: 5: 5:
4:5:6: 14. Femur IV 2.5 times longer than high.

Opisthosoma: Tergite I with two pairs of microsetae
anteriorly plus one pair of macrosetae; tergite II with three
pairs of microsetae anteriorly plus one pair of macrosetae;
tergites III-VII with one pair dorsal setae each; tergites
VIII, IX with one pair dorsal and one pair lateral setae
each; segments X, XI telescoped with one pair lateral
setae and five ventral setae; segment XII with one dorsal,
two lateral and four ventral pairs of setae, without postero-
dorsal process. Sternites, with two irregular rows of setae
each; genital aperture with one posterior row of setae.

Flagellum (Figs 34-36): dorsoventrally flattened, ovate
in shape and bulbous; 1.55 times longer than wide,
3.3 times longer than pedicel length; with a pair of dorso-
submedian depressions not fused posteriorly. Setation:
Dm1 situated over the bulb base; Dm4 situated distally, at
the same level as DI3, DI2 at same level as ViI; DI3 at
same level as VI2; pair Vm2 present; seta Vml posteriorly
to Vm2; VmS posterior to V11. With one pair of antero-dor-
sal microsetae; one pair of antero-lateral microsetae on
flagellar pedicel; and four pairs of microsetae between
Vil and VI2.

Female (paratype) (Fig. 33): Pedipalps shorter than
male, 2.02 times longer than propeltidium length, but with
the same setation pattern, apical process with same shape
as on male but shorter. Setation as on male except for the
anterior sternum with nine setae instead of 10. Flagellum
with two annuli (Figs 37-39). Setation: seta DI2 reduced
and anterior to VII; DI3 posterior to VI2; Vm2 present and
not reduced; seta Vml at same level as Vm2; microsetae
DIl and DI4 present. Spermathecae (Fig. 45) with two
pairs of lobes; median pair straight, longer than lateral
pair, with duct openings along its length; lateral pair
shorter, about 1/2 length of the median lobes, drop shaped,
with duct openings along their length; base of the lobes
starting posteriorly than median pair. Chitinized arch
V-shaped, longer than median lobes; lateral tip irregular
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and projected; posterior branch slightly visible at the
median portion between median lobes. Gonopod long and
wide. Chelicera: serrula with 18 teeth. Setal group for-
mula 1:3, 2:6, 3:4, 4:2, 5:8, 6:1. Fixed finger with 4 teeth
between 2 primary teeth.

Remarks. Males vary in body and pedipalp size from 2.1
to 2.7 times longer than propeltidium length; however the
setaec patterns of the pedipalps are constant amongst
males, varying only in the size of setac. Females present
less development of the pedipalps that is noticeable in the
size of the apical process of the pedipalp trochanter and
the size of the spiniform setae of the pedipalp. The dorsal
setation in O. brujo is constant amongst females. The
number of setae on group 5 (G5) of the chelicerae varies
from 8 to 10, and the number of teeth on serrula varies
from 18 to 22 teeth.

Discussion
Phylogenetics of Olmeca

The three new species described here were consistently
recovered as a different clade from the genus Mayazomus,
with which they are more similar in male morphology.
Therefore, our results justify the creation of a new genus
(described below): Olmeca gen. nov.

Genus Olmeca gen. nov. was recovered as a monophy-
letic group with a Jackknife branch support of 94, Bremer
support of 5 and by three synapomorphies: (a) setac Fe2
spiniform (character 34, state 1), with a reversion on O.
cruzlopezi; (b) setae Fvl and Fv2 as well-developed spini-
form setiferous tubercles, both located ventrally (character
39, state 2); and (c) chitinized arch of the female sperma-
thecae with wide lateral tip (character 110, state 2); plus
14 homoplasious characters (Figs 1, 2). The species
Olmeca brujo sp. nov. is placed as the sister species of the
group including the other two species (Olmeca santiba-
nezi sp. nov.+ Olmeca cruzlopezi sp. nov.); however, this
last clade had low branch supports of 37 Jackknife and 1
Bremer, with a combination of homoplastic characters. In
the case of the peculiar spiniform setae of the patella
(Pe4, 5 and Pm4, 5) present in Olmeca gen. nov., those
setae are recovered as homoplastic characters (character
46 state 1, 48 state 2, and 50 state 1), because Rowlandius
also presents this type of spiniform setae on the patella
(Figs 1, 2).

The placement of Olmeca brujo sp. nov. in the topology
as the sister group of the other two species of Olmeca gen.
nov. is concordant with the geographic distribution of the
species, since it is distributed in the southern region of
Veracruz but north of the Isthmus of Tehuantepec, whereas
O. santibanezi sp. nov. and O. cruzlopezi sp. nov. are both
distributed south of the Isthmus in Chiapas: O. cruzlopezi

sp. nov. (Ocozocuautla) separated from O. santibanezi sp.
nov. (Ocosingo) by the Sierra of Chiapas (Fig. 46).
Additionally, Olmeca gen. nov. is recovered as the sis-
ter group of all hubbardiine genera included in these anal-
yses, except for Hubbardia, indicating that despite
sharing some morphological similarities, it is distantly
related with Mayazomus and/or Stenochrus (see morpho-
logical differences below). The basal placement of
Olmeca gen. nov. is congruent with morphology, since
the presence of spiniform setae and macrosetac on pedi-
palps are very common characters in members of Proto-
schizomidae, but also in members of Hubbardia which
are placed as the most basal genus of Hubbardiidae in our
results, suggesting that the presence of spiniform setae as
well as the larger body size, are plesiomorphic characters
shared by Olmeca gen. nov., Hubbardia, and Mayazomus.

Out-group relationships

Based on the results of these analyses, the relationships of
the rest of the genera studied in this work and Monjaraz-
Ruedas and Francke (2016), recover Hubbardia as sister
group to the rest of the genera of the subfamily used in
our study. This hypothesis is supported also by its more
northern distribution and morphology, because species of
Hubbardia share many characters with members of Proto-
schizomidae, like the shape and number of setae on the
pedipalp (Monjaraz-Ruedas & Francke, 2015). Our pre-
ferred tree groups of the rest of the genera studied here
with support of 89% with Jackknife- and 5 with Bremer,
and by nine synapomorphies (see Appendix 2, see supple-
mental material online; Figs 1, 2), tentatively separating
Hubbardia from the rest of the New World schizomids
sampled.

Monjaraz-Ruedas and Francke (2016) found that
Mayazomus was closely related to Rowlandius; however,
in our current hypothesis that relationship changed
when Belicenochrus and Surazomus were added to the
analyses. Mayazomus now appears as a sister group of
Pacal, and this clade in turn appears as sister to the
clade ((Belicenochrus+Stenochrus) + (Rowlandius+
Hansenochrus+Surazomus)) (Fig. 2) which is concordant
with the distribution of the genera. However, the inclusion
of more species and the use of molecular data may give
us a better understanding of the relationship of these
groups.

Bayesian inference

As with the Parsimony analysis, the Bayesian inference
found that the relationships amongst genera of the New
World schizomids used here are not well supported,
retrieving an unresolved tree with a polytomy holding two
main clades (the same clades as in Parsimony), the clade
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of Hubbardia, and the clade formed by the rest of the gen-
era (Fig. 3). As in the Parsimony, we found that the
Bayesian approach recovered as the best supported
clades the genus Mayazomus (PP = 0.99), Olmeca gen.
nov. (PP = 0.91), Rowlandius (PP = 0.99) and Surazomus
(PP = 0.99) (Fig. 3), indicating that the relationships of
New World genera are still far from being resolved and an
analysis including the majority if not all of the New World
genera is needed.
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Abstract

The North American genus Stenochrus is represented by 22 species distributed mainly in Mexico, Central America and
the U.S.A.; the genus was erected originally to place the species Stenochrus portoricensis and was characterized by the
presence of lateral lobes reduced on female spermathecae, male flagellum without important dorsal relief, pedipalps with-
out distinctive armature and without posterodorsal process on segment XII. Here we describe five new species from the
Mexican state of Oaxaca; we discuss the presence of dimorphic males in the genus. With this contribution the genus Steno-
chrus reaches 27 species, becoming the second most diverse genus of schizomids in the New World.

Key words: Taxonomy, Diversity, Short-tailed whipscorpions, Schizomids, Nearctic, Neotropical

Introduction

The genus Stenochrus Chamberlin, 1922 is the richest genus in North America and the second most diverse in the
New World, preceded by the genus Rowlandius Reddell and Cokendolpher, 1995 (63 species) (Chamberlin, 1922;
Reddell and Cokendolpher, 1995; Harvey, 2013; Villarreal, et al., 2016). The genus was erected to receive the new
species Stenochrus portoricensis Chamberlin, 1922 based on the absence of mesopeltidia. Rowland (1973),
however, synonymized the genus Stenochrus under Schizomus Cook, 1899, arguing that the mesopeltidia are
present in all members of the order. Rowland and Reddell (1979) recognized seven New World species groups
within the genus Schizomus, based largely on an unpublished phylogenetic analysis by Rowland (1975). Later
Reddell and Cokendolpher (1991) resurrected the genus Stenochrus and transferred into it 18 species from
Schizomus, representing three of Rowland’s species groups (“mexicanus,” “pecki” and “goodnightorum”).
Subsequently, Armas (1995) described a new species of Stenochrus from Nicaragua: Stenochrus leon Armas, 1995
and since then, only three more species were described in the genus: Stenochrus tepezcuintle Armas and Cruz-
Lopez, 2009, from Mexico; Stenochrus meambar Armas and Viquez, 2010, from Honduras, and Stenochrus valdezi
Monjaraz-Ruedas, 2012 also from Mexico (Armas and Cruz-Lépez, 2009; Armas and Viquez, 2010; Monjaraz-
Ruedas, 2012).

Currently, the genus Stenochrus comprises 22 species distributed from southern Texas, U. S. A., throughout
Mexico, and into northern Central America and the Greater Antilles; however, the type species, S. portoricensis has
been presumably introduced to many areas, expanding the distribution of the genus to North, Central and South
America and four countries in Europe (Barranco et al., 2014; Blick et al., 2006; Christophoryova et al., 2013;
Korenko et al., 2009; Tourinho and Kury, 1999; Zawierucha et al., 2013).

In Mexico, the genus Stenochrus is distributed from northern Tamaulipas through the Sierra Madre Oriental
mountain range south to Oaxaca and across the Isthmus of Tehuantepec to Chiapas and the Yucatan Peninsula.
However, S. portoricensis has been reported from the states of Campeche, Chiapas, Oaxaca, Quintana Roo,
Tabasco, Veracruz and Yucatan (Rowland and Reddell, 1977; Reddell and Cokendolpher, 1995). Some species in
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the genus are apparently restricted to cave environments, but there are also several epigean species such as
Stenochrus goodnightorum (Rowland, 1973), S. portoricensis, S. sbordonii (Brignoli, 1973) and S. fepezcuintle.

Despite the numerous additional taxonomic characters proposed recently for the order (Moreno-Gonzélez, et
al., 2014; Villarreal et al., 2016; Monjaraz-Ruedas et al., 2016), currently the only diagnostic character for
Stenochrus is the reduced lateral lobes of the female spermathecae, which was the character chosen by Reddell and
Cokendolpher (1991) to move the three species groups from Schizomus to Stenochrus. However, the simple dorsal
relief of the male flagellum is a common condition in some members of Stenochrus, accompanied by the presence
of sub-ovate to sub-rhomboidal shaped flagella. Additionally, the male pedipalps lack distinctive ornamentations
(spines or apophyses), except for Stenochrus mexicanus (Rowland, 1971). Finally, sexual dimorphism has been
observed in one species of the genus, S. mexicanus; however only males with elongated pedipalps are known and
the presence of homeomorphic males has not been reported or observed by us (n=6). The lack of synapomorphies
for the genus results in a taxonomic headache and the correct placement of new species in the genus Stenochrus has
become a habit, resulting in a ”catch-all” genus where species that do not fit in any other genus are lumped within
Stenochrus. Furthermore, the fact that three of the seven species groups of Rowland were transferred from
Schizomus into Stenochrus raises doubts about its monophyly. Phylogenetic analyses (currently in progress) are
needed to test the monophyly of the genus and to get an overview of the relationships within Stenochrus.

Despite the fact that the highest diversity of arachnids in Mexico has been reported from the state of Oaxaca
(Santibafiez-Lépez et al. 2016), there are only four species of schizomids reported from that state: Pacal stewarti
(Rowland, 1973) from Cueva del Guayabo at Valle Nacional, Stenochrus moisii (Rowland, 1973) from Grutas de
Monteflor also at Valle Nacional; S. portoricensis from Acatlan and Tomellin, and finally S. tepezcuintle from San
Miguel Soyaltepec, The last three species occur in the northern mountain range of Oaxaca (Rowland & Reddell,
1977; Rowland & Reddell, 1979, 1980; Armas & Cruz-Loépez, 2009). Additionally, Reddell and Cokendolpher
(1995) tentatively report females of Stenochrus firstmani (Rowland, 1973) from Cueva Despareciendo, Cueva de la
Finca, and Cueva del Nacimiento del Rio San Antonio from near Acatlan, Oaxaca. However, the type locality of S.
firstmani is Grutas de Atoyac, Veracruz; therefore, these records could represent Stenochrus magico sp. nov., since
the male flagellum is very similar in these two species. Finally, as far as we have been able to determine, S.
firstmani is restricted only to Grutas de Atoyac.

In this contribution we describe five new species of Stenochrus from Oaxaca, showing that the diversity of
schizomids is higher in that state than previously known, and that Stenochrus is currently the most diverse genus in
North America with 27 species. Three of the new species are known only from caves, and two are epigean. Also,
the presence of dimorphic male pedipalps is discussed.

Material and methods

Specimens are deposited in the Coleccion Nacional de Aracnidos, Instituto de Biologia, Universidad Nacional
Auténoma de México, Mexico City (CNAN). Specimens were collected by hand and/or using an aspirator, and
preserved in 80 and 96% ethanol. Observations were made using a Nikon SMZ-800 stereomicroscope, and a Nikon
Eclipse E100 optical microscope. Measurements (mm) of particular structures are as described by Reddell and
Cokendolpher (1995), and were obtained with an ocular micrometer calibrated at 20X. Morphological terminology
for legs and pedipalps follows Reddell and Cokendolpher (1995), cheliceral setae nomenclature follows Lawrence
(1969) as modified by Villarreal et al. (2016), flagellar setae terminology after Cokendolpher and Reddell (1992) as
modified by Harvey (1992) and Monjaraz-Ruedas et al. (2016); pedipalp setae terminology follows Monjaraz-
Ruedas et al. (2017), spermathecae nomenclature follows Moreno-Gonzalez et al. (2014); finally, opisthosomal
setae nomenclature follows Villarreal et al. (2016).

Male chelicerae were dissected and prepared for scanning electron microscopy (SEM) according to Acosta et
al. (2007), with a modification to the cleaning process which consisted of a series of three cycles of washes,
alternating distilled water and biological detergent, followed by one minute in the ultrasonic cleaner.
Microphotographs were taken using a Hitachi SU1510 SEM. Female spermathecae were dissected in 80% ethanol
and cleared in lactophenol for 10 min (Krantz & Walter, 2009), after which they were preserved in Hoyer’s medium
and mounted on semipermanent microscope slides. Photographs were taken under visible light with a Leica
DFC490 camera adapted to a Leica Z16 APOA stereomicroscope; photographs were taken and assembled in the
software LAS (Leica Application Suite) v. 4.3.0, and edited with Adobe Photoshop CS6.
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Results

Taxonomy

Family Hubbardiidae Cook, 1899

Subfamily Hubbardiinae Cook, 1899

Genus Stenochrus Chamberlin, 1922

Type species: Stenochrus portoricensis Chamberlin, 1922, by original designation.

Stenochrus chimalapas, sp. nov.

Figs. 1-14, 71 Table 1.

Type material. MEXICO: Oaxaca: male holotype (CNAN-T1152), [25 October 2016, E. Briones, A. Juarez, A.
Valdez, J. Valerdi], from Cueva de Escolapa, (16.85057°N, 94.7481°W, 219m), Municipio Santa Maria
Chimalapas. Paratypes: 1 male and 2 females (CNAN-T1153) same data as holotype. 2 males (CNAN-T1154), [28

March 2010, J. Cruz, O. Francke, C. Santibafiez, A. Valdez] same locality as holotype.
Distribution. This species is known only from the type locality (Fig 71).

FIGURES 1, 2. Stenochrus chimalapas sp. nov. Male holotype. Habitus: 1. Dorsal view. Female paratype. Habitus: 2. Dorsal
view.
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FIGURES 3-10. Stenochrus chimalapas sp. nov. Male holotype. Flagellum (3-5): 3, dorsal view. 4, ventral view. 5, lateral
view. Female. Flagellum (6-8): 6, dorsal view. 7, ventral view. 8, lateral view. Pedipalps ectal view (9, 10): 9, Heteromorphic
male. 10, Homeomorphic male. Scale bars = 0.2 mm.

Habitat. Collected inside the cave, which is about 50 to 60m long; specimens were collected in the deepest
area in complete darkness, and were moving on the ground and the walls, between bat guano and moist organic
material that had washed into the cave.

Etymology. The specific name is a noun in apposition taken from the type locality.

Diagnosis. Males can be distinguished by having an elliptical shaped flagellum with one pair of
dorsosubmedian pits (Figs. 3-5); pedipalps with femur, patella and tibia elongated (Fig. 9). Females can be
distinguished by the spermathecae (Fig. 14) with median lobes inverse “J” shaped, lateral lobes straight.
Stenochrus chimalapas sp. nov. resembles S. moisii, both species with small body size and dark body coloration,
and in both species the male flagellum with a pair of dorsosubmedian pits, however male flagellum in S. moisii has
a pair of small submedian protuberances. Additionally, males of S. chimalapas sp. nov. have elongated pedipalps
with respect to females, i. e., there is evident sexual dimorphism, whereas males of S. moisii with pedipalps very
similar to the females. Females of S. chimalapas sp. nov. resemble S. valdezi in the shape of the spermathecae,
having inverse “J” shaped median lobes; however, S. valdezi has lateral lobes with pointed tips, whereas the lateral
pair is blunt in S. chimalapas sp. nov., and significantly, the chitinized arch of the spermathecae of S. chimalapas
sp. nov. lacks the anterior branches.
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FIGURES 11-14. Stenochrus chimalapas sp. nov. Male. Chelicera (11-13): 11, movable finger. 12, mesal view. 13, fixed
finger. Female. Spermathecae: 14, dorsal view. Scale bar (Fig. 14) = 0.05 mm.

Description. Male (holotype): Greenish (Fig. 1). Prosoma: propeltidium with two setae on anterior process
(one behind the other) and two pairs of dorsal setae; ocular spots distinct, asymmetrical. Metapeltidium 0.30 long,
0.45 wide. Anterior sternum with eleven setae, including two sternophysial setae; posterior sternum with six setae.

Chelicerae (Figs. 11-13): Movable finger: Serrula with 18 teeth, guard tooth present. Fixed finger with six
smaller teeth between two primary teeth. Setation: Setal group formula: 3-6-4-2-7-5-1-5. G1 with three spatulate
setae, apically covered with few small spinose spicules; G2 composed of six feathered setae, subequal in length,
and shorter than movable finger length; G3 with four setae, subequal in length, feathered apically and smooth
basally; G4 consisting of two small setae, smooth, basally thick, elongated at the tip; G5A with seven similar sized
setae, feathered apically and longer than fixed finger; G5B with five feathered setae, three apical ones longer than
basal two; G6 with one smooth seta, about 1/2 of movable finger length; G7 with five slender, feathered setae,
subequal in size.

Pedipalp (Figs. 9, 10): elongated; 1.95 times longer than propeltidium length. Trochanter without apical
process, mesal surface with three setae near ventral margin, plus two setae near dorsal margin; with a long distal
mesal spur. Femur, 2.4 times longer than high; ventral margin on ectal surface with setae Fel, Fe5, Fevl and Fev2
acuminate; mesal surface with a row of three ventral setae (Fmv 1-3) plus two dorsal setae (Fmd2, Fmd3). Patella
with three acuminate Pe setae and three feathered Pm setae; without distinctive armature. Setae formula on tibia
3:3:4 (external row (7er): medial row (7mr): internal row (7ir)), all setae on tibia acuminate. Tarsal spurs
asymmetrical.

Legs: Leg |, basitarsal-telotarsal proportions: 15: 4: 3: 3: 4: 4: 10. Femur IV 2.32 times longer than high.
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TABLE 1. Measurements (mm) of Stenochrus chimalapas sp. nov.

Male CNAN- Male CNAN-  Female CNAN- Female CNAN-  Male CNAN- Male CNAN-

T1152 T1153 T1153 T1153 T1154 T1154
Total Length 3.04 2.84 3.88 2.80 3.76 0.60
Propeltidium
Length 0.91 0.88 0.98 0.93 0.99 0.75
Width 0.45 0.64 0.61 0.48 0.54 0.71
Flagellum
Length 0.26 0.26 0.27 0.27 0.24 0.91
Width 0.16 0.16 0.18 0.18 0.06 2.20
Height 0.11 0.11 0.10 0.10 0.06 1.20
Legl
Coxa 0.42 0.43 0.40 0.34 0.43 0.62
Trochanter 0.26 0.26 0.24 0.26 0.30 0.67
Femur 0.88 0.94 0.94 0.96 0.90 0.86
Patella 0.98 1.07 1.12 1.01 0.99 0.81
Tibia 0.69 0.67 0.75 0.62 0.72 0.69
Basitarsus 0.24 - 0.27 0.30 0.29 0.84
Telotarsus 0.45 - 0.46 1.73 0.43 0.43
Total 3.90 3.38 4.19 5.22 4.06 4.14
Leg IV
Trochanter 0.27 0.24 0.22 0.22 0.26 0.70
Femur 0.93 0.96 0.99 0.91 0.98 0.75
Patella 0.37 0.38 0.40 0.37 0.42 0.71
Tibia 0.62 0.56 0.64 0.59 0.66 0.72
Basitarsus 0.51 0.04 0.58 0.54 0.56 0.78
Telotarsus 0.38 0.38 0.38 0.38 0.37 0.83
Total 3.09 2.57 3.22 3.02 3.23 4.49
Pedipalp
Trochanter 0.29 0.35 0.37 0.32 0.35 0.73
Femur 0.42 0.83 0.70 0.34 0.40 0.67
Patella 0.51 0.96 0.90 0.42 0.46 0.72
Tibia 0.35 0.50 0.46 0.30 0.35 0.69
Tarsus 0.21 0.22 0.24 0.18 0.19 0.73
Total 1.78 2.86 2.67 1.55 1.76 3.54

Opisthosoma: Tergite 1 with two pairs of microsetae anteriorly plus pair Dm; tergite II with three pairs of
microsetae anteriorly, plus Dm pair; tergites III-VII with one pair of Dm setae each; tergite VIII with Dm and DI/2;
tergite IX with pairs D/, DI2 and without Dm. Segments X, XI telescoped, with setal pairs DI2, Vm2, Vi1 and Vi2,
plus single Vm1 seta; segment XII with Dm, DI1, DI2, Vm1, Vm2, Vi1 and VI2 setae, without posterodorsal process.
Sternites with two irregular rows of setae each; genital plate with many scattered microsetae.

Flagellum (Figs. 3-5): dorsoventrally flattened, elliptical in shape; 1.6 times longer than wide; with a pair of
dorsosubmedian shallow pits. Setation: Dm/ situated over the bulb base; Dm4 situated distally; D/2 anterior to ViI;
DI3 at same level as VI2; pair Vm2 present; seta Vml at same level as Vm2; Vm5 distal to ViI. One pair of
anterodorsal microsetae between Dm 1 and DI2, one pair of anterolateral microsetae on flagellar pedicel, and two
patches of microsetae between VI and Vi2 (msp).

Female (paratype) (Fig. 2): Pedipalps shorter and without enlargement as on male, 1.8 times longer than
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propeltidium length. Setation as on male. Flagellum with three flagellomeres (Figs. 6-8). Setation: seta D/2
reduced and at same level as V/1; DI3 at same level as VI2; Vm2 present and not reduced; seta Vm 1 at same level as
Vm?2; microsetae DIl and DI4 present. Spermathecae (Fig. 14) with two pairs of lobes; median pair inverse “J”
shaped outwards, longer than lateral pair, with few disperse duct openings ending in a blunt margin; lateral pair
shorter, about 1/2 of the median lobes, with apical duct openings; median lobes bases starting anterior to those of
lateral lobes. Chitinized arch U-shaped; with wide lateral tip and without anterior branch. Gonopod 2.1 times wider
than long, sub rectangular-shaped, sides parallel. Chelicera: serrula with 19 teeth. Setal group formula 3-6-4-2-6-6-
1-5. Fixed finger with six teeth between two primary teeth.

Remarks. There are dimorphic males in this species, having particularly an enlargement in the femur, patella
and tibia of the pedipalps; the dimorphic male (heteromorphic) with the longest pedipalps having a ratio of 3.2
times longer than propeltidium length; whereas the homeomorphic male, with the shorter pedipalps having a ratio
of only 1.7 times longer than propeltidium length: There are two intermediate (mesomorphic) males (including the
male holotype) that have a ratio of pedipalp length of 2.3 and 2.7 times longer than propeltidium length.
Noteworthy is the dark greenish coloration of the species, which is an uncommon feature in cave dwelling species
of Stenochrus.

Stenochrus gruta, sp. nov.
Figs. 15-28, 71, Table 2.

Type material. MEXICO: Oaxaca: male holotype (CNAN-T1155), [1 July 2013, G. Contreras, J. Cruz, J. Mendoza,
C. Santibafiez, A. Valdez], from Gruta de San Sebastian, (16.03049°N, 96.9692°W, 1715m), San Sebastian de las
Grutas, Municipio Sola de Vega. Paratypes: 2 males and 2 females (CNAN-T1156), same data as holotype.

FIGURES 15, 16. Stenochrus gruta sp. nov. Male holotype. Habitus: 15. Dorsal view. Female paratype. Habitus: 15. Dorsal
view.
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FIGURES 17-24. Stenochrus gruta sp. nov. Male holotype. Flagellum (17-19): 17, dorsal view. 18, ventral view. 19, lateral
view. Female. Flagellum (20-22): 20, dorsal view. 21, ventral view. 22, lateral view. Pedipalps ectal view (23, 24): 23,
Heteromorphic male. 24, Homeomorphic male. Scale bars = 0.2 mm.

Additional material examined. MEXICO: Oaxaca: 6 females (CNAN-Sz0193), [20 June 2006, O. Francke, H.
Montaiio, C. Santibaiiez, A. Valdez, G. Villegas], from Gruta de San Sebastian, (16.03049°N, 96.9692°W, 1715m),
San Sebastian de las Grutas, Municipio Sola de Vega.

Distribution. This species is known only from the type locality (Fig 71).

Habitat. The cave is a horizontal tunnel about 800m long, open at both ends. Specimens were collected inside
the cave in moist, dark areas associated with bat guano, about 300 m into the long passage. The cave is promoted
and used as an ecotouristic attraction; however, it is conserved in very good conditions, so we suspect that there are
few visitors because it is located some distance away from the main roads.

Etymology. The specific name is a noun in apposition referring to the name of the type locality.

Diagnosis. Males can be distinguished by having a rhomboidal shaped flagellum with one pair of dorsomedian
pits (Figs. 17-19); pedipalps noticeably elongated (Fig. 23). Females can be distinguished by the spermathecae
(Fig. 28) having median lobes curved along their length, about 1/3 longer than lateral lobes; lateral lobes straight,
their base distal to that of median lobes, with an extremely wide gonopod. Stenochrus gruta sp. nov. resembles S.
moisii in the rhomboidal shape of the male flagellum; however, males of S. grufa sp. nov. have pedipalps
elongated, and larger body size; whereas males of S. moisii have homeomorphic pedipalps and small body size.
Stenochrus gruta sp. nov, also resembles S. mexicanus in both having elongated pedipalps; however, males of S.
mexicanus have a tibial apophysis on mesal surface, absent in the new species. Female spermathecae of S. gruta sp.
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nov. resemble those of S. portoricensis, both having curved median lobes with apical openings, but S. gruta sp.
nov. differs from S. portoricensis in the length and width of the lateral lobes.

Description. Male (holotype): Brownish (Fig. 15). Prosoma: propeltidium with two setae on anterior process
(one behind the other) and two pairs of dorsal setae; ocular spots distinct, oval shaped. Metapeltidium 0.44 long,
0.72 wide. Anterior sternum with nine setae, plus two sternophysial setae; posterior sternum with six setae.

Chelicerae (Figs. 25-27): Movable finger: serrula with 20 teeth, guard tooth present. Fixed finger with six
smaller teeth between two primary teeth. Setation: Setal group formula: 3-6-4-2-8-3-1-6. G1 with three spatulate
setae, covered with small spinose spicules starting from base of shaft; G2 composed of six feathered setae,
subequal in length, and shorter than movable finger length; G3 with four setae subequal in length, feathered
apically and smooth basally; G4 consisting of two small setae, smooth, thick basally, elongated at the tip; G5A with
eight similar sized setae, feathered apically and longer than fixed finger; G5B with three setae, two apical ones
longer, smooth basally and feathered distally, and basal seta short and smooth; G6 with one smooth seta about 1/2
of movable finger length; G7 with seven apically feathered setae, subequal in size.

Pedipalps (Figs. 23, 24): elongated, 3.4 times longer than propeltidium length. Trochanter without apical
process, mesal surface with three setae near ventral margin, plus two setae near dorsal margin; with a tiny, distal
mesal spur. Femur, 5.6 times longer than high; ventral margin on ectal surface with setae Fel, Fe5, Fevl and Fev2
acuminate; mesal surface with a row of three ventral setae (Fmv 1-3) plus two dorsal setae (Fmd2, Fmd3). Patella
with five Pe acuminate setae and three Pm feathered setae; without distinctive armature. Setae formula on tibia
3:3:4, Ter acuminate, Tmr and Tir feathered. Tarsal spurs asymmetrical.

Legs: Leg |, basitarsal-telotarsal proportions: 27: 4: 5: 4: 4: 5: 13. Femur IV 2.6 times longer than high.

FIGURES 25-28. Stenochrus gruta sp. nov. Male. Chelicera (25-27): 25, movable finger. 26, mesal view. 27, fixed finger.
Female. Spermathecae: 28, dorsal view. Scale bar (Fig. 28) = 0.05 mm.
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TABLE 2. Measurements (mm) of Stenochrus gruta sp. nov.

Male CNAN- Male CNAN- Male CNAN- Female CNAN- Female CNAN-
T1155 T1156 T1156 T1156 T1156

Total Length 3.92 3.76 4.08 4.00 4.48
Propeltidium
Length 1.32 1.20 1.20 1.22 1.20
Width 0.70 0.62 0.66 0.67 0.80
Flagellum
Length 0.42 0.40 0.30 0.40 0.29
Width 0.24 0.22 0.08 0.24 0.08
Height 0.14 0.14 0.08 0.14 0.08
Legl 0.64 0.59 0.56 0.61 0.58
Coxa 0.37 0.35 0.34 0.38 0.35
Trochanter 1.42 1.39 1.22 1.36 1.20
Femur 1.64 1.60 1.31 1.58 1.36
Patella 1.20 1.10 0.91 1.14 0.96
Tibia 0.43 0.46 0.35 0.40 0.34
Basitarsus 0.06 0.06 0.06 0.06 0.06
Telotarsus 0.56 0.58 0.56 0.59 0.54
Total 6.26 6.08 5.25 6.06 5.33
LeglV
Trochanter 0.30 0.26 0.32 0.34 0.45
Femur 1.39 1.31 1.28 1.28 1.23
Patella 0.54 0.58 0.51 0.50 0.51
Tibia 0.96 0.90 0.58 0.90 0.85
Basitarsus 0.93 0.08 0.82 0.86 0.75
Telotarsus 0.50 0.53 0.48 0.54 0.50
Total 4.62 3.65 3.98 4.42 4.29
Pedipalp
Trochanter 0.54 0.37 0.43 0.43 0.40
Femur 1.25 0.62 0.54 0.50 0.50
Patella 1.46 0.75 0.59 0.75 0.51
Tibia 0.80 0.53 0.48 0.54 0.46
Tarsus 0.40 0.24 0.24 0.32 0.26
Total 4.45 2.51 2.29 2.54 2.13

Opisthosoma: Tergite 1 with two pairs of microsetae anteriorly plus pair Dm; tergite 1l with three pair
microsetae anteriorly plus pair Dm; tergites [1I-VII with setae pair Dm each; tergite VIII with Dm and DI2; tergite
IX with pairs D/I, DI2 and without Dm. Segments X, XI telescoped, with setal pairs DI2, Vm2, VII and VI2, plus
single Vml seta; segment XII with Dm, DI1, DI2, Vml, Vm2, VII and VI2 setae, without posterodorsal process.
Sternites with two irregular rows of setae each; genital plate with many scattered microsetae.

Flagellum (Figs. 17-19): dorsoventrally flattened, rhomboidal in shape; 1.7 times longer than wide; with a pair
of dorsomedian pits. Setation: Dm/ situated over the bulb base; Dm4 situated distally; D/2 anterior to VII; DI3 at
same level as VI2; pair VmZ2 present; seta Vml at same level as Vm2; Vm5 posterior to VII. With one pair of
anterodorsal microsetae between Dm/ and DI2, one pair of anterolateral microsetae on flagellar pedicel, and two
patches of microsetae (msp) between Vi1 and Vi2.
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Female (paratype) (Fig. 16): Pedipalps shorter and without enlargement as on male, 1.9 times longer than
propeltidium length. Setation as on male. Flagellum with three flagellomeres (Figs. 20-22). Setation: seta D/2
reduced and at same level as VII; DI3 at same level as VI2; Vm2 present and not reduced; seta V'm 1 anterior to Vm2;
microsetae DI/ and DI4 present. Spermathecae (Fig. 28) with two pairs of lobes; median pair curved outwards
along their length, longer than lateral pair, with apical duct openings ending in a blunt tip; lateral pair straight,
slightly shorter and narrower than median pair, without duct openings; median lobes bases starting basal to lateral
lobes bases. Chitinized arch U-shaped; lateral tip not sclerotized and without anterior branch. Gonopod 4.2 times
wider than long, conical-shaped. Chelicera: serrula with 21 teeth. Setal group formula 3-6-4-2-7-5-1-6. Fixed
finger with six teeth between two primary teeth.

Remarks. Males of S. gruta sp. nov. have a very remarkable dimorphism in the length of the pedipalps; in this
species we observed two types of males (heteromorphic and homeomorphic), where one male (heteromorphic)
with the longest pedipalps presents a ratio of 3.4 times longer than propeltidium length, and the homeomorphic
male with shortest pedipalps presenting a ratio of only 2.1 times longer than propeltidium length.

Stenochrus caballero, sp. nov.
Figs. 29-42, 71, Table 3.

FIGURES 29, 30. Stenochrus caballero sp. nov. Male holotype. Habitus: 29. Dorsal view. Female paratype. Habitus: 30.
Dorsal view.
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FIGURES 31-38. Stenochrus caballero sp. nov. Male holotype. Flagellum (31-33): 31, dorsal view. 32, ventral view. 33,
lateral view. Female. Flagellum (34-36): 34, dorsal view. 35, ventral view. 36, lateral view. Pedipalps ectal view (37, 38): 37,
Homeomorphic male. 38, female. Scale bars = 0.2 mm.

Type material. MEXICO: Oaxaca: male holotype (CNAN-T1157), [10 April 2014, G. Contreras, J. Cruz, S.
Davlantes, O. Francke, J. Mendoza], from Cerro Caballero, (18.14230°N, 96.71597°W, 938m), San Jos¢ Tenango.
Paratypes: 1 male and 1 female (CNAN-T1158), [28 August 2008, J. Cruz] same locality data as holotype. 1 male
and 1 female (CNAN-T1159), [11 April 2014, G. Contreras, J. Cruz, S. Davlantes, O. Francke, J. Mendoza] from
0.6 km N of Pozo de Aguilas, (18.19772°N, 96.67682°W, 327m), San José¢ Tenango.

Distribution. This species is known from the foothills of the Sierra Mazateca in the northern region of Oaxaca
(Fig 71).

Habitat. Specimens were collected in tropical dry forest under big rocks in both conserved and disturbed
habitats.

Etymology. The specific name is a noun in apposition taken from the name of the type locality.

Diagnosis. Relatively larger and darker than most congeners. Males can be distinguished by having an oval
shaped flagellum with one pair of dorsosubmedian depressions (Figs. 31-33); pedipalps not elongated
(=homeomorphic), trochanter without apical process (Fig. 37). Females can be distinguished by the spermathecae
(Fig. 42) having median and lateral lobes of the same length and width, with their insertions at the same level.
Chelicerae with a remarkable accessory tooth on movable finger (Fig. 39). Stenochrus caballero resembles
Stenochrus pallidus (Rowland, 1975) in the oval shape of the male flagellum; however, males of S. pallidus present
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a pair of deep dorsosubmedian pits, whereas males of S. caballero present a pair of shallow dorsosubmedian
depressions. Females of S. caballero differ from S. pallidus in having the median and lateral lobes of the
spermathecae of the same length, whereas female spermathecae in S. pallidus with lateral lobes shorter than the
median lobes.

Description. Male (holotype): Dark brownish (Fig. 29). Prosoma: propeltidium with two setae on anterior
process (one behind the other) and three pairs of dorsal setae; ocular spots distinct, irregular. Metapeltidium 0.37
long, 0.66 wide. Anterior sternum with 11 setae, plus two sternophysial setae; posterior sternum with six setae.

Chelicerae (Figs. 39—41): Movable finger: Serrula with 21 teeth, guard tooth present, with a prominent
accessory tooth at the middle of the movable finger. Fixed finger with four smaller teeth between two primary
teeth. Setation: Setal group formula: 3-6-4-2-7-6-1-7. G1 with three spatulate setae, covered with spicules starting
from the middle of the shaft; G2 composed of six feathered setae, subequal in length, and shorter than movable
finger length; G3 with four setae, subequal in length, feathered apically and smooth basally; G4 consisting of two
small setae, smooth, basally thick, distally elongated; G5A with seven similar sized setae, feathered apically and
longer than fixed finger; G5B with six setae, two short and smooth proximally and four long and feathered distally;
G6 with one smooth setae about 1/2 of movable finger length; G7 with seven smooth setae, slightly decreasing in
size distally.

FIGURES 39-42. Stenochrus caballero sp. nov. Male. Chelicera (39-41): 39, movable finger. 40, mesal view. 41, fixed finger.
Female. Spermathecae: 42, dorsal view. Scale bar (Fig. 42) = 0.05 mm.

Pedipalps (Fig. 37): homeomorphic; 1.7 times longer than propeltidium length. Trochanter without apical
process, mesal surface with three setae near ventral margin, plus two setae near dorsal margin; with a small, distal
mesal spur. Femur, 1.9 times longer than high; ventral margin on ectal surface with setae Fel, Fe5, Fevl and Fev2
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acuminate; mesal surface with a row of three ventral setae (Fmv 1-3) plus two dorsal setae (Fmd2, Fmd3). Patella
with three acuminate Pe setae and four feathered Pm setae; without distinctive ornamentations. Setae formula on
tibia 4:3:5, Ter acuminate, Tmr and Tir feathered. Tarsal spurs asymmetrical.

TABLE 3. Measurements (mm) of Stenochrus caballero sp. nov.

Male CNAN- Male CNAN- Female CNAN- Male CNAN- Female CNAN-
T1157 T1158 T1158 T1159 T1159

Total Length 4.32 4.24 4.32 3.92 4.44
Propeltidium
Length 1.30 1.38 1.36 1.25 1.31
Width 0.70 0.80 0.75 0.69 0.74
Flagellum
Length 0.48 0.45 0.37 0.42 0.32
Width 0.26 0.26 0.08 0.26 0.08
Height 0.13 0.13 0.08 0.14 0.08
Legl
Coxa 0.64 0.77 0.62 0.66 0.56
Trochanter 0.46 0.53 0.37 0.46 0.40
Femur 1.47 1.62 1.18 1.39 1.15
Patella 1.84 2.11 1.39 1.41 1.39
Tibia 1.38 1.57 1.04 1.09 1.04
Basitarsus 0.46 0.50 0.34 0.42 0.32
Telotarsus 0.62 0.62 0.59 0.56 0.50
Total 6.88 7.71 5.54 5.98 5.36
LeglV
Trochanter 0.35 0.42 0.35 0.26 0.35
Femur 1.23 1.38 1.10 1.23 1.14
Patella 0.54 0.58 0.53 0.53 0.50
Tibia 0.88 0.99 0.77 0.83 0.82
Basitarsus 0.80 0.88 0.74 0.80 0.69
Telotarsus 0.53 0.58 0.48 0.53 0.45
Total 434 4.82 3.97 4.18 3.94
Pedipalp
Trochanter 0.45 0.51 0.46 0.43 0.43
Femur 0.53 0.54 0.51 0.53 0.51
Patella 0.51 0.58 0.51 0.51 0.48
Tibia 0.46 0.54 0.46 0.46 0.45
Tarsus 0.26 0.26 0.24 0.24 0.24
Total 2.21 243 2.19 2.18 2.11

Legs: Leg |, basitarsal-telotarsal proportions: 29: 4: 5: 5: 6: 5: 14. Femur IV 2.41 times longer than high.

Opisthosoma: Tergite 1 with two pairs of microsetae anteriorly plus pair Dm; tergite II with three pairs of
microsetae anteriorly plus pair Dmi; tergites III-VIII with setae pair Dm each; tergite IX with pairs D/1, DI2 and
without Dm. Segments X, XI telescoped, with setal pairs DI2, Vm2, VII and VI2, plus single Vm1 seta; segment XII
with Dm, DI1, DI2, Viml, Vm2, Vi1 and VI2 setae, without posterodorsal process. Sternites with two irregular rows
of setae each; genital plate with scattered setae.

Flagellum (Figs. 31-33): dorsoventrally flattened, ovoid in shape; 1.9 times longer than wide; with a pair of
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dorsosubmedian depressions. Setation: Dm/ situated over the bulb base; Dm4 situated distally; D/2 at same level as
Vi1; DI3 posterior to VI2; pair Vm2 present; seta Vml posterior to Vm2; VmS posterior to V1. With one pair of
anterodorsal microsetae between Dm/ and DI2, one pair of anterolateral microsetae on flagellar pedicel and with
two patches of microsetae between VI and ViI2 (msp).

Female (paratype) (Fig. 30): Pedipalps similar to male (Fig. 38), 1.6 times longer than propeltidium length.
Setation as on male. Flagellum with three flagellomeres (Figs. 34-36). Setation: seta D/2 reduced and anterior to
ViI; DI3 at same level as VI2; Vm2 present and not reduced; seta Vml at same level as Vm2; microsetae DI/ and
DI4 present. Spermathecae (Fig. 42) with two pairs of lobes; both median and lateral lobes of the same length and
width, median pair straight, ending in a blunt tip; lateral pair slightly curved inwards, ending in a blunt tip; median
and lateral lobes bases at the same level. Chitinized arch U-shaped; with wide lateral tip, and a straight and
incomplete anterior branch. Gonopod 2.4 times wider than long, lobe-shaped. Chelicera: movable finger with a
prominent accessory tooth; serrula with 22 teeth. Setal group formula 3-6-4-2-7-4-1-7. Fixed finger with four teeth
between two primary teeth.

Remarks. The large size (4.4—4.6 mm) of the specimens in this species and S. alcalai sp. nov. is an uncommon
characteristic in members of the genus Stenochrus which has in general species with small body size (2.5 to 3.8).
There is no evidence of dimorphism on male pedipalps among the three known specimens, but we can’t rule out
their existence. There are two important characteristics present in this species which render difficult the correct
placement of this species in Stenochrus: The lateral lobes of female spermathecae of the same length as the median
lobes, and the presence of an accessory tooth on movable finger of the cheliceraec. However, there are other
characters, as are the shape and relief of the male flagellum, and the general shape of the pedipalps, that permit us
to group this species with members of Stenochrus. We tentatively place this species in Stenochrus due to the lack of
evidence on the morphological limits of Stenochrus, and because there is no other described genus with the
combination of characters mentioned above; its correct taxonomic placement should be resolved in the
phylogenetic analyses in progress.

Stenochrus alcalai, sp. nov.
Figs. 43-56, 71, Table 4.

Type material. MEXICO: Oaxaca: male holotype (CNAN-T1160), [23 August 2015, D. Barrales, J. Cruz, O.
Francke, R. Monjaraz, J. Sanchez], from La Laguna, (17.72716°N, 97.10172°W, 2402m), San Pedro Jocotipac.
Paratypes: 1 female (CNAN-T1161), same data as holotype. 2 males 1 female (CNAN-T1162), [22 August 2016,
D. Barrales, J. Cruz, O. Francke, R. Monjaraz, J. Sanchez], from El Tanque (17.74294°N, 97.10562°W, 2402m),
San Pedro Jocotipac.

Distribution. This species is known only from the type locality and a second locality fairly close by and in the
same forest (Fig 71).

Habitat. Specimens were collected in a very well conserved and hyper-humid oak forest, the trees festooned
with mosses and lichens, above 2,400 m elevation; individuals were found under rocks and rotten logs.

Etymology. The specific name is a noun in apposition dedicated to Diego Barrales Alcala for his help during
field trips and for his contributions to Mexican arachnology.

Diagnosis. Males can be distinguished by having an ovate shaped flagellum with one pair of deep
dorsosubmedian pits (Figs. 45-47); with homeomorphic pedipalps. Females can be distinguished by the
spermathecae (Fig. 56) with median lobes inverse “J” shaped, with duct openings along the entire lobe; lateral
lobes straight, slender and shorter than median lobes; the bases of the lobes very close to each other and at the same
level. Stenochrus alcalai resembles Stenochrus pecki (Rowland, 1973) in the ovate shape of the flagellum in males;
however, the flagellum in S. alcalai presents a pair of deep dorsosubmedian pits, whereas in S. pecki it presents a
single shallow posteromedian depression. In addition, male pedipalps in S. pecki are robust and with spiniform
setae on patella and tibia; whereas on S. alcalai the pedipalps are normal and bear acuminate setae. Females of S.
alcalai resemble S. chimalapas in the general shape of the spermathecae; however, females of S. chimalapas
present wide lateral tips on the chitinized arch, and few duct openings; whereas females of S. alcalai present duct
openings along the entire lobes, and with slender lateral tips; also, the bases of the lobes are fused in S. alcalai,
whereas in S. chimalapas are separated and independent; finally, females of S. alcalai present a large, conical
gonopod, whereas females of S. chimalapas have a short and wide gonopod.
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FIGURES 43, 44. Stenochrus alcalai sp. nov. Male holotype. Habitus: 43. Dorsal view. Female paratype. Habitus: 44. Dorsal
view.

Description. Male (holotype): Brownish (Fig. 43). Prosoma: propeltidium with two setae on anterior process
(one behind the other) and three pairs of dorsal setae; ocular spots distinct, asymmetrical. Metapeltidium 0.42 long,
0.72 wide. Anterior sternum with nine setae, plus two sternophysial setae; posterior sternum with six setae.

Chelicerae (Figs. 53-55): Movable finger: serrula with 12 teeth, guard tooth present. Fixed finger with five
smaller teeth between two primary teeth. Setation: setal group formula: 3-6-4-2-6-5-1-5. G1 with three spatulate
setae, with few apical spicules; G2 composed of six feathered setae, subequal in length, and shorter than movable
finger length; G3 with four setae subequal in length, feathered apically and smooth basally; G4 consisting of two
small setae, smooth, thick basally, elongated at the tip; G5A with six similar sized setae, feathered apically and
longer than fixed finger; G5B with five feathered setae, increasing in size distally; G6 with one smooth setae, about
1/2 of movable finger length; G7 with five smooth, slender setae, decreasing in length distally.

Pedipalps (Figs. 51): homeomorphic; 1.7 times longer than propeltidium length. Trochanter without apical
process, mesal surface with three setae near ventral margin, plus two setae near dorsal margin; with a small, medial
mesal spur. Femur 2 times longer than high; ventral margin on ectal surface with setae Fel, Fe5, Fevl and Fev2
acuminate; mesal surface with a row of three ventral setae (Fmv 1-3) plus two dorsal setae (Fmd2, Fmd3). Patella
with three acuminate Pe setae and four feathered Pm setae; without distinctive ornamentations. Setae formula on
tibia 3:3:5 Ter acuminate, 7mr and Tir feathered. Tarsal spurs asymmetrical.

Legs: Leg |, basitarsal-telotarsal proportions: 31: 4: 5: 4: 6: 5: 12. Femur IV 3.4 times longer than high.

Opisthosoma: Tergite 1 with two pairs of microsetae anteriorly plus pair Dm; tergite 1l with three pair
microsetae anteriorly plus pair Dm; tergites 11I-VII with one pair of Dm setae each; tergite VIII with Dm and DI2;
tergite IX with pairs D/, DI2 and without Dm. Segments X, XI telescoped, with setal pairs D/2, Ym2, Vi1 and Vi2,
plus Vml seta; segment XII with Dm, DII, DI2, Vml, Vm2, Vi1 and VI2 setae, without posterodorsal process.
Sternites with two irregular rows of setae each; genital plate with scattered microsetae.
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FIGURES 45-52. Stenochrus alcalai sp. nov. Male holotype. Flagellum (45-47): 45, dorsal view. 46, ventral view. 47, lateral
view. Female. Flagellum (48-50): 48, dorsal view. 49, ventral view. 50, lateral view. Pedipalps ectal view (51, 52): 51,
Homeomorphic male. 52, female. Scale bars = 0.2 mm.

Flagellum (Figs. 45—47): dorsoventrally flattened, ovate in shape; 1.7 times longer than wide; with a pair of
deep dorsosubmedian pits. Setation: Dm/ situated over the bulb base; Dm4 situated medially; D/2 anterior to ViI;
DI3 at same level as VI2; pair Vm?2 present; seta Vm1 at same level as Vm2; VmS5 posterior to V/1. With one pair of
anterodorsal microsetae between Dm/ and DI2, one pair of anterolateral microsetae on flagellar pedicel, and two
patches of microsetae between VI and Vi2 (msp).

Female (paratype) (Fig. 44): Pedipalps slightly shorter than on male (Fig. 52), 1.6 times longer than
propeltidium length. Setation as on male except for anterior sternum with 10 setae. Flagellum with three
flagellomeres (Figs. 48—50). Setation: seta DI2 reduced and anterior to V71; DI3 posterior to VI2; Vm2 present and
not reduced; seta VmlI at same level as Vm2; microsetae DI/ and DI4 present. Spermathecae (Fig. 56) with two
pairs of lobes, with bases fused and at the same level; median pair inverse “J” shaped outwards, longer than lateral
pair, with duct openings along the entire length, ending in a blunt tip; lateral pair slender and shorter, about 1/2
length of median lobes, without duct openings, ending in a blunt tip. Chitinized arch U- shaped; with a wide lateral
tip and without anterior branch. Gonopod 3.6 times wider than long, sub rectangular-shaped. Chelicera: serrula
with 13 teeth. Setal group formula 3-6-4-2-7-6-1-5. Fixed finger with four teeth between two primary teeth.

Remarks. The altitudinal distribution of this species (2402m) is rare in schizomids, with S. alcalai
representing the highest record thus far of the genus Stenochrus. Without evidence of dimorphic males (n=3).
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FIGURES 53-56. Stenochrus alcalai sp. nov. Male. Chelicera (53-55): 53, movable finger. 54, mesal view. 55, fixed finger.
Female. Spermathecae: 56, dorsal view. Scale bar (Fig. 56) = 0.05 mm.

TABLE 4. Measurements (mm) of Stenochrus alcalai sp. nov.

Male CNAN- Female CNAN- Male CNAN- Male CNAN- Female CNAN-
T1160 T1161 T1162 T1162 T1162
Total Length 4.64 4.16 4.56 4.48 4.24
Propeltidium
Length 1.49 1.52 1.36 1.44 1.41
Width 0.78 0.80 0.80 0.74 0.72
Flagellum
Length 0.46 0.48 0.34 0.48 -
Width 0.27 0.29 0.10 0.29 -
Height 0.19 0.18 0.10 0.18 -
Legl
Coxa 0.64 0.70 0.51 0.64 0.59
Trochanter 0.46 0.48 0.40 0.46 0.40
..... continued on the next page
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TABLE 4. (Continued)

Male CNAN- Female CNAN- Male CNAN- Male CNAN- Female CNAN-
T1160 T1161 T1162 T1162 T1162

Femur 1.60 1.96 1.18 1.66 1.26
Patella 1.90 2.29 1.31 2.08 1.41
Tibia 1.50 1.72 1.02 1.46 1.04
Basitarsus 0.50 0.53 0.37 0.48 0.43
Telotarsus 0.58 0.56 0.53 0.66 0.53
Total 7.18 8.25 5.33 7.44 5.66
LeglV
Trochanter 0.35 0.40 0.35 0.32 0.37
Femur 1.57 1.72 1.26 1.60 -
Patella 0.75 0.75 0.53 0.69 -
Tibia 1.20 1.41 0.93 1.18 -
Basitarsus 0.86 0.96 0.75 0.93 -
Telotarsus 0.56 0.56 0.51 0.59 -
Total 5.30 5.80 434 5.31 -
Pedipalp
Trochanter 0.50 0.48 0.45 0.54 0.48
Femur 0.58 0.64 0.51 0.59 0.53
Patella 0.62 0.62 0.53 0.56 0.53
Tibia 0.56 0.61 0.48 0.53 0.46
Tarsus 0.30 0.30 0.24 0.27 0.27
Total 2.56 2.66 2.21 2.50 2.27

Stenochrus magico, sp. nov.
Figs. 57-71, Table 5.

TBype material. MEXICO: Oaxaca: male holotype (CNAN-T1163), [26 March 1981, A. Grubbs, S. Zeman], from
Millipede Cave, Rio Iglesia Dolina (18.1175°N, 96.79983°W, 1610m), Huautla de Jiménez. Paratypes: 1 male
(CNAN-T1164), [12 April 2014, G. Contreras, J. Cruz, S. Davlantes, O. Francke, J. Mendoza], from Cueva Li-
Nita, (18.14767°N, 96.7984°W, 1919m), Huautla de Jiménez. 1 female (CNAN-T1165), [11 September 2010, D.
Barrales, J. Cruz, O. Francke, A. Valdez], from Cueva 100m S of Puente de Fierro, (18.15085°N, 96.85336°W,
1197m), Huautla de Jiménez. 1 female (CNAN-T1166), [12 April 2015, G. Contreras, O. Francke, J. Mendoza, M.
Minton, R. Monjaraz], from Cueva Cangrejo, San Miguel Cuahutepec, (18.10717°N, 96.79845°W, 1540m),
Huautla de Jiménez.

Distribution. This species is known only from caves in the Sierra Mazateca in the vicinity of Huautla de
Jiménez (Fig 71).

Etymology. The specific name is a noun in apposition of the Spanish word magic, in reference to the magic
mushrooms (genus Psilocybe) which occur in the region of Huautla de Jimenez, and were popularized during the
hippie years in the 1970s and 80s.

Diagnosis. Males can be distinguished by the bulbous flagellum, subquadrate in shape, without dorsal relief
(Figs. 59-61); pedipalp trochanter with a small protuberance as apical process. Females can be distinguished by the
spermathecae (Fig. 70) with median lobes inverse “J” shaped, without duct openings, lateral lobes curved
outwards; the bases of the lobes clearly separated. Stenochrus magico resembles Stenochrus firstmani (Rowland,
1973) in the shape of the male flagellum; however, males of S. magico have a subquadrate-shaped flagellum,
whereas males of S. firstmani present a sub-triangular-shaped flagellum. In addition, males of S. firstmani present a
dorsomedian protuberance on flagellum, whereas the flagellum of males of S. magico lack dorsal relief. Females of
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S. magico resemble S. alcalai in the shape of the spermathecae, having median lobes inverse “J” shaped; however,
females of S. magico have the lateral lobes curved outwards and about 1/3 length of median lobes, whereas females
of S. alcalai have lateral lobes straight and about 1/4 length of median lobes. Additionally, females of S. magico
have a wide and short, subrectangular gonopod with sides parallel, while females of S. alcalai have a trapezoidal
gonopod with oblique sides.

FIGURES 57, 58. Stenochrus magico sp. nov. Male holotype. Habitus: 57. Dorsal view. Female paratype. Habitus: 58. Dorsal
view.

Chelicerae (Figs. 67-69): Movable finger: serrula with 22 teeth, guard tooth present. Fixed finger with five
smaller teeth between two primary teeth. Setation: Setal group formula: 3-6-4-2-13-6-1-6. G1 with three spatulate
setae, covered with spinose spicules from the middle of the shaft to the tip; G2 composed of six feathered setae,
subequal in length, and shorter than movable finger length; G3 with four setae subequal in length, feathered
apically and smooth basally; G4 consisting of two small setae, smooth, thick basally, elongated at the tip; GSA with
thirteen similar sized setae, feathered apically and longer than fixed finger; G5B with six , basal three short and
smooth, distal three longer and feathered; G6 with one smooth setae about 1/2 of movable finger length; G7 with
six smooth and slender setae subequal in length.

Pedipalps (Figs. 65): homeomorphic; 2.1 times longer than propeltidium length. Trochanter with a small
protuberance on apical process, mesal surface with three setae near ventral margin, plus two setae near dorsal
margin; with a long, medial mesal spur. Femur, 2 times longer than high; ventral margin on ectal surface with setae
Fel, Fe5, Fevl and Fev2 acuminate; mesal surface with a row of three ventral setae (Fmv 1-3) plus two dorsal
setae (Fmd2, Fmd3). Patella with four Pe acuminate setae and four Pm feathered setae; without distinctive
ornamentations. Setae formula on tibia 5:6:6 Ter acuminate, 7mr and Tir feathered. Tarsal spurs asymmetrical.

Legs: Leg |, basitarsal-telotarsal proportions: 27: 3: 4: 4: 5: 5: 11. Femur IV 3.0 times longer than high.

Opisthosoma: Tergite 1 with two pairs of microsetae anteriorly plus pair Dm; tergite Il with three pairs of
microsetae anteriorly plus pair Dm; tergites [1I-VII with one pair of Dm setae each; tergite VIII with Dm and D/2;
tergite IX with pairs D/, DI2 and without Dm. Segments X, XI telescoped, with setal pairs DI2, Vm2, Vi1 and VI2,
plus single Vm 1 seta; segment XII with Dm, DI1, DI2, Vml, Vm2, Vil and VI2 setae, without posterodorsal process.
Sternites with two well defined rows of setae each; genital plate with scattered setae.
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FIGURES 59-66. Stenochrus magico sp. nov. Male holotype. Flagellum (59—61): 59, dorsal view. 60, ventral view. 61, lateral
view. Female. Flagellum (62-64): 62, dorsal view. 63, ventral view. 64, lateral view. Pedipalps ectal view (65, 66): 65,
Homeomorphic male. 66, female. Scale bars = 0.2 mm.

Flagellum (Figs. 59—61): bulbous, subquadrate-shaped; 1.7 times longer than wide; without dorsal relief.
Setation: Dm1 situated outside of the bulb base; Dm4 situated distally; D/2 anterior to VII; DI3 at same level as
Vi2; pair Vm2 present; seta Vml posterior to Vm2; Vm5 posterior to V/1. With one pair of anterodorsal microsetae
between Dml and DI2, one pair of anterolateral microsetae on flagellar pedicel, and two patches of microsetae
between VII and VI2 (msp).

Female (paratype) (Fig. 58): Pedipalps as on male (Fig. 66), 1.9 times longer than propeltidium length.
Setation as on male. Flagellum with three flagellomeres (Figs. 62—64). Setation: seta D/2 not reduced and anterior
to VII; DI3 posterior to VI2; Vm?2 present and not reduced; seta V'm/ at same level as Vm2; microsetae DI/ and D4
present. Spermathecae (Fig. 70) with two pairs of lobes; median pair inverse “J” shaped outwards, without duct
openings, ending in a blunt margin; lateral pair slender and slightly shorter, about 2/3 length of median lobes,
curved outwards, with many pores along the entire length; lateral and median lobes bases at the same level.
Chitinized arch U-shaped; with diffuse lateral tips and without anterior branch. Gonopod 3 times wider than long,
roughly curved-shaped. Chelicera: serrula with 23 teeth. Setal group formula 3-8-4-2-11-6-1-6. Fixed finger with
five teeth between two primary teeth.
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FIGURES 67-70. Stenochrus magico sp. nov. Male. Chelicera (67—69): 67, movable finger. 68, mesal view. 69, fixed finger.
Female. Spermathecae: 70, dorsal view. Scale bar (Fig. 70) = 0.05 mm.

FIGURES 71. Distribution map of the Stenochrus species know for the state of Oaxaca.
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Remarks. Specimens of Stenochrus magico are distributed only inside the caves of the Sierra Mazateca,
primarily in the Sistema Huautla. There is no evidence of dimorphic males in this species, but additional sampling
is needed to verify this (n=2). There are other schizomid species outside the caves that should not be confused with
Stenochrus magico, and the evidence suggests that S. magico is a troglophile without any apparent troglomorphic
trait.

TABLE 5. Measurements (mm) of Stenochrus magico sp. nov.

Male CNAN-T1163 Male CNAN-T1164 Female CNAN-T1165 Female CNAN-T1166

Total Length 3.80 4.24 5.76 5.68
Propeltidium
Length 1.15 1.33 1.64 1.60
Width 0.64 0.69 0.92 0.90
Flagellum
Length 0.46 0.46 - 0.59
Width 0.27 0.27 - 0.08
Height 0.21 0.21 - 0.08
Legl
Coxa 0.62 0.64 0.75 0.74
Trochanter 0.40 0.40 0.51 0.51
Femur 1.82 1.84 1.76 1.57
Patella 2.13 2.13 2.11 1.86
Tibia 1.47 1.57 1.50 1.38
Basitarsus 0.54 0.50 0.53 0.50
Telotarsus 0.64 0.66 0.69 0.58
Total 7.63 7.74 7.85 7.13
Leg IV
Trochanter 0.35 - 0.58 0.40
Femur 1.68 - 1.72 1.64
Patella 0.64 - 0.80 0.70
Tibia 1.14 - 1.18 1.12
Basitarsus 1.04 - 1.10 1.04
Telotarsus 0.61 - 0.90 0.62
Total 5.46 - 6.28 5.52
Pedipalp
Trochanter 0.43 0.50 0.72 0.64
Femur 0.62 0.77 0.80 0.69
Patella 0.61 0.69 0.77 0.72
Tibia 0.54 0.56 0.62 0.54
Tarsus 0.27 0.29 0.32 0.30
Total 2.48 2.80 3.23 2.90
Discussion

Currently, Stenochrus encompasses a wide range of morphological variation due to the combination of three
different species groups described originally by Rowland (1975). These morphological groups were the first
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attempt to differentiate and recognize monophyletic groups within Schizomida and the all-encompassing old genus
Schizomus. Later Reddell and Cokendolpher (1995) elevated several of those groups to genus level (e.g., part of the
“brasilensis” group became Surazomus, “dumitrescoae” group became Rowlandius). However, in the case of the
“mexicanus”, “pecki” and “goodnightorum” groups they were lumped in to one genus that was formed primarily
by all North American schizomids; excluding the “briggsi” group, currently the genus Hubbardia, which is
considerably different to the rest of New World schizomids.

Recently and as was discussed in Giupponi et al. (2016), species groups are a good approach to recognize,
organize and to better understand the relationships within New World schizomids, because aside from the
Protoschizomidae, the fact that the family Hubbardiidae groups all the other species in the world is a reflection of
the lack of phylogenetic reconstruction and classification in the order.

However, recent developments such the new taxonomic findings in schizomids as well as the implementation
of new characters, coupled with the description of new species, has created some problems in recognizing only
three discrete species groups in the Mexican fauna. For example, the “mexicanus” group includes species from
throughout the country, including S. moisi, S. pallidus and S. portoricensis which are species distributed principally
in the south of Mexico, and are more similar among them than with members of the group which includes S.
mexicanus, S. davisi, and S. reddelli, which are northern species, i. e., probably the “mexicanus” group might not
be a monophyletic group. The species described here could be included within those southern species groups, and
they are very similar in their morphology to S. moisii and S. pallidus with a probable Neotropical origin sharing
some characters as is the presence of a pair of dorsal pits on the male flagellum and the predominantly dark
coloration.

Regarding the dimorphic pedipalps on males, which is a characteristic fairly common in schizomids that was
first reported by Armas (1989) and later analyzed by Santos et al. (2013), is a condition that has been reported for
several genera, such as Antillostenochrus, Sotanostenochrus, Rowlandius, etc. However, the presence of two
different states (homeomorphic and heteromorphic) and including a third state (mesomorphic) in one population is
a condition reported only in species of Rowlandius and Mayazomus (Monjaraz-Ruedas and Francke, 2015; Santos
et al., 2013). Despite the fact that S. mexicanus was reported as a species with sexually dimorphic males (compared
with the female) there is no evidence of other intra-sexually dimorphic states in that species or the genus
Stenochrus. Therefore, in this work we include the first report of heteromorphic, mesomorphic and homeomorphic
males in two of the new species (S. chimalapas and S. gruta) of Stenochrus, and we have noted that this condition
is apparently more common in cave dwelling species than in epigean ones.
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ABSTRACT

The short-tailed whipscorpion genus, Stenochrus Chamberlin, 1922 (Schizomida: Hubbardiidae
Cook, 1899), occurring in North and Central America, is redefined and revised based on simultaneous
phylogenetic analysis of 61 morphological characters and 2968 aligned DNA nucleotides from two
markers in the nuclear genome, the internal transcribed spacer (ITS) and 28S rDNA, and two markers
in the mitochondrial genome, cytochome ¢ oxidase subunit I (COI) and 12S rDNA, for a comprehensive
taxon sample. Six new genera are described: Ambulantactus, gen. nov.; Baalrog, gen. nov.; Harveyus, gen.
nov.; Nahual, gen. nov,; Schizophyxia, gen. nov.; Troglostenochrus, gen. nov. Heteroschizomus Rowland,
1973, stat. rev., is revalidated and its type species, Heteroschizomus goodnightorum Rowland, 1973, rein-
stated. Six new species are described: Ambulantactus aquismon, sp. nov.; Ambulantactus montielae, sp.
nov.; Baalrog yacato, sp. nov.; Harveyus contrerasi, sp. nov.; Heteroschizomus kekchi, sp. nov.; Nahual
bokmai, sp. nov. Eighteen new combinations are created by transferring species, previously accommo-
dated in Stenochrus, to other genera: Ambulantactus davisi (Gertsch, 1940), comb. nov.; Baalrog magico
(Monjaraz-Ruedas and Francke, 2018), comb. nov.; Baalrog sbordonii (Brignoli, 1973), comb. nov.; Har-
veyus mexicanus (Rowland, 1971a), comb. nov.; Harveyus mulaiki (Gertsch, 1940), comb. nov.; Harveyus
reddelli (Rowland, 1971a), comb. nov.; Heteroschizomus meambar (Armas and Viquez, 2010), comb. nov;
Heteroschizomus orthoplax (Rowland, 1973a), comb. nov.; Heteroschizomus silvino (Rowland and Red-
dell, 1977), comb. nov.; Nahual caballero (Monjaraz-Ruedas and Francke, 2018), comb. nov.; Nahual
lanceolatus (Rowland, 1975), comb. nov.; Nahual pallidus (Rowland, 1975), comb. nov.; Pacal moisii
(Rowland, 1973), comb. nov.; Pacal tepezcuintle (Armas and Cruz-Lopez, 2009), comb. nov.; Schizo-
phyxia bartolo (Rowland, 1973), comb. nov.; Schizophyxia lukensi (Rowland, 1973), comb. nov.; Troglo-
stenochrus palaciosi (Reddell and Cokendolpher, 1986), comb. nov.; Troglostenochrus valdezi
(Monjaraz-Ruedas, 2012), comb. nov. The male of B. sbordonii is determined to be heterospecific with
the holotype female and described as B. yacato. The females of H. goodnightorum and N. lanceolatus are
described for the first time. Following these revisions, seven species remain within Stenochrus: Steno-
chrus alcalai Monjaraz-Ruedas and Francke, 2018; Stenochrus chimalapas Monjaraz-Ruedas and Francke,
2018; Stenochrus gruta Monjaraz-Ruedas and Francke, 2018; Stenochrus guatemalensis (Chamberlin,
1922); Stenochrus leon Armas, 1995; Stenochrus pecki (Rowland, 1973); Stenochrus portoricensis Cham-
berlin, 1922. Olmecazomus, nom. nov., is proposed as a replacement name for the junior homonym,
Olmeca Monjaraz-Ruedas and Francke, 2017, creating three new combinations: Olmecazomus brujo
(Monjaraz-Ruedas and Francke, 2017), comb. nov.; Olmecazomus cruzlopezi (Monjaraz-Ruedas and
Francke, 2017), comb. nov.; Olmecazomus santibanezi (Monjaraz-Ruedas and Francke, 2017), comb. nov.
A key to identification of the hubbardiid genera of North America is provided and the utility of various
character systems for the diagnosis of schizomid genera discussed. The integration of morphological
and molecular data not only increased knowledge of the schizomid diversity in the New World but
disentangled what was once considered a homoplastic and variable morphology in a large “catch-all”
genus into discrete units each diagnosable by unique character combinations.

INTRODUCTION

The order Schizomida Petrunkevitch, 1945,
commonly known as the short-tailed whipscor-
pions, schizomids, or tartarids, is among the less
diverse, or minor, arachnid orders (Harvey,
2003). It currently comprises only two families,
Protoschizomidae Rowland, 1975, endemic to
North America, with two extant and one fossil
genera and 16 species, and Hubbardiidae Cook,

1899, with 59 extant genera and 339 species
worldwide (Harvey, 2003, 2013; Monjaraz-Rue-
das and Francke, 2015). Within the New World,
Hubbardiidae contains 27 genera, including
Stenochrus Chamberlin, 1922, the most speciose
schizomid genus in North America and the third
most speciose in the New World (Reddell and
Cokendolpher, 1995; Harvey, 2013).

When first described, Stenochrus was mono-
typic, including only the type species, Stenochrus
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portoricensis Chamberlin, 1922. Chamberlin
(1922) erroneously diagnosed the genus by the
absence of mesopeltidia, justifying its later syn-
onymy with Schizomus Cook, 1899, by Rowland
(1973a) who also created Heteroschizomus Row-
land, 1973, to accommodate a rare new species
from the Yucatan with a peculiarly enlarged
opisthosoma and a lanceolate male pygidial fla-
gellum. Rowland (1973a) mistakenly associated
a heterospecific female with the holotype male of
the type species of Heteroschizomus, leading to
the erroneous conclusion that the female sper-
mathecae of Heteroschizomus resembled those of
Schizomus. Heteroschizomus was subsequently
synonymized with Schizomus by Rowland and
Reddell (1977), based in part on the discovery of
other species with an enlarged opisthosoma.
Stenochrus remained in synonymy with Schizo-
mus until it was revalidated, and Heteroschizomus
newly synonymized with it by Reddell and Cok-
endolpher (1991), based in part on decisions orig-
inating from Rowland (1975b). Rowland (1975b)
presented the first phylogeny of schizomids, an
analysis of 12 morphological characters for the six
groups of New World species in the genus Schizo-
mus, which was never published. Based on the
analysis, Rowland (1975b) proposed seven species
groups of Schizomus, i.e., the brasiliensis, briggsi,
dumitrescoae, goodnightorum, mexicanus, pecki,
and simonis groups. The briggsi group was placed
sister to a monophyletic group comprising two
reciprocally monophyletic subgroups, one com-
prising the brasiliensis, dumitrescoae, and simonis
groups, the other comprising the goodnightorum,
mexicanus, and pecki groups in Rowland’s (1975b)
unpublished phylogeny. The seven species groups
were formally diagnosed and published by Row-
land and Reddell (1979a, 1979b, 1980, 1981).
Rowland and Reddell (1980, 1981) placed 16 spe-
cies of Schizomus from the United States, Mexico,
and Guatemala into the goodnightorum, mexica-
nus, and pecki groups. However, further studies by
Reddell and Cokendolpher (1991, 1995) demon-
strated that Schizomus and another schizomid
genus, Trithyreus Kraepelin, 1899, do not occur in
the New World, leading Reddell and Cokendol-
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pher (1991) to revalidate Stenochrus and synony-
mize Heteroschizomus with it. The genus
Sotanostenochrus Reddell and Cokendolpher,
1991, was created for two species in the mexicanus
group. According to Reddell and Cokendolpher
(1991) all species of Stenochrus shared the absence
of pedipalp armature and a posterodorsal process
on opisthosomal segment XII, the male pygidial
flagellum sloping sharply posteriorly, the female
pygidial flagellum comprising three flagellomeres,
and the female spermathecae with two pairs of
lobes, the lateral pair reduced in size; and all
except Stenochrus mexicanus Rowland, 1971,
shared the presence of homeomorphic pedipalps.
Supposedly, the “discovery” of the female of Stero-
chrus goodnightorum Rowland, 1973, with reduced
lateral lobes of the spermathecae, reinforced the
synonymy of Heteroschizomus within Stenochrus
(Rowland and Reddell, 1980).

Having established that Schizomus is not a New
World genus, Reddell and Cokendolpher (1995)
assigned Rowland’s (1975b) species groups to
other existing genera and created new genera to
accommodate the rest. Species of the simonis
group were transferred to Hansenochrus Reddell
and Cokendolpher, 1995, the briggsi group to
Hubbardia Cook, 1899, and the goodnightorum,
mexicanus, and pecki groups to Stenochrus. Pacal
Reddell and Cokendolpher, 1995, and Surazomus
Reddell and Cokendolpher, 1995, were created to
accommodate species of the brasiliensis group,
and Rowlandius Reddell and Cokendolpher, 1995,
to accommodate the dumitrescoae group. Reddell
and Cokendolpher (1995) transferred Schizomus
alejandroi Armas, 1989, described from Holguin,
Cuba, to Stenochrus, creating the new combina-
tion, Stenochrus alejandroi (Armas, 1989a).

Armas and Teruel (1998) created the brevipatel-
latus group of Stenochrus, to accommodate Sterno-
chrus alejandroi, Stenochrus brevipatellatus
(Rowland and Reddell, 1979), Stenochrus cerdoso
(Camilo and Cokendolpher, 1988), and Stenochrus
subcerdoso (Armas and Abud-Antun, 1990), all of
which share a reduced pedipalp patella and the
presence of four and six setae on opisthosomal seg-
ment II. Armas and Teruel (2002) created Antillo-
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stenochrus Armas and Teruel, 2002, to accommodate
the species of the brevipatellatus group, where they
have remained since.

Another seven species of Stenochrus were sub-
sequently described from Mexico and one from
Honduras (Armas and Cruz-Lépez, 2009; Armas
and Viquez, 2010; Monjaraz-Ruedas, 2012; Mon-
jaraz-Ruedas and Francke, 2018). A fossil species,
Stenochrus velteni Kriiger and Dunlop, 2010, was
described from the Dominican Republic but sub-
sequently tranferred to Rowlandius by Armas and
Teruel (2011), based on the shape of the male
pygidial flagellum and the apparent diversity of
that genus on Hispaniola.

When the present study commenced, Steno-
chrus contained 27 species, distributed mostly in
the Nearctic region, from the southern United
States, through Mexico to Central America (table 1,
figs. 1-5). One cosmopolitan species, Stenochrus
portoricensis Chamberlin, 1922, was reported from
North, Central, and South America and the Carib-
bean, as well as several countries in Europe (Kore-
nko et al, 2009; Christophoryova et al.,, 2013;
Harvey, 2013). The morphological disparity among
species of Stenochrus, reflected by variation in body
size, male flagellar shape, setal patterns and sexual
dimorphism, including homeomorphic and hetero-
morphic pedipalps, and their diverse habitats,
including caves, rainforest, tropical dry forest, and
pine and oak forest above 2000 m, raised the ques-
tion as to whether the genus is monophyletic.
Given the paucity of phylogenetic analyses on
schizomids, it is unsurprising that the monophyly
and phylogenetic relationships of Stenochrus have
never been tested, beyond the unpublished analysis
of Rowland (1975b), which was based on 12 mor-
phological characters, and the inclusion of several
exemplar species of Stenochrus in recent analyses of
schizomid phylogeny based on morphology (Mon-
jaraz-Ruedas and Francke, 2016, 2017) and DNA
sequences (Clouse et al., 2017). In an analysis of
Mayazomus Reddell and Cokendolpher, 1995, phy-
logeny by Monjaraz-Ruedas and Francke (2016),
based on 130 morphological characters, which
included exemplar species of Stenochrus as out-
groups, along with outgroup exemplars of Han-
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senochrus, Hubbardia, and Rowlandius from North,
Central, and South America, that were members of
the original species groups of Rowland and Reddell
(1979a, 1979b, 1980, 1981), Stenochrus was para-
phyletic. The genus was also paraphyletic in the
molecular phylogenetic analysis of Clouse et al.
(2017), based on two nuclear and two mitochon-
drial gene markers for 240 samples, which included
several samples of Stenochrus portoricensis, one
sample of Stenochrus sbordonii Brignoli, 1973, and
several unidentified specimens from Mexico; Hub-
bardia grouped as sister to all other Hubbardiidae
samples (n = 238) and S. sbordonii sister to the
remaining taxa (n = 237). On the other hand,
Stenochrus was monophyletic in an analysis of
Olmeca Monjaraz-Ruedas and Francke, 2017, phy-
logeny, using different exemplar species of Steno-
chrus, i.e., Stenochrus pecki Rowland, 1973, and S.
portoricensis, from the Mayazomus analysis (Mon-
jaraz-Ruedas and Francke, 2017).

In the present contribution, the genus Steno-
chrus is redefined and revised based on simultane-
ous phylogenetic analysis of 61 morphological
characters and 2968 aligned DNA nucleotides from
two markers in the nuclear genome, the internal
transcribed spacer (ITS) and 28S rDNA, and two
markers in the mitochondrial genome, cytochome
¢ oxidase subunit I (COI) and 12S rDNA, for a
comprehensive taxon sample (fig. 6; Monjaraz-
Ruedas et al,, in prep.). Six new genera and six new
species are described. Heteroschizomus is revali-
dated and its type species reinstated. Eighteen new
combinations are created by transferring species,
previously accommodated in Stenochrus, to other
genera. The male of Baalrog sbordonii (Brignoli,
1973), comb. nov,, is determined to be heterospe-
cific with the holotype female and described as a
new species. The females of Heteroschizomus good-
nightorum Rowland, 1973, and Nahual lanceolatus
(Rowland, 1975), comb. nov., are described for the
first time. Following these revisions, seven species
remain within Stenochrus. Olmecazomus, nom.
nov,, is proposed as a replacement name for the
junior homonym, Olmeca, creating three new com-
binations. Another two new combinations are cre-
ated by the transfer of two species to Pacal. A key
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TABLE 1

Diversity and distribution of North American short-tailed whipscorpion taxa
associated with Stenochrus Chamberlin, 1922 (Schizomida: Hubbardiidae Cook, 1899)

Taxon

Distribution

Ambulantactus, gen. nov.
A. aquismon, Sp. nov.
A. davisi (Gertsch, 1940), comb. nov.
A. montielae, sp. nov.
Baalrog, gen. nov.
B. firstmani (Rowland, 1973), comb. nov.

B. magico (Monjaraz-Ruedas and Francke, 2018), comb. nov.

B. sbordonii (Brignoli, 1973), comb. nov.
B. yacato, sp. nov.
Harveyus, gen. nov.
H. contrerasi, sp. nov.
H. mexicanus (Rowland, 1971), comb. nov.
H. mulaiki (Gertsch, 1940), comb. nov.
H. reddelli (Rowland, 1971), comb. nov.
Heteroschizomus Rowland, 1973, stat. rev.
H. goodnightorum Rowland, 1973
H. kekchi, sp. nov.
H. meambar (Armas and Viquez, 2010), comb. nov.
H. orthoplax (Rowland, 1973), comb. nov.
H. silvino (Rowland and Reddell, 1977), comb. nov.
Nahual, gen. nov.
N. bokmai, sp. nov.
N. caballero (Monjaraz-Ruedas and Francke, 2017), comb. nov.
N. lanceolatus (Rowland, 1975), comb. nov.
N. pallidus (Rowland, 1975), comb. nov.
Olmecazomus, nom. nov.
O. brujo (Monjaraz-Ruedas and Francke, 2017), comb. nov.
O. cruzlopezi (Monjaraz-Ruedas and Francke, 2017), comb. nov.
O. santibanezi (Monjaraz-Ruedas and Francke, 2017), comb. nov.
Pacal Reddel and Cokendolpher, 1995
P, lacandonus (Rowland, 1975)
P. moisii (Rowland, 1973), comb. nov.
P. stewarti (Rowland, 1973)
P, tepezcuintle (Armas and Cruz Lopez, 2009), comb. nov.

P. trilobatus (Rowland, 1975)

Mexico: San Luis Potosi: Aquismon
Mexico: Tamaulipas: San Fernando

Mexico: Morelos: Quilamula

Mexico: Veracruz: Atoyac

Mexico: Oaxaca: Huautla

Mexico: Veracruz: Amatlan de los Reyes

Mexico: Veracruz: Atoyac

Mexico: San Luis Potosi: Xilitla
Mexico: San Luis Potosi: Ciudad Valles
U.S.A.: Texas: Starr County: Rio Grande City

Mexico: Tamaulipas: Ocampo

Mexico: Yucatan: Chichen-Itza
Guatemala: Izabal: Livingston
Honduras: Comayagua: La Guama
Mexico: Chiapas: Tapachula

Guatemala: Izabal: Puerto Barrios

Mexico: Veracruz: Xalapa
Mexico: Oaxaca: San José Tenango
Mexico: Veracruz: Ciudad Mendoza

Mexico: Veracruz: Tlilapan

Mexico: Veracruz: Los Tuxtlas
Mexico: Chiapas: Tuxtla Gutierrez

Mexico: Chiapas: Ocosingo

Mexico: Chiapas: Palenque

Mexico: Oaxaca: Valle Nacional
Mexico: Oaxaca: Valle Nacional
Mexico: Oaxaca: San Miguel Soyaltepec

Mexico: Tabasco: Teapa
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Taxon

Distribution

Schizophyxia, gen. nov.
S. bartolo (Rowland, 1973), comb. nov.
S. lukensi (Rowland, 1973), comb. nov.
Stenochrus Chamberlin, 1922
S. alcalai Monjaraz-Ruedas and Francke, 2018
S. chimalapas Monjaraz-Ruedas and Francke, 2018
S. gruta Monjaraz-Ruedas and Francke, 2018
S. guatemalensis (Chamberlin, 1922)
S. leon Armas, 1995
S. pecki (Rowland, 1973)
S. portoricensis Chamberlin, 1922
Troglostenochrus, gen. nov.
T. palaciosi (Reddell and Cokendolpher, 1986), comb. nov.

T. valdezi (Monjaraz-Ruedas, 2012), comb. nov.

Mexico: Nuevo Leon: Santa Catarina

Mexico: Tamaulipas: Gomez Farias

Mexico: Oaxaca: San Pedro Jocotipac
Mexico: Oaxaca: Santa Maria Chimalapas
Mexico: Oaxaca: Sola de Vega
Guatemala: San Rafael?

Nicaragua: Ledn: Telica

Mexico: Tabasco: Teapa

Europe, North, Central and South America

Mexico: Guerrero: Taxco

Mexico: Chiapas: San Fernando

to identification of the hubbardiid genera of North
America is provided and the utility of various char-
acter systems for the diagnosis of schizomid genera
discussed.

MATERIALS AND METHODS

TAXON SAMPLING: Specimens were collected by
hand and/or using an aspirator and preserved in
80% ethanol for morphological study. One or two
additional specimens were preserved in 96% etha-
nol for DNA isolation. Material examined is depos-
ited in the American Museum of Natural History
(AMNH), New York, including the Ambrose
Monell Cryocollection (AMCC); the Coleccién
Nacional de Aracnidos (CNAN) at the Instituto de
Biologia, Universidad Nacional Auténoma de
México (IBUNAM), Mexico City; and the Texas
Memorial Museum (TMM), University of Texas,
Austin. Specimens were observed using a Nikon
SMZ 625 stereomicroscope with an ocular microm-
eter calibrated at 20x. Male chelicerae were dis-
sected and prepared for scanning electron
microscopy (SEM) following the protocol of Acosta
et al. (2007), with a modified cleaning process
which involved three cycles of washing alternately
in distilled water and biological detergent, followed
by 30 seconds in an E/MC 250 Ultrasonic Cleaner

(EMC Global Technologies, Quakertown, PA).
Structures were mounted on stubs using adhesive
copper aluminium tape, and subsequently coated
with a layer of gold-palladium in a Q150R ES Sput-
ter Coater (Quorum Technologies, Lewes, East Sus-
sex, UK). Prepared stubs were imaged with a
Hitachi SU1510 SEM (Chiyoda City, Tokyo, Japan)
at the Laboratorio Nacional de Biodiversidad
(LANABIO), IBUNAM. Female spermathecae
were dissected in 80% ethanol and cleared in lacto-
phenol for 10 minutes (Krantz and Walter, 2009),
preserved thereafter in Hoyers medium, and
mounted on semipermanent microscope slides.
Digital photomicrographs were taken under visible
light with a Leica DFC490 camera adapted to a
Leica Z16 APOA stereomicroscope, assembled
with LAS (Leica Application Suite) v. 4.3.0, and
edited with Adobe Photoshop CSé6.
MORPHOLOGICAL NOMENCLATURE: Morpho-
logical terminology for legs and pedipalps follows
Reddell and Cokendolpher (1995), cheliceral setal
nomenclature follows Lawrence (1969) as modi-
fied by Villarreal et al. (2016), pedipalp setal ter-
minology follows Monjaraz-Ruedas et al. (2017),
opisthosomal setal nomenclature follows Villar-
real et al. (2016), pygidial flagellar setal terminol-
ogy follows Cokendolpher and Reddell (1992) as
modified by Harvey (1992) and Monjaraz-Ruedas
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FIG. 1. Map of central Mexico, plotting known locality records for the short-tailed whipscorpion genus Ambu-
lantactus, gen. nov. (squares), and the species recently tranferred to Pacal Reddell and Cokendolpher, 1995
(circles) (Schizomida: Hubbardiidae Cook, 1899), based on data from museum collections and the literature.

et al. (2016), and spermathecal nomenclature fol-
lows Moreno-Gonzalez et al. (2014).

In order to express hypotheses of homology
across morphological structures and for ease
of comparison, new terminology was applied
to several structures, specifically the apical
process on pedipalp trochanter, the shape and
ornamentation of the male pygidial flagellum,
and the chitinized arch and median and lateral
lobes of the female spermathecae.

Pedipalp Trochanter Apical Process: The shape
of the anterior margin of the pedipalp trochanter
apical process, and whether the margin projects
beyond the margin of the femur, were consid-
ered. The absence of the apical process may also
be interpreted as a rounded margin, i.e., not pro-
jected. The terms applied to the states of this

character follow botanical terminology for leaf
tips: “acute” is the most common shape observed
in North American schizomids (fig. 7E, C); “acu-
minate” is the alternate form of the state with the
margin extremely projected (fig. 7F, I); “obtuse
triangle” has the margin not projected with a
wide internal angle (fig. 7D); “bump” or “tuber-
cle” is observed mainly among heteromorphic
males (fig. 7H); digitiform is common in Surazo-
mus and some species of Rowlandius.

Male Pygidial Flagellum Shape: The shape of
the male pygidial flagellum in dorsal view varies
depending on its size and the relief of its dorsal
surface. Ten states were identified, the terms
used for their description based on botanical leaf
shapes: “lanceolate”; “cordate,” which may also be
interpreted as spade shaped; “spatulate” refers to
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FIG. 2. Map of central Mexico, plotting known locality records for the short-tailed whipscorpion genera
Baalrog, gen. nov. (circles), and Schizophyxia, gen. nov. (squares) (Schizomida: Hubbardiidae Cook, 1899),
based on data from museum collections and the literature.

the flagellum observed in Heteroschizomus, stat.
rev., and some species of Piaroa Villarreal et al.,
2008, which comprises an anterior bulb and a
posterior lobe; “subrhomboidal”; “shovel shaped”;
“elliptical” may also be ovate or oval; “trilobed”;
“bulbous/clavate” refers to the flagellum observed
in Baalrog, gen. nov and some other species, e.g.,
Schizophyxia bartolo (Rowland, 1973), comb.
nov., and Harveyus mulaiki (Gertsch, 1940),
comb. nov., previously referred to as “club”
(Rowland, 1975b); “spear shaped”; or “deltoid”
Male Pygidial Flagellum Ornamentation: Two
distinct types of ornamentation were observed in
the male pygidial flagellum, i.e., depressions and
projections. Three states were observed among the
former: circular depressions, appearing as dots or
holes in the dorsal surface, previously termed

“pits” by some authors (Rowland, 1975b; Rowland
and Reddell, 1979b, 1980, 1981, Monjaraz-Ruedas
and Francke, 2015, Moreno-Gonzalez et. al.,
2014); slump, a shallow depression without
defined shape; and a combination of the two pre-
vious states, i.e., pits within a slump, a diagnostic
character for Stenochrus. Two states were observed
among projections, i.e., swellings and protuber-
ances, which are larger, wider, and usually pro-
jected, as in Pacal and Troglostenochrus, gen. nov.

Female Spermathecae Chitinized Arch: The chi-
tinized arch of the female spermathecae comprises
several structures, i.e., the anterior branch, the pos-
terior branch, the gonopod (atrium), and the lateral
tips (Moreno-Gonzalez et al., 2014). Taken together,
the shapes and relative positions of these structures
create a variety of unique states for the shape of the
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FIG. 3. Map of central Mexico, plotting known locality records for the short-tailed whipscorpion genera
Harveyus, gen. nov. (squares), and Nahual, gen. nov. (circles) (Schizomida: Hubbardiidae Cook, 1899), based

on data from museum collections and the literature.

chitinized arch, to which the following descriptive
terms were applied: “arrow shaped” is a common
condition in Nahual, gen. nov. (figs. 9A, B); “mug
shaped” is common among species of Heteroschizo-
mus (fig. 8E, F); “V-shaped” occurs in several
schizomid genera, e.g., Harveyus, gen. nov., Piaroa,
and Rowlandius (fig. 8D); “hastate” refers to sper-
mathecae with long and wide lateral tips, as
observed in Baalrog (fig. 8B); “bowl shaped” refers
to the condition in Stenochrus, an inverse arch-
shaped chitinized arch in which the presence of an
anterior branch and a widened atrium and gono-
pod give the appearance of a Chinese rice bowl (fig.
9E); “inverse arch shaped” may also be interpreted
as a very wide U-shaped chitinized arch (fig. 8A,
C); “obtuse triangle” may also be interpreted as a
wide V-shaped chitinized arch (fig. 9D); and

“U-shaped,” which is among the most common
shapes of the chitinized arch observed in schizo-
mids (fig. 9C).

Female Spermathecae Median and Lateral
Lobes: The shape of the lobes of the female sper-
mathecae is highly variable and may be affected
by the method of fixation and slide mounting,
as these lobes can move inward or outward.
Despite these considerations, the general shape
of the entire lobe can be reliably assessed and
compared, leading to the identification of three
distinct shapes: linear (I-shaped) (fig. 8A, E);
inverse J-shaped (figs. 8C, 9F); curved along its
length (parenthesis-shaped) (fig. 9C, E). Lobes
usually bear various structures, e.g., sclerotiza-
tions, bulbs, or duct openings (figs. 8C, 9A,
9D). Sclerotizations are common among species
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FIG. 4. Map of southern Mexico, plotting known locality records for the short-tailed whipscorpion genera
Heteroschizomus Rowland, 1973, stat. rev. (circles), and Troglostenochrus, gen. nov. (squares) (Schizomida:
Hubbardiidae Cook, 1899), based on data from museum collections and the literature.

of Nahual and Stenochrus (figs. 9A, B, E, 10C)
whereas bulbs are observed in Harveyus, gen.
nov., and Pacal (fig. 8C, D). Bulbs may vary in
size: large bulbs, usually more than 4x the width
of the lobe, are common in Pacal and some spe-
cies of Rowlandius, whereas small bulbs, 3x or
less the width of the lobes, are common among
species of Harveyus and Surazomus.

PHYLOGENETIC ANALYSES: A morphological
data matrix, comprising 61 morphological char-
acters (appendix 1) scored for 41 terminal taxa,
was prepared using Mesquite ver. 3.0.4 (Maddi-
son and Maddison, 2018), and deposited in Mor-
phobank (https://morphobank.org) with
accession number P3464. Forty-three multistate
and 18 binary characters were modified from
Monjaraz-Ruedas and Francke (2016, 2017) and
treated as nonadditive (Fitch, 1971) to avoid a
priori character state transformations.

Two markers in the nuclear genome, the internal
transcribed spacer (ITS) and 28S rDNA (28S), and
two markers in the mitochondrial genome, cyto-
chome ¢ oxidase subunit I (COI) and 12S rDNA
(128), were Sanger-dideoxy sequenced using an ABI
Prism 3730 XL DNA Sequencer (Perkin-Elmer,
Melville, NY) at the AMNH Sackler Institute of
Comparative Genomics and a 3500 XL Genetic
Analyzer (Life Technologies, Foster City, CA) at the
LANABIO Molecular Laboratory. Double-stranded
sequences were edited and contiged into consensus
sequences using Sequencher ver. 5.4.6 (Gene Codes
Corporation, Ann Arbor, MI), and deposited in
GenBank (https://www.ncbi.nlm.nih.gov/genbank)
(appendix 2). Sequences of the 28S marker were
length invariant, comprising 501 base pairs (bp) in
all terminals whereas sequences of the ITS marker
varied from 637-837 bp with an average of 806 bp,
and of the 12§ fragment from 319-387 bp with an
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FIG. 5. Map of the Caribbean, Central America and Mexico, plotting known locality records for a cosmopoli-
tan genus of short-tailed whipscorpions, Stenochrus Chamberlin, 1922 (Schizomida: Hubbardiidae Cook,

1899), based on data from museum collections.

average of 360 bp. Partial COI sequences varied
from 659-1077 bp with an average of 995 bp.

The 28S, ITS, 12S, and COI sequences were
aligned using MAFFT 6 (Katoh, 2013). Among the
aligned loci, 74%, 49%, and 48% of the sites were
variable, and 65%, 35%, and 41% parsimony infor-
mative, in the 12S, ITS, and COI, respectively,
whereas 9% were variable and 5% parsimony infor-
mative in the 28S. As expected, for a protein-coding
gene, the third codon position of the COI was the
most informative, with 96% of the sites variable and
91% parsimony informative, followed by the first
codon position, with 34% of the sites variable and
25% parsimony informative.

The aligned ITS, 128, and COI sequences were
concatenated together with the 28S sequences to
produce a matrix of 2968 aligned DNA nucleo-
tides. In the concatenated alignment 45% of the
sites were variable and 36% parsimony informa-

tive. Seven data partitions were identified using
PartitionFinder ver. 2 (Lanfear et al., 2016): mor-
phology; ITS; 28S; 12S; and COI first, second, and
third positions. jModelTest ver. 2.1.6 (Darriba et
al., 2012) was used to select the most appropriate
evolutionary model for each molecular partition.

The morphological and molecular data were
analyzed separately and simultaneously using Maxi-
mum Likelihood with RAXML-HPC2 ver. 8.2.10 on
XSEDE (Stamatakis, 2014) via the CIPRES Science
Gateway ver. 3.3 online portal (Miller et al., 2010).
Optimal trees were computed with 1000 bootstrap
replicates and 500 hits for the fast bootstrap replicates,
using the GTRCAT model for molecular data and
the GTRGAMMA --asc-corr=Lewis for morpho-
logical data (Lewis, 2001). Characters were optimized
on the preferred phylogenetic hypothesis (fig. 6) with
accelerated transformation (ACCTRAN) or delayed
transformation (DELTRAN) (Farris, 1970; Swofford
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and Maddison, 1987), as appropriate (appendix 1).
A more detailed explanation of the molecular and
combined phylogenetic analyses will be presented
elsewhere (Monjaraz-Ruedas et al., in prep.)

SYSTEMATICS

Key to Identification of the North American
Genera of Hubbardiidae (Schizomida)

1. Cheliceral fixed finger with two teeth between
two primary teeth, serrula composed of
blunt teeth; pedipalp trochanter without
prolateral spur; tarsal spurs symmetric;
pygidial flagellum cylindrical, not dorsoven-
trally compressed (&), with five flagello-
meres (?); spermathecae () with one pair
of lobes and without chitinized arch.......
................ Protoschizomidae Rowland, 1975

- Cheliceral fixed finger with three or more
teeth between two primary teeth, serrula
composed of several hyaline teeth (fig. 12);
pedipalp trochanter with prolateral spur;
tarsal spurs asymmetric; pygidial flagellum
dorsoventrally compressed or globose (J),
with three or four flagellomeres (?); sper-
mathecae (9) with two or more pairs of
lobes and chitinized arch (figs. 8, 9)..............
................... 2 (Hubbardiidae Cook, 1899)

2. Pedipalp femur, prolateral surface with four
setae (Fvr); opisthosomal segment XII (J)
with conspicuous posterodorsal process;
spermathecae (%) with more than three
pairs of extremely short, broad, and rounded
lobes, clustered in groups..............
................................... Hubbardia Cook, 1899

- Pedipalp femur, prolateral surface with three
setae (Fvr); opisthosomal segment XII (J)
with or without inconspicuous posterodor-
sal process; spermathecae (%) usually with
two or four pairs of long, filiform lobes, not
clustered in groups (figs. 8-10)......ccovuuenee. 3

3. Opisthosomal segment II with four setae;
pedipalp femur (J), setae Fv, and Fv, form-
ing spiniform setiferous tubercles; prolateral
tarsal spur (&) present; pygidial flagellum

(?) with four flagellomeres.................
Mayazomus Reddell and Cokendolpher, 1995

- Opisthosomal segment IT with two setae; pedi-

palp femur (J), setae Fv, and Fv, acumi-
nate, setiform or spiniform; prolateral tarsal
spur (J) absent; pygidial flagellum (?)
with three flagellomeres................... 4

4. Cheliceral movable finger with lamella or

teeth (fig. 12B, C).vevveecrviercerecieecnne 5

— Cheliceral movable finger smooth (fig. 12A).......8
5. Opisthosomal segment XII with small, incon-

spicuous posterodorsal process (3); pygid-
ial flagellum (J) wusually globose;
spermathecae (%), lateral lobes greatly
reduced (usually absent) compared to
median lobes, and usually with apical

Pacal Reddell and Cokendolpher, 1995

- Opisthosomal segment XII without pos-

terodorsal process (J); pygidial flagellum
(J) dorsoventrally compressed; spermathe-
cae (9), lateral and median lobes subequal,
without apical bulbs.....cccccecenininnnnee 6

6. Opisthosomal segments VIII-XI (J3) elon-

gated (fig. 18C); pygidial flagellum (J)
elongated with posterior constriction in
dorsal view (fig. 19D-F); spermathecae (%),
chitinized arch mug shaped (fig. 8E, F)..........
Heteroschizomus Rowland, 1973, stat. rev.

- Opisthosomal segments VIII-XI (&) not elon-

gated (fig. 15); pygidial flagellum (J) ellipti-
cal or trilobed (figs. 19G-I, 23G-I);
spermathecae (?), chitinized arch wih lateral
tips projected and acute (fig. 9A, B, F).............. 7

7. Cheliceral movable finger with lamella (fig.

12C); pedipalp patella with five Pm setae,
tibia setal formula 5-5-6 (fig. 14C); pygidial
flagellum (J) with pair of dorsosubmedian
circular depressions, without projections
(fig. 19G-1); spermathecae (%), lateral and
median lobes equal, with several apical
sclerotizations in both pairs of lobes, creat-
ing appearence of leafy tree (fig. 9A, B)
............................................ Nahual, gen. nov.

— Cheliceral movable finger serrate, comprising

several small teeth (fig. 13I); pedipalp
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patella with four Pm setae, tibia setal for-
mula 3-3-4 (fig. 14D); pygidial flagellum
(J8) without depressions and with pair of
dorsosubmedian projections (fig. 23G-I);
spermathecae (%), lateral lobes reduced to
approximately 3/4 the length of median
lobes, without apical sclerotizations in both
pairs of lobes (fig. 9F)...cccceovivninncnnnn
......................... Troglostenochrus, gen. nov.

. Propeltidium with three pairs of dorsal setae

Propeltidium with two pairs of dorsal setae

TS B3 11

. Pedipalp tibia with prominent lateral spur;

spermathecae (%) with four asymmetric
pairs of hand-shaped lobes; pygidial flagel-
lum (&) globose, with medial depres-
SION.ceiiiiiiiiiiiiiiiiiiiiiiiieeee Sotanostenochrus
Reddell and Cokendolpher, 1991

Pedipalp tibia without lateral spur; pygidial

flagellum (J8) deltoid/spear shaped (figs.
16D-F, 19A-C), with paired submedian
depressions; spermathecae (9) with two
pairs of filiform lobes......ccccoceninincn. 10

10. Pedipalp tibia, setal formula 3-3-5 (fig. 14B);

pygidial flagellum (&) bulbous/spear
shaped, with paired submedian depressions
not fused posteriorly (fig. 19A-C); sperma-
thecae (%), median lobes parenthesis
shaped, apex laterally directed, median and
lateral lobe bases aligned, chitinized arch
U-shaped (fig. 9C).cccivriiiiiriiiiinnnnn.
............................... Schizophyxia, gen. nov.

- Pedipalp tibia, setal formula 4-3-5 (fig. 14A);

pygidial flagellum (&) deltoid (fig. 16A-F),
with paired posterior depressions fused
posteriorly; spermathecae (%), median
lobes straight, apex vertically directed,
median lobe bases posterior to lateral lobe
bases, chitinized arch inverse arch shaped
(fig. 8A).cceererennnnn Ambulantactus, gen. nov.

11. Pedipalps (38) robust; pedipalp femur (J),

setae Fv, and Fv, forming spiniform setifer-
ous tubercles, Fe,, Fes;, Ter, and Tirs spini-
form; pygidial flagellum (J) elliptical to
lanceolate, with pair of dorsosubmedian
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depressions fused posteriorly; spermathecae
(?), lateral lobes swollen, drop shaped.......
............................ Olmecazomus, nom. nov.

- Pedipalps (J) homeomorphic; pedipalp femur

12.

(8), setae Fe,, Fes, Fv,, Fv,, Ter, and Tirs
acuminate, setiform; pygidial flagellum (J)
ovate, subrhomboidal, or bulbous (figs.
16G-1, 23D-F), with pair of dorsosubme-
dian pits or depressions not fused posteri-
orly; spermathecae (?), lateral lobes
slender, filiform (figs. 8B, D).....cccccveuvunnce. 12
Pedipalp trochanter, apical process with
bump (fig. 7C, H); pygidial flagellum (3)
subrhomboidal, and acuminate or lanceo-
late posteriorly (fig. 19A-C), with pair of
shallow dorsosubmedian pits; spermathecae
(?), lateral lobes at least 2/3 the length of,
or longer than, median lobes, and with api-
cal bulbs (fig. 8C, D).ccocvvvricciiiiicne,
................................ Harveyus, gen. nov.

- Pedipalp trochanter, apical process acute or

absent (fig. 7B); pygidial flagellum (J) ellip-
tical, cordate or bulbose, and not acuminate
or lanceolate posteriorly (fig. 23D-F), with
pair of deep dorsosubmedian pits or with-
out dorsal depressions; spermathecae (%),
lateral lobes at most half the length of
median lobes, and without apical bulbs
(figs. 8B, 9E)wewommeoooeorreeerreerennn 13

13. Pygidial flagellum (&) ovate or cordate, with

pair of dorsosubmedian pits embedded in
dorsomedian depression (fig. 20B); sperma-
thecae (?), median lobes similar width to
lateral lobes (fig. 10C), curved laterally
(J-shaped or parenthesis shaped) and scler-
otized apically, median lobe bases posterior
to lateral lobe bases (figs. 9E, 10C)............
.................. Stenochrus Chamberlin, 1922

- Pygidial flagellum (&) bulbous, without dorsal

depressions or pits (fig. 16G-I); spermathe-
cae (%), median lobes broader than lateral
lobes, slightly curved laterally and apically,
and unsclerotized apically (fig. 8B), median
and lateral lobe bases aligned (fig. 10A)
............................................ Baalrog, gen. nov.
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Family Hubbardiidae Cook, 1899
Subfamily Hubbardiinae Cook, 1899
Ambulantactus, gen. nov.

Figures 1, 6, 7A, B, 8A, 10D, 12C, 13A, B, 14C,
15A-C, 16A-F, 17A-C; tables 1, 2, 5

TypE SPECIES: Ambulantactus montielae, sp.
nov., type species, here designated.

DiagNosis: Ambulantactus, gen. nov., may be
separated from other hubbardiid genera by the fol-
lowing combination of characters. Propeltidium
anterior process with two anterior setae (one pos-
terior to the other) and three pairs of dorsosubme-
dian setae (fig. 11A); corneate eyes absent.
Metapeltidium entire. Tegument without clavate
setae. Cheliceral movable finger smooth; single
guard tooth at end of serrula; setal group G3 with
G3-3 setae situated anteriorly (fig. 13A, B). Pedi-
palps homeomorphic; trochanter with mesal spur,
apical process small and acute (fig. 7A, B); femur
Fv, and Fv, setae acuminate, Fvr,_; setae present;
patella with three acuminate Pe setae and five feath-
ered Pm setae; tibia setal formula 4-3-5 (Ter-Tmr-
Tir) (fig. 14A). Leg IV femur anterodorsal margin
produced at ca. 90° angle. Opisthosomal tergite II
with one pair of setae (Dm). Opisthosomal seg-
ments IX-XII not elongated; XII (3') without pos-
terodorsal process. Pygidial flagellum (J)
dorsoventrally compressed, deltoid, with pair of
posterodorsal depressions, fused posteriorly (fig.
16A-F); flagellum (?) with two annuli (fig. 17A-
C). Spermathecae (?) with two pairs of lobes; lat-
eral lobes slightly smaller than (ca. 3/4 the length)
but similar in width to median lobes; both pairs of
lobes linear, with apex directed vertically, unsclero-
tized apically (figs. 8A, 10D), and without bulbs;
median lobe bases posterior to lateral lobe bases
(fig. 10D), with duct openings; chitinized arch
inverse arch shaped, without anterior branch, with
lateral tips tapering; gonopod wide and short.

COMPARISONS: Species of Ambulantactus, gen.
nov., are most similar morphologically to species
of Schizophyxia, gen. nov. Both genera possess a
pair of posterodorsal depressions on the male
pygidial flagellum, and the lobes of female sper-

NO. 435

mathecae are of similar length. The two genera
differ in the shape of the male flagellum, which
is deltoid in Ambulantactus, but spear shaped in
Schizophyxia. Additionally, the chitinized arch of
the female spermathecae is inverse arch shaped
in Ambulantactus, but U-shaped in Schizophyxia.
Finally, the pedipalp tibia setal formula is 4-3-5
in Ambulantactus and 3-3-4 in Schizophyxia.

Species of Ambulantactus resemble species of
Heteroschizomus, stat. rev., and Nahual, gen. nov.,
in the linear median and lateral lobes of the
female spermathecae. However, the lobes are
considerably larger in Ambulantactus than in the
other genera. Furthermore, the lobes are smooth
in Ambulantactus but apically sclerotized in
Nahual, and cylindrical in Ambulantactus but
conical in Heteroschizomus.

Species of Ambulantactus also resemble spe-
cies of Olmecazomus, nom. nov., especially Olme-
cazomus brujo, comb. nov., in the shape of the
female spermathecae, and the posterior depres-
sions of the male flagellum. However, Ambu-
lantactus are considerably smaller than
Olmecazomus and pedipalp setae Fv, and Fv, are
acuminate setiform in Ambulantactus, but form
spiniform setiferous tubercles in Olmecazomus.

EtrymoLoGY: The genus name is a compound
word derived from the Latin words ambulans,
meaning “walking;” and factus, meaning “touch,”
and refers to the distinctive walking gait of
schizomids. It is neuter in gender.

INCLUDED SPECIES: Ambulantactus aquismon,
sp. nov.; Ambulantactus davisi (Gertsch, 1940),
comb. nov.; Ambulantactus montielae, sp. nov.

DistriBUTION: The known species of Ambu-
lantactus, gen. nov., are endemic to Mexico, where
they display a disjunct distribution across three
states (fig. 1). Ambulantactus montielae, sp. nov.,
occurs in Morelos, A. aquismon, sp. nov., in San
Luis Potosi, and A. davisi, comb. nov., in Tamau-
lipas. This distribution resembles the distributions
of some taxa in family Protoschizomidae, with
species occurring in the north and south of Mex-
ico, on either side of the Mexican Transvolcanic
Belt. Ambulantactus is probably distributed along
the entire length of the Sierra Madre Oriental.
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FIG. 7. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), pedipalps, retrolateral view. A.
Ambulantactus aquismon, sp. nov., 3 (CNAN T1294). B. Ambulantactus montielae, sp. nov., 3 (CNAN
T1291). C. Baalrog magico (Monjaraz-Ruedas and Francke, 2018), comb. nov., 3 (CNAN T1163). D. Har-
veyus contrerasi, sp. nov., 3 (CNAN T1276). E. Heteroschizomus kekchi, sp. nov., & (CNAN T1280). F. Nahual
bokmai, sp. nov., & (CNAN T1282). G. Schizophyxia lukensi (Rowland, 1973), comb. nov., 3 (CNAN Sz25).
H. Stenochrus gruta Monjaraz-Ruedas and Francke, 2018, 8 (CNAN T1155). I. Troglostenochrus valdezi
(Monjaraz-Ruedas, 2012), comb. nov., 3 (CNAN T698). Scale bars = 0.2 mm.
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FIG. 8. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), female spermathecae, dorsal
view. A. Ambulantactus montielae, sp. nov., ¢ (CNAN T1292). B. Baalrog magico (Monjaraz-Ruedas and
Francke, 2018), comb. nov., ¢ (CNAN T1165). C. Harveyus contrerasi, sp. nov., 3 (CNAN T1278). D. Har-
veyus mexicanus (Rowland, 1971), comb. nov., ? (CNAN Sz131). E. Heteroschizomus goodnightorum Row-
land, 1973, ? (CNAN Sz171). E. Heteroschizomus kekchi, sp. nov., ¢ (CNAN T1281). Scale bars = 0.05 mm.
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FIG. 9. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), female spermathecae, dorsal view.
A. Nahual bokmai, sp. nov., ¢ (CNAN T1283). B. Nahual lanceolatus (Rowland, 1975), comb. nov., ? (CNAN
Sz130). C. Schizophyxia lukensi (Rowland, 1973), comb. nov., ¢ (CNAN Sz25). D. Sotanostenochrus mitchelli
(Rowland, 1971), @ (CNAN Sz143). E. Stenochrus gruta Monjaraz-Ruedas and Francke, 2018, ¢ (CNAN T1156).
E. Troglostenochrus valdezi (Monjaraz-Ruedas, 2012), comb. nov., ¢ (CNAN T699). Scale bars = 0.05 mm.
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NaturaL HisTory: The species of Ambu-
lantactus, gen. nov., are epigean, occurring under
rocks in rainforest and tropical dry forest.

REMARKS: Species of Ambulantactus, gen.
nov., closely resemble some species of Schizo-
phyxia, gen. nov., in the general shape of the
female spermathecae. Ambulantactus montielae,
sp. nov., was designated as the type species of
the genus because it is the only species in which
the female is known. Despite the absence of
females of A. aquismon, sp. nov., and A. davisi,
comb. nov., and the absence of molecular data
for A. davisi, the two species grouped with A.
montielae in the simultaneous analysis (fig. 6).

Ambulantactus aquismon, sp. nov.

Figures 1, 6, 7B, 13A, 15A, 16A-C; tables 1, 5

TyPE MATERIAL: MEXICO: San Luis Potosi:
Municipio de Aquismén: outside Cueva del
Espiritu Santo Mantetzulel, 21°37'36"N
99°03'42"W, 461 m, 13.ii.2010, G. Contreras, J.
Cruz, O. Francke, C. Santibafiez, and A. Valdez,
holotype & (CNAN T1294).

Di1aGNosis: Ambulantactus aquismon, sp. nov.,
may be distinguished from other species of the
genus by the male pygidial flagellum, which is del-
toid with an acute posterior margin, and a pair of
posterodorsal depressions fused posteriorly into a
triangular shape. Ambulantactus aquismon is
closely related and morphologically similar to A.
montielae, sp. nov., but the male pygidial flagellum
is more elongated and less bulbous than in A.
montielae. Additionally, A. aquismon is smaller
(3.6 mm) than A. montielae (4.7 mm); the apical
process of the male pedipalp trochanter is obtuse
in A. aquismon but acute in A. montielae; and the
pedipalp patella bears four Pe setae in A. aquis-
mon and five in A. montielae.

ErymoLoGy: The specific name is a noun in
apposition taken from the name of the munici-
pality in which the type locality is situated.

DEescripTiON: The following description is
based on the holotype male (fig. 15A).

NO. 435

Color: Pale brownish.

Prosoma: Propeltidium with two setae on
anterior process; three pairs of dorsal setae; ocu-
lar spots distinct. Metapeltidium 0.40 mm long,
0.59 mm wide. Anterior sternum with nine setae,
plus two sternophysial setae; posterior sternum
with six setae.

Chelicerae: Movable finger serrula with 19
teeth, guard tooth present (fig. 13A). Fixed fin-
ger with three smaller teeth between two pri-
mary teeth; setal group formula,
3-6-4-2-7-10-1-6; G1 with three spatulate setae,
covered with small blunt spicules; G2 composed
of six feathered setae, subequal, shorter than
movable finger; G3 with four setae, subequal,
feathered apically and smooth basally; G4 con-
sisting of two small, smooth, thick setae, elon-
gated apically; G5A with seven setae, subequal,
feathered apically and longer than fixed finger;
G5B with eight feathered setae increasing in
size apically; G6 with one smooth seta, ca. half
the length of movable finger; G7 with six slen-
der, feathered setae, subequal.

Pedipalps: Pedipalps homeomorphic (fig.
7A); 1.77x longer than propeltidium. Trochan-
ter without apical process; prolateral surface
with small apical spur. Femur 1.93x longer
than high; retroventral margin with Fe,, Fe,
Fev,, and Fev, setae acuminate; prolateral sur-
face with row of three ventral acuminate setae
(Fmv,_;) and two dorsal acuminate setae
(Fmd,, Fmd,). Patella with three acuminate Pe
setae and four feathered Pm setae; without dis-
tinctive armature. Tibia setal formula, 4:3:5;
Ter setae acuminate, Tmr and Tir setae feath-
ered. Tarsal spurs asymmetric.

Legs: Leg I basitarsal/telotarsal proportions,
25:5:6:5:-:-:- (broken); IV, femur (missing).

Opisthosoma: Tergite I with two pairs of
microsetae anteriorly plus pair of Dm setae; II
with three pairs of microsetae anteriorly plus
pair of Dm setae; III-VII each with pair of Dm
setae; VIII with pairs of Dm and DI, setae; IX
with pairs of DI, and DI, setae and without
pair of Dm setae. Segments X and XI tele-
scoped, slightly elongated, with pairs of DI,,
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FIG. 10. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), female spermathecae, schematic
illustration of lobe base positions. A. Schizophyxia lukensi (Rowland, 1973), comb. nov., ¢ (CNAN S§z25),
aligned. B. Nahual caballero (Monjaraz-Ruedas and Francke, 2018), comb. nov., ¢ (CNAN T1158), antero-
median to lateral. C. Stenochrus portoricensis Chamberlin, 1922, ? (CNAN S$z93), posteromedian to lateral.
D. Ambulantactus montielae, sp. nov.,  (CNAN T1292), posteromedian to lateral. Abbreviations: al., aligned;
ant., anterior; pos., posterior; sc., sclerotizations. Scale bars = 0.05 mm.

Vim,, VI,, and VI, setae plus single Vim, seta;
XII with pairs of Dm, DI, DI,, Vm,, Vm,, VI,
and VI, setae, without posterodorsal process.
Sternites II-VII each with two irregular rows
of setae; genital plate with scattered
microsetae.

Pygidial flagellum: Flagellum dorsoventrally
compressed, deltoid (fig. 16A-C), with poste-
rior part acute; 1.77x longer than wide; pair of
posterodorsal depressions fused posteriorly;
seta Dm, situated over bulb base, Dm, situated

posteriorly over depression, DI, situated ante-
rior to VI, DIy aligned with VI,, pair of Vi,
setae present, Vm, seta aligned with Vm,, pair
of anterodorsal microsetae between Dm, and
DL, pair of anterolateral microsetae on flagel-
lar pedicel, two patches of microsetae between
V1, and VI, (msp).

Di1STRIBUTION: Ambulantactus aquismon, sp.
nov., is known only from the type locality in the
state of San Luis Potosi, Mexico (fig. 1). It is
codistributed in San Luis Potosi with species of
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Harveyus, gen. nov., which are primarily caver-
nicolous. The few epigean species of Harveyus
differ markedly from A. aquismon in the shape
of the male flagellum (the spermathecae are
unknown in this species).

NaTUrRAL History: This epigean species
was found under rocks in a primary rainforest
near Cueva de Mantetzulel in Aquismon.

ADDITIONAL MATERIAL EXAMINED: MEX-
ICO: San Luis Potosi: Municipio de Aquismoén:
Cueva del Espiritu Santo Mantetzulel, outside,
21°37'36"N 99°03'42"W, 461 m, 13.ii.2010, G.
Contreras, J. Cruz, O. Francke, C. Santibanez,
and A. Valdez, 1 imm. (AMCC [LP 14539]).

Ambulantactus davisi (Gertsch, 1940),
comb. nov.

Schizomus davisi Gertsch, 1940: 1-4, figs. 1-6;
Takashima, 1951: 102; Rémy, 1961: 406;
Rowland, 1971a: 117; 1973a: 21; 1973c¢: 135;
Brignoli, 1974: 147, 149; Rowland, 1975b:
32, 166-169, 176-178, 181, 214-215, 218-
219, 224-225, 228-229, 366-369, 394, map
5, figs. 157, 177, 211, 292; Rowland and
Reddell, 1977: 83; 1979a: 162; 1980: 1, 2, 4,
5,7-10, 13, 15, 20, figs. 1, 4, 24, 58; Reddell
and Cokendolpher, 1995: 2, 4, 105.

Stenochrus davisi: Reddell and Cokendolpher, 1991:
18; 1995: 4, 18, 102, 105, 106; Vazquez-Rojas,
1995: 34; 1996: 65; Ruiz and Coronado, 2002:
67; Harvey, 2003: 123; Zawierucha et al., 2013:
359; Moreno-Gonzalez et al., 2014: 21; Pala-
cios-Vargas et al., 2015: 45; Monjaraz-Ruedas
and Francke, 2018: 212.

TyPE MATERIAL: Schizomus davisi: MEXICO:
Tamaulipas: Municipio de San Fernando, 28.
iii.1937, L. Irby Davis, holotype 3 (AMNH).

REMARKs: The precise location of the type
locality of A. davisi, comb. nov., is unclear and
it is unknown whether the species is epigean or
associated with a cave or riparian area like Har-
veyus mulaiki (Gertsch, 1940), comb. nov. Fresh
material could not be collected for the present
study.

NO. 435

Ambulantactus montielae, sp. nov.

Figures 1, 6, 7B, 8A, 10D, 12A, 13B, 14A, 15B,
C, 16D-F, 17A-C; tables 1, 5

TypE MATERIAL: MEXICO: Morelos: Muni-
cipio de Tepalcingo: REBIOSH, El Limén de
Cuachichinola, 18°32'33"N 98°56'19"W, 1290 m,
30.vi.2014, M. Mendez-Acuiia, E. Tinoco, and N.
Angel, holotype & (CNAN T1291), 2.vi.2013, M.
Mendez and M. Salas-Rod, paratype ? (CNAN
T1292). Municipio de Tlalquiltenango: Quilam-
ula, 18°29'38"N 99°00'14"W, 1229 m, 30.
viii.2015, M. Mendez-Acuiia and M. Salas, para-
type & (CNAN T1293).

DiaGNosis: Ambulantactus montielae, sp. nov.,
may be distinguished from other species of the
genus by the small, projected and acute apical pro-
cess of the male pedipalp trochanter; the male
pygidial flagellum, which is bulbous/deltoid with
a pair of posterodorsal depressions fused posteri-
orly into a triangular shape; and the female sper-
mathecae, in which both pairs of lobes are linear,
the lateral pair slightly shorter than the median
lobes (ca. 3/4), and the chitinized arch inverse
arch shaped. Ambulantactus montielae differs
from A. aquismon, sp. nov., in the larger size (4.7
mm vs. 3.6 mm); the projected apical process of
the pedipalp trochanter; and the wider, more bul-
bous pygidial flagellum of the male, in which the
posterior margin is short and obtuse.

EtrymoroGy: The specific epithet is a patro-
nym, honoring Griselda Montiel Parra, Assistant
Curator of CNAN, who collected the first sam-
ples of this species and encouraged her students
to continue searching until adult males and
females were collected.

DEescripTION: The following description is
based on the holotype male and paratype female
(fig. 15B, C).

Color: Pale brownish.

Prosoma: Propeltidium with two setae on
anterior process; three pairs of dorsal setae; ocu-
lar spots indistinct. Metapeltidium 0.40 mm
long, 0.70 mm wide. Anterior sternum with 11
setae, plus two sternophysial setae; posterior
sternum with six setae.
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FIG. 11. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), propeltidia, dorsal view, illus-
trating dorsal setae. A. Nahual bokmai, sp. nov., 3 (CNAN T1282). B. Harveyus contrerasi, sp. nov., 3 (CNAN
T1276). C. Heteroschizomus kekchi, sp. nov., 3 (CNAN T1280). Scale bars = 0.2 mm.

Chelicerae: Movable finger serrula with 14 (?)
or 26 (&) teeth, guard tooth present (fig. 13B).
Fixed finger with three (?) or four (3) smaller
teeth between two primary teeth; setal group for-
mula, 3-6-4-2-10-8-1-6 (&) or 3-6-4-2-7-10-1-6
(?); G1 with three spatulate setae, covered with
few small spicules; G2 composed of six feathered
setae, subequal, shorter than movable finger; G3
with four setae, subequal, feathered apically and
smooth basally; G4 comprising two small,
smooth, thick setae, elongated apically; G5A
with 10 setae, subequal, feathered apically and
longer than fixed finger; G5B with eight feath-
ered setae increasing in size apically; G6 with
one smooth seta, ca. 1/2 the length of movable

finger; G7 with six slender, feathered setae,
subequal.

Pedipalps: Pedipalps homeomorphic (figs. 7B,
15B); 1.62x (J) or 1.52x (?) longer than pro-
peltidium. Trochanter apical process with small
protuberance; prolateral surface with small medial
spur. Femur 1.94x longer than high; retroventral
margin with Fe,, Fes;, Fev,, and Fev, setae acumi-
nate; prolateral surface with row of three ventral
acuminate setae (Fmv, ;) and two dorsal acumi-
nate setae (Fmd,, Fmd,). Patella with three acumi-
nate Pe setae and five feathered Pm setae; without
distinctive armature. Tibia setal formula, 4:3:5; Ter
setae acuminate, Timr and Tir setae feathered. Tar-
sal spurs asymmetric.

87



26 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Legs: Leg I, basitarsal-telotarsal proportions,
30:4:5:5:6:7:13; IV, femur 4.4x longer than high.

Opisthosoma: Tergite I with two pairs of micro-
setae anteriorly plus pair of Dm setae; tergite II with
three pairs of microsetae anteriorly plus pair of Dm
setae; III-VII each with one pair of Dm setae; VIII
with pairs of Dm and DI, setae; IX with pairs of DI,
and DI, setae and without pair of Dm setae. Seg-
ments X and XI telescoped, slightly elongated, with
pairs of DL, Vim,, V1,, and VI, setae plus single Vin,
seta; XII with pairs of Dm, DI,, DI,, Vim,, Vm,, VI,
and VI, setae, without posterodorsal process. Ster-
nites II-VII each with two irregular rows of setae;
genital plate with scattered microsetae.

Pygidial flagellum: Flagellum (&) dorsoventrally
compressed, deltoid (fig. 16D-F); 1.75x longer than
wide; pair of posterodorsal depressions fused poste-
riorly; seta Dm, situated over bulb base, Dmy, situ-
ated posteriorly over depression, DI, situated
anterior to VI, DI, aligned with VI,, pair of Vi,
setae present, Vin, situated posterior to Vin,, pair of
anterodorsal microsetae between Dm, and DI, pair
of anterolateral microsetae on flagellar pedicel, two
patches of microsetae between VI, and VI, (msp).
Flagellum (?) with three flagellomeres (fig. 17A-
C); seta DI, not reduced, situated anterior to VI, DI
situated posterior to VI,, Vim, present, reduced, Vim,
aligned with Viny; DI, and DI, microsetae present.

Female spermathecae: Two pairs of lobes (fig.
8A); median and lateral lobes linear, similar in
width, with few apical duct openings; lateral
lobes shorter than median lobes (ca. 3/4); median
lobe bases posterior to lateral lobe bases. Chi-
tinized arch cup shaped; anterior branch absent;
lateral tip lobed. Gonopod small, conical; length
ca. 2x width.

Di1STRIBUTION: Ambulantactus montielae, sp.
nov., is known only from the Reserva de la Bios-
fera Sierra Huautla, in the state of Morelos, Mex-
ico (fig. 1).

NaTUuraL History: This species inhabits
tropical dry forest in the Sierra Huautla, where it
is often associated with small rivers. It has also
been collected under rocks in the shadow of
Bursera Jacq. ex L., 1762, plants.

NO. 435

FIG. 12. Short-tailed whipscorpions (Schizomida:
Hubbardiidae Cook, 1899), cheliceral movable fin-
gers, prolateral view, illustrating proventral orna-
mentation: A. Ambulantactus montielae, sp. nov., &
(CNAN T1291), smooth. B. Nahual caballero (Mon-
jaraz-Ruedas and Francke, 2018) comb. nov., &
(CNAN T1157), one tooth. C. Baalrog magico (Mon-
jaraz-Ruedas and Francke, 2018), comb. nov., &
(CNAN T1163), lamella. Scale bars = 100 pm.

ADDITIONAL MATERIAL ExXAMINED: MEX-
ICO: Morelos: Municipio de Tlalquiltenango:
Quilamula, 18°29'38"N 99°00'14"W, 1229 m,
29.viii.2015, M. Mendez-Acufa, 1 imm. (CNAN
$z193), 30.viii.2015, M. Mendez-Acuna and M.
Salas, 2 imm. (CNAN Sz194), 10.ix.2016, F. Pilo-
Garcia, M. Mendez-Acuna, D. Rebollo-Salinas,
and V. Garcia-Marquez, 2 subad. ¢, 4 imm.
(CNAN Sz195), 3 imm. (AMCC [LP 14543]),
18.ix.2016, E. Pilo-Garcia, M. Mendez-Acuna, D.
Rebollo-Salinas, and V. Garcia-Marquez, 10 imm.
(CNAN S2196).
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FIG. 13. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), chelicerae, prolateral view: A.
Ambulantactus aquismon, sp. nov., & (CNAN T1294). B. Ambulantactus montielae, sp. nov., 3 (CNAN
T1291). C. Baalrog magico (Monjaraz-Ruedas and Francke, 2018), comb. nov., & (CNAN T1163). D. Harveyus
contrerasi, sp. nov., 3 (CNAN T1276). E. Heteroschizomus kekchi, sp. nov., & (CNAN T1280). F. Nahual
bokmai, sp. nov., 3 (CNAN T1282). G. Schizophyxia lukensi (Rowland, 1973), comb. nov., 3 (CNAN S$z25).
H. Stenochrus gruta Monjaraz-Ruedas and Francke, 2018, & (CNAN T1155). I. Troglostenochrus valdezi
(Monjaraz-Ruedas, 2012), comb. nov., 3 (CNAN T698). Scale bars = 200 pm.

Baalrog, gen. nov. Rowland and Reddell, 1979a: 165, 171;
1979b: 90, 107; 1980: 1, 3, 22-26, 28, 29,
31; Reddell, 1981: 126; Rowland and Red-
dell, 1981: 19, 20; Cokendolpher and Red-

Figures 2, 6, 7C, 8B, 12C, 13C, 14B, 15D, E,
16G-1, 17D-F; tables 1, 2

Stenochrus (part): Reddell and Cokendolpher, dell, 1984b: 242; Reddell and
1991: 1, 3. Cokendolpher, 1986: 34, 37; Camilo and
Schizomus pecki group (part): Rowland 1975b: Cokendolpher, 1988: 53; Reddell and Cok-
37, 39, 135, 137, 167, 168, 188, 209, 232, endolpher, 1991: 1, 3; 1995: 101-103; Mon-
233, 236, 238, 241, 246, 248, 250, 252, 255, jaraz-Ruedas and Francke, 2015: 452; 2016:
320, 321, 348-350, 376, 390, 396, 397; 781, 783; 2018: 189, 212.
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TyYPE SPECIES: Schizomus firstmani Rowland,
1973 [= Baalrog firstmani (Rowland, 1973),
comb. nov.], type species, here designated.

Dr1aGNosis: Baalrog, gen. nov., may be separated
from other hubbardiid genera by the following
combination of characters. Cheliceral movable fin-
ger smooth (fig. 12A); single guard tooth at end of
serrula; setal group G3 with G3-4 setae situated
posteriorly (except in B. magico, comb. nov.) (fig.
13C). Propeltidium anterior process with two ante-
rior setae (one posterior to the other) and three
pairs of dorsosubmedian setae (fig. 11A); corneate
eyes absent. Metapeltidium entire. Tegument with-
out clavate setae. Pedipalps homeomorphic; tro-
chanter with mesal spur, without apical process (fig.
7C); femur Fv, and Fv, setae acuminate, Fvr,_,
setae present; patella with four acuminate Pe setae
and four or five feathered Pm setae; tibial setal for-
mula 3-3-5 (Ter-Tmr-Tir) (fig. 14B). Leg IV femur
anterodorsal margin produced at ca. 90° angle.
Opisthosomal tergite I with one pair of setae
(Dm). Opisthosomal segments IX-XII not elon-
gated; XII (8) without posterodorsal process.
Pygidial flagellum (&) bulbose, without dorsal
depressions (fig. 16G-I); flagellum (?) with two
annuli (fig. 17D-F). Spermathecae (?) with two
pairs of lobes; lateral lobes linear, smaller than (ca.
1/4 to 1/3 the length) and considerably narrower
than median lobes, mostly unsclerotized apically;
median lobes slightly curved apically (ca. 60° to 70°
angle), with apex directed laterally, inverse J-shaped,
unsclerotized apically (fig. 8B) and without bulbs;
median lobe bases anterior to lateral lobe bases (fig.
10B), with duct openings; chitinized arch hastate,
without anterior branch, with lateral tips long and
diffuse; gonopod wide and short.

COMPARISONS: Species of Baalrog, gen. nov.,
resemble species of Stenochrus in the general
shape of the female spermathecae. However, the
lateral lobes of the spermathecae are narrower
than the median lobes, the median lobes are
curved apically and unsclerotized, and the median
lobe bases situated anterior to the lateral lobe
bases in Baalrog, whereas the lateral lobes are the
same width as the median lobes, the median lobes
curved along their entire length and apically scler-

NO. 435

FIG. 14. Short-tailed whipscorpions (Schizomida:
Hubbardiidae Cook, 1899), pedipalp tibiae, ventral
view, illustrating setal patterns: A. Ambulantactus
montielae, sp. nov., & (CNAN T1291), 4-3-5. B. Baal-
rog magico (Monjaraz-Ruedas and Francke, 2018),
comb. nov,, 3 (CNAN T1163), 3-3-5. C. Nahual lan-
ceolatus (Rowland, 1975), comb. nov. & (CNAN
S$z130), 5-5-6. D. Stenochrus pecki (Rowland, 1973), &
(CNAN Sz40), 3-3-4. Scale bars = 0.2 mm.

otized, and the median lobe bases situated poste-
rior to the lateral lobe bases in Stenochrus.
Additionally, the male pygidial flagellum is bul-
bous in Baalrog, but dorsoventrally compressed
and cordate to elliptical in Stenochrus. Finally, the
pedipalp patella and tibia are more setose, with 5
Pm, 4 Pe, and 5 Tir setae, in Baalrog, than in
Stenochrus, with 3 Pm, 3 Pe, and 4 Tir setae.
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FIG. 16. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), pygidial flagellum, dorsal (A,
D, G), lateral (B, E, H) and ventral (C, E, I) views. A-C. Ambulantactus aquismon, sp. nov., & (CNAN T1294).
D-F. Ambulantactus montielae, sp. nov., & (CNAN T1291). G-I. Baalrog magico (Monjaraz-Ruedas and
Francke, 2018), comb. nov., & (CNAN T1163). Scale bars = 0.2 mm.
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FIG. 17. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), pygidial flagellum, dorsal (A,
D, G), lateral (B, E, H) and ventral (C, F, I) views. A-C. Ambulantactus montielae, sp. nov., 2 (CNAN T1292).
D-F. Baalrog magico (Monjaraz-Ruedas and Francke, 2018), comb. nov., ¢ (CNAN T1165). G-1. Harveyus
contrerasi, sp. nov., ¢ (CNAN T1278). Scale bars = 0.2 mm.
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ETymMoLOGY: The genus name is a compound
word derived from two different words. Baal is
a Mayan word for “devil” “Balrogs” are ficti-
tious demons from the “Legendarium” and “The
Lord of the Rings” by J.R.R. Tolkien. It is mas-
culine in gender.

INCLUDED SPECIES: Baalrog firstmani (Row-
land, 1973), comb. nov.; Baalrog magico (Monja-
raz-Ruedas and Francke, 2018), comb. nov;
Baalrog sbordonii (Brignoli, 1973), comb. nov.

Di1STRIBUTION: Species of Baalrog, gen. nov.,
are endemic to Mexico, inhabiting the caves of
central Veracruz, in the Sierra de Zongolica and
the foothills of Pico de Orizaba, and extending
southward to Huautla de Jimenez, part of the
Sierra Madre Oriental, in northern Oaxaca.

NATURAL HISTORY: Baalrog, gen. nov,, is a
strictly cavernicolous genus, some of its species
occurring at great depths, e.g., B. magico, comb.
nov., from the Sistema Huautla, one of the deep-
est cave systems in the world (Steele and Smith,
2012). Although exhibiting a similar distribution
in central Veracruz, species of Nahual, gen. nov.,
are epigean, unlike species of Baalrog.

REMARKS: Rowland and Reddell (1980) cre-
ated the pecki group of Schizomus to accom-
modate S. firstmani and S. sbordonii, based on
their larger body size and distinct pedipalp
morphology. Additionally, the lateral lobes of
the female spermathecae, mistakenly reported
as absent by Rowland and Reddell (1980), are
extremely reduced (fig. 8B). The discovery of
S. magico revealed the unique bulbous pygidial
flagellum of the male. The lateral lobes of the
spermathecae are unusually variable in size in
this species (Monjaraz-Ruedas and Francke,
2018: 210, fig. 70). These characters are diag-
nostic for Baalrog, gen. nov.

Cokendolpher and Reddell (1984b) described
the male of S. sbordonii based on specimens col-
lected in Grutas de Atoyac, Veracruz, although the
holotype female was collected in Cueva de Ojo de
Agua Grande in Paraje Nuevo, Veracruz. After
detailed examination of the specimens, which
revealed new morphological differences, and a
comparison of DNA sequences, it was determined
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that material from Atoyac is not conspecific with
material from the type locality. The population at
Atoyac is described below as Baalrog yacato, sp.
nov. Although the bulbose pygidial flagellum of
the male of B. yacato differs markedly from the
elliptical flagellum of the male of other species of
Baalrog, it is placed in the genus based on the phy-
logenetic analyses (fig. 6). Discovery of the female
and/or closely related new species may confirm or
refute the placement of this peculiar species,
which occurs in sympatry with its congener, B.
firstmani, comb. nov.

Baalrog firstmani (Rowland, 1973), comb. nov.

Schizomus firstmani Rowland, 1973a: 6, 7, 15-19,
figs. 14-16; 1973c: 136; 1975b: 34, 167, 168,
232, 234, 235-240, 243, 246-249, 252, 253,
map 4, ﬁgs. 217, 219, 220, 226-227; Dumi-
tresco, 1977: 157; Rowland and Reddell,
1977: 80, 84, 98, 99, fig. 2; 1979a: 163; 1980:
1, 23-30, figs. 63, 65, 67, 68, 74, 75; Reddell,
1981: 16, 42, 45, 126, 128, 320, 321, 324, fig.
23; Palacios-Vargas, 1983: 43 (part); Coken-
dolpher and Reddell, 1984b: 242; Reddell
and Cokendolpher, 1986: 34, 36; 1995: 5,
106.

Stenochrus firstmani: Reddell and Cokendolpher,
1991: 18; 1995: 5, 12, 18, 101, 103, 106;
Vézquez-Rojas, 1995: 33; 1996: 65; Harvey,
2003: 123; Armas and Cruz-Lépez, 2009: 20;
Palacios-Vargas and Reddell, 2013: 52; Pala-
cios-Vargas et al., 2015: 32; Monjaraz-Rue-
das and Francke, 2018: 190, 207.

TYPE MATERIAL: Schizomus firstmani: MEX-
ICO: Veracruz: Municipio de Atoyac: Grutas de
Atoyac, 2 km E of Atoyac, 24.xii.1971, D. McK-
enzie, holotype 8 (AMNH), 6.viii.1969, S. and J.
Peck, 2 @, 3 imm. paratypes (AMNH).

ADDITIONAL MATERIAL EXAMINED: MEX-
ICO: Veracruz: Municipio de Atoyac: Grutas de
Atoyac, C. Bolivar, and Pieltain, 2 ¢ (AMNH),
13.xi.1941, C. Bolivar, Pieltain, and E Bonet, 1 ¢,
1 imm. (AMNH); Grutas de Atoyac, 18°54'41"N

04



2019

TABLE 2

MONJARAZ-RUEDAS ET AL: SHORT-TAILED WHIPSCORPION GENUS STENOCHRUS 33

Diagnostic morphological characters among four North American genera of short-tailed whipscorpions
(Schizomida: Hubbardiidae Cook, 1899): Ambulantactus, gen. nov.; Baalrog, gen. nov.;
Harveyus, gen. nov.; Heteroschizomus Rowland, 1973, stat. rev.

Ambulantactus Baalrog Harveyus Heteroschizomus
1. Propeltidial setae three three two four
. Opisthosomal enlargement absent absent absent present
. Cheliceral movable finger smooth smooth smooth lamella

2

3

4. Macrosetal group G3 G3-3 anterior
5

6

7

. Pedipalps sexual dimorphism absent
. Pedipalp apical process acute
. Pedipalp macroseta setiform,
acuminate
8. Tibia formula 4-3-5
9. Flagellum shape (&) deltoid

10. Flagellum dorsal surface relief (J) pair of posterior

fused depressions

11. Spermatheca lateral lobes length lateral reduced

G3-4 posterior

G3-3 anterior

G3-3 anterior

absent present absent

absent bump acute

setiform, setiform, setiform,
acuminate acuminate acuminate

3-3-5 3-3-4 3-3-4

bulb subrhomboidal spatulate

absent pair of pair of median pits

lateral reduced

shallow pits

lateral reduced

or central depression

equal to median pair

(3/4) (1/4,1/3) (3/4)

12. Spermatheca lateral apex orientation  upright outward outward upright

13. Spermatheca median apex orientation upright outward outward upright

14. Spermatheca median lobes shape straight curved at tip parenthesis shaped  straight

15. Spermatheca bulbs absent absent small absent

16. Spermatheca sclerotization absent absent absent absent

17. Spermatheca lobes base position median median same level variable
posterior anterior

18. Spermatheca chitinized arch shape inverse hastate V- or U-shaped mug shaped
arch shaped

96°46'42"W, 500 m, 6.xii.1981, V. Granados, 1 ? nez: Millipede Cave, Rio Iglesia Dolina,

(CNAN Sz44), 19.ix.2015, J. Arreguin, D. Bar-
rales, O. Francke, D. Guerrero, and R. Monjaraz,
13,3 ? (CNAN S$z170), 16.i.2017, D. Barrales,
G. Contreras, and R. Monjaraz, 2 &,3 ? (CNAN
DNA-S2231), 1 @ (AMCC [LP 14531]).

Baalrog magico (Monjaraz-Ruedas
and Francke, 2018), comb. nov.

Stenochrus magico Monjaraz-Ruedas and
Francke, 2018: 190, 207-211, figs. 57-66.

TYPE MATERIAL: Stenochrus magico: MEX-
ICO: Oaxaca: Municipio de Huautla de Jimé-

18°07'03"N 96°47'59"W, 1610 m, 26.iii.1981, A.
Grubbs and S. Zeman, holotype & (CNAN
T1163); Cueva Li-Nita, 18°08'51"N 96°47'54"W,
1919 m, 12.iv.2014, G. Contreras, J. Cruz, S.
Davlantes, O. Francke, and J. Mendoza, para-
type & (CNAN T1164); Cueva, 100 m S of
Puente de Fierro, 18°09'03"N 96°51'12"W, 1197
m, 11.ix.2010, D. Barrales, J. Cruz, O. Francke,
and A. Valdez, paratype ? (CNAN T1165).
Municipio de San Miguel Cuahutepec: Cueva
Cangrejo, 12.iv.2015, G. Contreras, O. Francke,
J. Mendoza, M. Minton, and R. Monjaraz,
18°06'26"N 96°47'54"W, 1540 m, paratype 9
(CNAN T1166).
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TABLE 3

NO. 435

Diagnostic morphological characters among four North American genera of short-tailed whipscorpions
(Schizomida: Hubbardiidae Cook, 1899): Mayazomus Cokendolpher and Reddell, 1995;
Nahual, gen. nov.; Olmecazomus, nom. nov.; Pacal Reddell and Cokendolpher, 1995

Mayazomus Nahual Olmecazomus Pacal
1. Propeltidial setae two three two three
2. Opisthosomal enlargement absent absent absent absent
3. Cheliceral movable finger smooth lamella/ smooth lamella
one tooth

N=leC]

10. Flagellum dorsal surface relief (&)

1

1
1
1

1

16.

1

18.

. Macrosetal group G3

. Pedipalps sexual dimorphism

. Pedipalp apical process

. Pedipalp macroseta

. Tibia formula

. Flagellum shape (&)

1. Spermatheca lateral lobes length

2. Spermatheca lateral apex orientation
3. Spermatheca median apex orientation

4. Spermatheca median lobes shape

5. Spermatheca bulbs

7. Spermatheca lobes base position

Spermatheca sclerotization

Spermatheca chitinized arch shape

G3-3 posterior
present
acuminate

spiniform
setiferous
tubercle

4-3-4

cordate

pair of
submedian
depressions

lateral reduced
(3/4)

upright
outward

J-shaped

absent
present

same level

U-shaped

G3-3 anterior
absent
fan

spiniform

5-5-6

elliptical

pair of
submedian pits/
slumps

equal to
median pair

outward
upright
straight

absent
present

median posterior

arrow shaped

G3-2,4 posterior
absent
digitiform
spiniform
setiferous
tubercle

4-4-4
elliptical

pair of
submedian
depressions

lateral reduced
(1/4)

upright
upright

parenthesis
shaped

absent
present

same level

V-shaped

G3-4 posterior
absent
acuminate

setiform,
acuminate

3-3-4(5)

trilobate/
rhomboidal

pair of median pits
with pair
of swellings

absent/
reduced (1/4)

upright
upright
straight

present
absent

same level

inverse arc shaped

ADDITIONAL MATERIAL EXAMINED: MEX-
ICO: Oaxaca: Municipio de Plan Carlota: Church
Cave, 18°07'58"N 96°46'35"W, 1500 m, 1.iv.2016,
D. Barrales, G. Contreras, J. Cruz, ]. Mendoza, and
R. Monjaraz, 2 imm. (AMCC [LP 14516]).

Baalrog sbordonii (Brignoli, 1973), comb. nov.

Schizomus sbordonii Brignoli, 1973: 7-9, fig. 4;
Rowland, 1973c: 135, 136; Brignoli, 1974:

143, 146-149, 151, figs. 1e, 2c-d; Rowland,
1975b: 34, 189, 234, 236, 239; Rowland and
Reddell, 1977: 80, 86, 89, 98, fig. 3; 197%a:
163; 1980: 24, 27, 29; Reddell, 1981: 45, 126,
127, fig. 22; Palacios-Vargas, 1983: 43 (part);
Cokendolpher and Reddell, 1984b: 241-243,
figs. 1-4; Reddell and Cokendolpher, 1984:
5; 1986: 36; 1995: 6, 115.
Schizomus cf. sbordonii: Rowland, 1975b: 167,
168, 232, 238-240, 248, 249, 252, 253, map
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Diagnostic morphological characters among four North American genera of short-tailed whipscorpions
(Schizomida: Hubbardiidae Cook, 1899): Schizophyxia, gen. nov.; Sotanostenochrus
Reddell and Cokendolpher, 1991; Stenochrus Chamberlin, 1922; Troglostenochrus, gen. nov.

Schizophyxia Sotanostenochrus Stenochrus Troglostenochrus
1. Propeltidial setae three three two two
2. Opisthosomal enlargement absent absent absent absent
3. Cheliceral movable finger smooth smooth smooth sawed

4. Macrosetal group G3

G3-3 anterior

G3-4 posterior

G3-4 posterior

G3-3 anterior

5. Pedipalps sexual dimorphism absent present present absent

6. Pedipalp apical process acute bump absent fan

7. Pedipalp macroseta setiform, setiform, setiform, spiniform
acuminate acuminate acuminate

8. Tibia formula 3-3-4 3-3-5 3-3-4 3-3-4

9. Flagellum shape (3) spear-shaped shovel cordate/elliptical trilobate

10. Flagellum dorsal surface pair of single central depres- pair of pits two submedian

relief (3) submedian sion with associated with projections
depressions pair of swellings central depression

11. Spermatheca lateral lobes lateral reduced ~ subequal lateral reduced lateral reduced

length (3/4) (1/3) (3/4)

12. Spermatheca lateral apex upright upright outward outward

orientation

13. Spermatheca median apex outward upright outward upright

orientation

14. Spermatheca median straight/ hand shaped parenthesis/ J-shaped/

lobes shape slightly curved J-shaped straight

15. Spermatheca bulbs absent absent absent absent

16. Spermatheca sclerotization absent absent present absent

17. Spermatheca lobes base same level same level median posterior median anterior

position

18. Spermatheca chitinized arch U-shaped V-shaped bowl shaped hastate

shape

4, fig. 225; Rowland and Reddell, 1980: 1,
23-25, 27-30, figs. 63, 73.

Stenochrus sbordonii: Reddell and Cokendolpher,
1991:18; 1995: 6, 12, 18, 101, 103, 115;
Vazquez Rojas, 1995: 34; 1996: 65; Ruiz and
Coronado, 2002: 62, 113; Harvey, 2003: 126;
Palacios-Vargas and Reddell, 2013: 52;
Moreno-Gonzalez et al., 2014: 21; Palacios-
Vargas et al., 2015: 32; Clouse et al., 2017: 5,

11, figs. 2-4; Wheeler et al., 2017: 582, fig. 2;
Monjaraz-Ruedas and Francke, 2018: 190.

REMARKS: Baalrog sbordonii, comb. nov., is
assigned to Baalrog, gen. nov., with reservation,
based on the reduced size of the lateral lobes, as
well as the slightly curved median lobes of the
female spermathecae. Despite repeated searches
at the type locality (Cueva de Ojo de Agua
Grande, Municipio de Paraje Nuevo, Veracruz,
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TABLE 5
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NO. 435

Measurements (mm) of the short-tailed whipscorpions, Ambulantactus aquismon, sp. nov., and
Ambulantactus montielae, sp. nov. (Schizomida: Hubbardiidae Cook, 1899)

Material deposited in the National Collection of Arachnida (CNAN) at the
National Autonomous University of Mexico.

A. aquismon

A. montielae

Sex ) 3 ?
Collection CNAN CNAN
Number T1294 T1291 T1293 T1292
Total length 3.6 4.4 4.7 4.9
Propeltidium Length 1.2 1.4 1.5 1.3
Width 0.6 0.7 0.8 0.8
Flagellum Length 0.4 0.5 0.5 0.3
Width 0.2 0.3 0.3 0.1
Height 0.1 0.2 0.2 0.1
Pedipalp Trochanter length 0.4 0.5 0.6 0.4
Femur length 0.5 0.5 0.7 0.5
Patella length 0.5 0.5 0.7 0.4
Tibia length 0.4 0.5 0.6 0.5
Tarsus length 0.2 0.2 0.2 0.2
Total length 2.0 2.3 2.9 2.0
LegI Coxa length 0.6 0.8 1.0 0.6
Trochanter length 0.4 0.5 0.7 0.4
Femur length 1.3 1.5 2.0 1.2
Patella length 1.7 1.9 2.8 1.4
Tibia length 1.3 1.4 2.0 1.1
Basitarsus length 0.4 0.5 0.6 0.3
Telotarsus length 0.3 0.6 0.8 0.6
Total length 6.0 7.2 9.8 5.5
Leg IV Trochanter length - 0.4 0.5 -
Femur length - 1.3 1.8 -
Patella length - 0.6 0.8 -
Tibia length - 1.0 1.4 -
Basitarsus length - 0.8 1.2 -
Telotarsus length - 0.6 0.7 -
Total length - 4.7 6.5 -
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Mexico), the male of this species remains
unknown.

MATERIAL ExaMINED: MEXICO: Veracruz:
Municipio de de Paraje Nuevo: Ojo de Agua de
Paraje Nuevo (Ojo de Agua Grande), 18°55'35"N
96°52'33"W, 22.ix.2004, O. Francke A. Gluesen-
kamp, E. Gonzilez, C. Savvas, and P. Sprouse, 2
? (AMNH), 18°55'32"N 96°52'58"W, 601 m,
20.ix.2015, J. Arreguin, D. Barrales, O. Francke,
D. Guerrero, and R. Monjaraz. Municipio de
Tepetlaxco: Cueva del Cabrito, 19°02'24"N
96°49'52"W, 1644 m, 19.ix.2015, O. Francke, D.
Barrales, R. Monjaraz, D. Guerrero, and J. Arre-
guin, 3 imm. (AMCC [LP 14511]). Municipio
Tezonapa: Presidio, 18°40'30"N 96°47'0.2"W,
351 m, 21.ix.2016, D. Barrales, A. Cruz, J. Men-
doza, and R. Monjaraz, 6 ¢ (AMCC [LP 14542]).

Baalrog yacato, sp. nov.

Schizomus sbordonii male: Cokendolpher and
Reddell 1984a: 5, figs. 1-4; 1984b: 241-243;
Reddell and Cokendolpher, 1986: 36
[misidentification].

Stenochrus sbordonii male: Reddell and Cokend-
olpher, 1991: 18; 1995: 6, 12, 18, 101, 103,
115. Monjaraz-Ruedas and Francke, 2018:
190 [misidentification].

TyPE MATERIAL: MEXICO: Veracruz: Muni-
cipio de Atoyac: Grutas de Atoyac, 18°55'17"'N
96°45'55"W, 22.ix.2004, A. Gluesenkamp, C. Sav-
vas, P. Sprouse, E. Gonzélez, and O. Francke,
holotype 8 (AMCC [LP 3756]).

Di1aGNosIs: Baalrog yacato, sp. nov., resembles
other species of the genus in possessing robust
pedipalps with spiniform setae but may be distin-
guished from them by the fan-shaped apical pro-
cess on the pedipalp trochanter of the male, and
the ovate pygidial flagellum, with a single, circular
posterodorsal depression, of the male. Baalrog
yacato also resembles species of Nahual, gen. nov,,
in the ovate male pygidial flagellum but may be
separated from the latter by the presence of a sin-

gle depression, rather than a pair of depressions in
the dorsal surface of the flagellum.

EtrymorLoGyY: The specific epithet is an ana-
gram derived from the type locality and used as
a noun in apposition.

REMARKS: Based on the morphology of the
male pygidial flagellum, as well as DNA
sequence data, the male holotype of B. yacato,
sp. nov., is not conspecific with B. sbordonii,
comb. nov., as mistakenly assumed by previous
authors (Cokendolpher and Reddell, 1984a,
1984b; Reddell and Cokendolpher, 1986, 1991;
Monjaraz-Ruedas and Francke, 2018). The
type locality of B. sbordonii, Cueva de Ojo de
Agua, is a considerable distance from the type
locality of B. yacato, Grutas de Atoyac, and
part of a different cave system. Further collect-
ing is needed to obtain the male of B. sbordonii
and the female of B. yacato.

ADDITIONAL MATERIAL EXAMINED: MEX-
ICO: Veracruz: Cueva de Atoyac, 2 km E Atoyac,
C. Bolivar Pieltain, 1 & (AMNH).

Harveyus, gen. nov.

Figures 3, 6, 7D, 8C, D, 11B, 13D, 17G-1, 18A,
B, 19A-C; tables 1, 2

Stenochrus (part): Reddell and Cokendolpher,
1991: 1, 3.

Schizomus mexicanus group (part): Rowland
1975b: 37, 39, 164, 165, 167, 168, 173, 185,
209, 214, 216, 218, 220, 222, 224, 228, 255,
280, 301, 303, 320, 321, 348-350, 365, 366,
368, 369, 376, 387, 390, 391-393, 395; Row-
land and Reddell, 1979a: 165, 171; 1979b:
90, 107; 1980: 1-8, 10, 11, 15-20; Reddell,
1981: 126; Rowland and Reddell, 1981: 19,
20, 41; Reddell and Cokendolpher, 1986: 32,
34; Camilo and Cokendolpher, 1988: 53, 57;
Armas, 1989a: 7; Armas and Abud-Antun,
1990: 14, 18; Reddell and Cokendolpher,
1991: 1, 3; 1995: 82, 99, 101-104; Kriiger
and Dunlop, 2010: 52; Monjaraz-Ruedas
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and Francke, 2015: 452; 2016: 781-783, 804;
2018: 189, 212.

TYPE SPECIES: Schizomus mexicanus Rowland,
1971 [= Harveyus mexicanus (Rowland, 1971),
comb. nov.], type species, here designated.

DiaGNosIs: Harveyus, gen. nov., may be sep-
arated from other hubbardiid genera by the fol-
lowing combination of characters. Cheliceral
movable finger without accessory teeth or
lamella; single guard tooth at end of serrula;
setal group G3 with G3-3 setae situated anteri-
orly (fig. 13D). Propeltidium anterior process
with two anterior setae (one posterior to the
other) and two pairs of dorsosubmedian setae
(fig. 11B); corneate eyes absent. Metapeltidium
entire. Tegument without clavate setae. Pedi-
palps heteromorphic, elongated (e.g., H. mexi-
canus, comb. nov.) or homeomorphic (e.g., in
Harveyus contrerasi, sp. nov.); trochanter with
mesal spur, with small rounded or bump-
shaped apical process (fig. 7D); femur Fv, and
Fv, setae acuminate, Fvr,_; setae present; patella
with four acuminate Pe setae and four feathered
Pm setae; tibial setal formula 3-3-4 (Ter-Tmr-
Tir) (fig. 14D). Leg IV femur anterodorsal mar-
gin produced at ca. 90° angle. Opisthosomal
tergite IT with one pair of setae (Dm). Opistho-
somal segments IX-XII not elongated; XII (3)
without posterodorsal process. Pygidial flagel-
lum (J8) dorsoventrally compressed, subrhom-
boidal, acute posteriorly (except in H. mulaiki,
comb. nov., which is bulb shaped), with pair of
shallow, dorsosubmedian pits (fig. 19A-C); fla-
gellum (?) with two annuli (fig. 17G-I). Sper-
mathecae () with two pairs of lobes of similar
width; lateral lobes shorter than (ca. 3/4 the
length) median lobes, with the apex directed
laterally; median lobes parenthesis shaped, with
small apical bulbs; lobes unsclerotized apically
(fig. 8C, D); median and lateral lobe bases
aligned (fig. 10A), with duct openings along
entire length; chitinized arch V- or arch shaped,
without anterior branch, lateral tips diffuse;
gonopod long and slender.

NO. 435

COMPARISONS: Species of Harveyus, gen.
nov., resemble species of Stenochrus in the
number of dorsal setae on the propeltidium,
the pedipalp setae formula, and the general
shape of the female spermathecae. However,
the male pygidial flagellum is bulbous or sub-
rhomboidal with the posterior part acuminate
in Harveyus but cordate or elliptical in Steno-
chrus; the apical process on the pedipalp tro-
chanter is present and bump shaped in
Harveyus, but absent in Stenochrus; and the
lateral lobes of the female spermathecae are ca.
3/4 the length of the median lobes, unsclero-
tized apically and with small apical bulbs in
Harveyus, but ca. 1/3 the length of the median
lobes, sclerotized apically and without apical
bulbs in Stenochrus.

Erymorogy: This genus is named after
Mark S. Harvey of the Western Australian
Museum, in recognition of his many contribu-
tions to the world schizomid fauna. It is mas-
culine in gender.

INCLUDED SPECIES: Harveyus contrerasi, sp.
nov.; Harveyus mexicanus (Rowland, 1971a),
comb. nov.; Harveyus mulaiki (Gertsch, 1940),
comb. nov.; and Harveyus reddelli (Rowland,
1971a), comb. nov.

DiISTRIBUTION: Harveyus, gen. nov., is distrib-
uted from Ciudad Valles in the state of San Luis
Potosi, Mexico, to Edinburg and Rio Grande City
in Texas, United States. Most records of this
genus are from caves in the Mexican states of San
Luis Potosi and Tamaulipas.

NATURAL HisTORY: Species of Harveyus,
gen. nov., are mostly cavernicolous. However,
H. contrerasi, sp. nov., and H. mulaiki, comb.
nov., are epigean.

REMARKS: The placement of H. reddelli,
comb. nov., is problematic because, although
the male morphology is consistent with the
diagnosis of Harveyus, gen. nov., the shape of
the female spermathecae more closely resem-
bles the species of Schizophyxia, gen. nov. DNA
sequence data are needed to test the generic
placement of this species.
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Harveyus contrerasi, sp. nov.

Figures 3, 6, 7D, 8C, 11B, 13D, 17G-1, 18A, B,
19A-C; tables 1, 6

TyPE MATERIAL: MEXICO: San Luis Potosi:
Municipio de Xilitla: Tlamaya, 1 km E,
21°25"10"N 99°00'11"W, 777 m, 10.v.2012, G.
Contreras, J. Cruz, J. Mendoza, and R. Monjaraz,
holotype & (CNAN T1276), paratype & (CNAN
T1277); Camino del Jobo a las pozas, 21°24'09"N
98°58'54"W, 610 m, 25.x.2013, J. Cruz, O.
Francke, A. Guzman, and C. Santibaiez, para-
type &, paratype @ (CNAN T1278); El
Nacimiento, between Xilitla and Huehuetlan,
21°27'33"N 98°58'36"W, 120 m, 11.ii.2011, G.
Contreras, J. Cruz, O. Francke, C. Santibanez,
and A. Valdez, paratype ¢ (CNAN T1279).

DiAGNosIs: Harveyus contrerasi, sp. nov., may
be distinguished from other species of the genus
by the male pygidial flagellum, which is sub-
rhomboidal with a pair of separate, shallow pits
dorsosubmedially, and the female spermathecae,
which exhibit curved median lobes, with small
apical bulbs and a wide U-shaped chitinized
arch. Harveyus contrerasi is most closely related
to Harveyus mexicanus, comb. nov. However, the
male pedipalps are heteromorphic, with a promi-
nent mesal spur on the tibia in H. mexicanus, but
homeomorphic and without tibial spurs in H.
contrerasi. Although the female spermathecae of
the two species are similar in general shape, the
median lobes are curved, the apical bulb well
developed, and the chitinized arch wide and
U-shaped in H. contrerasi, whereas the median
lobes are very slightly curved, almost linear, the
apical bulbs inconspicuous, and the chitinized
arch V-shaped in H. mexicanus.

ErymoroGy: This specific epithet is a patro-
nym for Gerardo Contreras, in appreciation of
his assistance during multiple schizomid collect-
ing trips as well as his contributions to Mexican
arachnology.

DEescripTION: The following description is
based on the holotype male and paratype female
(fig. 18A, B).

Color: Pale brownish.

Prosoma: Propeltidium with two setae on
anterior process; two pairs of dorsal setae; ocular
spots indistinct, irregular. Metapeltidium 0.38
mm long, 0.67 mm wide. Anterior sternum with
nine setae, plus two sternophysial setae; poste-
rior sternum with six setae.

Chelicerae: Movable finger serrula with 22 (J)
or 24 (9) teeth, guard tooth present (fig. 13D).
Fixed finger with four (3) or five (?) smaller
teeth between two primary teeth; setal group for-
mula, 3-6-4-2-6-8-1-7 (8) or 3-6-4-2-7-10-1-7
(?); G1 with three spatulate setae, covered with
small spinose spicules; G2 composed of six feath-
ered setae, subequal, shorter than movable fin-
ger; G3 with four setae, subequal, feathered
apically and smooth basally; G4 consisting of
two small smooth, thick setae; G5A with six
setae, subequal, feathered apically and longer
than fixed finger; G5B with eight feathered setae,
subequal; G6 with one smooth seta, ca. 1/2 the
length of movable finger; G7 with seven slender,
feathered setae, subequal.

Pedipalps: Pedipalps homeomorphic (fig. 7D);
1.73% (8) or 1.59x (%) longer than propeltid-
ium. Trochanter with small rounded apical pro-
cess; prolateral surface with small apical spur.
Femur 1.94x longer than high; retroventral mar-
gin with setae Fe,, Fes, Fev,, and Fev, acuminate;
prolateral surface with row of three ventral acu-
minate setae (Fmv,_;) and two dorsal acuminate
setae (Fmd,, Fmd,). Patella with five acuminate
Pe setae and four feathered Pm setae; without
distinctive armature. Tibia setal formula, 3:3:4;
Ter setae acuminate, Tmr and Tir setae feathered.
Tarsal spurs asymmetric.

Legs: Leg 1, basitarsal-telotarsal proportions,
28:4:5:5:5:6:14; IV, femur 4.9x longer than high.

Opisthosoma: Tergite I with two pairs of
microsetae anteriorly plus pair of Dm setae; 11
with three pairs of microsetae anteriorly plus
pair of Dm setae; III-VII each with one pair of
Dm setae; VIII with pairs of Dm and DI, setae;
IX with pairs of DI, and DI, setae and without
pair of Dm setae. Segments X and XI telescoped,
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slightly elongated, with pairs DI,, Vin,, VI,, and
VI, setae plus single Vin, seta; XII with pairs of
Dm, DI,, Dl,, Vm,, Vim,, VI, and VI, setae, with-
out posterodorsal process. Sternites II-VII each
with two irregular rows of setae; genital plate
with many scattered microsetae.

Pygidial flagellum: Flagellum (&) dorsoven-
trally compressed, subrhomboidal (fig. 19A-C);
2.07x longer than wide; pair of shallow dorso-
submedian pits present; seta D, situated over
bulb base, Dmy, situated posteriorly, DI, situated
anterior to VI,, DI, situated posterior to VI,; pair
of Vm, setae present, Vim, situated posterior to
Vim,; pair of anterodorsal microsetae between
Dm, and DI, pair of anterolateral microsetae on
flagellar pedicel, two patches of microsetae
between VI, and VI, (msp). Flagellum (?) with
three flagellomeres (fig. 17G-1I); seta DI, reduced,
aligned with V1, DI, aligned with V1,, Vim, pres-
ent, reduced, Vim, aligned with Vm,; DI, and DI,
microsetae present.

Female spermathecae: Two pairs of lobes (fig.
8C); median lobes curved J-shaped with small
apical bulb, and duct openings along entire
length; lateral lobes linear, shorter than median
lobes, wider basally, with few duct openings;
median lobe bases aligned with lateral lobe bases.
Chitinized arch wide U-shaped; anterior branch
absent; lateral tip wide and diffuse. Gonopod
slender, cylindrical; length ca. 3x width.

DisTrIBUTION: This species is widely distrib-
uted in the vicinity of Huichihuayan and Xilitla
in the southern part of San Luis Potosi state,
Mexico (fig. 3).

NaTUurRAL HisToRy: Although some speci-
mens of H. contrerasi, sp. nov., were collected in
a glen ca. 30 m deep, the glen has a wide entrance
and multiple light entrances, hence the species is
essentially epigean. Other new species may occur
in the caves of the Sierra de Xilitla.

REMARKS: Harveyus contrerasi, sp. nov., is
closely related to H. mexicanus, comb. nov., a
species restricted to caves in the state of San Luis
Potosi. Although differences in the male pygidial
flagella of the two species are very subtle, their
pedipalps are markedly different. The pedipalp

NO. 435

dimorphism (enlargement) that occurs in H.
mexicanus was not observed among males of H.
contrerasi.

ADDITIONAL MATERIAL EXxAMINED: MEX-
ICO: San Luis Potosi: Municipio de Xilitla:
Camino del Jobo a las pozas, 21°24'09"N
98°58'54"W, 610 m, 25.x.2013, J. Cruz, O.
Francke, A. Guzman, and C. Santibafiez, 1 ¢
(AMCC [LP 14493]).

Harveyus mexicanus (Rowland, 1971),
comb. nov.

Schizomus mexicanus Rowland, 1971a: 117-119,
124, 125, figs. 1-3, 16 (part, all records except
Cueva de los Vampiros); Reddell and Mitchell,
1971a: 145; Brignoli, 1973: 6; Reddell, 1973:
38; Reddell and Elliott, 1973: 183; Rowland,
1973a: 10, 21, 22, figs. 20, 22; 1973b: 200, 201,
fig. 1; 1973c: 135, 137; Brignoli, 1974: 143,
146-147, 149, 151, fig. 1(e); Vomero, 1974: 345;
Rowland, 1975a: 14, 15, 19, 20; 1975b: 10, 11,
33, 166-169, 177, 179, 180-184, 211, 213-215,
218, 219-221, 224, 225, 228, 230, 366-369,
394, 395, map 5, figs. 2 (below), 155, 156, 171,
172, 185-187,207-210, 292; Rowland and
Reddell, 1977: 80, 83, 85-87, 96, fig. 3; 1979a:
163; 1980: 1, 2,4, 5,7, 9, 10, 12-13, 15, 17, 20,
21, figs. 1-3, 18-19, 32-34, 54-57; Reddell,
1981: 36, 38, 68, 126, 127, 129, 130, fig. 22;
1982: 263; Reddell and Cokendolpher, 1986:
32;1995: 5, 107, 109, 115.

Stenochrus mexicanus: Reddell and Cokendol-
pher, 1991: 18; 1995: 5, 12, 18, 101, 102,
107, 145, fig. 6; Vazquez-Rojas, 1995: 34;
1996: 65; Armas and Teruel, 1998: 47; Har-
vey, 2003: 124; Zawierucha et al., 2013: 359;
Palacios-Vargas and Reddell, 2013: 52; Pala-
cios-Vargas et al., 2015: 32. Monjaraz-Rue-
das and Francke, 2016: 783, 784, 788, 804;
Villarreal et al., 2016: 4, 23; Monjaraz-Rue-
das and Francke, 2018: 190, 196, 212.

TYPE MATERIAL: Schizomus mexicanus: MEX-
ICO: San Luis Potosi: Municipio de Ciudad
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Valles: Sotano de la Tinaja, 10 km NNE Ciudad
Valles, 18.ii.1970, J.A.L. Cooke, holotype 3,1 &,
2 @ paratypes (AMNH).

REMARKS: Multiple records of H. mexicanus,
comb. nov., from the Sierra El Abra in San Luis
Potosi, reported by Rowland and Reddell (1980),
may be different species or the complex cave sys-
tem within the mountain range may have enabled
this species to disperse underground and colo-
nize the entire range. More detailed analyses,
including multiple populations from this moun-
tain range, should be undertaken to assess
whether H. mexicanus is one species or many.

ADDITIONAL MATERIAL ExAMINED: MEX-
ICO: San Luis Potosi: Municipio de Ciudad
Valles: Cueva de los Sabinos, 20..1944,1 &,2 2,
3 imm. (AMNH); Cueva de los Sabinos,
22°05'31"N 98°57'25"W, 3.ix.2015, G. Montiel
and G. Contreras 1 ¢ (CNAN DNA-Sz95);
Sétano del Arroyo, 10 km NE of Ciudad Valles,
1 9,1 imm. (AMNH); Cueva Grande, 14 km SE
of Ciudad Valles, 1 @ (AMNH); Sétano de la
Tinaja, 10 km NNE Ciudad Valles, 16.iii.1972,
J.A.L. Cooke, 3 &, 2 2,5 imm. (AMNH), 11.i.
1980, B.and V. Roth, 1 4,1 2,1 imm. (AMNH);
Sotano de la Tinaja, 22°04'33"N 98°58'40"W,
2338 m, 19.v.2011, D. Candia, R. Monjaraz, R.
Paredes, and A. Reyna, 6 3,8 ¢ (CNAN Sz131),
2 imm. (AMCC [LP 14500]). Municipio de Tani-
nul: Cueva del Tigre, Hotel Taninul, 21°56'12"N
98°53'18"W, 39 m, 12.ii.2011, G. Contreras, J.
Cruz, O. Francke, C. Santibafiez, and A. Valdez,
43,1 9 (CNAN Sz151), 11.v.2012, J. Cruz, J.
Mendoza, G. Contreras, and R. Monjaraz, 1 ?, 1
imm. (AMCC [LP 14537]), 2.ix.2015, G. Contre-
ras, J. Cruz, O. Francke, C. Santibafez, and A.
Valdez, 4 @ (CNAN Sz187).

Harveyus mulaiki (Gertsch, 1940), comb. nov.

Schizomus mulaiki Gertsch, 1940: 1, 3-4, figs.
7-10; Takashima, 1951: 102; Rémy, 1961:
407; Rowland, 1971b: 304; 1975a: 32, 166—
169, 172, 173, 177, 214, 215, 218, 219, 228,
229, 366, 367, 368, 369, 394, map 5, figs.

162, 178, 292; Rowland and Reddell, 1976:
3,20, 215 1977: 79, 83; 1979a: 162; 1980: 1,
2, 4-10, 15, figs. 1, 8, 25; Coddington et al.,
1990: 12, 13; Reddell and Cokendolpher,
1995: 2, 4, 108.

Stenochrus mulaiki: Reddell and Cokendolpher,
1991: 18; Cokendolpher and Reddell, 1992:
72; Reddell and Cokendolpher, 1995: 4, 12,
18, 102, 108; Vazquez-Rojas, 1995: 34; 1996:
65; Ruiz and Coronado, 2002: 67; Harvey,
2003: 124; Zawierucha et al., 2013: 359.

TyPE MATERIAL: Schizomus mulaiki: U.S.A.:
Texas: Starr County: Rio Grande City, 21.vi.1939,
S. Mulaik, holotype 8 (AMNH). Hidalgo
County: Edinburg, 2.vi.1935, S. Mulaik, paratype
& (AMNH).

NAaTurRAL History: Although H. mulaiki
inhabits very dry areas in southern Texas, the
type specimens were found in a humid micro-
habitat, under large concrete slabs near the Rio
Grande River. This species may aestivate under-
ground in the dry season, as several attempts to
collect it were unsuccessful.

REMARKS: The discovery of the female of H.
mulaiki, comb. nov., will permit a detailed
description of its spermathecae.

Harveyus reddelli (Rowland, 1971), comb. nov.

Schizomus reddelli Rowland, 1971a: 123, 124,
126, figs. 13-15; Reddell and Mitchell,
1971b: 185; Reddell, 1973: 38; Rowland,
1973a: 21; 1973c¢: 135; Brignoli, 1974: 147,
149; Rowland, 1975b: 34, 166-169, 177-179,
181, 214, 215, 218-221, 228-230, 366-369,
394, map 5, figs. 159, 175, 189, 190, 292;
Rowland and Reddell, 1977: 80, 84, 85, fig.
2; 1979a: 163; 1980: 1, 2, 4, 5, 7, 10, 12, 13,
15, 17, figs. 1, 10, 22, 36, 37; Reddell, 1981:
16, 37, 128-130, 321, 324, fig. 23; Reddell
and Cokendolpher, 1986: 32.

Schizomus mexicanus Rowland, 1971a: 117, 118,
119, 124, figs. 1-3, 16 [misidentification;
part, Cueva de los Vampiros record only];
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FIG. 19. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), pygidial flagellum, dorsal (A,
D, G), lateral (B, E, H) and ventral (C, E, I) views. A-C. Harveyus contrerasi, sp. nov., 3 (CNAN T1276).
D-FE. Heteroschizomus kekchi, sp. nov., 3 (CNAN T1280). G-1. Nahual bokmai, sp. nov., 3 (CNAN T1282).

Scale bars = 0.2 mm.
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Reddell and Mitchell, 1971b: 185 [misiden-
tification]; Vomero, 1974: 341 [misidentifi-
cation]; Reddell and Cokendolpher, 1995: 5,
115.

Schizomus reddeli: Dumitresco, 1977: 157 (lapsus
calami).

Stenochrus reddelli: Reddell and Cokendolpher,
1991: 18; 1995: 5, 12, 18, 102, 108, 115;
Vazquez-Rojas, 1995: 34; 1996: 65; Ruiz and
Coronado, 2002: 67; Harvey, 2003: 125;
Zawierucha et al., 2013: 359; Palacios-Var-
gas and Reddell, 2013: 52; Palacios-Vargas et
al., 2015: 32; Monjaraz-Ruedas and Francke,
2018: 212.

TYPE MATERIAL: Schizomus reddelli: MEX-
ICO: Tamaulipas: Municipio de Ocampo: Cueva
de Tres Manantiales, 8 km NNE Chamal,
27.v.1968, J. Reddell, holotype 3 (AMNH).

ReEMARKS: Rowland and Reddell’s (1980)
description of the lateral lobes of the female
spermathecae of H. reddelli, comb. nov., as
“absent” is erroneous. The lateral lobes of this
species are filiform, linear, and considerably nar-
rower than the median lobes.

ADDITIONAL MATERIAL ExaMINED: MEX-
ICO: Tamaulipas: Municipio de Gémes Farias:
Cueva del Ojital, 23.xi.2005, P. Sprouse, 2 9
(AMCC [LP 14500]), 1 @ (CNAN-Sz25).

Heteroschizomus Rowland, 1973, stat. rev.

Figures 4, 6, 7E, 8E, E, 11C, 13E, 18C, D, 19D-
F, 21A-F; tables 1, 2, 7

Heteroschizomus Rowland, 1973a: 1, 2, 4; 1973b:
197; Rowland and Reddell, 1977: 83; Martin
and Oromi, 1984: 266; Reddell and Cokend-
olpher, 1991: 3, 5, 18.

Stenochrus (part): Reddell and Cokendolpher,
1991: 1, 3.

Schizomus goodnightorum group: Rowland
1975b: 37, 39, 167, 168, 255, 256, 258, 259,
263, 265, 267, 320, 321, 325, 348-350, 376,
390, 397; Rowland and Reddell, 1979a: 165,

NO. 435

171; 1979b: 90; 1980: 3; Reddell, 1981: 126;
Rowland and Reddell, 1981: 19-21, 23-25,
27; Reddell and Cokendolpher, 1991: 1, 3;
1995: 101, 102; Villarreal et al., 2008: 64, 67;
Moreno-Gonzalez and Villarreal, 2012: 73;
Villarreal and Garcia, 2012: 5; Villarreal et
al., 2014: 371; Monjaraz-Ruedas and
Francke, 2015: 452; 2016: 781, 783; 2018:
189, 212.

TyPE SPECIES: Heteroschizomus goodnighto-
rum Rowland, 1973, by original designation.

DiaGNosis: Heteroschizomus, stat rev., may be
separated from other hubbardiid genera by the
following combination of characters. Cheliceral
movable finger with lamella (fig. 12C); single
guard tooth at end of serrula; setal group G3 with
G3-3 setae situated anteriorly (except in Heteros-
chizomus silvino (Rowland and Reddell, 1977),
comb. nov.) (fig. 13E). Propeltidium anterior pro-
cess with two anterior setae (one posterior to the
other) and three or four pairs of dorsosubmedian
setae (fig. 11C); corneate eyes absent. Metapelti-
dium entire. Tegument without clavate setae.
Pedipalps homeomorphic; trochanter with small
prolateral spur, apical process acute and not pro-
jected (fig. 7E); femur Fv, and Fv, setae acumi-
nate, Fvr,_; setae present; patella with three
acuminate Pe setae and three or four feathered Pm
setae; tibial setal formula 3-3-4 (Ter-Tmr-Tir) (fig.
14D). Leg IV femur anterodorsal margin pro-
duced at ca. 90° angle. Opisthosomal tergite II
with one pair of setae (Dm). Opisthosomal seg-
ments IX-XII (J8) elongated (fig. 18C); XII (J)
without posterodorsal abdominal process. Pygid-
ial flagellum (J8) dorsoventrally flattened, spatu-
late, with well-defined anterior bulb and posterior
constriction in dorsal view, and with pair of
anterodorsal pits (except H. goodnightorum and
Heteroschizomus meambar (Armas and Viquez,
2010), comb. nov., with single median depression)
(fig. 19D-F); flagellum (9 ) with two annuli (fig.
21A-F). Spermathecae (?) with two pairs of
lobes, similar in length and width; both pairs of
lobes linear with apex directed vertically, unscler-
otized (fig. 8E, F); lobes without bulbs; median
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lobe bases variably situated with respect to lateral
lobe bases, without duct openings; chitinized arch
mug shaped, with wide, sclerotized base (fig. 8E,
F); anterior branch curved, unfused medially, with
lateral tips wide, curved, and lobed; gonopod wide
and short.

CoMPARISONS: Species of Heteroschizomus,
stat. rev., resemble species of Piaroa in many
aspects of the male morphology and, without
females, it is almost impossible to differentiate
between them. However, a combination of subtle
characters concerning the cheliceral movable fin-
ger, the apical process of the pedipalp trochanter,
and the number of dorsal setae on the propelti-
dium enable the males of these genera to be dif-
ferentiated. The number of dorsal setae on the
propeltidium is the most obvious difference
between the males of Heteroschizomus and
Piaroa. Although the original description of
Piaroa mentioned three pairs of dorsal setae
(Villarreal et al., 2008), this count included the
anterior pair. The correct count for Piaroa is two
pairs, as observed in all its component species,
except Piaroa youngi Armas and Viquez, 2010,
which exhibits three. In contrast, the male of
Heteroschizomus bears more than three pairs.
Additionally, the cheliceral movable finger of the
male bears a small lamella in Heteroschizomus
but is smooth or bears teeth or a lamella in
Piaroa. The pedipalp trochanter apical process is
acute but not projected or forms a small protu-
berance in the male of Heteroschizomus, but tri-
angular or conical, and projected in the male of
Piaroa (except for Piaroa escalerette Moreno-
Gonzalez et al., 2014). Despite the similarity
between males of Heteroschizomus and Piaroa,
the females of both genera are markedly differ-
ent. Correct assignment to genus is therefore
best achieved with specimens of both sexes. The
female pygidial flagellum possesses two annuli in
Heteroschizomus, but three annuli in Piaroa; and
the female spermathecae possess two pairs of
lobes, a mug-shaped chitinized arch, and gono-
pods in Heteroschizomus, whereas only one pair
of lobes and a mask-shaped chitinized arch are
present, and gonopods absent in Piaroa.

INCLUDED SPECIES: Heteroschizomus good-
nightorum Rowland, 1973; Heteroschizomus kek-
chi, sp. nov.; Heteroschizomus meambar (Armas
and Viquez, 2010), comb. nov.; Heteroschizomus
orthoplax (Rowland, 1973a), comb. nov.; Heteros-
chizomus silvino (Rowland and Reddell, 1977),
comb. nov.

DisTrRIBUTION: The distribution of Heteros-
chizomus, stat. rev., extends from the state of
Chiapas in southern Mexico southward to
Honduras. The southernmost record of the
genus is H. meambar, comb. nov. There are no
records of Heteroschizomus in Costa Rica and
Nicaragua, but the northernmost record of
Piaroa, i.e., Piaroa bijagua Armas and Viquez,
2009, is from Costa Rica, suggesting the two
genera converge and possibly overlap in Nica-
ragua. More sampling efforts are needed to
clarify the distributions of Central American
schizomids (fig. 4).

NATURAL HisToRry: Species of Heteroschizo-
mus, stat. rev., are primarily epigean, except for H.
silvino, comb. nov., a cavernicolous species. Speci-
mens of H. goodnightorum have been found near,
but not inside, caves in the Yucatan Peninsula.
Species of Heteroschizomus exhibit a unique way
of walking that is faster than has been observed in
other Mexican schizomids, with the elongated
opisthosoma flipped over above the prosoma, like
ants of the genus Crematogaster Lund, 1831. This
has not been reported in other schizomid genera
with an elongated opisthosoma, i.e., Colombiazo-
mus Armas and Delgado-Santa, 2012, Hanseno-
chrus, and Piaroa.

REMARKS: The revalidation of Heteroschizo-
mus, stat. rev,, is based in part on the discovery
of the female of H. goodnightorum. Rowland
and Reddell (1981) misidentified a female of
Stenochrus portoricensis, which occurs in sym-
patry in the Yucatan Peninsula, as the female of
H. goodnightorum. The female spermathecae are
similar in H. goodnightorum and H. silvino,
comb. nov,, and although the female of H.
orthoplax, comb. nov., remains unknown, the
description of H. kekchi, sp. nov., confirms the
diagnostic morphology of the spermathecae of
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TABLE 6
Measurements (mm) of the short-tailed whipscorpion, Harveyus contrerasi, sp. nov.
(Schizomida: Hubbardiidae Cook, 1899)
Material deposited in the National Collection of Arachnida (CNAN) at the
National Autonomous University of Mexico.
H. contrerasi

Sex 5} ?

Collection CNAN CNAN

Number T1276 T1277 T1278 T1279 T1278 T1279

Total length 3.9 3.8 3.6 3.9 3.9 34

Propeltidium Length 1.3 1.4 1.4 1.3 1.2 1.6
Width 0.7 0.8 0.7 0.7 0.7 0.9

Flagellum Length 0.5 0.5 0.5 0.5 0.3 -
Width 0.2 0.2 0.2 0.2 0.1 -
Height 0.1 0.1 0.1 0.1 0.1 -

Pedipalp Trochanter length 0.5 0.5 0.5 0.4 0.4 0.5
Femur length 0.5 0.6 0.6 0.6 0.5 0.5
Patella length 0.5 0.6 0.6 0.6 0.5 0.5
Tibia length 0.5 0.5 0.6 0.5 0.4 0.5
Tarsus length 0.3 0.3 0.3 0.3 0.2 0.2
Total length 2.3 2.5 2.6 2.3 1.9 2.3

Leg I Coxa length 0.7 0.7 0.7 0.7 0.5 0.5
Trochanter length 0.4 0.5 0.5 0.4 0.3 0.4
Femur length 1.6 1.9 2.0 1.7 1.0 1.3
Patella length 2.0 2.5 2.7 2.1 1.1 1.5
Tibia length 1.4 1.8 1.9 1.5 0.8 1.1
Basitarsus length 0.5 0.5 0.5 0.4 0.3 0.3
Telotarsus length 0.6 0.7 0.8 0.7 0.5 0.6
Total length 7.2 8.6 9.1 7.4 4.4 5.7

Leg IV Trochanter length 0.4 0.5 0.5 0.4 0.3 0.4
Femur length 24 1.6 1.7 1.5 1.0 1.2
Patella length 0.9 0.6 0.7 0.6 0.4 0.5
Tibia length 1.6 1.2 1.3 1.1 0.7 0.9
Basitarsus length 0.9 1.0 1.0 0.9 0.6 0.8
Telotarsus length 0.6 0.5 0.7 0.6 0.5 0.5
Total length 6.7 5.4 5.8 5.0 3.6 4.3
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this genus. In addition, the discovery of a
lamella on the movable finger of the chelicera,
not reported by Rowland and Reddell (1981),
and the constriction of the posterior part of the
the male pygidial flagellum, present in all
known species of Heteroschizomus (and some
species of Piaroa), confirms the monophyly of
the genus and justifies its revalidation. The
elongated opisthosoma observed in Heteros-
chizomus appears to have evolved convergently
in other schizomid genera, e.g., Hansenochrus,
Hubbardia, and Piaroa.

Stenochrus meambar Armas and Viquez, 2010
was assigned to Heteroschizomus based on the
presence of a lamella on the cheliceral movable
finger and a lanceolate pygidial flagellum, with a
medial constriction and a dorsomedian depres-
sion, in the male (Armas and Viquez, 2010). The
unnamed genus from Honduras described in the
same publication (Armas and Viquez, 2010: 18)
is probably also a female of Heteroschizomus,
because the spermathecae are very similar, with
a mug-shaped chitinized arch, and the two pairs
of short lobes, similar in length.

Heteroschizomus goodnightorum
Rowland, 1973

Figures 4, 6, 8E, 21A-C; table 7

Heteroschizomus goodnightorum Rowland, 1973a:
2-6; 1973b: 202; 1973c: 136; 1975b: 31;
Rowland and Reddell, 1977: 83; Reddell and
Cokendolpher, 1991: 18; 1995: 3, 5, 101,
106.

Schizomus goodnightorum: Rowland 1975a: 34,
167, 168, 194, 257-269, 325, 397; Rowland
and Reddell, 1977: 90, 99, 100; 1979a: 163,
164; 1981: 19, 21-27; Reddell and Cokend-
olpher, 1995: 3, 106.

Stenochrus goodnightorum: Reddell and Cokend-
olpher, 1991: 18; 1995: 5, 8, 18, 102, 106;
Villarreal et al., 2008: 64; Villarreal and Gar-
cia, 2012: 5; Monjaraz-Ruedas and Francke,
2016: 783, 784, 797, 804; 2018: 190.

TyPE MATERIAL: MEXICO: Yucatan: Chichén
Itz4, vi.1948, C. Goodnight, holotype &, para-
type & (AMNH).

SUPPLEMENTARY DESCRIPTION: The following
description of the female is based on the addi-
tional material examined.

Prosoma: Propeltidium with two apical setae;
three pairs of dorsal setae.

Chelicerae: Movable finger with very small
lamella; serrula with 13 teeth, guard tooth pres-
ent. Fixed finger with five small teeth between
two primary teeth; setal group formula,
3-6-4-2-7-8-1-6.

Pedipalps: Pedipalps homeomorphic; 1.59x
longer than propeltidium. Trochanter with small
rounded apical process, not projected; prolateral
surface with small apical spur. Femur 1.73x lon-
ger than high; retroventral margin with setae Fe,,
Fes, Fev,, and Fev, acuminate; prolateral surface
with row of three ventral setae (Fmv,_;) and two
dorsal setae (Fmd,, Fmd,). Patella with three acu-
minate Pe setae and four feathered Pm setae;
without distinctive armature. Tibia setal formula,
3:3:4; Ter acuminate, Tmr and Tir feathered. Tar-
sal spurs asymmetric.

Opisthosoma: Segments X-XII not elongated.

Pygidial flagellum: Flagellum (?) with three
flagellomeres (fig. 21A-C); seta DI, reduced, situ-
ated posterior to VI,, DI, situated posterior to
Vl,, Vm, present, Vm, aligned with Vim,; DI, and
DI, microsetae present.

Female spermathecae: Two pairs of lobes (fig.
8E); median and lateral lobes conical, subequal
in length and width; median lobes linear, lateral
lobes sublinear, apex slightly curved laterally,
unsclerotized apically, with few duct openings;
median lobe bases aligned with lateral lobe bases.
Chitinized arch mug shaped; anterior branch not
sclerotized. Gonopod wide; width ca. 2xlength.

REMARKS: Rowland and Reddell (1977) syn-
onymized Heteroschizomus, stat. rev., and trans-
ferred H. goodnightorum to Schizomus, based on
the discovery of other species with an elongated
opisthosoma. Reddell and Cokendolpher (1991)
transferred Schizomus goodnightorum to Steno-
chrus based on the morphology of the female
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spermathecae described by Rowland and Reddell
(1981). The discovery and correct identification
of the female of H. goodnightorum confirmed the
validity of Heteroschizomus and the correct
placement of H. goodnightorum and related spe-
cies, discoveries that were independently sup-
ported by the DNA sequence data.

ADDITIONAL MATERIAL EXxAMINED: MEX-
ICO: Yucatdn: Municipio de Chichén Itza:
Chichen TItza, vi.1948, C. Goodnight, 1 ?
(AMNH); Fuera de la Cueva de Kanthon,
20°38'08"N 88°29'42"W, 23 m, 2.viii.2014, J.
Mendoza and R. Monjaraz, 4 & (AMCC [LP
14522]),2 &,1 @ (CNAN Sz171). Municipio de
Kaua: Fuera de la Cueva de Kaua, 20°37'04"N
88°25'26"W, 24 m, 5.x.2014, G. Contreras and G.
Montiel, 1 3,2 @ (CNAN Sz163). Quintana Roo:
Municipio de Cancun: Km 234 Highway Mérida-
Cancun, 20°53'57"N 87°28'25"W, 19 m, 20.
vii.2010, D. Barrales, G. Contreras, J. Cruz, O.
Francke, G. Montiel, M. Paradiz, C. Santibafiez,
and A. Valdez, 1 & (CNAN Sz8).

Heteroschizomus kekchi, sp. nov.

Figures 4, 6, 7E, 8F, 11C, 13E, 18C, D, 19D-F,
21D-F; table 7

TyPE MATERIAL: GUATEMALA: Izabal
Department: Municipio de Livingston: Biotopo
Chocon Machacas, Estacion USAC, 15°47'15"N
88°50'34"W, 15 m, 18.viii.2017, D. Barrales and
R. Monjaraz, holotype & (CNAN T1280), para-
type € (AMCC [LP 14559]).

DiaGNosis: Heteroschizomus kekchi, sp. nov.,
may be separated from other species of Heteros-
chizomus, stat. rev., by the following characters:
the pedipalp trochanter of the male bears a small,
acute apical process that is not projected; the
male pygidial flagellum comprises a slender ante-
rior bulb and a medial constriction with acumi-
nate margins, terminating in a long, slender
posterior lobe (fig. 19D-F); and the median and
lateral lobes of the female spermathecae are slen-
der and cylindrical, with the lateral lobes longer
than the median lobes.

NO. 435

COMPARISONS: Heteroschizomus kekchi, sp.
nov., resembles H. silvino, comb. nov., in the
shape of the male pygidial flagellum and the
female spermathecae. However, the anterior lobe
of the flagellum is elliptical and much narrower
in H. kekchi than in H. silvino, in which the ante-
rior bulb is ovate; the posterior lobe of the flagel-
lum is longer and narrower in H. kekchi than in
H. silvino; and the margin of the medial constric-
tion is acuminate in H. kekchi but curved in H.
silvino. The lateral lobes of the spermathecae are
longer than the median lobes and cylindrical in
H. kekchi but shorter than the median lobes,
wide and teardrop shaped in H. silvino.

ErymoLoGy: The specific epithet is a noun in
apposition, honoring the Kekchi people, who
inhabit parts of Alta Verapaz and Izabal in
Guatemala.

DEescripTIiON: The following description is
based on the holotype male and paratype female
(fig. 18C, D).

Color: Olive greenish.

Prosoma: Propeltidium with two setae on
anterior process; three pairs of dorsal setae; ocu-
lar spots distinct, ovate. Metapeltidium 0.37 mm
long, 0.58 mm wide. Anterior sternum with nine
setae, plus two sternophysial setae; posterior
sternum with six setae.

Chelicerae: Movable finger serrula with 17
teeth, guard tooth present, with lamella (fig.
13E). Fixed finger with five smaller teeth between
two primary teeth; setal group formula, 3-6-4-2-
7-5-1-5; G1 with three spatulate setae, covered
with few small spinose spicules apically; G2 com-
posed of six feathered setae, subequal, and longer
than movable finger; G3 with four setae, sub-
equal, feathered apically and smooth basally; G4
consisting of two small setae, smooth, thickened
basally, elongated apically; G5A with seven setae,
subequal, feathered apically and longer than
fixed finger; G5B with five feathered setae, sub-
equal; G6 with one smooth seta, ca. 1/2 the
length of movable finger; G7 with five slender,
feathered setae, subequal.

Pedipalps: Pedipalps homeomorphic (fig. 7E);
1.66x (&) or 1.69x (%) longer than propeltid-
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ium. Trochanter with small acute apical process;
prolateral surface with small medial spur. Femur
1.8x longer than high; retroventral margin with
setae Fe,, Fes;, Fev,, and Fev, acuminate; prolat-
eral surface with row of three ventral setae
(Fmv,_;) and two dorsal setae (Fmd,, Fmd,).
Patella with three acuminate Pe setae and four
feathered Pm setae and without distinctive arma-
ture. Tibia setal formula, 3:3:4; Ter setae acumi-
nate, Tmr and Tir setae feathered. Tarsal spurs
asymmetric.

Legs: Leg I, basitarsal-telotarsal proportions,
23:4:4:3:3:4:8; IV, femur 2.53x longer than high.

Opisthosoma: Tergite I with two pairs of
microsetae anteriorly plus pair of Dm setae; II
with three pairs of microsetae anteriorly plus
pair of Dm setae; III-VII each with one pair of
Dm setae; VIII with pairs of Dm and DI, setae;
IX with pairs of DI; and DI, setae and without
pair of Dm setae. Segments X and XI telescoped,
slightly elongated, with pairs of DI, Vm,, VI,
and VI, setae plus single Vi, seta; XII with
pairs of Dm, DI, DI,, Vm,, Vm,, VI, and VI,
setae, without posterodorsal process. Sternites
IT-VII each with two irregular rows of setae;
genital plate with many scattered microsetae.

Pygidial flagellum: Flagellum (3) dorsoven-
trally compressed, acuminate (fig. 19D-F); 4.75%
longer than wide; pair of anterodorsal pits pres-
ent; seta Dm, situated over bulb base, Dm, situ-
ated anteriorly, DI, situated posterior to VI, DI,
situated posterior to VI, pair of Vm, setae pres-
ent, Vm, situated posterior to Vim,; pair of
anterodorsal microsetae between Dm, and DI,
pair of anterolateral microsetae on flagellar pedi-
cel, two patches of microsetae between VI, and
V1, (msp). Flagellum (?) with three flagello-
meres (fig. 21D-F); seta DI, not reduced, aligned
with VI,, DI, situated posterior to VI,, Vin, pres-
ent, reduced, Vin, situated posterior to Vim,; DI,
and DI, microsetae present.

Female spermathecae: Two pairs of lobes
(fig. 8F); median and lateral lobes linear, simi-
lar in width, with apical duct openings; median
lobes shorter than lateral lobes (ca. 3/4);
median lobe bases posterior to lateral lobe

bases. Chitinized arch mug shaped; anterior
branch unfused. Gonopod slender, cylindrical;
length ca. 2x width.

DisTrIBUTION: This species is known only from
the type locality in the vicinity of Lake Izabal, in the
Izabal Department of Guatemala (fig. 4).

NATURAL HisTORY: The type specimens were
collected under rocks and inside rotten logs in a
unique area of mangrove swamp and flooded
rainforest, which is almost entirely encroached
by agriculture.

ReEmARKS: Despite the geographical proximity
of H. kekchi, sp. nov., and H. silvino, comb. nov.,
the two species are markedly different morpho-
logically and H. kekchi is epigean, inhabiting
tropical rainforest, whereas H. silvino appears to
be restricted to a cave.

Heteroschizomus orthoplax (Rowland, 1973),
comb. nov.

Schizomus orthoplax Rowland, 1973a: 6, 10-13,
figs. 8-10; 1973c¢: 135; 1975a: 34, 167-168,
257, 258, 260-269, map 4, figs. 236, 240,
244; 1975b: 16; Rowland and Reddell, 1977:
99, 100; 1979a: 163; 1981: 19, 21-27, figs. 1,
3, 7, 11; Reddell and Cokendolpher, 1995: 5,
108.

Schizomus ortoplax: Dumitresco, 1977: 157 (lap-
sus calami).

Stenochrus orthoplax: Reddell and Cokendol-
pher, 1991: 18; 1995: 5, 18, 102, 108, 109;
Vézquez-Rojas, 1995: 33; 1996: 65; Harvey,
2003: 124; Armas, 2004: 51; Villarreal et al.,
2008: 64.

TYPE MATERIAL: Schizomus orthoplax: MEX-
ICO: Chiapas: Municipio de Tapachula: Finca
Cuauhtemoc, 8.v. 1950, C. and M. Goodnight,
holotype & (AMNH).

ADDITIONAL MATERIAL ExAMINED: MEX-
ICO: Chiapas: Municipio de Cacahuatan: Caca-
huatan, 15°03'37"N 92°08'45"W, 941 m, 7.
iii.2017, G. Contreras, J. Cruz, J. Mendoza, and
L. Olguin, 2 &, 2 imm. (CNAN DNA-Sz225).
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TABLE 7

Measurements (mm) of the short-tailed whipscorpions, Heteroschizomus goodnightorum Rowland, 1973,
stat. nov., and Heteroschizomus kekchi, sp. nov. (Schizomida: Hubbardiidae Cook, 1899)
Material deposited in the National Collection of Arachnida (CNAN) at the National Autonomous
University of Mexico and the American Museum of Natural History (AMNH).

H. goodnightorum H. kekchi
Sex ? ) ?
Collection CNAN CNAN CNAN AMNH
Number Sz0171 $z0163 T1280
Total length 3.6 3.0 3.8 3.1
Propeltidium Length 1.0 0.9 1.1 1.0
Width 0.6 0.5 0.6 0.6
Flagellum Length - 0.2 0.9 0.3
Width - 0.1 0.2 0.1
Height - 0.1 0.1 0.1
Pedipalp Trochanter length 0.3 0.3 0.3 0.4
Femur length 0.4 0.4 0.4 0.4
Patella length 0.4 0.4 0.4 0.4
Tibia length 0.4 0.3 0.4 0.4
Tarsus length 0.4 0.2 0.2 0.2
Total length 1.9 1.5 1.8 1.8
Legl Coxa length 0.4 0.4 0.6 0.5
Trochanter length 0.3 0.3 0.3 0.3
Femur length 0.9 0.8 1.3 1.0
Patella length 1.0 0.9 1.6 1.2
Tibia length 0.8 0.7 1.1 0.9
Basitarsus length 0.3 0.2 0.4 0.3
Telotarsus length 0.7 0.2 04 0.4
Total length 4.3 3.6 5.7 4.6
Leg IV Trochanter length - 0.3 0.2 -
Femur length - 0.9 1.2 -
Patella length - 0.4 0.5 -
Tibia length - 0.6 0.8 -
Basitarsus length - 0.5 0.7 -
Telotarsus length - 0.4 04 -
Total length - 3.0 3.8 -
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FIG. 20. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), pygidial flagellum, dorsal view,
illustrating two types of depressions. A. Nahual bokmai, sp. nov., 3 (CNAN S$z197), pair of dorsosubmedian
pits. B. Stenochrus portoricensis Chamberlin, 1922, 8 (CNAN Sz93), submedian depression with two pits

embedded in depression. Scale bars = 100 pm.

Municipio de Tapachula: San José Tacana,
15°04’07"N 92°05'26"W, 1298 m, 7.iii.2017, G.
Contreras, J. Cruz, J. Mendoza, and L. Olguin, 1
3 (CNAN DNA-Sz250).

Heteroschizomus silvino (Rowland
and Reddell, 1977), comb. nov.

Schizomus silvino Rowland and Reddell, 1977:
80, 81, 86, 89, 96, 97, 99, 100, figs. 3, 19-21;
Rowland, 1975b: 35, 167, 168, 188, 257-259,
261-269, map 4, figs. 237, 245, 246; Row-

land and Reddell, 1979a: 163; Reddell, 1981:
54, 126; Rowland and Reddell, 1981: 19,
21-25, figs. 1, 4, 12, 13; Reddell and Coken-
dolpher, 1995: 6, 115.

Stenochrus silvino: Reddell and Cokendolpher,
1991: 18; 1995: 6, 12, 19, 102, 115; Harvey,
2003: 126; Armas, 2004: 52; Villarreal et al.,
2008: 64.

TYPE MATERIAL: Schizomus silvino: GUATE-
MALA: Izabal Departament: Gruta de Silvino, 34
km W of Puerto Barrios, 20-22.viii.1969, S. and
J. Peck, holotype 3,3 &,7 ¢ paratypes (AMNH).
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52 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

NATURAL HisTORY: Heteroschizomus silvino,
comb. nov,, is endemic to Grutas de Silvino, a
small cave in which specimens were collected
near the entrance and in the main gallery, walk-
ing on the walls in the penumbra area.

ADDITIONAL MATERIAL ExAMINED: GUATE-
MALA: Izabal Departament: Cayuga, Grutas de
Silvino, 15°32'49"N 88°42'01"W, 64 m, D. Bar-
rales and R. Monjaraz 17.viii.2017, 3 &, 1 @
(AMCC [LP 14556]), 3 4, 1 ¢ (CNAN
DNA-S2267).

Nahual, gen. nov.

Figures 3, 6, 7F, 9A, B, 10B, 11A, 12B, 13F, 14C,
19G-1, 20A, 21G-L, 22A, B; tables 1, 3, 8

Stenochrus (part): Reddell and Cokendolpher,
1991: 1, 3.

Schizomus mexicanus group (part): Rowland
1975b: 37, 39, 164, 165, 167, 168, 173, 185,
209, 214, 216, 218, 220, 222, 224, 228, 255,
280, 301, 303, 320, 321, 348-350, 365, 366,
368, 369, 376, 387, 390-393, 395; Rowland
and Reddell, 1979a: 165, 171; 1979b: 90,
107; 1980: 1-10, 11, 15-20; Reddell, 1981:
126; Rowland and Reddell, 1981: 19, 20, 41;
Reddell and Cokendolpher, 1986: 32, 34;
Camilo and Cokendolpher, 1988: 53, 57;
Armas, 1989a: 7; Armas and Abud-Antun,
1990: 14, 18; Reddell and Cokendolpher,
1991: 1, 3; 1995: 82, 99, 101-104; Kruiger
and Dunlop, 2010: 52; Monjaraz-Ruedas
and Francke, 2015: 452; 2016: 781-783, 804;
2018: 189, 212.

TyPE SPECIES: Schizomus pallidus Rowland,
1975 [= Nahual pallidus (Rowland, 1975), comb.
nov.], type species, here designated.

DiaGNosis: Nahual, gen. nov., may be sepa-
rated from other hubbardiid genera by the fol-
lowing combination of characters. Cheliceral
movable finger with lamella or single tooth (in
Nahual caballero (Monjaraz-Ruedas and Francke,
2018), comb. nov.) (fig. 12B, C); single guard

NO. 435

tooth at end of serrula; setal group G3 with G3-3
setae situated anteriorly (except in N. bokmai, sp.
nov.) (fig. 13F). Propeltidium anterior process
with two anterior setae (one posterior to the
other) and three pairs of dorsosubmedian setae
(fig. 11A); corneate eyes absent. Metapeltidium
entire. Tegument without clavate setae. Pedipalps
homeomorphic; trochanter with mesal spur and
projected, fan-shaped apical process (fig. 7F);
femur Fv, and Fv, setae spiniform, Fvr,_; setae
present (seta Fvr, present in N. lanceolatus,
comb. nov., polymorphic in N. bokmai and N.
pallidus, comb. nov.); patella with four or five
acuminate Pe setae and five feathered Pm setae;
tibial setal formula 5(6)-5-6 (Ter-Tmr-Tir) (fig.
14C). Leg IV femur anterodorsal margin pro-
duced at ca. 90° angle. Opisthosomal tergite II
with one pair of setae (Dm). Opisthosomal seg-
ments IX-XII not elongated; XII (3) without
posterodorsal process. Pygidial flagellum (3)
dorsoventrally compressed, elliptical (lanceolate
in N. lanceolatus), with pair of dorsosubmedian
circular depressions separated from each other
(pits), or circular slumps (in N. caballero) (figs.
19G-1L, 20A); flagellum ( ?) with two annuli (fig.
21G-L). Spermathecae (?) with two pairs of
lobes, of similar width and length; median lobes
with apex directed vertically, sclerotized along
entire length, sclerotizations increasing in size,
creating appearance of leafy tree (fig. 9A, B); lat-
eral lobes with apex directed laterally, unsclero-
tized; lobes without bulbs; median lobe bases
posterior to lateral lobe bases (fig. 10C, D), with-
out duct openings; chitinized arch arrow shaped,
with anterior branch linear, lateral tips lobed,
wide, and projected; gonopod extremely wide
and long, together with chitinized arch, creating
appearance of an arrow.

COMPARISONS: Species of Nahual, gen. nov.,
resemble species of Stenochrus in the presence of
a pair of dorsosubmedian pits in the male pygid-
ial flagellum. However, the flagellum of Nahual
possesses only one pair of pits, which are well
separated from each other (fig. 20A), whereas the
flagellum of Stenochrus possesses an additional
dorsal depression associated with the pits, which
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FIG. 21. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), pygidial flagellum, dorsal (A,
D, G, ]), lateral (B, E, H, K) and ventral (C, E, I, L) views. A-C. Heteroschizomus goodnightorum Rowland,
1973, stat. rev.,, 2 (CNAN Sz171). D-F. Heteroschizomus kekchi, sp. nov., ¢ (CNAN T1281). G-1. Nahual
bokmai, sp. nov., ? (CNAN T1283). J-L. Nahual lanceolatus (Rowland, 1975), comb. nov., 2 (CNAN Sz130).

Scale bars = 0.2 mm.
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are situated closely adjacent to each other (fig.
20B). Additionally, the DI, setae are situated pos-
terior to the VI, setae on the male pygidial flagel-
lum in Nahual, whereas these setae are aligned
in Stenochrus. Lastly, species of Nahual possess a
lamella on the cheliceral movable finger, which is
smooth in Stenochrus.

Species of Nahual also differ from species of
Baalrog, gen. nov., and Stenochrus in the pres-
ence of spiniform setae Fv, and Fv, on the pedi-
palp femur, which are absent in the other genera.
The median and lateral lobes of the female sper-
mathecae are linear and similar in length in
Nahual, whereas the median lobes are curved,
and the lateral lobes reduced in length, in Baal-
rog and Stenochrus.

The female spermathecae of Nahual resemble
those of Heteroschizomus, stat. rev., in possessing
median and lateral lobes that are linear and simi-
lar in length. However, the lobes are sclerotized in
Nahual and unsclerotized in Heteroschizomus.

ETymMoLOGY: The generic name is a Nahuatl
word used in several Mesoamerican cultures for
wizards with the ability to transform themselves
into animals. It is masculine in gender.

INCLUDED SPECIES: Nahual bokmai, sp. nov.;
Nahual caballero (Monjaraz-Ruedas and Francke,
2018), comb. nov.; Nahual lanceolatus (Rowland,
1975), comb. nov.; Nahual pallidus (Rowland,
1975), comb. nov.

Di1STRIBUTION: Nahual, gen. nov., is endemic
to the Mexican states of Oaxaca and Veracruz
(fig. 3). Species of Nahual are codistributed with
species of Baalrog, gen. nov., in the Sierra de
Zongolica of Veracruz, and extend southward to
the Sierra Madre Oriental, in northern Oaxaca.
However, species of Nahual are epigean, inhabit-
ing tropical rainforests, and some species occur
at elevations above 1800 m, whereas Baalrog are
troglobitic, occurring mostly at elevations below
1600 m.

NATURAL HisTory: Although the type locali-
ties of N. lanceolatus, comb. nov., and N. pallidus,
comb. nov., are caves, the species of Nahual, gen.
nov., are primarily epigean, occurring under
rocks and inside rotten logs in tropical forests.

NO. 435

Both N. lanceolatus and N. pallidus have been
collected on the surface, suggesting they are fac-
ultatively cavernicolous. Baalrog, gen. nov., a
strictly cavernicolous genus, is codistributed in
the same area as Nahual.

REMARKS: Rowland and Reddell (1980)
assigned Schizomus lanceolatus Rowland, 1975,
to the goodnightorum group, due to the lanceo-
late shape of the male pygidial flagellum (the
female of this species was unknown), and Schizo-
mus pallidus Rowland, 1975, to the mexicanus
group, due to the shape of the male pygidial fla-
gellum and the female spermathecae. The discov-
ery of the female of N. lanceolatus, comb. nov.,
demonstrated a close relationship with N. palli-
dus, comb. nov., and supported their inclusion,
together with the new species, in Nahual, gen.
nov., based on their similar female spermathecae
and male pygidial flagella (e.g., with a pair of
dorsal pits), as well as DNA sequence data (fig.
6). The enlarged pygidial flagellum of the male of
N. lanceolatus appears to be autapomorphic and
differs from the enlarged flagella observed in
species of Heteroschizomus, stat. rev., by the
absence of a posterior constriction.

Nahual bokmai, sp. nov.

Figures 3, 6, 7F, 9A, 11A, 13E 19G-1, 20A,
21G-1, 22A, B; table 1, 8

TypPE MATERIAL: MEXICO: Veracruz: Muni-
cipio de Xalapa: Caniadas de Rancho Nuevo
(under the bridge), 19°30"17"N 96°47'35"W, 867
m, 19.vi.2013, A. Cruz, J. Cruz, J. Bokma, O.
Francke, R. Monjaraz, and J. Sanchez, holotype
d (CNAN T1282), 6.ix.2015, J. Bokma, G. Con-
treras, O. Francke, ]. Mendoza, and R. Monjaraz,
2 3,2 9 paratypes (CNAN T1283).

DiaGNosis: Nahual bokmai, sp. nov., may be
separated from other species of Nahual, gen. nov.,
by the following characters: the pedipalp trochan-
ter of the male bears a long, broad, and triangular
apical process (fig. 7F); the male pygidial flagel-
lum is elliptical with the posterior half acuminate
(fig. 19G-I); the lateral tips of the chitinized arch
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of the female spermathecae (fig. 9A) are extremely
widened; and the median and lateral lobes of the
spermathecae are linear, with the lateral lobes
slightly shorter than the median lobes.

CompARISONS: Nahual bokmai, sp. nov., is
most closely related to N. pallidus, comb. nov.,,
but differs from the latter as follows: adults of N.
bokmai are larger (4.7 mm) than adults of N. pal-
lidus (3.4 mm); the apical process on the pedi-
palp trochanter of the male is broad, triangular
and projected in N. bokmai but small, narrow
and triangular in N. pallidus; the posterior half
of the male pygidial flagellum is acuminate in N.
bokmai but rounded in N. pallidus; and the
median and lateral lobes of the female sperma-
thecae are linear, with the lateral lobes slightly
shorter than the median lobes, in N. bokmai,
whereas the median lobes are curved along their
entire length, and the median and lateral lobes
are similar in length, in N. pallidus.

ErymoroGy: The specific name is a patro-
nym, honoring John Bokma, a naturalist and
amateur arachnologist, who has discovered many
new species of arachnids in the surroundings of
Xalapa, and guided the authors to the type local-
ity of this species.

DescriptioN: The following description is
based on the holotype male and paratype female
(fig. 22A, B).

Color: Olive greenish.

Prosoma: Propeltidium with two setae on
anterior process; three pairs of dorsal setae; ocu-
lar spots distinct, asymmetric. Metapeltidium
0.48 mm long, 0.74 mm wide. Anterior sternum
with 10 setae, plus two sternophysial setae; pos-
terior sternum with six setae.

Chelicerae: Movable finger with small blunt
tooth; serrula with 18 (3) or 19 (?) teeth, guard
tooth present (fig. 13F). Fixed finger with four
small teeth between two primary teeth; setal
group formula, 3-6-4-2-9-7-1-7 (&) or 3-6-4-2-8-
7-1-7 (?); G1 with three spatulate setae, covered
with spinose spicules; G2 composed of six feath-
ered setae, subequal, shorter than movable finger;
G3 with four setae, subequal, feathered apically
and smooth basally; G4 consisting of two setae,

smooth, thickened basally, elongated apically;
G5A with nine subequal setae, feathered apically
and longer than fixed finger; G5B with seven
feathered setae, subequal; G6 with one smooth
seta, ca. 1/2 the length of movable finger; G7 with
seven feathered setae, subequal.

Pedipalps: Pedipalps homeomorphic (fig. 7F);
2.16x (3) or 1.7x (?) longer than propeltidium.
Trochanter with broad triangular apical process;
prolateral surface with long medial spur. Femur
2.1x longer than high; retroventral margin with
setae Fe, and Fe; acuminate, Fev, and Fev, spini-
form; prolateral surface with row of three ventral
spiniform setae (Fmv,_;) and two dorsal spini-
form setae (Fmd,, Fmd,). Patella with four acu-
minate Pe setae and five feathered Pm setae;
without distinctive armature. Tibia setal formula,
5:5:6; Ter acuminate, Tmr and Tir feathered. Tar-
sal spurs asymmetric.

Legs: Leg I, basitarsal-telotarsal proportions,
33:5:6:6:6:6:14; IV, femur 3.28x longer than high.

Opisthosoma: Tergite 1 with two pairs of
microsetae anteriorly plus pair of Dm setae; II
with three pairs of microsetae anteriorly plus
pair of Dm setae; III-VII each with one pair of
Dm setae; VIII with pairs of Dm and DI, setae;
IX with pairs of DI, and DI, setae and without
pair of Dm setae. Segments X and XI telescoped,
with pairs of DI, Vim,, VI, and VI, setae plus
single Vm, seta; XII with pairs of Dm, DI,, DI,
Vim,, Vim,, V1, and VI, setae, without posterodor-
sal process. Sternites II-VII each with two irreg-
ular rows of setae; genital plate with many
scattered microsetae.

Pygidial flagellum: Flagellum (3) dorsoven-
trally compressed, elliptical (figs. 19G-1, 20A);
1.9 longer than wide; pair of dorsosubmedian
pits present; seta Dm; situated over bulb base,
Dmy, situated posteriorly, DI, aligned with VI,
DI, situated posterior to VI, pair of Vin, setae
present, Vim, situated posterior to Vim,; pair of
anterodorsal microsetae between Dm, and DI,
pair of anterolateral microsetae on flagellar pedi-
cel, two patches of microsetae between VI, and
VI, (msp). Flagellum (?) with three flagello-
meres (fig. 21G-1); seta DI, reduced, aligned
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with VI, DI, situated posterior to VI,, Vi, pres-
ent, not reduced, Vim, aligned with Vm,; DI, and
DI, microsetae present.

Female spermathecae: Two pairs of lobes (fig.
9A); median and lateral lobes linear, similar in
width; lateral lobes slightly shorter than median
lobes (ca. 3/4); median lobes sclerotized apically;
median lobe bases anterior to lateral lobe bases.
Chitinized arch U-shaped; anterior branch
slightly visible, linear; lateral tip very wide,
lobate. Gonopod long and wide, subtriangular.

DistriBUTION: This species is known only
from the type locality in the Municipio de Xalapa
of the state of Veracruz, Mexico (fig. 3).

NATURAL HisTORy: All material was collected
under rocks in a primary tropical rainforest along
the banks of the Actopan River, near Xalapa. The
locality is situated at the bottom of a deep, narrow
glen, which maintains a high humidity.

ADDITIONAL MATERIAL ExaMINED: MEX-
ICO: Veracruz: Municipio de Xalapa: Cafiadas
de Rancho Nuevo (under the bridge), 19°30"17"N
96°47'35"W, 867 m, 19.vi.2013, J. Bokma, G.
Contreras, O. Francke, J. Mendoza, and R. Mon-
jaraz, 3 &, 7 @ (CNAN Sz197), 6.ix.2015, J.
Bokma, A. Cruz, J. Cruz, O. Francke, R. Monja-
raz, and J. Sanchez, 3 & (AMCC [LP 14519)), 2
? (CNAN S$z198).

Nahual caballero (Monjaraz-Ruedas
and Francke, 2018), comb. nov.

Stenochrus caballero Monjaraz-Ruedas and
Francke, 2018: 199-202, figs. 29-42, 71.

TYPE MATERIAL: Stenochrus caballero: MEX-
ICO: Oaxaca: Municipio de San José Tenango:
Cerro Caballero, 18°08'32"N 96°42'57"W, 938
m, 10.iv.2014, G. Contreras, J. Cruz, S. Davlan-
tes, O. Francke and J. Mendoza, holotype &
(CNAN T1157), 28.viii.2008, J. Cruz, 1 3,1 ¢
paratypes (CNAN T1158); Pozo de Aguilas, 0.6
km N, 18°11'52"N 96°40'37"W, 327 m, 11.
iv.2014, G. Contreras, J. Cruz, S. Davlantes, O.
Francke, and J. Mendoza, 1 &, 1 @ paratypes
(CNAN T1159).

NO. 435

REMARKS: Nahual caballero, comb. nov., dif-
fers markedly from other species of the genus in
several respects, e.g., the presence of a tooth
instead of a lamella on the cheliceral movable
finger, three Pe setae and four Pm setae on the
pedipalp patella, a tibial setal formula of 4-3-5,
and unsclerotized lobes of the female spermathe-
cae. Despite these differences, however, the
placement of this species within Nahual, gen.
nov., was strongly supported by the phylogenetic
analyses (fig. 6) based on the shape of the male
pygidial flagellum and the female spermathecae,
with lobes of similar length, a chitinized arch
with lateral tips projected, and a wide and
extremely long gonopod.

ADDITIONAL MATERIAL EXAMINED: MEX-
ICO: Oaxaca: Municipio de San José Tenango:
Cerro Caballero, 18°08'32"N 96°42'57"W, 938
m, 12.iv.2016, D. Barrales, G. Contreras, J. Cruz,
J. Mendoza, and R. Monjaraz, 1 ¢ (AMCC [LP
14514]).

Nahual lanceolatus (Rowland, 1975),
comb. nov.

Figures 3, 6, 9B, 14C, 21J-L; table 8

Schizomus lanceolatus Rowland, 1975a: 6, 7,
15-17, fig. 7; 1975b: 34, 167, 168, 257, 258,
261-268, map 4, figs. 235, 243; Rowland and
Reddell, 1977: 80, 86, 99, 100, fig. 3; 1979a:
163; Reddell, 1981: 46, 126, 127, fig. 22; Row-
land and Reddell, 1981: 19, 21, 23-27, figs. 1,
2, 10; Zacharda and Elliott, 1985: 477; Red-
dell and Cokendolpher, 1995: 6, 107.

Stenochrus lanceolatus: Reddell and Cokendol-
pher, 1991: 18; 1995: 6, 12, 18, 102, 107;
Vazquez-Rojas, 1995: 34; 1996: 65; Harvey,
2003: 124; Villarreal et al., 2008: 64, 64;
Palacios-Vargas and Reddell, 2013: 52; Pala-
cios-Vargas et al., 2015: 32.

TYPE MATERIAL: Schizomus lanceolatus:
MEXICO: Veracruz: Municipio de Ciudad Men-
doza: Cueva del Diablo, 7.iii.1973, J. Reddell,
holotype 8 (AMNH).
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SUPPLEMENTARY DESCRIPTION: The following
description of the female is based on the Addi-
tional Material Examined.

Prosoma: Propeltidium with two apical setae;
three pairs of dorsal setae.

Chelicerae: Movable finger with small lamella;
serrula with 26 teeth, guard tooth present. Fixed
finger with three small teeth between two primary
teeth; setal group formula, 3-6-4-2-10-6-1-6.

Pedipalps: Pedipalps homeomorphic; 1.89x
longer than propeltidium. Trochanter with small
triangular apical process; prolateral surface with
small medial spur. Femur 1.7x longer than high;
retroventral margin with setae Fe,, Fes, Fev,, and
Fev, spiniform; prolateral surface with row of
four ventral spiniform setae (Fmv,_,) and two
dorsal spiniform setae (Fmd,, Fmd,). Patella with
four acuminate Pe setae and five feathered Pm
setae; without distinctive armature. Tibia setal
formula, 5:5:6; Ter acuminate, Tmr and Tir feath-
ered. Tarsal spurs asymmetric.

Opisthosoma: Segments X-XII not elongated.

Pygidial flagellum: Flagellum (?) with three
flagellomeres (fig. 21J-L); seta DI, not reduced,
situated anterior to VI;, DI, situated posterior to
Vl,, Vin, present, not reduced, Vm, aligned with
Vim,; DI, and DI, microsetae present.

Female spermathecae: Two pairs of lobes (fig.
9B); median and lateral lobes similar in length
and width; median lobes linear, lateral lobes sub-
linear, apex slightly curved laterally; median
lobes sclerotized along entire length, lateral lobes
sclerotized apically; median lobe bases posterior
to lateral lobe bases. Chitinized arch rectangular;
anterior branch linear; lateral tips elongated.
Gonopod subtriangular; length ca. 2x width.

NATURAL HisToryY: Although the type local-
ity of N. lanceolatus, comb. nov., Cueva del Dia-
blo, is a large cave with a dark zone, adults of
both sexes were also found on the surface in the
foothills of Pico de Orizaba, Veracruz, indicating
that this species is facultatively and not obligato-
rily cavernicolous.

ReEmARKs: Rowland and Reddell (1980) placed
this species in the goodnightorum group of Schizo-
mus because of the lanceolate shape of the male

pygidial flagellum. The recent discovery of the
female, as well as the comparison of DNA sequence
data, has demonstrated that it is more closely
related to the species accommodated in Nahual,
gen. nov., however. The male flagellum lacks the
posterior constriction observed in all species of
Heteroschizomus, stat. rev., and shares with other
species of Nahual a pair of pits separated from each
other. The well-developed apical process of the
pedipalp trochanter and the spiniform setae on the
pedipalp trochanter, tibia, and patella further sup-
port the placement of this species.

ADDITIONAL MATERIAL ExaMINED: MEX-
ICO: Puebla: Municipio de La Esperanza: La
Calera (path to Pico de Orizaba), 18°52'04"N
97°18’51"W, 2729 m, 24.ii.2012, D. Barrales, J.
Mendoza, A. Ortega, C. Santibafiez, and A. Val-
dez, 2 3, 1 imm. (CNAN $z130), 21.ix.2015, J.
Arreguin, D. Barrales, O. Francke, D. Guerrero,
and R. Monjaraz, 2 ¢ (CNAN DNA-Sz241),1 9
(AMCC [LP 14538]). Veracruz: Municipio de
Ciudad Mendoza: Cueva del Diablo, 18°47'00"N
97°11'27"W, 1385 m, 20.ix.2015, J. Arreguin, D.
Barrales, O. Francke, D. Guerrero, and R. Mon-
jaraz, 2 8,2 ? (CNAN Sz169).

Nahual pallidus (Rowland, 1975), comb. nov.

Schizomus pallidus Rowland, 1975a: 6, 7, 13-15,
17, fig. 6; 1975b: 34, 166-169, 184-186, 188,
216-219, 222, 223, 228, 230, 280, 366-369,
396, map 5, figs. 166, 179, 196, 292; Row-
land and Reddell, 1977: 80, 84, 87-89, fig. 2;
1979a: 163; 1980: 1, 2, 4, 5, 10, 11, 13, 15,
16, 19, figs. 1, 13, 26, 43; Reddell, 1981:17,
45, 46, 128, 129, 321, 324, ﬁg. 23; Camilo
and Cokendolpher, 1988: 57; Reddell and
Cokendolpher, 1995: 6, 109.

Stenochrus pallidus: Reddell and Cokendolpher,
1991: 18; 1995: 6, 12, 18, 102, 103, 109;
Vézquez-Rojas, 1995: 34; 1996: 65; Harvey,
2003: 125; Palacios-Vargas and Reddell,
2013: 52; Palacios-Vargas et al., 2015: 32;
Monjaraz-Ruedas and Francke, 2018: 200,
201, 212.
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TYPE MATERIAL: Schizomus pallidus: MEX-
ICO: Veracruz: Municipio de Tlilapan: Cueva
Macinga, 5.iii.1973, J. Reddell, holotype &, para-
type @ (AMNH).

NaTUrAL History: Cueva Macinga, the type
locality of N. pallidus, comb. nov,, is a small, shal-
low cave without penumbra or dark zone. Speci-
mens of N. pallidus were also collected in epigean
habitats in the surroundings of Cueva Macinga and
at another locality, Rancho San Fermin, indicating
that this species is facultatively cavernicolous.

ADDITIONAL MATERIAL EXAMINED: MEX-
ICO: Veracruz: Municipio de Atoyac: Rancho San
Fermin, 18°54'30"N 96°49'19"W, 542 m, 16.1.2017,
D. Barrales, G. Contreras, and R. Monjaraz, 3 &,
1 ¢ (CNAN DNA-Sz220), 1 &, 1 imm. (AMCC
[LP 14524]). Municipio Amatlan de los Reyes:
Canada Blanca, 18°57'10"N 96°51'19"W, 788 m,
19.viii.2017, D. Barrales, A. Cruz, ]. Mendoza, and
R. Monjaraz, 1 ¢ (AMCC [LP 14557]).

Olmecazomus, nom. nov.
Figure 6; tables 1, 3

Olmeca Monjaraz-Ruedas and Francke, 2017:
399-413 (junior homonym of Olmeca
Lamothe-Argumedo and Pineda-Lépez,
1990).

TypE SPECIES: Olmeca cruzlopezi Monjaraz-
Ruedas and Francke, 2017 [= Olmecazomus cru-
zlopezi (Monjaraz-Ruedas and Francke, 2017),
comb. nov.], type species, by original
designation.

DiagNosis: Olmecazomus, nom. nov., may be
separated from other hubbardiid genera by the
following combination of characters. Cheliceral
movable finger without accessory tooth; single
guard tooth at end of serrula; setal group G3 with
setae G3-4 situated basally. Propeltidium anterior
process with two anterior setae (one posterior to
the other) and two pairs of dorsosubmedian
setae; corneate eyes absent, one pair of eyespots
present. Metapeltidium entire. Tegument without
clavate setae. Pedipalps homeomorphic; trochan-
ter with prolateral spur and projected, digitiform
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apical process; femur Fe, setae spiniform, Fv; and
Fv, setae forming well-developed spiniform setif-
erous tubercles, located retroventrally; tibia with
Ter, and Tir; setae spiniform, strongly sclerotized.
Leg IV femur anterodorsal margin produced at
ca. 90° angle. Opisthosomal tergite II with one
pair of setae (Dm). Opisthosomal segments IX-
XII not elongated; XII (3) without posterodorsal
process. Pygidial flagellum (3) dorsoventrally
compressed, elliptical or ovate, with pair of dor-
sosubmedian slumps fused posteriorly; flagellum
(?) with two annuli. Spermathecae (%) with two
pairs of lobes, lateral lobes wider and smaller
than medial lobes (ca. 1/3 the length of median
lobes); lateral lobes swollen, drop shaped; median
lobes parenthesis shaped, with apex directed lat-
erally, and without bulbs; lateral and median
lobes apically sclerotized; chitinized arch
V-shaped, without anterior branch; lateral tips
lobed; gonopod wide and long.

CoMPARISONS: Species of Olmecazomus
resemble species of Heteroschizomus in the shape
of the female spermathecae, with the lateral lobes
approximately 1/4 the length of median lobes.
However, the chitinized arch is V-shaped in
Olmecazomus and mug shaped in Heteroschizo-
mus. Males of Olmecazomus also resemble males
of Mayazomus in the robust pedipalps and the
presence of spiniform setiferous tubercles on the
pedipalp femur. However, pedipalp tibial setae
Ter, and Tirs are spiniform and prolateral tarsal
spurs are absent in males of Olmecazomus,
whereas Ter, and Tir; are acuminate, and large
prolateral tarsal spurs are present in males of
Mayazomus.

ErymoLroGy: The generic name is a com-
pound word, derived from the word Olmeca,
honoring the Olmecs, a prehispanic Mexican
tribe, and zomus, a suffix commonly used for
schizomid genera. It is masculine in gender.

INCLUDED SPECIES: Olmecazomus brujo
(Monjaraz-Ruedas and Francke, 2017), comb.
nov.; Olmecazomus cruzlopezi (Monjaraz-Ruedas
and Francke, 2017), comb. nov.; Olmecazomus
santibanezi (Monjaraz-Ruedas and Francke,
2017), comb. nov.
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REMARKS: The name Olmeca was first used for
a trematode worm, Olmeca Lamothe-Argumedo
and Pineda-Lopez, 1990. A search in Neave’s
Nomenclator Zoologicus (2005) did not capture
this name, which is valid and has nomenclatural
priority according to the ICZN (2000). Olmeca-
zomus, nom. nov., is therefore designated as a
replacement name for members of the junior
homonym, Olmeca Monjaraz-Ruedas and
Francke, 2017.

Pacal Reddell and Cokendolpher, 1995
Figures 1, 6; tables 1, 3

Pacal Reddell and Cokendolpher, 1995: 1, 10,
13-15, 87, 88, 117, 140-142; Harvey, 2003:
114; Villarreal et al., 2008: 65; Montafio-
Moreno and Francke, 2009: 33; Monjaraz-
Ruedas, 2012: 63; Moreno-Gonzélez and
Villarreal, 2012: 73, 75; Monjaraz-Ruedas and
Francke, 2015: 452, 454, 461, 464, 475; 2016:
782-784, 787, 790, 804; Monjaraz-Ruedas et
al.,, 2016: 120, 131; Monjaraz-Ruedas and
Francke, 2017: 399-401, 405, 408, 411.

Schizomus brasilensis group (part): Rowland
1975b: 37-39, 127-132, 134, 151, 152, 154,
156, 158, 160, 241, 305, 320, 321, 324, 335,
348-350, 360, 361, 363, 376, 384-388, 390,
393; Rowland and Reddell, 1979a: 165, 171;
1979b: 89, 90, 103, 105-112, 114, 116, 118;
1980: 1, 3; Reddell, 1981: 126; Rowland and
Reddell, 1981: 19, 20; Reddell and Cokendol-
pher, 1984: 172, 176, 177; 1986: 32; 1991: 3.

TyPE SPECIES: Schizomus lacandonus Row-
land, 1975 [= Pacal lacandonus (Rowland, 1975)],
type species, by original designation.

DiagNosis: Pacal may be separated from
other hubbardiid genera by the following combi-
nation of characters. Cheliceral movable finger
with lamella; single guard tooth at end of serrula;
setal group G3 with G3-4 setae situated posteri-
orly. Propeltidium anterior process with two
anterior setae (one posterior to the other) and
three pairs of dorsosubmedian setae; corneate

eyes absent. Metapeltidium entire. Tegument
without clavate setae. Pedipalps homeomorphic;
trochanter with small prolateral spur and acumi-
nate apical process; femur Fv, and Fv, setae acu-
minate, Fvr,_; setae present; patella with three
acuminate Pe setae and four feathered Pm setae;
tibial setal formula 3-3-5(4) (Ter-Tmr-Tir). Leg
IV femur anterodorsal margin produced at ca.
90° angle. Opisthosomal tergite II with one pair
of setae (Dm). Opisthosomal segments IX-XII
not elongated; XII () with small, inconspicuous
posterodorsal process. Pygidial flagellum (3)
dorsoventrally compressed, trilobed or rhom-
boid, with pair of dorsomedian circular depres-
sions (pits) and pair of dorsosubmedian
swellings; flagellum (%) with two annuli. Sper-
mathecae (%) with one pair of lobes (two pairs
in Pacal moisii (Rowland, 1973), comb. nov., and
Pacal tepezcuintle (Armas and Cruz-Lopez,
2009), comb. nov.), apex directed vertically,
unsclerotized; lobes with large and prominent
terminal bulbs and several duct openings; chi-
tinized arch inverse arch shaped, with anterior
branch curved and complete, lateral tips taper-
ing; gonopod short and small.

CoMPARISONS: Species of Pacal may be sepa-
rated from other hubbardiid genera by the pres-
ence of only one pair of spermathecal lobes in
the female, and large bulbs on the lobes, which
are absent in the spermatheca of other North
American genera. In addition, males possess a
lamella on the cheliceral movable finger and a
small, inconspicuous posterodorsal process on
opisthosomal segment XII, unique among North
American schizomid genera, except Hubbardia,
which exhibits a large, well-developed pos-
terodorsal process on segment XII.

INCLUDED SPECIES: Pacal lacandonus (Row-
land, 1975); Pacal moisii (Rowland, 1973), comb.
nov.; Pacal stewarti (Rowland, 1973); Pacal tepe-
zcuintle (Armas and Cruz-Lépez, 2009), comb.
nov.; Pacal trilobatus (Rowland, 1975).

REMARKS: As redefined above, Pacal com-
prises three species previously assigned to the
genus and two species newly transferred from
Stenochrus. Although P. moisii, comb. nov., and
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TABLE 8

NO. 435

Measurements (mm) of the short-tailed whipscorpions, Nahual bokmai, sp. nov., and Nahual lanceolatus

(Rowland, 1975), comb. nov. (Schizomida: Hubbardiidae Cook, 1899)
Material deposited in the National Collection of Arachnida (CNAN) at the

National Autonomous University of Mexico.

N. bokmai N. lanceolatus
Sex 3 ? ?
Collection CNAN CNAN CNAN
Number T1282 T1283 $z0169
Total length 4.7 4.1 41 42 3.9 5.1
Propeltidium Length 1.4 1.4 14 13 1.3 1.7
Width 0.8 0.7 0.7 0.7 0.8 0.9
Flagellum Length 0.5 0.5 0.5 0.3 0.4 0.5
Width 0.3 0.3 0.2 0.1 0.1 0.1
Height 0.2 0.1 0.1 0.1 0.1 0.1
Pedipalp Trochanter length 0.7 0.6 0.5 05 0.5 0.7
Femur length 0.7 0.6 06 05 0.6 0.7
Patella length 0.7 0.6 06 05 0.6 0.7
Tibia length 0.6 0.5 0.6 0.5 0.5 0.6
Tarsus length 0.3 0.2 03 03 0.2 0.3
Total length 3.0 2.6 26 23 24 3.1
Leg 1 Coxa length 0.8 0.8 07 06 0.6 0.8
Trochanter length 0.5 0.5 05 04 0.4 0.5
Femur length 2.1 1.9 1.9 12 1.3 1.6
Patella length 2.6 2.4 22 15 1.6 1.9
Tibia length 1.8 1.7 1.3 1.1 1.2 14
Basitarsus length 0.5 0.5 05 04 0.4 0.5
Telotarsus length 0.7 0.7 07 05 0.5 0.5
Total length 9.0 83 77 5.6 6.1 7.1
Leg IV Trochanter length 0.4 0.3 04 04 0.4 -
Femur length 1.7 1.6 1.6 1.2 1.4 -
Patella length 0.7 0.6 07 05 0.6 -
Tibia length 1.2 1.2 1.1 0.9 0.9 -
Basitarsus length 0.6 1.0 1.0 08 0.9 -
Telotarsus length 0.4 0.6 06 0.5 0.6 -
Total length 5.1 5.4 55 43 4.8 -
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P. tepezcuintle, comb. nov., are morphologically
similar and differ markedly from other mem-
bers of Pacal, the two species grouped unequiv-
ocally with other species of the genus based on
the molecular data (fig. 6). The description of
other new species awaits a more detailed revi-
sion of the genus.

Schizophyxia, gen. nov.

Figures 2, 6, 7G, 9C, 10A, 13G, 22C, D, 23A-C,
24A-C; tables 1, 4

Schizomus mexicanus group (part): Rowland,
1975b: 37, 39, 164, 165, 167-168, 173, 185,
209, 214, 216, 218, 220, 222, 224, 228, 255,
280, 301, 303, 320, 321, 348-350, 365, 366,
368, 369, 376, 387, 390, 391-393, 395; Row-
land and Reddell, 1979a: 165, 171; 1979b:
90, 107; 1980: 1-8, 10, 11, 15-20; Reddell,
1981: 126; Rowland and Reddell, 1981: 19,
20, 41; Reddell and Cokendolpher, 1986: 32,
34; Camilo and Cokendolpher, 1988: 53, 57;
Armas, 1989a: 7; Armas and Abud-Antun,
1990: 14, 18; Reddell and Cokendolpher,
1991: 1, 3; 1995: 82, 99, 101-104; Kruiger
and Dunlop, 2010: 52; Monjaraz-Ruedas
and Francke, 2015: 452; 2016: 781-783, 804;
2018: 189, 212.

TyYPE SPECIES: Schizomus lukensi Rowland,
1973 [= Schizophyxia lukensi (Rowland, 1973),
comb. nov.], type species, here designated.

Di1aGNosis: Schizophyxia, gen. nov., may be
separated from other hubbardiid genera by the
following combination of characters. Cheliceral
movable finger smooth; single guard tooth at end
of serrula; setal group G3 with G3-3 setae situated
anteriorly (fig. 13G). Propeltidium anterior pro-
cess with two anterior setae (one posterior to the
other) and three pairs of dorsosubmedian setae
(fig. 11A); corneate eyes absent. Metapeltidium
entire. Tegument without clavate setae. Pedipalps
homeomorphic; trochanter with mesal spur, api-
cal process acute, not projected (fig. 7G); femur
Fv, and Fv, setae acuminate, Fvr,_; setae present;
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patella with four acuminate Pe setae and four
feathered Pm setae; tibial setal formula 3-3-4 (Ter-
Tmr-Tir) (fig. 14D). Leg IV femur anterodorsal
margin produced at ca. 90° angle. Opisthosomal
tergite IT with one pair of setae (Dm). Opistho-
somal segments IX-XII not elongated; XII (J)
without posterodorsal process. Pygidial flagellum
(J8) dorsoventrally compressed, spear shaped,
with pair of shallow dorsosubmedian depressions
(slightly visible in S. lukensi) not fused posteriorly
(fig. 23A-C); flagellum (9) with two annuli (fig.
24A-C). Spermathecae () with two pairs of
lobes; lateral lobes ca. 3/4 the length of median
lobes, with apex directed laterally; median lobes
linear or slightly curved laterally (parenthesis
shaped); lobes unsclerotized apically and without
bulbs; lobe bases aligned, with duct openings
along entire length (figs. 9C, 10A); chitinized arch
U-shaped, without anterior branch, lateral tips
rounded; gonopod wide and short.

COMPARISONS: Species of Schizophyxia, gen.
nov., resemble species of Harveyus, gen. nov.,
in the shape of the male pygidial flagellum and
the female spermathecae. However, the male
pygidial flagellum possesses a pair of subme-
dian depressions and bulbs are absent from the
median lobes of the female spermathecae in
Schizophyxia, whereas the male pygidial flagel-
lum possesses a pair of shallow pits and small
bulbs are present on the median lobes of the
female spermathecae in Harveyus. Addition-
ally, species of Schizophyxia bear three pairs of
dorsal setae on the propeltdium, whereas spe-
cies of Harveyus bear only two. Although not
observed in Schizophyxia, dimorphic males
have been recorded in two species of Harveyus,
i.e., H. mexicanus, comb. nov., and H. mulaiki,
comb. nov.

EtrymoLoGy: The generic name is a com-
pound word, combining schizo-, referring to the
order Schizomida, which means “split” in Greek,
and phyxia, referring to fictional antlike soldiers
in “De-Loused in the Comatorium,” a short story
by Cedric Bixler-Zavala and Jeremy Michael
Ward of the progressive rock band, the Mars
Volta. It is neuter in gender.
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INCLUDED SPECIES: Schizophyxia bartolo
(Rowland, 1973), comb. nov.; Schizophyxia luke-
nsi (Rowland, 1973), comb. nov.

DiISTRIBUTION: Schizophyxia, gen. nov., is dis-
tributed in the states of Nuevo Leén and Tamau-
lipas, northern Mexico (fig. 2), an area also
inhabited by some species of Harveyus, gen. nov.

NaturaL History: The species of Schizo-
phyxia, gen. nov., occur in seasonally dry habi-
tats, inhabiting deciduous forest and caves, where
the humidity is more optimal.

ReEMARKs: Although the species of Schizo-
phyxia, gen. nov., and Harveyus, gen. nov., are
very similar morphologically, the two genera
may be consistently separated by several charac-
ters of the male pygidial flagellum and the female
spermathecae. The acquisition of DNA sequence
data for H. mulaiki, comb. nov., and H. reddelli,
comb. nov., are needed to test the generic place-
ments of these species.

Schizophyxia bartolo (Rowland, 1973),
comb. nov.

Schizomus bartolo Rowland, 1973a: 6, 7, 13-16,
18, 19, figs. 11-13; 1973c: 135, 137; 1975b:
34, 166-169, 173, 174, 176, 177, 214, 215,
218, 219, 222, 223, 228, 229, 366-369, 394,
map 5, figs. 158, 174, 193, 292; Dumitresco,
1977: 157; Rowland and Reddell, 1977: 80,
83, 84, fig. 2; 1979a: 163; 1980: 1, 2, 4-10,
15, 19, figs. 1, 5, 21, 40; Reddell, 1981: 16,
27,126, 127, 128, 319, 324, fig. 23; Hum-
phreys et al., 1989: 193; Reddell and Coken-
dolpher, 1995: 5, 105.

Stenochrus bartolo: Reddell and Cokendolpher, 1991:
18; 1995: 5, 12, 18, 102, 103, 105; Vazquez-
Rojas, 1995: 33; 1996: 65; Ruiz and Coronado,
2002: 67; Harvey, 2003: 123; Armas and Viquez,
2010: 10; Palacios-Vargas and Reddell, 2013: 52;
Palacios-Vargas et al,, 2015: 32.

TyPE MATERIAL: Schizomus bartolo: MEX-
ICO: Nuevo Leén: Municipio de Santa Catarina:
Gruta de San Bartolo, 10 mi. SW Monterrey,

21.vi.1969, S. and J. Peck, holotype &, paratype
? (AMNH).

ADDITIONAL MATERIAL EXAMINED: MEX-
ICO: Nuevo Leén: Municipio de Santa Catarina:
Gruta de San Bartolo, 10 mi. SW Monterrey,
ix.1971, T. Raines, 2 %, 2 imm. (AMNH), 29.
iii.2018, M. de Luna-Gonzalez, 1 subad. @, 1
imm. (CNAN DNA-Sz268).

Schizophyxia lukensi (Rowland, 1973),
comb. nov.

Schizomus lukensi Rowland, 1973¢: 136-138,
figs. 1, 4; 1975a: 34, 166-169, 174-177, 214,
215, 218, 219, 222, 223, 228, 229, 366-369,
394, map 5, figs. 160, 173, 191, 192, 292
(part, all records except Cueva de los Cuar-
teles); 1975a: 19, 20; Dumitresco, 1977: 157;
Rowland and Reddell, 1977: 80, 83-85, 98,
fig. 2; 1979a: 163; 1980: 1, 2, 4, 5, 7-10, 15,
19, figs. 1, 7, 20, 38; Reddell, 1981: 16, 39,
128, 129, 321, 324, fig. 23; Reddell and Cok-
endolpher, 1995: 5, 104, 107.

Stenochrus lukensi: Reddell and Cokendolpher,
1991: 18; 1995: 5, 12, 18, 101, 102, 107;
Vazquez-Rojas, 1995: 34; 1996: 65; Ruiz and
Coronado, 2002: 67; Harvey, 2003: 124;
Palacios-Vargas and Reddell, 2013: 52; Pala-
cios-Vargas et al., 2015: 32.

TyPE MATERIAL: Schizomus lukensi: MEX-
ICO: Tamaulipas: Municipio de Gomez Farias:
Cueva del Agua, 30 mi. SW Soto la Marina,
31.x.1970, W. Russell, G. and J. Ediger, holotype
3,2 3,2 Q paratypes (AMNH).

ADDITIONAL MATERIAL EXAMINED: MEXICO:
Tamaulipas: Municipio de Gomez Farias: Cueva de
los Alvarez, 23°02'43"N 99°09'32"W, 335 m, 20.
iv.2016, Q. Arreguin, G. Contreras, ]. Cruz, D.
Guerrero, R. Monjaraz, and G. Montiel, 5 &, 5 9
(CNAN DNA-S2116), 1 imm. (AMCC [LP 14513]);
Afuera de la Cueva de Ojo de Agua, 23°02'15"N
99°07'45"W, 129 m, 23.iv.2016, Q. Arreguin, G.
Contreras, J. Cruz, D. Guerrero, R. Monjaraz, and
G. Montiel, 3 &,5 ¢ (CNAN DNA-Sz118),1 &, 1
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imm. (AMCC [LP 14515]); Sétano del Ojital,
23°03'11"N 117°07'49"W, 252 m, 23.xi.2005, P.
Sprouse, 1 3,1 ? (CNAN Sz25).

Stenochrus Chamberlin, 1922

Figures 5, 6, 7H, 9E, 10C, 13H, 14D, 20B, 23D-
E 24D-F 25A, B; tables 1, 4

Stenochrus: Chamberlin, 1922: 11; Mello-Leitao,
1931: 19; Giltay, 1935: 6, 8; Werner, 1935:
334, 468, 469, 479, 480; Gertsch, 1940: 1;
Takashima, 1941: 93; Petrunkevitch, 1945:
322; Takashima, 1947: 33; 1948: 99; Millot,
1948: 154; 1949: 559; Pierce, 1950: 102;
1951: 40; Cloudsley-Thompson, 1958: 122,
214; Savory, 1964: 155; Cloudsley-Thomp-
son, 1968: 152; Levi and Levi, 1968: 122,
469; Shimojana, 1972: 100; Aoki, 1973: 197;
Rowland, 1973b: 197, 200; Brignoli, 1974:
145; Rowland, 1975b: 25; Rowland and Red-
dell, 1977: 83; Savory, 1977: 140; Ribera,
1986: 106; Reddell and Cokendolpher, 1991:
18-19; Cokendolpher and Reddell, 1992: 39;
Harvey, 1992: 78; Armas, 1995: 11; Reddell
and Cokendolpher, 1995: 101; Vazquez-
Rojas, 1996: 63, 65; Armas and Teruel, 1998:
47; Tourinho and Kury, 1999: 2, 5; Armas
and Cokendolpher, 2001: 3, 4; Armas, 2002:
3, 6; Armas and Abud-Antun, 2002: 11;
Armas and Teruel, 2002: 45; Teruel and
Armas, 2002: 91, 92; Harvey, 2003: 123; Ter-
uel, 2003: 40, 42, 66; Armas, 2004: 20;
Armas and Colmenares-Garcia, 2006: 27;
Cutler and McCutchen, 2006: 263; Shultz,
2007: 224, 228, 245, 247, 249, 251; Teruel,
2007: 51; Villarreal et al., 2008: 67; Armas
and Cruz-Lépez, 2009: 20, 21; Armas and
Teruel, 2009: 449; Korenko et al., 2009: 1;
Montano-Moreno and Francke, 2009: 33;
Armas, 2010a: 55; 2010b: 205, 209, 211, 220;
Armas and Viquez, 2010: 9, 10, 12, 18, 20;
Kriiger and Dunlop, 2010: 47, 49, 52;
Armas, 2011: 18; Armas and Teruel, 2011:
335; Armas and Delgado-Santa, 2012: 139,
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142; Monjaraz-Ruedas, 2012: 63, 64;
Moreno-Gonzalez and Villarreal, 2012:
73-76; Reddell, 2012: 788; Villarreal and
Garcfa, 2012: 1, 5; Delgado-Santa and
Armas, 2013: 37, 44; Moreno-Gonzdlez et
al., 2014: 2, 21, 22; Palacios-Vargas et al,,
2015: 8, 32; Villarreal et al., 2014: 371; Mon-
jaraz-Ruedas and Francke, 2015: 452, 454;
Souza and Lira, 2015: 766; Monjaraz-Ruedas
and Francke, 2016: 782, 783, 789-791, 797;
Monjaraz-Ruedas et al., 2016: 120, 126, 131;
Villarreal et al., 2016: 24; Beron, 2017: 49;
Clouse et al., 2017: 11; Monjaraz-Ruedas
and Francke, 2017: 1, 2, 6, 10, 13; Moreno-
Gonzélez and Villarreal, 2017: 2; Teruel,
2017a: 46; Monjaraz-Ruedas and Francke,
2018: 189-191, 195, 203, 205, 210-212.
Schizomus pecki group (part): Rowland 1975b:
37, 39, 135, 137, 167, 168, 188, 209, 232,
233, 236, 238, 241, 246, 248, 250, 252, 255,
320, 321, 348-350, 376, 390, 396, 397; Row-
land and Reddell, 1979a: 165, 171; 1979b:
90, 107; 1980: 1, 3, 22-26, 28, 29, 31; Red-
dell, 1981: 126; Rowland and Reddell, 1981:
19, 20; Cokendolpher and Reddell 1984b:
242; Reddell and Cokendolpher, 1986: 34,
37; Camilo and Cokendolpher, 1988: 53;
Reddell and Cokendolpher, 1991: 1, 3; 1995:
101-103; Monjaraz-Ruedas and Francke,
2015: 452; 2016: 781, 783; 2018: 189, 212.

TYPE SPECIES: Stenochrus portoricensis Cham-
berlin, 1922, by original designation.

Diagnosis: The species of Stenochrus are
very conservative morphologically and some
are troglomorphic. As in most genera of the
order, Stenochrus may be separated from other
hubbardiid genera by a combination of charac-
ters, as follows. Cheliceral movable finger
smooth (fig. 12A); single guard tooth at end of
serrula; setal group G3 with G3-4 setae situ-
ated posteriorly, except in Stenochrus alcalai
Monjaraz-Ruedas and Francke, 2018, and
Stenochrus pecki (Rowland, 1973) (fig. 13H).
Propeltidium anterior process with two ante-
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rior setae (one posterior to the other) and two
pairs of dorsosubmedian setae (fig. 11B); cor-
neate eyes absent. Metapeltidium entire. Tegu-
ment without clavate setae. Pedipalps
heteromorphic (as in Stenochrus chimalapas
Monjaraz-Ruedas and Francke, 2018, and
Stenochrus gruta Monjaraz-Ruedas and
Francke, 2018), with femur, patella and tibia
elongated; trochanter with small mesal spur
and without apical process (except in S. alcalai
and S. gruta) with an acute apical process and
a bump, respectively) (fig. 7H); femur FvI1 and
Fv, setae acuminate (except in S. pecki, with
spiniform setae), Fvr,_; setae present; patella
with three acuminate Pe setae and three or
four feathered Pm setae; tibial setal formula
3-3-4 (Ter-Tmr-Tir) (except S. alcalai with 3-3-
5) (fig. 14D). Leg IV femur anterodorsal mar-
gin produced at ca. 90° angle. Opisthosomal
tergite IT with one pair of setae (Dm). Opist-
hosomal segments IX-XII not elongated; XII
(3) without posterodorsal process. Pygidial
flagellum (J) dorsoventrally compressed, cor-
date or elliptical, with dorsosubmedian medial
depression, always associated with pair of
closely adjacenr pits (figs. 20B, 23D-F); flagel-
lum (9) with two annuli (fig. 24D-F). Sper-
mathecae (?) with two pairs of lobes; lateral
lobes smaller than (ca. half the length) and
same width as median lobes, with apex
directed laterally (figs. 9E, 10C); median lobes
curved along entire length (parenthesis
shaped) or curved apically (inverse J-shaped),
with apex directed laterally, usually sclerotized
medially to apically (fig. 10C); lobes without
bulbs; median lobe bases posterior to lateral
lobe bases (figs. 9E, 10C), with duct openings
in both pairs of lobes; chitinized arch bowl-
shaped, base widened, with slightly visible
anterior branch, curved and not fused medi-
ally, lateral tips wide and sclerotized; gonopod
wide and short.

CoMPARISONS: Species of Stenochrus resemble
species of Nahual, gen. nov., in the elliptical
shape of the male pygidial flagellum and the
presence of pits on its dorsal surface. However, a
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medial depression is present in the male flagel-
lum and a small lamella absent on the cheliceral
movable finger in Stenochrus (fig. 20), which are
absent and present, respectively, in Nahual.
Additionally, the pedipalp setae are acuminate
setiform in Stenochrus, but spiniform in Nahual.

Stenochrus resembles Baalrog, gen. nov., in
the shape of the female spermathecae, in which
the lateral lobes are reduced. However, the lat-
eral lobes are the same width and the median
lobes markedly curved in Stenochrus, whereas
the lateral lobes are narrower than the median
lobes, which are only slightly curved apically,
in Baalrog.

INCLUDED SPECIES: Stenochrus alcalai Monja-
raz-Ruedas and Francke, 2018; Stenochrus chi-
malapas Monjaraz-Ruedas and Francke, 2018;
Stenochrus gruta Monjaraz-Ruedas and Francke,
2018; Stenochrus guatemalensis (Chamberlin,
1922); Stenochrus leon Armas, 1995; Stenochrus
pecki (Rowland, 1973a); Stenochrus portoricensis
Chamberlin, 1922.

DiSTRIBUTION: Species of Stenochrus inhabit
tropical Central America and the Caribbean
islands. All records reported for S. portoricensis are
applicable to the genus, however, expanding its dis-
tribution to Europe (Clouse et al., 2017). Ongoing
research on this widely distributed species, includ-
ing phylogenetic analyses in preparation, suggests
that the genus is endemic to the Caribbean and
Central America, with multiple introductions into
Europe from different sources (fig. 5).

NaturaL History: Although species of
Stenochrus are primarily cavernicolous, some,
notably S. portoricensis, are epigean and caver-
nicoulus, and usually found under large rocks.
Some populations of S. portoricensis occur in
dry, disturbed, or unnatural habitats, e.g., in
greenhouses or associated with human waste,
suggesting this species may be tolerant of desic-
cation and perturbation. Physiological tolerance
together with parthenogenesis may explain its
ability to successfully colonize new habitats over
a large area.

ReEmARKs: The presence of elongated pedipalps
is dimorphic among conspecific males of some
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FIG. 23. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), pygidial flagellum, dorsal (A,
D, G), lateral (B, E, H) and ventral (C, F, I) views. A-C. Schizophyxia lukensi (Rowland, 1973), comb. nov.,
3 (CNAN Sz25). D-F. Stenochrus gruta Monjaraz-Ruedas and Francke, 2018, & (CNAN T1155). G-I. Tro-
glostenochrus valdezi (Monjaraz-Ruedas, 2012), comb. nov., & (CNAN T698). Scale bars = 0.2 mm.
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FIG. 24. Short-tailed whipscorpions (Schizomida: Hubbardiidae Cook, 1899), pygidial flagellum, dorsal (A,
D, G), lateral (B, E, H) and ventral (C, E, I) views. A-C. Schizophyxia lukensi (Rowland, 1973), comb. nov.,
? (CNAN Sz25). D-F. Stenochrus gruta Monjaraz-Ruedas and Francke, 2018, ¢ (CNAN T1156). G-I. Tro-
glostenochrus valdezi (Monjaraz-Ruedas, 2012), comb. nov., ? (CNAN T699). Scale bars = 0.2mm.
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Stenochrus species. Pedipalp elongation results in
modification of the apical process of the trochan-
ter, as observed in S. gruta and S. pecki.

Stenochrus guatemalensis was assigned to
the genus based on two pairs of dorsal setae on
the propeltidium and female spermathecae
with the lateral lobes reduced and the medial
lobes apically sclerotized. Unfortunately, the
precise type locality for S. guatemalensis is
unknown and several attempts to collect it in
Guatemala were unsuccessful.

The types and only known specimens of S.
leon, deposited in Cuba, were not examined in
the present study and the brief and poorly illus-
trated original description does not provide the
level of detail required to accurately place it
within the genera recognized herein. The spe-
cies may belong to another genus because the
lateral lobes of the female spermathecae are
slightly shorter (i.e., less than 1/3 the length of
the median lobes) than those of other species of
Stenochrus. A detailed examination of the che-
licerae and female spermathecae and/or DNA
sequence data are needed to verify its generic
placement. The species is retained within Steno-
chrus until additional evidence proves
otherwise.

Monjaraz-Ruedas and Francke (2018) stated
that S. alcalai bears three pairs of dorsal setae on
the propeltidium, but after thorough reexamination
the species was observed to bear only two pairs,
consistent with the diagnosis of Stenochrus.

Stenochrus alcalai Monjaraz-Ruedas
and Francke, 2018

Stenochrus alcalai Monjaraz-Ruedas and
Francke, 2018: 203-206, 208, figs. 43-56, 71.

TyPE MATERIAL: MEXICO: Oaxaca: Muni-
cipio de San Pedro Jocotipac: La Laguna,
17°43'38"N 97°06'06"W, 2402 m, 23.viii.2015, D.
Barrales, J. Cruz, O. Francke, R. Monjaraz, and J.
Sanchez, holotype 8 (CNAN T1160), paratype
? (CNAN T1161); El Tanque, 17°44'35"N
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97°06'20"W, 2402 m, 22.viii.2016, D. Barrales, J.
Cruz, O. Francke, R. Monjaraz, and J. Sdnchez, 2
3,1 Q paratypes (CNAN T1162).

Stenochrus chimalapas Monjaraz-Ruedas
and Francke, 2018

Stenochrus chimalapas Monjaraz-Ruedas and
Francke, 2018: 191-194, 203, 212, figs. 1-14, 71.

TyrPeE MATERIAL: MEXICO: Oaxaca: Muni-
cipio de Santa Maria Chimalapas: Cueva de
Escolapa, 16°51'02"N 94°44'53"W, 219 m,
25.x.2016, E. Briones, A. Judrez, A. Valdez, and J.
Valerdi, holotype 8 (CNAN T1152),1 8,2 ¢
paratypes (CNAN T1153).

ADDITIONAL MATERIAL ExaMINED: MEX-
ICO: Oaxaca: Municipio de Santa Maria Chi-
malapas: Cueva de Escolapa, 16°51'02"N
94°44'53"W, 219 m, 28.iii.2010, J. Cruz, O.
Francke, C. Santibanez and A. Valdez, 2 &
(CNAN T1154), 25.x.2016, E. Briones, A. Juérez,
A. Valdez, and J. Valerdi, 2 imm. (AMCC [LP
14533]).

Stenochrus gruta Monjaraz-Ruedas
and Francke, 2018

Stenochrus gruta Monjaraz-Ruedas and Francke,
2018: 190, 195-198, 2012, figs. 15-28, 71.

TyPE MATERIAL: MEXICO: Oaxaca: Muni-
cipio de Sola de Vega: San Sebastidn de las Gru-
tas, Gruta de San Sebastidn, 16°37'09"N
96°58'49"W, 1623 m, 1.vii.2013, G. Contreras, J.
Cruz, J. Mendoza, C. Santibafiez, and A. Valdez,
holotype & (CNAN T1155),2 &,2 @ paratypes
(CNAN T1156).

ADDITIONAL MATERIAL ExAMINED: MEX-
ICO: Oaxaca: Municipio de Sola de Vega: San
Sebastidn de las Grutas, Gruta de San Sebastidn,
16°37'09"N 96°58'49"W, 1623 m, 20.vii.2006, O.
Francke, H. Montano, C. Santibafiez, A. Valdez,
and G. Villegas, 10 ¢ (CNAN Sz199), 1.vii.2013,
G. Contreras, J. Cruz, J. Mendoza, C. Santibanez,
and A. Valdez, 1 @, 1 imm. (AMCC [LP 14492]).
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Stenochrus pecki (Rowland, 1973)

Schizomus pecki Rowland, 1973a: 6, 7, 16, 19-23,
figs. 17-19; 1973c: 136; 1975a: 34, 135, 167,
168, 188, 209, 232, 234, 240-244, 246, 247,
250-253, map 4, figs. 216, 218, 221, 231;
Dumitresco, 1977: 157; Rowland and Red-
dell, 1977: 80, 83, 84, 88, 96, 98, 99, fig. 2;
1979a: 163; 1979b: 104; 1980: 1, 16, 23-26,
29-32, figs. 63, 64, 66, 69, 79; Reddell, 1981:
16, 51, 126, 128, 129, 320, 324, fig. 23; Cok-
endolpher and Reddell, 1984b: 242; Reddell
and Cokendolpher, 1986: 36; Camilo and
Cokendolpher, 1988: 53; Reddell and Cok-
endolpher, 1995: 5, 109.

Stenochrus pecki: Reddell and Cokendolpher,
1991: 18; 1995: 5, 9, 12, 18, 102, 103, 109;
Vézquez-Rojas, 1995: 34; 1996: 65; Harvey,
2003: 125; Armas, 2004: 51; Armas and
Cruz-Lopez, 2009: 23; Zawierucha et al.,
2013: 359; Palacios-Vargas and Reddell,
2013: 52; Palacios-Vargas et al.,, 2015: 32;
Monjaraz-Ruedas and Francke, 2016: 783,
784, 804, fig. 2C, D; Monjaraz-Ruedas et al.,
2017: 102, 103, figs. 3C, D, 4G, H; Monja-
raz-Ruedas and Francke, 2018: 203.

TYPE MATERIAL: Schizomus pecki: MEXICO:
Tabasco: Municipio de Teapa: Grutas de Cocona,
2 mi. NE Teapa, 1.viii.1948, C. Goodnight, holo-
type & (AMNH), 29 November 1971, O. McK-
enzie, paratype ? (AMNH).

ADDITIONAL MATERIAL EXAMINED: MEX-
ICO: Tabasco: Municipio de Teapa: Grutas de
Cocona, 2 mi. NE Teapa, 17°33'49"N
92°55'44"W, 27 m, 20.xii.2011, G. Contreras, E.
Goyer, E. Hijmensen, and J. Mendoza, 1 4,1 ¢
(CNAN Sz35).

Stenochrus portoricensis Chamberlin, 1922

Stenochrus portoricensis Chamberlin, 1922: 11,
12; Mello-Leitdo, 1931: 19; Giltay, 1935: 8;
Werner, 1935: 469; Takashima, 1941: 93;
Biicherl, 1971: 382; Rowland, 1973b: 195,

197, 200; Brignoli, 1974: 145; Rowland,
1975b: 31, 186; Rowland and Reddell, 1977:
83; 1980: 14; Martin and Oromi, 1984: 267;
Camilo and Cokendolpher, 1988: 55; Red-
dell and Cokendolpher, 1991: 3, 18; Much-
more, 1993: 33; 1993: 33; Humphreys, 1995:
178, fig. 4a, b; Baert et al., 1996: 16, fig. 8,
map 5; Reddell and Cokendolpher, 1995: 2,
4-8,10-12, 18, 19, 50, 92, 98, 99, 101-103,
110, 111, 156, fig. 79; Vazquez Rojas, 1995:
33; 1996: 65; Tourinho and Kury, 1999: 1,
3-5, figs. 1-4; Cokendolpher and Reddell,
2000: 187; Giribet and Ribera, 2000: 207;
Armas, 2001: 53, 58, fig. 4A-D; Armas and
Cokendolpher, 2001: 3, 4; Armas, 2002: 3, 5,
8; Armas and Abdun-Antun, 2002: 14; Giri-
bet et al., 2002: 14, 62; Ruiz and Coronado,
2002: 67; Harvey, 2003: 125; Teruel, 2003:
39, 46, 47, 59, 66-68, fig. 49; Armas, 2004:
3,4,7,10, 11, 16, 17, 20, 51, fig. 21A-C;
Pérez and Teruel, 2004: 168, 172, 175, 176,
figs. 9, 13; Teruel, 2004: 36, 40, 41, fig. 19;
Wallberg et al., 2004: 571; Zonstein, 2004:
fig. 12; Armas, 2005: 3; Teruel and Armas,
2005: 129, 132, fig. 5; Armas, 2006: 240;
Harvey, 2006: 173; Spanga and Gillespie,
2006: 559; Klompen et al., 2007: 940; Har-
vey et al., 2008: 168; Pérez-Gelabert, 2008:
68; Santos et al., 2008: 1, 2, 5-7, figs. 7-9;
Armas and Cruz-Lépez, 2009: 20; Korenko
et al,, 2009: 1, 2, figs. 1-4; Santos and Pinto-
da-Rocha, 2009: 42; Teruel and Infante,
2009: 386, 388-390, fig. 4; Armas, 2010b:
211, 218, 219; Armas and Viquez, 2010: 9,
18, 20; Armas et al., 2010: 499, 500; Dabert
et al., 2010: 227; Kriiger and Dunlop, 2010:
49; Kury et al., 2010: 568; Pepato et al.,
2010: 5; Regier et al., 2010: 1080, fig. 1;
Armas and Teruel, 2011: 335; Nedvéd et al.,
2011: 539, 544, 546; Ortufio and Martinez-
Pérez, 2011: 244; Armas and Delgado-Santa,
2012: 183, 185, fig. 2; Monjaraz-Ruedas,
2012: 64; Moreno-Gonzalez and Villarreal,
2012: 62, 73; Teruel, 2012: 39, 40; Teruel et
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al,, 2012: 97, 102, 104, 107, 110, 111, fig. 16;
Villarreal and Garcia, 2012: 1, 4; Armas,
2013: 93, 93; Christophoryova et al., 2013:
25,27, 28, figs. 2A, B, 3A-E, 4A-E; Del-
gado-Santa and Armas, 2013: 37; He et al,,
2013: 105 Santos et al., 2013: 1; Zawierucha
et al,, 2013: 357-360, fig. 1-3; Alegre Bar-

roso and Barba Diaz, 2014: 54; Armas, 2014:

37; Barranco et al., 2014: 295, 296, 298, 300,
fig. 3; Moreno-Gonzilez et al., 2014: 22;
Armas and Melic, 2015: 4, 5, fig. 15A-G;
Armas and Rehfeldt, 2015: 55, 59, 60, fig.
16; Gallao et al., 2015: 1, 2, fig. 1, 3A-C;

Guzman et al., 2015: 478; Huber et al., 2015:

52; Monjaraz-Ruedas and Francke, 2015:
456, 461, 475; Palacios-Vargas et al., 2015:
32; Souza and Lira, 2015: 766, 767, fig. 1;
Cabezas-Cruz et al., 2016: 307; Giupponi et
al., 2016: 31; Monjaraz-Ruedas and Francke,
2016: 801; Monjaraz-Ruedas et al., 2016:
119, fig. 4E, F; Talanda, 2016: 281; Armas et
al., 2017: 542; Beron, 2017: 37, 47, 49;
Clouse et al., 2017: 5, 11, figs. 2-4; Delfin-
Gonziélez et al., 2017: 283, 284; Monjaraz-
Ruedas and Francke, 2017: 399, 407; Ruiz
and Valente, 2017: 89, 91; Sestakovd et al.,
2017: 19; Teruel, 2017a: 41, 45; 2017b: 81;
Armas, 2018: 81, 87; Giupponi et al., 2018:
200-203, fig. 20A; Monjaraz-Ruedas and
Francke, 2018: 189-191, 197, 212.

Schizomus antilus Hilton, 1933: 91, 92; Giltay,

1935: 6; Takashima, 1941: 94; Rowland,
1975b: 32, 186; Rowland and Reddell, 1977:
87; 1979a: 162; 1980: 2, 14; Armas and
Alayén Garcia, 1984: 9, 10; Camilo and
Cokendolpher, 1988: 55; Armas, 1989a: 1,
23; Reddell and Cokendolpher, 1995: 98.

Schizomus cavernicolens Chamberlin and Ivie,

1938: 102, 103, figs. 4-7; Gertsch, 1940: 4;
Takashima, 1941: 94; Pearse, 1945: 153;
Cérdenas-Figueroa, 1950: 154; Rémy, 1961:
406; Nicholas, 1962: 181; Vandel, 1964: 116;

1965: 93; Reddell, 1971: 28; Rowland, 1971a:

117; 1973c: 135; Brignoli, 1974: 149; Row-
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land, 1975b: 186; Reddell, 1977: 230; Row-
land and Reddell, 1977: 87; 1980: 14;
Camilo and Cokendolpher, 1988: 55; Red-
dell and Cokendolpher, 1995: 110.

Schizomus portarricensis: Bolivar and Pieltain,

1944: 301 (lapsus calami).

Schizomus latipes: Cloudsley-Thompson, 1949:

261 [misidentification]; 1958: 123 (misiden-
tification); Rémy, 1961: 407 (part, Cam-
bridgeshire record only);
Cloudsley-Thompson, 1968: 153, 154 (mis-
identification); Rowland and Reddell, 1977:
87 [misidentification].

Schizomus floridanus Muma, 1967: 18-20,

unnumbered map, figs. 13-15; Rowland,
1971b: 304; 1973c: 135; 1975b: 186, 187;
Brach, 1976: 97-99, figs. 1-3; Rowland and
Reddell, 1977: 87; Gertsch, 1979: 21; Row-
land and Reddell, 1980: 14; Borror et al.,
1981: 123; Levi, 1982: pl. 94; Camilo and
Cokendolpher, 1988: 55; Vine et al., 1988:
29; Borror et al., 1989: 107; Humphreys et
al,, 1989: 185, 189; Reddell and Cokendol-
pher, 1995: 5, 99, 110, 111.

Schizomus longimanus Rowland, 1971a: 119, 120,

124, 125, figs. 4-6, 17; Brignoli, 1973: 6-9,
figs. 1, 2; Reddell, 1973: 38; Rowland, 1973a:
13, 16, 22, fig. 21; 1973c: 135, 137; Brignol,
1974: 143, 144, 146, 147, 151, ﬁg. 1b; Sbor-
doni et al., 1974: 19; Rowland, 1975b: 186;
1975b: 14, 15, 17, 19, 20; Dumitresco, 1977:
157; Rowland and Reddell, 1977: 87; 1980:
14; Camilo and Cokendolpher, 1988: 55;
Armas, 1989a: 23; Reddell and Cokendol-
pher, 1995: 5, 99, 110, 111.

Schizomus portoricensis: Rowland, 1973b: 197;

Peck, 1974: 19; 1975: 307; Rowland, 1975b:
18, 25, 32, 76, 137, 166-169, 185-206, 214-
219, 224, 225, 366-369, 376, 377, 379, 383,
396, 397, map 5, figs. 161, 167-170, 181,
199-206, 292; Beck et al., 1976: 8; Reddell,
1977: 230; Rowland and Reddell, 1977: 79,
80, 81, 87-97, ﬁgs. 4-18; 1979a: 162, 165,
194; 1979b: 107; 1980: 1, 2, 4, 5, 7, 11, 13,
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14-16, 20, figs. 1, 6, 14-17, 28, 46-53; Sket
and Iliffe, 1980: 873; Peck, 1981: 72; Reddell,
1981: 42, 50, 55-59, 68, 126, 127, fig. 22;
Martin and Oromi, 1984: 265-270, fig. 2;
Reddell and Cokendolpher, 1984: 173, 175;
Martin et al., 1985: 40, 41, 43-45; Peck and
Kukalova-Peck, 1986: 165; Reddell and Cok-
endolpher, 1986: 31-33; Ribera, 1986: 106,
fig. 66; Camilo and Cokendolpher, 1988:
52-58, figs. 1, 6, 7; Armas, 1989a: 1, 2, 9, 23,
24, 34; 1989b: 3; Armas and Abud-Antun,
1990: 1, 5, 14-16, 19, figs. 7, 9; Peck, 1990:
368, 369; Oromi and Martin, 1992: 536;
Peck, 1993: 42; Baert and Mahnert, 2015: 3,
15-17, 70-73, map 5, fig. 3.

Schizomus loreto Armas, 1977: 5-8, figs. 3, 4;
1984: 9; 1989a: 1, 23; Reddell and Cokendol-
pher, 1995: 110.

TyPE MATERIAL EXAMINED: Schizomus flori-
danus: U.S.A.: Florida: Dade County: Ross and
Castellow Hammock, 1 ¢ holotype (AMNH).
Schizomus longimanus: MEXICO: Chiapas:
Municipio de Tuxtla Gutierrez: Cueva Cerro
Hueco, 3 km SE Tuxtla Guitierrez, 18.viii.1967, J.
Reddell, J. Fish, and M. Tandy, holotype &
(AMNH), paratype 8 (AMNH), 2 @ paratypes
(AMNH).

MATERIAL EXAMINED: BELIZE: Cayo Dis-
trict: Belmopan, 2 ¢ (AMNH); Blue Hole
National Park, 17° 08'49"N 88°40'29"W, 170 m,
6.x1.2013, R. Monjaraz and C. Santibafez, 1 ?
(CNAN DNA-Sz197); Caves Branch, Buck’s
Bypass Cave, 1 ¢ (AMNH); Hummingbird
Highway, 1 ¢ (AMNH). COLOMBIA: Quindio
Department: Montenegro, Finca Hotel Bosque
Nativo, 04°33'10"N 75°45'32"W, 1250 m, 10.
xii.2011, A. Valdez 1 2 (CNAN Sz40).
DOMINICAN REPUBLIC: La Altagracia
Province: near Alto de Chavon, 18°29'27"'N
68°55'04"W, 65.5 m, 15.vii.2004, J. Huff and
E.S. Volschenk forested road cutting in cane
fields, 1 imm. (AMCC [LP 3750]). GUATE-
MALA: Alta Verapaz, Coban, Reserva Natural
Chahunpek, 16°00'35"N 90°38'56"W, 230 m,
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20.viii.2017, D. Barrales and R. Monjaraz 1 9
(AMCC [LP 14554]); Santa Rosa, El Papayo,
14°08'17"N 90°33'52"W, 296 m, 3-4 July 2006,
C. Avila, R. Estrada, J. Huff, D. Ortiz, and C.
Viquez, 2 ¢ (AMCC [LP 6014]); Izabal, Rio
Sauce, 15 km E of El Estor, picnic area on river,
15°33'37"N 89°17'06"W, 13 m, 7.vii.2006, J.
Huft, D. Ortiz, and C. Viquez, 2 ? (AMCC [LP
6016]). HONDURAS: Santa Barbara Departa-
ment: Municipio de Santa Barbara: San Anto-
nio, 1 km NE Rio Grande de Otoro, 14°46'28"N
88°10'15"W, 355 m, 28.ix.2008, M. Branstetter
and C. Viquez, 1 ¢ (AMCC [LP 9475]). Muni-
cipio de Santa Rita: Desvio a Santa Rita, 3.4 km
SW San Francisco de Ojuera, side of road,
14°44'08"N 88°13'16"W, 490 m, 28.ix.2008, M.
Branstetter and C. Viquez, 1 ¢ (AMCC [LP
9473]). Lempira Departament: Municipio de La
Iguala: La Telegrafia, side of road going to Gra-
cias, before reaching Santa Rita, 14°45'58"N
88°14'31"W, 466 m, 28.ix.2008, M. Branstetter
and C. Viquez, 2 ? (AMCC [LP 9474]).
JAMAICA: St. Ann Parish: Falling Cave, Doug-
las Castle, 1 ? (AMNH). Trelawny Parish:
Ulster Spring, ca. 1 km N, 18°20'39"N
77°30'47"W, 420 m, 18.vi.2005, S. Huber, 1 ?
(AMCC [LP 5179]). MEXICO: Campeche:
Municipio de Calakmul: Reserva Ejidal Ley de
Fomento Agropecuario, 3.5 km from Cristobal
Colon, 17°59'13"N 89°24'54"W, 243 m,
14.x.2011, D. Barrales, D. Candia, O. Francke,
G. Montiel, and A. Valdez, 10 ¢ (CNAN Sz50);
outside Cueva de Balam-ka (Volcan de los
Murciélagos), 18°31'15"N 89°49'31"W, 191 m,
12.x.2011, D. Barrales, D. Candia, O. Francke,
G. Montiel, and A. Valdez, 5 @ (CNAN Sz51).
Chiapas: Municipio de Cacahuatan: Bridge Faja
de Oro, 15°02'20"N 92°10'17"W, 658 m, 6.
xii.2015, G. Contreras, H. Montafo, and L.
Olguin, 1 ¢ (CNAN DNA-Sz125), 7.iii.2017, J.
Cruz, G. Contreras, . Mendoza, and L. Olguin,
2 2 (AMCC [LP 14546]). Municipio de Mar-
quez de Comillas: Playén de la Gloria, trail
Rockera, 16°09'01"N 90°50'47"W, 150 m,
13.xi1.2014, G. Contreras and L. Olguin, 1 ¢
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(CNAN Sz159). Municipio de Ocosingo:
Arroyo Nayte, Sierra la Cojolita, 16°47'39"N
91°02'32"W, 194 m, 18.x.2006, J. Ballesteros, O.
Francke, H. Montafio, and A. Valdez. 1 8,3 ¢
(CNAN Sz10), 28.vii.2013, O. Francke, J. Men-
doza, R. Monjaraz, C. Santibafiez, A. Valdez,
and K. Zérate, 4 3,4 ? (CNAN Sz93); El Aser-
radero 16°47'07"N 91°02'17"W, 205 m, 18.x.
2006, J. Ballesteros, O. Francke, H. Montaio,
and A. Valdez, 37 @ (CNAN Sz11), 28.vii.2013,
O. Francke, J. Mendoza, R. Monjaraz, C. San-
tibafiez, A. Valdez, and K. Zarate, 35 ¢ (CNAN
S$z108); El Carton, 5 km W Frontera Corozal,
16°47"11"N 90°55'41"W, 153 m, 6.ix. 2005, M.
Cordoba, O. Francke, A. Jaimes, H. Montafio,
and A. Valdez, 30 © (CNAN Sz15); Cueva
Grande, reserva Chan-Kin, 16°41'29"N
90°49'26"W, 144 m, 19.x.2006, C. Ballesteros,
O. Francke, H. Montanio and A. Valdez, 3 ¢
(CNAN Sz16); Frontera Benemerito, 10 km
from junction, 16°43'21"N 90°55'29"W, 162 m,
20.x. 2006, C. Ballesteros, O. Francke, H. Mon-
tafio, and A. Valdez, 2 ¢ (CNAN Sz19). Muni-
cipio de Ocozocuautla: Cueva de los Bordos,
16°49'46"N 93°31'32"W, 615 m, 14.iv.2014, O.
Sanchez and K. Zarate, 1 & (CNAN DNA-
Sz24). Municipio de San Fernando: Cueva de la
Canada, Ejido Benito Judrez, 16°53'50"N
93°07'59"W, 926 m, 3.vii.2014, K. Zérate, 1 &
(CNAN Sz158); Cueva del Guano, 16°48'50"N
93°10'19"W, 840 m, 2.iv.2014, G. Contreras and
G. Montiel, 2 ¢ (CNAN S$z185); Cueva de la
Mano, Ejido Miguel Hidalgo, 16°51'52"N
93°14'52"W, 1043 m, 18.vi.2011, G. Contreras,
J. Cruz, O. Francke, R. Monjaraz, C. Santiba-
fiez, A. Valdez, and K. Zarate, 6 &, 6 @ (CNAN
Sz2); Cueva de Las Abejas, 16°50'55"N
93°14'36"W, 1190 m, 19.vi.2011, G. Contreras,
J. Cruz, O. Francke, R. Monjaraz, C. Santiba-
fiez, A. Valdez, and K. Zarate, 1 8,5 @ (CNAN
Sz3). Municipio de Tuxtla Gutierrez: Tuxtla
Gutierrez, 16°46'27"N 93°08'02"W, 652 m,
4.viii.2006, PBN, 1 & (CNAN Sz89). Colima:
Municipio de Villa de Alvarez: Manantial Agua
Fria, 19°16'23"N 103°52'40"W, 458 m, 23.
vi.2014, G. Contreras and G. Montiel, 1 ¢

(CNAN DNA-Sz63). Guerrero: Municipio de
Chilpancingo: Cueva del Borrego, Omiltemi,
17°33719"N 99°39'17"W, 1997 m, 21 September
2012, G. Contreras, J. Cruz, ]. Mendoza, and D.
Ortiz, 1 imm. (CNAN Sz94), 1 2 (AMCC [LP
14498]). Jalisco: Municipio de Puerto Vallarta:
Calle Olas Altas, 20°35'56"N 105°14'14"W, 32
m, 21.ii. 2015, G. Contreras, 3 ¢ (AMCC [LP
14505]). Nayarit: Municipio de San Blas: Cueva
del Naranjo, 21°28'46"N 105°04'39"W, 580 m,
17.vi. 2015, G. Contreras and G. Montiel, 4 ¢
(CNAN Sz177). Tabasco: Municipio de Mac-
uspana: outside Cueva de Agua Blanca,
17°37"12"N 92°28'12"W, 193 m, 30.ix.2014, G.
Contreras and G. Montiel, 2 ¢ (CNAN Sz180).
Quintana Roo: Municipio de Bacalar: Bacalar
Lake, 18°38'51"N 88°24'46"W, 3 m, 13.vii.2014,
G. Contreras, H. Montafio, G. Montiel, R. Pare-
des, and A. Valdez, 3 8, 3 @ (CNAN Sz174).
Yucatan: Municipio de Chichén Itza: Actin
Xkyc (Xkyc Cave), Calcehtok, 1 ¢ (AMNH);
Cenote Seco (Dry Cenote), 1 8,1 ¢ (AMNH);
Ruinas de Chichenitza, 20°40"49"N 88°34'10"W),
32 m, 1.viii.2014, J. Mendoza and R. Monjaraz,
2 8,2 2 (CNAN Sz168), 3 ¢ (AMCC [LP
14506]). Municipio de Merida: Km 172 high-
way Merida-Cancun, 20°45'49"N 88°03'25"W,
36 m, 20.vii.2010, D. Barrales, G. Contreras, J.
Cruz, O. Francke, G. Montiel, M. Paradiz, and
C. Santibafiez, 4 ? (CNAN S$z23). Municipio
de Tecax: Cueva Chocantes, 20°13'28"N
89°17'58"W, 91 m, 2.x.2014, G. Contreras and
G. Montiel, 1 8,1 ? (CNAN Sz165). Muni-
cipio de Tecoh: Grutas de Tzabna, 20°43'49"N
89°28'29"W, 23 m, 3.x.2014, G. Contreras and
G. Montiel, 3 ? (CNAN Sz164). U.S.A: Florida:
Dade County: Everglades National Park, 4
imm. (AMNH); Florida City, 3.2-8 km S, 14 ?
(AMNH); Homestead, W Mowry St., 1 @
(AMNH); Matheson Hammock, 22 ¢
(AMNH); Miami, 1 @ (AMNH); Miami Brick-
ell Hammock, 1 ? (AMNH); Royal Palm State
Park, 1 ¢ (AMNH). Monroe County: Mara-
thon, 2 ¢ (AMNH); Stock Island, 1 @
(AMNH). Puerto Rico: Bosque Estatal Susua,
old campsite, trail leading into forest,
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18°04'03"N 66°53'50"W, 181 m, 19-20.x.2009,
J. Huff and L. Prendini 1 @ (AMCC [LP
10149]); Cueva de los Alferos, Barrio Moza,
near Isabela, 2 ¢ (AMNH); Cueva Tuna, 3.5
km S of Cabo Rojo, 1 8,3 %, 1 imm. (AMNH).

Troglostenochrus, gen. nov.

Figures 4, 6, 71, 9E 131, 23G-1, 24G-1, 25C, D;
tables 1, 4

Stenochrus (part): Monjaraz-Ruedas, 2012: 63,
64; Monjaraz-Ruedas and Francke, 2018:
189, 192.

TyYPE SPECIES: Stenochrus valdezi Monjaraz-
Ruedas, 2012 [= Troglostenochrus valdezi (Mon-
jaraz-Ruedas, 2012), comb. nov.], type species,
here designated.

Diagnosis: Troglostenochrus, gen. nov., may
be separated from other hubbardiid genera by
the following combination of characters. Chelic-
eral movable finger serrate, with multiple teeth;
single guard tooth at end of serrula; setal group
G3 with G3-3 setae situated anteriorly (fig. 13I).
Propeltidium anterior process with two anterior
setae (one posterior to the other) and three pairs
of dorsosubmedian setae (fig. 11A); corneate
eyes absent. Metapeltidium entire. Tegument
without clavate setae. Pedipalps homeomorphic;
trochanter with mesal spur, apical process long,
projected and fan-shaped (fig. 7I); femur Fv, and
Fv, setae spiniform, Fvr,_, setae present (Fvr,_,
setae in Troglostenochrus palaciosi (Reddell and
Cokendolpher, 1986), comb. nov.); patella with
four acuminate Pe setae and four feathered Pm
setae; tibia setal formula 3-3-4 (Ter-Tmr-Tir) (fig.
14D). Leg IV femur anterodorsal margin pro-
duced at ca. 90° angle. Opisthosomal tergite II
with one pair of setae (Dm). Opisthosomal seg-
ments [X-XII not elongated; XII (3) without
posterodorsal process. Pygidial flagellum (3)
bulbous, trilobed, without dorsal depressions
(fig. 23G-I), with pair of dorsosubmedian,
rounded projections; flagellum (%) with two
annuli (fig. 24G-I). Spermathecae (?) with two
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pairs of lobes; lateral lobes ca. 3/4 the length of
median lobes, linear, with apex directed laterally;
median lobes inverse J-shaped with apex directed
laterally; lobes unsclerotized apically and without
bulbs; median lobe bases anterior to lateral lobe
bases, with duct openings along entire length
(fig. 9F); chitinized arch hastate, with curved
anterior branch, and lateral tips extremely pro-
jected and tapering; gonopod long and narrow.

CoMPARISONS: Species of Troglostenochrus,
gen. nov., resemble species of Cokendolpherius
Armas, 2002 in the trilobed pygidial flagellum
and robust pedipalps, with a projected, conical
apical process of the pedipalp trochanter, of
the male, and the three pygidial flagellomeres
and horizontal bracket shape of the chitinized
arch of the spermathecae, of the female. How-
ever, Troglostenochrus bears three pairs of dor-
sal setae on the propeltidium, whereas
Cokendolpherius bears two pairs, and females
of Troglostenochrus possess both Vm, and DI,
setal pairs on the pygidial flagellum, which are
absent in Cokendolpherius, and the spermathe-
cal lobes are considerably longer in Troglo-
stenochrus than in Cokendolpherius.

Species of Troglostenochrus resemble species
of Baalrog, gen. nov., in the shape of the female
spermathecae, in which the lateral lobes are
reduced, and the lateral tips projected. However,
the lateral lobes are considerably longer and
wider in Troglostenochrus than in Baalrog, and
the anterior branches of the chitinized arch are
present and curved in Troglostenochrus, but
absent in Baalrog.

ErymoLoGy: The generic name is a com-
pound word derived from troglo (Greek, “hole”),
referring to the troglomorphic species included
in the genus, and “Stenochrus” the genus in
which its two species were formerly accommo-
dated. It is masculine in gender.

INCLUDED SPECIES: Troglostenochrus palaciosi
(Reddell and Cokendolpher, 1986), comb. nov,;
Troglostenochrus valdezi (Monjaraz-Ruedas,
2012), comb. nov.

DisTrRIBUTION: Troglostenochrus, gen. nov., is
known from only two disjunct localities in the
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states of Guerrero and Chiapas, southern Mex-
ico. Presumably, the genus extends across the
entire Sierra Madre del Sur in Oaxaca and the
Sierra Chiapas, although extensive searching in
the caves of Chiapas have thus far failed to col-
lect additional species (fig. 4).

NaturaL HisTory: The known species of
Troglostenochrus, gen. nov., are strictly cavernic-
olous, inhabiting the dark zone of caves, and
have not been collected on the surface. Mayazo-
mus loobil Monjaraz-Ruedas and Francke, 2015,
was collected outside the cave inhabited by T.
valdezi, comb. nov.

REMARKS: Species of Troglostenochrus, gen.
nov., closely resemble species of Cokendolpherius,
endemic to Cuba. Unfortunately, no samples of
Cokendolpherius were available for DNA isola-
tion and attempts to collect fresh material of T.
palaciosi, comb. nov., were unsuccessful (the cave
was never found). Nevertheless, the morphologi-
cal characters and simultaneous phylogenetic
analyses (fig. 6) unequivocally support the place-
ment of T. palaciosi within Troglostenochrus. The
acquisition and analysis of DNA sequence data
from Cokendolpherius are needed to test its rela-
tionship to Troglostenochrus.

Troglostenochrus palaciosi (Reddell
and Cokendolpher, 1986), comb. nov.

Schizomus mexicanus: Palacios-Vargas, 1981: 64
[misidentification]; Alberti and Palacios-
Vargas, 1987: 2 [misidentification].

Schizomus sp. nov.: Hoffmann et al., 1986: 151,
208, 238.

Schizomus palaciosi Reddell and Cokendolpher,
1986: 31, 35-37, figs. 1-5, 11; Alberti and
Palacios-Vargas, 1987: 1-14, figs. 1-30;
Alberti, 1990: 29; Ludwig and Alberti, 1990:
255-257, figs. 1, 10; Palacios-Vargas, 1990:
5; Reddell and Cokendolpher, 1995: 6, 109;
Alberti, 2000: 313, figs. 3d, 7b; Giribet et al,,
2002: 49.

Stenochrus palaciosi: Reddell and Cokendolpher,
1991: 18; 1995: 6, 8, 12, 18, 103, 108, 109;

Vazquez-Rojas, 1995: 33; 1996: 65; Harvey,
2003: 124; Moreno-Gonzalez and Villarreal,
2012: 73; Monjaraz-Ruedas, 2012: 65; Pala-
cios-Vargas and Reddell, 2013: 52; Zawieru-
cha et al., 2013: 359; Palacios-Vargas et al.,
2015: 32.

TYPE MATERIAL: Schizomus palaciosi: MEX-
ICO: Guerrero: Municipio de Taxco de Alarcén:
Gruta de Acuitlapan, 12 km NE of Taxco,
26.v.1978, ]. Palacios, holotype 3 (CNAN T120),
23.v.1980, J. Palacios, paratype @ (CNAN T119).

Troglostenochrus valdezi
(Monjaraz-Ruedas, 2012), comb. nov.

Stenochrus valdezi Monjaraz-Ruedas, 2012:
63-68, figs. 1-9; Moreno-Gonzalez and Vil-
larreal, 2012: 73; Palacios-Vargas and Red-
dell, 2013: 52; Palacios-Vargas et al., 2015:
32; Monjaraz-Ruedas and Francke, 2018:
189, 192.

TyYPE MATERIAL: Stenochrus valdezi: MEX-
ICO: Chiapas: Municipio de La Trinitaria: Cueva
de San Francisco, 16°05'59"N 92°02'49"W, 1546
m, 18.vi.2011, G. Contreras, J. Cruz, O. Francke,
R. Monjaraz, C. Santibafiez, A. Valdez, and K.
Zarate, holotype 8 (CNAN T698), 4 ? para-
types (CNAN T699).

ADDITIONAL MATERIAL ExAMINED: MEX-
ICO: Chiapas: Municipio de La Trinitaria: Cueva
de San Francisco, 16°05'59"N 92°02'49"W, 1546
m, 18.vi.2011, G. Contreras, J. Cruz, O. Francke,
R. Monjaraz, C. Santibafiez, A. Valdez, and K.
Zarate, 3 @ (CNAN Sz160),1 2,1 imm. (AMCC
[LP 14532]), O. Francke, J. Mendoza, R. Monja-
raz, C. Santibafiez, A. Valdez, and K. Zarate,
26.vi. 2013,1 &, 3 ? (CNAN Sz92).

DISCUSSION

Until quite recently, the systematics of Schizo-
mida focused principally on the description of
new genera and species, using a limited set of
morphological character systems (Rowland,

137



76 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

1975b; Reddell and Cokendolpher, 1995; Harvey,
2003; Monjaraz-Ruedas and Francke, 2015, 2016,
2017). The shapes of the male pygidial flagellum
and the female spermathecae were emphasized for
the diagnosis and delimitation of schizomid spe-
cies. Although these character systems are very
informative at the species level, because they are
sexually selected, they are often unreliable for the
diagnosis and delimitation of supraspecific taxa
within the order, for the same reason (Reddell and
Cokendolpher, 1995; Monjaraz-Ruedas and
Francke, 2016; Villarreal et al., 2008). The relief of
the dorsal surface of the flagellum and the relative
positions of its setae are more informative phylo-
genetically than flagellar shape per se (Cokendol-
pher and Reddell, 1992; Harvey, 1992;
Monjaraz-Ruedas et al., 2016); however, there is
considerable homoplasy in these characters as
well (Monjaraz-Ruedas et al.,, 2016).

Although a few genera, e.g., Mayazomus,
Surazomus, and Tayos Reddell and Cokendol-
pher, 1995, are diagnosed by autapomorphies,
the diagnosis of most schizomid genera currently
requires a combination of homoplastic charac-
ters, 20 of which were listed by Reddell and Cok-
endolpher (1995): coronate ocelli; tegument
clavate setae; cheliceral movable finger accessory
teeth and/or lamella; movable finger serrula
guard teeth; pedipalps sexual dimorphism (het-
eromorphic or homeomorphic) and male dimor-
phism (or polymorphism); pedipalp armature;
pedipalp trochanter mesal spur development;
trochanter anterior process setation; leg v
femur, anterodorsal margin development;
metapeltidium divided or entire; opisthosomal
elongation; opisthosomal segment II setation;
opisthosomal segment XII, posterodorsal pro-
cess; male pygidial flagellum dorsoventrally or
laterally compressed; flagellum dorsal surface
pits; female pygidial flagellum, number of flagel-
lomeres or annuli; gonopod structure; female
spermathecae, number of lobes; spermathecal
lobes nodular or without nodules.

Recent investigations of other character sys-
tems, such as the counts and relative positions of
setae on the chelicerae and pedipalps and a more
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detailed and precise description of the diverse
structures comprising the female spermathecae,
offered new potential for schizomid systematics
at the species level and above (Moreno-Gonzélez
et al., 2014; Monjaraz-Ruedas et al., 2016, 2017;
Villarreal et al., 2016). However, only the annuli
on the female flagellum have thus far been tested
in a phylogenetic framework (Monjaraz-Ruedas
et al., 2016). The phylogenetic information con-
tent of other character systems, and their utility
for schizomid systematics above the species level,
were untested prior to the analyses of Monjaraz
et al. (in prep.). Based on those results, a brief
assessment is provided below.

PROPELTIDIAL SETAE: The number of pairs of
setae on the dorsal surface of the propeltidium
was introduced as a character by Rowland (1975b),
who hypothesized that reduction in the number
was synapomorphic in Hubbardiidae because four
or more pairs are observed in Protoschizomidae.
Rowland (1975b) noted this character was highly
variable within the species groups subsequently
described by Rowland and Reddell (1979a, 1979b,
1980, 1981) and that three pairs was the most
common condition among New World hubbar-
diids. However, among Mexican schizomids, two,
three, or four pairs of propeltidial setae, combined
with characters of the chelicerae movable finger,
the male pygidial flagellum, and the female sper-
mathecae, proved effective for generic diagnosis in
the present study. The number of pairs of propelti-
dial setae was constant among congeners, e.g.,
Harveyus, gen. nov., and Stenochrus each bear two
pairs of setae, Nahual, gen. nov., and Schyzo-
phyxia, gen. nov., each bear three, and Heteros-
chizomus, stat. rev., bears four. Furthermore, the
number of pairs of propeltidial setae (and the
relief of the cheliceral movable finger) are inde-
pendent of sex and stage, permitting immatures of
both sexes to be reliably identified to genus. Based
on these observations, the utility of the propelti-
dial setae for the generic diagnosis of schizomids
appears to have been underestimated.

PEDpIPALP TIBIAL SETAE: Monjaraz-Ruedas
and Francke (2016) proposed the use of pedipalp
setae for species delimitation and subsequently

138



2019 MONJARAZ-RUEDAS ET AL: SHORT-TAILED WHIPSCORPION GENUS STENOCHRUS 77

homologized the pedipalp setae of Hubbardiidae
with those of Protoschizomidae (Monjaraz-Rue-
das et al.,, 2017), demonstrating that the number
and shape of these setae are informative for the
diagnosis of schizomid families. Although all
hubbardiids possess a similar setal configuration,
especially on the pedipalp femur and patella,
variation in setal patterns on the pedipalp tibia is
informative at the generic level. The tibia bears
three rows of setae, the retrolateral (Ter), median
(Tmr), and prolateral (Tir) rows, which may be
transformed into a formula by counting the
number of setae in each (Ter-Tmr-Tir). In the
present study, the formula of tibial setae was usu-
ally constant among congeners. For example,
formulae of 5-5-6 and 3-3-4 occur in Nahual and
Stenochrus, respectively, providing a diagnostic
difference between them. Furthermore, as with
the number of propeltidial setae, this character is
independent of sex and stage, permitting imma-
tures of both sexes to be reliably identified to
genus. When used in combination, these charac-
ters reliably diagnose genera in which one is con-
stant. For example, although Stenochrus and
Schizophyxia share the tibial setae formula 3-3-4,
Schizophyxia bears three pairs of propeltidial
setae whereas Stenochrus bears two.

MALE PyGipiaL FLAGELLUM: The shape of the
male pygidial flagellum was traditionally consid-
ered the most important character for species
delimitation in schizomids (Reddell and Coken-
dolpher, 1995). However, the character is prob-
lematic for generic diagnosis for the same reason
it is useful for species delimitation: sexual selec-
tion on flagellar shape has created considerable
variation at the species level (Reddell and Cok-
endolpher, 1995; Villarreal et al., 2008), which
obfuscates homology assessment and hinders the
definition of character states. The coding and
definition of the states of male flagellar shape
could be improved by avoiding subjective assess-
ments and quantitatively comparing homologous
components of the flagellum using ratios or
shape analysis with geometric morphometrics,
which can then be analyzed phylogenetically as
continuous characters (De Bivort et al., 2009;

Magalhdes and Santos, 2012), as recently applied
to Mayazomus (Monjaraz-Ruedas and Francke,
2016). A more objective, quantitative character-
ization of flagellar shape may assist with generic
diagnosis across the order and provide phyloge-
netically informative data as, e.g., in Heteros-
chizomus, which possess a distinctly elongated
flagellum. This approach may also reveal homo-
plasy or mistaken homology assessment as, e.g.,
with the elongated pygidial flagellum of Nahual
lanceolatus, comb. nov., and Heteroschizomus, a
character that led Rowland and Reddell (1981) to
assign these taxa to the same species group.

Although there are problems with using male
flagellar shape as a character for generic diagnosis
in schizomids, other characters of the male flagel-
lum offer potential for the purpose. The relief of
the dorsal surface of the flagellum, despite also
exhibiting considerable variation, is constant or
nearly so among some congeners, e.g., all known
species of Nahual, which possess a pair of dorso-
submedian pits, and most species of Rowlandius,
which exhibit a pair of submedian projections.
The relative positions of the flagellar setae also
appear to provide reliable characters for species
delimitation in some genera, e.g., Piaroa, but
exhibit considerable interspecific variation, limit-
ing their utility for generic diagnosis beyond spe-
cific cases, e.g., in differentiating Calima
Moreno-Gonzalez and Villarreal, 2012, and Piaroa
from other South American genera.

FEMALE SPERMATHECAE: Brignoli (1973)
introduced female spermathecal shape as a char-
acter for species delimitation, but Rowland and
Reddell (1979a, 1979b, 1980, 1981) noted it
could not be used in isolation, due to the con-
served morphology of the spermatheca, suggest-
ing these authors were aware that the character
is often constant among congeners. Despite these
concerns, spermathecal shape continues to be
used for species delimitation and as an aid to
identify females in the absence of males. This
practice probably leads to erroneous delimitation
and identification, especially among the many
species complexes and parthenogenetic popula-
tions of schizomids. For this reason, characters
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of the female spermathecae should be used with
caution and species descriptions should be based
on their component structures, rather than solely
on the general shape. In the present study, sub-
division of the spermatheca into its components
facilitated the identification of several characters
(i.e., shape and size of the chitinized arch, rela-
tive lengths and widths of the median and lateral
lobes, relative positions of the medial and lateral
lobe bases, orientation of the lobe apex, and api-
cal sclerotization or bulbs on the lobes), the com-
bination of which was constant among congeners,
permitting reliable diagnosis of genera. Some of
these characters also vary interspecifically, pro-
viding information at the species level.

Phylogenetic hypotheses of DNA sequences,
analysed separately and simultaneously with the
morphological characters, greatly assisted the
identification of monophyletic groups, defined
as genera in the present contribution, and the
morphological characters for their diagnosis, by
optimization on the preferred phylogenetic
hypothesis. Based on this assessment, charac-
ters of the female spermathecae presented
herein were found to be reasonably reliable for
generic recognition.

In conclusion, the integration of morphological
and molecular data not only increased knowledge
of the schizomid diversity in the New World but
disentangled what was once considered a homo-
plastic and variable morphology in a large “catch-
all” genus (i.e., Stenochrus) into discrete units each
diagnosable by unique character combinations.

ACKNOWLEDGMENTS

The authors are grateful to many people and
institutions that contributed to this study. R M.-R.
thanks the Graduate Program in Biological Sci-
ences of the Universidad Nacional Auténoma de
México (UNAM); the Consejo Nacional de Cien-
cia y Tecnologia (CONACYT), Mexico, for Schol-
arship 288690 and financial support for DNA
sequencing from Project 271108 ‘Red tematica
Cédigo de Barras de la Vida’ (continuidad de redes

NO. 435

tematicas); the Instituto de Biologia of the Univer-
sidad Nacional Auténoma de México (IBUNAM)
for infrastructure and logistics; the Richard Gilder
Graduate School at the American Museum of Nat-
ural History (AMNH) for a Collections Study
Grant and a Theodore Roosevelt Memorial Grant,
which assisted his visits to the AMNH; and the
American Arachnological Society for a grant from
the Vincent Roth Fund for Systematic Research,
which supported the research. The following peo-
ple and institutions assisted with fieldwork and/or
contributed material used in the study: current and
former members of the Coleccion Nacional de
Acaros (CNAC) and the Colecciéon Nacional de
Aracnidos (CNAN) at IBUNAM, especially D.
Barrales, G. Contreras, J. Cruz, D. Guerrero, J.
Mendoza, G. Montiel, L. Olguin, R. Paredes, C.
Santibanez, and A. Valdez; the Laboratorio de
Aracnologia, IBUNAM, Tlaxcala (LATLAX); cur-
rent and former members of the AMNH Arach-
nology Lab, especially R. Botero-Trujillo, E.
Gonzalez-Santillan, J. Huff, and E.S. Volschenk; J.
Palacios (Laboratorio de Microartépodos, FCU-
NAM); M. de Luna-Gonzilez (Universidad
Auténoma de Nuevo Ledn); and colleagues from
other institutions: N. Angel, J. Bokma, M. Brans-
tetter, V. Garcia-Marquez, A. Gluesenkamp, S.
Huber, S. Longhorn, P. Mendez-Acuiia, D. Ortiz, E
Pilo-Garcia, D. Rebollo-Salinas, M. Salas-Rod, C.
Savvas, P. Sprouse, E. Tinoco, C. Viquez, and K.
Zarate. J.-L. Lacaille-Muzquiz and J. Olivos pro-
vided help at the Centro Interpretativo Ecoldgico,
Tamaulipas, to Grupo Espeleoldgico Jaguar and
Proyecto Espeleologico Sistema Huautla. J. Reddell
and J.C. Cokendolpher loaned material from the
Texas Memorial Museum. M. Hedin and S.
Derkarabetian (San Diego State University, CA)
donated material of Hubbardia pentapeltis Cook,
1899. L. Sorkin and P. Colmenares (AMNH) pro-
vided logistical support in the AMNH Collections
of Arachnida and Myriapoda, P. Colmenares
assisted in the AMNH Molecular Systematics Lab-
oratory of the Sackler Institute for Comparative
Genomics, and S. Thurston assisted in the AMNH
Division of Invertebrate Zoology. A. Jiménez and

140



2019 MONJARAZ-RUEDAS ET AL: SHORT-TAILED WHIPSCORPION GENUS STENOCHRUS 79

L. Mérquez assisted R.M.-R. with molecular work
in the Molecular Laboratory of the Laboratorio
Nacional de Biodiversidad (LANABIO) at IBU-
NAM. B. Mendoza Garfias from Microscopia Elec-
tronica (LANABIO) and J.A. Cruz-Lopez assisted
R.M.-R. with scanning electron microscopy, and S.
Guzman Gomerz assisted in the Laboratorio de
Microscopia y Fotografia de la Biodiversidad (II).
H. Ochoterena (IBUNAM) and A. Nieto (FCU-
NAM) provided invaluable comments and sugges-
tions concerning the project, U. Hernandez helped
R.M.-R. develop names for new genera and species
described in this contribution; M.S. Harvey, P.
Ornelas, and ].R. Reddell reviewed previous drafts
of the manuscript, and S. Thurston (AMNH)
assisted with preparing the plates. Specimens
recently collected for this work were obtained
under Scientific Collector Permit FAUT-0175 from
SEMARNAT to O.EE Some of the material exam-
ined was collected during National Science Foun-
dation (NSF) grants DEB 0413453 and DEB
0640219 to L.P. DNA sequencing at the AMNH
was funded in part by NSF grants EAR 0228699
and DEB 0640219, and a grant from the Richard
Lounsbery Foundation, to L.P.

REFERENCES

Acosta, L.E., A. Pérez-Gonzalez, and A.L. Tourinho.
2007. Methods for taxonomic study. In R. Pinto-da-
Rocha, G. Machado, and G. Giribet (editors), Har-
vestmen, the biology of opiliones: 494-500.
Cambridge and London: Harvard University Press.

Alberti, G. 1990. Comparative spermatology of Ara-
neae. Acta Zoologica Fennica 190: 17-34.

Alberti, G. 2000. Chelicerata. In B.G.M. Jamieson (edi-
tor), Progress in male gamete ultrastructure and
phylogeny: 311-388. In K.G. Adiyodi and R.G. Adi-
yodi (editors), Reproductive biology of inverte-
brates, vol. 9. New York: Wiley.

Alberti, G., and J.G. Palacios-Vargas. 1987. Fine struc-
ture of spermatozoa and spermatogenesis of Schizo-
mus palaciosi, Reddell and Cokendolpher, 1986
(Arachnida: Uropygi, Schizomida). Protoplasma
137: 1-14.

Alegre Barroso, A., and R. Barba Diaz. 2014. Estado de
conservacion de Jimeneziella decui, una especie cav-

ernicola de Cuba (Opiliones: Laniatores). Revista
Ibérica de Aracnologia 25: 43-57.

Aoki, J. 1973. Soil Zoology: an introduction to classifi-
cation and ecology of soil animals. Tokyo: Hokyryu-
kan Publishing Company.

Armas, L.E de. 1977. Dos nuevas especies de Schizomus
Arachnida: Schizomida, de Cuba. Poeyana 166: 1-8.

Armas, L.E de. 1984. Tipos de Arachnida depositados
en el Instituto de Zoologia de la Academia de Cien-
cias de Cuba. I. Amblypygi, Opiliones, Ricinulei,
Scorpiones, Schizomida, y Uropygi. Poeyana 284:
1-11.

Armas, L.E de. 1989a. Adiciones al orden Schizomida
(Arachnida) en Cuba. Poeyana 387: 1-45.

Armas, L.E de. 1989b. Depredacion de Schizomus por-
toricensis (Arachnida: Schizomida) por Phrynus
marginemaculatus (Arachnida: Amblypygi). Misce-
lanea Zooldgica, Instituto de Ecologia y Sistematica,
Academia de Ciencias de Cuba 46: 3.

Armas, L.E de. 1995. Aracnidos de Nicaragua 5.
Nueva especie de Stenochrus (Schizomida: Hub-
bardiidae). Revista Nicaraguense de Entomologia
34: 9-15.

Armas, L.E de. 2001. Amblypygi, Schizomida, Scorpio-
nes y Solpugida. In M.G. Vazquez (editor), Fauna
edafica de las selvas tropicales de Quintana Roo:
53-59. Quintana Roo, México: Secretaria de Edu-
cacion Publica.

Armas, L.E de. 2002. Dos géneros nuevos de Hubbar-
diidae (Arachnida: Schizomida) de Cuba. Revista
Ibérica de Aracnologia 5: 3-9.

Armas, L.F. de. 2004. Aracnidos de Republica Domini-
cana. Palpigradi, Schizomida, Solifugae y Thely-
phonida (Chelicerata: Arachnida). Revista Ibérica
de Aracnologia 2: 3-63.

Armas, L.E. de. 2005. Los esquizémidos troglobios de
Cuba (Archnida: Schizomida). Espelunca Digital 1:
1-7.

Armas, L.E de. 2006. Sinopsis de los amblipigidos antil-
lanos (Arachnida: Amblypygi). Boletin de la Socie-
dad Entomoldgica Aragonesa 38: 223-245.

Armas, L.E de. 2010a. Nuevos ardcnidos de Puerto
Rico (Arachnida: Amblypygi, Araneae, Opiliones,
Parasitiformes, Schizomida, Scorpiones). Boletin de
la Sociedad Entomoldgica Aragonesa 47: 55-64.

Armas, L.F. de. 2010b. Schizomida de Sudamérica
(Chelicerata: Arachnida). Boletin de la Sociedad
Entomolégica Aragonesa 46: 203-234.

Armas, L.F. de. 2011. Género nuevo de Hubbardiidae
(Arachnida: Schizomida) para Jamaica. Solenodon
9: 12-19.

141



80 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Armas, L.E de. 2013. Pedipalpi (Arachnida: Amblypygi,
Schizomida, Thelyphonida) de Cuba Occidental.
Revista Ibérica de Aracnologia 22: 91-94.

Armas, L.E. de. 2014. Los amblipigios cavernicolas de
Cuba (Arachnida: Amblypygi). Revista Ibérica de
Aracnologia 24: 29-51.

Armas, L.E de. 2018. Una especie nueva de Luisarma-
sius del oriente de Cuba y descripcion de la hembra
de Pinero marmoreus (Schizomida: Hubbardiidae).
Revista Ibérica de Aracnologia 33: 81-88.

Armas, L.E de, and A.J. Abud-Antun. 1990. El orden
Schizomida (Arachnida) en Republica Dominicana.
Poeyana 393: 1-23.

Armas, L.E de, and A.J. Abud-Antun. 2002. Tres espe-
cies nuevas de Rowlandius (Schizomida: Hubbar-
diidae) de Reptiblica Dominicana, Antillas Mayores.
Revista Ibérica de Aracnologia 5: 11-17.

Armas, L.E de, and G. Alayon Garcia. 1984. Sinopsis de
los aracnidos cavernicolas de Cuba (excepto dcaros).
Poeyana 276: 1-25.

Armas, L.E de, and J.C. Cokendolpher. 2001. Com-
ments on some schizomids from the Dominican
Republic, with description of a new species of Row-
landius (Schizomida: Hubbardiidae). Revista Ibérica
de Aracnologia 3: 3-6.

Armas, L.F. de, and P.A. Colmenares-Garcia. 2006.
Nuevo género de Hubbardiidae (Arachnida :
Schizomida). Boletin de la Sociedad Entomoldgica
Aragonesa 39: 27-30.

Armas, L.E de, and J.A. Cruz-Lopez. 2009. Especie
nueva de Stenochrus (Schizomida: Hubbardiidae) de
Oaxaca, México. Solenodon 8: 20-24.

Armas, L.E de, and L. Delgado-Santa. 2012. Nuevo
género de Hubbardiidae (Arachnida: Schizomida)
de la cordillera occidental de los Andes, Colombia.
Revista Ibérica de Aracnologia 21: 139-143.

Armas, L.F. de, and A. Melic. 2015. Orden Schizomida.
Revista Ibero Diversidad Entomolégica @ccesible
21: 1-6. Online resource (http://sea-entomologia.
org/IDE@/revista_21.pdf).

Armas, L.E. de, and S. Rehfeldt. 2015. Stenochrus por-
toricensis, Zomus bagnallii and a new genus of
schizomids (Schizomida: Hubbardiidae) from a
greenhouse in Frankfurt am Main, Germany.
Arachnologische Mitteilungen 49: 55-61.

Armas, L.E de, and R. Teruel. 1998. Taxonomy of
Stenochrus brevipatellatus, n. comb. (Schizomida,
Hubbardiidae). Theringia, Serie Zoologia 85:
47-49.

Armas, L.E de, and R. Teruel. 2002. Un género nuevo
de Hubbardiidae (Arachnida. Schizomida) de las

NO. 435

Antillas Mayores. Revista Ibérica de Aracnologia 6:
45-52.

Armas, LE de, and R. Teruel. 2009. Nuevas consideracio-
nes sobre algunos géneros de esquizomidos troglo-
morfos de Cuba (Schizomida: Hubbardiidae). Boletin
de la Sociedad Entomoldgica Aragonesa 45: 447-451.

Armas, L.E de, and R. Teruel. 2011. On the fossil
schizomids (Schizomida: Hubbardiidae) from
Dominican Republic amber. Boletin de la Sociedad
Entomoldgica Aragonesa 48: 335-336.

Armas, L.E de, and C. Viquez. 2009. Primer registro del
género Piaroa Villarreal, Giupponi et Tourinho,
2008 (Schizomida: Hubbardiidae) en Cen-
troamérica, con la descripcion de una especie nueva
de Costa Rica. Boletin Sociedad Entomoldgica Ara-
gonesa 44: 131-133.

Armas, L.E de, and C. Viquez. 2010. Nuevos Hubbar-
diidae (Arachnida: Schizomida) de América Cen-
tral. Boletin de la Sociedad Entomoldgica Aragonesa
46: 9-21.

Armas, L.E de, C. Viquez, and R. Miranda. 2010. Adi-
ciones a la fauna panamena de esquizémidos
(Schizomida: Hubbardiidae). Boletin de la Sociedad
Entomologica Aragonesa 46: 499-501.

Armas, L.F de, R. Barba Diaz, and A. Alegre Barroso.
2017. Redescription of the monotypic genus Cuba-
canthozomus (Schizomida: Hubbardiidae) and con-
servation status of its type-species. Zootaxa 4323
(4): 534-546.

Baert, L., and V. Mahnert. 2015. The distribution of the
non-Araneae and non-Acari arachnids of Galapa-
gos. Belgian Journal of Entomology 28: 1-76.

Baert, L., J.P. Maelfait and K. Desender. 1996. Distribu-
tion of the arachnid species of the orders Scorpio-
nes, Solifugae, Amblypygi, Schizomida, Opiliones
and Pseudoscorpiones in Galdpagos. Bulletin de
I'Institut Royal des Sciences Naturelles de Belgique,
Entomologie 65: 5-19.

Barranco, P, J.G. Mayoral, and G.A. Garcia. 2014.
Primer registro de esquizomidos en la Peninsula
Ibérica (Arachnida, Schizomida). Boletin de la Aso-
ciacion Espafiola de Entomologia 38: 295-301.

Beck, B.E, M. Fram, and J.R. Carvajal. 1976. The Aguas
Buenas Caves, Puerto Rico: geology, hydrology, and
ecology with special reference to the histoplasmosis
fungus. National Speleological Society Bulletin
38:1-16.

Beron, P. 2017. Comparative arachnogeographical anal-
ysis between the faunas of Central America and the
Antilleans (Caribbeans). Historia Naturalis Bul-
garica 24: 33-59.

142



2019 MONJARAZ-RUEDAS ET AL: SHORT-TAILED WHIPSCORPION GENUS STENOCHRUS 81

Bolivar and C. Pieltain. 1944. Exploracién bioldgica de
algunas cavernas de Cuba. Ciencia, México 4: 301-304.

Borror, D.J, D.M. DeLong, and C.A Triplehorn. 1981.
An introduction to the study of insects. Philadel-
phia: Saunders College Publishing.

Borror, D.J., C.A Triplehorn, and N.E Johnson. 1989.
An introduction to the study of insects. Fort Worth:
Saunders College Publishing.

Brach, V. 1976. Development of the whipscorpion
Schizomus floridanus with notes on behavior and
laboratory culture. Bulletin of the Southern Califor-
nia Academy of Sciences 74 (3): 97-100.

Brignoli, PM. 1973. Note sulla morfologia dei genitali
degli schizomidi e diagnosi preliminari di due
nuove species del Messico (Arachnida, Schizomida).
Fragmenta Entomologica 9: 1-9.

Brignoli, PM. 1974. Un nuovo Schizomida delle Batu
Caves in Malesia (Arachnida, Schizomida). Revue
Suisse de Zoologie 81 (4): 731-735.

Biicherl, W. 1971. Clase II. Los Ardcnidos (Arachnida).
In L. Cendrero (editor), Zoologia hispanoameri-
cana, Invertebrados: 347-464. D.E, México: Edito-
rial Porrua, SA.

Cabezas-Cruz, A. et al. 2016. Anaplasma phagocyto-
philum increases the levels of histone modifying
enzymes to inhibit cell apoptosis and facilitate
pathogen infection in the tick vector Ixodes scapu-
laris. Epigenetics 11 (4): 303-319.

Camilo, G.R,, and J.C. Cokendolpher. 1988. Schizomi-
dae de Puerto Rico. Caribbean Journal of Science 24
(1-2): 52-59.

Cardenas-Figueroa, M. 1950. Los recursos naturales de
Yucatdn. IV. Informe hidrobioldgico y faunistico de
Yucatdn. Boletin de la Sociedad Mexicana de Geo-
grafia y Estadistica 69: 135-159.

Chamberlin, R.V. 1922. Two new American arachnids
of the order Pedipalpida. Proceedings of the Bio-
logical Society of Washington 35: 11-12.

Chamberlin, R.V., and W. Ivie. 1938. VIIL. Arachnida of
the orders Pedipalpida, Scorpionida and Ricinulida.
Carnegie Institution of Washington Publications
491: 101-107.

Christophoryova, J., A. Sestakova, M. Krumpal, and P.
Fenda. 2013. First record of a schizomid, Stenochrus
portoricensis (Schizomida: Hubbardiidae), in Slova-
kia. Arachnologische Mitteilungen 45: 25-29.

Cloudsley-Thompson, J.L. 1949. Notes on Arachnida.
I1. Schizomida in England. Entomologists’ Monthly
Magazine 85: 261.

Cloudsley-Thompson, J.L. 1958. Spiders, scorpions,
centipedes and mites. The ecology and natural his-

tory of woodlice, myriapods and arachnids. New
York: Pergamon Press.

Cloudsley-Thompson, J.L. 1968. Spiders, scorpions,
centipedes and mites. Oxford: Pergamon Press.
Clouse, R.M. et al. 2017. First global molecular phy-
logeny and biogeographical analysis of two arach-
nid orders (Schizomida and Uropygi) supports a
tropical Pangean origin and mid-Cretaceous diver-
sification. Journal of Biogeography 44 (11): 2660

2672.

Coddington, J.A., S.E. Larcher, and J.C. Cokendolpher.
1990. The systematic status of Arachnida, exclusive
of Acari, in North America north of Mexico. In M.
Kosztarab and C.W. Schaefer (editors), Systematics
of the North American insects and arachnids: status
and needs: 5-20. Blacksburg, VA: Polytechnic Insti-
tute and State University.

Cokendolpher, J.C., and J.R. Reddell. 1984a. On the
ongoing research (the order Schizomida). American
Arachnology 29: 5.

Cokendolpher, J.C., and J.R. Reddell. 1984b. The male
of Schizomus sbordonii Brignoli (Schizomida,
Schizomidae). Journal of Arachnology 12: 241-243.

Cokendolpher, J.C., and J.R. Reddell. 1992. Revision of
the Protoschizomidae (Arachnida: Schizomida)
with notes on the phylogeny of the order. Texas
Memorial Museum, Speleological Monographs 3:
31-74.

Cokendolpher, J.C., and J.R. Reddell. 2000. New and
rare Schizomida (Arachnida: Hubbardiidae) from
South America. Amazoniana 16: 187-212.

Cook, O.F. 1899. Hubbardia, a new genus of Pedipalpi.
Proceedings of the Entomological Society of Wash-
ington 4: 249-261.

Cutler, B,, and L. McCutchen. 2006. Heavy metals in
cuticular structures of Palpigradi, Ricinulei, and
Schizomida (Arachnida). Journal of Arachnology 34
(3): 653-656.

Dabert, M. et al. 2010. Molecular phylogeny of acari-
form mites (Acari, Arachnida): strong conflict
between phylogenetic signal and long-branch
attraction artifacts. Molecular Phylogenetics and
Evolution 56 (1): 222-241.

Darriba, D., G.L. Taboada, R. Doallo, and D. Posada.
2012. jModelTest 2: more models, new heuristics
and parallel computing. Nature Methods 9 (8): 772.

De Bivort B.L., R. Clouse, G. Giribet. 2009. A morpho-
metrics based phylogeny of the temperate Gondwa-
nan mite harvestmen (Opiliones, Cyphophthalmi,
Pettalidae). Journal of Zoological Systematics and
Evolutionary Research 48: 294-309.

143



82 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Delfin-Gonzalez, H., V.M. Ramirez, P.C. Manrique-S,
A. Martin-Park, and C. Arisqueta-Chablé. 2017.
Contribution to the knowledge of the arachnids on
the Yucatdn Peninsula, Mexico (excluding Aranae
and Acari). Tropical and Subtropical Agroecosys-
tems 20: 279-288.

Delgado-Santa, L., and L.F. de Armas. 2013. Tres nue-
vos Hubbardiinae (Schizomida. Hubbardiidae) de
Colombia. Revista Ibérica de Aracnologia 22: 37-45.

Dumitresco, M. 1977. Autres nouvelles espéces du
genre Schizomus des grottes de Cuba. Résultats des
Expéditions Biospéologiques Cubano-Roumaines a
Cuba 2: 147-158.

Farris J.R. 1970. Methods for computing Wagner trees.
Systematic Zoology 19: 83-92.

Fitch W.M. 1971. Toward defining the course of evolu-
tion: minimum change for a specific tree topology.
Systematic Zoology 20: 406-416.

Gallao, J.E., M.E. Bichuette, and A.PL. Giupponi. 2015.
First record of Stenochrus portoricensis Chamberlin,
1922 (Arachnida: Schizomida: Hubbardiidae) for
caves in Brazil: evidence for a troglophile status of
an exotic species. Check List 11 (1): 1.

Gertsch, W.J. 1940. Two new American whip-scorpions
of the family Schizomidae. American Museum
Novitates 1077: 1-4.

Gertsch, W.J. 1979. American spiders. New York: Van
Nostrand Reinhold Co.

Giltay, L. 1935. Notes arachnologiques africaines. VII.
Description d’un pédipalpe nouveau du Congo
beige (Trithyreus ghesquierei, n.sp.). Bulletin du
Musée Royal d’Histoire Naturelle de Belgique, Brux-
elles 11 (32): 1-8.

Giribet, G., G.D. Edgecombe, W.C. Wheeler, and C.
Babbitt. 2002. Phylogeny and systematic position of
Opiliones: a combined analysis of chelicerate rela-
tionships using morphological and molecular data.
Cladistics 18 (1): 5-70.

Giribet, G., and C. Ribera. 2000. A review of arthropod
phylogeny: new data based on ribosomal DNA
sequences and direct character optimization. Cla-
distics 16: 204-231.

Giupponi, A.PL., G.S. Miranda, and O.M. Villarreal.
2016. Rowlandius dumitrescoae species group: new
diagnosis, key and description of new cave-dwelling
species from Brazil (Schizomida, Hubbardiidae).
ZooKeys 2016 (632): 13-34.

Giupponi, A.PL., et al. 2018. Aracnideos de Mata
Atlantica. In E.M.L.A Monteiro-Filho and C.E
Conte (editors), Revisoes em Zoologia, Mata Atlan-
tica: 129-235. Parand, Brasil: Editora UFPR.

NO. 435

Guzman, A.LLA,, D.C. Joya, and O.F Francke. 2015.
The first troglomorphic species of the genus Phry-
nus Lamarck, 1801 (Amblypygi: Phrynidae) from
Mexico. 3920 (3): 474-482.

Harvey, M. 1992. The Schizomida (Chelicerata) of Aus-
tralia. Invertebrate Systematics 6 (1): 77-129.

Harvey, M.S. 2003. Catalogue of the Smaller Arachnid
Orders of the World. Collingwood, Victoria, Austra-
lia: CSIRO Publishing.

Harvey, M.S. 2006. The schizomid fauna (Arachnida:
Schizomida: Hubbardiidae) of the Arabian Penin-
sula and Somalia. World (2001): 167-177.

Harvey, M. 2013. Schizomids of the world. Version 1.0.
Perth: Western Australian Museum. Online resource
(http: //museum.wa.gov.au/catalogues-beta/schizo-
mids).

Harvey, M.S., O. Berry, K.L. Edward, and G. Hum-
phreys. 2008. Molecular and morphological system-
atics of hypogean schizomids (Schizomida:
Hubbardiidae) in semiarid Australia. Invertebrate
Systematics 22 (2): 167-194.

He, Q. et al. 2013. The venom gland transcriptome of
Latrodectus tredecimguttatus revealed by deep
sequencing and cDNA library analysis. PLoS One 8
(11): 1-16.

Hilton, W.A. 1933. A new whip-scorpion from Cuba.
PanPacific Entomologist 9: 91-92.

Hoffmann, A., J.G. Palacios-Vargas, and ].B. Morales-
Malacara. 1986. Manual de biospeleologia (con nue-
vas aportaciones de Morelos y Guerrero, Méx.). D.E,
México: Universidad Nacional Auténoma de
Meéxico.

Huber, B., J. Neuman, S. Rehfeldt, A. Grabolle, and N.
Reiser. 2015. Back in Europe: Quamtana spiders
(Araneae: Pholcidae) in Germany. Arachnologische
Mitteilungen 50: 51-56.

Humphreys, W.E. 1995. Chorion surface features of che-
licerate eggs. Records of the Western Australian
Museum, Supplement 52: 171-181.

Humphreys, W.E, M. Adams, and M. Vine. 1989. The
biology of Schizomus vinei (Chelicerata: Schizo-
mida) in the caves of Cape Range, Western Austra-
lia. Journal of Zoology (London) 217: 177-201.

International Commission on Zoological Nomecnla-
ture (ICZN). 2000. International Code of Zoological
Nomenclature. 4th ed. London: International Trust
for Zoological Nomenclature.

Katoh, S. 2013. MAFFT multiple sequence alignment
software version 7: improvements in performance
and usability. Molecular Biology and Evolution 30:
772-780.

144



2019 MONJARAZ-RUEDAS ET AL: SHORT-TAILED WHIPSCORPION GENUS STENOCHRUS 83

Klompen, H., M. Lekveishvili, and W.C. Black IV. 2007.
Phylogeny of parasitiform mites (Acari) based on
rRNA. Molecular Phylogenetics and Evolution 43
(3): 936-951.

Korenko, S., M. Harvey, and S. Pekér. 2009. Stenochrus
portoricensis new to the Czech Republic (Schizo-
mida, Hubbardiidae). Arachnologische Mitteilun-
gen 38: 1-3.

Krantz, G.W,, and D.E. Walter. 2009. Collecting, rear-
ing, and preparing specimens. In G.W. Krantz and
D.E. Walter (editors), A manual of acarology: 83-96.
Lubbock, TX: Texas Tech University Press.

Kriiger, J., and J.A. Dunlop. 2010. Schizomids (Arach-
nida: Schizomida) from Dominican Republic amber.
Alavesia 3: 43-53.

Kury, A.B., A. Chagas, A.P.L. Giupponi, and A. Pérez-
Gonzélez. 2010. Amblypygi, Opiliones, Schizomida,
Scorpiones and Chilopoda, Tocantins, Brazil. Check
List 6 (4): 564-571.

Lanfear, R., P.B. Frandsen, A.M. Wright, T. Senfeld,
and B. Calcott. 2016. PartitionFinder 2: new meth-
ods for selecting partitioned models of evolution
for molecular and morphological phylogenetic
analyses. Molecular Biology and Evolution 34 (3):
772-773

Lawrence, R.F. 1969. The trichoid structures on the che-
licerae of the short-tailed whip-scorpions (Schizo-
mida: Arachnida). Transactions of the Royal Society
of South Africa 38: 123-132.

Levi, HW. 1982. Schizomida. In S.P. Parker (editor),
Synopsis and classification of living organisms: 76.
New York: McGraw-Hil] Book Co.

Levi, HW,, and L.R. Levi. 1968. Spiders and their kin.
New York: Golden Press.

Lewis, P.O. 2001. A likelihood approach to estimating
phylogeny from discrete morphological character
data. Systematic Biology 50 (6): 913-925.

Ludwig, M. and Alberti, G. 1990. Peculiarities of arach-
nid midgut glands. Acta Zoologica Fennica 190:
255-259.

Maddison, W.P,, and D.R. Maddison. 2018. Mesquite: a
modular system for evolutionary analysis. Version
3.4. Online resource (http: //mesquiteproject.org).

Magalhaes I.L.E, and A.J. Santos. 2012. Phylogenetic
analysis of Micrathena and Chaetacis spiders (Ara-
neae: Araneidae) reveals multiple origins of extreme
sexual size dimorphism and long abdominal spines.
Zoological Journal of the Linnean Society 166: 14-53.

Martin, J.L., and P. Oromi. 1984. Consideraciones sobre
la presencia de Schizomus portoricensis (Chamber-
lin, 1922) (Arachnida, Schizomida) en cuevas de

Tenerife (Islas Canarias). Boletin de la Sociedad
Entomolégica de Espana 8: 265-270.

Martin, J.L., P. Oromi, and J. Barquin. 1985. Estudio
ecoldgico del ecosistema cavernicola de una sima de
origen volcanico: La Sima Robada (Tenerife, Islas
Canarias). Endins 10-11: 37-46.

Mello-Leitao. 1931. Pedipalpos do Brasil e algumas
notas sobre a ordem. Archivos do Museu Nacional
33: 9-72.

Miller, M.A., W. Pfeiffer, and T. Schwartz. 2010. Creat-
ing the CIPRES Science Gateway for inference of
large phylogenetic trees. 2010 Gateway Computing
Environments Workshop (GCE): 1-8.

Millot, J. 1948. Sur trois ordres d’arachnides nouveaux
pour Madagascar avec examen de la répartition
géographique des Schizopeltides. Mémoires de
IAcadémie Malgache, Fascicule Hors Série 1948:
153-156.

Millot, J. 1949. Ordre des Uropyges. In PP. Grassé (edi-
tor), Traité de zoologie, anatomie, systématique,
biologie, vol. 6: 533-562. Paris: Masson et Cie.

Monjaraz-Ruedas, R. 2012. A new species of the schizo-
mid genus Stenochrus (Schizomida: Hubbardiidae)
from Mexico. Zootaxa 68 (3334): 63-68.

Monjaraz-Ruedas, R., and O.E. Francke. 2015. Taxo-
nomic revision of the genus Mayazomus Reddell
and Cokendolpher, 1995 (Schizomida: Hubbar-
diidae), with description of five new species from
Chiapas, Mexico. Zootaxa 3915 (4): 451-490.

Monjaraz-Ruedas, R., and O.F. Francke. 2016. System-
atics of the genus Mayazomus (Arachnida: Schizo-
mida): the relevance of using continuous characters
and pedipalp setae patterns to schizomid phyloge-
netics. Zoological Journal of the Linnean Society
176: 781-805.

Monjaraz-Ruedas, R., and O.F. Francke. 2017. A new
genus of schizomids (Arachnida: Schizomida: Hub-
bardiidae) from Mexico, with notes on its systemat-
ics. Systematics and Biodiversity 2000: 1-15.

Monjaraz-Ruedas, R., and O.F. Francke. 2018. Five
new species of Stenochrus (Schizomida: Hubbar-
diidae) from Oaxaca, Mexico. Zootaxa 4374 (2):
189-214.

Monjaraz-Ruedas, R., O.F. Francke, J.A. Cruz-Lépez,
and C.E. Santibanez-Lopez. 2016. Annuli and setal
patterns in the flagellum of female micro-whipscor-
pions (Arachnida: Schizomida): hypotheses of
homology across an order. Zoologischer Anzeiger
263: 118-134.

Monjaraz-Ruedas, R., O.F. Francke, and C.E. San-
tibafiez-Lopez. 2017. The morphological phylogeny

145



84 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

of the family Protoschizomidae revisited (Arach-
nida: Schizomida): setal characters, fossil and para-
phyletic genera. Journal of Arachnology 45: 99-111.

Montafio-Moreno, H., and O.E Francke. 2009. A new
species of Agastoschizomus (Schizomida: Protos-
chizomidae) from Guerrero, Mexico. Texas Memo-
rial Museum, Speleological Monographs 5: 33-36.

Moreno-Gonzalez, J.A., and O.M. Villarreal. 2012. A
new genus of Hubbardiidae (Arachnida: Schizo-
mida) from the Colombian Andes, with some taxo-
nomic comments. Zootaxa 3560: 61-78.

Moreno-Gonzilez, J.A., and O.M. Villarreal. 2017. Two
new species of Calima Moreno-Gonzélez and Villar-
real, 2012 (Arachnida: Schizomida: Hubbardiidae)
from the Colombian Andes, with a discussion on
the male flagellar microsetae of Hubbardiinae. Jour-
nal of Natural History 51 (45-46): 2681-2700.

Moreno-Gonzélez, J.A., L. Delgado-Santa, and L.E de
Armas. 2014. Two new species of Piaroa (Arachnida:
Schizomida, Hubbardiidae) from Colombia, with com-
ments on the genus taxonomy and the flagellar setae
pattern of Hubbardiinae. Zootaxa 3852 (2): 227-251.

Muchmore, W.B. 1993. List of terrestrial invertebrates
of St. John, U.S. Virgin Islands (exclusive of Acarina
and Insecta), with some records of freshwater spe-
cies. Caribbean Journal of Science 29: 30-38.

Muma, M.H. 1967. Scorpions, whip scorpions, and
wind scorpions of Florida (Arachnida: Scorpionida,
Pedipalpida, and Solpugida). Arthropods of Florida
and Neighboring Land Areas 4: 1-28.

Neave, S.A. 2005. Nomenclator zoologicus. A list of the
names of genera and subgenera in zoology from the
10th edition of Linnaeus, 1758, to the end of 2004.
Vol. 1-10. Woods Hole, MA: UBio. Online resource
(http://www.ubio.org/NomenclatorZoologicus/).

Nedvéd, O. et al. 2011. Ecology of Arachnida alien to
Europe. BioControl 56 (4): 539-550.

Nicholas, G. 1962. ChecKlist of troglobitic organisms of
Middle America. American Midland Naturalist 68:
165-188.

Oromi, P, and J.L. Martin. 1992. The Canary Islands
subterranean fauna: characterization and composi-
tion. In A.I. Camacho (editor), The natural history
of biospeleology. Museo Nacional de Ciencias Natu-
rales, Monografias 7: 527-567.

Ortufio, V.M., and D.F. Martinez-Pérez. 2011. Diversi-
dad de Artrépodos en Espaiia. Memorias de la Real
Sociedad Espaiola de Historia Natural 9: 235-284.

Palacios-Vargas, J.G. 1981. Los artréopodos de la gruta
de Acuitlapan, Guerrero. Folia Entomolégica Mexi-
cana 48: 64-65.

NO. 435

Palacios-Vargas, J.G. 1983. La fauna de la Gruta de
Atoyac, Veracruz. Sociedad Mexicana de Explor-
aciones Subterrdneas, Boletin 2: 42-44.

Palacios-Vargas, J.G. 1990. Miembros de la UMAE.
Curriculum vitae de José G. Palacios-Vargas. Mun-
dos Subterraneos 1: 3-7.

Palacios-Vargas, ].G., and J.R. Reddell. 2013. Actual-
izacion del Inventario Cavernicola (Estigobiontes,
Estigofilos y Troglobios) de México. Mundos Sub-
terraneos 24: 33-95.

Palacios-Vargas, J.G., C. Juberthie, and J. Reddell. 2015.
Encyclopaedia Biospeologica. Mundos Subterraneos
ITa (25-26): 101.

Pearse, A.S. 1945. La fauna. Enciclopedia Yucatanense
1: 109-271.

Peck, S.B. 1974. The invertebrate fauna of tropical
American caves, part II: Puerto Rico, an ecological
and zoogeographic analysis. Biotropica 6: 14-31.

Peck, S.B. 1975. The invertebrate fauna of tropical
American caves, Part III: Jamaica, an introduction.
International Journal of Speleology 7: 303-326.

Peck, S.B. 1981. Zoogeography of invertebrate cave fau-
nas in southwestern Puerto Rico. Bulletin of the
National Speleological Society 43: 70-79.

Peck, S.B. 1990. Eyeless arthropods of the Galapagos
Islands, Ecuador: composition and origin of the
cryptozoic fauna of a young, tropical, oceanic archi-
pelago. Biotropica 22: 366-381.

Peck, S.B. 1993. A synopsis of the invertebrate cave
fauna of Jamaica. Bulletin of the National Speleo-
logical Society 54 (2): 37-60.

Peck, S.B., and J. Kukalova-Peck. 1986. Preliminary
summary of the subterranean fauna of the Galapa-
gos Islands, Ecuador. Part 1. Introduction and non-
insect invertebrates. Proceedings of the 9th
Congreso Internacional de Espeleologia, Barcelona,
Espafia 2: 164-166.

Pepato, A.R., C.E.E Da Rocha, and J.A. Dunlop. 2010.
Phylogenetic position of the acariform mites: sensi-
tivity to homology assessment under total evidence.
BMC Evolutionary Biology 10 (1): 1-23.

Pérez-Gelabert, D.E. 2008. Arthropods of Hispaniola
(Dominican Republic and Haiti): a checklist and
bibliography. Zootaxa 1831: 1-530.

Pérez, Y., and R. Teruel. 2004. La fauna de ardcnidos de
dos localidades de Cuba oriental (Arachnida: Scor-
piones, Amblypygi, Schizomida, Ricinulei). Revista
Ibérica de Aracnologia 10: 167-178.

Petrunkevitch, A. 1945. Calcitro fisheri, a new fossil
arachnid (Arizona). American Journal of Science
243 (6): 320-329.

146



2019 MONJARAZ-RUEDAS ET AL: SHORT-TAILED WHIPSCORPION GENUS STENOCHRUS 85

Pierce, W.D. 1950. Fossil arthropods from onyx marble.
Bulletin of the Southern California Academy of Sci-
ences 49: 101-104.

Pierce, W.D. 1951. Fossil arthropods from onyx-marble.
Bulletin of the Southern California Academy of Sci-
ences 50: 34-49.

Reddell, J.R. 1971. A preliminary bibliography of Mex-
ican cave biology with a checklist of published
records. Bulletin of the Association for Mexican
Cave Studies 3: 1-184.

Reddell, J.R. 1973. Ten years of Mexican cave biology.
Newsletter of the Association for Mexican Cave
Studies 4: 31-43.

Reddell, J.R. 1977. A preliminary survey of the caves of
the Yucatdn Peninsula. Bulletin of the Association
for Mexican Cave Studies 6: 215-296.

Reddell, J.R. 1981. A review of the cavernicole fauna of
Mexico, Guatemala, and Belize. Bulletin of the Texas
Memorial Museum 27: 1-327.

Reddell, J.R 1982. A checklist of the cave fauna of
Meéxico. VII. Northern Mexico. Bulletin of the Asso-
ciation for Mexican Cave Studies 8: 249-283.

Reddell, J.R. 2012. Spiders and related groups. In D.C.
Culver and W.B. White (editors), Encyclopedia of
caves, 2nd ed.: 786-797. San Diego, CA: Elsevier/
Academic Press.

Reddell, J.R., and J.C. Cokendolpher. 1984. A new spe-
cies of troglobitic Schizomus (Arachnida: Schizo-
mida) from Ecuador. Bulletin of the British
Arachnological Society 6 (4): 172-177.

Reddell, J.R., and J.C. Cokendolpher. 1986. New species
and records of Schizomus (Arachnida. Schizomida)
from Mexico. Texas Memorial Museum, Speleologi-
cal Monographs 1: 31-38.

Reddell, J.R., and J.C. Cokendolpher. 1991. Redescrip-
tion of Schizomus crassicaudatus (Pickard-Cam-
bridge) and diagnoses of Hubbardia Cook,
Stenochrus Chamberlin, and Sotanostenochrus new
genus, with description of a new species of Hubbar-
dia from California (Arachnida: Schizomida: Hub-
bardiidae). Pearce Sellards Series 47: 1-24.

Reddell, J.R., and J.C. Cokendolpher. 1995. Catalogue,
bibliography, and generic revision of the order
Schizomida (Arachnida). Texas Memorial Museum,
Speleological Monographs 4 (4): 1-170.

Reddell, J.R., and W.R. Elliott. 1973. A checklist of the
cave fauna of México. V. Additional records from the
Sierra de Guatemala, Tamaulipas. Bulletin of the
Association for Mexican Cave Studies 5: 181-190.

Reddell, J.R., and R.W. Mitchell. 1971a. A checklist of
the cave fauna of México. 1. Sierra de El Abra, Tam-

aulipas and San Luis Potosi. Bulletin of the Associa-
tion for Mexican Cave Studies 4: 137-180.

Reddell, J.R., and R.W. Mitchell. 1971b. A checklist of
the cave fauna of México. II. Sierra de Guatemala,
Tamaulipas. Bulletin of the Association for Mexican
Cave Studies 4: 181-215.

Regier C. et al. 2010. Arthropod relationships revealed
by phylogenomic analysis of nuclear protein-coding
sequences. Nature 463: 1079-1084.

Rémy, P.A. 1961. Sur lécologie des Schizomides
(Arachn. Uropyges) de mes récoltes, avec descrip-
tion de trois Schizomus nouveaux, capturés par J.
van der Drift au Surinam. Bulletin du Muséum
National d’Histoire Naturelle, 2e série 33: 406—
414.

Ribera, C. 1986. Els aracnids (escorpins, pseudoscor-
pins, araneids, els grups exotics: uropigis, esquizo-
mids, amblipigis, ricinulis). In C. Ribera (editor),
Historia natural dels paisos catalans, 9. Artropodes
1: 85-191. Barcelona: Enciclopedia Catalana.

Rowland, J.M. 1971a. New species of schizomids
(Arachnida, Schizomida) from Mexican caves. Bul-
letin of the Association for Mexican Cave Studies 4:
117-126.

Rowland, J.M. 1971b. A new Trithyreus from a desert
oasis in southern California (Arachnida: Schizo-
mida: Schizomidae). Pan-Pacific Entomologist 47:
304-309.

Rowland, J.M. 1973a. A new genus and several new
species of Mexican schizomids (Schizomida: Arach-
nida). Occasional Papers of the Museum, Texas
Tech University 11: 1-23.

Rowland, J.M. 1973b. Revision of the Schizomida
(Arachnida). Journal of the New York Entomologi-
cal Society 80 (4): 195-204.

Rowland, J.M. 1973c. Three new Schizomida of the
genus Schizomus from Mexican caves (Arachnida).
Bulletin of the Association for Mexican Cave Stud-
ies 5: 135-140.

Rowland, J.M. 1975a. A partial revision of Schizomida
(Arachnida), with descriptions of new species,
genus, and family. Occasional Papers of the
Museum, Texas Tech University 31: 1-21.

Rowland, J.M. 1975b. Classification, phylogeny and
zoogeography of the American arachnids of the
order Schizomida. Ph.D. dissertation, Texas Tech
University, Lubbock, TX.

Rowland, J.M., and J.R. Reddell. 1976. Annotated
checklist of the arachnid fauna of Texas (excluding
Acarida and Araneida). Occasional Papers of the
Museum, Texas Tech University 38: 1-25.

147



86 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Rowland, ].M., and J.R. Reddell. 1977. A review of the
cavernicole Schizomida (Arachnida) of Mexico,
Guatemala and Belize. Bulletin of the Association
for Mexican Cave Studies 6: 79-102.

Rowland, .M., and J.R. Reddell. 1979a. The order Schizo-
mida (Arachnida) in the New World. I. Protoschizo-
midae and dumitrescoae group (Schizomidae:
Schizomus). Journal of Arachnology 6: 161-196.

Rowland, J.M., and J.R. Reddell. 1979b. The order
Schizomida (Arachnida) in the New World. II.
simonis and brasiliensis groups (Schizomidae:
Schizomus). Journal of Arachnology 7: 89-119.

Rowland, J.M., and J.R. Reddell. 1980. The order
Schizomida (Arachnida) in the New World. III.
mexicanus and pecki groups (Schizomidae, Schizo-
mus). Journal of Arachnology 8: 1-34.

Rowland, J.M., and J.R. Reddell. 1981. The order
Schizomida (Arachnida) in the New World. IV.
goodnightorum and briggsi groups and unplaced
species (Schizomidae: Schizomus). Journal of
Arachnology 9: 19-46.

Ruiz C.E., and J.M. Coronado. 2002. Artropodos ter-
restres de los estados de Tamaulipas y Nuevo Leon,
Meéxico. Primera. E. Ruiz C. and J. M. Coronado B.
(editors). Mexico: Publicaciones Cientificas
CIDAFF-UAT.

Ruiz, G.R.S., and R.M. Valente. 2017. The first schizo-
mid from a dry forest in South America (Arachnida:
Schizomida). Zootaxa 4311 (1): 81-95.

Santos, A.J., and R. Pinto-da-Rocha. 2009. A new
micro-whip scorpion species from Brazilian Ama-
zonia (Arachnida, Schizomida, Hubbardiidae), with
the description of a new synapomorphy for Uropygi.
Journal of Arachnology 37 (1): 39-44.

Santos, A.J., C.D. Sidclay, D.A. Brescovit, and P.P.P. San-
tos. 2008. The arachnid order Schizomida in the
Brazilian Atlantic Forest: a new species of Rowlan-
dius and new records of Stenochrus portoricensis
(Schizomida: Hubbardiidae). Zootaxa 1850: 53-60.

Santos, A.]., R.L. Ferreira, and B.A. Buzatto. 2013. Two
New cave-dwelling species of the short-tailed whip-
scorpion genus Rowlandius (Arachnida: Schizo-
mida: Hubbardiidae) from northeastern Brazil, with
comments on male dimorphism. PLoS ONE 8 (5):
1-12.

Savory, T.H. 1964. Arachnida. New York: Academic
Press.

Savory, T.H. 1977. Arachnida. 2nd ed. New York: Aca-
demic Press.

Sbordoni, V., R. Argano, and A. Zullini. 1974. Biologi-
cal investigations on the caves of Chiapas (Mexico)

NO. 435

and adjacent countries: Introduction. Accademia
Nazionale dei Lincei, Problemi Attuali di Scienza e
di Cultura, Quaderno 171 (2): 5-45.

Sestakovd, A., M. Suvak, K. Kraj¢ovicovd, A. Kanuchovd,
and J. Christophoryova. 2017. Arachnids from the
greenhouses of the Botanical Garden of the PJ
Safarik University in Kosice, Slovakia (Arachnida:
Araneae, Opiliones, Palpigradi, Pseudoscorpiones).
Arachnologische Mitteilungen 53: 19-28.

Shimojana, M. 1972. Distribution of Arachnida in the
Ryukyu Islands. Iden, Tokyo 26 (5): 100-106.

Shultz, J.W. 2007. A phylogenetic analysis of the arach-
nid orders based on morphological characters. Zoo-
logical Journal of the Linnean Society 150 (2):
221-265.

Sket, B., and T.M. Iliffe. 1980. Cave fauna of Bermuda.
Intemationale Revue der Gesamten Hydrobiologie
65: 871-882.

Souza, A.M. de, and A.FA. Lira. 2015. First record of
Stenochrus portoricensis Chamberlin, 1922 (Arach-
nida: Schizomida: Hubbardiidae) for the Pernam-
buco state, Brazil. Brazilian Journal of Biology 75
(3): 766-767.

Spanga, J.C., and R.G. Gillespie. 2006. Unusually long
Hyptiotes (Araneae, Uloboridae) sequence for small
subunit (18S) ribosomal RNA supports secondary
structure model utility in spiders. Journal of Arach-
nology 34 (3): 557-565.

Stamatakis, A. 2014. RAXML Version 8: A tool for phy-
logenetic analysis and post-analysis of large phylog-
enies. Bioinformatics 30 (9): 1312-1313.

Steele, C.W., and J.H. Smith. 2012. Sistema Huautla,
Mexico. In W.B White, and D.C. Culver (editors),
Encyclopedia of caves. 2nd ed.: 712-718. Tokyo:
Academic Press.

Swofford D.L, and W.P. Maddison. 1987. Reconstruct-
ing ancestral character states under Wagner parsi-
mony. Mathematical Biosciences 87: 199-229.

Takashima, H. 1941. Supplementary notes on our
knowledge of Scorpionida and Pedipalpi. Acta
Arachnologica 6: 87-98.

Takashima, H. 1947. An introduction to the Pedipalpi of
the Oriental region. Acta Arachnologica 10: 32-50.

Takashima, H. 1948. Notes on pedipalps of Japan and
adjacent territories. Acta Arachnologica 10: 93-108.

Takashima, H. 1951. Notes on schizomids (Yaitomushi-
noto). Acta Arachnologica 12: 102. [in Japanese]

Talanda, J. 2016. Ekologia Miejska Z Punktu Widzenia
Biologa-Wybrane Aspekty I Perspektywy Badan.
Kosmos Preblemy Neuk Biologicznych 2 (311):
277-283.

148



2019 MONJARAZ-RUEDAS ET AL: SHORT-TAILED WHIPSCORPION GENUS STENOCHRUS 87

Teruel, R. 2003. Adiciones a la fauna cubana de
esquizémidos, con la descripcién de un nuevo
género y nueve especies nuevas de Hubbardiidae
(Arachnida: Schizomida). Revista Ibérica de Arac-
nologia 7: 39-69.

Teruel, R. 2004. Nuevas adiciones a la fauna de
esquizémidos de Cuba oriental, con la descripcién
de cuatro nuevas especies (Schizomida: Hubbar-
diidae). Revista Ibérica de Aracnologia 9: 31-42.

Teruel, R. 2007. Esquizomidos troglomorfos de Cuba, con
las descripciones de dos géneros y una especie nuevos
(Schizomida: Hubbardiidae: Hubbardiinae). Boletin de
la Sociedad Entomoldgica Aragonesa 40: 39-53.

Teruel, R. 2012. Estatus de conservacion del orden
Schizomida (Arthropoda: Arachnida) en Cuba Ori-
ental. Revista Ibérica de Aracnologia 21: 38-40.

Teruel, R. 2017a. A new genus of micro-whipscorpions
(Schizomida: Hubbardiidae) from western Cuba.
Arthropoda Selecta 26 (1): 41-47.

Teruel, R. 2017b. Taxonomic revision of the genus
Cubazomus Reddell & Cokendolphe, 1995, with
description of a new species from Cuba (Schizo-
mida: Hubbardiidae). Revista Ibérica de Arac-
nologifa 30: 71-81.

Teruel, R., and L.E. de Armas. 2002. Un género nuevo
de Hubbardiidae (Arachnida: Schizomida) del occi-
dente de Cuba. Revista Ibérica de Aracnologia 6:
91-94.

Teruel, R., and L.E de Armas. 2005. Novedades aracnd-
logicas de Republica Dominicana (Arachnida:
Amblypygi, Schizomida, Solpugida, Uropygi). Bole-
tin de la Sociedad Entomoldgica Aragonesa 37:
129-133.

Teruel, R., and L.M. Infante. 2009. La aracnofauna del
Jardin Botdnico “Cupaynici”, Granma, Cuba
(Arachnida: Scorpiones, Amblypygi, Schizomida,
Ricinulei). Boletin de la Sociedad Entomolégica
Aragonesa 44: 383-391.

Teruel, R., L.E. de Armas, and T.M. Rodriguez. 2012.
Adiciones a los esquizomidos de Cuba Central, con
la descripcién de cuatro nuevos Rowlandius Reddell
& Cokendolpher 1995 (Schizomida: Hubbardiidae).
Revista Ibérica de Aracnologfa 21: 97-112.

Tourinho, A.L.M., and A.B. Kury. 1999. The southernmost
record of Schizomida in South America, first records
of Schizomida for Rio de Janeiro and of Stenochrus
Chamberlin, 1922 for Brazil (Arachnida, Schizomida,
Hubbardiidae). Boletim do Museu Nacional, Rio de
Janeiro (Nova Série) Zoologia 405: 1-6.

Vandel, A. 1964. Biospéologie. La biologie des animaux
cavemicoles. Paris: Gauthier-Villars.

Vandel, A. 1965. Biospeleology. The biology of caver-
nicolous animals. New York: Pergamon Press.

Vazquez-Rojas, I. 1995. Los Ardcnidos de México parte
I: Ricinulei, Amblypygi, Solifugae, Palpigradi,
Schizomida, Uropygi. Dugesiana 2: 15-37.

Vézquez-Rojas, 1. 1996. Schizomida. In J.E. Llorente-
Bousquets, A.N. Garcia-Aldrete, and E. Gonzalez
Soriano (editors), Biodiversidad, taxonomia y bio-
geografia de artrépodos de México: Hacia una sin-
tesis de su conocimiento: 63-66. D.F.: Mexico:
Universidad Nacional Autonéma de México.

Villarreal, O.M., and L.E Garcia. 2012. A new species
of Piaroa Villarreal, Giupponi and Tourinho, 2008
(Schizomida: Hubbardiidae) from Colombia. Turk-
ish Journal of Zoology 36 (2): 185-189.

Villarreal, O.M., A.P. Giupponi, and A.L. Tourinho.
2008. New Venezuelan genus of Hubbardiidae
(Arachnida: Schizomida). Zootaxa 68 (1860):
60-68.

Villarreal, O.M., L.E de Armas, and L.F. Garcia. 2014.
A new species of Piaroa (Schizomida: Hubbar-
diidae) from Venezuela, with taxonomic notes on
the genus. Zootaxa 3765 (4): 371-381.

Villarreal, O.M., G.S. Miranda, and A.P.L. Giupponi.
2016. New proposal of setal homology in Schizo-
mida and revision of Surazomus (Hubbardiidae)
from Ecuador. PLoS ONE 11 (2): 1-29.

Vine, B., B. Knott, and W.E. Humphreys. 1988. Obser-
vations on the environment and biology of Schizo-
mus vinei (Chelicerata: Scruzomida) from Cape
Range, Western Australia. Records of the Western
Australian Museum 14: 21-34.

Vomero, A. 1974. Troglobacanius n.gen. with four new
species, a line of cave-adapted Mexican Histeridae
(Coleoptera). Accademia Nazionale dei Lincei,
Problemi Attuali di Scienza e di Cultura, Quaderno
171 (2): 325-361.

Wallberg, A., M. Thollesson, J.S. Farris, and U. Jonde-
lius. 2004. The phylogenetic position of the comb
jellies (Ctenophora) and the importance of taxo-
nomic sampling. Cladistics 20 (6): 558-578.

Werner, E 1935. Klasse: Arachnoidea, Spinnentiere.
Pedipalpen. In H.G. Bronn (editor), Klassen und
Ordnungen des Tierreichs, vol. 5: 317-490. Leipzig:
Akademische Verlagsgesellschaft.

Wheeler, W.C., et al. 2017. The spider tree of life: phy-
logeny of Araneae based on target-gene analyses
from an extensive taxon sampling. Cladistics 33:
574-616.

Zacharda, M., and W.R. Elliott. 1985. Robustocheles
infernalis sp. n. (Acarina: Actinedida: Rhagidiidae)

149



88 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

from Cueva del Diablo, Veracruz, México. Acta Uni-
versitatis Carolinae, Biologica 30 (9): 477-481.

Zawierucha, K., P. Szymkowiak, M. Dabert, and M.S.
Harvey. 2013. First record of the schizomid Sterno-
chrus portoricensis (Schizomida: Hubbardiidae) in
Poland, with DNA barcode data. Turkish Journal of
Zoology 37 (3): 357-361.

Zonstein, S.L. 2004. The spider chelicerae: some prob-
lems of origin and evolution. In D.V. Logunov and
D. Penney (editors), European Arachnology 2003
(special issue 1): 349-366. Arthoropoda Selecta.

APPENDIX 1

MORPHOLOGICAL CHARACTERS USED IN
PHYLOGENETIC ANALYSIS OF THE
SHORT-TAILED WHIPSCORPION GENUS
Stenochrus CHAMBERLIN, 1922,
AND RELATED GENERA (SCHIZOMIDA:
HUBBARDIIDAE)

Characters optimized with ACCTRAN,
except where indicated otherwise.

Chelicerae

0. Fixed finger, prolateral surface, G3 setae posi-
tion: seta G3-4 posterior (0); setae G3-2 and
G3-4 posterior (1); seta G3-3 anterior (2).
[DELTRAN]

1. Fixed finger, prolateral surface, number of G5
setae: <8 (1); =9 (2).

2. Movable finger, mesal surface, margin: smooth
(0); lamella (1); dentate (2). [DELTRAN]

Prosomal propeltidium
3. Anterior process setation: 1+1 (0); 2+1 (1).
4. Dorsal pairs of setae, number: 2 (0); 3 (1); 4 (2).

Prosomal metapeltidium
5. Metapeltidium: divided (0); entire (1).

Opisthosoma

6. Segments X-XII (J): not elongate (0); elon-
gate (1).

7. Segment XII, posterodorsal process (J&):
absent (0); present (1).

8. Tergite II, number of setae: 2 (0); > 2 (1).

NO. 435

Pedipalps
9. Pedipalps, development (3): homeomorphic
(0); elongated (1); robust (2).

Pedipalp trochanter

10. Apical process: acute (0); acuminate (1);
obtuse (2); bump (3); fan-shaped (4); digiti-
form (5); rounded (6).

Pedipalp femur

11. Retrolateral surface, seta Fe,, type: acuminate
(0); spiniform (1); macrosetae (2).

12. Retrolateral surface, seta Fe;, type: acuminate
(0); spiniform (1); spiniform setiferous tuber-
cle (2); macrosetae (3).

13. Retrolateral surface, seta Fv,, type: acuminate
(0); spiniform (1); spiniform setiferous tuber-
cle (2); macrosetae (3).

14. Retrolateral surface, seta Fv,, type: acuminate
(0); spiniform (1); spiniform setiferous tuber-
cle (2); macrosetae (3).

15. Retrolateral surface, spiniform setiferous
tubercles, position: Fv, and Fv, distal (0); Fv,
ventral, Fv, distal (1); Fv, and Fv, ventral (2).
[DELTRAN]

16. Prolateral surface, anterior margin, apophy-
sis: absent (0); present (1).

17. Prolateral surface, ventral row of setae
(Fmv,_,), number: 3 (0); 4 (1).

Pedipalp patella

18. Curvature: slight (0); marked (1); none (2).

19. Retrolateral row of setae (Pe), count: 3 (0); 4
(1);5(2); 2 (3).

20. Retrolateral row of setae (Pe), type: acumi-
nate (0); feathered (1); spiniform (2); macro-
setae (3).

21. Prolateral row of setae (Pm), count: 3 (0); 4
(1); 5(2); 6 (3).

22. Prolateral row of setae (Pm), type: acuminate
(0); feathered (1); spiniform (2); macrosetae (3).

Pedipalp tibia

23. Spurs: absent (0); ventral (1); proventral (2).

24, Retrolateral row of setae (Ter), count: 3 (0); 4
(1); 5 (2); 6 (3).
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25. Retrolateral row of setae (Ter), type: (0) acu-
minate (0); feathered (1); spiniform (2); mac-
rosetae (3).

26. Medial row of setae (Tmr), count: 3 (0); 4 (1);
5(2); 6 (3).

27. Medial row of setae (Timr), type: acuminate (0);
feathered (1); spiniform (2); macrosetae (3).

28. Prolateral row of setae (Tir), count: 3 (0); 4
(1); 5 (2); 6 (3).

29. Prolateral row of setae (Tir), type: acuminate
(0); feathered (1); spiniform (2); macrosetae (3).

Male flagellum

30. Shape, dorsal view: lanceolate (0); cordate
(1); spatulate (2); subrhomboidal (3); shovel
shaped (4); elliptical (5); trilobed (6); bulbous
or clavate (7); spear shaped (8); deltoid (9).
[DELTRAN]

31. Shape, lateral view: slender (flat) (0); elliptical
(1); bulbous (2).

32. Dorsal depressions: absent (0); pair of pits
(1); single depression (2); pair of depressions
(3); depression and pits (4).

33. Dorsal depressions, position: medial (0); sub-
medial (1); anterior (2); posterior (3).

34. Dorsal projections: flat (0); pair of projec-
tions (1); single projection (2).

35. Dorsal projections, position: medial (0); sub-
medial (1). [DELTRAN]

36. Seta Dmy,, position with respect to anterior
margin: posterior (0); aligned with margin (1).

37. Seta Dm,, position with respect to seta Dl;:
anterior to (0); aligned with (1).

38. Setae DI, position with respect to setae VI;:
aligned with (0); posterior to (1); anterior to (2).

39. Setae DI, position with respect to setae VI,
aligned with (0); posterior to (1); anterior to (2).

40. Seta Vim,, position with respect to setae Vin,:
aligned with (0); posterior to (1); anterior to (2).

Female flagellum

41. Flagellomeres, count: 3 (0); 4 (1).

42. Setae DI, position with respect to setae VI;:
aligned with (0); posterior to (1); anterior to (2).

43. Setae DI, position with respect to setae Vi,
aligned with (0); posterior to (1); anterior to (2).

Spermathecae

44. Lobes, number of pairs: 1 (0); 2 (1); 3 or more
(2).

45. Median lobes, shape: linear (0); arch shaped
(1); inverse J-shaped (2).

46. Median lobes, ornamentation: sclerotized (0);
bulbs (1); smooth (2).

47. Median lobes, sclerotization: apically (0); half
of lobe (1); entire lobe (3).

48. Median lobes, bulbs size: large (0); small (1).

49. Median lobes, apex orientation: ental (0);
ectal (1); vertical (2).

50. Median lobes, base position relative to bases
of lateral lobes: aligned with (0); anterior to
(1); posterior to (2).

51. Lateral lobes, shape: linear (0); arch shaped
(1).

52. Lateral lobes, ornamentation: sclerotized (0);
smooth (1).

53. Lateral lobes, apex orientation: ental (0); ectal
(1); vertical (2).

54. Lateral lobes, length compared with median
lobes: equal (0); 3/4 (1); 1/2 (2); 1/4 (3).

55. Lobes, relative widths: equal (0); lateral lobes
wider than median lobes (1); median lobes
wider than lateral lobes (2).

56. Lobes, symmetry: symmetric (0); asymmet-
ric (1).

57. Chitinized arch, shape: arrow shaped (0);
mug shaped (1); V-shaped (2); hastate (3);
bowl shaped (4); inverse arc (5); obtuse tri-
angle (6); U-shaped (7).

58. Chitinized arch, anterior branch: present (0);
absent (1).

59. Chitinized arch, lateral tip shape: pointed (0);
lobed (1); widened (2).

60. Gonopod: absent (0); present (1)
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Abstract

The Nearctic short-tailed whipscorpion genus, Stenochrus Chamberlin, 1922 includes 27 species
distributed principally in Mexico, the U.S.A, and Central America. Morphological disparity among its
species, associated with their adaptation to diverse habitats, raised the question as to whether Stenochrus
is monophyletic. The phylogenetic relationships among short-tailed whipscorpions have only recently
begun to be explored, and the monophyly of Stenochrus has never been tested. The present contribution
provides the first phylogeny of Stenochrus, based on 61 morphological characters and 2968 aligned DNA
nucleotides from two nuclear and two mitochondrial gene markers, for 80 terminal taxa. Separate and
simultaneous analyses of the morphological and molecular data sets were conducted with Bayesian
Inference, Maximum Likelihood, and parsimony with equal and implied weighting. Terminals
represented only by morphological data ( “orphans”) were included in some analyses for evaluation of
their phylogenetic positions. Stenochrus was consistently polyphyletic and comprised eight monophyletic
clades, justifying its reclassification into eight genera including Heteroschizomus Rowland, 1973,
revalidated from synonymy with Stenochrus, by Monjaraz-Ruedas et al., 2019. Rowland & Reddell’s
(1980) mexicanus and pecki species groups were consistently paraphyletic. Orphan taxa grouped with the

most morphologically similar taxa.
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Introduction

The order Schizomida Petrunkevitch, 1945, commonly known as the short-tailed whipscorpions,
schizomids or tartarids, is among the less diverse, or minor, arachnid orders (Harvey, 2003). It currently
includes two families, Protoschizomidae Rowland, 1975, endemic to North America, and comprising two
extant and one fossil genera with 16 species, and Hubbardiidae Cook, 1899, with 65 extant genera and
345 species worldwide (Harvey, 2003, 2013; Monjaraz-Ruedas et al., 2019). Hubbardiidae comprises 33
genera (Reddell & Cokendolpher, 1995; Harvey, 2013; Monjaraz-Ruedas et al., 2019) in the New World.

Until quite recently, the systematics of short-tailed whipscorpions focused principally on the
description of new genera and species, using a limited set of morphological character systems (Reddell &
Cokendolpher, 1995; Harvey, 2003; Monjaraz-Ruedas & Francke, 2015; Monjaraz-Ruedas et al., 2016;
Monjaraz-Ruedas et al., 2017). The morphological characters used in schizomid taxonomy have
undergone many changes in the past decade, with the relevance of phylogenetically informative
characters increasingly recognized (Monjaraz-Ruedas & Francke, 2016; Monjaraz-Ruedas et al., 2016;
Villarreal et al., 2016). However, few phylogenetic analyses of the relationships among schizomids have
been conducted to date, and few genera have been tested for monophyly. Five phylogenetic analyses were
based solely on morphological characters (Rowland, 1975; Cokendolpher & Reddell, 1992; Monjaraz-
Ruedas & Francke, 2016, 2017; Monjaraz-Ruedas et al., 2017), whereas four were based mostly or
entirely on DNA sequences (Harvey et al., 2008; Clouse et al., 2017; Harms et al. 2018; Abrams et al.,
2019).

Rowland (1975) presented the first phylogenetic analysis of schizomids, based on twelve
morphological characters scored for all New World species, most of which were assigned to Schizomus
Cook, 1899 at the time. Based on Rowland’s (1975) unpublished analysis, Rowland & Reddell (1979a,
1979b, 1980, 1981) proposed seven species groups of Schizomus in the New World, i.e., the brasiliensis,
briggsi, dumitrescoae, goodnightorum, mexicanus, pecki and simonis groups. The briggsi group was
placed sister to a monophyletic group comprising two reciprocally monophyletic subgroups, one
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comprising the brasiliensis, dumitrescoae and simonis groups, the other comprising the goodnightorum,
mexicanus and pecki groups. Rowland & Reddell (1980, 1981) placed sixteen species of Schizomus from
the U.S.A, Mexico and Guatemala into the goodnightorum, mexicanus, and pecki groups. However,
further studies by Reddell & Cokendolpher (1991, 1995) demonstrated that Schizomus and another
schizomid genus, Trithyreus Kraepelin, 1899, are actually restricted to the Old World, leading Reddell &
Cokendolpher (1991) to revalidate Stenochrus Chamberlin, 1922 and synonymize Heteroschizomus
Rowland, 1973 with it.

After establishing that Schizomus does not occur in the New World, Reddell & Cokendolpher (1991,
1995) assigned Rowland’s (1975) species groups to other existing genera and created new genera to
accommodate the rest. Species of the simonis group were transferred to Hansenochrus Reddell &
Cokendolpher, 1995, the briggsi group to Hubbardia Cook, 1899, and the goodnightorum, mexicanus and
pecki groups to Stenochrus, with two species of the mexicanus group accommodated in Sotanostenochrus
Reddell & Cokendolpher, 1991. Pacal Reddell & Cokendolpher, 1995 and Surazomus Reddell &
Cokendolpher, 1995 were created to accommodate species of the brasiliensis group, and Rowlandius
Reddell & Cokendolpher, 1995, to accommodate the dumitrescoae group.

When the present study commenced, Stenochrus was the most speciose schizomid genus in North
America and the third most speciose in the New World (Reddell & Cokendolpher, 1995; Harvey, 2013),
containing 27 species, distributed mostly in the Nearctic region, from the southern U.S.A., through
Mexico to Central America (Fig. 1). One cosmopolitan species, Stenochrus portoricensis Chamberlin,
1922, was reported from North, Central and South America and the Caribbean, as well as several
countries in Europe (Korenko et al., 2009; Christophoryova et al., 2013; Harvey, 2013; Sestakova et al.,
2017) (Fig. 1A). Ever since Stenochrus was redescribed by Reddell & Cokendolpher (1991), new species
from Mexico and Central America have been placed within the genus, based on a single diagnostic
character (the lateral pair of lobes reduced in the female spermathecae), while ignoring many other
differences. Over time, Stenochrus became the “junkyard” for North American schizomids, comprising a
plethora of morphologically disparate species, differing in body size, male flagellar shape, setal patterns,
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and sexual dimorphism, including homeomorphic and heteromorphic pedipalps. This disparity among
Stenochrus species, along with their diverse habitats, including caves, rainforest, tropical dry forest, and
pine and oak forest above 2000 m, raised the question as to whether the genus is monophyletic.

Given the paucity of phylogenetic analyses on schizomids, it is unsurprising that the monophyly and
phylogenetic relationships of Stenochrus had never been tested, beyond the unpublished analysis of
Rowland (1975), and the inclusion of exemplar species in recent analyses of schizomid phylogeny based
on morphology (Monjaraz-Ruedas & Francke, 2016, 2017) or DNA sequences (Clouse et al., 2017).
Stenochrus was paraphyletic in a phylogenetic analysis of Mayazomus Reddell & Cokendolpher, 1995
based on 130 morphological characters (Monjaraz-Ruedas & Francke, 2016), which included exemplar
species of Stenochrus as outgroups, along with outgroup exemplars of Hansenochrus, Hubbardia and
Rowlandius from North, Central and South America, once included in the Schizomus species groups of
Rowland & Reddell (1979a, b, 1980, 1981). Stenochrus was also paraphyletic in the molecular analysis of
Clouse et al. (2017), based on two nuclear and two mitochondrial gene markers for 240 samples, which
included several individuals of Stenochrus portoricensis, one Stenochrus sbordonii (Brignoli, 1973), and
several unidentified schizomids from Mexico; Hubbardia grouped sister to all other hubbardiid taxa and
S. sbordonii sister to the remainder. On the other hand, Stenochrus was monophyletic in a phylogenetic
analysis of Olmecazomus Monjaraz-Ruedas et al., 2019, which included different exemplar species of
Stenochrus from the Mayazomus analysis (Monjaraz-Ruedas & Francke, 2017), i.e., Stenochrus pecki
Rowland, 1973 and S. portoricensis.

The present contribution provides the first phylogeny of Stenochrus, based on 61 morphological
characters and 2968 aligned DNA nucleotides from two markers in the nuclear genome, the internal
transcribed spacer (ITS) and 28S rDNA, and two markers in the mitochondrial genome, Cytochome ¢
Oxidase Subunit I (COI) and 12S rDNA, for a comprehensive sample of 80 taxa. Separate and
simultaneous analyses of the morphological and molecular data sets were conducted with different
optimality criteria and analytical parameters: Bayesian Inference, Maximum Likelihood and parsimony
with equal and implied weighting. Terminals represented only by morphological data (termed “orphans”)
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were included in some analyses to evaluate their phylogenetic positions. Stenochrus was consistently
polyphyletic, and comprised eight monophyletic groups, justifying its reclassification into eight genera
(Fig. 1B), including Heteroschizomus, revalidated from synonymy with Stenochrus, by Monjaraz-Ruedas

et al. (2019).

Materials and methods

Taxon sampling and material examined

Taxonomic classification follows Monjaraz-Ruedas et al. (2019). The ingroup comprised 59 terminal taxa
representing 26 (96%) of the 27 species formerly assigned to Stenochrus (Supporting Information
Appendices 1, 2). Tissue samples could not be obtained for five species for which DNA sequence data
were therefore unavailable: Ambulantactus davisi (Gertsch, 1940); Heteroschizomus meambar Armas &
Viquez, 2010; Stenochrus guatemalensis Chamberlin, 1922; Stenochrus leon Armas, 1995;
Troglostenochrus palaciosi (Reddell & Cokendolpher, 1986). Ambulantactus davisi is known only from
the type specimens from a single locality in northern Tamaulipas, Mexico, to which access was
problematic due to insecurity. Attempts to collect fresh material of S. guatemalensis and T. palaciosi,
were unsuccessful. The type locality of S. guatemalensis could not be unambiguously identified (there are
at least three places with the same name), but the sole female described by Chamberlin (1922) resembles
S. portoricensis, suggesting it may be just another record of this species, which is already reported from
Guatemala. Some specimens collected in Guatemala, with similar female spermathecae, were included in
the analysis as Stenochrus cf. guatemalensis. The type locality of T. palaciosi was never located. The
original collector could not locate the cave either, during a previous attempt. Finally, it was impossible to
collect H. meambar and S. leon. Despite the absence of molecular data, all except one of the orphan taxa
were included in the simultaneous analyses of the morphological and molecular data, to test their
phylogenetic positions based solely on morphology. Type specimens of all species were examined, except

Biological Journal of the Linnean Society

158



Page 7 of 66

oNOYTULT D WN =

Biological Journal of the Linnean Society

for H. meambar and S. leon. Stenochrus leon was omitted from the morphological matrix due to the
absence of specimens for examination and the limited information available from the inadequate original
description (Supporting Information Appendices 3, 4).

The outgroup comprised 14 terminal taxa representing 5 (15%) of the New World genera of
schizomids. Outgroup selection was intended to test the monophyly of Stenochrus, and guided by
previous phylogenetic studies of schizomids by Rowland (1975), Monjaraz-Ruedas & Francke (2016) and
Clouse et al. (2017), as well as by morphological similarity and geographical proximity to Stenochrus
(Supporting Information Appendices 1, 2). The analyses were rooted on Hubbardia , as it was placed
sister to all other New World schizomid exemplars in the phylogenies of Rowland (1975), Monjaraz-
Ruedas & Francke (2016) and Clouse et al. (2017). The inclusion of Mayazomus and Olmecazomus was
guided by the analysis of Monjaraz-Ruedas & Francke (2016, 2017), which placed Stenochrus mexicanus
(Rowland, 1971) sister to a clade comprising Mayazomus and Rowlandius. The inclusion of
Olmecazomus and Sotanostenochrus was based on their morphological similarity to Stenochrus. The
shapes of the male pygidial flagella and female spermathecae of Olmecazomus resemble those of
Stenochrus, whereas species of Sotanostenochrus resemble Stenochrus mexicanus, both obligate
cavernicoles which are codistributed. Pacal was included based on similarities with some members of
Stenochrus, its Neotropical distribution, and the presence of epigean and hypogean species.

Specimens were collected by hand or using an aspirator, and preserved in 80% ethanol for
morphological study, with one or two preserved in 96% ethanol for DNA isolation. Material examined is
deposited in the American Museum of Natural History (AMNH), New York, including the Ambrose
Monell Cryocollection (AMCC); the Coleccion Nacional de Aracnidos (CNAN) at the Instituto de
Biologia, Universidad Nacional Auténoma de México (IBUNAM), Mexico City; and the Texas Memorial

Museum (TMM), University of Texas, Austin.

Morphological data
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A morphological data matrix, comprising 61 morphological characters scored for 80 terminal taxa
(Supporting Information Appendix 4), was prepared using Mesquite ver. 3.0.4 (Maddison & Maddison,
2018), and deposited in Morphobank (https://morphobank.org) with accession number P3464 (Supporting
Information Appendices 3, 4). Forty-three multistate and 18 binary characters were modified from
Monjaraz-Ruedas & Francke (2016, 2017) and treated as non-additive (Fitch, 1971) to avoid a priori
character state transformations. The matrix included character systems considered important for species
recognition, e.g., chelicerae, propeltidium, pygidial flagellum shape, pedipalp setation, pedipalp
dimorphism, enlargement of the opisthosoma, and female spermathecae. However, several characters
from previous matrices (e.g., Monjaraz-Ruedas et al. 2016, 2017) were excluded, specifically those which
were constant (e.g., setation of the chelicerae and opisthosoma), variable only at the family level, or
highly variable at the species level (e.g., number of teeth on the cheliceral movable finger).
Morphological terminology for legs and pedipalps follows Reddell & Cokendolpher (1995);
cheliceral setal nomenclature follows Lawrence (1969), as modified by Villarreal et al. (2016); pedipalp
setal terminology follows Monjaraz-Ruedas et al. (2017); opisthosomal setal nomenclature follows
Villarreal et al. (2016); pygidial flagellar setal terminology follows Cokendolpher & Reddell (1992), as
modified by Harvey (1992) and Monjaraz-Ruedas et al. (2016); and spermathecal nomenclature follows

Monjaraz-Ruedas et al. (2019).

Selection of gene markers

Seven gene markers which evolve at different rates, and would thus be expected to provide phylogenetic
resolution at different taxonomic levels (Prendini et al., 2003), were initially identified as suitable
candidates for the study, i.e., 18S rDNA, the D3 region of the 28S rDNA (28S), Histone H3, and the
Internal Transcribed Spacer (ITS) from the nuclear genome, and 12S rDNA (12S), 16S rDNA (16S), and
Cytochrome ¢ Oxidase Subunit | (COI) from the mitochondrial genome. As 16S was impossible to
amplify consistently with the primers available, only six of these markers were assessed for phylogenetic
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informativeness (Lopez-Giraldez et al., 2013), on which basis , four, i.e., the nuclear ITS and 28S, and the
mitochondrial 12S and COI, were selected to reconstruct the relationships of Stenochrus (Fig. 2,

Supporting Information Table S1).

DNA sequencing

DNA was insolated using the DNeasy Tissue kit (Qiagen, Valencia, CA). Extractions were prepared from
the entire specimen when several individuals were available whereas leg pairs 1I-1V were used when only
a singleton was available. When the extraction from leg pairs 11-1V failed, the entire prosoma was used,
leaving the opisthosoma, along with the flagellum and spermathecae (if applicable) intact for voucher
identification.

Polymerase chain reaction (PCR) amplification was performed using standard procedures (Nishiguchi
et al., 2002; Prendini et al., 2002, 2005), with Illustra Hot Start Mix RTG beads (GE Healthcare, Little
Chalfont, Buckinghamshire) in a 25 pl reaction comprising 21 ul de-ionized water, 1 pl forward and
reverse primers (Supporting Information Table S1), and 2 ul DNA. The PCR program involved an initial
denaturing step at 94°C for 5 min, 35 amplification cycles (94°C for 30 s, a variable annealing
temperature for 35 s, 72°C for 30 s), and a final step of 72°C for 7 min, in a GeneAmp PCR System 9700
thermocycler. The annealing temperature was 54°C for 28S and ITS, 46°C for COI and 42-40°C for 12S.
PCR products were purified using an AMPure Magnetic Beads Purification System (Agencourt
Bioscience, La Jolla, CA) and resuspended in 40 ul de-ionized water.

PCR products were Sanger-dideoxy sequenced using an ABI Prism 3730 XL DNA Sequencer
(Perkin-Elmer, Melville, NY) at the AMNH Sackler Institute of Comparative Genomics and a 3500 XL
Genetic Analyzer (Life Technologies, Foster City, CA) at the Laboratorio Nacional de Biodiversidad
(LANABIO), IBUNAM.

Double-stranded sequences were edited and contiged into consensus sequences using Sequencher ver.
5.4.6 (Gene Codes Corporation, Ann Arbor, MI). A total of 301 sequences were generated from 80
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samples for the study (Supporting Information Appendix 1). The data matrix representativeness was of
94%: sequences of 12S were absent for 11 samples, of ITS for four samples, of 28S for three samples, and

of COI for one sample (Supporting Information Appendix 1).

Sequence alignment

Edited consensus sequences of the four gene markers were aligned using MAFFT 6
(http://mafft.cbrc.jp/alignment/server/; Katoh et al. 2002, 2005, 2009). The L-INS-i strategy was applied
for the 28S and COI markers and the G-INS-i strategy for the ITS and 12S markers, due to the trivial
variation in sequence length and short gap openings (Katoh et al., 2005; Swain, 2018). The COI
alignment was translated into amino acids to assess its quality by identifying stop codons in Mesquite ver.
3.0.4 (Maddison & Maddison, 2018).

Alignments obtained with MAFFT were analyzed using MEGA ver. 7.0 (Kumar et al., 2016) to
calculate matrix statistics as percentage of variable sites, conserved sites, parsimony-informative sites, A,
C, G, T content and transition/transversion ratios. Calculations were conducted using the maximum

composite likelihood test (mcl), applying the Tamura et al. (2004) substitution model (Table 1).

Phylogenetic analysis

Seven data partitions (morphology, 28S, ITS, 12S, and COI first, second and third codon positions) were
identified with PartitionFinder ver. 2 (Lanfear et al., 2012) using the CIPRES Science Gateway ver. 3.3
online portal (Miller et al., 2010). jModelTest ver. 2.1.6 (Darriba et al., 2012) was used to select the
evolutionary model for each molecular partition, by comparing the Akaike Information Criterion (AIC)
and the Bayesian Information Criterion (BIC) for each partition, and the GTR+1+G model chosen for
each data partition.

Phylogenetic analyses were performed using three optimality criteria, parsimony, Bayesian Inference
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(B1), and Maximum Likelihood (ML). Analyses were performed on four datasets, morphology and
molecules analyzed separately, and two datasets in which morphology and molecules were analyzed
simultaneously, one comprising 80 terminals (16 outgroup and 64 ingroup), the other comprising 86
terminals (16 outgroup and 70 ingroup), including terminals represented only by morphological data (i.e.,
orphans) (see Supporting Information Appendices 1, 2).

Parsimony analyses for each data matrix were conducted with equal weighting (EW) and implied
weighting (IW), with eight values of the concavity constant (k) = 1, 5, 10, 15, 20, 30, 60 and 100 (Table
2), using TNT ver. 1.1 (Goloboff et al., 2008). Gaps were treated as missing data. Tree search was
conducted using new technology algorithms (Nixon et al., 1999; Goloboff et al., 2003); the command
string for each search was piwe = x; hold 1200 xmult = level 10; where piwe activates the implied
weighting option, x indicates the k value for the search, and xmult = level 10 specifies the most stringent
heuristic search strategy. Nodal support values for EW analyses were calculated using 1000 bootstrap
pseudoreplicates with a removal probability of 36%, using an xmult = level 6 search strategy. Symmetric
resampling, presented as group supported/contradicted, was conducted with the post search command
string nelsen*; scores; fit*; length; save/; resample replications 1000 sym; for each k value, using
1000 pseudoreplicates with removal probability of 33%. IW tree selection was based on the values of Fit,
adjusted homoplasy (AH) and average clade support (ACS; Table 2), where the tree with the best
combination of values was preferred and used for comparisons with all other analyses (Table 2; Figs. 3—
6).

Bl analyses were conducted using Mr. Bayes v. 3.2.6 with XSEDE (Huelsenbeck & Ronquist, 2001)
on the CIPRES Science Gateway. Each analysis comprised four simultaneous runs, with four chains
default for 20,000,000 generations and a heat parameter of 0.10, sampling every 1,000 trees. The initial
25% of sampled trees were discarded as burn-in. Effective sample size (EES > 200) for each parameter
was checked in TRACER v. 1.6 (Rambaut et al., 2018).

ML analyses were conducted using RAXML-HPC2 v. 8.2.10 with XSEDE (Stamatakis, 2014) on the
CIPRES Science Gateway. Optimal trees were computed with the -f a command for rapid bootstrap
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analysis and search for the best scoring tree in one run, computing 1000 bootstrapping replicates, using
the GTRCAT model for molecular partitions, and the MkV model, with Lewis correction for
morphological data, implemented with the command asccorr=lewis.

Clade robustness was evaluated according to two criteria (Giribet, 2003): node or branch support,
reflected as bootstrap, symmetric resampling, and posterior probability values, and clade stability or
sensitivity, reflected as the recovery of clades across different optimality criteria (e.g., ML, Bl and
parsimony) and analytical parameters (e.g., EW and IW).

The following datasets were analyzed to further evaluate clades with conflicting placements, e.g.,
genera Baalrog Monjaraz-Ruedas et al., 2019 and Schizophyxia Monjaraz-Ruedas et al., 2019: the
morphological character matrix; each of the four molecular datasets (28S, ITS, 12S and COl); the nuclear
dataset (28S + ITS); and the mitochondrial dataset (12S + COI). Additionally, the morphological and
molecular data were analyzed simultaneously, first, excluding terminals with long branches; second,
removing Baalrog and Schizophyxia; and third, excluding some terminals of Baalrog and Schizophyxia
with missing sequence data.

The morphological characters were optimized on tree topologies obtained by simultaneous analysis of
the morphological and molecular data with Bl, ML and parsimony, using Mesquite ver. 3.0.4 (Maddison
& Maddison, 2018), to calculate the consistency indices (Cl), retention indices (RI) and length (L) of each
topology, as well as the values for each character and their distribution on the topology (Fig. 7,
Supporting Information Table S2), statistics which assisted with evaluating morphological congruence
across the different topologies. Characters were optimized with accelerated transformation (ACCTRAN)
(Farris, 1970; Swofford & Maddison, 1987), except where indicated otherwise (Supporting Information

Appendix 3).

Results

Sequence data
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Sequences of the ribosomal 28S marker were length invariant, comprising 501 nucleotide base-pairs (bp)
in all terminals. The ITS sequences varied from 637-837 bp in length, with an average of 806 bp,
excluding gaps. The 12S sequences varied from 319-387 bp, with an average of 360 bp. The COI
sequences, amplified in two fragments, were either 658 bp (one fragment) or 1078 bp (both fragments)
(Table 1).

Among the aligned loci, 74%, 49%, and 48% of the sites were variable, and 65%, 35%, and 41%
parsimony-informative, in the 12S, ITS, and COI, respectively, whereas 9% were variable and 5%
parsimony-informative in the 28S (Table 1). As expected for a protein-coding gene, the third codon
position of the COI was the most informative, with 96% of the sites variable and 91% parsimony-
informative, followed by the first codon position, with 34% of the sites variable and 25% parsimony-
informative (Table 1). According to the analysis of per site informativeness, the 12S and ITS were the
most informative markers (Fig. 2B).

The aligned ITS, 12S, and COI sequences were concatenated together with the 28S sequences, to
produce a matrix of 2968 aligned DNA nucleotides, including gaps, in which 45% of the sites were
variable and 36% parsimony-informative (Table 1).

As reported in other arthropod taxa (DeSalle et al., 1987; Prendini et al., 2003; Gonzélez-Santillan &
Prendini, 2015) the methylation process for mitochondrial markers was evident in the schizomid
sequences which demonstrated an AT-bias of 79% and 68% in the nucleotide composition of the 12S and
COl, respectively, whereas the nucleotide composition of the nuclear markers was more uniformly
distributed with a slightly greater GC content of 58% and 56% in the ITS and 28S, respectively (Table 1).

The transition/transversion ratio (ti/tv) is usually greater than 2, as transitions are expected to occur
more frequently than transversions (there are two kinds of transitions vs. four kinds of transversions). For
example, if the value decreases to 0.5, indicating that the number of transversions is greater than
expected, there is a higher probability of non-synonymous mutations, reflecting saturation of the data
(DeSalle et al., 1987; Wang et al., 2015). The ti and tv proportions, as well as the ti/tv ratio (Table 1),
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confirmed a greater proportion of transitions in the 28S, ITS and COI markers, but a more equal
proportion in the 12S (ti/tv ratio: 0.67), suggesting greater saturation in the 12S marker, also reflected in
the higher percentage of variable sites in the alignment (74%) and the per site informativeness graph (Fig.
2B). This is also true for the concatenated alignment, for which the ti/tv ratio was 0.83 (Table 1). The ti/tv
ratio for the different codon positions of COI was as expected, i.e., the first and third codon positions
possessed a higher proportion of transitions, with values of 4.2 and 2.04, respectively, whereas the
proportion was lower for the second codon position, with a value of 0.8 (Table 1). These genomic
statistics are well reflected in the data partition scheme and justify the use of different models for each

data partition, as indicated by Partition Finder and jModelTest.

Separate morphological analyses

Separate analyses of the morphological matrix recovered several different topologies with low support for
the internal and terminal nodes. Parsimony analysis with EW retrieved 72 most parsimonious trees
(MPTs), the strict consensus of which (length: 320, ClI: 0.356, RI: 0.802) had the highest ACS (Table 2).
Parsimony analysis with IW recovered three MPTs for all k values (except k = 1 with two MPTS),
although the best scores for Fit, AH and ACS were obtained with k = 100. The tree obtained with Bl of
the morphological matrix was achieved in only three million generations and received higher nodal
support values than the trees obtained by the analyses with ML or parsimony.

All separate morphological analyses recovered six genera monophyletic, three with high support, i.e.,
Heteroschizomus (BI/ML/parsimony = 0.99/96/70), Schizophyxia (0.92/98/93), and Troglostenochrus
(1/100/99), and three with lower support values, i.e., Ambulantactus Monjaraz-Ruedas et al., 2019
(0.98/71/78), Harveyus Monjaraz-Ruedas et al., 2019 (0.83/59/37), and Stenochrus s. str., as redefined by
Monjaraz-Ruedas et al. (2019) (0.97/67/14) (Table 3). Baalrog and Nahual Monjaraz-Ruedas et al., 2019

where not monophyletic in the separate morphological analyses (Table 3). Nahual was consistently
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polyphyletic, perhaps due to morphological variation within this genus, and the absence of males for two

of the terminals.

oNOYTULT D WN =

A clade comprising Harveyus, Mayazomus, Olmecazomus and Schizophyxia was consistently

10 recovered, perhaps due to the similarity of the male pygidial flagellum among most species of these

12 genera. A clade comprising Stenochrus gruta Monjaraz-Ruedas & Francke, 2018, S. cf. guatemalensis, S.
14 pecki, S. portoricensis, and Stenochrus sp. (Clade 1), was monophyletic with high support by BI, but low
16 support by ML and parsimony with EW (Table 3). This clade was also monophyletic when Stenochrus
18 alcalai Monjaraz-Ruedas & Francke, 2018 and Stenochrus chimalapas Monjaraz-Ruedas & Francke,

20 2018 (Clade 4) were included in the analyses with BI, ML, and parsimony with EW (Table 3).

Separate molecular analyses

The separate molecular analyses retrieved all except two genera monophyletic with high support (Table 3,
31 Figs. 2, 6). Stenochrus s. str. (Clade 4), was paraphyletic, due to the placements of S. alcalai and S.

33 chimalapas, which were weakly supported, reflecting their unstable positions (Fig. 6A-C, Table 3).

35 Relationships within Stenochrus are summarized in Table 3 (Clades 1, 2, 3 and 4). Clade 1 was

37 monophyletic with low support by BI, but high support by ML and parsimony with EW (0.68/98/100;

39 Table 3). Clade 2 (Clade 1 + S. chimalapas) was not monophyletic, whereas Clade 3 (Clade 1 + S.

41 alcalai) was monophyletic with low support by ML and parsimony with IW.

Baalrog was rendered paraphyletic in all parsimony analyses by Schizophyxia, which was
monophyletic and strongly supported (symmetric resampling value and bootstrap percentage of 100) in
the EW analyses (Fig. 6C). Baalrog and Schizophyxia were monophyletic in the analyses with Bl and
50 ML, receiving high support values of 1 and 98, respectively (Table 3). Although Schizophyxia was well
52 supported in all analyses (Table 3), its placement with respect to the other genera was weakly supported,

54 consistent with its unstable position. Schizophyxia was nested within S. chimalapas in the Bl analysis,
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with a posterior probability of 0.7, whereas it was placed sister to Harveyus, with a bootstrap percentage
of 37, in the ML analysis (Fig 6A, B).

Most internal nodes recovered by the separate analyses of the molecular dataset were weakly
supported (Fig. 6A-C, Table 3). A clade comprising Nahual and Pacal was recovered with high support
in all analyses, however. Although a clade comprising Heteroschizomus, Mayazomus and
Troglostenochrus was not recovered in the parsimony analyses, Troglostenochrus consistently grouped
sister to all other North American hubbardiids, and Mayazomus grouped sister to the clade comprising

Baalrog and Schizophyxia, albeit with low support (Fig. 6A-C).

Simultaneous analyses

Simultaneous analysis of the morphological and molecular data sets recovered similar tree topologies
(Figs. 3, 4), those obtained by the analyses with parsimony being the most different. All genera were
monophyletic with high support in the Bl and ML analyses, except for Stenochrus, which received a
posterior probability of 0.91 in the Bl analysis and a bootstrap percentage of 66 in the ML analysis (Fig.
3, Table 3). The tree topologies obtained by Bl and ML were similar, except for the placement of
Ambulantactus sister to the clade comprising Harveyus, Olmecazomus, Schizophyxia and Stenochrus, and
one node which collapsed at the base of Bl tree, unlike the ML tree, in which Ambulantactus was placed
sister to Olmecazomus (Figs. 3, 4B). Pacal was monophyletic, and consistently placed sister to Nahual
with high support. Baalrog was monophyletic with high support (1/99/-) in the Bl and ML analyses but
rendered paraphyletic by Schizophyxia in the parsimony analyses (Fig. 4A). All other genera and
outgroup taxa were monophyletic with high support (Table 3, Fig. 3). Unlike the topologies obtained with
ML and BI, however, in which Stenochrus was placed sister to a clade comprising Harveyus and
Schizophyxia, or to a clade comprising Harveyus, Schizophyxia and Olmecazomus, respectively, the

topology obtained by parsimony with EW and IW placed Stenochrus sister to Harveyus, and was also
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incongruent with the ML and BI topologies concerning the positions of Heteroschizomus, Mayazomus,
Sotanostenochrus, Troglostenochrus, and the clade comprising Nahual and Pacal (Fig. 4).

Stenochrus was consistently monophyletic, albeit weakly supported, in the tree topologies obtained
from the various analyses, due to the unstable positions of S. alcalai and S. chimalapas. As in the separate
molecular analyses, Clade 1 was strongly supported (Table 3), with similar or higher values than in the
separate molecular analyses (Table 3). Clades 2 and 3 were less well supported or not recovered with the
addition of S. alcalai (-/—~/30) and S. chimalapas (0.96/73/-). However, support values for Clade 4, not
recovered in the separate molecular analyses, were similar or higher than those in the separate
morphological analyses, suggesting strong morphological support for Stenochrus (Table 3).

Schizophyxia was monophyletic and placed sister to Harveyus with high support (0.93/70) in the Bl
and ML analyses (Fig. 4B, C), but sister to Baalrog magico Monjaraz-Ruedas & Francke, 2018 and
Baalrog sbordoni (Brignoli, 1973), with low support (< 50), in the parsimony analyses (Fig. 4). The
clades comprising Harveyus and Stenochrus, as well as Ambulantactus and Olmecazomus, were weakly
supported (< 50) in the parsimony analyses, compared with the ML (46/0.76) and BI (62/0.87) analyses,

in which Schizophyxia was included in these clades (Table 3, Fig. 3, 4).

Orphans

Simultaneous analyses of the orphan taxa, i.e., Ambulantactus davisi, Harveyus mulaiki (Gertsch, 1940),
Harveyus reddelli (Rowland, 1971), Heteroschizomus meambar, Troglostenochrus palaciosi, and
Schizophyxia bartolo (Rowland, 1973) were largely congruent with the analyses from which they were
excluded (Fig. 5). The tree topology obtained with ML and orphans included was otherwise identical to
the topology obtained with ML and orphans excluded (Fig. 4B, 5C). All genera were monophyletic with
high support for Baalrog, Heteroschizomus, Nahual, Pacal, and Troglostenochrus but low support for

Ambulantactus, Harveyus Schizophyxia, and Stenochrus in the tree with orphans included (Fig. 5C).
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Analyses with Bl or parsimony with EW and orphans included recovered similar tree topologies,
differing from the topology obtained with ML (Fig. 5), in the placement of Troglostenochrus sister to all
other schizomid taxa, rather than Sotanostenochrus, as in the ML analysis with orphans included. Except
for Schizophyxia, rendered paraphyletic by the placement of Schizophyxia bartolo in a polytomy with
Ambulantactus, Harveyus, Nahual, Olmecazomus, Pacal, and Stenochrus (Fig. 5B), all genera were
monophyletic, mostly with high support, in the Bl analysis; Ambulantactus and Stenochrus received
posterior probabilities of 0.67 and 0.63, respectively. As in other separate and simultaneous analyses with
parsimony, Schizophyxia was monophyletic, but nested within Baalrog, rendering the latter paraphyletic
(Fig. 5A). Additionally, Ambulantactus was rendered paraphyletic by placement of the orphan, A. davisi,
in a polytomy comprising the other two species of Ambulantactus and Olmecazomus (Fig. 5A).
Parsimony analysis with IW (k = 60) and orphans included retrieved the same topology as parsimony with
EW (Fig. 5A).

Most clades received low support values in the parsimony analyses with EW and IW, due to
instability introduced by missing data in the orphans. Despite low support, however, the tree topology
recovered by the simultaneous analysis with orphans included was identical to that with orphans
excluded, except for the paraphyly of Ambulantactus. Stenochrus Clades 1 and 4 were consistently
recovered in all analyses with orphans included, although Clade 4 received low support. Clade 2, a
monophyletic group comprising Clade 1 and S. chimalapas, was recovered by the Bl analyses with
posterior probability of 1; whereas only Clade 3 was recovered, with low support, in the parsimony

analyses (Table 3).

Stability and support

The terminal groups were largely congruent and well supported among the tree topologies obtained by

analyses with different optimality criteria, analytical parameters and data combinations, whereas the

internal relationships were largely incongruent, poorly resolved and/or weakly supported (Fig. 4, 5).
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Separate analyses of the morphological data recovered six of the eight clades obtained by
simultaneous analysis of the morphological and molecular data, regardless of the optimality criterion or
analytical parameters (Fig. 3), reflecting stability despite weak support. Two exceptions, which received
high support, could be explained by the distinctive morphology of Heteroschizomus and the presence of
only one of the two species of Troglostenochrus. Lack of resolution among the terminal branches of the
tree suggests the morphological characters were insufficiently informative to resolve schizomid
phylogeny at the generic level.

Clade recovery (stability) and support were similar in the separate analyses of the molecular data and
the simultaneous analysis of the morphological and molecular data. Only two genera were unstable,
Baalrog, consistently paraphyletic in the parsimony analyses, and Stenochrus s. str., paraphyletic in the
separate molecular analyses with ML, Bl and parsimony.

The simultaneous analyses with orphans included recovered similar topologies, but with lower
support, than the simultaneous analyses with orphans excluded, largely due to the missing data. The
morphological characters were nevertheless sufficiently informative to place orphans with the most
morphologically similar taxa.

Phylogenetic instability was prevalent among the deeper internal nodes, especially regarding generic
relationships, in all phylogenetic analyses. The tree topologies obtained using parsimony were the least
congruent with those obtained using other optimality criteria. For example, parsimony with EW failed to
recover the monophyly of Schizophyxia, perhaps due to saturation of the 12S marker, reflected in the long
branches of some terminals of Baalrog and Schizophyxia, which appear to have grouped together as a
consequence of long branch attraction (Felsenstein, 1978; Huelsenbeck & Hillis, 1993; Bergsten, 2005;
Fig. 6). Despite this saturation, 12S was phylogenetically informative for other genera, especially
Stenochrus s. str., in the simultaneous analysis, mitigating against its removal from the analyses (Fig.
6H). Variation in the alignment length of the 12S and ITS markers had no apparent effect on topologies
obtained by the separate or simultaneous analyses when different parameters, such as gap opening costs,
were applied.
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Phylogenetic tree choice

Parsimony recovered the least congruent topology along the three optimality criteria applied in the
analyses, specifically regarding the positions of Baalrog and Schizophyxia, which were monophyletic
with high support in the Bl and ML analyses and some parsimony analyses with IW (k =5 and 10; Fig.
6D). When different sets of terminal taxa with long branches were removed from the parsimony analyses
(Fig. 6E-H), however, the position of Schizophyxia altered with respect to the tree topology obtained with
simultaneous analysis (Fig. 6E—H) whereas the position of Baalrog remained unchanged (Fig. 6E).

The morphological data also contradicted the hypotheses obtained by the parsimony analyses. When
the morphological characters where optimized on the topologies obtained by the simultaneous analyses
with three optimality criteria, the length (hnumber of steps) of the ML tree (372) was similar to that of the
most parsimonious trees (372) and shorter than that of the Bl tree (374). The nodal support values were
higher for the ML tree than for the trees obtained with parsimony, even when weighting against
homoplasy (IW).

The Cls and RIs of only 29 of the 61 morphological characters optimized differed among the tree
topologies obtained by the simultaneous analyses with three different optimality criteria. The indices of
thirteen characters were higher in the topology recovered with parsimony than those recovered with Bl or
ML; nine were higher in the topology recovered with ML than those recovered with Bl or parsimony; and
three were higher in the topology recovered with Bl than those recovered with ML or parsimony (Fig. 7,
Supporting Information Table S2). Five of the nine characters with higher indices in the ML topology and
all three characters with higher indices in the Bl topology supported the clade comprising Harveyus and
Schizophyxia (Fig. 7, “stars”) whereas only three of the thirteen characters with higher indices in the
parsimony topology supported the clade comprising Baalrog and Schizophyxia (Fig. 7, “circles”).

The remaining ten characters in the parsimony topology supported the placement of Troglostenochrus
sister to all other schizomid taxa (Fig. 7, “squares”). Troglostenochrus shares several morphological
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characters, e.g., pedipalp setal configuration, with Hubbardia pentapeltis Cook, 1899, resulting in a more
parsimonious optimization (one less reversal) with higher indices than in the Bl or ML topologies.

These results suggest that the topology obtained with ML is the optimal and, hence, preferred
hypothesis. Through implementation of an evolutionary model, the probabilistic method avoided
erroneous results caused by saturation in the data (Table 1), which appear to have adversely affected the
parsimony analyses.

Although the ML tree is the preferred hypothesis that best explains schizomid evolution based on this
particular dataset, parsimony recovered a similar topology when the long branches were removed,
suggesting the relationships recovered with parsimony and probabilistic methods are broadly concordant
(Fig. 5D—H). This in turn leads to the conclusion that clade stability is generally high, which supports the

revised classification of Monjaraz-Ruedas et al. (2019) based on the phylogeny presented here.

Discussion

Dataset informativeness

All datasets were informative, with complex phylogenetic structure recovered by each data partition. The
inclusion of morphological data in a simultaneous analysis increased nodal support for all genera and
facilitated the placement of orphan taxa for which molecular data were unavailable.

Unlike some arachnid taxa, in which, for example, the D3 region of the nuclear 28S rDNA gene is
more conserved (Whiting et al., 1997; Prendini et al., 2003), this marker appears to be sufficiently
variable and informative among schizomids to recover tree topologies resembling those obtained by
simultaneous analyses of the morphological and molecular data.

As expected, the mitochondrial data were more informative than the nuclear data. However, the
topology obtained by separate analysis of the mitochondrial data obtained a polytomy at the base of the
tree, suggesting the phylogenetic signal of the mitochondrial markers was insufficient to resolve the
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deeper relationships of schizomids, unlike other arachnid taxa as theraphosid spiders or harvestmen
(Cruz-Lopez & Francke, 2017; Mendoza & Francke, 2017), in which COI sequences alone resolve
relationships at the genus level. This may be due to saturation of the 12S and the second codon position of
the COI (Table 1). It may also explain the very different topologies obtained by separate analysis of the
12S compared to the other markers (Fig. 6).

Optimization of the morphological characters used for generic diagnoses on the various phylogenetic
hypotheses (Fig. 7) assisted identification of a preferred hypothesis. Based on this assessment, characters
of the female spermathecae, as well as the unique character combinations recently proposed by Monjaraz-

Ruedas et al. (2019), were found to be reasonably reliable for generic recognition.

Stenochrus polyphyly

Stenochrus, as originally defined by Reddell & Cokendolpher (1991, 1995), was rendered polyphyletic in
all analyses with different optimality criteria, analytical parameters and datasets (Figs. 3-6), by the
outgroup genera Mayazomus, Olmecazomus, Pacal, and Sotanostenochrus. This finding reflects the
considerable disparity among North American schizomid lineages and justifies the revised classification
of Monjaraz-Ruedas et al. (2019). The species groups proposed by Rowland & Reddell (1980, 1981) were
largely unsupported by the preferred hypothesis presented here, according to which only the previously
synonymized genus, Heteroschizomus (i.e., the former goodnightorum group) was monophyletic (Figs. 3—
6). The mexicanus and pecki groups were paraphyletic, as the mexicanus group comprises four clades,
corresponding to Harveyus, Nahual, Schizophyxia, and S. portoricensis, and the pecki group comprises
three clades, corresponding to Baalrog, the remaining species of Stenochrus, i.e., S. gruta, S.
guatemalensis, and S. pecki, and Stenochrus valdezi Monjaraz-Ruedas, 2012, the former transferred to
Troglostenochrus by Monjaraz-Ruedas et al. (2019). The remaining species of the mexicanus group, i.e.,

Stenochrus moisii (Rowland, 1973) and Stenochrus tepezcuintle Armas & Cruz-Lopez, 2009, which differ
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morphologically from other species of Stenochrus, appear to be more closely related to Pacal (Figs. 3-6),
in which they were tentatively placed by Monjaraz-Ruedas et al. (2019).

As redefined by Monjaraz-Ruedas et al. (2019), Stenochrus is a Neotropical genus, distributed from
southern Mexico (Oaxaca, Chiapas and the Yucatan Peninsula) to Guatemala, Honduras and Nicaragua,
with most species occurring in the Mexican state of Oaxaca. All Caribbean representatives of the genus
form part of the S. portoricensis complex.

As S. portoricensis is the type species of Stenochrus, comprehensive sampling of populations
occurring in the Caribbean, North, Central, and South America, is needed to clarify its relationships with
other genera, as well as its distribution, e.g., whether S. portoricensis actually occurs in North America, or
even in continental America, or is restricted to the Caribbean. Furthermore, the different populations of S.
portoricensis will need to be further investigated, as preliminary results indicate deep genetic divergences
among populations of this species from Mexico, Central America and the Caribbean. Some of the
sequences identified as S. portoricensis in the present study appear to be more closely related to other
species of the genus, e.g., S. gruta and S. pecki, than to populations from the vicinity of the type locality,

Puerto Rico, suggesting they may even be different species with a conserved or homoplastic morphology.

Outgroup relationships

The present study addressed relationships within the genus Stenochrus and focused on molecular markers
considered phylogenetically informative for the terminal relationships, with predictably low support for
the deeper internal nodes (Fig. 2). A robust, well-supported phylogeny of the North American schizomid
genera would require additional molecular markers with a slower mutation rate, such as 18S rDNA,
additional, more conservative fragments of 28S rDNA or nuclear protein-coding markers like EF 1 o and
Polymerase I1.

Despite the low support and instability of the deeper relationships, some general patterns were
observed. Baalrog, Sotanostenochrus, and Troglostenochrus were consistently placed sister to all other
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genera. Mayazomus appears to be more closely related to Heteroschizomus and Troglostenochrus than to
Pacal, contradicting a previous morphological hypothesis (Monjaraz-Ruedas & Francke, 2017).
Olmecazomus was placed sister to Ambulantactus, together with Harveyus and Stenochrus, by several
analyses, also incongruent with the morphological hypothesis of Monjaraz-Ruedas & Francke (2017),
according to which Olmecazomus was sister to all other Neotropical schizomids.

A monophyletic group comprising Nahual and Pacal was among the more robust clades recovered by
the simultaneous analyses and the separate analyses of the molecular data. This clade is concordant with
the morphology and distributions of these genera, which appear to be part of the Neotropical fauna, are
mostly hypogean, and share the presence of a cheliceral lamella. The two genera did not form a
monophyletic group in the separate morphological analyses, however, probably because of extensive
variation in body size, coloration and setal patterns within each genus.

Baalrog is restricted to caves in the Neotropical region of central and southern Mexico (Oaxaca and
Veracruz). Its species exhibit several troglomorphies, morphological adaptations to life in caves,
consistent with their placement close to other cavernicolous lineages, e.g., Sotanostenochrus and
Troglostenochrus, in the Bl and ML analyses.

Troglostenochrus was consistently monophyletic with high support. This may be due to the inclusion
of only two conspecific samples in the analyses. However, the genus remained monophyletic in the
simultaneous analyses with three different optimality criteria when the orphan, T. palaciosi, was included.
Troglostenochrus possesses a distinctive, trident-shaped pygidial flagellum in the male and several
troglomorphies, including large body size and several spiniform setae on the pedipalps and prosoma,
suggesting it is restricted to cavernicolous habitats. The phylogenetic placement of Troglostenochrus was
weakly supported; however, the Cls and RIs of the morphological characters optimized on the tree
topologies obtained with different optimality criteria (Fig. 7), were higher in the parsimony topology,
suggesting the position of Troglostenochrus in the topology obtained with parsimony, is a better fit for the

morphological data.
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Harveyus was also consistently monophyletic. This genus comprises most of the species occurring in
northern Mexico and the southern United States. The occurrence of several morphologically variable
populations, mostly from caves along the Sierra del Abra in the Mexican state of San Luis Potosi
(Rowland, 1980), suggests the existence of a species complex. Populations of Harveyus mexicanus
(Rowland, 1971) in the Mexican state of Tamaulipas, as well as the rare H. reddelli, differ markedly from
populations of H. mexicanus in the state of San Luis Potosi. Harveyus mulaiki and H. reddelli were
monophyletic with other species of the genus in the simultaneous analyses with orphans included,
suggesting that, despite variation in the male pygidial flagellum, the spermathecal and setal characters are
informative for the diagnosis of this genus. Furthermore, some species of Harveyus from northern Mexico
and the southern United States may need to be transferred to Schizophyxia, which appears to be closely
related and inhabits caves across a similar distribution. However, due to the unstable position of
Schizophyxia in the analyses presented here, the hypothesis that these genera are sister taxa awaits further
testing.

Ambulantactus is also represented in Tamaulipas, but the species of this genus differ markedly in
morphology from the species of Harveyus and Schizophyxia. According to the phylogenetic hypothesis
presented here, Ambulantactus is a distinct lineage, more closely related to Olmecazomus. It was also
recovered sister to a monophyletic group comprising Harveyus, Olmecazomus, Schizophyxia, and
Stenochrus. The phylogenetic position of Ambulantactus, together with the disjunct distributions of its
component species, suggest this could be an ancient lineage of schizomids.

Nahual was consistently monophyletic in the simultaneous analyses and in the separate analyses of
the molecular data. Its species consistently formed two clades, supported by morphological variation in
the spermathecal lobes, as well as by their distributions, with one of the clades restricted to the northern

Sierra in the Mexican state of Oaxaca and the other to the Sierra de Zongolica in the state of Veracruz.

Conclusions
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The study presented here applied different optimality criteria, analytical parameters and data sets to
investigate a complex phylogenetic question, the relationships among a neglected junkyard genus of
North American short-tailed whipscorpions, Stenochrus. The effects of data removal and terminal taxa
with missing data were explored, along with the utility of morphological characters traditionally used for
schizomid systematics.

Based on the analyses presented here, the genus Stenochrus, as originally defined (Reddell &
Cokendolpher, 1991, 1995) comprises eight monophyletic groups supported by both morphological and
molecular data, despite similar, often convergent morphology. A combination of informative characters
permitted the diagnosis and reclassification of those clades into eight genera by Monjaraz-Ruedas et al.
(2019). Some former species groups proposed by Rowland (1975) and Rowland & Reddell (1980, 1981)
were recovered as monophyletic by the analyses, e.g., the former goodnightorum group, leading to the
revalidation of Heteroschizomus, whereas others, e.g., the mexicanus and pecki groups, were not.

Despite its redefinition by Monjaraz-Ruedas et al. (2019), the limits of Stenochrus remain uncertain.
The genus comprises at least two distinct lineages, in addition to the typical forms, and the wide
distribution of the type species, S. portoricensis, and uncertain status of several of its populations merit
additional data and analysis.

Further assessment, incorporating additional data, is also needed to corroborate genus Schizophyxia,
recognized by Monjaraz-Ruedas et al. (2019) based on a monophyletic group recovered by the
simultaneous analyses with Bl and ML. Indeed, as the present study makes clear, the systematics of the

entire order is in dire need of more extensive and rigorous analysis.
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Figure legends

Figure 1. Map of the Caribbean, Central America and Mexico, plotting known locality records of the
short-tailed whipscorpion (Schizomida: Hubbardiidae), based on data from museum collections and the
literature. (A). Distribution of Stenochrus Chamberlin, 1922, as redefined by Monjaraz-Ruedas et al.
(2019). (B). Distributions of Ambulantactus Monjaraz-Ruedas et al., 2019, Baalrog Monjaraz-Ruedas et
al., 2019, Harveyus Monjaraz-Ruedas et al., 2019, Heteroschizomus Rowland, 1973, Nahual Monjaraz-
Ruedas et al., 2019, Schizophyxia Monjaraz-Ruedas et al., 2019, and Troglostenochrus Monjaraz-Ruedas
etal., 2019.

Figure 2. Phylogenetic informativeness profiles of exemplar dataset for short-tailed whipscorpion genus
Stenochrus Chamberlin, 1922, and related genera (Schizomida: Hubbardiidae). (A). Profile obtained for
net rates (entire alignment). (B). Profile obtained for site rates in each gene marker. Colored areas

represent the integration of the area below the curve with the highest probability of exhibiting mutations

at particular levels (populations, species or genera) in the phylogeny.

Figure 3. Phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
genera (Schizomida: Hubbardiidae), obtained by simultaneous analysis of the morphological and
molecular data with Maximum Likelihood. Nodal support and clade recovery represented as vertical bars
for the Morphological (Mor), Molecular (Mol), and Simultaneous (Sim) analyses with Bayesian Inference
(BI), Maximum Likelihood (ML) and parsimony with equal weighting (P). Nodal support, i.e., bootstrap
(EW, ML), symmetric resampling (IW) and posterior probability (BI), for clades recovered, indicated as
follows: black (> 90); dark grey (= 50); light grey (< 50).

Figure 4. Phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
genera (Schizomida: Hubbardiidae), obtained by simultaneous analysis of the morphological and
molecular data excluding “orphans” (i.e., terminals represented only by morphological data) with
parsimony (A), Maximum Likelihood (B), and Bayesian Inference (C). Nodal support values, i.e.,
bootstrap (parsimony, Maximum Likelihood) and posterior probability (Bayesian Inference) indicated

above branches.

Figure 5. Phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
genera (Schizomida: Hubbardiidae), obtained by simultaneous analysis of the morphological and

molecular data including “orphans” (i.e., terminals represented only by morphological data indicated by
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stars) with parsimony (A), Bayesian Inference (B), and Maximum Likelihood (C). Nodal support values,
i.e., bootstrap (parsimony, Maximum Likelihood) and posterior probability (Bayesian Inference) indicated

above branches.

Figure 6. Phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
genera (Schizomida: Hubbardiidae), obtained with different datasets, optimality criteria and analysis
parameters. (A—C). Separate analysis of the molecular data with Maximum Likelihood (A), Bayesian
Inference (B), and parsimony with equal weights (C). (D-H). Simultaneous analysis of morphological
and molecular data using parsimony with implied weighting and k = 5 (D); equal weighting and excluding
Schizophyxia Monjaraz-Ruedas et al., 2019 (E); equal weighting and excluding Baalrog Monjaraz-
Ruedas et al., 2019 (F); equal weighting and excluding Schizophyxia and Stenochrus chimalapas
Monjaraz-Ruedas & Francke, 2018 (G); equal weighting and excluding the 12S rDNA sequence data (H).
Arrows indicate the variable positions of two species of Stenochrus: S. chimalapas and Stenochrus alcalai
Monjaraz-Ruedas & Francke, 2018.

Figure 7. Consistency indices (Cl), retention indices (RI) and length (L) of selected morphological
characters optimized on phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922,
and related genera (Schizomida: Hubbardiidae), obtained by simultaneous analysis of the morphological
and molecular data with Maximum Likelihood (ML), Bayesian Inference (BI) and parsimony with equal
weighting (P). Symbols indicate clades with stronger indices for a specific topology: circles = (Baalrog
Monjaraz-Ruedas et al., 2019 + Schizophyxia Monjaraz-Ruedas et al., 2019); stars = (Harveyus
Monjaraz-Ruedas et al., 2019 + Schizophyxia); squares = (Troglostenochrus Monjaraz-Ruedas et al.,
2019 + other taxa).
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Table 1. Genomic data statistics for aligned DNA sequences of two nuclear gene markers, 28S

rDNA (28S) and internal transcribed spacer (ITS), and two mitochondrial gene markers, 12S

rDNA (12S) and Cytochrome ¢ Oxidase Subunit I (COIl) used for phylogenetic analysis of the

short-tailed whipscorpions genus Stenochrus Chamberlin, 1922, and related genera (Schizomida:

Hubbardiidae): aligned length in nucleotide base-pairs (bp); number and percentage of variable

positions; number and percentage of conserved (invariant) positions; number and percentage of

Parsimony-informative (PI) positions, including gaps; percentage nucleotide composition;

percentage of transitions (ti) and transversions (tv) for each nucleotide combination and overall;

transition/transversion ratio (ti:tv).

28S ITS 12S Col 1st 2nd 3rd Total

length (bp) 511 959 420 1078 359 359 359 2968
variable (%) 45(9) 469 (49) 312 (74) 519 (48) 122 (34) 54 (15) 343 (96) 1345 (45)
conserved (%) 466 (91) 444 (46) 96 (23) 558 (52) 237 (66) 305(85) 16 (4) 1564 (53)
Pl (%) 24 (5) 333(35) 274 (65) 438(41) 88(25) 23(6) 327 (91) 1069 (36)

A 2473 20.66 36.89 3194 3285 1021 50.26 31.03

T 18.63 2049 4219 36.98 26.68 4514 3951 372

C 2488 2717 475 17.25 1745  29.09 9.45 13.07

G 31.75  31.69 16.17 13.84 2302 1556 0.79 18.7

ti A—G 3344 2124 3203 222 11.31 1256 3237 6.95

CoT 4979 3289 16.83 4142 7115 2353 5136  39.27

tv A—C 4.16 10.97 10.64  8.95 4.41 1256  4.86 13.37

AT 3.63 9.44 20.22 1254 522 1769 731 18.34

CoG 4.75 135 5.34 5.66 3.55 14.27  0.83 8.54

GoT 4.22 11.97 1492  9.25 4.36 19.4 3.28 13.51

ti:tv 4.83 1.13 0.67 1.55 4.2 0.8 2.04 0.83

A-T bias 4336 4115 79.08 6892 5953 5535 89.77 68.23

C-G composition 56.63 58.86 20.92 31.09 4047 4465 1024 3177
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Table 2. Tree statistics for phylogenetic analyses of the short-tailed whipscorpions genus Stenochrus Chamberlin, 1922, and related

genera (Schizomida: Hubbardiidae), using parsimony with equal weighting (EW) and implied weighting (IW): values of the

concavity constant (k), length (L), consistency index (Cl), retention index (RI), Fit, adjusted homoplasy (AH) and average clade

support (ACS) of most parsimonious trees (MPTs). Optimal tree topologies, indicated in boldface, with highest Fit, AH and ACS

values. “Orphans” refers to simultaneous analyses including terminal taxa represented only by morphology.

k MPTs L Cl RI Fit AH ACS k MPTs L Cl RI Fit AH ACS
Morphology Simultaneous
EW 72 320 0.356 0.802 31.0 - 33.6 EW 1 8512 0.240 0.617 516.3 - 76.6
W 1 2 375 0.315 0.753 220 49 279 W 1 1 8923 0.264 0.610 320.1 806.8 58.2
5 3 311 0.379 0.814 375 194 339 5 1 8838 0.266 0.616 626.8 500.1 66.1
10 3 306 0.386 0.819 443 26 351 10 1 8835 0.266 0.616 774.6 352.3 68.7
15 3 302 0.377 0.819 476 94 353 15 1 8821 0.267 0.617 852.7 274.2 68.6
20 3 302 0.377 0.819 495 75 356 20 1 8821 0.267 0.617 901.8 225.1 68.8
30 3 302 0.377 0.819 516 53 357 30 1 8819 0.267 0.617 960.7 166.7 69.5
60 3 302 0.377 0.819 541 29 359 60 1 8819 0.267 0.617 1033.4 935 70.1
100 3 302 0.377 0.819 552 17 359 100 1 8819 0.267 0.617 1067.7 59.2 70.1
Molecules Orphans
EW 2 8153 0.237 0.607 4874 - 76.6 EW 5 8897 0.265 0.614 5124 - 58.8
W 2 8543 0.262 0.601 3029 767 547 IW 1 1 9025 0.261 0.607 319.1 807.8 54.2
1 8498 0.263 0.604 593.2 476.7 63.5 5 3 8913 0.264 0.613 623.6 503.3 59.0
10 1 8451 0.264 0.607 733.5 336.4 65.0 10 3 8912 0.264 0.613 772.0 353.4 61.9
15 1 8444 0.265 0.608 807.8 262.1 65.7 15 5 8904 0.265 0.614 850.3 276.6 62.1
20 1 8444 0.265 0.608 854.6 215.3 66.7 20 5 8902 0.265 0.614 899.7 227.2 62.5
30 1 8442 0.265 0.608 910.8 159.1 67.3 30 7 8897 0.265 0.614 959.0 167.9 62.6
60 1 8442 0.265 0.608 980.3 89.6 67.6 60 6 8897 0.265 0.614 10324 945 625
100 1 8441 0.265 0.608 1013.2 56.7 67.4 100 6 8897 0.265 0.614 1067.1 59.8 62.3
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Table 3. Nodal stability for four clades and eight genera of short-tailed whipscorpions (Schizomida:
Hubbardiidae) in phylogenetic analyses using parsimony with equal weighting (EW), the optimal parameter set
with implied weighting (k value), Bayesian inference (BI) and Maximum likelihood (ML). Nodal support values,
i.e., bootstrap (EW, ML), symmetric resampling (IW) and posterior probability (Bl), indicated as follows: black
(> 90); dark grey (> 50); light grey (< 50). ‘Orphans’ refers to simultaneous analyses including taxa represented
only by morphology. Clade 1: (Stenochrus gruta + S. guatemalensis + S. pecki + S. portoricensis); Clade 2:
(Clade 1 + S. chimalapas); Clade 3: (Clade 1 + S. alcalai); Clade 4: (Clade 2 + S. alcalai) = Stenochrus as

redefined by Monjaraz-Ruedas et al., 2019. Ambu. = Ambulantactus; Baal. = Baalrog; Harv. = Harveyus; Hete.

Heteroschizomus; Nahu. = Nahual; Schi. = Schizophyxia; Sten. = Stenochrus; Trog. = Troglostenochrus.

Clade1l Clade2 Clade3 Clade4 Ambu. Baal. Harv. Hete. Nahu. Schi. Sten. Trog.

Morphology EW
k=100
BI

Molecules EW

Simultaneous EW

Orphans EW
k=60
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45 Figure 1. Map of the Caribbean, Central America and Mexico, plotting known locality records of the short-
46 tailed whipscorpion (Schizomida: Hubbardiidae), based on data from museum collections and the literature.
47 (A). Distribution of Stenochrus Chamberlin, 1922, as redefined by Monjaraz-Ruedas et al. (2019). (B).
Distributions of Ambulantactus Monjaraz-Ruedas et al., 2019, Baalrog Monjaraz-Ruedas et al., 2019,
Harveyus Monjaraz-Ruedas et al., 2019, Heteroschizomus Rowland, 1973, Nahual Monjaraz-Ruedas et al.,
49 2019, Schizophyxia Monjaraz-Ruedas et al., 2019, and Troglostenochrus Monjaraz-Ruedas et al., 2019.
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Figure 2. Phylogenetic informativeness profiles of exemplar dataset for short-tailed whipscorpion genus
Stenochrus Chamberlin, 1922, and related genera (Schizomida: Hubbardiidae). (A). Profile obtained for net
rates (entire alignment). (B). Profile obtained for site rates in each gene marker. Colored areas represent
the integration of the area below the curve with the highest probability of exhibiting mutations at particular
levels (populations, species or genera) in the phylogeny.
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45 Figure 3. Phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
46 genera (Schizomida: Hubbardiidae), obtained by simultaneous analysis of the morphological and molecular
47 data with Maximum Likelihood. Nodal support and clade recovery represented as vertical bars for the

Morphological (Mor), Molecular (Mol), and Simultaneous (Sim) analyses with Bayesian Inference (Bl),
Maximum Likelihood (ML) and parsimony with equal weighting (P). Nodal support, i.e., bootstrap (EW, ML),
49 symmetric resampling (IW) and posterior probability (Bl), for clades recovered, indicated as follows: black
50 (> 90); dark grey (= 50); light grey (< 50).
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Figure 4. Phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
genera (Schizomida: Hubbardiidae), obtained by simultaneous analysis of the morphological and molecular
data excluding “orphans” (i.e., terminals represented only by morphological data) with parsimony (A),
Maximum Likelihood (B), and Bayesian Inference (C). Nodal support values, i.e., bootstrap (parsimony,
Maximum Likelihood) and posterior probability (Bayesian Inference) indicated above branches.
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Figure 5. Phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
genera (Schizomida: Hubbardiidae), obtained by simultaneous analysis of the morphological and molecular
41 data including “orphans” (i.e., terminals represented only by morphological data indicated by stars) with
42 parsimony (A), Bayesian Inference (B), and Maximum Likelihood (C). Nodal support values, i.e., bootstrap
43 (parsimony, Maximum Likelihood) and posterior probability (Bayesian Inference) indicated above branches.
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Figure 6. Phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
genera (Schizomida: Hubbardiidae), obtained with different datasets, optimality criteria and analysis
parameters. (A—C). Separate analysis of the molecular data with Maximum Likelihood (A), Bayesian

Inference (B), and parsimony with equal weights (C). (D—H). Simultaneous analysis of morphological and
molecular data using parsimony with implied weighting and k = 5 (D); equal weighting and excluding
Schizophyxia Monjaraz-Ruedas et al., 2019 (E); equal weighting and excluding Baalrog Monjaraz-Ruedas et
al., 2019 (F); equal weighting and excluding Schizophyxia and Stenochrus chimalapas Monjaraz-Ruedas &
Francke, 2018 (G); equal weighting and excluding the 12S rDNA sequence data (H). Arrows indicate the
variable positions of two species of Stenochrus: S. chimalapas and Stenochrus alcalai Monjaraz-Ruedas &
Francke, 2018.
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42 Figure 7. Consistency indices (Cl), retention indices (RI) and length (L) of selected morphological characters
43 optimized on phylogeny of the short-tailed whipscorpion genus Stenochrus Chamberlin, 1922, and related
genera (Schizomida: Hubbardiidae), obtained by simultaneous analysis of the morphological and molecular

data with Maximum Likelihood (ML), Bayesian Inference (Bl) and parsimony with equal weighting (P).
Symbols indicate clades with stronger indices for a specific topology: circles = (Baalrog Monjaraz-Ruedas et
46 al., 2019 + Schizophyxia Monjaraz-Ruedas et al., 2019); stars = (Harveyus Monjaraz-Ruedas et al., 2019 +
47 Schizophyxia); squares = (Troglostenochrus Monjaraz-Ruedas et al., 2019 + other taxa).
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CONCLUSIONES GENERALES.

Se evaluo la importancia de ciertos caracteres morfoldgicos tradicionalmente usados en la
taxonomia y diagnosis de especies tales como el flagelo de los machos y las hembras, asi como
las sedas del pedipalpo. El nUmero de segmentos presentes en el flagelo de las hembras se
consideraba un caracter de agrupamiento a nivel genérico, sin embargo, tras la evaluacion de
dicho caracter y su reconstruccion ancestral en un contexto filogenético, se descubrio que: 1) la
terminologia utilizada era inconsistente, ya que se consideraba que el flagelo estaba dividido por
segmentos. Tras la examinacion minuciosa con fotografias de barrido se encontré que los
miembros de la familia Protoschizomidae presentan verdaderos segmentos, mientras que en la
familia Hubbardiidae son anillos en la cuticula que no involucran ninguna musculatura; por
consiguiente se propuso utilizar el término anillo para referirse a la constriccion y flagelémero
para referirse a la porcion entre dos anillos. 2) la evolucion del flagelo sugiere una pérdida o
reduccidn en su tamafio en comparacion al grupo hermano de los esquizémidos, los cuales
presentan un flagelo multi-segmentado de gran tamafio en comparacion a los miembros del orden
Schizomida con un flagelo de tamafio reducido con segmentos en Protoschizomidae y sin
segmentos en Hubbardiidae. 3) el nimero de anillos y flagelomeros carece de importancia
filogenética ya que es un caracter que aparentemente ha evolucionado multiples veces en la
historia evolutiva del grupo; sin embargo, la reduccion de tamafio y simplicidad parece ser la
condicion derivada.

El examen de los ejemplares, incluyendo holotipos y paratipos, nos permitio elaborar una
matriz de datos con 111 caracteres morfologicos la cual fue analizada filogenéticamente de
forma independiente y nos permitié reconocer y posteriormente describir un género nuevo, el
cual estaba conformado por individuos con una mezcla de caracteres de dos grupos distintos:
Mayazomus y Stenochrus. Esta filogenia fue la base metodoldgica para la seleccion de grupos
externos utilizados para evaluar las relaciones filogenéticas de Stenochrus.

A su vez, tras el examen del material correspondiente al orden Schizomida en la
Coleccion Nacional de Aracnidos (CNAN-IBUNAM), se encontro material disponible y en buen
estado de 10 especies nuevas pertenecientes al genero Stenochrus, las cuales fueron descritas en
dos articulos, el primero enfocado en la descripcion de cinco especies nuevas del estado de
Oaxaca, en el cual se report6 por primera vez la presencia de machos dimorficos para el género
Stenochrus. También se enfatizo sobre el reconocimiento de grupos de especies dentro del
género producto de la variabilidad morfologica, lo cual fue un segundo paso en el entendimiento
de la variacion morfoldgica dentro del género y su relacion con patrones geograficos.

Los analisis filogenéticos realizados con evidencia morfolégica y molecular demostraron
que el genero Stenochrus se trataba de un complejo de ocho géneros distintos, los cuales fueron
caracterizados de a cuerdo a su morfologia y a la evidencia filogenética encontrada. Seis de los
ocho géneros que conformaban al género Stenochrus fueron descritos por primera vez,
proporcionando su correcta diagnosis morfoldgica, asi como claves de identificacion. EI género
Stenochrus fue rediagnosticado con base en la evidencia recientemente encontrada. El género
Heteroschizomus fue revalidado con base en los hallazgos y nuevas descripciones de las
espermatecas de las hembras y la evidencia filogenética. Se describieron otras seis especies
nuevas, las cuales fueron asignadas a los géneros Ambulantactus, Baalrog, Nahual, Harveyus y
Heteroschizomus. Los grupos de especies propuestos por Rowland y Reddell, 1980 “mexicanus™
y “pecki’” no se recuperaron monofiléticos con ninguno de los andlisis realizados, asi como con
ningun set de datos analizado.
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El mapeo de caracteres morfoldgicos como la espermateca de las hembras nos permitio
evaluar su importancia en el reconocimiento, diferenciacion y delimitacion de géneros en lugar
del uso tradicional para diferenciacion entre especies, de esta forma pudimos observar que la
forma general puede ser utilizada para reconocer géneros, mientras que los caracteres especificos
dentro de esta estructura como son el grosor, tamafio y posicion relativa de los I6bulos pueden
ayudarnos a la diferenciacion especifica. También observamos que el uso de caracteres
homopléasticos como el numero de sedas en el propeltidio, la férmula de sedas del tarso
pedipalpal y del quelicero, en combinacidn con otros caracteres como la espermateca y el flagelo
de los machos, son considerablemente informativos en el reconocimiento y diagnosis genéricos.
El flagelo de los machos esta sujeto a seleccion sexual, por tales motivos es considerablemente
variable y por consiguiente debe ser utilizado en el reconocimiento de especies y no como
caracter de agrupamiento a nivel genérico; dada la variabilidad de este caracter, resulta necesaria
una codificacion alternativa que demuestre y exprese las partes homologas entre lo flagelos, par
que esta pueda ser utilizada en la reconstruccion filogenética.

El anélisis de diferentes sets de datos (morfoldgico, molecular y combinado) nos permitio
evaluar la importancia de la morfologia en la reconstruccion evolutiva, demostrando que al
menos con esquizomidos, su inclusion es de vital importancia, ya que fue de ayuda tanto en la
resolucion como en el aumento de valores de soporte en los arboles en los que se incorporo. La
evidencia molecular por otro lado deberia de ser incorporada en futuros trabajos taxonomicos
que involucren taxa supra especificos, ya que a pesar de que la morfologia fue de vital
importancia, por si sola no es capaz de resolver relaciones filogenéticas por encima de nivel
especifico. Finalmente, la incorporacion de un mayor nimero de marcadores moleculares, o
inclusive el uso de transcriptomas o genomas completos, seran de ayuda para poder resolver las
relaciones filogenéticas por encima de nivel genérico con miembros del orden Schizomida, ya
que la poca resolucion encontrada en nodos profundos, no sélo en nuestro trabajo, si no en los
mas recientes con el grupo (Clouse et al., 2017), demuestran esa falta de resolucion obtenida con
pocos marcadores moleculares. Sin embargo su uso como aproximacion o inclusive como forma
de proponer clasificaciones naturales es invaluable y deberia ser utilizado en futuros trabajos, ya
que la ausencia de filogenias en el grupo ha llevado a la actual clasificacion confusay a la
sobrevaloracion o infravaloracion de caracteres morfologicos.

LITERATURA CITADA.

Chamberlin, R.V. (1922). Two new American arachnids of the order Pedipalpida. Proceedings of
the Biological Society of Washington, 35, 11-12.

Christophoryova, J., Sestakova, A., Krumpal, M., y Fend’a, P. (2013). First record of a
schizomid, Stenochrus portoricensis (Schizomida: Hubbardiidae), in Slovakia.
Arachnologische Mitteilungen, (45), 25-29. http://doi.org/10.5431/aramit4506

Clouse R. M., Branstetter, M. G., Buenavente, P., et al. (2017). First global molecular phylogeny
and biogeographical analysis of two arachnid orders (Schizomida and Uropygi) supports a
tropical Pangean origin and mid-Cretaceous diversification. Journal of Biogeography, 2017,
1-13. https://doi.org/10.1111/jbi.13076

Cokendolpher, J.C. y Reddell, J.R. (1992). Revision of the Protoschizomidae (Arachnida:
Schizomida) with notes on the phylogeny of the order. Texas Memorial Museum,
Speleological Monographs. 3, 31-74.

Harvey, M. S. (2003). Catalogue of the Smaller Arachnid Orders of the World. Australia.

200



Collingwood Victoria: Csiro Publishing.

Harvey, M. (2013). Schizomids of the world, version 1.0. Recuperado 20 de junio de 2001, a
partir de http://museum.wa.gov.au/catalogues-beta/schizomids

Korenko, S., Pekar, S., y Harvey, M. (2009). Stenochrus portoricensis new to the Czech
Republic (Schizomida, Hubbardiidae). Arachnologische Mitteilungen, 1922(38), 1-3.
http://doi.org/10.5431/aramit3801

Monjaraz-Ruedas, R., y Francke, O. F. (2015). Taxonomic revision of the genus Mayazomus
Reddell y Cokendolpher, 1995 (Schizomida: Hubbardiidae), with description of five new
species from Chiapas, México. Zootaxa, 3915(4), 451-490.

Monjaraz-Ruedas, R., y Francke, O. F. (2016). Systematics of the genus Mayazomus (Arachnida:
Schizomida): the relevance of using continuous characters and pedipalp setae patterns to
schizomid phylogenetics. Zoological Journal of the Linnean Society, 176, 781-805.
http://doi.org/10.1111/z0j.12337

Monjaraz-Ruedas, R., y Francke, O. F. (2017). A new genus of schizomids (Arachnida:
Schizomida: Hubbardiidae) from Meéxico, with notes on its systematics. Systematics and
Biodiversity, 15(2),1-15.

Monjaraz-Ruedas, R., Francke, O. F., y Santibafiez-Lopez, C. E. (2017). The morphological
phylogeny of the family Protoschizomidae revisited (Arachnida, Schizomida): setae
characters, fossil and paraphyletic genera, Journal of Arachnology. 45: 99-111.

Reddell, J. R., y Cokendolpher, J. C. (1991). Redescription of Schizomus crassicaudatus
(Pickard-Cambridge) and diagnoses of Hubbardia Cook, Stenochrus Chamberlin, and
Sotanostenochrus new genus: with description of a new species of Hubbardia from
California (Arachnida: Schizomida: Hubbardiidae). Pearce Sellards Series, 47, 1-24.

Reddell, J. R., y Cokendolpher, J. C. (1995). Catalogue, bibliography, and generic revision of the
order Schizomida (Arachnida). Texas Memorial Museum, Speleological Monographs, 4(4),
1-170.

Rowland, J. M. (1973). A new genus and several new species of Mexican schizomids
(Schizomida: Arachnida). Occasional Papers of the Museum, Texas Tech University, 11, 1-
23.

Rowland, J. M. (1975). Classification, phylogeny and zoogeography of the American arachnids
of the order Schizomida. Tesis Doctoral, Texas Tech University, Lubbock.

Rowland, J. M., y Reddell, J. R. (1979a). The order Schizomida (Arachnida) in the New World.
I. Protoschizomidae and dumitrescoae groups (Schizomidae: Schizomus). Journal of
Arachnology, 6, 161-196. http://doi.org/10.2307/3705088

Rowland, J. M., y Reddell, J. R. (1979b). The order Schizomida (Arachnida) in the New World.
I1. simonis and brasiliensis groups (Schizomidae: Schizomus). Journal of Arachnology, 7,
89-119. http://doi.org/10.2307/3705202

Rowland, J. M., y Reddell, J. R. (1980). The order Schizomida (Arachnida) in the New World.
I11. mexicanus and pecki groups (Schizomidae, Schizomus). Journal of Arachnology , 8: 1-
34.

Rowland, J. M., y Reddell, J. R. (1981). The order Schizomida (Arachnida) in the New World.
IV. goodnightorum and briggsi groups and unplaced species (Schizomidae: Schizomus).
Journal of Arachnology, 9, 19-46. http://doi.org/10.2307/3705215.

201



	Portada 

	Índice

	Resumen 

	Introducción General 

	Capítulo I. Monjaraz-Ruedas, R., Francke, O. F., Cruz-López, J. A., & Santibáñez-López,
C.E. 2016. Annuli and Setal Patterns in the Flagellum of Female Micro-Whipscorpions (Arachnida:
Schizomida): Hypotheses of Homology Across an Order. Zoologischer Anzeiger. 263: 118–134

	Capítulo II. Artículo Requisito: Monjaraz-Ruedas, R., & Francke, O. F. 2017. A New Genus
of Schizomids (Arachnida: Schizomida: Hubbardiidae) from Mexico, With Notes on its
Systematics. Systematics and Biodiversity. 15 (5): 399–413 

	Capítulo III. Monjaraz-Ruedas, R., & Francke, O. F. 2018. Five New Species of Stenochrus
(Schizomida: Hubbardiidae) From Oaxaca, Mexico. Zootaxa. 4374 (2): 189–214 

	Capítulo IV. Monjaraz-Ruedas, R, Prendini, L. & Francke, O. F. 2019. Systematics of The
Short-Tailed Whipscorpion Genus Stenochrus Chamberlin, 1922 (Schizomida: Hubbardiidae), With
Description of six new Genera and Five new Species. Bulletin of the American Museum of Natural
History. 435: 1–91  

	Capítulo V. Monjaraz-Ruedas, R, Francke, O. F. & Prendini, L. En Revisión. Integrative
Systematics Untangles Evolutionary History of Stenochrus (Schizomida, Hubbardiidae), a
Neglected Junkyard Genus of North American Short-Tailed Whipscorpions. Biological Journal of
the Linnean Society  

	Conclusiones Generales
	Literatura Citada


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




