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Do not go gentle into that good night, 
old age should burn and rave at close of day; 

rage, rage against the dying of the light. 

Though wise men at their end know dark is right, 
because their words had forked no lightning they 

do not go gentle into that good night. 

Good men, the last wave by, crying how bright 
their frail deeds might have danced in a green bay, 

rage, rage against the dying of the light. 

Wild men who caught and sang the sun in flight, 
and learn, too late, they grieved it on its way, 

do not go gentle into that good night. 

Grave men, near death, who see with blinding sight 
blind eyes could blaze like meteors and be gay, 

rage, rage against the dying of the light. 

And you, my father, there on the sad height, 
curse, bless, me now with your fierce tears, I pray. 

do not go gentle into that good night. 
rage, rage against the dying of the light. 

 

Do not go gentle into that good night – Dylan Thomas. 
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RESUMEN 

La familia Stygnopsidae es un grupo de opiliones armados (Opiliones: Laniatores), el cual se 

distribuye principalmente en la Sierra Madre Oriental de México. El grupo está actualmente 

conformado por 17 géneros y 56 especies. Filogenéticamente es el grupo más tempranamente 

divergente dentro de la superfamilia Gonyleptoidea. Salvo por escasos y dispersos trabajos 

taxonómicos, la monofilia de la familia, así como de los taxones supra-específicos dentro de ella, 

no han sido puestos a prueba. En el presente trabajo se propuso la primera hipótesis filogenética 

de la familia Stygnopsidae, Para lo cuál se han integrado información morfológica y molecular, 

conjuntando 72 caracteres morfológicos, el gen mitocondrial codificante citocromo oxidasa 1 

(CO1), el gen mitocondrial no codificante 16S y tres dominios del gen nuclear 28S. Los árboles 

filogenéticos fueron inferidos utilizando Máxima Verosimilitud e Inferencia Bayesiana. De 

acuerdo a las topologías obtenidas, se propuso un re-arreglo taxonómico de Stygnopsidae en dos 

subfamilias: Stygnopsinae y Karosinae subfam. nov. Tres géneros conflictivos fueron 

redescritos: Hoplobunus, Serrobunus stat. rev., y Stygnopsis. Adicionalmente los siguientes 

taxones fueron descritos: Iztlina venefica gen. nov., sp. nov., y Tonalteca gen. nov. Los 

siguientes cambios taxonómicos fueron propuestos: Serrobunus queretarius comb. nov., 

Stygnopsis apoalensis comb. nov., Stygnopsis oaxacensis comb. nov., y Tonalteca 

spinooculorum comb. nov. Se analizó la evolución de los genitales masculinos, detectándose 

convergencia entre Hoplobunus y Tampiconus. De acuerdo a la examinación de genitales 

masculinos y el análisis filogenético, la estructura del pene en Stygnopsidae es plesiomórfico en 

relación con los restantes integrantes de Gonyleptoidea, y también se refutó la noción de que el 

glande en Stygnopsidae sea convergente con familias asiáticas de Assamioidea y Epedanoidea. 

Finalmente se discutió la convergencia de algunas condiciones morfológicas como los 

pedipalpos desarmados, el patrón genital “Paramitraceras” y los tubérculos ventrales glandulares 

en machos, los cuáles se encuentran presentes en algunas especies de Paramitraceras, Philora, 

Sbordonia y Troglostygnopsis. 
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ABSTRACT 

The family Stygnopsidae is a neglected group of armored harvestmen (Opiliones: Laniatores), 

which is distributed mainly in the Sierra Madre Oriental in Mexico. The family is formed by 16 

genera and 56 species. Also is the earliest divergent group among Gonyleptoidea. A number of 

scattered taxonomic works dealing with the family are known, but the monophyly of the family 

and/or either supraspecific groups have never been tested. In the present work, the first 

phylogenetic hypothesis of the Stygnopsidae was proposed, integrating total evidence data from 

72 morphological characters, the mitochondrial protein-coding cytochrome oxidase 1 (CO1) 

gene, mitochondrial non-coding 16S gene, and three domains of the nuclear 28S. The 

phylogenetic tres were inferred using Maximum Likelihood and Bayesian Inference. According 

to the results, a new taxonomic arrangement in two subfamilies was proposed: Stygnopsinae and 

Karosinae subfam. nov. Three genera were redescribed: Hoplobunus, Serrobunus stat. rev., y 

Stygnopsis. Additionally, the following taxa were described: Iztlina venefica gen. nov., sp. nov., 

y Tonalteca gen. nov. The following taxonomic changes were proposed: Serrobunus queretarius 

comb. nov., Stygnopsis apoalensis comb. nov., Stygnopsis oaxacensis comb. nov., y Tonalteca 

spinooculorum comb. nov. Also, the evolution of male genitalia was discussed, detecting 

morphological convergence in Hoplobunus and Tampiconus.  According to the examination of 

male genitalia and the phylogenetic analysis, the general structure on penis in Stygnopsidae is a 

plesiomorphic structure with respect to remaining members of Gonyleptoidea, as well as, the 

previous hypotheses of convergence in penises among Assamioidea and Epedanoidea with 

Stygnopsidae were refuted. Finally, convergence in some characters as unarmed pedipalps, 

“Paramitraceras” male genitalia pattern and ventral glandular tubercles on males, present on 

some species of Paramitraceras, Philora, Sbordonia and Troglostygnopsis, were discussed. 

 

 

 

 



	 3	

INTRODUCCIÓN GENERAL 

Sistemática en Opiliones, breve historia 

El Orden Opiliones Sundevall, 1833 es el tercer grupo más diverso de arácnidos (Arthropoda: 

Arachnida), con aproximadamente 6,500 especies descritas, después de los ácaros (Acari) y arañas 

(Araneae) (Giribet y Sharma, 2015). El Orden se divide en cuatro subórdenes vivientes: 

Cyphophthalmi, Dyspnoi, Eupnoi y Laniatores. El suborden Laniatores abarca más del 60% de la 

diversidad de Opiliones, con un aproximado de 4,100 especies (Kury, 2013). 

El auge de los estudios sistemáticos enfocados en Laniatores se llevó a cabo durante inicios 

del siglo XX, en donde predominó una tendencia tipológica. Como consecuencia se propusieron 

numerosos géneros monotípicos con base en pocos caracteres provenientes de la morfología 

externa. Esta percepción estuvo fuertemente promulgada por C. F. Roewer, quien consideró que 

dentro de Laniatores sólo se reconocían seis familias, y que Phalangodidae Simon, 1879 incluía la 

mayor diversidad (Roewer, 1923). 

Posteriormente, surgió una tendencia reduccionista en la taxonomía de Opiliones, la cual 

se caracterizaba por la propuesta de sinonimias injustificadas. Respecto a la taxonomía de 

Opiliones en el Continente Americano, los principales exponentes fueron C. J. y M. L. Goodnight. 

Entre las publicaciones de estos autores destaca el trabajo Goodnight y Goodnight (1953), dónde 

sinonimizaron 82 géneros del sur de México, Guatemala y Belice, en ocho géneros. 

La tercera tendencia fue propuesta por J. Martens (Martens, 1976, 1986), quién postuló la 

examinación de la morfología genital, principalmente de los genitales masculinos. En la actualidad 

esta tendencia es de gran importancia en trabajos taxonómicos y filogenéticos, debido a que estas 

estructuras aportan información desde nivel específico hasta nivel de suborden en Opiliones. 

Estás tres tendencias mencionadas anteriormente han estado en conflicto debido a que no 

existe acuerdo común en las propuestas taxonómicas. Diferentes autores han demostrado que las 

dos primeras propuestas han generado grupos poli- y parafiléticos. En este sentido, el uso exclusivo 

de genitales masculinos debe tomarse con precaución porque se han descubierto con evidencia 

molecular, genitales convergentes entre linajes que no comparten un ancestro común (Pérez-
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González, 2006; Kury et al., 2007; Sharma y Giribet, 2011; Sharma et al., 2011a, 2011b; Cruz-

López, 2014; Cruz-López y Francke, 2015, en prensa; Cruz-López et al., 2016). 

Debido a la controversia y el reciente interés en el grupo, en los últimos 20 años se han 

aplicado herramientas filogenéticas a diferentes niveles dentro de Opiliones con el objetivo de 

reconocer grupos monofiléticos. A partir del año 2002 a la fecha, se han descrito o elevado al 

menos 11 grupos a nivel de familia con base en: a) la examinación de genitales masculinos, b) 

análisis filogenéticos inferidos a través de caracteres morfológicos, c) análisis inferidos de 

caracteres moleculares, y d) bajo el supuesto de “grupos morfológicamente diferentes” (Kury y 

Pérez-González, 2002; Kury y Pérez-González en Kury, 2003; Pérez-González y Kury, 2007; 

Sharma y Giribet, 2011; Sharma et al., 2011b; Kury, 2012, 2014; Pinto-da-Rocha, 2014; 

Bragagnolo et al., 2015; Kury y Villarreal, 2015). 

Actualmente, el uso de datos moleculares ha cobrado mayor importancia en la generación 

de hipótesis filogenéticas descartando la información morfológica. Los trabajos que incorporan la 

información morfológica sobre topologías obtenidas previamente con datos moleculares son 

escasas, y no se han reportado trabajos que combinen ambas fuentes de información en las 

reconstrucciones filogenéticas en grupos dentro de Opiliones (Giribet et al., 2010; Hedin y 

Thomas, 2010; Sharma y Giribet, 2009; Sharma et al., 2011b, 2016; Wolff et al., 2016a, 2016b). 

Por lo anterior, en este trabajo se realizó la revisión sistemática de la familia Stygnopsidae 

Sørensen, 1932 utilizando datos combinados de la morfología externa y genital, y tres marcadores 

moleculares, dos mitocondriales (COI y 16S) y uno nuclear (28S). 

 

Sistemática de la familia Stygnopsidae 

La familia Stygnopsidae tiene una historia taxonómica confusa, siendo varios de sus 

géneros y especies descritos antes del reconocimiento de la familia, como parte de Phalangodidae 

o Assamiidae Sørensen, 1884. Sørensen (1932) describió originalmente a Stygnopsidae como 

aquellos Laniatores con distitarso I con dos segmentos y ausencia de lóbulos maxilares sobre la 

coxa II. Todos los géneros que actualmente se incluyen en la familia pasaron por la tendencia 
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tipológica de Roewer, y posteriormente por la tendencia reduccionista de Goodnight y Goodnight. 

Kury (1997, 2003), Kury y Cokendolpher (2000), Cokendolpher (2004) y Mendes y Kury (2007) 

fueron quienes redefinieron a la familia como aquellos Laniatores con una morfología genital 

plesiomórfica en comparación con Gonyleptoidea, Epedanoidea y Assamiioidea. Estos autores 

reconocieron nueve géneros y 36 especies dentro de la familia. 

Actualmente, las hipótesis filogenéticas con base en información morfológica y molecular 

soportan que Stygnopsidae es grupo hermano de las restantes familias de Gonyleptoidea, siendo 

el grupo más tempranamente divergente. Por lo tanto, la morfología genital se ha considerado 

como un atributo plesiomórfico dentro de esa superfamilia, y convergente con la morfología de 

algunas familias asiáticas ( e.g. Epedanidae y Pyramidopidae), (Kury, 1994, 1997). Sin embargo, 

se han incluido pocos taxones de la familia Stygnopsidae en diferentes trabajos filogenéticos, los 

cuales son insuficientes para inferir las relaciones filogenéticas dentro de la familia (Kury, 1994, 

1997; Giribet et al., 2002, Sharma y Giribet, 2011; Cruz-López y Francke, 2015; Kury y Villarreal, 

2015; Cruz-López et al., 2016). 

Estudios enfocados en Stygnopsidae comenzaron con Cokendolpher (2004), quién revalidó 

el género Chinquipellobunus Goodnight y Goodnight, 1944 de su sinonimia bajo Hoplobunus 

Banks, 1900, sinonimia propuesta por Goodnight y Goodnight (1953). Adicionalmente, 

Cokendolpher confirmó la importancia de los genitales masculinos para el reconocimiento 

genérico en la familia. Posteriormente, Cruz-López y Francke (2012, 2013a) describieron tres 

especies de Paramitraceras Pickard-Cambridge, 1905, además rediagnosticaron al género e 

ilustraron por primera vez los genitales masculinos mediante microscopia electrónica de barrido. 

Como parte de la revisión sistemática del género Karos Godnight y Goodnight, 1944,Cruz-

López y Francke (2015) refutaron las sinonimias de Goodnight y Goodnight (1953), revalidando 

cuatro géneros, además de la adición de tres géneros y nueve especies nuevos. Además, se 

concluyó que la taxonomía del grupo estaba fuertemente influenciada por el criterio taxonómico 

de Goodnight y Goodnight (1953), por lo que era probable la existencia de grupos para- y/o 

polifiléticos. Lo anterior influyó significativamente en el desarrollo de la revisión sistemática de 

la familia. 
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La presente tesis está compuesta por tres artículos científicos que fueron generados de 

menor a mayor complejidad de acuerdo al conocimiento acumulado sobre las relaciones 

filogenéticas dentro de la familia Stygnopsidae. En esta tesis, los artículos son presentados a modo 

de capítulos, como se menciona a continuación: 

Capítulo 1. Artículo: Cruz-López, J. A. y Francke, O. 2013b. On the enigmatic genus 

Philora: familial assignment and taxonomic revision (Opiliones: Laniatores: Stygnopsidae). The 

Journal of Arachnology, 41: 291-305. En este trabajo se revisó el género Philora Goodnight y 

Goodnight, 1954, que se encontraba sin asignación familiar. Los autores determinaron que Philora 

pertenece a Stygnopsidae con base en la examinación de los genitales masculinos, y propusieron 

un patrón genital único en la familia, el cual se encuentra solamente en los géneros 

Paramitraceras, Philora y Troglostygnopsis sensu stricto. Este patrón llamado “Paramitraceras” 

podría tener  un solo origen, por lo que estos tres géneros podrían estar relacionados entre sí. Dos 

años después, Cruz-López y Francke (2015) mediante un análisis filogenético con base en 

información morfológica, demostraron que dicho patrón genital se originó una sola vez en estos 

tres géneros, formalizándose así el grupo genérico monofilético “Paramitraceras”. 

Capítulo 2. Artículo: Cruz-López, J. A., Proud, D. y Pérez-González, A. 2016. When 

troglomorphism dupes taxonomists: morphology and molecules reveal the first pyramidopid 

harvestman (Arachnida, Opiliones, Pyramidopidae) from the New World. Zoological Journal of 

the Linnean Society, 177: 602-620. En este trabajo los autores se enfocaron en la especie 

originalmente descrita como Stygnomma pecki Goodnight y Goodnight, 1977, dentro de 

Samooidea: Stygnommatidae. Pérez-González (2006) en la revisión de Stygnommatidae, detectó 

que S. pecki no compartía ninguna afinidad con los miembros de Stygnommatidae, incluso con 

ningún miembro de Samooidea. Debido a la morfología genital, el anterior autor consideró que S. 

pecki podría tratarse de un estygnópsido tempranamente divergente, con una morfología externa 

inusual como consecuencia de la vida cavernícola. Durante la revisión de ejemplares de 

Stygnopsidae, otros Gonyleptoidea, Epedanoidea y Assamiioidea, más la generación de secuencias 

de tres marcadores moleculares (COI, 18S y parcial 28S), los autores detectaron que en realidad 

S. pecki pertenece a Pyramidopidae, familia conocida solamente de África Tropical. También en 

este trabajo se examinó detalladamente la morfología externa y genital mediante microscopía 

electrónica de barrido. Además se realizaron estudios anatómicos del movimiento de los órganos 
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copuladores masculinos, con esto se generó información para el reconocimiento de Pyramidopidae 

y Assamiioidea. También en este trabajo se proporcionó la primera evidencia para considerar que 

los genitales masculinos de Stygnopsidae no son convergentes con Epedanidae ni con 

Pyramidopidae. 

Capítulo 3. Artículo de requisito: Cruz-López, J. A. y Francke, O. En prensa Total evidence 

phylogeny of the North American harvestman family Stygnopsidae (Opiliones: Laniatores: 

Grassatores) reveals hidden diversity. Invertebrate Systematics. En este trabajo se propuso la 

primer hipótesis filogenética de Stygnopsidae con base en evidencia total, en el cual se incluyeron 

la mayor cantidad de representantes posibles. Los resultados apoyan a Stygnopsidae como un 

grupo monofilético conformado por dos clados: Stygnopsinae Sørensen, 1932 y Karosinae subfam. 

nov. Los géneros Hoplobunus, Stygnopsis Sørensen, 1902 y Serrobunus Goodnight y Goodnight, 

1942 stat. rev. fueron rediagnosticados. Adicionalmente se describieron los siguientes taxones: 

Iztlina venefica gen. nov. et sp. nov., y Tonalteca gen. nov. También se propusieron los siguientes 

cambios taxonómicos: Serrobunus queretarius (Šilhavý, 1974) comb. nov., Stygnopsis apoalensis 

(Goodnight y Goodnight, 1973) comb. nov., Stygnopsis mexicana (Roewer, 1915) comb. nov., 

Stygnopsis oaxacensis (Goodnight y Goodnight, 1973) comb. nov. y Tonalteca spinooculorum 

(Goodnight y Goodnight, 1973) comb. nov. La evolución de la morfología genital, así como la 

evolución de caracteres convergentes en los genitales del grupo “Paramitraceras” fueron 

analizados. También se discutió la convergencia de poros glandulares en los machos y de los 

pedipalpos desarmados en Stygnopsinae. Finalmente, se abordó la posición filogenética de 

Mexotroglinus Šilhavý, 1977, un género monotípico que presenta características morfológicas de 

ambas subfamilias, pero que se anida dentro de Stygnopsinae. 
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OBJETIVOS 

 

GENERAL 

- Investigar la Sistemática de la familia Stygnopsidae empleando evidencia morfológica y 

molecular. 

 

PARTICULARES 

- Proponer una hipótesis filogenética para poner a prueba la monofilia de la familia 

Stygnopsidae. 

- Proponer un nuevo arreglo taxonómico de acuerdo a los resultados del análisis 

filogenético. 
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Capítulo 1. Artículo: Cruz-López, J. A. y Francke, O. 2013b. On the enigmatic genus Philora: familial 

assignment and taxonomic revision (Opiliones: Laniatores: Stygnopsidae). The Journal of 

Arachnology, 41: 291-305. 
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2013. The Journal of Arachnology 41:291 - 305 

On the enigmatic genus Phi/ora: familial assignment and taxonomic revision 
(Opiliones: Laniatores: Stygnopsidae) 

Jesús Á. Cruz-López l and Osear F. Franeke: Colección Nacional de Arácnidos, Departamento de Zoología, 
Instituto de Biología, Universidad Nacional Autónoma de México. 3er. Circuito exterior s/n. Apartado Postal 70-153, 
C.P. 04510, Ciudad Universitaria, Coyoacán, Ciudad de México, Distrito Federal, México 

Abstract. The harvestman genus Phi/ora Goodnight & Goodnight 1954 and the type species P. tuxtlae are redescribed. 
and Phi/ora quetzalzin new species is described . The genus is newly assigned to the family Stygnopsidae Sorensen 1932 
based on external morphology and mal e genitalia. which are described herein for the first time. The genus is compared with 
the morphologically similar genera Paramitraceras Pickard-Cambridge 1905, Sbordonia Silhavy 1977, and Troglostygnopsis 
Silhavy 1974 sensu stricto. Phi/ora is unique within the family in having a scutum completum. The presence of a scutum 
completum in Phi/ora and others laniatoreans is discussed. The male genitalia of the genera Paramitraceras, Phi/ora, 
Troglostygnopsis and presumably the genus Sbordonia, are very similar and share a morphological pattern described here as 
the Paramitraceras-pattern. 

Keywords: Mexico, Stygnopsidae, new species, scutum completum, male gen italia 

There are 66 genera and 92 species without familial 
assignment (incertae sedis) within the harvestman suborder 
Laniatores Thorell 1876, representing 4.8% and 2.2% of the 
total diversity of the suborder (Kury 2011). Recently, sorne 
genera listed as incertae sedis or with predetermined familial 
assignment have been transferred to different families, based 
on morphological characters (particularly male genitalia) or 
based on cladistic analyses (Pinto-da-Rocha & Hara 2009; 
Pérez-González 2011; Kury 2012; Villareal & Kury 2012). The 
monotypic genus Philora Goodnight & Goodnight 1954 and 
its type species P. tuxtlae was described from material 
collected near the San Martin Volcano, Los Tuxtlas, Veracruz 
in Mexico. The authors indicated that this genus is related to 
Paramitraceras Pickard-Cambridge 1905, differing only by a 
lower tarsal count of 2(1 ):2(1 ):4:4 in Philora versus 3(2):4(2): 5: 
5 in Paramitraceras. Initially, this genus was assigned to the 
subfamily Phalangodinae Simon 1879 of the family Phalango
didae Simon 1879, a familial assignment based on few, poorly 
understood external morphological characters, and the genus 
was later regarded as incertae sedis until adequately reviewed 
in a modern context (Kury & Cokendolpher 2000; Kury 2003). 

Recently we made several collecting trips to the rainforests 
of the Los Tuxtlas region, and ha ve collected adult specimens 
of P. tuxtlae from the type locality. In addition, specimens of a 
second species of the genus, described herein , were collected in 
the western region of the state of Veracruz. The male genitalia 
of the two species assigned to Philora have an internal capsule 
forming a follis on the ventral si de in dorsal view of the pars 
distalis, with a few distal espiniform projections and with 
several setae on the pars distalis; this morphology corresponds 
to the general pattern of the family Stygnopsidae Sorensen 
1932, and also shows great similarity to the male genitalia of 
the genus Paramitraceras (Pérez-González 2006; Cruz-López 
& Francke 2012, 2013). 

Using the external morphology and male genitalia of the 
two species, we revise the diagnosis of the genus, newly 
transfer the genus to the family Stygnopsidae, and discuss and 

I E-mail: thelyphonidito@gmail.com 
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describe the Paramitraceras-pattern of the male genitalia, 
present in the genera Paramitraceras, Philora, the type species 
of the genus Troglostygnopsis Silhavy 1974, and probably in 
the genus Sbordonia Silhavy 1977. 

METHODS 

The material examined is deposited in the Colección 
Nacional de Arácnidos (CNAN), Instituto de Biología, 
Universidad Nacional de México (UNAM), Mexico. We made 
photos using a Hitachi SUI510 Scanning Electronic Micro
scope (SEM) and a Nikon Coolpix S10 VR camera. Photo
graphs were edited using PhotoShop CS5 software. Male 
genitalia nomenclature follows Cruz-López & Francke (2013). 

TAXONOMY 

Family Stygnopsidae Sorensen 1932 
Genus Philora Goodnight & Goodnight 1954 

Philora Goodnight & Goodnight 1954:345; Kury & Coken
dolpher 2000:154; Kury 2003:27. 

Type species.- Philora tuxtlae Goodnight & Goodnight 
1954, by original designation 

Emended diagnosis.- Small stygnopsids, 3 mm maximum 
length. Scutum completum with numerous light-colored areas 
on sides (Figs. 1, 17, 33- 36). Setiferous tubercles on pedipalps 
with bases conical, setae inserted basally (Figs. 8, 9, 43). 
Metatarsus IV dorsally with one prominent setiferous tubercle 
distally, with one or two apical setae (Figs. 44, 46). Pars 
distalis with Paramitraceras-pattern (as defined herein), with 6 
to 10 pairs of lateral setae, arranged in two groups; these setae 
originating basally or laterally to follis . Pars distalis ventroa
pically with two pairs of setae, paramedian pair are 
represented by two microsetae close to each other; lateral 
pair large, pointing basally. Lobes of the dorsal bilobular 
projection wing-shaped, apex points basally; ventroapical 
margin of pars distalis with two lateral spiniform projections 
(Figs. 12- 14, 28- 32) . Tarsal count low, 2:2:4:4, distitarsi I and 
11 with one subarticle only. Males with four light-colored, 
pointed areas in the stigmatic region (Figs. 37-40). 



	 11	

292 THE JOURNAL OF ARACHNOLOGY 

Figures 1- 3.- Philora luxllae Goodnight & Goodnight 1954, male. 1. Habitus dorsal view; 2. Habitus lateral view (arrow points to anterior 
lateral light-colored areas); 3. Habitus dorso-posterior view. 

Philora tuxtlae Goodnight & Goodnight 1954 
(Figs. 1- 16, 33, 36- 38, 41-44) 

Philora tuxtlae Goodnight & Goodnight 1954:346, Figs. 1, 2; 
Kury & Cokendolpher 2000:154; Kury 2003 :27. 

Type data.- MEXICO: Veracruz, Holotype male?, and 
paratypes males or females? (see Remarks), San Martín 
vo1cano, 1050 m, 12 km N of San Andrés Tuxtla, Municipio 
San Andrés Tuxtla (deposited in American Museum of 
Natural History, New York; not examined). 

Material examined.- MEXICO: Veracruz, 1 'í', Estación 
Biológica Tropical de "Los Tuxtlas", UNAM, Municipio San 
Andrés Tuxtla (18°34'47.399"N , 95°04'53 .399"W, 429 m.), 27 
August 2005, O. Francke, A. Valdez, H. Montaño, M. 
Córdoba, A. Jaimes (CNAN); 1 6, same data, 11 January 
2012, O. Francke, G . Montiel, J . Cruz, R. Monjaraz (CNAN); 
8 6, 9 'í', 6 juveniles, same data, lO November 2012, O. 
Francke, G. Montiel, A. Valdez, J. Cruz, R . Monjaraz 
(CNAN); 5 6, 10 'í', 5 juveniles, 1 km SE. of Díaz Ordaz, 
Municipio San Andrés Tuxtla (18°3I'39.899"N, 95°05' 12.875"W, 
480 m), 10 November 2012, O. Francke, G . Montiel, A. Valdez, 
J. Cruz, R . Monjaraz (CNAN); 3 'í', 2 juveniles, l.5 km E of 
Ejido " La Perla de San Martín", Municipio Catemaco 
(18°33'19.800"N, 95°07'16.103"W, 749m), 11 November 2012, 

O. Francke, G . Montiel, A. Valdez, J. Cruz, R . Monjaraz 
(CNAN); 2 'í', 1 juvenile, 3 km W of Ejido Ruíz Cortines, 
Municipio Catemaco (18°31'24.852"N, 95°08'27.780"W, 
1,152 m), 11 November 2012, O. Francke, G . Montiel, A. 
Valdez, J. Cruz, R . Monjaraz (CNAN). 

Diagnosis.- Philora tuxtlae differs from P. quetzalzin in 
having a narrow ocularium, with a noticeably pointed apex. 
The dorsal ornamentation is composed of minute tuberc1es in 
P. tuxtlae (Fig. 1), but has larger tuberc1es in P. quetzalzin 
(Fig. 17); the posterior tergites with the medial spiniform 
tuberc1es markedly larger than the rest of the dorsum in P. 
tuxtlae (Figs. 1- 3), whereas they are uniform in size in P. 
quetzalzin (Fig. 17- 19). The sexual dimorphism in P. tuxtlae is 
only in the coloration and shape of the stigmatic region 
(Figs. 37, 38); whereas in P. quetzalzin, the sexual dimorphism 
is in the coloration and the shape of stigmatic region and the 
cheliceral size (scutum/cheliceral hand ratio: 2.8 in males, vs. 
scutum/cheliceral hand ratio: 3.1 in females) , and the shape of 
ocularium (Figs. 33, 34, 39, 40). Males of P. tuxtlae have a 
small dorsodistal tuberc1e on metatarsus IV (Figs. 7, 44), which 
is larger and mesally in P. quetzalzin (Figs . 23, 46). The 12 setae 
of the pars distalis originate lateral to the follis, and are in two 
distinctive groups of three setae (basal and lateral) on each side 
in P. tuxtlae (Figs. 12- 14); whereas they number 20, with 10 
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Figures 4- 7.- Philora tuxtlae Goodnight & Goodnight 1954, maleo 4. Leg 1 mesal view; 5. Leg II mesal view; 6. Leg III mesal view; 7. Leg IV 
mesal view (arrow points to dorsodistal setiferous tubercle) . 

scattered setae on each side in P. quetza/zin (Figs. 28- 32). The 
ventroapical macrosetae of the pars distalis is stouter in P. 
quetzalzin (Figs . 31 , 32), than in P. tuxtlae (Figs. 14, 15). 

Redescription.- Male: Measurements (based on a male 
from Estación Biológica Tropical " Los Tuxtlas"): Seu tu m 
length: 2.3 , scutum width: l.3. Dorsum: Scutum covered by 
very small tuberc1es, equally sized on all dorsum, with few 
setae. Posterior tergites with medial tuberc1es noticeably 
developed, rounded. Ocularium conical, basal area small, 
pointed distally, without posterior bulge (Figs. 1- 3). 

Ven ter: Densely covered by spiniform setae. Coxa 1 with 1 
median, irregular row of small, setiferous tuberc1es. Free 
sternites with setae similar to the rest of ventral region, but 
more densely covered. Stigmatic area with 4 differentiated 
light-colored areas, 2 posterior areas slightly c10ser to each 
other than anterior pair (Fig. 37). Anal plate with sorne 
rounded tuberc1es . 

Chelicera: Scutum/cheliceral hand ratio : 4, with 3 to 4 
setiferous spiniform tuberc1es on the frontal side, slightly 
developed. Cheliceral teeth present only on fixed finger , 
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Figures 8- 11.- Philora tuxt lae Goodnight & Goodnight 1954, maleo 8. Pedipalp ectal view (arrow points to setiferous tubercle on pedipalpal 
tibia); 9. Pedipalp mesal view; 10. Chelicera ectal view; 11. Chelicera frontal view. 

composed by 2 low and contiguous teeth; movable finger with 
medial concavity (Figs. 10, 11). 

Pedipalp: Coxa with median irregular row of tubercles. 
Troch anter globul ar, with 2 prominent spiniform tubercles 
ventrally. Femur slightly concave mesally, with few spiniform 
tubercles dorsally; ventrally with 3 noticeable, spiniform 
tubercles, 2 basal, the basalmost larger than the others; the 
third one distally displaced. Patella unarmed, covered only by 
setae. Tibia and tarsus with 3 spiniform tubercles on both 
sides, the bases of theses tubercles are conical, with the setae 
displaced basally (Figs. 8, 9) . 

Legs: Measurements: 1: 0.35/0.20/0.70/0.55, 11: 1.00/0.36/ 
0.85/0.85, III : 0.45/0.25/0.69/0.80, IV: 1.00/0.35/0.70/1.00. AII 

legs similar in ornamentation, covered by small setae, denser 
distally; posterior legs without remarkable sexual dimorphism, 
covered by small setae, denser distally. Metatarsus IV with 
dorsodistal tubercle, small and inconspicuous, with a small, 
curved apical seta (Figs. 4- 7, 44) . 

Genitalia: Setae of pars distalis filiform, rounded apically, 
without gro oves; grouped into 2 distinct sets, 1 basal and 1 
mesal, of3 setae each. Ventroapical regio n ofpars distalis with 
2 submedial microsetae and 2 lateral macrosetae pointing 
basally, similar to the others setae of pars distalis; ventroapical 
margin with 2 pointed apices. Base of follis excavated; 
bilobular dorsal projections of the follis contiguous with it, 
apices robust, pointed distally. Stylus short and hidden within 



	 14	

CRUZ-LÓPEZ & FRANCKE- REVISION OF THE GENUS PHILORA 295 

Figures 12- 16.- Philora tuxtlae Goodnight & Goodnight 1954, male genitalia. 12. Dorsal view; 13. Lateral view; 14. Dorso-ventral view; 15. 
Detail of one ventroapical microsetae and one ventroapical macrosetae on pars distalis; 16. Dorsal view of bilobular projection of foUis. 

the apical portion of follis, spiniform projections only visible 
on the ventral si de of glans. (Figs. 12- 16). 

Color: Scutum and ven ter dark brown, boundaries between 
dorsal areas lighter. Lateral margins of scutum and anterior 
portion of dorsal areas slightly darker. Ocularium and 
pro soma reticulated, background color brown, with black 
grid. Chelicera and pedipalps are very similar in coloration to 
ocularium, but lighter. Legs light brown, distal artic1es dark 
yellow. Stigmatic are a with four light-colored pointed areas, 
almost white (Figs. 35, 36). 

Female: Very similar to male, differing only in slight1y larger 
size, and the shape and coloration of the stigmatic region. 
Females with lateral margins of stigmatic area shorter than on 
males, without 4 light-colored areas ventrally (Figs. 37, 38) . 

Variation: There is minimal morphological variation among 
males and females ; the following variation in size was 
observed [ranges in mm (males/females) n = 10]: scutum 
length 2.3- 2.5/2.5- 2.7, pedipalpal femur length 0.6- 0.7/0.7-

0.8, femur 11 length l.0- l.l/l.l - l.2, fe mur IV length l.2- 1.4/ 
1.2- l.3 . 

Remarks.- The type material of this species was not 
studied, but we consider that the material examined corre
sponds to P. tuxtlae because in the original description the 
authors mentioned the following characters: small size, low 
tarsal count, dorsal ornamentation; which match the speci
mens redescribed here. Further, the material examined comes 
from localities within the "Reserva Especial de la Biosfera del 
Volcán San Martín" , which inc1udes the type locality 
(Fig. 53). We question the sex of the types, as indicated by 
the original authors, because males and females are very 
similar and we have examined sorne stygnopsids of the genera 
Hoplobunus Banks 1900, Karos Goodnight & Goodnight 1944 
and Paramitraceras, which were identified and labeled by 
Goodnight and Goodnight, and in most of them the sexual 
and life-stages (adult vs. juvenile) determinations are errone
ous. These errors in determining the sex by the Goodnights 
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Figures 17- 19 .- Philora quetzalzin new species, male. 17. Habitus dorsal view; 18. Habitus lateral view (arrow points to posterior laterallight
colored areas); 19. Habitus dorso-posterior view. 

have been corroborated by other authors (e. g., Vázquez & 
Cokendolpher 1997; Cokendolpher 2004; Shear, 20lO; Cruz
López & Francke 2013), and thus we do not trust their 
determinations without examining the types. 

Distribution.- Philora tuxtlae is only known from the 
tropical rainforest of the Reserva Especial de la Biósfera, 
Volean San Martín, Los Tuxtlas, Veracruz (Fig. 53). 

Natural history.- The specimens collected in August 2005 
and January 2012 were located by actively searching in 
appropiate microhabitats and were found inside decomposing 
tree stumps. Using this collecting method we also found many 
laniatorean specimens of the genera Flaccus Goodnight & 
Goodnight 1947 of the family Biantidae Thorell 1889 [we 
decided not to follow the synonymy of Flaccus under 
Stygnomma Roewer 1912, proposed by Goodnight & Good
night (1951) , according to unpublished data ofPérez-González 
(2006)] ; "Cynorta" Koch 1839 (Kury et al. 2007), Erginulus 
Roewer 1912, Eucynortula Roewer 1912, and Paecilaema 
Koch 1839 ofthe family Cosmetidae Koch 1839; Hoplobunus, 
Paramitraceras, and an undetermined genus of the family 
Stygnopsidae; and Pachylicus Roewer 1923 of the family 
Zalmoxidae Sorensen 1886. However, active searching was a 
poor method to collect Philora specimens. In November 2012, 
we collected by sifting leaf litter over a white sheet, obtaining 

contrasting results, and many more specimens of Philora were 
collected. This species showed thanatosic behavior, remaining 
stationary for several minutes, and resembling small pieces of 
dirt on the white sheet (making visual search difficult) . 
However, after a few minutes, they started crawling away 
and their identification and capture became much easier. 
Philora tuxtlae was found in both well-preserved and 
disturbed rainforest (mostly cleared to make pastures for 
cattle) where there was leaf-litter accumulation. 

Philora quetzalzin new species 
(Figs. 17- 32, 33, 35, 39, 40, 45 , 46) 

Type rnaterial.- MEXICO: Veracruz, holotype male, 5 km 
E of Tlaquilpa, Municipio Tlaquilpa (18°38'30.228"N, 
97°06'26.495"W, 2,233 m) , 22 January 20lO, O. Francke, A. 
Valdez, C. Santibañez, J. Cruz (CNAN-T0743). Paratypes: 1 
male, same data as holotype (CNAN-T0744); 1 male, 1 female, 
same locality, 23 March 2007, O. Francke, A. Valdez, C. 
Santibañez, A. Ballesteros, H. Montaño (CNAN-T0745). 

Etyrnology.- The specific name is derived from "quetzal
zin", which in N ahuatl means "small beauty". The name is 
used as a noun in apposition. 

Diagnosis.- Philora quetzalzin differs from P. tuxtlae in 
having a moderately dense, noticeable dorsal ornamentation; a 
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Figures 20- 23.- Philora quetzalzin new species, maleo 20. Leg 1 frontal mesal view; 21. Leg II mesal view; 22. Leg III mesal view; 23. Leg IV 
mesal view (arrow points to dorsodistal setiferous tubercle) . 

strong ocularium with a marked posterior bulge; and tuberc1es 
of posterior tergites similar in size and shape to those on the 
dorsum (Figs. 17- 19, 33, 34). It exhibits notable sexual dimor
phism, with males having a strongly developed cheliceral hand 
(scutum/cheliceral hand ratio: 2.8 in males, vs. scutum/cheliceral 
hand ratio: 3.1 in females) , and the base of the ocularium is 
wider in males than in females; whereas in P. tuxtlae there is 
almost no sexual dimorphism. The two species also differ in 
cheliceral dentition: the fixed finger has 2 teeth in P. tuxtlae and 
3 teeth in P. quetzalzin; the movable finger has no teeth in P. 
tuxtlae and 2 teeth in P. quetzalzin (Figs. 10, 11 , 26, 27). The 

dorsal tuberc1e on metatarsus IV is distinctive and meso-distal 
(Figs. 23 , 46) , whereas on P. tuxtlae it is inconspicuous and 
distal. The setae of the pars distalis number 10 pairs, are 
disorganized in the basal portion, originating basally to the 
follis, with medial grooves, and are distally pointed rather than 
rounded. The ventroapical macrosetae are considerably swollen 
and quite distinctive (Figs. 28- 32). 

Description.- Male (holotype) : Measurements: Scutum 
length: 2.9, scutum width: 1.9. Dorsum: scutum densely 
covered with small, rounded setiferous tuberc1es, slightly 
larger posteriorly. Pro soma rugose. Base of ocularium broad, 
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Figures 24- 27.- Philora quelzalzin new species, maleo 24. Pedipalp frontal ectal view; 25. Pedipalp mesal view; 26. Chelicera ectal view; 27. 
Chelicera frontal view. 

occupying over half of prosoma, dorsally covered with 
anteriorly directed small tubercles, apex of ocularium robust, 
ocularium with prominent posterior bulge (Figs. 17- 19). 

Ven ter: Uniformly omate with small setiferous tubercles, 
smaller than on dorsum, except in coxa 1 where the tubercles 
are spiniform and slightly developed. Stigmatic are a with 
lateral margins straight, short. Posterior light-colored pointed 
areas somewhat fused (Fig. 39). Free stemites covered by 
small setiferous tubercles. 

Chelicera: Cheliceral hand swollen (scutum/cheliceral hand 
ratio: 2.8). Basichelicerite covered dorsally by spiniform 

tubercles, the largest on meso-distal face. Cheliceral hand 
inserted dorsally on the basichelicerite; in frontal view covered 
with 3 spiniform tubercles distally pointed. Cheliceral denti
tion heterogeneous: fixed finger with 3 teeth, the basal most 
slight1y larger; movable finger with 2 teeth, bulge-shaped, 
rounded (Figs. 26, 27) . 

Pedipalp: Coxa with median irregular row of setiferous 
tubercles. Trochanter globular with two blunt, larger spini
form tubercles. Femur concave on mesal side, with 2 irregular 
rows of spiniform setiferous tubercles ventrally; mesal row 
with 2 large tubercles, basal most largest; ectal row with 4 
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Figures 28- 32.- Philora quelzalzin new species, male genitalia. 28 . Dorsal view; 29. Lateral view; 30. Dorso-ventral view; 31. Dorsal view of 
bilobular projection of glans; 32. Details of ventroapical pairs of micro- and macrosetae on pars distalis . 

smaller ones. Femur covered dorsally by 2 rows of small 
spiniform tubercles, increasing in size distally. Patella un
armed, covered only by setae. Tibia with 3 setiferous spiniform 
tubercles on each margino Tarsal armature similar to tibia, 
setiferous tubercles with the setae at the base (Figs. 24, 25). 

Legs: Measurements: 1: 0.55/0.40/0.95/0.75, 11: 1.40/0.55/ 
l.05/l.00, III : 0.65/0.40/0.80/1.00, IV: l.25/0.45/0.90/l.25. All 
legs similar in ornamentation, covered by numerous small 
setae. Femora 111 and IV curved. Leg IV without sexually 
dimorphic ornamentation. Metatarsus IV with strong spini
form setiferous tubercle mesodistally, with l or 2 apical setae 
(Figs. 20- 23, 46). 

Genitalia: Pars distalis with 10 pairs of setae, basal to follis , 
without distinct groupings, all setae with distal median groove. 
Lateral margins of pars distalis in dorsal view curved towards 
the follis, with a pair of minute setae on the lateral margins 
hidden by curls. Apex of distal ventroapical margin with two 
small lateral projections. Two pairs of ventroapical setae, the 

middle pair formed by two microsetae, very close between 
them; the lateral setae slightly spoon-shaped distally, with an 
apical median groove. Follis narrower than the maximum 
width of pars distalis, base of follis excavate; bilobular dorsal 
projection widespread, apices rounded distally; stylus short 
and hidden within the apical portion of follis. Spiniform 
projections small and only present in the ventral side of apical 
follis (Figs. 28- 32). 

Color: Similar to P. tuxtlae, but the boundaries between 
dorsal areas of scutum almost as dark as the rest of dorsum 
(Figs. 33, 34). 

Female (paratype) : Differs from the male in having a 
narrower ocularium, chelicera noticeably smaller (scutum/ 
cheliceral hand ratio: 3.1), setiferous tubercles ofpedipalps less 
developed and having lateral margins of stigmatic are a shorter 
than the males (Figs. 33, 34, 39, 40). 

Distribution.- This species is known only from the type 
locality (Fig. 53). 
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Figures 33- 36.-Phi/ora species, male and female lateral view. 33. Phi/ora quetzalzin new species, male; 34. P. quetzalzin, female; 35. P. tuxt lae 
Goodnight & Goodnight 1954, male; 36. P. tuxtlae female. Arrows indica te anterior (females, lower illustrations) and posterior (males, upper 
illustrations) light-colored areas. 

Natural history.- Similar to P. tuxtlae , the specimens 
collected in 2010 showed thanatosic behavior, and were found 
among the roots of decomposing tree stumps, forming a small 
aggregation with specimens of Flaccus sp. Philora quetzalzin 
inhabits a pine-oak forest , aboye 2,000 m, unlike P. tuxtlae 
which lives in the rainforest of Los Tuxtlas region at a lower 
altitud e of less than 1,200 m. 

DISCUSSION 

Goodnight & Goodnight (1954) argued that tarsal counts 
alone were sufficient to differentiate the genus Philora from its 
close relative Paramitraceras. It is surprising that those 
authors did not mention the presence of a scutum completum 
in the generic diagnosis of Philora , because this character is 
quite distinctive. The fusion of all dorsal tergites forming a 
scutum completum was previously known only in the suborder 
Cyphophthalmi Simon 1879; in the families Dicranolasmati
dae Simon 1879, Nemastomatidae Simon 1872 and Trogulidae 
Sundevall 1833 within the suborder Dyspnoi Hansen & 
Sorensen 1904 (Shear 2006; Sharma & Giribet 2011). 
Regarding the suborder Laniatores, the scutum completum 
is present in the family Sandokanidae Ozdikmen & Kury 2007 
(formerly Oncopodidae Thorell 1876), in the males of 
Heteropachylus inexpectabilis (Soares & Soares 1946) of the 
family Gonyleptidae Sundevall 1833, and presumably in 
Paralola buresi Kratochvíl 1951 of the family Phalangodidae 
Simon 1879 (Schwendinger 2007; Ubick 2007; Mendes 2011). 
This morphological condition was considered plesiomorphic 
in the order, but this hypothesis is inconsistent with recent 
outgroup comparison and with the retention of primitive 
dorsal longitudinal muscles in higher Opiliones (Shultz & 
Pinto-da-Rocha 2007); and the scutum completum appears to 
have evolved convergently in several Opiliones lineages 
(Sharma & Giribet 2009). Moreover, reciprocally in Cy-

phophthalmi, Sandokanidae and Philora , this character is 
matched by low tarsal counts and could reflect adaptations to 
similar ecological niches, but this hypothesis has not been 
tested (Sharma & Giribet 2009, 2011). The recent hypothesis 
of phylogenetic relationships, using molecular data, of the 
families with all or one member with scutum completum is: the 
family Sandokanidae is considered the sister group of the non
phalangodid Grassatores Kury 2002, whereas the family 
Stygnopsidae is considered the sister group of the superfamily 
Gonyleptoidea; and finally, the family Gonyleptidae is within 
the Gonyleptoidea (Giribet et al. 2010; Sharma & Giribet 
2011). 

The phylogenetic and taxonomic status of Gonyleptidae 
and Sandokanidae has been well studied, wherein the external 
morphology and the male genitalia of the majority of the 
genera and species of the family are well known (e.g., 
Schwendinger & Martens 2002; Schwendinger 2006, 2007; 
DaSilva & Gnaspini 2009; Yamaguti & Pinto-da-Rocha 2009; 
DaSilva & Pinto-da-Rocha 2010; Mendes 2011). In contrast, 
within the family Stygnopsidae, external morphology and 
male genitalia are well known for the genera Chinquipellobunus 
Goodnight & Goodnight 1944 (Cokendolpher 2004) and five 
of six species of Paramitraceras (Cruz-López & Francke 2012, 
2013) . There are published drawings of the male genitalia of 
the Hoplnhunus hnneti (Goodnight & Goodnight 1942), H 
queretarius Silhavy 1974, Karos rugosus Goodnight & Good
night 1971, Mexotroglinus sbordonii Silhavy 1977, Sbordonia 
armigera, both known species of the genus Stygnopsis 
Sorensen 1902, both known species of the genus Troglostyg
nopsis Silhavy 1974, and SEM photos of Karos sp. and 
Stygnopsis valida (Sorensen 1884) (Silhavy 1974, 1977; Mendes 
& Kury 2007). Mendes & Kury (2007) described the male 
genitalia of the family Stygnopsidae, but in the majority of 
species the male genitalia are unknown. 
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Figures 37-40.- Philora species, male and fe mal e ventral views. 37. Phi/ora tuxtlae Goodnight & Goodnight 1954, male; 38. P. tuxtlae female; 
39. Phi/ora quetzalzin new species, male; 40. P. quetzalzin female. Arrows indicate the four ventral light-colored pointed areas on the males of 
Phi/ora species. 

We have observed the male genitalia of sorne stygnopsids 
using a scanning electronic microscope and have noted that 
the male genitalia of the type species of Troglostygnopsis , 
along with the known male genitalia of the genera Para
mitraceras, Philora , and presumably the genus Sbordonia 
(based on the drawing by Silhavy 1977), share a similar and 
unique genital pattern, he re in called the Paramitraceras
pattern. This pattern is recognizable by having 1) setae of 
pars distalis generally forming two rows or groups, one 
dorsolaterally or mesal, and the other, laterobasal and 

ventrally; 2) numerous pairs of setae in these two rows, from 
three to fourteen pairs; 3) pars distalis very wide, follis narrow 
compared with it; 4) presence of a bilobular dorsal projection of 
the follis; and 5) presence of a unique pair of micro-ventral setae 
in the meso or meso-distal region ofventral plate (Figs . 47- 52). 
Regarding the other described species of Troglostygnopsis, T. 
inops (Goodnight & Goodnight 1971), we have observed that it 
does not share this male genitalic pattern, and possibly this 
species should be transferred out of the genus. A phylogenetic 
analysis of these and other stygnopsid genera would c1arify 
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Figures 41-46.- Philora species, details of lateral pores, setiferous tube rcle of pedipalp and dorsal distal tuberdes of femur 1 V; 41. Phi/ora 
IIlx/lae Goodnight & Goodnight 1954, male, antero-Iateral pores (arrows, see also arrow in Figu re 2); 42. P. IIIx/fae male, detail of a pore; 43. P. 
tllxtlae male, setifero us tuberde of pedipalpal tibia (see arrow in Figure 8); 44. P. fIIxTlae male, detai l of dorsal distal spiniform seliferous tuberele 
on metata rsus IV (see arrow in Figure 7); 45. Phi/ora quel=al=in new species, delails of huero-posterior pores (arrow in Figure 18); 46. P. 
quet=a'=ill , detail of dorso meso-distal spiniform setiferous tuberde on mclalarsus IV (see arrow in Figure 23). 

whether this pattern is due to common ancest ry 0 1' due lO 

homoplasy. Those three gene ra can be diITe rentiated by 
combinalions of external a nd genita l cha racters (Table 1). 

The " Ialeral projeclions" (Si lhavy 1974, 1977) are present in 
both species of lhe genus Phi/ora; these slructures and the 
light-colored lateral areas on lhe sides of the scutum were 
observed under SEM , and there are numerous micropores in 
(hose areas (Figs. 33- 36, 41 ,42,45). Silhavy (1974) proposed 
that these lateral project io ns, present in the stygnopsid genera 
Karos, Paramitraceras, Sbordonia and Troglosrygnopsis could 
be glandu lar openings similar to those reported on other 
Lania tores (Eisner el al. 2004; Machado et al. 2005; Willemart 
et a l. 20 10). A delailed examinatíon using SEM of lhese light
colored arcas on lhose olher genera wi ll contribute to a beltcr 
knowledge about glandular openings in the family Stygnopsidae. 
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Figures 47- 52.- Male genitalia of the genera having the Paramitraceras-pattern. 47 & 50. Paramitraceras granulalum Pickard-Cambridge 
1905; 47. Dorsal view; 50. Ventral view. 48 & 51. Phi/ora luxllae Goodnight & Goodnight 1954; 48 . Dorsal view; 51. Ventral view. 49 & 52. 
Trogloslygnopsis anophlhalma Silhavy 1974; 49. Dorsal view; 52. Ventral view. Abbreviations : BDP = bilobular dorsal projection, F = foUis, MS 
= macrosetae, VMS = ventral microsetae. 
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Figure 53.- Dist ribution of the species of Phi/ora. Sta te of Veracruz en larged. Circle: Phi/ora qllet=al=ill new species. Squares: Phi/ora !IIx!lae 
Goodnight & Goodnight 1945, incJuding the type locality. 

Table l.- Differences in morpho logical characlers between Ihe stygnopsid genera Poralllilracems Pickard-Cambridge 1905, Phi/ora 
Goodnight & Goodnight 1954, Shordoflia Silhavy 1977, and Trogloslygnopsis allophtlwlll/u Si lhavy 1974. 

ParQmi!raceras Phi/ora SbordOllia T ol/opluhalll/(f 

Scutum II/aglllllll completlflll lIIl/glIIIIII magl1l11l1 

Eyes Present Present Presen t Absent 
Body, lateral vicw Opisthosoma convex Opisthosoma convex Opist hosoma convex Opisthosoma flattened 
Pedipalpal arma lure Absent Present Presen l Presenl 
Pedipalpal armalure on the tibia Entire length Distally only En tire length 
Setae and base of setiferou s Not contiguous Contiguous Contiguous 

tubercles of the pedipalpi 
Length of the setife rous No t greater than Not greate r than Greale r than respective 

tubercles of pedipa lpi respective segments respective segme nt s segmen ts 
Ventral armatu re of the p, femorale only with a Absen t With conspic llous Absent 

femur IV basal ventro-dislal bulge spini form tube rcles 
Lenght of femur IV Less than or equa l Less ¡han or equal Less than or eq ual Longer than scutum 

to scutum lo scut um to scutu m 
Dist itarSllS I and 11 2/2- 3 1/1 2/2 3/3 
Origin of lateral setaes Lateral to folli s Basa l and lateral to unknown Latera l to fo llis 

of pars distalis follis 
Ventral microsetae Distan! from eac h other Close between them unknown Close between them 
Positio n of the ventra l At the same leve! or Basa l to them unknown Basal to them 

microsetae respect to sligh¡lyapical 
apical pair of dorsal 
lateral setae row 

Apical pair of ¡he dorsal lateral Contiguous with the rest Separated from the rest, unknown Separated from the res!, 
setae row close to vent ral close to ventral microsetae 

microsetae 
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Cavernicolous species that exhibit a high degree of troglomorphism often provide sorne of the most intriguing 
evolutionary riddles. For such taxa, the correct systematic arrangement is difficult to determine and becomes 
problematic when based solely on highly convergent external morphological characters, leading to exaggerated 
support of spurious relationships. For the arachnid order Opiliones, examination of male genitalia morphology 
often aids in determining the family to which a particular taxon belongs. Rowever, many taxa described prior to 
the 1990s lack detailed descriptions or drawings of this important character and, for highly-derived species, it is 
may still be necessary to seek support from additional sources of characters (e.g. molecular data) to accurately 
as ses s systematic placement. The enigmatic species Stygnomma pecki Goodnight & Goodnight, 1977 from a cave 
in Belize proved to be especially difficult to place based on morphological characters alone. Thus, using a 
previously published dataset for laniatorean harvestmen, we carried out a robust phylogenetic analysis aiming to 
determine the evolutionary relationship of this Neotropical troglomophic species. Informed by the results of the 
molecular phylogenetic analysis of 88 terminals representing Laniatores, we describe Jarmilana gen. nov. and 
provide a redescription of the type species Jarmilana pecki (Goodnight & Goodnight, 1977) combo nov. 
Morphological evidence, including male genitalia morphology, supports the inclusion of J. pecki in the family 
Pyramidopidae. This represents the first record for the family Pyramidopidae in the New World, raising the 
question of whether this represents transoceanic dispersal or a relict of an ancient widespread tropical 
Gondwanan distribution. 

© 2016 The Linnean Society ofLondon, Zoological Journal ofthe Linnean Society, 2016, 177, 602- 620 
doi: 10.1111/zoj.12382 

ADDITIONAL KEYWORDS: biogeography - molecular phylogeny - new genera - phylogenetic position -
taxonomy. 

INTRODUCTION 

Systematics of laniatorean harvestmen (Opiliones: 
Laniatores) has received increasingly more attention 
in the last decade (Giribet & Sharma, 2015) and 

*Corresponding author. E-mail : thelyphonidito@gmail.com 
tThese authors contributed equally to this work. 

recent major revisions have resulted in many new 
systematic arrangements and descriptions of 
supraspecific taxa (Kury & Pérez-González, 2002; 
Kury, 2003; Pinto-da-Rocha & Rara, 2009; Sharma 
& Giribet, 2011, 2014; Sharma, Prieto & Giribet, 
2011; Kury, 2012, 2014; Pinto-da-Rocha et al., 2014). 
This has been greatly facilitated by the inclusion of a 
detailed description of male genitalic morphology, a 
structure that has played an increasingly important 

602 © 2016 The Linnean Society of London, Zoological Journal ofthe Linnean Society, 2016, 177, 602-620 
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role in defining natural groups in harvestmen 
(Macías-Ordóñez et al., 2010; Pérez-González, 2011; 
Pinto-da-Rocha et al., 2012). Additionally, molecular 
data are rapidly advancing our understanding of evo
lutionary relationships of harvestmen, particularly 
within and among diverse Laniatores groups, often 
providing important insights about the systematic 
position of odd or poorly known taxa (Giribet et al., 
2010; Sharma & Giribet, 2011; Sharma, Prieto & 
Giribet, 2011; Pinto-da-Rocha et al., 2014; Bragag
nolo, Rara & Pinto-da-Rocha, 2015). The datasets 
produced by these studies have become a powerful 
resource for testing the affinities of taxa that are dif
ficult to place based only on morphological traits, 
especially when character homology is masked by 
strong convergent evolution; for example, as 
observed in sorne cavernicolous species that exhibit a 
high degree of troglomorphism. 

Despite recent advances in our understanding of 
harvestmen systematics (Giribet & Sharma, 2015), 
within Laniatores, there are still many non-natural 
groups consisting of multiple diverse lineages that 
require major systematic revision. This is partly a 
result of the typological approach engendered by early 
classification systems (e.g. the Roewerian system) in 
which a restricted number of convergent morphologies 
(e.g. the presence of tarsal scopula, tarsal formula, 
armature of ocularium) were used in combination to 
create many non-natural groups or, in sorne cases, to 
create a 'wastebasket taxon' into which species were 
'dumped' based on a lack of characters. Among lania
torean harvestmen, the family Stygnommatidae is the 
epitome of wastebasket taxa because it contains spe
cies without a common ocularium that also lack a tar
sal scopula. The family currently comprises one genus 
and 33 species (Kury, 2013b), although several studies 
have indicated that this is a non-monophyletic assem
blage (Pérez-González, 2006, 2007; Pérez-González & 
Kury, 2007; Sharma & Giribet, 2011). 

Within the genus Stygnomma Roewer, 1912, one of 
the most remarkable and enigmatic species is Styg
nomma pecki Goodnight & Goodnight, 1977, a troglo
bite from Belize. The species authors recognized the 
unusual morphology of this species and indicated 
their uncertainty regarding relationships with other 
species of the genus by stating that 'It is unusual in 
appearance ... It bears no obvious relationships to 
any forms we have previously observed.' (Goodnight 
& Goodnight, 1977: 148). In an unpublished thesis, 
Pérez-González (2006) recognized that the male geni
talia of this species did not match that of the Styg
nommatidae s.s. (as subsequently defined in Pérez
González, 2007), nor any of the families belonging to 
the clade Samooidea + Zalmoxoidea. Pérez-González 
(2006) considered that the male genitalic morphology 
related this species with a group formed by Stygnop-
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sidae, Epedanidae, 'Pyramidopidae', and Assamiidae 
(but, for current superfamilial concepts, see also Giri
bet & Sharma, 2015) and suggested that it was most 
likely related to Stygnopsidae because this was the 
only one of the four known from the New World. 

Recent field expeditions in Belize have provided 
fresh material that enabled us to carry out a detailed 
study of S. pecki. In the present study, we investi
gate the systematic position of S. pecki using a 
molecular phylogenetic approach. Based on results of 
our analysis, we propose new familial and generic 
assignments. We provide a diagnosis for Jarmilana 
gen. nov. and a redescription of the species Jarmi
lana pecki combo nov. based on detailed observa
tions of morphological characters that strongly 
support the new taxonomic changes. 

MATERIAL AND METHODS 

MATERIAL EXAMINED 

The material examined has been deposited in the 
Colección Nacional de Arácnidos (CNAN) UNAM, 
Mexico; American Museum of Natural Ristory 
(AMNR), New York, USA; Texas Memorial Museum 
(TMM), Texas, USA, and Museo Argentino de Cien
cias Naturales (MACN), Buenos Aires, Argentina. 
We adopted the terms alpha and beta male com
monly used for Opiliones (Kury, 2008, 2013a; Fer
reira & Kury, 2010; Kury & Ferreira, 2012; Ázara, 
DaSilva & Ferreira, 2013) and equivalent to Major! 
Minor males (Zatz et al., 2011; Buzatto & Machado, 
2014) to describe the dimorphic male condition in 
which larger, more strongly armed males (= alpha) 
are distinct from smaller, weakly armed males 
(= beta). One beta male of J. pecki combo nov. was 
dissected and prepared for scanning electron micro
scopy (SEM) as described by Acosta, Pérez-González 
& Tourinho (2007). For SEM preparation, the speci
mens were dehydrated in a series of increasing con
centrations of ethanol (85, 90, 95 and 100%), and 
dried using hexamethyldisilazane (Brown, 1993). 
After drying, they were mounted on adhesive copper 
tape (EMS 77802; Electron Microscopy Sciences) 
affixed to a stub and sputter coated with Au-Pd. 
Specimens were examined at accelerating voltages of 
10- 20 kV under high vacuum with a FEI XL30 TMP 
(at the MACN) and a Ritachi SU1510 (at the Insti
tuto de Biología, UNAM). Photographs of ethanol 
preserved specimens were obtained with a DFC 290 
digital camera (Leica) attached to a M165C stereomi
croscope (Leica), and the focal planes were combined 
using RELICON FOCUS PRO (www.heliconsoft.
com). Male genitalia were temporarily mounted in 
glycerol and drawn using a camera lucida attached 
to a BR-2 compound microscope (Olympus). To 
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expand the glans, the male genitalia was immersed 
in a hot, saturated solution of KOH for 2 min, and 
afterwards transferred to distilled water. All images 
were edited using Photoshop CS5 software (Adobe 
Systems Inc.). 

T AXON SAMPLING 

We used a subset of data from Sharma & Giribet 
(2011) to include a broad sampling of 81 species of 
Grassatores plus five outgroup taxa represented by 
Triaenonychoidea and Travunioidea. Additionally, 
'8tygnomma sp.' (MCZ DNA 106176; Sharma & Giri
bet, 2012) was included as an additional representa
tive of the South American fauna of Samooidea 
(although it is not 8tygnomma or Stygnommatidae s.s. 
as defined in Pérez-González, 2007). We added 
sequence data for J. pecki combo nov. (MACN-DNA
Op024) to these previously sequenced taxa for a total 
of 88 terminals in our molecular phylogenetic analysis. 

MOLECULAR METHODS 

Sequence data were retrieved from GenBank via 
Batch Entrez for 87 species of Laniatores. GenBank 
files were parsed using the perl script parseGB.pl 
(https://sites.google.com/site/shannonhedtke/Scripts). 
Reconstruction of the Laniatores phylogeny utilized 
eight of the ten markers employed by Sharma & 
Giribet (2011), including three mitochondrial genes 
(i.e. for 128 rRNA, 168 rRNA, and cytochrome e oxi
dase subunit 1) and five nuclear genes (i.e. for 188 
rDNA, 288 rDNA, histones H3 and H4, and U2 
snRNA). We excluded cytochrome b and elongation 
factor-lcx from our analysis because a large number 
of taxa (> 70%) in the dataset lacked sequence data 
for the appropriate genes. 

Total DNA was extracted from one adult female 
J. pecki combo nov. (MACN-DNA-Op024) using 
DNEasy tissue kits (Qiagen) by soaking two legs in 
lysis buffer overnight (approximately 14 h) as 
described in Boyer, Karaman & Giribet (2005). 
Genomic DNA was used as a template for amplifi
cation by a polymerase chain reaction (PCR) of 
three gene fragments (COI, complete 188, and par
ti al 288). COI was amplified using the primer pair 
LC01490-HCOoutout (Folmer et al., 1994; Prendini, 
Weygoldt & Wheeler, 2005). 188 was amplified 
using three primer pairs that produce overlapping 
regions, including 188 lF-5R, 188 3F-bi, and 188 
a2.0-9R (Giribet et al., 1996; Whiting et al., 1997). 
For 288, the region amplified was bounded by the 
primer pair 288 rd4.8a-rd7bl (Schwendinger & 
Giribet, 2005). More information about primer 
sequences is provided in Sharma & Giribet (2011). 
Reactions were carried out in 15-~L volumes con-

sisting of 0.5 ~M each primer, 200 ~M dNTPs, 
1 x PCR buffer, 1.5 mM MgClz, 1.5 U of Taq DNA 
Polymerase (Thermo Scientific), and 1- 2 ~L of DNA 
template. For 288 and 188, cycles were run using 
a step-down protocol (Evans & Paulay, 2012) that 
involved an initial denaturation step (95 oC for 
5 min), 15 high-specificity cycles (95 oC for 30 s, 
51 °C for 45 s, 72 oC for 45 s), and 20 standard
specificity cycles (95 oC for 30 s, 49 oC for 45 s, 
72 oC for 45 s). For COI, annealing tempera
tures were modified to 45 oC, stepped down to 42-
43 oC. 

PCR products were visualized by agarose gel elec
trophoresis (1.2% agarose) and later purified by add
ing 0.5 ~L of Exonuclease 1 and 1.0 ~L of FastAP 
Thermosensitive Alkaline Phosphatase (Thermo 
Scientific) and running reactions at 37 oC for 30 min 
followed by 85 oC for 15 mino Products were 
sequenced using the forward primers, carried out at 
the Instituto Nacional de Tecnología Agropecuaria 
(Buenos Aires, Argentina) or Macrogen (Seoul, South 
Korea). 

Chromatograms were viewed and automated 
sequence reads were edited using SEQUENCHER 
(Gene Codes). Most sequences were aligned using 
MUSCLE (Edgar, 2004). Sequences for 288 and 128 
were aligned using Q-INS-i and L-INS-i algorithms, 
respectively, implemented in MAFFT (Katoh, 2013) 
through the online CBRC portal using the parame
ters: 200 PAM/k = 2 scoring matrix, gap opening 
penalty of 1.53, and an offset value of 0.1. Align
ments were inspected and manually adjusted, and 
were treated with GBLOCKS, version 0.91b (Castre
sana, 2000) to identify and remove ambiguous sites 
with the allowed gap positions parameter set to 
'with half, the minimum number of sequences for a 
flanking position set to 75% of the total number of 
sequences in a partition, and the remaining param
eters at their default setting. Lengths of the origi
nal sequence alignment and final selected blocks 
are provided (Table 1). Sequences were concate
nated, and file types were converted, using the perl 
script BeforePhylo.pl (https://github.com/qiyunzhul 
BeforePhylo) customized to generate relaxed phylip 
formato 

We assessed the substitution saturation in the 
third-position of codons for protein-coding genes 
(COI, H3, H4) using a test for substitution saturation 
(Xia et al., 2003; Xia & Lemey, 2009) implemented in 
DAMBE5 (Xia, 2013). The third-position of COI was 
highly saturated by substitutions; thus, the phyloge
netic signal was obscured, which is an expected out
come for a broad sampling of taxa across diverse 
lineages of Laniatores. Therefore, we partitioned 
COI by codon position, retained positions 1 and 2 as 
separate partitions, and excluded position 3 from our 
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Table 1. Selection of conserved blocks for each gene 
sequence after treatment with GBLOCKS 

Number Original Length of Number 
of sequence selected of selected 

Gene sequences length blocks block s 

12S 42 387 143 8 
16S 26 490 374 13 
18S 88 1828 1728 10 
28S 88 3761 2332 22 
COI 56 814 642 1 
H3 71 327 321 1 
H4 74 159 159 
U2 40 131 131 

analysis. We retained all three codon positions for 
H3 andH4. 

Four error s were discovered among the sequence 
data available for Laniatores and we indicate those 
error s he re so that future studies that utilize this 
dataset may take these changes into account. 
Sequence accession numbers are from GenBank, and 
we refer to accession numbers listed in Sharma & 
Giribet (2011). GenBank accession number FJ796492 
refers to a COI sequence that belongs to Caenocopus 
sp. MCZ DNA102593, and thus COI sequence data 
for Cynortula granulata MCZ DNA100332 do not 
exist at this time. Additionally, we discovered that 
168 sequence data available for Pellobunus insularis 
MCZ DNA101421 (GenBank# JF786469) was identical 
to Pyramidops sp. MCZ DNA101432 (GenBank# 
JF786468), which is implausible. We determined that 
the sequence belongs to Pyramidops sp. and thus we 
omitted the 168 sequence data for P. insularis. Simi
larly, we discovered that H4 sequence data for Glys
terus sp. MCZ DNA101422 (GenBank# FJ475957) 
were identical to Icaleptes sp. MCZ DNA101420 
(GenBank# FR850199) and determined that the 
sequence belongs to the latter species. Finally, 
sequence data for Neopygoplus siamensis were previ
ously only available in GenBank for three genes 
(COI, 188, and 288); however, sequences for three 
additional genes were presumably included in the 
analysis of Sharma & Giribet (2011) but never pub
lished. Sequence data have been made available for 
histone H3 (KU049766), histone H4 (KU049767), and 
U2 snRNA (KU049768) from N. siamensis (MCZ 
DNA104858). 

PHYLOGENETIC METHODS 

Phylogenetic trees were reconstructed using maxi
mum likelihood (ML) and Bayesian inference. ML 
analysis was conducted using RAXML, version 
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8.1.11 on XSEDE (Stamatakis, 2014) through the 
online CIPRES portal. Data were partitioned by 
gene, with COI partitioned into first and second 
codon positions, resulting in nine data partitions 
for the ML analysis. We inferred trees using a 
GTR + GAMMA model of sequence evolution for 
each data partition and estimated support values 
with 1000 bootstrap replicates. 

Bayesian inference analysis was conducted using 
MrBayes, version 3.2.3 (Ronquist et al., 2012) on 
XSEDE through the online CIPRES portal. Data 
were partitioned by gene, and protein coding genes 
H3 and H4 were further partitioned by codon posi
tion, resulting in a 13 partition scheme. Best-fit mod
els of molecular evolution were specified for each 
partition (Table 2) as selected under the Bayesian 
information criterion using PARTITIONFINDER, 
version 1.1.1 (Lanfear et al., 2012). The analysis con
sisted of two simultaneous runs each with four 
chains for 20 000 000 generations sampling every 
1000 trees. The initial 25% of sampled trees were 
discarded as burn-in. The average SD of split fre
quencies between runs was < 0.01. Stationarity of 
parameters was visually confirmed in TRACER, 
version 1.6 (Rambaut et al., 2014) and stationarity of 
tree topologies was confirmed using compare plots 
generated by A WTY (Nylander et al., 2008). To 
investigate whether missing data had an effect on 
the placement of the taxon of interest, we analyzed a 
dataset consisting of only the genes available for 
J. pecki combo nov. in a four partition scheme (i.e. 
188, 288, and COI codon positions 1 and 2). There 
was no change in the nodal support for taxa relevant 
to our study; thus, we proceeded to use the eight 
gene dataset that provided better resolution of deep 

Table 2. Best-fit models for sequence evolution for each 
partition selected under Bayesian information criterion 
using PARTITIONFINDER 

Partition Model 

12S GTR + 1 + G 
16S GTR + 1 + G 
18S GTR + 1 + G 
28S GTR + 1 + G 
COI, first codon position GTR + 1 + G 
COI, second codon po sitio n GTR + 1 + G 
H3 , first codon position GTR + 1 + G 
H3 , second codon position JC 
H3 , third codon position GTR + G 
H4 , first codon position GTR + 1 + G 
H4 , second codon position JC 
H4, third codon position GTR + G 
U2 GTR + 1 + G 
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phylogenetic relationships and facilitated direct com
parisons with previous studies. 

RESULTS AND DISCUSSION 

PHYLOGENETIC ANALYSIS 

New sequences for J. pecki combo nov. have been 
submitted to GenBank for three genes: COI 
(KU049765), complete 188 (KU049764), and partial 
288 (KU049763). The tree topology obtained by 
Bayesian inference was generally in agreement with 
the previous analyses of Sharma & Giribet (2011) 
with respect to the monophyly of families and some 
major superfamilial clades (Fig. 1). However, in our 
analysis, utilizing a subset of genes from Sharma & 
Giribet (2011), making several corrections to 
sequence data, and employing a different partition
ing scheme had some impact on family level rela
tionships (Fig. 1). The implications for these 
findings are discussed below. The phylogenetic tree 
obtained by ML (see Supporting information, 
Fig. SI) was generally congruent with Bayesian 
analyses (Fig. 1). 

F AMILIAL ASSIGNMENT IN PYRAMIDOPIDAE: MOLECU

LAR AND MORPHOLOGICAL EVIDENCE 

The African family Pyramidopidae, represented in 
our analysis by Conomma oedipus Roewer, 1949 and 
Pyramidops sp. is recovered as monophyletic [boot
strap support (BS) = 100%, posterior probability 
(PP = 1.00)]. Jarmilana pecki combo nov. was 
recovered as sister to African pyramidopids with 
strong support in both analyses (BS = 99%, 
PP = 1.00). 

The external morphology of J. pecki combo nov. 
is extremely misleading because it is highly conver
gent with other troglobitic species, as demonstrated 
by the strongly developed pedipalps, the loss of eyes, 
and the dubious limits of an ocularium (Fig. 3). 
These troglomorphic characteristics, combined with 
the hourglass-shaped scutum magnum and the disre
gard for examining penis morphology, erroneously 
led the species authors to conclude that it belonged 
to Stygnommatidae. 

Detailed examination of the male genitalic mor
phology provides supporting evidence with respect to 
placement of J. pecki combo nov. in Pyramidopi
dae. Pyramidopids typically exhibit complex and 
aberrant penis morphologies. The pars distalis is 
armed with characteristic large paired macrosetae 
(with exceptions) and the glans lacks prominent 
parastylar conductor s (Sharma et al., 2011). The 
penis of J. pecki combo nov. does not have a 
strongly developed par distalis, as is found in many 

pyramidopids (Sharma et al., 2011), although it does 
exhibit the characteristically large macrosetae, a 
simple glans with a follis ending in two large dor
soapical lobes, and a simple stylus without parasty
lar conductors (Figs 10, 11). The penis morphology of 
J. pecki combo nov. shares similarities with other 
pyramidopids that possess a shorter, less complex 
and slightly swollen pars distalis; compare Fig. lOA 
to fig. 5n in Sharma et al. (2011). The large dorsoapi
cal lobes of the follis are strikingly similar to Con
omma sp. from Cameroon (Sharma et al., 2011: fig. 
5a) and Pyramidops pygmaeus Loman, 1902 from 
Nigeria (for which the genitalia was illustrated and 
homology of setae was interpreted by Kury & Villar
real, 2015: fig. 22d- f). Also, the mode of hydraulic 
expansion shows the affinities between J. pecki 
combo nov. and the pyramidopid C. oedipus. When 
expanded, the movement of the glans is very similar 
in both species. The base of the follis infla tes and 
moves dorsally, whereas the dorsoapical lobes of the 
follis inflate, separate slightly, and curl apically. The 
stylus projects apically and is exposed between the 
tips of the two lobes (Fig. 11). Another striking simi
larity between J. pecki combo nov. and P. pyg
maeus is the dorsal pair of macrosetae adjacent to 
the glans (referred to as DI in Kury & Villarreal, 
2015). The placement of a large pair of setae next to a 
mobile and expandable glans may serve a propriocep
tive function, and may therefore be conserved across 
closely-related taxa with similar penis morphologies. 
However, tracing the homology of the macrosetae, 
defining species groups and delimiting genera in 
Pyramidopidae will require a better understanding of 
the diverse penis morphologies. Studying the penis 
morphology in the expanded state will also be impor
tant with respect to future studies of this group. 

An interesting morphological character that we 
observed is the presence of microtrichia on the distal 
half of the setae of the major setiferous tubercles on 
the pedipalps (Fig. 7D, F) herein termed 'plumose 
setae'. These plumose setae also have a smooth base 
and small pores located near the socket on the tuber
cle (Fig. 7E). This type of major setiferous tubercle 
with plumose setae is also present in C. oedipus, 
widely exhibited throughout Samooidea, and absent 
in Gonyleptoidea (J. Cruz-López, pers. observ.). How
ever, this character is poorly surveyed in the remain
ing laniatorean families and thus its potential 
phylogenetic utility remains unknown. 

ELUSIVE INTERFAMILIAL RELATIONSHIPS FOR 

PYRAMIDOPIDAE 

Previous molecular phylogenetic studies have indi
cated a close relationship between Pyramidopi
dae + Assamiidae, together forming the Assamioidea 
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Figure 1. Phylogenetic relationships based on Bayesian inference analysis revea ling the relationship of the Neotrop
¡cal troglobite Jarmilana pecki combo nov. (highlighted) with the African family Pyramidopidae. Numbers on nodes 
correspond to posterior probabilit ies; black circles at nodes indicate posterior probability of 1.00. Branch colours cor
respond to higher taxa (families or superfamilies) and reflect the same colour scheme used by Sharma & Giribet 
(2011) to facilitate direct comparison . The superfamilies Assamioidea (blue) and E pedanoidea (red ) are recovered as 
polyphyletic. 
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(sensu Sharma & Giribet, 2011) and later Pyrami
dopidae was formalízed and the family rank com
pleted with a diagnosis for this diverse group 
(Sharma et al., 2011). In the latter study, it was 
concluded that Pyramidopidae should be considered 
a separate family, sister to Assamiidae, rather than 
being included within Assamiidae. Inclusion in 
Assamiidae would have created a group without 
clear synapomorphies, thus making it difficult to 
diagnose (Sharma et al., 2011). This was a sensible 

decision, given that the clade Pyramidopi
dae + Assamiidae was partially justified based on 
the exclusion of Pyramidopidae from other superfam
ilíes rather than clear synapomorphies that unite 
these familíes under Assamioidea. 

In the Bayesian analysis, we recovered Assamiidae 
as sister to Zalmoxoidea + Samooidea, although with 
only moderate support (PP = 0.83), agreeing with the 
previous analysis of the full Laniatores dataset (i.e. 
Sharma & Giribet, 2011). Interestingly, however, we 

Figure 2. Jarmilana pecki , combo nov. alpha male MACN_Ar 35555, habitus. A, dorsal view . B, dorso lateral view. Scale 
bars = 2 mm. 
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did not recover Pyramidopidae + Assamiidae as a 
clade. Instead, we recovered Pyramidopidae as sister 
to Tithaeidae (PP = 0.63), casting doubt on the sis
ter-group relationship of Pyramidopidae + Assami
idae. Although this analysis does not offer well
supported alternatives to the sister-group of Pyrami-
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dopidae, it clearly demonstrates that the evolution
ary history of these lineages is much more complex 
than the current taxonomic sampling depicts, and 
the elusive relationships will only be resolved with 
broader taxonomic sampling for the African and 
South-east Asian harvestmen fauna. 

Figure 3. Jarmilana pecki, combo nov. beta male MACN_Ar 35557, habitus. A, dorsal view. B, lateral view. Boxes in di
cate areas shown in detail in Fig. 4. Scale bars = 1 mm. 
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Figure 4. Jarmilana pecki , combo nov. beta male MAeN_Ar 35557, enlargements of Fig. 3 boxed areas . A, ozopore, lateral 
view. E, concentration of rough pit glands in depressed area adjacent to sulcus I, lateral view. e , microanatomy of the 
mesotergum showing verrucose cuticle with rounded granules covered in abundant hair-like microtrichia. D, rough pit glands 
concentrated in depressed area lateral to the position of sulcus 1. Scale bars: (A, E) 100 ¡.tm; (e) 20 ¡.tm; (D) 50 ¡.tm. De, 
descending channel; ID, integumentary dome; Le, lateral channel; OZ, ozopore; ve, vertical channel. 

IMPLICATIONS FOR NEOTROPICAL PYRAMIDOPIDAE 

Prior to this work, Pyramidopidae was formed by 45 
species grouped in 12 genera with a geographical dis
tribution restricted to central and western Africa 
(Sharma et al., 2011). With the addition of J. pecki 
combo nov. from the Cayo are a in Belize, the family 
now consists of 46 species in 13 genera and shows a 
remarkable transoceanic distribution, spanning both 
Afrotropical and Neotropical regions. For sufficiently 
old lineages, this distribution is often explained by 
ancient vicariant events related to the break up of 
Gondwana, such as has been inferred for Ricinulei, 
Onychophora, Myriapoda, and other lineages of Opil
iones (San Mauro et al., 2004; Giribet & Edgecombe, 
2006; Murienne et al., 2013, 2014; Fernández & Giri
bet, 2015). On the other hand, sorne disjunct biogeo
graphical distributions for harvestmen families have 
been explained by transoceanic dispersal, as demon
strated by Zalmoxidae (Sharma & Giribet, 2012) and 
sorne Cyphophthalmi (Boyer et al., 2007; Giribet 
et al., 2012). 

With respect to Pyramidopidae, either hypothesis 
may explain the transoceanic Gondwanan distribu
tion. Previous estimates indicate that the Pyrami
dopidae lineage diverged from Assamiidae 
approximately 232 Mya and, within African pyrami
dopids (between Conomma and Pyramidops), the 
divergence dates to approximately 140 Mya 
(Sharma & Giribet, 2011); thus, the family appears 
to be sufficiently old. However, given that we have 
sequence data available for only three species of 
Pyramidopidae, we did not estimate divergence 
times using our dataset. Thus, it remains for 
future studies to determine whether J. pecki 
combo nov. is an ancient relict from a widespread 
Gondwanan distribution or whether this is a case 
of transoceanic dispersal out of Africa. 

REVISITING SANDOKANIDAE + PODOCTIDAE 

The relationship of Sandokanidae with other families 
within Grassatores has long been a challenge. 
Sharma & Giribet (2009) provided strong support for 
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Figure 5. Jarmilana pecki, combo nov. beta male MAC
N_Ar 35557, epistome, anterior view. Blue, post-sulcal 
epi sto me (PsE); green, pre-sulcal epistome consisting of 
two regions: a basal pre-sulcal epistome (BpsE) and pre
sulcal epistome process (Pr); arrow indicates the sulcus. 
Scale bar = 200 ¡.tm. 

the monophyly of Sandokanidae and the first molecu
lar phylogenetic evidence to support a sister group 
relationship with Podoctidae. Subsequently, the first 
Laniatores phylogeny of Giribet et al. (2010), which 
represented many more families but utilized fewer 
markers, suggested that Phalangodidae, San
dokanidae, and Podoctidae form a grade near the 
base of the Laniatores tree and found only weak sup
port for Sandokanidae + Podoctidae in the ML analy
siso However, in both of those studies, Podoctidae 
was represented by only a single species. Adding a 
number of Laniatores taxa, including four more 
podoctids, and utilizing data from ten molecular 
markers, Sharma & Giribet (2011) clarified many 
important laniatorean relationships, although place
ment of Sandokanidae was still not well-resolved. 
They recovered Sandokanidae as either sister to all 
nonphalangodid Grassatores, or as sister to Podocti
dae nested within other Epedanoidea. Given that we 
used a large subset of the data (including all Gras
satores) from Sharma & Giribet (2011), it is interest
ing to note that we consistently recovered the clade 
Sandokanidae + Podoctidae with high nodal support 
in both analyses (BS = 88, PP = 1.00) and, together, 
they are recovered as sister to all nonphalangodid 
Grassatores (BS = 18; PP = 0.81). With respect to 
the basal placement of Sandokanidae, this outcome 
is consistent with the original analysis of this data-
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set (i.e. Sharma & Giribet, 2011), although the new
found strong support for Sandokanidae + Podoctidae 
reiterates the idea that the relationship of this group 
with other Grassatores is sensitive to the analytical 
methods employed (Sharma & Giribet, 2009, 2011; 
Giribet & Sharma, 2015). As is the case for 
Pyramidopidae, resolving these relationships awaits 
a broader taxonomic sampling of African and South
east Asian lineages. 

SYSTEMATICS 

PYRAMIDOPIDAE SHARMA, PRIETO & GIRIBET, 2011 

JARMlLANA GEN. NOV. 

Stygnomma (partim):. Goodnight & Goodnight, 
1977: 148; Reddell, 1981: 166; Rambla & Juberthie, 
1994: 219; Kury, 2003: 235. 
Type species:. Stygnomma pecki Goodnight & 
Goodnight, 1977. 
Etymology:. The genus name is a tribute to Dr 
Jarmila Kukalová-Peck, recognized paleontologist 
and collector of the type series, who, in company 
with her husband, Dr Steward Peck, made important 
collections of cave dwelling animal s across the 
Central American and Caribbean countries. Gender 
feminine. 
Diagnosis:. Eyeless harvestman (Fig. 2). Carapace 
highly elevated with a large anterior hump and 
smaller posterior hump (Fig. 3B). Male pedipalps 
very strong with paIpaI fe mur laterally compressed 
and high (Figs. 7A, C, 8). Male basichelicerite armed 
with two dorsal apophyses, cheliceral hand with one 
dorsal apophysis (Fig. 6A, B). Trochanter IV without 
sexually dimorphic spurs. Pars distalis of male 
genitalia slightly swollen and bulbous, without a 
marked ventral plate as in Gonyleptoidea, apical 
margin terminating in a small lip, curled ventrally. 
Pars distalis armed with six pairs of macrosetae, 
with one lateral pair in close proximity to the follis. 
Stylus subapical, long and curved, arising from the 
mid-follis, concealed below two huge dorsoapical 
lobes of the follis (Figs 10, 11). Several morphological 
features clearly separate this genus from other 
Pyramidopidae genera, such as the cheliceral and 
pedipalpal armature and the absence of an inflated 
dorsodistal bulla in the basiquelicerite. The male 
genitalic morphology is also distinctive of this genus. 
The combination of a pars distalis swollen with one 
small and rounded lamina apicalis and a follis with 
dorsoapical portion modified into two large lobes that 
conceal (when retracted) a stylus ending with a 
dorsal barb appears to be unique to Jarmilana and 
not presented in any other know genera of 
Pyramidopidae. 
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Figure 6. Jarmilana pecki , combo nov. beta male MAeN_Ar 35557, left chelicera. A, mesal view. E, ectal view. e , fron
tal view. Scale bars: (A, E) 500 ¡lm; (e) 250 ¡lm. 

J ARMILANA PECKI 

(Goodnight & Goodnight, 1977) COMBo NOV. 
(FIGS 2- 11) 

Stygnomma pecki Goodnight & Goodnight, 1977: 
148; fig. 11; Reddell, 1981: 166; Rambla & Juberthie, 
1994: 219; Kury, 2003: 235. 
Type material:. One male holotype from Belize, 
Distrito de Cayo, Cave Branch, St Herman's Cave, 
23 July to 21 August 1972, S. & J. Peck (AMNH, 
examined). One male and one female paratypes from 
Belize, Distrito de Cayo, Caves Branch, Mountain 
Cow Cave, 5 August 1972, S. & J. Peck (AMNH, 
examined). 

Other material examined:. One male, one female, 
and one juvenile (CNAN-Op1702), one alpha male 
(MACN_Ar 35555), one beta male (MACN_Ar 35557, 
SEM voucher) and one female (MACN_Ar 35556, 
DNA voucher, extraction code Op024) from the same 
loca lit y as the holotype, Belize, Distrito de Cayo, 
Caves Branch, St Herman's Cave, 6 November 2013, 
17°08'48.76'N, 88°40'29.06'W, R. Monjaraz & C. 
Santibáñez. Two females from Belize, Distrito de 
Cayo, Caves Branch, St Herman's Cave, August 
1972, S. & J. Peck (TMM-33.316, examined). 
Diagnosis:. See diagnosis of the genus. 
Redescription:. Based on one alpha male (MACN_Ar 
35555). Body measurements: total body length 2.50, 
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Figure 7. Jarmilana pecki, combo nov. beta male MAeN_Ar 35557, pedipalp. A, left pedipal, ectal view. E, enlargement 
of box in (A), smooth base of plumose seta inserted on major setiferous tubercle. e, left pedipalp, mesal view. D, right 
pedipalpal tarsus, mesal view. E, enlargement of box 1 in (D), small pores at base of plumose seta inserting on major 
setiferous tubercle. F, enlargement of box 2 in (D), microtrichia on the distal part of a plumo se seta associated with 
major setiferous tubercle. Scale bars: (A, e) 1 mm; (D) 500 ¡.tm; (E) 50 ¡.tm; (E, F) 20 ¡.tm. 

scutum magnum length 2.14, carapace length 1.00, 
carapace maximum width 1.37, mesotergal scute 
maximum width 1.60. 
Dorsum:. Completely lacks eyes. Scutum magnum 
hourglass shaped with the constriction between 
pro soma and opisthosoma slightly pronounced 
(Figs 2, 3). Posterior margin of the scutum slightly 
convex, almost straight. Carapace with anterior 
margin straight, cheliceral sockets narrow but well 
marked (Fig. 3). Cara pace and mesotergum in lateral 

view convex, sulcus 1 not marked. Carapace highly 
elevated with a large anterior hump and smaller 
posterior hump, ornamented with small setiferous 
tubercles (Figs 2, 3). The absence of a cornea (or any 
evidence of eye position) makes it impossible to 
recognize whether one of these humps represents a 
vestigial ocularium. Mesotergal scutum with five 
recognizable, slightly con ve x areas. Sulci between 
mesotergal areas are not well marked. Areas I- V 
with transverse rows of setiferous tubercles: area 1 
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with one row, II- IV with two rows, and V with one 
row. Lateral margins of mesotergum with a row of 
setiferous tubercles from sulcus I to sulcus V that 
increase slightly in size from anterior to posterior. 
Free tergites each with one transverse row of 
tubercles (Fig. 3). Ozopore region with well-marked 
descending, vertical and lateral channels, and a 
rounded integumentary dome covering the 
anteriodorsal area of ozopore (Fig. 4A). Lateral pegs 
(sensu Gnaspini & Rodrigues, 2011) present 
(Fig. 3B). Lateral to the sulcus I position, there is a 
depressed area that forms a wide trough (Figs 3, 
4B). Ventero Coxa IV visible in dorsal view, 
terminating adjacent to sulcus II. Free sternites each 
with a transverse row of setiferous tubercles (Fig. 3). 
Spiracles crescent-shaped, with a mass of granules 
and tubercles protruding from the posterior border 
(Fig. 9D); not concealed by coxa IV. Anal operculum 
covered by many large, scattered setiferous 
tubercles. Epistome. Epistome with sulcus well 
marked. Post-sulcal epistome wider than tall, 
appearing subrectangular, arched dorsally. Basal 
pre-sulcal epistome wide and short, almost 
triangular. Pre-sulcal epistome process hourglass
shaped, with remarkable median constriction 
(Fig. 5). Chelicera. Chelicera normal, neither 
swollen, nor obviously hypertelic. Basichelicerite 
slightly elongated, without well-marked bulla, 
dorsally with two strong spiniform setiferous 
tubercles, the subdistal tubercle oriented dorsally 
and curved, and the distal tubercle larger, straight 
and pointed anteriorly (Fig. 6). Cheliceral hand with 
a proximodorsal setiferous tubercle oriented 
anteriodorsally. Mobile finger of cheliceral hand with 
two wide teeth, fixed finger with two small teeth 
proximally and one distally (Fig. 6). Pedipalp. Coxa 
almost as long as the basichelicerite, without 
remarkable armature. Trochanter globular, with a 
large ventral and small dorsal setiferous tubercle, 
among other scattered tubercles. Femur strong, 
distinctly widened dorsoventrally. Femur armed with 
three ventral and one subdistal mesal major 
setiferous tubercles, and with one dorsal, one mesal, 
and two ventral rows of setiferous tubercles; ventral 
ectal row terminates distally with one curved 

Figure 8. Jarmilana pecki , combo nov. comparison of left 
pedipalps. A, entire palp, alpha male MACN_Ar 35555, 
mesal view. B, paIpaI femur of beta male MACN_Ar 
35557, mesal view. C, entire palp, female MACN_Ar 
35556, mesal view. AH drawings are to same scale. Arrow 
indicates the mesal sub distal major setiferous tubercle. 

spiniform apophysis (Figs 7, 8). Patella cylindrical, 
armed with one major setiferous tubercle 
ventrodistally; with several rows of small setiferous 
tubercles on dorsal and mesal surfaces. Tibia armed 
ventrally with two ectal and three mesal major 
setiferous tubercles, and multiple apophyses 
interspersed in ectal row; with several rows of small 
setiferous tubercles on mes al, dorsal, and ectal 
surfaces. Tarsus armed ventrally with three ectal 
and three mesal major setiferous tubercles; with 
multiple apophyses interspersed in mesal and ectal 
rows (Figs 7, 8). All major setiferous tubercles 
possess a 'plumose seta' that inserts subapically in a 
socket on the tubercle. Plumo se setae are defined 

Table 3. Length of appendages (in mm) for Jarmilana pecki, combo nov. alpha male MACN_Ar 35555 

Coxa Trochanter Femur Patela Tibia Metatarsus Tarsus 

Leg I 0.70 0.25 1.75 0.55 1.15 1.80 0.75 
Leg II 0.90 0.30 2.72 0.75 2.20 2.30 3.20 
Leg III 0.70 0.32 2.05 0.50 1.40 1.95 0.95 
Leg IV 1.00 0.45 2.55 0.67 1.85 2.40 1.15 
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Figure 9. Jarmilana pecki , combo nov. beta male MAeN_Ar 35557, details of legs and spiracle. A, E, right metatarsus 
IV showing the division between calcaneous and astragalus, and the dorsodistal tubercle with two large setae, from (A) 
prolateral view and (E) dorsal view. e, distitarsus of leg IV, prolateral view. D, spiracle. Scale bars: (A, e) 200 ¡.1m; (E) 
50 ¡.1m; (D) 20 ¡.1m. 

here as setae with microtrichia covering the majority 
of the shaft (Fig. 7F) but with a smooth base 
(Fig. 7B, E); small pores are associated with plumose 
setae, found near the socket on the tubercle (Fig. 7B, 
E). Legs. Measurements in Table 3. Legs I- IV 
slender, cylindrical, equal in diameter, without 
remarkable armature. Calcaneus restricted to the 
distal portion of legs (Fig. 9A, B), not expanded 
throughout the ventral portion of the metatarsus in 
leg III (as in many samooid harvestmen; e.g. Pérez
González & Kury, 2007, fig. 4.37 d). Without scopula 
(Fig. 9C). Tarsal count: 3(2):9(4):4:5, the first 
tarsomere on legs III and IV is very long compared 
to the remaining tarsomeres, more than three times 
the length of the second tarsomere. Metatarsus IV 
has a large dorsodistal tubercle with two large setae 
inserted (Fig. 9A, B). Microanatomy of cuticle. 

Cuticle of entire body and coxa to metatarsus 
(calcaneus only) of legs I- IV covered in small 
rounded granules (i.e. verrucose) that are < 10 ¡.¡m in 
di ame ter and height (Figs 3, 4). Cuticle is further 
modified with dense microtrichia (Fig. 4C). Femur of 
pedipalps verrucose but with few microtrichia. 
PaIpaI patella, tibia, and tarsus relatively smooth, 
although sorne flattened granules are visible. On the 
pedipalps, plumose setae of the major setiferous 
tubercles possess microtrichia on the medial and 
distal portion (Fig. 7F), with smooth base (Fig. 7E). 
Rough pit glands (sensu Murphree, 1988; see also 
Willemart, Chelini & Gnaspini, 2007; Rodriguez 
et al., 2014) are distributed on the entire carapace, 
along the lateral margins of the mesotergal scutum, 
and along sulcus V of the mesotergum; these 
structures are especially concentrated within a 

Figure 10. Jarmilana pecki , combo nov. genitalia of beta male MAeN_Ar 35557, non-expanded. A, dorsal view. E, lat
eral view. e, ventral view. D, detail of stylus and apical lobes of follis. Scale bars: (A, E, e) 100 ¡.1m; (D) 50 ¡.1m. DI, 
macrosetae DI ; Fo, follis ; Lb, lobe of follis ; St, stylus. 
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Figure 11. Jarmilana pecki , combo nov. genitalia of alpha male MACN_Ar 35555, expanded. A, lateral view. B, dorso
lateral view. DI, macrosetae DI ; Fo, follis ; Lb, lobe of follis ; St, stylus. 

Table 4. Comparative size of the pedipalps between alpha male (MACN_Ar 35555), beta male (MACN_Ar 35557), and 
female (MACN_Ar 35556) for Jarmilana pecki combo nov. 

Femur length Femur width Femur length/width Patella length Tibia length Tarsus length 

Alpha male 2.10 
Beta male 1.42 
Female 1.41 

0.84 
0.47 
0.46 

2.5 
3.02 
3.06 

depressed area lateral to the position of sulcus 1 
(Fig. 4B, D). Male genitalia. Pars distalis swollen, 
with slight constriction at base. Ventral plate not 
differentiated, as in Gonyleptoidea, although with 
one small and rounded lamina apicalis. Follis with 
dorsoapical portion modified into two lobes that 
conceal the stylus when retracted. Capsula interna 
without accessory sclerites (e.g. parastylar 
conductors). Stylus arising subapically from follis 
(i.e. at base of lobes), long and curved, tip of stylus 
ending with a dorsal barbo Pars distalis armed with 
two dorsal and four lateral pairs of macrosetae, with 
rounded tips and numerous longitudinal striae along 
the entire length. One pair of dorsal setae (DI setae 
sensu Kury & Villarreal, 2015) insert directly 
adjacent to the follis, projecting dorsoapically; the 
second dorsal pair is inserted basolaterally to the 
glans and directed dorsobasally (Figs 10, 11). When 
the genitalia is expanded, the follis unfolds and 
infla tes dorsally, whereas the lobes inflate, separate 
and curl apically; the stylus is directed apically 
between the tips of the two lobes (Fig. 11). 

1.05 
0.72 
0.67 

1.77 
1.23 
1.21 

1.55 
1.10 
1.00 

Beta male (MACN_Ar 35557). Body 
measurements:. Total body length 1. 70, scutum 
magnum length 1.61, carapace length 0.70, carapace 
maximum width 1.12, mesotergal scute maximum 
width 1.28. Similar to the alpha male but with the 
differences: smaller body size; pedipalps not strongly 
developed, and more similar in shape and size to the 
palps of the female (Table 4); paIpaI femur with mesal 
subdistal setiferous tubercle more strongly developed 
(Fig. 8B); cheliceral armature slightly reduced in size. 
Female (MACN-35556). Body measurements:. Total 
body length 2.00, scutum magnum length 1.76, 
carapace length 0.70, carapace maximum width 1.15, 
mesotergal scute maximum width 1.36. Tarsal 
formula same as males. Similar in general 
appearance to males but with less developed sexual 
dimorphic characters, such as the size and arma tu re 
of pedipalps (more similar to the beta male) (Fig. 8C, 
Table 4) and chelicerae. 
Distribution:. Known only from two caves: Mountain 
Cow Cave and St Herman's Cave - located in Caves 
Branch, Cayo District, Belize. 
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Natural history:. Individuals were observed in the 
twilight zone of the cave, actively walking and 
climbing on the floor and walls of the cave. When 
disturbed, they exhibited thanatosis. 
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Figure SI. Phylogenetic relationships based on Maximum Likelihood revealing the relationship of the Neotro
pical troglobite Jarmilana pecki combo nov. (highlighted) with the African family Pyramidopidae. Numbers on 
nodes correspond to bootstrap support; black circles at nodes indica te bootstrap values of 100. Branch colors 
correspond to higher taxa (families or superfamilies) and reflect the same color scheme used in Figure 1, and 
by Sharma & Giribet (2011). The superfamilies Assamioidea (blue) and Epedanoidea (red) are recovered as 
polyphyletic. 
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Abstract. Systematic relationships among Laniatores have reeeived considerable attention during the past few years. 
Many significant taxonomic changes have bccn proposcd, particularly in the supcrfamily Gonyleptoidca. As pan of 
this supcrfamily, the basalmost Stygnopsidae is the least known family. In order 10 propose the first total evidcnce 
phylogeny ofthe family, we produccd fourdatasets: three molecular markers -panial nuclear 28S, mitoehondrial ribosomal 
16S, mitoehondrial protein-cncoding cytoehrome c oxidase subllnit 1; and 72 morphological eharacters. With these data, 
we pcrfonncd three difTerent phylogenetic analyses: (l) Bayesian Inferencc with molecular data, and (2) Bayesian 
Inferencc and (3) Maximum Likelihood using combincd data. Our results are congruent: a monophyletic Stygnopsidae 
sulxlividcd into two major clades: Stygnopsinae and Karosinae, subfam. nov. The following genera are rcdcfined: 
Slygllopsis, HoplohulIus and SerrohulIus staL rey. The following taxa are dcseribcd: l:!:llilla I'ellejica, gen. nov., sp. nov. 
and TOllalleca , gen. nov. Additionally, the following ehanges are proposed: Serrohuflus querelarius (Silha..,y, 1974), combo 
nov., Slygllopsis apoalellsis (Goodnight & Goodnight, 1973), combo nov., Slygllopsis mexicafla (Roewer, 1915), combo 
nov., Slygflopsis {)(Jxaceflsis (Goodnighl & Goodnight, 1973), combo nov., and TOllalleca spillooculorom (Goodnight 
& Goodnight, 1973), combo nov. We also discuss the status of the genera lsaeus staL rey. and Mexolroglillus. Finally, 
we discuss the evolution of male genitalia and convergencc of selectcd homoplastic diagnostic eharaeters. 

Rccci vcd 30 July 2016, accepted 12 Dcccmbcr 2016, publishcd online 18 May 201 7 

Introductio n 

The order Opiliones Sundevall , 1833 , with --6500 spccies, is the 
lhird most diversc group in Araehnida, after Acari and Araneae 
(Giribet and Shanna 2015). The group comprises eonspicuous 
araehnids from humid habitats in both tropical and tempcrate 
zones, but mostly in the Neotropical region (Pinto-da-Rocha 
el al. 2014). Four major lineages are reeognised in the order: 
(1) the mite-like harveslmen Cyphophthalmi Simon, 1879; (2)the 
daddy-Ionglegs Eupnoi Hansen and Sorensen, 1904; (3) the 
lhrcad-like palpi Dyspnoi Hansen and Sorensen, 1904; and 
(4) the annourcd harvestmen Laniatores Thorell, 1876 (WolfT 
el al. 2016). This last lineage is the most diversc, encompassing 
more lhan two-lhirds of the diversity in Opiliones (Shanna and 
Giribet 2011 ). 

During the last two dccadcs, lhe systematics of Laniatores 
has rcccived special attention (Shanna and Giribet 2014; Giribct 
and Shanna 2015). Forexample, 11 family-group taxa have bcen 
describcd or re-assigncd, many of these previously considcrcd 
as pan ofthe ·waste-basket· Phalangodidae Simon, 1879 under 

Joumal eompilatioll @CS1RQ 201 7 

Rocwer'seriterion(revisitcd in pan forselectcd taxa by Pinto-da
Rocha el al. (2012), Bragagnolo el al. (2015) and Cruz-Lópcz 
elal. (2016). These taxa have bcen erectcd or re-assigncd bascd 
on three general eriteria: (1 ) the re-cxamination of male genitalia 
as in Eseadabiidae Km)' and Pércz-González, 2003 , Icaleptidae 
Km)' and Pércz-Gonzálcz, 2002 and Kimulidae Pércz-Gonzálcz 
el al. , 2007 (Km)' and Pércz-González 2002; Km)' and Pércz
González in Km)' 2003 ; Pércz-González and Km)' 2007); 
(2) morphology-based phylogenies as in Cranaidae Rocwer, 
1013, Ctyptogcobiidae Km)', 2014, Globibuninae Kury, 2012 , 
Manaosbiidae Roewer, 1943 and Nomoclastidae Rocwer, 1943 
(Kury 20 12, 2014 ; Km)' and Villarreal 2015); and (3) molccular
based phylogenies as in Gcrdcsiidae Bragagnolo el al. , 2014 , 
Metasarcidae Km)', 1994, Petrobllnidae Shanna and Giribct, 
2011 , Pyramidopidae Shanna el al. , 2011 and Tithaeidae 
Sharma and Giribet, 2011 (Shanna and Giribct 2011 ; Shartna 
el al. 2011 ; Pinto-da-Roeha el al. 2014; Bragagnolo el al. 2015). 

Among Laniatores, the supcrfamil y Gonylcptoidca Sundcvall, 
1833 is one of the most controversial grollpS. Phylogenetically, 

www.publish.esiru.auljoumalslis 
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rclationships havc bccn open 10 discussion, dcpcnding on the data 
sourcc and laxon sampling, as in the status ofCranaidac/nac and 
Manaosbiidaelnac. Using morphological cvidcncc, thesc groups 
have bccn considcrcd 10 fonn a grade with Gonylcptidac and 
prcscrvcd thcir familia] status (Kul)' and Villarrcal 2015). 
Converscly, bascd on multi-locus phylogcnctic rcscarch, these 
[WO familics are ncstcd within Gonylcptidac, and are considcrcd 
subfamilics (Pinto-da-Rocha el al. 2014). 

Currcntly, both data sourccs, morphology and molcculcs, 
support Stygnopsidac Sorenscn, 1932 (although only a fcw 
rcprcscntativcs of the group havc bren samplcd) as sister
group of the othcr familics of Gonylcptoidca (Giribct el al. 
2002, 2010; Sharma and Giribct 2011 ; Kul)' and Villarrcal 
2015). Howcvcr, the monophyly of the family has nevcr bccn 

Taxa Family 

Zo/mmMo 'p. Pdrobunidac 
Conommo oedipus PymmidQpidac 
Cynorw/o gronul",o CQ.n>L1idac 
G/ys¡e11/s 'p. GQnyk-ptidac, Ampycinac 
Zygopochy/us 'p. NQnxx:la.tidac, N'mxx:la.tina. 
Chopu/ohunus osper SiygnQP.idac, Karo.inac 
Chopu/ohunus pohlono SiygnQP.idac, Karo.inac 
Chopu/ohunus psi/ocyhe SiygnQP.idac, Karo.inac 
Chopu/ohunus unispinosus SiygnQP.idac, Karo.inac 
Chinqui{Jellohunus alT. nwd/oe SiygnQP.idac, SiygnQP.inac 
Chinquo{"d/ohunus alT. 11/sselli SiygnQP.idac, SiygnQP.inac 
Chinqu'IJ<'llohunus OSOriof SiygnQP.idac, SiygnQP.inac 
Cre¡wros mldezi StygnQP.idac, Karo.inac 
Hoplohunus horre¡¡i SiygnQP.idac, SiygnQP.inac 
Hoplohunus .p. StygnQP.idac, SiygnQP.inac 
· Hoplohilnus' 'p. SiygnQP.idac, SiygnQP.inac 
· Hoplohilnus' alT. p/onus StygnQP.idac, Karo.inac 
· Hoplohilnus' wllinii SiygnQP.idac, SiygnQP.inac 
Huos¡eclI gr"'ioso StygnQP.idac, Karo.inac 
Huos¡eclI 11/goso SiygnQP.idac, Karo.inac 
Huos¡eclI 'p. StygnQP.idac, Karo.inac 
Izllino w!neficn SiygnQP.idac, SiygnQP.inac 
Koros harhorikos SiygnQP.idac, Karo.inac 
AlexOIroglinus alT. shordonii SiygnQP.idac, SiygnQP.inac 
AliCI/ona inops SiygnQP.idac, Karo.inac 
Poromi¡roceros aff. gronul"'um SiygnQP.idac, SiygnQP.inac 
Poromi¡roceTos aff. hispidu/um SiygnQP.idac, SiygnQP.inac 
Poromi¡roceros r::OIzi/ SiygnQP.idac, SiygnQP.inac 
Poromi¡roceTos ",rOC11/:: SiygnQP.idac, SiygnQP.inac 
Phi/oro mo.z"'eco SiygnQP.idac, SiygnQP.inac 
Phi/oro IUxl/oe SiygnQP.idac, SiygnQP.inac 
POIOSO ~p. SiygnQP.idac, Karo.inac 
5hordonio alT. porvu/o SiygnQP.idac, SiygnQP.inac 
5hordonio 'p. SiygnQP.idac, SiygnQP.inac 
Serrohunus hone/i SiygnQP.idac, SiygnQP.inac 
5lygnopsis opoolensis SiygnQP.idac, SiygnQP.inac 
5lygnopsis mexicono SiygnQP.idac, SiygnQP.inac 
5lygnopsis oaxocensis SiygnQP.idac, SiygnQP.inac 
5lygnopsis rohus/o SiygnQP.idac, SiygnQP.inac 
5lygnopsis mlido SiygnQP.idac, SiygnQP.inac 
Tono/teco spinooculo11/m SiygnQP.idac, SiygnQP.inac 
Troglos/ygnopsis sp. SiygnQP.idac, SiygnQP.inac 

Troglos/ygnopsis sp. Stygnop.idac, Stygnopsinllc 

J. A. Cruz-López alld O. F. Fr:lIlcke 

lestcd using a strict phylogenetic approach, eilhcr with 
morphological or molecular dala, and the inlernal relationships 
remain unclcar. Complemcnlat)' lO the phylogenetic position of 
Slygnopsidae, KUI)'(2003), Pércz-Gonzálcz (2006), Mendes and 
Km)' (2007) and Shanna el al. (20 11 ) considercd thal the glans 
penis fonncd by an exposcd multifoldcd follís with small apical 
spines could be a synapomorphic fcalUre for the family, although 
similar genital stmclUres are prescnt in Epcdanidae Sorensen, 
1886, Assamiidac Sorenscn, 1884 and Pyramidopidae Shanna 
el al., 201l. 

The laxonomic hislOl)' ofSlygnopsidae is ve!)' complex, with 
isolalcd dcscriptions of genera and species in diffcrenl famil ies 
and many synonymies and transfers. Many of thesc laxonomic 
problcms wcre gencralcd by Roewer( 1912 , 1915) and Goodnighl 

DNA W:>uChL"T 285 

DNAI04070 JF786583 
DNAIOI051 GQ912801.2 
DNAlOO332 GQ912809.2 
DNAIOl422 GQ912814.2 
DNAIOl425 GQ912818.2 
CNAN-DNA-<1043 KY042066 
CNAN-DNA-0072 KY042067 
CNAN-DNA-<1069 KY042068 
CNAN-DNA-<1042 KY042069 
CNAN-DNA-0067 KY042070 
CN AN-DN A-<1065 KY042071 
CNAN-DNA-0068 KY042072 

CNAN-DNA-0073 KY042073 
CN AN-DN A--0090 KY042074 
CNAN-DNA--OOO2 KY042075 
CNAN-DNA-0033 KY042076 
CNAN-DNA-0029 KY042082 
CNAN-DNA--0170 KY042065 
CNAN-DNA-0020 KY0420n 
CN AN-DN A--0004 KY042078 
CN AN-DN A--0060 KY042079 
CNAN-DNA-0057 KY042080 
CNAN-DNA-0031 KY042081 
CNAN-DNA-0051 KY042083 
CNAN-DNA-0063 KY042084 
CNAN-DNA-0009 KY042085 
CNAN-DNA--0152 KY042086 
CNAN-DNA-0035 KY042087 
CNAN-DNA--OOO7 KY042088 
CNAN-DNA-0046 KY042089 
CNAN-DNA-0045 KY042090 
CNAN-DNA-0089 KY042091 
CNAN-DNA--0163 KY042092 
CNAN-DNA-0055 KY042093 
CN AN-DN A--OOO5 KY042094 
CNAN-DNA-0064 KY042095 
CNAN-DNA-0071 KY042096 
CNAN-DNA-0083 KY042097 
CNAN-DNA-0036 KY042098 
CNAN-DNA-0044 KY0420'}9 

CNAN-DNA-0084 KY042100 
CNAN-DNA-0049 KY042101 

CNAN-DNA-0050 KY042102 

lOS 

JF786462 
GQ912853 
JF786464 
FJ796472 
GQ912855 

KY042047 
KY042048 

KY042049 
KY042050 

KY042051 
KY042052 
KY042053 
KY042054 

KY042046 
KY042055 

KY042056 
KY042057 

KY042058 

KY042059 
KY042060 

KY042061 
KY042062 

KY042063 

KY042064 

COI 

JF786435 
GQ912882 

FJ796493 
GQ912889 

KY097807 
KY097808 

KY097809 
KY097810 

KY0978 I I 
KY097812 
KY097813 
KY097814 
KY097820 
KY097806 
KY097815 
KY097816 
KY097817 
KY097818 
KY097819 
KY09782I 
KY097822 
KY097823 
KY097824 
KY097825 
KY097826 

KY097827 
KY097828 
KY097829 
KY097830 
KY09783I 
KY097832 
KY097833 
KY097834 
KY097835 
KY097836 
KY097837 

KY097838 
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alld Goodllight (1 953). $orcllSCIl (1 932) dcscribcd thc family 
Stygllopsidac as thosc Lalliatorcs with distitarsus 1 with two 
SCgmClltS alld without maxillary lobes 011 coxac 11. $orcllscll 

(1932) illcludcd thrcc gCllcra ill thc family : Slygflopsis $orcllSCIl, 
1902, Tachus SOrcIlSCIl, 1932 (currclltly Tilxtflgara Mcllo
Lcitao, 1940 ill Ctyptogcobiidac Kury, 2014) alld Isaeus 

185 
28$ DI F 
28Srd4b 
28Sa 
28Srd5b 
28Srd4.8a 
28Srd7bl 

165 
16Sa 
16Sb 

COI 
L.001490 
HCOoutout 
Vnd_tl 
Vrld_tl 

Tabl ... 2. Moll'Cular mark ... rs., prim~ rs SfiJuenc<."S and or iginal r~ f~r~nc<."S 

5'-GGG ACT ACC CCC TGA ATITAAGCA T-J' 
5'-CCTTGG TCC GTG TTTCAA GAC-3' 
5'-GAC CCG TCTTGA AAC ACG GA-3' 
5'-CCACAG CGC CAG TIC TGC TIA C-3' 
5'-ACC TATTCT CAA ACTTIA AATGG-3' 
5'-GAC TIC CCTTAC CTA CAT-3' 

5'-CGC CTGTTT ATC AAA AAC AT-3' 
5'-CTC CGG TTT GAACTC AGA TCA-3' 

5'-GGTCAA CAA ATC ATA AAG ATA TIG G-3' 
5'-GTA AAT ATA TGR TGD GCT C-3' 
5'-TGT AAA ACG ACG GCC AGTTCTCAA CCA ACC ACA ARG AY A TYG G-3' 
5'-CAG GAA ACA GCT ATG ACT AGA CITCTG GGT GGC CRA ARA AYC A-3' 

r-----Z"hooxid8 Sp. DNA 104070 
T<:miI'''," .,.nllla DNA 105839 

ZygopOcn~sSp. DNA101425 
1~"' __ Glysklrus Sp. DNA101422 

CyncrtU8 Qrarulllla DNA100332 

.,. • 

C"'"""'""" OfIdlpu< DNA101051 
·tIoplobu ..... • plo ..... 

_= -'" ..... Mic'dan8 i10pS 0063 
'H~dlurus· al!. plan"" 0029 

'K. ros· doPl"n,," 
CfllttlroS valdezi 0073 
lúrros Oa1larilos 0031 

•• 
- r----::- Pd""" Sp. 0009 

ChapUob.m"" 8Sp/1r 0043 
a.a¡>Jldlun"" .... iS!>n"""s 0042 

a."¡>Jldlurus pOOlono 0072 

."' 

CI"~)<rk>bu1<rs ~ocyt>o 0069 
ftJasklc.o Qrllli0s8 0020 

ftJ8Sklc.o Sp . 0060 
ftJ8Sklc.o rugosa 0004 

Troal""" .,.noorubrum 0004 
lztin8 "'n"l'Ic.o 0057 
SfImb,m"" oo"" l i 0005 

I'-drk and Ó Foigh il (2000) 
EdgL"Combc and Girioc1 ( 2006) 
Whiting el al. ( 1997 ) 
SchwendingL"T and Girioc1 ( 2005) 
SchwendingL"T and Giri!x1 ( 2005) 
SchwendingL"T and Girioc1 ( 2005) 

Xiong and Ko<;hL"T ( 1991 ) 
EdgL"Combc el al. (2002 ) 

Folmer el al. (1 994) 
Prendini el al. (2005) 
Ivano\'a el "l. (2007 ) 
Ivano\'a el "l. (2007 ) 

r ..... L....: __ 'i·:·~;:·:·~~:·;M:.:;' ;.:.;"":.~ru:.:;;~;;;~-- Sbo«Iroi8 Sp. 0055 

• ~""-'--r,:t;,.81=~450046 
'H~ob.rn""· Sp. 0033 
T.q>i<DnlJs philippii 

r-"-;:C Stygl"OpSis """,,,,,nsis 0083 
Stygnq>Ois robusla 0036 

",,",Stygnq>Ois vaid8 0044 
StygnopOis rmxlC818 0071 

SI)'010p0is 8poOl"nsis 0064 
H~dlun"" Sp. 0002 
flr>pldlurus 08m11!j 0090 

L..'-r.~, ~1o ~ .. I~'t-'::~~~~~;;";Oalf. nio;>ioiJl..n 0152 

Cni1qúpfllldlurus a fl. modio" 0067 

JC==:':"~"~':";;pfIIldlurus alf. "",",,11 0065 .. Clin",ipfllldlurus osorici 0068 
M"mrogli1<rsafl. _ 1 0051 

Hg. 1. I'hylogenL1ic rclatiom;hip> of !he family Stygnopsidae ba .. ,d on Baye. ian lnfLorence (BI) us ing 
combinLod data. Numoc .... on nodLOS corre.pond lo p<>.terior pn:>babilitics. Terminal!; in bold black corrc.pond 
lo taxa with only morphology data a\'ailable from female. on ly . 
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Sorcnsen, 1932 , a monotypic gcnus dcscribcd in tite samc work. tt 
is rcmarkablc that al the samc time, othcr genera currcntly placcd 
in Stygnopsidac wcre allocatcd to Phalangodidac or Assamiidac 
(Banks 1900; $orcnscn 1902; Pickard-Cambridgc 19(5). 

Mcllo-Lcitao (1 938) rcviscd the familia] classification of 
Sorcnsen and adoptcd proposa] of Rocwer ( 1923). Mello
Lcitao (1 938) considcrcd Stygnopsinac Sorcnscn, 1932 as 
subfamily within Stygnopsidac with only [WO genera, Slygllopsis 
and Tachus, and crcctcd the subfamily lsacinac Mcllo-Lcitao, 
1938 for Isaeus, this las! proposal without any justification. 

Goodnight and Goodnight (1942 , 1944) dcscribcd four 
monotypic genera: Serrohuflus Goodnight & Goodnight , 1942 , 
Chiflquipe{{ohuflus Goodnight & Goodnight, 1944, Karos 
Goodnight & Goodnight, 1944 , and MOfl/erel{a Goodnight & 
Goodnight, 1944; all ofthem in Pbalangodinae. Latcr, Goodnight 
and Goodnight (1 945, 1946) transfercd Chiflquipel{obuflus , 
Hop{obuflus Banks, 1900 and Serrobuflus to Stygnopsinae, 
and dcscribcd the monotypic genera MOfl/abuflus Goodnight 
& Goodnight, 1945 in Pbalangodinae and C}¡apu{obuflus 
Goodnight & Goodnight, 1946 in Stygnopsinae. In subseqllent 
pllblications, Goodnighl and Goodnight (1 947b, 1953 , 1954 , 
1967, 1971 , 1973 , 1977) again ignorcd Stygnopsidaclnae, and 
describcd more monotypic genera, P%sa Goodnight & 
Goodnight, 1947 and Ph¡{ora Goodnighl & Goodnight, 1954 , 
in Phalangodinae. Among the several papcrs by the Goodnights, 

J . A. Cruz-López alld O. F. Fr:lIlcke 

Goodnighl and Goodnight ( 1953) standsout, bccallse Ihe authors 
made many unjllstificd synonymies in laniatorean genera, and 
redllccd almost all o fthe monolypic genera previollsly dcscribcd 
by them to only threc genera: Hop{obuflUS, Karos and 
Parami/raceras Pickard-Cambridge, 1905 _ 

Silha\')' ( 1974)considcred Stygnopsidae with two subfamilies: 
Stygnopsinae with Hop{obuflus and S/ygflopsis, and a ncw 
subfumily, Troglostygnopsinae Silba\')', 1974, for the monotypic 
Trog{os/ygflopsis Silba\')' , 1974 , a genlls describcd in the same 
work. The last action was jllstificd by the high tarsal count 
in legs 1, with more than two segments in distitarsus L It is 
also remarkable tbat Silba\')' (1 974) considercd Karos and 
Parami/raceras, placcd al the time in Phalangodinae, with 
presencc of -lateral projections' on either sidc of scutum, 
as ·relatcd· to Trog{os/ygflopsis, which has similar lateral 
projections. 

On the basis o f male gcnitalic morphology, Kmy (1 994 , 
1997, 2003) and Kmy and Cokendolpher (2000) rcdiagnoscd 
and restricted the famil y to Hop{obuflUS, Karos, Mexo/rogliflus 
Silba\')' , 1977, Parami/raceras, Sbordoflia Silha\')' , 1977, 
S/)'gflopsis , Tampicoflus Rocwer, 1949 and Trog{os/ygflop.~is, 
without any subfamilial grollpings. 

Rccently, Cokendolpher(2 004) revalidatcd C}¡iflquipe{{obunus 
from its synonymy llnder Hop{obuflus on the basis of male 
genitalia of selectcd Nonh American stygnopsids. Cruz-Lópcz 

FIg. 2. D::m;al habitusof Stygnopsis. (A) Stygnopsis valida male. (8) Stygnopsis valida f<male. (G) Srygnopsis rohuslll male. (D) Srygnopsis rohusUl f<male. (E) 

Srygnopsis oaxacensis male. (F) Stygnopsis oaxacensis femalc. Scale bar.;: A, S, e, 0 - 4.0mm. E, F - 3.0 mm. 
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alld Frallcke (2013h) reviscd Philora and transferrcd this genus 
from illcerlae sedis to Stygnopsidae. They also describcd a 
unique male genital panem present only in the Ncotropical 

Fit;. 3. Lak"-dl habitus of Stygnopsis. (A) Stygnopsis valida male. 
(B) Stygnopsis rohusw male. (C) Stygnopsis Odwcensis male. Scale bar>: 
A, B, C - 2.00mm. 
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stygnopsid genera Paramilraceras and Philora, the Iypc 
spccies of Trogloslygllopsis, and presumably in Sbordo!lia. 

Cruz-Lópcz and Francke (2015) pcrfonncd a cladistic 
analysis of the genus Karos using morphological data. They 
found that the Goodnights' concept of Karos representcd a 
paraphylctic group, bccause Trogloslygllopsis iflops (Goodnight 
and Goodnight 1971 ) is nestcd within it with high supporL 
They also proposcd the revalidation of all genera currently in 
synonymy with Karos, bccause all of them exhibit sufficient 
synapomorphies and diagnostic characters to be considere<! valid 
(Cruz-Lópcz and Francke 2015). In addition, Cntz-Lópcz and 
Francke (2015) proposed two monophyletic genus-groups 
within Stygnopsidae: the Paramilraceras-group, diagno~ble 
according to Cruz-Lópcz and Francke (2013h), and the Karos
group, comprising those stygnopsids with annature on the 
meso-apical and mesal surfaccs of the pcdipalpal femur and 
patella, the ocularium locatcd in the middle of the prosoma, 
males and females withom sexual dimorphism in dentition 
and cheliceral size, and pcnis flanencd apically, with lateral 
macrosetae fonning a longitudinal row. 

Currcntly, Stygnopsidac is composed of 17 genera and 56 
spccies. This family is distribmed mainly in the Sierra Madre 
Orienlal in Mcxico, inhabitating pine forest, pine-oak forest , 
rainforest andlor caves. However, Chillquipellohuflus occurs 
in caves in Somhem Texas, USA, and Paramilraceras exlends 
to tropical regions in Guatemala, Belize, El Salvador and 
Honduras. 

Here, we propose the first total evidencc phylogenetic 
hypothesis of Stygnopsidae relationships, based on two 
mitochondrial markers, COl and 16S, the almost entire nuclear 
28S, and 72 morphological characlcrs, and ~mpling the largest 
ever number of representative taxa of the family . Our results 
support the rccognition of two subfamilies in Stygnopsidac: 
Stygnopsinae and Karosinae, subfam. nov. Additionally, we 
discuss the evolmion of male genitalia, the convergencc of 
some diagnostic morphological characters, the polyphyly of 
the genera Hoplohuflus and Paramilraceras, and the taxonomic 
status of selcctcd taxa, including the description of the 
following laxa: TOllalleca, gen. nov. and {zllilla I'ellejica, gen. 
nov., sp. nov. 

Fit;. 4. Chcliccrn of Stygnopsis males. (A) Fmntal view of Stygnopsis valMa. (8) Mesal view of Stygnopsis valida. (C) Fmntal view of Srygnopsis rohusla. 
(D) Mesal view of Srygnopsis rohusla. (E) Frontal view of Stygnopsis Odwcensis. (f) Mesal vicw of Stygnopsis Odwcensis. A=",-s indicate!he basal blunt 
tooth. Scale bars: A- 2.0 mm, B, C - I.S mm. 
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Materia ls and methods 

Morphological dala and laxon sampling 

Diverse matcrial of dcscribcd and undcscribcd Stygnopsidac 
and additional Laniatorcs was cxamincd from [he following 
collcctions and muscums: American Muscum of Natural 
Hislory, Ncw York, USA (AMN H); the Natural Hislol)' 
Muscum, London, UK (NHM); Colección Nacional de 
Arácnidos, Mcxico City, Mcxico (CNAN); Laboratorio de 
Acarología 'Anita HofTmann' , Facultad de Ciencias, 
Universidad Aurónoma de M~xico (UNAM), Mcxico City, 
Mcxico (LAAH); Musco Argentino de Ciencias Naturales, 
Buenos Aires, Argentina (MACN); Natunnuscum Scnckcnbcrg 
Sektion Arachnologic, Frankfun, Gcnnany (SMF); Texas 
Memorial Museum, Texas, USA (TMM); and Thc MUSCUffi , 

Texas Tcch Univcrsity, Texas, USA (lTU). Typcs of ncw laxa 
dcscribcd hcre and ONA vouehers of ingroup are dcposited 
in CNAN. For a complete list of material examined, scc 
Supplementary Materials 1 and 2 (available as Supplementary 
material lO this papcr). 

We attempled lO include the greatest rcprescntation 
of stygnopsid taxa in our analyses, but it was not possible to 
obtain DNA from 'Hop{obuflus' p{aflusGoodnight & Goodnight, 
1973, -Karos' depressus Goodnight & Goodnight, 1971 and 
Tampicoflus pllilippi Roe\ver, 1949, species where only the 
fcmale types are known. Evcn so, we inclllded Ihem in the 
combined analyscs becallsc they are problematic taxa. 
The types of P. graflu{alum Pickard-Cambridge, 1905 , 
P. lIispidulum Pickard-Cambridge, 1905 (both scxes), and 
Sbordoflia pan'U{a (Goodnight & Goodnight, 1953) (fcmale), 
and an additional male of S. pan'u{a (MACN) were examined, 
bU! it was not possiblc to obtain fresh tissuc for ONA extraetion 
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for these species. However, DNA and morphological data of 
threc closcly related species (atT.) were included in Ihe analyses. 

We scleeted six taxa from Shanna and Giribet (2011 ) as 
outgroups (Table 1). The sclection was based on Ihe 
availability of bolh morphological and molecular data of some 
Gonyleptoidea, and of two more distant groups, Pyramidopidae 
and Pelrobunidae. Only one male of Cm/Omma oedipus Roewer, 
1949 (Pyramidopidae) was examined for morphology. With 
respeet to the remaining outgroups, the morphological data 
were oblained as complete as possible from Goodnight and 
Goodnight ( 1947a), Avram (1 977) and Kury and Villarrcal 
(2015). The ingroup is fonned by 41 species (Supplementary 
Materials 1 and 2). For the most diversc genus, Hop{obuflUS, we 
included eight o f the 10 species known, plus two undeseribed 
species 'similar' to Ihe type species Hop{obuflus ba"elli 
Banks, 1900. We focuscd on Ihis genus, becausc it is 
eurrently the most diverse, allhollgh Ihis diversity is an artefaet 
dlle lO its eomplex taxonomic history bascd on sorne of Ihe 
Goodnight's llnjustified synonymies. This problem has been 
eorroborated for sorne othcr Mexican taxa, as rcported by 
Cruz-López and Franeke (2013a, 2015) in Paramilraceras 
and Karos, respectively. 

To eollate Ihe morphological data, the specimens were 
examincd under a Nikon SMZ 625 microscope. Colour 
photographs were taken with Nikon Coolpix SlO eamera with 
adaplor for the microscope. Electronic photographs were 
taken using two ditTerents SEMs: Hitaehi S-2460N and 
Hitaehi SU1510, both in the Instituto de Biologia, UNAM, 
Mexico. All figures were edited using Adobe lllustrator CC 
and PhotoShop CS5. We coded 72 morphological eharaeters, 
sorne of which were taken and modified from Kury and 
Villarreal (2015) and Cmz-López and Franeke (2015). To scc 

FIg. 5. Me>at view QfflL-dipalp. Qf Stygnopsis mate •. (A) Stygnopsis rohusllJ. (B) Slygnops;s ""lida. (C) SI)'gnops;s oaxacens;s. Sade ba,..: A=2.S mm, 
8 - 2.0mm, C- I.S mm. 
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the list alld descriptioll of all characters and how these were codcd, 
sce Supplementary Materials 3 and 4. 

Taxonomic nomenclafure 

Forthe description of morphological characters and new taxa, we 
adoptcd different nomenclatural sources, including the scutum 
shape from Kury and Medrano (2016), the morphology of the 
chclicera, pcdipalp and ornamentation of dorsum and legs from 
Cruz-Lópcz and Francke (2015 , 20 I 6a), and the pcdipalpal 
armature from Acosta el al. (2007). To describe the male 
genitalia, we adoptcd the pcnial setation nomenclature reccntly 
proposed by Kury and Villarrcal (2015), with modifications as 
treatcd in Cruz-Lópcz and Francke (2016a, 20 I 6b), and 
additional modifications proposcd here. For morphology ofthe 
capsula externa and interna, we follow Pérez-Gonzálcz (2006). 

Molecular dafiJ 

AII outgroups scquences were obtaincd from GenBank 
(Table 1). Total DNA of the ingroup was extractcd from legs 
or complete juveniles llsing ONcasy tissue kit (Qiagen, Mexico 
City, Mexico) following sllpplier proccdure with modifications 
proposed by Boyer el al. (2005). Total ONA was used as a 
template for amplification of partial nuclear ribosomal 28S 
obtaincd from assembly of thrce fragmcnts, the mitochondrial 
ribosomal 16S and the mitochondrial protein-cncoding 
cytochrome e oxidase subunit 1 (COl). Primer scquenccs and 
their original referenccs are indicatcd in Table 2. 

PCR rcactions werecarriedout in 12.511L volllmes,consisting 
of 0.2l1M cach primer, 0.8l1M dcoxynllclcotides, I x PCR 
buffer, 4 mM MgCI2, 1.25 U of Taq ONA polymerase 
(TaKara LA Taq, CA, USA) and 1-211L of DNA template for 
COI and 16S. Similarly, we carried out PCR rcactions using 
Orcen Master Mix Polymerase (WI, USA) for 28S, with the 
fo llowing mix: 0.5 x ofthe mix, 0.2l1M cach primerand 1-2l1L 
of DNA template. For all markers, the cycles were according 
to Shanna and Oiribet (2009), exccpt anncaling tempcrature of 

(Al 
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46QC for COI. Forthe primer pairs Vfl d_t l-Vrl d_tl , the cycles 
were: 5 initial cycles of 94QC x 2 min, 94Q x 30 S, 50Q X 40 s, 
72 0 x l min; plus30cyclesof94Q x 30s, 55Q x 40 s, 72 0 xl min, 
with a final extention of 72 Q x 5 mino PCR products were 
visualised by agarose gel electrophoresis (1.5% agarose). 
Unpllrificd prodllets were scquenccd in the Instituto de 
Biologia (UNAM), Mexico City, and by High Throllghput 
Scquencing (htSEQ), in the University of Washington, Scattle, 
USA. Chromatograms and scquenccs were viewed and cditcd 
in Gcneious ver. 9.1.2 (Kcarse el al. 2012) and BioEdit ver. 
7.2.5 (Hall 1999). The fragments of 28S were assembled in 
Geneious. Finally, we obtained 99 scquenccs of the ingroup 
(Table 1). To ser the complete collcction data of vOllchers, 
ser Sllpplementary Material 2. 

The 16Sand COI markers were aligncd using MA FFT (Katoh 
2013), with default parameters throllgh the interface Mesqllite 
ver. 3.0.4 (Maddison and Maddison 2015). The 28S marker 
was aligned llsing the L-INS-i algorithms implementcd in 

Fig. 6. Dorsal vicw offlL..:Iipalppatcllaof Srygnopsis malc •. (A ) Srygnopsis 
mlida. (B) Slygnopsis rohus/{} . (C) Srygnopsis oa."<iJcensis. SGllc bar>: A, 
B - 0.5 mm, C - 0.25 mm. 

Fit;. 7. RL1 rt:>lak"-dl vicw$ of Icg. 111 and IV of Srygnopsis malc •. (A ) Leg 111 of Srygnopsis rohus/{} . (8) Leg IV of Slygnops is rohus/{} . (C) Leg 111 of 
Srygnopsis m lida . (D) Lcg IV o fSrygnopsis m lida . (E) Lcg 111 of Siygnopsisoaxacensis. (F) Leg IV o fSrygnopsisoaxacensis. Scalc bar>: A = 5.0 mm, B = 4.5 mm, 
e, D, F - 3.00 mm, E - 2.5 mm. 
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Ftg.8 . Male gcn italia QfSlygnopsis. (A) Lat<.,-al vicw of Stygnopsis rohusla . (8) Vcnlr,d vicw of Slygnopsis rohusla. (C) DQr;a1 vic,," ofSlygnopsis 
olJxocensis. (D) Dor.;al vicwof Stygnopsis valido. (E) D::m;al vicw ofSlygllOpsis rohusto. (F) Vcntml vicWQf Stygnopsis valido. Small k>tl<-.... A, B, e 
and D ind ica!" $Ltd grQup'. Sealc bar>: A, S, C. F- 250)lm, D, E- 2oo)!",. 



	 54	

Tota l cvidcocc phylogeny of Stygllopsidac llll'er lebrale S)~'ICm(1lics 

Fig.9. Habitusof Hoploh!l1lus. (A) Don;al view of Hoplohunus harrell; male. (B) DCl"sal viewof Hoplohunus SI'. 0002 male. (C) Dor;al vicw of 
Hoplohunus sI'. 0002 female. (D) Latcr,d view of Hoplohunus harre"; male. Scale bar.¡: A- I.5 mm, B, C - 2.0 mm, D= 0.5 mm. 

Fit;. 10. Pt-od ipalp of Hoplohunus harre"; male. (A) Mesal view. (B) Ectal 
view. (C) Frontal view. Scale bar.¡: A, B= 1.0 mm, C - 0.7 mm. 

Fig. 11. Chdi tt-.,.aof Hoplohunus harre"; mal e.(A) Frontal view. (B) Mesal 
view. Arrow ind icates Ihe basal blunt toolh . Scale bar.¡: A, B - 0.7 mm. 
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MAFFT. Aligncd scqucnccs wcrc concatcnatcd and file typcs 
modified in Mcsquitc. Thrcc difTcrent matrices wcre gcncratcd: 
(1) molccularNcxus file with 44 tcnninal laxa; (2) total cvidcncc 
Ncxus file with 47 tcnninal laxa; and (3) total cvidcncc Phylip 
file with 47 tcnninal taxa{Supplcmcntary Matcrials 5-7). Thcsc 
matrices wcrc panitioncd for cach molecular markcr and for 
morphological data, rcspcctivcly. 

To sclcct the cvolutionary modcl for cach molecular 
partitíon, \Ve uscd jModclTcst ver. 2.1.6 (Darriba el al. 2012). 
\Ve comparcd the Akaikc Infonnation Critcrion (A IC) and rhe 
Baycsian lnfonnation Critcrion (BlC) 10 choosc the beS! modcl 
for cach molecular markcr. Thc cvolutionary modcls choscn 
wcre: general time reversible (GTR)+ proponíon of invariable 
sitcs (1)+ gamma distribution (O) for both 28S and COI sets, 
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and Hasegawa-Kishino--Yano (HK Y)+ G forthe 16Sset. For lhe 
total evidence matrices, the modcl applicd to the morphological 
dataset was MkV (Markov model for variable characlers) 
(Lewis 2001 ), with Lcwis corrcction for Maximum Likelihood 
analysis (Lewis 2001 ), as prcviously used in other studies (e.g. 
Monjaraz-Rucdas el al. 2016). The modcls werc specificd for 
the MrBayes block in both molecular and total evidcnce 
matrices, and a panition.txt file and in morphological spccific 
command line for Maximum Likelihood analysis. 

Phy/ogenelic melhods 

Phylogenetic trccs werc rcconstructcd using Bayesian Infercnce 
(BI) and Maximum Likelihood (M L). BI analyses on molecular 

FIg. 12. Leg.! Jland IV ofHoplohunusharrmi male. (A) Legl11 prolak"T""dl view. (B) Leg lV prolak"T""dl view. (G) Leg lV R"lrQlak"T""dl view.(D) Leglll R"lrQlak"T""dl 

view. (E) Femur IVprclateml view. (F) Femur IV R"Irolateml view. (G) Fem..- 111 \"entml view. (JI) Femur IV \"cntml vicw. Scale ba,..: A, D, G - I.Omm, B, 

e - I. I mm, E, F, H - l.5 mm. 
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alld total evidelice matrices were cOliductcd with MrBayes 
ver. 3.2.6 Oli XSEDE (Roliquist alid Huelselibeck 2003) 
through the olililie ponal CIPRES gateway (Miller el al. 
2010). The ML artalysis for total evidelice was coliductcd 
usilig RaxM L HPC-AVX ver. 8.2.7 (Stamarakis 2014) Oli a 
Dell XPS 8900 dcsktop computer. The Bl alialyses colisistcd 
of two simultalicous nms cach, with four chailis dcfaults for 
10 000 000 gelieratiolis samplilig every 2000 trces. The iliitial 
25% of samplcd trees were discardcd as bUffi-ili. Statioliarity 
parameters were viewcd ili TRACER ver. 1.6 (Rambaut el al. 
2014). The ML alialysis colisistcd of 1000 bootstrap replicates, 
with 500 hits to filid the trce with the best value of ML. 

Results 

Phy/ogenelic ana/yses 

\Ve obtailicd similar topologies ili the three matrices artalyscd 
ulider Bl alid ML approaches, with high suppon values for major 
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cladcs (Fig. 1, Figs SI alid S2). lli all alialyses, Stygliopsidae 
was recovered as moliophyletic, as sister-group of e oedipus 
(Pyramidopidae). Goliyleptoidca was lior rccovercd as a cladc, 
which could be due to the use of a ditTerelit subset of molecular 
markers thali those used to gelierate previous laliiatoreali 
phylogeliies (see Shanna alid Giribet 2011 ; Cruz-Lópcz el al. 
2016). However, the suppon values for Stygt10psidae ili borh 
BI artalyses are high, alid are colisiderably higher ili the ML 
alialysis. 

Phy/ogenelic re/afionships among Stygnopsidae 

The BI alialysis with the molecular data (Fig. SI) generatcd 
high suppon values for the family, subfamilies alid sorne 
geliera. This artalysi~ produccd the followilig major moliophyletic 
relatioliships: (Karosi rtae (Paramilroceras-group (Stygliopsirtae + 
P. atT. hispidulum))). The BI alialysis usilig combilied data 
obtailicd similar gelieral topology to that for molccular data 

Fit;. 13. Scutum, leg IV and pL-dipalp of Hoplohunus harre"; male. (A) Dor.;a.1 view ofscutum. (B) I'rOlat<"-dl view of leg IV. (C) Mesal view ofJX-dipalp. 
Scale bar>: A - 1 ~m, B, e ~O.5 cm. 
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flg. 14. Mlllc gcnim liaof H0l'lohunus harrelli. (A) Doroal vicw. (B) Lalcral vicw. ( C) Ventra l vicw. (D) Dorsal vi<:w. (E) lak-ral v i ~'W. 

Sn>:1 1I ICllcn; A. B, e, D und E ¡ndicatc ,dal groups Sealc bar.;: A. B. e 200 ).un. D. E .. 50 ).lIn. 
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ollly, but with the Parami/roceras-group nestcd within 
Stygnopsinae (Fig. 1). Also, the Bl analysis of combincd data 
generarcd suppon values slighly lower than rhe BI analysis 
of molecular data, which may be causcd by the high number 

Fig. 15. Habitus of 'Hoplohunus' sI'. 0033. (A) DQr.;a1 vicw of male. 
(B) Dor;al view of fernale. (G) Lak'T""dl view of rnale. Scale ba,..: A, 8 -
2.0 mm, e - l .0 mm. 

Fig. 16. CñclicCT""d of 'Hoplohunus ' SI'. 0033 male. (A) Frvntal view. 

(B) Mesal view. Scale ba,..: A, 8 - 1.0mm. 
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of homoplastic morphological characters. The ML ana lysis of 
combincd data yielded considerable suppon values for sorne 
dadcs (Fig. S2). 

Both Bl and ML analyscs using combincd data nestcd 
the Parami/raceros-group in Stygnopsinae, with the surprising 
indusion of Serrobuflus as sister-group of the rcrnaining 
members of the Parami/raceras-group. Another surprising 
rcsult is the exdusion of Paromi/raceras atT. hispidu/um from 
Parami/raceras, bU! fonning the dadc (P. atT. hispidu/um+ 
'Hop/obuflus' 1ulliflii), with high suppon values in the thrcc 
analyscs. Despite the similar external apparcancc in the known 
Parami/roceras spccies (Fig. 35), the prcsence of ventral 
glandular tubercles on males (Figs 38, 39), and the unanncd 
pcdipalp (Figs 44, 45), the analyscs did not rccover a 
monophyletic Parami/raceras. However, the male genitalia of 
P. hispidu/um and of P. atT. hispidu/um (Fig. 41A-C) do not 
sharc the genital panern prcscnt in the rcmaining Parami/raceras 

Fig. 17. Pcdipalpof'Hoplohtmus' sp.0033 ma.le.(A) Mesal view. (8) E~tal 

view. S~ale ba,..: A, B - 0.9 mm. 
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and, unfonunatcly, the maJe gcnitalia of 'Hop{ohuflus' zullinii 
8ilhav)i, 1977 remains unknown. 

In all thrcc analyscs, \Ve rccovcrcd Hop{ohuflus as a 
polyphylctic group. lt is rcmarkablc that only the typc spccics, 
H. hWTeli and Hop{ohuflus sp. 0002 fonn a dade, sharing 
unifonn externa] and maJe genital morphology (Figs 9--14). 
Thc vOllchcr 'Hop{ohuflus' sp. 0033 was rccovcrcd as sistcr
group of T. pllilippi (with high suppon valucs) in both BI and 
ML analyscs using combincd data. Thcsc spccimcns plus 
an undcscribcd Tampicoflus-like laxon are slightly similar 10 
Hop{ohuflUS, with the following difTcrcnces: (1) ventral 
armaturc of pcdipalpal fcmur fonned by cylindrical, strong 
almos! fuscd sctifcrous tubcrclcs in Hop{ohuflUS , and fonncd 
by scattcrcd spinifonn sctifcrous tubcrclcs in Tampicoflus
like dade (Figs 10, 17); (2) mesotergal arca [11 unanned in 
Hop{obuflUS, armed with two small paramedian spines in 
Tampicoflus-like dade (Figs 9, 15); (3) pedipalp patella with 
dorsal erest fonned by strong setiferous mbercles ending in a 
prominent tubercle in Hop{obuflUS, absent in Tampicoflus-like 
dade (Figs 10, 17); (4) two ventral rows of roundcd mberdes, 
inercasing in size apically in legs II[ and [V in Hop{obuflUS, legs 
[11 and IV without remarkable rowsoftubercles in Tampicoflus

like dade (Figs 12 , 18); (5) presenee of E setae on penis in 
Hop{obuflus and abseneeofthese setae in Tampicoflus-like dade 
(Figs 14 , 19); and (6) presence ofbasal blunt tooth on movable 
ehelieeral finger in Hop{obuflus and absencc of this tooth in 
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Tampicoflus-like clade (Figs I 1, 16). AIso, Hop{obuflus is fOlLlld 
in pine-forest at relatively high elevations ineentral and Nonhem 
Mexico, and members ofthe Tampicoflus-like dade are foun d in 
lowland rain-forest in Eastem Mexico. However, without 
available males of T. p/¡ilippii , the type species of this genus, 
it is difficuh to detennine the tme identity of this genus and its 
relatcd taxa. The'not-true' Hop{obuflus are discussed in Ihe 
taxonomic trcatments below. 

Taxonomy 

Family STYGNOPSIDAE Sorensen 

Phalangodidae (in part): R<><:wer, 1923: (f); Mcll<}-lcitio, 1938: 137; 
G <XJd night & G<:>odnight, 1942: 1; G<:>odnight & G()()dnight, 1944 : l. 

Stygnop.itk Son:ni;Cn, 1932: 272; Silhavy, 1974: 176; Silhavy, 1977: 
220; Rambla & Jub<:rthie, 1994: 218. 

IncludeJ suhfomjlies: Stygn"p.inae Son:ni;Cn, 1932, and Ka",.inae, 
.ubfam. nov . 

Emended diagnosis 

Harvestmen with scutum type zeta (s) (Figs 2, 9, 15, 20, 24 , 28), 
with the mid-bulge tending 10 be almost absent or type gamma 
(y)in severallaxa(Figs 35A, C,46A). Shape and sizeof ocularium 
val)'ing over a wide range, from small, almost absent, 10 large, 
conical, and anncd with long median spine. Cheliccra ranging 

FIg. 18 . Leg. JII and IV of·Hoplohunus' 'p. 0033 male. (A) P",lak"r"dl view ofleg 111. (B) Venrr-dl view offemur 111. (e) Venrr-dl view offemur IV. So;ale ba,..: 
A - l.5mm, S - 1.0mm, e - 0 .7 mm. 
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Ftg. 19. Male gen italia of' Hoplohunus' .p. 0033. (A) F "'mtal v iew. (8) Lak'T""dl view. (C) Odail offolli. in lateml view. (D) Odail of 

folli. in <.lo,,,,1I viL'W. (E) 1X1ail of.dae O and C. Iak'T""dl view. Small k1tL'T ' A, B. C. and O in<.licate !;L1a1 groupS. Scale bar>: A, 

B- 150)1m, C - SO)1m. O. E- 25)1m. 
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Fig. 20. Habitu$ ofSerrohunus haneli. (A) [lor;al vicwofmak. (8) Dor;al viL'W offcmak. (el Lal<:ml viL'W ofmak. Scalc ba,..: A, 8 - 1.5 mm, 
e - 1.o",m. 
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from small-sized in Karosinae and Mexo/rogliflus, 10 slightly 
swollen in Parami/raeeras, and large in Hoplohuflus and 
S/ygflopsis. Cheliceral dcntition fonncd by many similar-sized 
teeth in non-sexually-dimorphic spccies (Fig. 32); prominent 
basal andlor medial tccth on movable finger in sexually 
dimorphic spccies (Figs 4, 43). Pcdipalps anncd with 
seliferous tubercles, unanncd or with only spinifonn setae 
in Parami/raeeras and Shordoflia (Figs 44, 45). Sexual 
dimorphism on legs occurs in many difTerent ways within the 
family: presence of glandularopening in males (P%sa); males 
with legs longest (Karos); modificd anicles on males, possibly 
with glandular pores (Huas/eea Cruz-Lópcz & Francke, 2015, 
Mexo/rogliflus , Fig. 46C, G); male legs slrongly anncd 
(C}¡apulohuflus, C}¡iflquipdlohuflus, HoplohuflUS, Sbordoflia, 
S/ygflopsis); or without sexual dimorphism (Crellaros CrllZ
Lópcz & Francke, 2015, Mie/lafla Cruz-Lópcz & Francke, 
2015, MOfl/ahuflus, MOfl/erdla , Parami/raeeras, P}¡¡{ora 
and Troglos/ygflopsis). Calcaneous covering apical ponion of 
metatarsus. Tarsi witholll scopulae or pseudonychium, claws 
non-pcctinate. Penis without well dcfined ventral plate, truncus 
gene rally cylindrical, ventral portion elongated, fonning a 
flimsy lamina (Figs 8, 14 , 19, 23, 27, 31 , 34, 40, 41 , 47). 
Tltrcc major pcnial macrosetal panerns are found in the 
family: (1) Parami/raeeras-pattern: with several macrosetae 
C fonning a row along lateral margins; macroselal complex 
A+B latero-basally lO follis , sometimes extending to ventral 
ponion; two ventral pairs of setae E, the inner micro and the 
eXlernal macro; 1-3 pairs of microsetae D near lateral margins 
(Fig. 40); (2) Karos-pattern: setal complex A+B+C fonning 
longitudinal rows along Ihe lateral margins, sometimcs setae 
B can be rccognised by small size; ventral microsetae E in 
two pairs or fonning two longitudinal rows of several setae; 
2--4 pairs of macrosetae O ncar lO base of follis (Fig. 34); and 
(3) S/ygflopsis-pattern: macrosetae (micro in S/ygflopsis) setal 

Fit;. 21. Odieer .. ofSerrohunus honeli male. (A) Fr<;f1tal view. (B) Mesal 

view. Arraw intlicate. Ihe basal blunt toolh. Scale bar.;: A, 8 - 1.5 mm. 

llll'er/ebra/e S)~·/cma/ics JJJ 

groups A, B and C recognisable and separatcd, cach fonncd by 
two or three pairs; one pair of small setae E, absent or only 
vestigial socket; two pairs ofsmall or microsetae D (Figs 8, 14 , 
19, 31 ). Capsula externa fonncd by an exposcd and rigid multi
foldcd follis, apical portion covercd by small spines (excepl in 
Slygflopsis). Capsula interna fonncd by internal Slylus, slightly 
evertible, cylindrical, with small apical bristles (Figs 14E, 23 , 
27, 34, 40). 

SubfamiJy STYGNOPSINAE Sorensen 

I'halang<>tlinae (in part): Rocwer, 1912: 108; Rocwer, 1923: 69; 
G<Xdnight & Goodnight, 1942: 1; Goodnight & Gootlnight, 1944: l. 

lsacinae(in part): Mello-L.citio, 1938: 137. 
Troglo.tygnop.inae(in part): Silhavy, 1974: 182. 
Stygnop.inac: Mdlo-L.citio, 1938: 137; Silhavy, 1974: 176; Silhavy, 

1977: 220; Rambla & Jubcrthie, 1994: 218. 
/ncluded UW •. Hoplohunus Bank$, 1900, Stygnopsis SOrl:m¡cn, 1902, 

Paramilraceras I'kkartl-Cambritlge, 1905, Serrohunus Goodnight & 
G<Xdnight, 1942 .tal. rl:V., Chinquipellohunus Goodnight & 

Fig. 22. Leg IV antl pLotlipalp of SefTOhunus hone/i male. (A) Rdmlateml 
view of leg IV. (B) Mesal view ofpLotlipalp. (G) Rdrolateral view of femur 
IV. (D) [lor;al viewoffemur IV. (E) I'rolateml \;ewoff"mur IV. (f) Ventml 
viewoffemur IV. AlTow$ intlicatetubcrde.ofventml rdrolat<..-.. I row. Scale 
bar.;: A, e, D, E, F- 3.0mm, 8 - 1.5 mm. 
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Rg. 23. Male gen italia of SefTOhunils. (A) Dor.;al vicw of SefTOh"nils haneli. (B) Lakrdl vicw of Serroh"nus hanel;. (C) Ventral vicw of 
Serroh"nils hanel;. (D) Dorsal vicw ofSerroh¡¡l/ilsquerelllr;¡¡s. (E) l atcml vicwofSerrd mn!lsq!lererari!ls. (F) V cnlr,d vicwofSerrohmils querelllr;!ls. 

Small k>tlcr. A+ B, C. ""d D ind icatc ><.-1a1 grQup'. A, S, C. D , F - IOO ).1m, E - 150 )1m. 
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Fig. 24. Habitu. of h¡lillo w'I1efico . (A) Dorsal view of male holotypc. (B) Dor.;aI viewoffemale pamtypc. (C) LaIL"J"aI view of male holotypc. 
Scale bar.¡: A, B, e - 2.0mm. 
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G<x>dni g ht, 1944, Tampironus R()Cw~"-. 1949, Phi/oTa Goodnig ht & 
Goo<Jni g ht, 1954 . Troglostygnopsis Silhavy, 1974, Alexolrogbnus 
Silhavy, 1977, Shordonia Silha\y, 1977, Iztlinll, gen. nvv ., 
Tonalleca, S<:IL nvv., and the unccrtain 'Hoplohunus' zullinii 
Silhavy, 1977. 

Type genus: Srygnopsis So",,"><:n, 1902. 

Emended diagnosis 

Largc and mcdium-sizcd harvcstmcn (scumm lcngth --6 or 
>8 mm), cxccpt the small Mexolrogliflus , Philora and sorne 
Sbordoflia «3 mm). Ocularium al frontal margin of prosoma 
(Figs 3 , 9, 15, 20, 35D-H, 46A), mcdiuffi-sizcd and roundcd 
in Chi"quipe{{ohuflus and Mexo/rDgliflus, vel)' largc, usually 
with an apica] spinc in the rcmaining mcmbcrs. Mcsolcrgal 
sulci sl raight (Figs 13A, 35D-H, 46.4, E). Chclicera usually 
largc, movablc fingcr with promincnt basal tccth (Figs 4, 11 , 
21 ); usually with sexual dimorphism in cheliceral size and 
dentition. MexolrogUlIus exhibits Karosinae-type chelicera 
(Fig. 46D). Pcdipalpal femur and patella without mesal 
setiferous tubercles, except in MexolrDgUlIus. Penis with setal 
patterns Slygflopsis, Paramilraceras and an unrecognisable 
pattern (Figs 8, 14 , 31 , 40). Pars distalis fonning an angle of 
40" or more with respcct to flimsy ventral lamina (Figs 14E, 
3IB). MexolrogUflus is the only member of the subfamil y that 
exhibits many convergenccs with Karosinae in male genitalia, 
such as: apical projcction of pars distalis contiguous with 
truncus; macrosetae O ncar to follis and similar size of 
macrosctae A+B+C complex; and setal complex A+B+C fonning 
a longi tudinal row (Fig. 47)./zIUfla, gen. nov., exhibits a unique 
and unrecognisable setal pattern within the subfamily, which 
is dcscribcd below. 

Remarks 

Bccause the polyphyletic Hoplobuflus has crcated much 
confusion in some taxonomic detenninations, we put spccial 
emphasis on the taxonomy of selccted stygnopsine taxa 
previollsly considcred as HoplobulIus according to Goodnight 
and Goodnight (1 953): the typc SI)'gflOpsis , HoplobuflUS, 
Se"obw/Us stat. rey. and the new genera TOflalleca, gen. nov. 
and /zllilla, gen. nov. 

Genus Stygnopsis Sorensen 

Srygnus (in part): Sorcm;cn, 1884: 644. 

Stygnopsis Sorcm;cn, 1902: 4; R()Cw<-.,- , 1912: 153; R()Cw<-.,-, 1923: 116; 
Mell <}-lcitiío , 1926 : 329; R()Cw<-.,-, 1927: 272; Sorcn , .." 1932: 273 

( - Haehne!ia R()Cw<-.,- 1915); Silhavy, 1974: 176; Silhavy, 1977: 220. 

/nchuled UHa. Srygnopsis ""Iida (Sorcn$Cn, 1884), Stygnopsis mexica1l{} 
(R ()Cw<-.,-, 191 5), co mb. nov., Siygnops is rohUSlll (Good nig ht & 
G<x>dni g ht, 197 1), Srygnopsis lIpoillensis (G()()d nig ht & Goodnig ht, 

1973), comb. nov., Stygnopsis oaxacensis (G()()d nig ht & Good night, 

1973), comb. nov. 

Type species: Stygnus ",,/idus Sor.."en, 1884, by $ub,,'quent de, ignatiolL 

Emended diagnosis 

Large harvestmen (scutum length >6mm). Ocularium high, 
usually with strong median spine. Chelicera large and sexually 
dimorphic in a males, but there are 1} males with chelicera 
similar to those offemales. Cheliceral dentition heterogencous, 
basal tooth on movable finger blunt (Fig. 4). Pcdipalpal patella 
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smooth, roundly swollen apically, with small mesal apophysis 
(Figs 5, 6). Femora to tibiae III and IV anncd with two ventral 
rows of spinifonn tubercles, increasing in size apically (Fig. 7). 
Penis setal SI)'gl/opsis-pattern, with all setae of penis are 
microsctae. Threc to four pairs of setae C, two pairs of setae 
A and B, and two or threc pairs of setae O, the last on dorsal 
margin (Fig. 8). Pars distalis with apical depression, fo llis 
inscrtcd inside it. Latero-apical apices of pars distalis rollcd 
ventrally, pointcd, ventral margin concave (Fig. 8). Follis 
without small apical spines. 

Remarks 

Sorensen ( 1932) s ynonymi sed the monotypic HaeJmelia Roewer, 
1915 under Slygflopsis, fonning the new combination SI)'gllopsis 
mexicafla (Roewer, 1915). However, Goodnight and Goodnight 
(1953) ignored this synonymy, and considered HaeJlflelia a 
synonym of HoplobulIus. 

Silhary (1 974) was the first to rediagnose the genus and 
illustratcd for the first time the male genitalia of SI)'gllopsis 
raUda (Sorenscn, 1884) and Slygflopsis robusla (fonncrly 
Hoplobuflus robusluS Goodnight & Goodnight, 1971). Silhary 
mentioncd that the main character to difTerentiate betwcen 
Hoplobuflus and Slygl/opsis is the presence of one pair of 
paramcdian long spines in mesotergal area 111 in the latter 
(Fig. 3A, B). These spines are present in S. mUda, S. mexicafla 
and S. robusla. lt is remarkable that Silhav-y did not mention 
anything about HaeJlflelia mexicafla, a spccies redescribcd as 
Hoplobuflus mexicaflus by Goodnight and Goodnight ( 1971 ), 
with well developed dorsal spines (Goodnight and Goodnight 
1971: fig. 20). Additionally, Goodnight and Goodnight ( 1971 ) 
reportcd several additional records for H. mexicaflus; however, 
the record labellcd as: 'Cueva Arriba del Presidente, 1 y, km N 

FIg. 25. C lrlia..-d o f b/ina venefica male pamtypc. (A ) Fmntal vicw. 

(B) Mesal view. A rrow indicate. !he basal blunt tooth . Scale bar . : A, 

B - l.0mm. 
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Fig. 26. Ocu larium, pL"<l ipalp, Icg. I 11 and IV, and po.k-rior habitu.of h¡lino venefico . (A)Oru larium fmntal vicwofmalc paratypc. (B) Po.tcri or 
vicw ofhabitu. ofholotypc. (G) V<;Oltml vicw ofpL"<l ipalp tibia and tar",u •. (D) Vcntml \ ; CW offcmur I 11. (E) Vcntml vicw offcmur IV. Sallc ban¡: 

A- 1.5 mm, 8 - 2 .0mm, e, D - 1.0 mm, E - 0 .5 mm. 

JJ7 
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of Huautla, Oaxaca, August 12, 1967 (onc fcmalc), collcctcd 
by J. Reddcll and J. Fish' corrcsponds 10 an undcscribcd spccics. 

Like Sorcnsen (1 932), \Ve considcr tha! S. mexicana could 
be a junior synonym of S. mlida, bU! with incomplclc locality 
data forthc typcs, and the grcat similaritics among maje gcnitalia 
in the five known spccics of the gcnus, it is impossible 10 
corroborate the proposcd synonyrny at this time. Maybc funhcr 
molecular studics from specimcns from a rangc of localitics 
would hclp clarify this situaríon. 

Genus Hoplobunus Banks 

Hoplohunus Banks, 1900: 200; Pickard-Cammdgc, 1905: 585; Ro<:w~"-. 

1912: 149; Ro<:wcr, 1923: 112; Ro<:wcr, 1927: 272; G<x>dnight & 
G<x>dnight, 1942: 1; G<x>dnight & G()()<lnight, 1945: 3; Goodnight & 
G<x>dnight, 1953: 19; Goodnight & G<x>dnight, 1967: 1, G<x>dnight 

& G<x>dnight, 1971 : 38; G()()dnight & G<x>dnight, 1973: 86; Silhavy, 

1974: 176; Silhavy, 1977: 220; Edgar, 1990: 548; Rambla& Jub<:rthie, 

1994: 218. 
/nchuled laxa: Hop/ohunus harrel1; Bank$, 1900, by monotypy. 

Emended diagnosis 

Mcdium-size harvestmen (scutum length -5 mm). Ocularium 
vel)' high, eonical, with small apical spine (Fig. 9). Posterior 
margin of seutum widcr than mid-bulge width (Fig. 9). Cheliccra 
largc and ~xually dimorphic. Cheliccral dcntition Il!terogencous, 
basal tooth on movable finger blunt (Fig. 11 ). Pcdipalpal femur 
compresscd laterally, with two dorsal longitudinal rows of 
spinifonn tubcrcles, ending in a spinifonn apical apophysis 
(Figs 10, 13C). Pedipalpal patella with dorsal crest of 
contiguous, procurved spinifonn tubcrcles (Figs 10, 13C). 
Sockets of pcdipalpal tibia, tarsus and ventral fernur 
cylindrical, vel)' widc and contiguous (Figs 10, 13C). Femora 
to tibiae III and IV armcd with two ventral rows of spinifonn 
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tubcrcles, incrcasing in size apically and ending in spinifonn 
apophysis (Figs 12 , 138). Trochanter III globose, basal-tIlOst 
ponion offemur 111 dorsally cllrved abruptly (Fig. 12E, F). Penis 
setal pattems Slygllopsis-pattem, two pairs of small setae O 
on dorsal projection of truncus, latero-dorsal to follis base 
(Fig. 14D), one pair of microsetae E, over setal group C 
(Fig. 148, E), setal grollpS A, B and C fonncd by two or three 
macrosetae (Fig. 14A-C). Pars distalis compresscd laterally in 
almost one-half the length of pcnis, slightly cllrvcd dorsally 
(Fig. 14A-C). Surface of follis rugose (Fig. 14E). 

Remarks 

Since the deseription of the genus and typc spccies by 
Banks (1900), the diagnosis of the genus was reviscd only 
once by Goodnight and Goodnight ( 1953). They proposed a 
brief rediagnosis bascd on ambiguous characters, the rcason 
they synonymiscd HaeJmelia, Isaeus, Serrobunus and 
Chinquipel/obunus undcr Hoplobunus. Rcccntly, Cokendolpher 
(2004) revalidated C¡'¡flquipellobunus from its synonyrny 
under Hoplobunus on the basis of the male genitalia. He also 
transferrcd Hoplobunus madlae Goodnight & Goodnight, 1967 
and Hoplobunus rosselli Goodnight & Goodnight, 1967 to 
Chillquipel/obunus. Before this study, Hoplobunus included 
10 spccies under the diagnosis of Goodnight and Goodnight 
(1 953). lt is remarkable that after the phylogenetic analyses 
bascd on combincd data, the genus now bccomes monotypic 
(but sorne llndcscribcd spccies are known). As mcntioncd earlier, 
three spccies were transferrcd to Slygflopsis. Hoplobullus 
spillooculorom Goodnight & Goodnight, 1973 is here 
transferrcd to Tona/leca, gen. nov., H. boneli is restored as a 
valid spccies of Serrobunus, and Hoplobunus querelarius 
Silhary, 1974 is transferrcd to Se"obunus. Finally, 'H.' 

FIg. 27. Male genitalia of bbna w!nefica male pamtypc. (A) Dor.;al vicw. (B) Lateml view. (G) Ventml vicw. Small k1k .... A, e, and E indicate $L1a1 glQup'. 

Scale bar>: A, B and e - 50 ).1m. 
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Fit;. 28. Habitu$ of Tonal/eco spinooculorom. (A) Dorwl view of male. (B) Ventr,d view of female. (C) Lakrdl view of maJe. Scale bar>: A, B= 1.0 mm, 
e - I.Smm. 
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p{UflUS and 'H.' zulliflii rcmain as inccnae scdis in Karosinac and 
Stygnopsinac, rcspcctivcly. Thcsc ncw taxonomic proposals are 
describcd bclow. 

Genus Serrobunus Goodnight & Goodnight, stat. reY. 

Serrohunus G<x>dnight & G()()dnight, 1942: 2. 
Hoplohunus (in part): G()()dnight & G<x>dnight, 1953: 19. 
Inchuled "HO: Serrohunus hanel; G()()dnight & Goodnight, 1942 stal. 

"'V., Serroh!l1lus querelllrius (Silhavy , 1974), cQmb. nov . 

Emended diagnosis 

Largc harvcstmcn (sclltum lcngth --6 mm), troglomorphic. 
Ocularium vel)' high, conical, with long apica] spine (Fig. 20). 
Chclicera largc and scxually dimorphic. Chcliccral dcntition 
hctcrogcncous, basal tooth on movable fingcr blunt (Fig. 21 ). 
Legs vel)' long, fCffiur IV longcr than scutum, straighe Fcmur 
IV ornate with longitudinal rows of spinifonn tubercles, all 
tubcrcles of the rows inercasing in size apically, exccpt on the 
ventral retrolateral row, which dcerease in size (Fig. 22C-FJ. 
Trochanter 111 slightly globular. Troehanter IV with both dor~1 
and ventral apophyses(Fig. 22C-FJ . Penis setal Paramilraceras
pattern, with the following modifieations: setae C fonned by thrcc 
orfour maerosetae, the apical-most small, threeorfour set ae A+ B, 
laterallyon truncus, slightly bclow offollís base, oneortwo pairs 
ofsetae O, slightly shoner than other maerosetae, lateral to follís , 
without setae E (Fig. 23). Apical margin ofpars distalis rounded. 
Follís with bilobular dorsal projection and apically covered by 
aeute spines (Fig. 23A, D). 

Remarks 

Ku!)' and Villarrcal ( 2015) examined two males of S. !xmeli 
labclled ·Mexico, SL Potosi, Cueva de los Sabinos, ncar Valles, 
underground waterway to Dcvil' s Hole, 26.iii.l946, EJ Dontzin 
& E Ruda leg:. These authors mentioned the presenee of two 
median pairs of microsctae E fonning a rectangle (Ku!)' and 
Villarreal 2015 : fig. l B, C). Examining material from difTerent 
loealitics ofS. boneli (Supplementa!)' Material 3), wedid not find 
evidence of the presence of these setac. Therefore, it is possible 
that Ku!)' and Villarrcal (2015) examined a difTerent taxon. 

Despite not including H. querelarius in the molecular 
analyses, we have transferrcd it to Serrobunus bccause it 
shares external and male genital morphology with S. !xmeli 
(Fig. 230-FJ· 

Genus Iz tlina, gen. nov. 

(Figs 24-27) 

http://zoobank.orglNon><:nclaturaIActslum:l.id:zoobank.org:act 

A6450531-D49F-46F9-BD9I-0202703BA 758 

Type species: }zrbna w'nefica, '1'. nov . 

Diagnosis 

Medium-size harvestmcn (scutum length <5 mm), troglomorphic. 
Oeularium ve!)' high, conical, apcx divided into two divergent 
tips (Fig. 26A ). Mesolergal arca IV with two long paramcdian 
spines (Fig. 268). Chelieera large and scxually dimorphic. 
Cheliceral dentition heterogcncous, ba~1 tooth on movable 
finger blunt (Fig. 25). Legs ve!)' long, femur IV longer than 

J. A. Cruz-López alld o. F. Fr:lIlcke 

seutum, straighl. Femora III and IValmostsmooth, femur lll with 
one ventral longitudinal row of spinifonn tubcrcles inercasing in 
sizedistally (Fig. 26D), femur IV with two ventral rows apically 
(Fig. 26E). Troehanter 111 slightly globose. Sctation of pcn is 
unique for subfamily: five or six setae C laterally to follís , t\\lO 
pairs of setae A bclow setae C, two ventral longitudinal rows of 
thrcc pairsofsetae E, setae O absent (Fig. 27). AII penial setae are 
unifonn in size and shapc. Truneus cy lindrieal, almost contiguous 
with ventral projection, ventro-apical margin with U-shaped 

Fig. 29 . Chclicem of Tona/reca spinooclllorom maJe. (A) Frontal view. 
(B) Me>al view. Black alTQW indicare. the ba.al tooth, ",hite afT()W indicare. 

the rncodian 1<X>th. Seale bar;: A, B ~ 1.0mm. 

Fig. 30 . Pcdipalp and femur IV of Tona/reca spinoocworom male. 

(A) Me>al view of pcdipalp. (B) Ventml view of femur IV. Scale ba,..: 
A ~ 1.0mm, B ~ 1.5 mm. 
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concavity (Fig. 27C). Follis globosc, with dorsal lobular 
projcctioli (Fig. 27 A, B). 

Remarks 

Tltis gCllltS cali be casily distiliguishcd from othcr gClicra of 
Stygliopsiliac by thc uliiquc presclicc of two 10lig paramcdiali 
spilics Oli mcsotcrgal arca IV alid apcx of ocularium dividcd ili 
two tips alid gClicral shapc of malc gCliitalia. 

Etymology 

'Iztli' is thc l1lImc of a god of sacrificc alid StOIiC kliivcs ili thc 
Mexica culture. This god is associatcd with thc dcitics of dcath 
alid darklicss. Thc liame was modificd to fcmiliilic clidilig. 

Iztlina venefíca, sp. nov. 

(Figs 24--27) 

http://z()()bank.org/No",,,nclaturaIAcl$lum:I,id:zoobank.org: 
act0E780459-A572-41 0-S7 A3-FODB9A279862 
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Material examined 

Ho¡otype. MEXICO: Chiapas: Municipio dI.' Cintalapa: mak. CUl.'va 
dI.'! Arco, 16°50'51.6~N, 93°43'04.5"W, 19.xi.2011, eoll. K. Zámle, male 
(CNAN-TI092). 

Paral)'pes. MEXICQ: Chiapas: Municipio de Cintalapa: 2 male" 
colk-cl<,d with holotypc (CNAN-TI093); I male, I female, Cueva Ejidal, 
EjidoLópcz Mak"O" 16°51' 54.1 ~N 93°42'45.3"W, 23.iv .20 13, coll. K. Zámle 
(CNAN-TIIOI). 

Diagnosis 

As for thc gcnus. 

Description 

Male (!wlolype) 
Scutum ICligth 4.5 mm, scutum width 3.7, fcmur II 9.5 mm, 

fcmur IV 1 L7mm. 
Dorsum. Sculum typc 1;;, mid-bulgc gClitly roulidcd, both 

cOlistrictiolis 1 alid 2 shallow (Fig. 24A , B). Ocularium at frolilal 
margili of prosoma, vcry high alid coliical shapc, with thc 

Fil;. 3 1. Male ~nitalia of Tonalreca spinooculorom. (A) [)o,,;al view. (8) Laleml view. (e) Venmd view. Small k>flcu A, B, and C indicale ,dal grwp', 
Er indicate. ve'ligial im;crtion ba!;c. of E ><.-tle. Seale ba,..: A, B and C - loo )1m. 



	 71	

342 111W'rlebrale Sy!,'lenwlics 

apcx dividcd in two divcrging tips (Fig. 26A). Eycs \Vell 
markcd bU! small-sizcd, at the base of ocularium. Dorsum 
smooth, mesolcrgal sulci wide and shallow. Mcsolcrgal 
arcas 1-111 with transversc row of minute and scattercd 
sctifcrous mbcrclcs, arca IV with onc pair o f long paramcdian 
spincs (Fig. 268). Lateral pcgs fonning a continuous and 
distintivc row. 

Venler. Coxac I and 11 omate with long spinifonn 
sctifcrous tubcrclcs, coxae tU and IV with small oncs and 
setac. Lcngth of coxa IV similar 10 length of coxa IIL Lateral 
margins posterior to genital opcrculuffi parallcL 

Chelicera. Basichcliccritc clongatcd, bulla softly markcd. 
Chcliceral hand swollcn, dorsal ponion clcvatcd, frontal face 
covcrcd by small tubcrclcs and spinifonn sctac (Fig. 258). Fixcd 
fingcr with a row of six tccth, from the base to almost the end, 
incrcasing in size slightly apically. Movable finger with basal 
blunt tooth and four Hat teeth mcdially (Fig. 25A). 

Pedipalp. AII scgmcnts almost rcctangulgar in cross
scction. Trochanter and basal femur with one long spinifonn 
sctiferous tubercle ventrally (Fig. 24C). Ventrally femur with 
longitudinal row of five scattercd tubercles. Patella unanncd. 

J . A. Cruz-López alld O. F. Fr:lIlcke 

Tibia and tarsus anncd with long spinifonn setiferous tubercles 
as follows: both margins oftibia [ili (3 > I >4 >2), cetal margin of 
tarsus [[[[ (1 = 2= 3 = 4), mesal margin of tarsus [[[ (1 = 2 = 3) 
(Fig. 26C). Claw elongatcd. 

Legs. AII scgmcnts long and slendcrs, anterior legs 
covercd with few small spinifonn setae. Posterior legs covercd 
with small tubercles. Femur[[[ with two ventral rowsofscattercd 
spinifonn tubercles. Femur [Vwith two ventral rowsoftubercles 
confined only to apical ponion (Fig. 26D, E). Tarsal count: 
8(3):20(4):8:9/10. 

Penis. T runcus cy lindrical , H imsy lamina sli ghtly projected, 
contiguous with the truncus, with apical concavity U-shapcd 
(Fig. 27C). AII macrosetae ofpenis o fthe same size and shapc, 
with longitudinal sulcus and roundcd apiccs (Fig. 27). Setation 
of pcnis: five or six sctae C laterally to follis, two pairs of sctae 
A basal to setae C, two ventral longitudinal rows of thrcc pairs 
of sctae E, setae D abscnt (Figs 27). Follis with dorsal lobe 
projection ( Fig. 27 A ). 

Female (paratype) 
Similar to male, but with cheliccra slightly smaller 

(Fig. 24A , B). 

FIg. 32. Chcticera of Karosinac malLos. (A) Fmntat vicw of Karos harhariliDs. (B) Mcsat vicw of Karos harharikos. (C) Frontal vicw of Chapulohu"us 
u"isp;"osus. (D) Mcsat vicw ofChapulohu"us u,,;sp;"osus. (E) Fmntat vicw of Huasleca gra1;osa. (F) Mcsat viL'W of Huasleca gra1;osa. Scatc bar>: A, B. E, 
F - 0.2 111m, C, D- 0.3 mm. 
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Etymology 

From Latin \'euejica' , which mcans 'a female who pOlsons 
ill referellcc to a sorceress who uscd poisolls alld potiolls for 
various rcaSOIlS. 

Genus Tonalteca, gen. nov. 

(Figs 28--31 ) 

http://zoobank.orglNon><:n~laturaIActslum:l.id:zoobank.org: 

aet 7DECBCBC-5A22-4E6D-89A9-2I!6AFF240825 
Hoplohunus (in part): Goodnight & G<JOdnight, 1973: 86. 
Type species: Hoplohunus sp,nooculonlm Goodnight & Goodnight, 

1973. 

Diagnosis 

Medium-size harvestmcn (scutum Icngth -5 mm), troglomorphic. 
Ocularium vel)' high, conical , with long apical spine (Fig. 28C). 
Cltelicera large and sexually dimorphic. Basal tooth on movable 
finger blunt (Fig. 29A ). Legs long, femur IV slightly longer 
than scutum, straighl. Ornamenlalion of all legs fonncd by 
longitudinal rows of small, scattercd spinifonn sctiferous 
tu~rcles (Fig. 30B). Penis setal Slygflopsis-panem, two 
longitudinal pairs of setae e, two transversal pairs of setae A, 
one basalmost pair of selae B, and two pairs of small setae D, 
near to follis base (Fig. 31 ). \Vith one ventral pair of vestigial 
insenion bases of setae E (Fig. 31 C). Pars dislalis fonning 
an angle of 90Q al the base of ventral projcction. Pars distalis 
slightly compressed laterally (Fig. 31A). Follis with dorsallobe 
roundcd (Fig. 3IA). 
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Remarks 

TOfla/leca can be distinguishcd from the following epigean 
stygnopsin genera (Hop{obuflUS, Paramilraceras, P/¡ilora, 
Tampicoflus and Sbordoflia) in having femur IV straight and 
longer than the srutum. lt can be scparatcd from the troglomorphic 
CJ¡iflquipe!{obuflus, Mexolrogliflus and Trog{ostygflopsis by 
the oclllarillm with a long apical spine. Tmw{leca can be 
distinguishcd from the troglomorphic /z/lifla by the abscnce of 
two paramcdian spines on mesotergal arca IV. Itcan be scparatcd 
from Se"obuflus by legs III and IV without remarkable rows of 
spinifonn tubercles, and finally, from Slygflopsis by pcdipalpal 
patella covercd with few small tubercles and the absencc of a 
mesal apophysis. 

Etymology 

The 'Tonaltcca' is the initial waltz of a folkloric dance namcd 
'Flordc Piña' fromOaxaca, Mexico. Thisdanceis anemblematic 
cultural reference to Oaxaca, spccially the Nonhem region of 
Papa loa pan, where this genlls occurs. The name is feminine. 

Subfamily KAROSINAE, subfam. nov. 

http://zoobank.orglNomenclatumtActslum:l.id:zoobank.org:act: 
B6392819-5994--4F15-9EEB--409F3BB5C4B I 

Phalangodinae (in part): Rocwcr, 1912: 108; Rocwcr, 1923: 69; 
Goodnight & Goodnight, 1944: 1; Goodnight & Goodnight, 1947h: 
3; Goodnight & Goodnight, 1953: 13; Goodnight & Goodnight, 197 1: 
33; Goodnighl & Goodnight, 1973: 83; Silhavy, 1974: 185; Silhavy, 
1977: 227; Rambla & Jubcrthie, 1994: 218. 

Fit;. JJ . Oor;al view$ ofpcdipalp femur and patcllaoflCaro.inae mal c •. (A) Karos harharikas. (8) Ch"pulohunus unispinosus. (G) Huaslecagrliliosa. Scale 

bar.;: A, B, C - O.3mm. 
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!'"1{:. 34. Male gcnitaliaofK.aro.inac. (A) D::m¡a1 vicw of Karos harharikos. (B) l at""-dl vicw of Karos harharikos. (C) Ventral vicw of Koros harharikos. 
(D) D::>r¡;a1 vicw ofChopulohunus aspero (E) l ak..-dl vicw ofChopulohunusosper. (F) Vcnlr,d vicw ofChopulohunus aspero Small k>tl<-.... D and E indicatc 

$Ltd gmups, B? indicate. p<) .. ibly B 1<-1.<1<:. Sealc bar>: A, S, C. D, E, F- IOO )lm. 
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Hg. 35. Dor.;al habitus of Karosinac and I'ammitmccms--gmup. (A) Karas harharikas. (B) Huasleca grO/iasa. (G) Chapuldmnus 
unispinasus. (D) Philora ¡"x¡lae. (E) Parami¡raceras w!racnlz. (f) Parami¡raceras alT. hispidu{um. (G) Troglostygnopsis sI'. 0049. 
(H) Parami¡raceras alT. granulawm. Scalc bar.;: A, B, e, D ~ O.5cm, E, F, G, H ~ 1 cm. 

345 
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Fig. 36. Lal<:ml projL>ction!; of $Cutum and n><:>otcrgal .ulci of Karo.inac :md Param;lraceras-group. (A) Lal<:ml proj"...,tion of ParamirrlJq'ras alT. 

gra/lulatum. (8) Lateral proj"..,t;,," of Parami¡TaCeras ''''TllCroZ. (C) L.at<:ml proj<->(;ti'm of Huasleca grll1;osa. (D) McSQtcrgal .ulci JlI and IV of HUaSleClJ 

grll1iosa. (E) Dc1ail Qfn><:>otcrgal .ulci JI and JJJ of Karos harharikos. (F) Lateral proj~...,tion of Karos oorharikos. M.JI lO M,IV indicatc n><:SQtcrgal .ulru~ JI, 
111 and IV re.pccti"cly. Sealc bar>: A ~ O.5 mm, B - 250 )1m, e, E, F- IOO )1m, D ~ 200 )1m. 
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fig. 37. 1A1ail!; oflak"T""dl projLoctionsand a.sociatL-d J><Xes in Karo.inae and Paramilraceras-group. (A) POlLOS at level ofme!;Ol<..-gal 
a",a J in Karas harharikas. (B) Projection of com<"T on me!;Otergal a",a V in Karas harharikas. (C) Lak"T""dl projL"Ction of Huasleca 
gra1iasa. (D) Po"'s On Iak"T""dl projL"Ction in Huaslecagra1iasa. (E) LatL"T""dl projection of Paramilroceras veraC11iz. (F) Po"" on lateml 
projL"Ction in Paramilraceras veraC11iz. (G) Lateral projection in Traglasrygnapsis SI'. 0049. (H) Ddail of lak"T""dl projL"Ction in 
Traglastygnopsis '1'. 0049. Anow, indicare !;Ome po",s. Seale bar;: A, D, H - 25 )1m, B, e, F, G - 50- )1m, E- lOO )1m. 

347 
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StygnQP.inac (in part): G<X>dnight & G()()dnight, 1945: 1; G()()dnight & 
Goo<Jnight, 1946: 1. 

K",vs-gr()up (in part): Cruz-l ópcz & Franác, 2015: 838. 
Type genus: KOTOS G<X>dnight & G<x>dnighl. 1944. 
/nduded lam: KarosG<x>dnighl & G<:>odnight, 1944, Alonl!rella G<:>odnight 

& G<:>odnight, 1944, A!omah"nus G<x>dnighl & Gwdnight, 1945. 
CI"'p'lohemus G<x>dnighl & Ü<l<xlnight, 1946. POIosa G<:>odnight & 
G<:>odnight, 1947, Crellaros Cruz-Lópcz & FrdlWkc, 2015. Hilas/em 

J . A. Cruz-López alld O. F. Fr:mcke 

Cruz..L<:pcz & Fmnckc, 2015. A!ia!a!la Cruz-LóJ'.'z & Fodllekc, 2015. 
and the unccr1aÍn 'Karos' depressus G<xxJnight & G<:>odnight, 1971 an<! 
'Hop/ofunus' ¡Jal1us G<x>dnight & Gwdnight, 1973. 

Diagnosis 

Modificd from Cmz-Lópcz and Franckc(2015). Small 10 mcdium 
harvestmcn « 10 --6 mm). Ocularium in the middlc of prosorna, 

FIg. 38. CoIQur ddai l of \'entr,d glandular tubio-dcs on stigmatic area i n Param;/rllceras-group mak·s. (A) Param;,raceras alT. h;sp;dulum. (B) Param;,raceras 
,za,úl.(C) Param;,raceras alT. h;sp;dulum. (D)Shardan;aalT.parrula. (E)Param;'raceras verac11iz.(F) Philara ,,,x¡lae. Sadcbar¡¡: A - 1.3 mm, B, E = O.8 mm, 

e, D ~ O.7mm, F ~O.4 mm. 
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small to mcdium size, gellcrally unanncd (Fig. 35A-C). Usually 
with spinifonn bulge anterior to ocularium (Fig. 35A-C). 
Mesotergal sulci generally sinuous (Figs 35A-C, 36D, E). 
Lateral channels at level of mesotergal arcas 1, 11, V and usually 
in free tcrgites fonning roundcd projcctions, thcse projcctions have 
the surfacc covercd by small pores (Figs 35A-C, 36C, F, 37A-D). 
Clteliccra small, both fingers witlt similar, small and unifonn 
dcntition (Fig. 32). Meso-apical surfacc of pcdipalp femur and 
patcla anncd with spinifonn setiferous tubcrcles (Fig. 33). Penis 
sctation Karos-panem. Pars distalis contiguous with ventral 
projcction, not fonning an angle (Fig. 34). 

Remarks 
Karosinae exhibits more unifonn diagnostic characters than 
Stygnopsinae. The ocularium in the middle of prosoma and 
mesal annature of pcdipalpal femur and patella are consistent 
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also in . H.' plaflus and . K: depressus, spccies known from 
females only. The spinifonn bulge anterior to the ocularium is 
an inconspicuous character present in almost all Karosinae 
examined (Fig. 35A-C). Afie/lafla iflops and 'H.' plaflus 
exhibit two dorsal bulges on the prosoma. Cruz-Lópcz and 
Francke (2015) considered the anterior bulge in Al. inops as 
the ocularium; a similar structure is present in 'H: plaflus. In 
this work, we are not sure which of tite two bulges is the 
ocularium bccause without evidcncc of eyes, retina or eye-spots, 
we are unccnain, as occurs in Jarmilafla pecki (Goodnight and 
Goodnight 1977), as indicatcd by Cruz-Lópcz e/ al. (2016). 

Confliclive laxa, lhe case ofMexotrogJinus and lsaeus 

The genus Afexo/rDgliflus is the most controversial taxon within 
the family. This genus has small chelicerae without sexual 

Fit;. 39. [X1ail of \'entr,d glandular tulx'Ttk-s on .tigmatic area in Param;/raceras-group males. (A) Stigmatk area of Param;/TaceTas alT. h;sp;du{um. 
(B) Glandul:.- tubcrcles of PaTam;mreTas alT. h;sp;du{um. (G) [X1ail of One glandular tubcrde of PaTam;/TaceTas alT. h;sp;du{um. (D) Stigmatic area of 
Ph;{oTa I!w/ae. (E) The four glandulartulx'Ttk-sof PhiloTa I!w!ae. (F) [X1ai l of one glandulartulx'Tcleof PhiloTa I!w/ae. (Gl Dt-1ail of one glandular tubcrcle 
of PaTam;/TaceTas alT. gTanu!a/Um. (H) Dt-1ail of one glandular tubcrcle of PaTam;/TaceTas veTaC11lZ. Scale bars: A - 1 mm, B ~ 100 ).lm, e, G - 25 ).lm, 
D - 200).lm, E- 50).lm, F - IO).lm, H - 20).lm. 
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Fij;. 40. Male gen italia of P"rllm;¡rllcerlls-grQup mc",b.:Ili. (A) Dorsal vicw of PaTam;¡racer"s alT. gra/l u/owm. (8) Latcml vicw of PaTam;lraceros alT. 
gra/lu/aJum. (G) Vcntr,d vic,," of PaTam;lraceras aff. gra/lulll1wn. (D) Dorsal vicw of PaTam;¡yaceras rzOlzil. (E) L.atcml vic,," <:>f PaTamirrac..,."s rzOlzil. (f) 

Vcntr,d vic,," of Param;/Taceras rzorz,l. Small k>fiL'U e, D, E and A+B indica!" $L1.a1 grvup'. Sealc bar.¡: A, B, D, E, F- 100 )1m, C - 200)lm. 



	 80	

Total cvidcocc phylogeny of Stygllopsidac llll'er lebrale S)~'ICm(1lics '51 

Fif;. 4 1. Male gen italia of P.dmmitrdcems-group membcr¡¡. (A) Dor.;al vicw of Parami¡raceras alT. hispidulum. (8) Lalcml view of Parami¡raceras alT. 
hispidulum. (G) Ventrdl viewof Parami¡raceras alT. hispidulum. (D) Dor¡¡al vicw ofShardonia alT. parvula. (E) Lak"J"al view ofShardonia alT. parvula. (F) Ventrdl 
view of Shardonia alT. parvula. Small k"tl~-r; e, D, E and A+ B indicate ><.-wl group'. $cale bar¡¡: A, B, D, E, F- 50)lm, e- lOO )1m. 



	 81	

352 111W'rlebrale Sy!,'lenwlics 

dimorphi~m (Fig. 46D), mc~l armaturc on the pcdipalpal fcmur 
and patella (Fig. 46H, f), and the maJe gcnitalia is similar 10 [he 
Karos-paucm (Fig. 47). This combination of charactcr statcs 
pIares Mexo/rDgliflus in Karosinac. Howevcr, the ocularium 
]ocatcd on the frontal margin ofthc prosoma (Fig. 46.4 , B), the 
straighl mcsotcrgal sulci (Fig. 46.4 , B, E), the lateral channcls 
no! projcctcd latcralJy and the abscncc of associatcd pores 

J. A. Cruz-López alld O. F. Fr:mcke 

(Fig. 46A, B, E, F) suggcst its position within Stygnopsinac. 
Thc threc analyscs are consisten! in the inclusion of 
MexolrDgliflus in Stygnopsinac. In our rcsults, both BI and 
ML analyscs of total cvidcncc showed a sistcr-group 
rclationship bctwccn MexolrDgliflus and CJ¡inquipe!{ohuflus, 
with high suppon vallle in the Bl analysis, bllt without 
significant suppon in ML. Bascd on the phylogcnctic evidcncc, 

FIg. 4 2. Male ~nitaliaof Parami,raceras-gmup ml"TTloc ..... (A) D::m;al view of Sbordonia sp. 0055. (B) Lak"T""dl viL"W ofShordonia 'p. 0055. (G) Ventml view of 

Shordon ia 'p. 0055. (D) D:>r!;al view ofTroglastygnopsis sp. 0049. (E) Lak"T""dl view of Troglosrygnopsis sp. 0(»9. (F) Ventml view of Troglosrygnopsis sp. 0049. 

Smalllettcl"; e, D, E and A+ B indicatc ><.-"lal group'. Scale Ixn: A, B, e, D, F - l00 )1m, E - 50)lm. 
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MexOlroglillus is the most extreme case of morphologiml 
convergellcc, allocatcd to StygnopsillllC, but also showillg some 
imponallt diagnostic morphological maracters of Karosinae, as 
tnelltiollcd aboye. 

Together with the deseriptioll of Stygllopsidae, Sorellsell 
(1 932) describcd the mollotypic gelllls !saeus from Mexico. 
He cOllsidcrcd that the cetal alld mesal annaturc 011 the 
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pcdipalpal patella werc sigllificallt characters to difTerclltiate 
betwccll Slygflopsis alld Isaeus, rcspcctively. Also, S0rcllsell 
(1 932) collsidercd Isaeus rclatcd to the mOllotypic Mexicall 
gelllls MelacOl/Omma Pickard-Cambridge, 1905, a taxoll 
which cUITClltly is iflcerlae sedis ill Grassatorcs (Lalliatorcs) 
(Kury 2003). Later, Goodllight alld Goodllight ( 1953) 
cOllsidcrcd Isaeus a jllllior synOllym of Hoplobuflus. \Ve herc 

Fil;. 43. Chclicera of Param;lraceras-group male •. (A) Frontal vicw of Param;lraceras alT. granularum . (B) Mesal view of Param;lraceras alT. 
granularum . (G) Frontal view of Param;lraceras alT. h;sp;dulum. (D) Mesal view of Param;lraceras alT. h;sp;dulum. (E) Frontal view of Param;lraceras 
lzolúl. (F) Mesal view of Param;lraceras IZ01zil. (G) Frontal view of Param;lraceras ,'eracruz. (H) Mesal view of Param;lraceras ""rac",z. (1) Frontal 
vi"w of Shordon;a sp. 0055. (J) Mesal view of Shordon;a 'p. 0055. (K) Fumtal view of Shordon;a alT. parrula. (L) Mesal view of Shordon;a aff. parrnla. 
Black armws indicate!he basal blunt tooth On mo\'able fing<-"-, grccn armW$ indicate!he basal tooth on fixcd finger, and ",hite row indicate.!he m<-odian 

too!h un mo\'able fingL"-. Scale bal';: A, S - I.6mm, C, 0 = 0,4 mm, E, F - l.0mm, G, H - 0.5mm, J, J - 0.8 mm, K, L - 0.7mm. 
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dcmonstratc the polyphyly of Hop{ohuflUS, rcvalidating all ofthc 
synonymiscdgcncra. In thccascof Isaeus , we revalidare it below, 
hoping tha! in the fmure this gcnus can be studicd propcrly, a 
nomenclatura] act similar 10 Ihose gcncric revalidations in 
Cosmclidac proposcd by Kury (2003). 

Genus lsaeus Sore nsen, stat. rey. 

{saeus Sorem¡cn, 1932: 276. 

Hoplohunus (in part): Goodnight & G<x>dnight, 1953: 19. 

/nc¡'uled laxa; !saeus mex;ca/lus S"",m¡cn, 1932. by monQtypy. 

Remarks 

\Ve wcrc unablc 10 examine any spccimcns of /. mexicuflus, and 
thcrcforc cannot assign Isaeus to a subfamily. 

Discussion 

Genital evo/u/ion and homoplastic characlers 

Thc capsula externa fonning a ffiultifoldcd follís has becn 
considercd a plcsiomorphic condition by sorne authors undcr 
difTcrcnt approaches (Kury 1997; Mendes and Kury 2007; Kury 
and ViIlarreal 2015). This mllltifolded follís has been considered 
a synapomorphy or a convergence among some Epedanoidea, 

J. A. Cruz-López alld O. F. Fr:lIlcke 

Assamioidea and Stygnopsidae, depending on different authors 
(Kury 1997; Shanna el al. 2011 ). The detailed examination 
of penes in Assamiidae, Epedanidae, Pyramidopidae and 
Tithaeidae, corroborated that the genital capsula externa and 
glans are different structures (not homologous), and that they 
exhibit morpho-mechanical ditTerences when the capsula 
externa is expanded using chemical sustanccs such as lactic 
acid (Manens 1986; Zhang and Zhang 2010; Lían el al. 20 11; 
Sharma el al. 2011 ; Cruz-López el al. 2016). 

Stygnopsidaeexhibits agreat diversity in genital morphology, 
especially in the shape of the pars distalís and in penial sctation. 
However, within each genus, the general pattem of the genital 
morphology is stable. The only known genital convergencc 
OCCllrs betwecn Karos and Crellaros, according to Ihe 
morphological cladistics analysis presented by Cruz-López 
and Francke (2015). This convergencc is corroborated here in 
the BI and ML analyscs using combined data. In the present 
contribution, we obscrved another genital convergencc between 
Hoplobuflus and the Tampicoflus-líke dade (Figs 1, 14 , 19), 
and, unlíke Karos and Crellaros, these taxa are similarextemally, 
as discusscd previously. 

AII members of Paramilraceras, plus Sbordoflia panula 
and S. atT. pan'Ula exhibit very unifonn external morphology 

FIg. 44 . I'<.-dipal[» of rnt."TTloc .... of Param;¡rnceras-gmup males. (A) Mesal view of Param;¡raceras alT. granu/awm . (8) Mesal view of Param;¡raceras alT. 
h;sp;du/um. ( G) Mesal view of Param;¡raceras twlúl. (D) Mesal view of Param;¡raceras veracroz. (E) E~tal view of Shordon;a SI'. 0055. (F) Mesal view of 
Shordon;{I alT. pan·u/a . (G) Mesal view of Shordon;a ann;gera. Scale bar.;: A - 3.0mm, B - O.9 mm, e - I.9mm, D - I.3 mm, E - I.5 mm, F, G - I.Omm. 
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alld llllanned pcdipalps, omate ollly with spillifonn sctae 011 

longitudil1ll1 keels 011 tibia alld tarsus, alld sometimes with few 
spillifonn sctiferous tubercles (Figs 44, 45). Surprisillgly, males 
of these taxa have glalldular tubcrcles 011 the stigmatic arca 
(Figs 38, 39), characters reponed here for the first time ill 

llll'erlebrale S)~'ICmalics J55 

Lalliatores. Accordillg to Cmz-Lópcz alld Frallcke (2013a), 
the robust body, a dorsally collvex opisthosoma alld unanned 
pedipalps are diagllostic characters for Paramilraceras. 
Subscquelltly, Cmz-Lópcz alld Frallcke (2013b) describcd the 
male gellitalia as Paramilraceras-pattem, which is prescllt ill 

Fig . 45. Venmd view$ of pL-dipalp tibia and tar¡¡U$ of Param;lraC<7""'-group male$. (A) Param;lraceras alT. granu/arum. (B) Param;lraceras alT. h;sp;dulum. 
(C) Param;lraceras 1z00ÚI. (D) Param;lraceras veraC11lz. (E)Shordan;a '1'. 0055. (F)Shordon;a alT. parvula. (G)Shordan;a arm;gera. Scale bar¡¡: A- I.7 mm, 
B- O.4 mm, C ~0.9mm, 0 = 0.6mm, E ~ 0.7mm, F, G - 0.5 mm. 
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Fij::. 46. Extemal morphology of Me:wlrogbnus aIT. shordonij male. (A) ();)r¡¡al habitus . (B) l ak..-dl habitus. (C) Me.al vicw oftibia JI. (D) Frontal vicw of 
chclia"-d. (E) D<->tail ofmewtcrgal.ulci II-1V. (F) l atcml ~hanncl.at level ofme!K>k~al area 1. (Gl V..,tnrmesal ddail Mapical .",ollen in tibia JI. (H) D::m;al 
vicw of pLodipalp fcmur and tibia. (I) Vcntml vic,," offlLodipalp fcmur and tibia. Sealc bar>: A, B, e - 250 )1m, D - 150 )1m, E - 2oo )1m, F, G - 50)lm. 



	 86	

Total cvidcocc phylogeny of Stygllopsidac llll'erlebrale S)~'ICm(1lics 

Fit;.47. Male gen italiaof Alex01roghnus aff. shordon;;. (A) Dor.;al view. (B) Lak"T""dl view. (C) Ventml view. Small k"tt" ..... D indicate $L1a1 groupS. $cale ba,..: 

A, B,C - SO)!m. 

Paramilraceras, Philora alld Trogloslygllopsis. Surprisillgly, the 
male gellitalia of Paramilraceras I:olzil Cruz-Lópcz & Frallcke, 
2013, exhibits pcllial modificatiolls, as dorso-velltral cOllstrictioll 
of pars distalis alld Ilollrccogllitioll of setal grollpS A, B alld 
C (Fig. 4DD-F). The Paramilraceras gellital pattem ill the 
dadc (Serrohuflus {Sbordollia afT. pan'ula (P. I'eracruz 
{{P. afT. graflula/um (Trogloslygflopsis + Sbordoflia sp. 0055)) 
(Philora+P. I:Olzil)))), accordillg to the BI al13.lyscs of 
combillcd data (Fig. 1), has apparelltly evolvcd as follows. 111 
Serrohuflus, the sctae O are prescllt , with similar lellgths of the 
other macrosetae, whercas sclae E are abscllt. 111 S. pan'Ula alld 
S. afT. parmla, the setal pattem is llllrccogllisable, alld thesc laxa 
also have a dorsal expalldable lobe, which is brokell through by 
theolle pairoflollg sctae O (Fig. 41 D-F). 111 the remaillillg taxa, 
the Paramilraceras gellital pattem is expresscd as Cmz
Lópcz alld Frallcke (2013h) dcscribcd, exccpt ill P. I:OIZil, ill 
which the pars dislalis alld the velltral lamil13. are cOlltiguos, 
without apical depressioll, alld the lateral macrosetae grOllpS 
are ullrccognisable. Also, this modificd gellilal pattcrn is 
prescllt ill all lllldescribcd Paramilraceras spccies similar to 
P. I:olzil. 

Accordillg to the BI al13.lysis of combilled data, the ullanncd 
pedipalps cOllld be a homoplastic character, prescllt ill the 
Paramilraceras-group ill olle dade, alld ill P. hispidulum+ P. 
aff.hispidulum ill a tOlally difTerellt dade.11l the Paramilraceras
group, the llllanncd pcdipalps could have appcarcd ollly 
OIlCC ill the dadc, with subscquellt reversal ill Philora alld 
TroglosrygllopsidSbordollia sp. 0055 (Figs 44, 45). Howcver, 

spillifonn sctiferolls tubercles ill Philora alld Sbordoflia sp. 0055 
are rcduccd ill sizecompared with Trogloslygllopsis. This may be 
due to the troglobitic habits ill Trogloslygflopsis, sillcc the ollly 
otherkllown cave-dwellillg spccies ill the dade, P}¡ilora nympha 
Cmz-Lópcz & Frallcke, 2016, alsoexhibits vel)' 10llg pedipalpal 
annature (Cmz-Lópcz alld Frallcke 2016h). The glalldular 
tubercles presellt velltrally 011 males of Paramilraceras, 
S. pan'Ula, S. afT. pan'Ula alld Philora are allother remarkable 
cOllvergellcc, which may have evolvcd ill a similar way as the 
11l13.rmcd pcdipalps, as ill the Paramilraceras-group dade, with 
sllbscquellt loss ill Trogloslygflopsis, alld S. pan'Ula+S. afT. 
parmla group. 

Pores associatcd with mediall projcctiolls 011 the lateral 
challllel~ are COIlVcrgcntly foulld in Karosil13.C and Paramilracems, 
Philora alld Sbordoflia afT. pan'Ula (Fig. 37A-F). Dctailcd 
examil13.tioll of Troglosrygflopsis did Ilot revcal the prescllcc of 
thesc pores, although this gellus has mediall lateral projectiolls 
similar to thosc 011 Paramilraceras (Fig. 37F, G). The fU llctioll 
of these pores alld their relatiollship to the lateral mediall 
projectiolls are ulldcar. 
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CONCLUSIONES GENERALES 

Se reconoció un patrón genital llamado “Paramitraceras” dentro de la familia, el cual sólo se 

observa en los géneros Paramitraceras, Philora y Troglostygnopsis. Los géneros que comparten 

este patrón genital se recuperaron como un grupo monofilético utilizando información 

morfológica. Por otro lado, utilizando información molecular y evidencia total, al menos 

Paramitraceras se recuperó como un grupo polifilético, contradiciendo el origen único de este 

patrón en la familia. 

Los análisis filogenéticos bajo los criterios de Máxima Verosimilitud e Inferencia 

Bayesiana empleando información molecular y evidencia total, consistentemente apoyan la 

monofilia de la familia Stygnopsidae con valores de soporte altos. A su vez, se detectaron dos 

grandes clados dentro de la familia, los cuáles fueron reconocidos como subfamilias: 

Stygnopsinae Sørensen, 1932 y Karosinae subfam. nov. 

Dentro de Stygnopsinae, los géneros Hoplobunus y Paramitraceras se recuperaron como 

grupos polifiléticos, tomándose decisiones taxonómicas para el primero de ellos. Dentro de los 

cambios taxonómicos propuestos, se propusieron nuevas diagnosis para los géneros: 

Hoplobunus, Stygnopsis y Serrobunus stat. rev., este último había sido sinonimizado bajo 

Hoplobunus. Además, se erigieron los siguientes taxones: Iztlina venefica gen. nov. et sp. nov., y 

Tonalteca gen nov. Adicionalmente se propusieron nuevas combinaciones de taxones 

previamente descritos como Hoplobunus: Serrobunus queretarius (Šilhavý, 1974) comb. nov., 

Stygnopsis apoalensis (Goodnight y Goodnight, 1973) comb. nov., Stygnopsis mexicana 

(Roewer, 1915) comb. nov., Stygnopsis oaxacensis (Goodnight y Goodnight, 1973) comb. nov. y 

Tonalteca spinooculorum (Goodnight y Goodnight, 1973) comb. nov. Adicionalmente se 

revalidó al género Isaeus Sørensen, 1932 de su sinonímia bajo Hoplobunus. 

Finalmente, ‘Hoplobunus’ planus Goodnight y Goodnight, 1973 y ‘Hoplobunus’ zullinii 

Šilhavý, 1977 se propusieron como incertae sedis dentro de Karosinae y Stygnopsinae 

respectivamente, debido a que por el momento no se conocen ejemplares masculinos de estas 

especies. Mexotroglinus resultó ser un taxón complejo, ya que comparte caracteres morfológicos 

de las dos subfamilias, pero de acuerdo con los análisis filogenéticos, éste se anida dentro de 
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Stygnopsinae, como grupo hermano de Chinquipellobunus, aunque esta relación no presentó 

soporte en el análisis de Máxima Verosimilitud. 

Respecto a los genitales masculinos, utilizando técnicas de expansión de estructuras 

internas, se demostró que la cápsula externa en forma de un follis multi-lobado es la condición 

plesiomórfica del glande en los restantes miembros de Gonyleptoidea, con el stylus originándose 

dentro del follis en Stygnopsidae, y apical al glande en los restantes grupos. De igual manera, la 

morfología morfo-mecánica del follis en Stygnopsidae no es homóloga al movimiento del glande 

en Assamiidae, Epedanidae, Pyramidopidae y Tithaeidae, familias del sureste de Asia las cuáles 

presentan estructuras internas expandibles con sustancias químicas, a diferencia del follis rígido 

y expuesto en Stygnopsidae. 

Mediante fotografías electrónicas de barrido, se identificaron tubérculos con aberturas 

glandulares en la región estigmática de los machos en los géneros Paramitraceras, Philora y 

Sbordonia, siendo la primera vez que se reportan aberturas glandulares de este tipo en 

Laniatores. A pesar de la exclusividad de presentar estas aberturas glandulares, estas estructuras 

resultaron ser convergentes dentro de Stygnopsinae, presentándose en diferentes linajes de 

acuerdo a los análisis filogenéticos. De igual manera, los pedipalpos desarmados (sin tubérculos 

setíferos espiniformes), que habían sido considerados previamente exclusivos para 

Paramitraceras, en realidad son convergentes, al igual que las aberturas glandulares dentro de 

éste género polifilético. 

Respecto a la diversidad de Stygnopsidae, en diversos catálogos y listados se consideró 

que ésta estaba compuesta por nueve géneros y 36 especies. Con los datos generados en el 

presente proyecto de investigación, (ver Cruz-López y Francke 2012, 2013a, b, 2015, 2016a, b, 

2017) la composición taxonómica de la familia consiste es de 21 géneros y 57 especies, en su 

mayoría endémicos para México. 
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