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ARTICLE INFO ABSTRACT

Keywords: Caves have long been recognized as a window into the mechanisms of diversification and convergent evolution,
Caves due to the unique conditions of isolation and life in the dark. These lead to adaptations and reduce dispersal and
Cryptic species gene flow, resulting in high levels of speciation and endemism. The Israeli cave arachnofauna remains poorly

Funnel-web spiders known, but likely represents a rich assemblage. In a recent survey, we found troglophilic funnel-web spiders of

Levant . . s . g
Microendemism the genus Tegenaria in 26 caves, present mostly at the cave entrance ecological zone. In addition, we identified at
Troglomorphism least 14 caves inhabited by troglobitic Tegenaria, which are present mostly in the twilight and dark ecological

zones. Ten of the caves, located in the north and center of Israel, are inhabited by both troglophilic and trog-
lobitic Tegenaria. These spiders bear superficial phenotypic similarities but differ in the levels of eye reduction
and pigmentation. To test whether these taxa constitute separate species, as well as understand their relation-
ships to epigean counterparts, we conducted a broad geographic sampling of cave-dwelling Tegenaria in Israel
and Palestine, using morphological and molecular evidence. Counterintuitively, our results show that the trog-
lobitic Tegenaria we studied are distantly related to the troglophilic Tegenaria found at each of the cave entrances
we sampled. Moreover, seven new troglobitic species can be identified based on genetic differences, eye
reduction level, and features of the female and male genitalia. Our COI analysis suggest that the Israeli troglobitic
Tegenaria species are more closely related to eastern-Mediterranean congeners than to the local sympatric
troglophile Tegenaria species, suggesting a complex biogeographic history.

1. Introduction

Speciation is an intricate evolutionary process that is affected by
biotic and abiotic variables. There are several non-mutually exclusive
ecological and evolutionary mechanisms that can help elucidate a spe-
cific speciation event (Gavrilets, 2003; Schluter, 2009). Yet, finding the
mechanisms of speciation requires a precise understanding of the degree
of geographical and reproductive isolation between populations, as well
as the history of the species distribution ranges (Gavrilets, 2014; Reznick
and Ricklefs, 2009; Savolainen et al., 2006; Turelli et al., 2001). After
divergence occurs, reproductive isolation is necessary for maintaining
the divergent species, but other ecological and evolutionary processes
can later mask this evolutionary scenario (Bolnick and Fitzpatrick, 2007;

Rundle and Nosil, 2005).

Caves constitute promising arenas for investigating mechanisms of
speciation, due to their isolation from surface habitats and unique suite
of environmental conditions (Howarth, 1993; Mammola, 2019; Snow-
man et al., 2010). The degree of isolation of caves may lead to low
dispersal and low gene flow between populations of cave-dwelling or-
ganisms (Tobin et al., 2013). Although caves can be found in different
environments, they share many biotic and abiotic characteristics, such
as narrow range of temperatures, high relative humidity, and limitation
of light and nutrients (Poulson and White, 1969). These conditions may
enhance both metabolic and morphological modifications, and may lead
to selection for cave adaptations, resulting in high levels of speciation
and endemism (Arnedo et al., 2007; Barr and Holsinger, 1985;

* Corresponding authors at: The National Natural History Collections, The Hebrew University of Jerusalem, Edmond J. Safra Campus, Givat Ram, Jerusalem

9190401, Israel (Shlomi Aharon and Efrat Gavish-Regev).

E-mail addresses: shlomi.aharonl@mail.huji.ac.il (S. Aharon), efrat.gavish-regev@mail.huji.ac.il (E. Gavish-Regev).

https://doi.org/10.1016/j.ympev.2023.107705

Received 24 August 2022; Received in revised form 14 December 2022; Accepted 11 January 2023

Available online 24 January 2023
1055-7903/© 2023 Elsevier Inc. All rights reserved.


mailto:shlomi.aharon1@mail.huji.ac.il
mailto:efrat.gavish-regev@mail.huji.ac.il
www.sciencedirect.com/science/journal/10557903
https://www.elsevier.com/locate/ympev
https://doi.org/10.1016/j.ympev.2023.107705
https://doi.org/10.1016/j.ympev.2023.107705
https://doi.org/10.1016/j.ympev.2023.107705
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ympev.2023.107705&domain=pdf

S. Aharon et al.

o (km)

35°

B5k

3

@ Troglobite
. Troglophile
@ Both troglobite & troglophile

Mammola, 2019; Mammola et al., 2018, 2015). The adaptations of
troglobites can include regressive traits (e.g., the reduction or complete
loss of eyes; depigmentation; loss of circadian rhythm; low metabolic
rate) and constructive ones (e.g., elongation of appendages; compensa-
tory increase of sensory organs; Howarth and Moldovan, 2018; Protas
and Jeffery, 2012; Romero Diaz and Fenolio, 2009). As a result, hypo-
gean habitats are unique ecosystems that harbor many exceptional or-
ganisms adapted to life in the dark, known as troglobites or obligate
cave-dwelling species (Trajano, 2012; Trajano and de Carvalho, 2017).

Two major hypotheses were suggested to explain speciation in caves
and the origin of obligate cave-dwelling species: the Adaptive Shifts
Hypothesis (ASH) and the Climatic Relict Hypothesis (CRH). ASH pos-
tulates that animals colonize caves to exploit novel resources. These
individuals experience divergent (ecological) selection in sympatry or
parapatry to the source population (Howarth, 1987; Rivera et al., 2002).
By contrast, CRH postulates that climatic changes that lead to extirpa-
tion of the epigean ancestor from the environment outside the cave left
the relict cave-populations in complete geographic isolation, leading to
allopatric speciation in those hypogean “islands™” (Barr and Holsinger,
1985; Snowman et al., 2010). The two hypotheses are not mutually
exclusive and a third scenario that combines both is also possible (e.g.,
active cave colonization followed by divergent selection, with subse-
quent extirpation of the epigean ancestor from the surface due to cli-
matic events and aridification (Aharon et al., 2019; Juan et al., 2010)).
Presently, most examples supporting ASH come from islands and from
tropical or sub-tropical climates, whereas most examples supporting
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Fig. 1. Distribution of 30 caves inhabited by
Tegenaria species. A. Map of Israel showing
caves inhabited by troglobitic (blue dots),

bl "; troglophilic (red dots), or both in the same
¢ b&' : cave (half blue and red dots). Numbers rep-
1 resenting the caves correspond to Supple-

mentary Table 1. Right inset map shows the

geographical regions of Israel. 1. upper and

lower Galilee. 2. Golan heights and Hula
plain. 3. Karmel mountain and Menashe
heights. 4. Yizre’el valley. 5. Coastal plain. 6.
Judea and Samaria mountains. 7. Judean
desert. 8. Negev desert. B. Eye bearing
Tegenaria pagana from Ornit cave entrance
(Fig. 1, #14). C. Egg sacs of Tegenaria
angustipalpis hung from the cave ceiling
(characteristic of troglophilic species), pho-
tographed at Beit-Jann cave entrance (Fig. 1,
#7). D. Eyeless Tegenaria ornit sp. nov. from
the dark zone of Ornit cave (Fig. 1, #14). E.
Egg sac of Tegenaria trogalil sp. nov., ovi-
posited in the middle of the sheet-web, in
Hutat-Seter cave (Fig. 1, #9) and character-
istic of troglobitic species. (For interpretation
of the references to colour in this figure
legend, the reader is referred to the web
version of this article.)

CRH are known from regions that were affected by glaciation events,
mainly in the Palearctic (Arnedo et al., 2007; Howarth, 2019, 1980;
Mammola et al., 2018, 2015).

Our goal was to untangle speciation mechanisms in light of historical
climatic events in Levantine caves, a geographic region that was never
covered by glaciers, but experienced dramatic climatic changes during
the last 23.5 million years (Tchernov, 1988). In the study area, troglo-
morphic and eye-bearing morphotypes of funnel-web spiders (Ageleni-
dae, Tegenaria) occur in close geographic proximity and are often found
inhabiting the same cave. The close proximity of these congeneric
populations, along with the superficial morphological similarities in
somatic and reproductive anatomy, imply either several cave coloniza-
tion events, and/or different divergence scenarios from a recent or an
extinct ancestor species (Trontelj, 2018). We aimed to test how the
troglomorphic and eye-bearing morphotypes found in different ecolog-
ical zones of the caves are related, toward understanding the history of
habitat colonization. We conducted a broad geographic sampling of
Tegenaria inside and outside of 30 caves in Israel and Palestine. We
inferred the evolutionary relationships of these spiders through a com-
bination of morphological approaches, COI barcoding, and ddRAD
sequencing.

Currently, 120 species are included in the genus Tegenaria Latreille,
1804 (“WSC. Ver. 23.5.,” 2022), and of these 19 species are associated
with epigean habitats but also reported as maintaining stable hypogean
populations in Europe (i.e.; troglophile species), (Mammola et al.,
2022a, 2022b). In Israel, Tegenaria was known by eight epigean species
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(Levy, 1996), and until recently, there was not a single documentation of
Tegenaria spiders from hypogean habitats. Following several excursions
dedicated to cave arachnofauna, we found that four of the species known
from Israel (namely T. angustipalpis Levy, 1996, T. dalmatica Kulczynski,
1906, T. cf. epacris Levy, 1996, and T. pagana C. L. Koch, 1840) are
troglophiles (Cuff et al., 2021; Gavish-Regev et al., 2021). Additionally,
we found seven obligatory cave-dwelling (troglobites) Tegenaria species,
new to science, all of which are microendemics and have some level of
troglomorphism. Here, we show that the Israeli troglobite Tegenaria
species belong to a clade together with species of the T. ariadnae and
T. percuriosa species complexes. This clade harbors deep species-level
divergences and is distantly related to a clade that includes the wide-
spread troglophile eye-bearing Tegenaria species inhabiting the epigean
habitats and cave entrance in our system.

2. Material and methods
2.1. Species sampling

We studied ca. 200 individuals of the funnel-web genus Tegenaria
newly collecting in more than ten designated field surveys between 2014
and 2022 (Gavish-Regev et al., 2021, 2016). During these surveys, we
visited ca. 100 caves across Israel, of which 30 were inhabited by
Tegenaria spiders (Fig. 1; Supplementary Table 1). Specimens were
hand-collected while visually searching along the walls and between
stones at four ecological zones: the cave entrance, the twilight zone, the
dark zone and outside each cave near the cave entrance (see Gavish-
Regev et al., 2021, 2016). Specimens were preserved in 75 % ethanol for
morphological analyses or in 96 % ethanol for molecular analyses and
are deposited at the National Natural History Collections (NNHC), The
Hebrew University of Jerusalem (HUJ-INVAr). In addition, we examined
ca. 30 individuals belonging to seven Tegenaria species, deposited in
NNHC (HUJ-INVAr), that were previously revised by Gershom Levy
(Levy, 1996). The research was conducted with collection permits 2013/
40027, 2013/40085, 2014/40313, 2015/40992, 2017/41718, 2018/
42037 2018/41999, 2020/42450, 2021/42815, and 2022/43117 from
the Israel Nature and Parks Authority to Efrat Gavish-Regev. Trans-
literated names of the localities follow the “Toponomasticon.
Geographical gazetteer of Israel” published by Survey of Israel (1994) and
“Israel Touring Map” (1:250,000). Geographic coordinates are given in
WGS84. The distribution map was generated using ArcGIS Online and
Inkscape (ver. 0.92.4). Morphological descriptions and specimen lists
were generated following Magalhaes (Magalhaes, 2019).

2.2. Morphological data collection

Morphological examination of the specimens was performed using a
Nikon SMZ25 motorized stereomicroscope mounted with a Nikon DS-
F12 camera, driven by NIS-Elements D v. 4.20 software (Nikon).
Image stacks were combined using Zerene Stacker (Version 1.04) and
edited using GIMP (ver. 2.10.10) and Inkscape (ver. 0.92.4). Left pedi-
palps were illustrated. For clearing the female genitalia, the removed
epigynes were cleared using a 10 % KOH solution. All measurements are
given in millimeters. Leg measurements were taken from the dorsal side,
measurements of pedipalps and legs are given in the order of femur,
patella, tibia, metatarsus, tarsus/cymbium. The morphological termi-
nology follows Bolzern (Bolzern et al., 2013).

2.2.1. Abbreviations

AER, anterior eye row; ALE, anterior lateral eyes; ALS, anterolateral
sclerite of median plate of epigynum; AME, anterior median eyes; C,
conductor; CD, copulatory duct; CO, copulatory opening at female epi-
gynum; DB, dorsal branch of retrolateral tibial apophysis; E, embolus;
FD, fertilization duct; LB, lateral branch of retrolateral tibial apophysis;
LM, lateral margin of epigynum; LVR, lateroventral ridge of retrolateral
tibial apophysis; MA, median apophysis of male bulb; MP, median plate
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of epigynum; PER, posterior eye row; PLE, posterior lateral eyes; PME,
posterior median eyes; PR, pale region of median plate; RC, receptac-
ulum; RTA, retrolateral tibial apophysis; TEC, terminal end of
conductor.

2.3. Molecular data analysis

To determine the relationships of Israeli cave-dwelling Tegenaria to
each other as well as other congeners outside Israel, we used ddRAD
sequencing (Elshire et al., 2011; Peterson et al., 2012) and COI (mito-
chondrial locus cytochrome c oxidase subunit I) barcoding of spiders
representing 30 cave localities from Israel. The mitochondrial locus COI
was included to enhance integration of data with legacy Sanger datasets.

2.3.1. Molecular sequencing and analysis of ddRAD

All samples used for ddRAD sequencing were collected during 2018.
Specimens were directly preserved in the field in 96 % ethanol and
stored at —20° C until processing. We selected 64 specimens (Supple-
mentary Table 2) representing the breadth of geographic and pheno-
typic diversity for genome-wide restriction site associated sequencing,
to inform phylogenetic structure from single nucleotide polymorphism
(SNPs). Total DNA was extracted from legs and cephalothorax using the
Qiagen DNEasy® Blood and Tissue extraction kit. The purity and con-
centration of extractions were verified by spectrophotometry using a
Nanodrop ONE. A minimum 500 ng of genomic DNA was used for
enzyme optimization, digestion, library preparation and sequencing at
CD Genomics (additional details can be found at https://www.cd
-genomics.com/ddrad-seq.html). Following optimization, samples
were digested with the restriction enzymes Nsil and Bfal and paired end
sequenced on an Illumina HiSeq2500 platform with 150 bp read lengths.

Raw reads of 58 out of the 64 specimens were processed with the
ipyrad pipeline v. 0.9.68 (Eaton and Overcast, 2020) for demultiplexing,
quality filtering, assembly and SNP discovery. Settings in the control file
used ddRAD options, with phred quality score threshold < 33, a mini-
mum 6X depth for base calling and 0.85 similarity threshold to cluster
homologous RAD loci. Only loci present in a minimum of four samples
were retained for downstream analyses. The output sequence files con-
taining single nucleotide polymorphisms (SNPs) were used as the pri-
mary datasets for phylogenetic inference. To explore the effect of
completeness/missing data, additional datasets were produced with
trimAl v 1.4 (Capella-Gutierrez et al., 2009). Phylogenetic trees were
estimated with IQTREE v 1.6.11 (maximum likelihood) using Model
Finder and ultrafast bootstrap options (Hoang et al., 2018; Kalyaana-
moorthy et al., 2017; Nguyen et al., 2015).

2.3.2. Sequencing and analysis of COI locus

Barcoding fragment of the cytochrome c oxidase subunit I (COI)
mitochondrial gene was amplified for 60 out of the 64 specimens,
collected by us, using LCO1409 and HCO2198 primer pair, and 2ul of
the same genomic extractions was used for ddRAD as template. PCR
reactions were carried out in 25ul reactions with AmpliTaq360 (Thermo
Fisher), following the manufacturer’s protocol. The PCR thermal profile
consisted of initial denaturation for 3 mins at 95 °C, followed by 37
cycles of 30 s at 95 °C, 45 s at 47 °C and 1 min at 72 °C; and a final
extension step of 7 mins at 72 °C. PCR products were purified with the
Gene JET PCR® purification Kit (Thermo Fisher) and Sanger-sequenced
following standard protocols at MacroGen (Maryland). Chromatograms
were cleaned and assembled into contigs in Geneious v 11. 1.5. The
barcoding dataset was enriched with publicly available sequences of 37
additional specimens, including other Tegenaria species as well as
Malthonica oceanica Barrientos & Cardoso, 2007 and Histopona torpida
(C. 1. Koch, 1837) as the outgroups (Supplementary Table 3). Multiple
sequence alignment was conducted in Mafft v 7.471 (Katoh and Stand-
ley, 2013) and inspected for open reading frame. Phylogenetic analyses
in IQTREE (maximum likelihood) used the same options as above, with
model testing (TIM3 + F + I + G4) and under a codon-specific model for
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Fig. 2. Four troglophilic species found at cave entrances and twilight zones. A. Tegenaria pagana C. L. Koch, 1840. B. Tegenaria dalmatica Kulczynski, 1906. C.

Tegenaria cf. epacris Levy, 1996. D. Tegenaria cf. angustipalpis Levy, 1996.
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Fig. 3. Maximum likelihood tree topology of reduced eyes (blue dots) and eyeless (black dots) Tegenaria present at the deep sections of the caves and eye-bearing
Tegenaria present at cave entrance (red dots), based on SNP dataset (50% taxon occupancy, trimmed dataset) represent bootstrap support. Black squares indicate fully
supported clades. Upper picture: eyeless Tegenaria ornit sp. nov. from the dark chamber in Ornit cave; Middle picture: eye-bearing Tegenaria pagana from Te’omim
cave twilight zone; Lower picture: eye-bearing Tegenaria angustipalpis from Shetula cave entrance. Inset: heatmap showing frequency of shared loci among 58 OUT’s
based on 382,027 loci inferred by ddRAD sequencing analysis using ipyrad. Note the different clusters of the reduced eyes Tegenaria at the top right and the eye-
bearing species from the cave entrance. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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the invertebrate mitochondrial genetic code (Codon5). GenBank acces-
sion numbers are provided in Supplementary Tables 2-3.

Bayesian phylogenetic analyses and dating were conducted in Beast
(v2.6.7) and associated packages (Bouckaert et al., 2019) with
TN93 + I + G and Yule as the substitution and tree model, respectively,
following model-testing (above). For dating, analyses were run using
strict and relaxed (ucln) clock models, both with a fixed mean rate of
0.0115, following Bidegaray-Batista and Arnedo (Bidegaray-Batista and
Arnedo, 2011). For both clock models, the analyses was run for 10 x10°
iterations across four independent chains. Stationarity and convergence
were assessed in Tracer (v1.7.2) (Rambaut et al., 2018) and sampled
trees were combined after discarding 10 % as burnin to produce
maximum credibility trees using TreeAnnotator (v2.6.6) (Rambaut
et al., 2018).

3. Results
3.1. Biodiversity assessments

In 26 of the 30 caves where Tegenaria were found, we documented
troglophilic species (species that have both hypogean and epigean
populations in Israel) mostly at the cave entrance and twilight ecological
zones. In 14 caves we found troglobitic species at the twilight and dark
ecological zones. In ten caves we found both troglophilic and troglobitic
Tegenaria, sometimes even sharing the same location within the cave
(Fig. 1). Among the troglophiles, we identified four nominal species;
Tegenaria pagana (Fig. 2a) is the most abundant species at cave en-
trances, corroborating previous results (Cuff et al., 2021; Gavish-Regev
et al., 2021), T. dalmatica (Fig. 2b) from water cisterns (CEn Lifta, Fig. 1
#23;’En Sarig, Fig. 1 #25), T. cf. epacris (Fig. 2c) from cave entrances,
mainly at the Karmel mountain ridge caves (Sefunim, Fig. 1 #15; Ezba’,
Fig. 1 #17; and Horbat Ruma, Fig. 1 #12), and T. angustipalpis (Fig. 2d)
inhabiting cave entrance at the upper Galilee of Israel (Shetula, Fig. 1
#1; Irav, Fig. 1 #2; Sharakh, Fig. 1 #4; Marva, Fig. 1 #6; Beit-Jann,
Fig. 1 #7; Tefen, Fig. 1 #8; Hutat-Seter, Fig. 1 #9; and Kamon, Fig. 1
#10). We found two additional non-troglomorphic lineages that were
not identified to species level and might represent undescribed species.
All these species comprise a clade with all troglophile eye-bearing fun-
nel-web spiders from our study (Fig. 3).

Among the troglobitic spiders found at the twilight and dark zones,
we identified two distinct eyeless species (Figs. 3-4), one from A’rak
Na’asane cave (Fig. 1 #18) located at the Judean desert and the other
from Ornit cave (Fig. 1 #14) located at the Karmel mountain ridge. In
the other 12 caves inhabited by eye-reduced troglobitic Tegenaria

species, we found subtle changes that were not associated with many
diagnosable variations of the male secondary genital organ, the pedi-
palp. However, we did find subtle but consistent morphological differ-
ences of eye phenotype, female epigynum (Fig. 4), and male RTA (see
Taxonomy section for further details). We therefore used molecular
methods to further test the relationships and species limits between
those morphotypes.

3.2. Molecular sequencing and analysis of ddRAD

We recovered 382,027 RAD loci across all sequenced samples, but
coverage of taxa per locus was not homogeneous. None of the loci were
represented in all of the samples and only 515 had data for at least half of
the samples. The phylogenetic analyses of the SNP datasets, either
trimmed for sites with at least 50 % taxon occupancy or untrimmed
dataset, recovered two clear clusters separated by a long branch; one
cluster grouped all local troglobitic Tegenaria while the other included
only local specimens with normal eyes, irrespective of locality or
geographic proximity between clades (Fig. 3 and Appendix 1, respec-
tively). A heatmap with the distribution of shared loci across samples
showed that samples in the local troglobitic clade s. lat. (All local trog-
lobitic species) shared more RAD loci with other local troglobitic sam-
ples and almost none with the local normal eyes specimens (Fig. 3,
inset).

To further investigate the evolutionary structure of local troglobitic
specimens, we reran ipyrad to include only 19 samples from the local
troglobitic clade s. lat. (namely: T. gainesteros sp. nov., T. frumkini sp.
nov., T. naasane sp. nov., T. ornit sp. nov., T. trogalil sp. nov.,
T. yaaranford sp. nov., and T. yotami sp. nov.), thus avoiding potential
non-homologous loci caused by the distantly related troglophilic
T. pagana and T. dalmatica samples. These smaller datasets recovered
198,785 RAD loci and much better taxonomic coverage per locus, with
69,131 loci exhibiting at least 50 % taxon occupancy. Phylogenetic
analyses under various missing data threshold showed similar re-
lationships to the broader analysis (Fig. 4, Appendix 1), differing mostly
on support values and the position of the completely blind species from
Ornit (Fig. 1 #14) and A’rak Na’asane (Fig. 1 #18) caves.

Both trimmed and untrimmed SNP datasets (Fig. 3 and Appendix 1,
respectively), representing 58 individuals of the eye-bearing and
reduced-eyes Tegenaria local species, as well as the selected 19 speci-
mens of the local troglobitic clade s. lat. only (Fig. 4 and Appendix 2),
strongly support eight clades of the local troglobitic species. Of the eight
clades, four clades represent the Judean Mountain caves (Figs. 1, 4,
#19-20, and #25-27), a clade for each cave (with the exception of two
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gray and white squares with their associated values. Bars over the notes represent the 95 % highest probability density range of age of the nodes. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

geographically closely related caves (Figs. 1, 4, #19-20) which are
represented by one clade). Two additional clades represent the
completely blind species from Ornit cave and A’rak Na’asane cave
(Figs. 1, 4, #14, 18 respectively). The remaining two clades represent
the eye-reduced spiders of the Galilee caves (three western caves,
Figs. 1, 4, #2-4 and three eastern caves, #5, 7, 9). Depending on the
resolution of the analyzed dataset, the two completely blind species are
resolved at an intermediate position between the reduced-eye Tegenaria
of the Galilee northern clade and the Judean southern clade (Appendix
2), or as the sister species to each of the clades. The latter topology is
consistent with the geographic distributions of the different cave local-
ities (Fig. 4).

3.3. Sequencing and analysis of COI locus

The phylogenetic tree of COI barcoding (Fig. 5) recovered a similar
topology to the ddRAD sequencing (Figs. 3-4), with local troglobitic and
troglophilic specimens forming distinct clades. The COI barcoding se-
quences of T. pagana and T. dalmatica from GenBank and our sequences
of T. pagana and T. dalmatica fall together, respectively, in the same
clades, supporting our morphological identification of the local troglo-
phile specimens (Fig. 5). For the troglobitic species, T. trogalil sp. nov.
was sister to a clade composed from the rest the local troglobitic species
complex, the T. ariadnae species complex (represented in our phylogeny
by T. ariadnae Brignoli, 1984, T. schmalfussi Brignoli, 1976 and T. pieperi
Brignoli, 1979) and the T. percuriosa species complex (represented in our
phylogeny by T. faniapollinis Brignoli, 1978 and T. euxinica Dimitrov
2022).

Estimation of divergence time recovered, based on the relaxed tree
(Fig. 5, Supplementary Fig. S1), a median age of ca. 10 (9.7) mya for the
local troglobitic clade s. str. (The “Judean + Karmel” troglobite clade
formed by the species T. gainesteros sp. nov., T. frumkini sp. nov.,
T. naasane sp. nov., T. ornit sp. nov. T. yaaranford sp. nov., and T. yotami

sp. nov.) (95 % highest posterior density interval: ca. 7-12.5 mya).
3.4. Integrative taxonomy of cave dwelling Tegenaria from Israel

Both ddRAD sequencing and COI barcoding analyses congruently
recovered the local troglobitic and troglophilic Tegenaria to belong to
two distantly related lineages. Yet, since COI unites the western and
eastern Galilee into one clade, we treated the Galilee clade as one spe-
cies, with the understanding that future sampling efforts may uncover
additional species relationships within the geographically and
morphologically defined Galilee clade. To formalize the outcomes of the
molecular analyses and morphological findings, we describe below (See
Taxonomy section) seven new species of troglobitic Tegenaria that
exhibit diagnosable morphological differences from one another, as well
as from congeners.

4. Discussion

Understanding current distributions in the light of historical bioge-
ography, major climatic changes and geological events poses a scientific
challenge. Here, we investigated the evolutionary and biogeographic
history of the cave fauna of Israel through the lens of its troglophilic and
troglobitic funnel-web spiders. Thereafter, we assessed congruence with
competing models for speciation in the cave-adapted Tegenaria.

One established model of speciation in caves commences with
divergent populations of the same species with polymorphic traits; some
populations have troglomorphic phenotypes, such as eye-reduction,
whereas others have normal eyes (Fig. 6a). The absence of speciation
may be detected by the lack of reproduction isolation, and minimal (or
no) genetic distance between eye-bearing and troglomorphic pop-
ulations, as exemplified by the well-studied Mexican cavefish system
(Astyanax mexicanus (De Filippi, 1853); Bradic et al., 2012; Strecker
et al., 2003). Another model postulates that the caves are inhabited by
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Fig. 6. Divergence scenarios (a-e) and speciation mechanisms of cave-dwelling species (modified from Trontelj, 2018).

several divergent species descending from a widespread epigean species
that underwent local adaptation to the cave environment (Fig. 6b). A
modification of this model postulates that the caves are inhabited by
different species descending from several related epigean species, as a
result of multiple independent speciation events (Fig. 6¢), as exemplified
by spiders of the genus Dysdera Latreille, 1804, from the Canary Islands
(Arnedo et al., 2007). These models invoke speciation in parapatry and
are in agreement with the ASH.

Alternative models for cave colonization postulate that different
extant cave populations descend from an extinct surface ancestor spe-
cies, with daughter populations maintaining gene flow between
different caves (Fig. 6d). A modification of this scenario postulates that
the extant cave species, descended from an extinct surface ancestor, are
a result of multiple speciation events that separate subterranean relic-
tual populations (Fig. 6e). For these scenarios, the sister species is
inferred to be completely extinct or found in a remote habitat with

climatic conditions that are different from that of the current epigean
habitat. Such models are in agreement with the CRH.

Overall, the tree topology and estimation of divergence times we
recovered were more consistent with the CRH, wherein well-
differentiated troglobitic species probably descended from one or
more epigean ancestors, which subsequently underwent local (and
possibly global) extinction (Fig. 7). With the exception of two groups of
geographically proximate cave sites, we found strong evidence for
cessation of gene flow between several anatomically distinct morpho-
species of Tegenaria. Seven of these microendemic species are newly
described here. All troglobite Tegenaria found in Israel are part of a clade
distantly related to the troglophile species found at each cave entrance.
A local closest sister taxon to the troglobitic clade s. lat. remains un-
known; Yet, a combination of morphological approaches and COI bar-
coding, suggests relationship to an eastern-Mediterranean species, the
T. ariadnae and T. percuriosa species complexes, rather than to the
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Troglophile Tegenaria clade

T. angustipalpis  T. pagana T epacris T, dalmatica T. trogalil

T. ariadnae +

T. percuriosa

species complex

Troglobite Tegenaria complex

T. gainesteros  T.ornit T. naasane T. frumkini T. yotami T. yaaranford

Fig. 7. Schematic cladogram summarizing divergence of troglophilic and troglobitic Tegenaria clades: reduced eyes (blue), eyeless (black) and eye-bearing Tegenaria
(red). Dashed line represents a hypothesized sister clade, absent from the region. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

Fig. 8. Tegenaria egg sac. A. Adult female of the blind Tegenaria ornit sp. nov. from Ornit cave. Note the egg sac on the web, surrounded by soil particles. B. Egg sacs
of Tegenaria sp. from cave twilight zone, suspended in the air on silken string. The egg sac is infected by mold (photograph: B. Langford). C. Female of T. pagana from
Ezba’ cave, depositing eggs and wrapping in silk, before hanging the egg sac from the cave wall nearby the female sheet web.

sympatric troglophilic species. At present, we cannot rule out the pos-
sibility of undiscovered, closely related sympatric troglophilic or
epigean Tegenaria in Israel, though sampling density of our surveys in
the past five years renders the incidence of undiscovered troglophilic
sister species unlikely.

Agelenid egg sacs are usually suspended in the air on silken string
(Toft and Lubin, 2018) as seen in T. angustipalpis and T. pagana in cave
entrances (Fig. 1c). We observed egg sacs of four of the seven new
species (i.e., T. frumkini sp. nov., T. ornit sp. nov., T. trogalil sp. nov. and
T. yaaranford sp. nov.). In all four troglobitic species, the egg sacs were
deposited directly on their sheet-webs (Fig. 1le, Fig. 8a). Suspension of
the egg sacs in the air hypothesized to be an anti-predator behavior
rather than coping with climatic conditions (Toft and Lubin, 2018). This
hypothesis may be relevant for outside caves and cave entrance habitats
where eggs’ predators, like mites and ants, are more abundant. How-
ever, under cave conditions, where high humidity or even constant
water flow from the cave walls may cause mold infection on hanging egg
sacs (Fig. 8b, compare to Fig. 1c, and Fig. 8c), depositing egg sacs on the
sheet-web may allow troglobitic Tegenaria species to nurse their egg sacs
more easily and prevent mold infection. A survey of egg sac oviposition
behavior of other troglobitic spiders, and in particular in the suggested
sister species belonging to the T. ariadnae species complex, may shed
light on this phenomenon.

The Tegenaria ariadnae species complex currently consists of five
species known from caves and cave entrances, located in the vicinity of

the Mediterranean Sea (three from Crete: T. ariadnae, T. schmalfussi and
T. pieperi; one from Libya: T. vallei Brignoli, 1972; and one from southern
Turkey; T. lazarovi Dimitrov, 2020) (Dimitrov, 2020). Some of these
species are known to bear moderately reduced eyes, but their eyes are
noticeably more developed than those of the Israeli troglobitic Tege-
naria. Tegenaria faniapollinis, of the T. percuriosa species complex, is
troglophilic and does not exhibit eye reduction (Lecigne, 2021). In
addition to morphological similarities between the Israeli troglobitic
species and some of the species in the Tegenaria ariadnae species complex
(see Taxonomy, below), analyses of COI support their phylogenetic
proximity, but these taxa were not available for sampling in our ddRAD
sequencing analyses. Notably, the most extreme troglomorphism we
observed (i.e., complete absence of eyes) was associated with the Ornit
(Fig. 1 #14) and A’rak Na’asane (Fig. 1 #18) caves as part of the
“Judean + Karmel” troglobitic clade s. str., which are genetically
distinct, based on COI phylogeny, from the T. trogalil complex and the
T. ariadnae and T. percuriosa species complex.

Within spiders, empirical cases that are consistent with the ASH are
known for a few troglobites, such as the Canary Island Dysdera wood-
louse spiders (Arnedo et al., 2007). Spiders of the genus Dysdera
Latreille, 1804, known from the Canary Islands (Arnedo et al., 2007), are
a good example of an adaptive radiation of troglobite species inhabiting
caves parapatrically with respect to one or more epigean ancestor.
Similar phenomena are also found in the cave isopod Asellus aquaticus
(Linnaeus, 1758) (Turk et al., 1996) and in the harvestman genus
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Sclerobunus Packard, 1877 (Derkarabetian et al., 2010). By contrast, the
monotypic spider Trogloraptor marchingtoni Griswold, Audisio & Led-
ford, 2012 (Griswold et al., 2012) represent an extreme scenario of an
isolated and relictual troglobite species, with no sister species in the
epigean vicinity. Yet, it is not always possible to find evidence for either
ASH or CRH, especially when the divergence between sister species is
recent, and the within population variance is small, such as in the
parthenogenetic lineage of the Levantine whip spiders, of the genus
Sarax Simon, 1892 (Baker et al., 2022) which inhabits mainly manmade
ancient water cisterns, spring tunnels and rock-cut caves in the Medi-
terranean part of Israel.

Understanding the broader biogeographic and phylogenetic history
of the group will require denser sampling of Tegeneria throughout the
Mediterranean. The complex paleogeographic history of the Mediter-
ranean region accompanied with climate changes drove dispersal events
and biotic exchange between disjunct realms. Evidence of large scale
dispersal between north Africa and Eurasia during the late
Miocene ~ 9-5.3 mya through the Levantine corridor (Tchernov, 1988)
may explain the current distribution of T. ariadnae species complex,
spreading from Libya, Israel, Crete, and Turkey. Nonetheless, the drastic
lowering of the sea level during the Messinian salinity crises occurred at
the terminal stage of the Miocene ~ 5.3 mya, creating an inter-
Mediterranean land bridge (Tchernov, 1988) enabling dispersal and
colonization of isolated Mediterranean islands such as Crete and Cyprus
(Dubey et al., 2007). The divergence of the Galilee clade from clade with
the other local troglobitic species, T. ariadnae and T. percuriosa species
complexes, was estimated by us as mid- to early Miocene (12-20 mya)
and may have been precipitated by a marine transgression through
Yizre’el valley ~ 9-7 mya, when the Mediterranean Sea was connected
to the Dead Sea (Frumkin et al., 2020; Langford et al., 2019), explaining
also the remote distribution of T. naasane at the northern Judean desert,
which was located at the shore of the flooded Dead Sea Rift. The rising of
the sea to the present level at the beginning of Pliocene ~ 5 mya may
explain the present vicariance distribution pattern of the species com-
plex members.

Across the sites surveyed herein, we discovered only two cases where
a species was discovered in multiple cave sites. Tegenaria frumkini sp.
nov. was discovered in two cave sites in the Ofra cave system. This
species inhabits caves in the Ofra karst basin, that comprise more than
40 caves within 5 km2 At least some of the caves in this region are
connected via fractures within the epikarst (Langford et al., 2019) that
may allow gene flow between cave populations. Ongoing efforts aim to
investigate whether the Tegenaria of this cave system represents gene
flow or incipient speciation across isolated sites. A more complicated
example is that of Tegenaria trogalil sp. nov., that is found in several
caves throughout the Galilee. This species presents an ambiguous to-
pology. Although the ddRAD sequencing dataset and morphological
analyses support two distinct clades within the Galilee caves, the COIL
gene tree did not recover this topology. Instead, COI barcoding united
the Galilee specimens on one long branch. This conflict may be due to
limitations of a single-locus approach, differences in representation of
Tegenaria species and localities between datasets, or the information
content of the ddRAD SNP dataset. Future efforts to infer gene flow and
test species delimitation within the Galilee and Ofra cave systems must
emphasize denser population sampling, in tandem with genomic ap-
proaches, for T. trogalil sp. nov. and T. frumkini sp. nov., respectively.

The discovery of the seven Tegenaria microendemics adds to several
examples of relictual species among the fauna of Israel. Disparate origins
of these relicts likely reflect the complex paleogeographic history of the
Mediterranean region. The more common source of the relicts are lin-
eages of Palearctic origin, which represent a species expansion to the
region during periods of humid climate. Additional climatic changes
such as desiccation can cause local extinction events, leaving behind
relictual populations in suitable habitats such as fluvial refugia, high
mountains in the Mediterranean region and rock crevices habitats in the
Negev desert. These populations often represent high endemism and
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speciation processes; examples are the rediscovered frog Latonia nig-
riventer Mendelssohn and Steinitz, 1943 (Biton et al., 2016) and dozens
of plant species (Danin, 1999). Less common are lineages which
expanded to Israel from the south, during hot and humid periods, which
found refugia in suitable habitats during climatic changes. The African
tree, Faidherbia albida (Delile) A. Chev. exemplifies a tropical element
that expanded to the region during the Miocene, and exhibiting today a
relictual distribution in Israel as a result of climate change during the
Pliocene (Zohary, 1962). A’rak Na’asane cave, a unique hot and humid
cave, surrounded by desert (Aharon et al., 2019; Frumkin et al., 2018)
serves as a unique refugium, harboring a relictual harvestman (Haasus
naasane Aharon et al., 2019). This species belongs to an isolated genus of
a family that is found mostly in Sub-Saharan Africa (Aharon et al.,
2019). The same desertic cave is home to the possible mesic relicts, such
as the blind troglobitic Tegenaria naasane sp. nov..

5. Conclusion

The phylogenetic and biogeographic history of troglobitic Israeli
Tenegaria accords with a scenario of in situ speciation of cave micro-
endemics, followed by local extirpation of epigean counterparts. These
lines of evidence substantiate the Climatic Relict Hypothesis for this
component of the Levantine arachnofauna. Future biodiversity discov-
ery efforts are anticipated to identify other microendemic components of
the Levantine arachnofauna that may be of high priority for conserva-
tion efforts.

6. Taxonomy

Family Agelenidae C.1. Koch, 1837.

Genus Tegenaria Latreille, 1804.

Tegenaria Latreille, 1804: 134.

Type species: Araneus domesticus Clerck, 1757, by subsequent
designation of Kluge (2007).

A detailed diagnosis for the genus is given by Bolzern et al. (2013),
including the main following characters which fits well with all the
seven new species described herein: 1. all leg trochanter straight or
slightly curved; 2. leg patellae with two dorsal but no lateral spines; 3.
absence of ventral spines at all leg tarsi; 4. male pedipalp with later-
oventral ridge on RTA, filiform embolus, lamelliform conductor with a
mostly simple ventral terminal ending, and elongated MA with distal
sclerite; 5. female epigynum with a separated median region and vulva
without either diverticula or long appendages at any duct. The colulus,
which is usually developed as trapezoidal plate in the genus Tegenaria, is
inconspicuous in the Israeli troglobite species. The males described here,
share some similarities with cave-dwelling species in T. ariadnae species
complex, especially with T. schmalfussi such as the shape of the
conductor, a hook or a sickle shape, with a simple terminal end (not
bifid). The females described here, also share some similarities with
species in T. ariadnae species complex, especially with T. lazarovi and
T. ariadnae, such as the shape of the epigynal median plate, the lateral
margins and the simple globular receptacles. Some other species may
also belong to T. ariadnae species complex, as T. elysii and T.averni, but
since no male were described for those species by Brignoli, more data is
needed. These shared morphological characters are also reflected in the
genetic distance, as can be seen in the above phylogenetic section
(Fig. 5), showing T. ariadnae complex (represented in our COI analysis
by three species, namely: T. ariadnae, T. schmalfussi and T. pieperi) and
T. percuriosa complex (Dimitrov et al., 2022) (represented in our COI
analysis by two species, namely: T. euxinica and T. faniapollinis) as sister
to the Israeli troglobitic complex, excluding T. trogalil. Yet, since the
species of T. percuriosa complex share only few characters with the Is-
raeli troglobitic species (e.g., long cymbium), they are not compared in
detail in the diagnosis.

Morphologically, males of T. angustipalpis probably belongs to
T. percuriosa species complex (Dimitrov et al., 2022), however, in our
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COI tree (Fig. 5) all the sequenced specimens of T. angustipalpis were
females and juveniles and they belong to a distantly related clade, with
the other troglophilic Israeli Tegenaria. Dimitrov et al. suggested that the
described male and female of T. angustipalpis does not belong to the same
species, since they were not collected from the same locality and were
tentatively considered as a pair by Levy (Dimitrov et al., 2022; Levy,
1996). Unfortunately, we could not test this as we did not have males
that could be used for molecular analysis.
Tegenaria trogalil sp. nov. Aharon & Gavish-Regev.
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Fig. 9. Tegenaria trogalil sp. nov. A.
Live habitus, Yir'on cave. B-L. Male
holotype (HUJ - INVAr 20378). B.
Carapace and chelicera, frontal view.
C. Eyes region, frontal view (notice
AME absent). D-I. Male left pedipalp,
ventral view (D, G), prolateral view
(E), retrolateral view (F, H), dorsal
view (I). J-L. Male left pedipalp, RTA
in ventral (J), retrolateral (K) and
dorsal views (L). C, conductor; DB,
dorsal branch; E, embolus; LB, lateral
branch; LTR, lateroventral ridge; MA,
median apophysis; TEC, terminal end
of conductor. Scale bars: B-D, J-L
0.1 mm; E-F 1 mm; G-I 0.5 mm.

LSID:urn:Isid:zoobank.org:act: AS4AE14E-47AB-43BA-A628-
8C048361C514.

(Figs. 4, 9-11).

Type material

Holotype. ISRAEL. upper Galilee: Yir’on cave, 528 m a.s.l., dark
zone, (33.0679°N, 35.4665°E), G. Gainett, S. Aharon, J.A. Ballesteros, P.
P. Sharma leg., 26/VII/2018, in 96 % ethanol, & (HUJ - INVAr 20378).

Paratypes. ISRAEL. upper Galilee: Same data as holotype, in 96 %
ethanol, 399 (HUJ - INVAr 20380-20382). Same locality as holotype, S.


http://zoobank.org
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Fig. 10. Tegenaria trogalil sp. nov. A. Live habitus (female), Yir’on cave. B-F. Female paratype (HUJ - INVAr 20381). B. Carapace and chelicera, frontal view. C. Eyes
region, frontal view (notice AME absent). D-E. Epigynum, ventral view, before (D) and after (E) clearing. F. Vulva, dorsal view. ALS, anterolateral sclerite of median
plate; CD, copulatory duct; CO, copulatory opening; FD, fertilization duct; LM, lateral margin of epigynum; R, receptaculum. Scale bars: B-F 0.1 mm.

Fig. 11. Projected line drawings on pictures, and line drawings alone (below) of males left RTA. Pedipalp are from left to right: ventral, retrolateral and dorsal. A.
T. trogalil sp. nov.; B. T. ornit sp. nov.; C. T. naasane sp. nov.; D. T. frumkini sp. nov.; E. T. gainesteros sp. nov.; and F. T. yaaranford sp. nov.

Aharon & E. Gavish-Regev leg., 28/V/2014, 13 (HUJ - INVAr 20424). Gavish-Regev leg., 28/V/2014, 19, 6 juveniles (HUJ - INVAr 20423), 19

Other material examined: (HUJ - INVAr 20425). Same locality, S. Aharon leg., 12/111/2014, 19, 3
ISRAEL. upper Galilee: Same locality as holotype, S. Aharon & E. juveniles, 1 sub-adult male (HUJ - INVAr 20426), 2QQ (HUJ - INVAr

11
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20427), (HUJ - INVAr 20428). Same locality, S. Aharon leg., 18/VIIl/
2021, 13 (HUJ - INVAr 20444). Same data as holotype, in 96 % ethanol,
12 juveniles, 1 sub-adult male (HUJ - INVAr 20379). Hutat-Seter cave,
370 m a.s.l., (32.9417°N, 35.4758°E), S. Aharon & S. Ya’aran leg., 9/
VIII/2018, in 96 % ethanol, twilight zone, 18 (HUJ - INVAr 20402), 1Q
(HUJ - INVAr 20403). Same data, dark zone, 18 (HUJ - INVAr 20432),
79 (HUJ - INVAr 20433-20439). Beit-Jann, Shfanim cave, 927 m a.s.l,
dark zone, (32.9615°N, E35.3951°E), S. Aharon, S. Ya’aran, J.A. Bal-
lesteros leg., 21/VIII/2018, in 96 % ethanol, 18 (HUJ - INVAr 20400), 4
juveniles, 1 sub-adult male (HUJ - INVAr 20401). Sharakh cave, 299 m
a.s.l., (33.0740°N, 35.2378°E), S. Aharon & J.A. Ballesteros leg., 24/VIl/
2018, in 96 % ethanol, dark zone, 69 (HUJ - INVAr 20409-20414), 1
juvenile (20404), 1 sub-adult male (HUJ - INVAr 20415). Same locality,
S. Aharon leg., 17/11/2020, 13 (HUJ - INVAr 20429), 19 (HUJ - INVAr
20430). Same locality and coll., 16/VIII[/2021, 28 (HUJ - INVAr
20448-20449), 29 (HUJ - INVAr 20450-20451). Irav cave, 449 m a.s.l.,
(33.0799°N, 35.2285°E), S. Aharon leg., 22/VIII/2018, in 96 % ethanol,
dark zone, 1@ (HUJ - INVAr 20386), twilight zone, 1 juvenile (20404).
Namer cave, 233 m a.s.l,, (33.0782°N, 35.1906°E), S. Aharon, G.
Gainett, J.A. Ballesteros, P.P. Sharma leg., 24/VI[/2018, in 96 %
ethanol, dark zone, 39 (HUJ - INVAr 20405-20407), 9 juveniles
(20408).

Etymology

The species name is a combination of “troglobite”, an obligate cave
dwelling organism, and “Galilee”, the geographic region in northern
Israel, where the caves inhabited by the species are located.

Diagnosis

Males of Tegenaria trogalil sp. nov. are most similar to the species in
the Israeli troglobitic Tegenaria species complex s. s. (T. gainesteros sp.
nov., T. frumkini sp. nov., T. naasane sp. nov., T. ornit sp. nov.
T. yaaranford sp. nov.) and to T. schmalfussi. No males of T. yotami sp.
nov. have been found yet. The males can be hardly distinguished from
T. gainesteros sp. nov., T. frumkini sp. nov., and T. yaaranford sp. nov., but
differs from the other congeners by the combination of 1) RTA with a
pointed, tusk-like dorsal branch, rather than a blunt edged dorsal branch
in Tegenaria ornit sp. nov., a robust and heavily sclerotized RTA in
Tegenaria naasane sp. nov., forming a “tilde”-like shape, and short blunt
RTA in T. schmalfussi (Fig. 11), 2) conductor forms a hook-like shape,
ends to a short, beak-like shape, rather than a sickle-shaped, terminally
pointed in T. naasane sp. nov. and T. schmalfussi.

Females are similar to the species in the Israeli troglobitic Tegenaria
species complex s. s. (except T. naasane sp. nov.) and to T. lazarovi and
T. ariadnae. Females can be distinguished from T. lazarovi and
T. ariadnae by 1) broader shape of epigynal median plate rather than
anteriorly broad in T. ariadnae. 2) copulatory openings forming a
crescent-like slit shape, while they are straight and perpendicular to the
epigynal median plate in T. lazarovi and horizontaly opened in
T. ariadnae. Females differ from the other Israeli troglobitic species by
the combination of 1) pale region of median plate before clearing,
forming a barrel-like shape, wider than long. 2) less prominent antero-
lateral sclerites, forming a rectangular median plate after clearing.

Description

Male (holotype (HUJ - INVAr 20378)):

Coloration. Carapace pale brown, anterior elevated region yellowish
to light brown. Abdomen pale brown. Colulus inconspicuous. Chelicerae
light brown. Labium and Endites light brown. Sternum pale with light
yellow margins. Legs depigmented to pale yellow, femur of leg I-II light
brown to reddish, femur of pedipalp light brown. Chelicerae length 1.17,
retromargin teeth 5, promargin teeth 3. Carapace length 2.59, width
2.07. Abdomen: length 2.90, width 1.62. Total length 5.49. Sternum length
1.40, width 1.25. Clypeus length 0.20. Eye diameters and interdistances
AME absent, ALE 0.06, PLE 0.06, PME 0.06, ALE-PLE 0.08, PME-PME
0.14, PME-PLE 0.12, PME-ALE 0.08. Appendages. Pedipalp: femur
1.64, patella 0.49, tibia 0.71, tarsus 1.26. Leg I: femur (fe) 4.83, patella
(pa) 1.06, tibia (ti) 5.06, metatarsus (mt) 5.23, tarsus (ta) 2.36. II: fe
4.09, pa 1.00, ti 3.96, mt 4.25, ta 2.06. III: fe 3.66, pa 0.90, ti 3.27, mt
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3.95, ta 1.73. IV: fe 4.39, pa 0.85, ti 4.33, mt 5.37, ta 2.15. Pedipalp.
RTA with three sclerotized branches, Lateroventral ridge present.
Ventral branch flat and less prominent, semisclerotized, continuing
ventrally to a fine sclerotized lateroventral ridge. Dorsal branch prom-
inent, tusk-like, protruding and pointed dorsodistally. Lateral branch
smaller, protruding oppositely to dorsal branch. embolus moderately
long and filiform. Originating at 90’clock position, distal end at 20’ clock
position. conductor hook-like, rounded distally. Distal and retrolateral
margins folded all along to the terminal end of conductor. Terminal end
pointed, somewhat robust, short beak-like shape, folded subtly at the
distal and proximal margins, forming a slender groove along the folding.
MA membranous, twisted distally, with distal sclerite somewhat
flattened.

Male variation (paratype (HUJ - INVAr 20424)):

Coloration. Carapace pale brown, anterior elevated region yellowish
to light brown. Abdomen pale brown. Colulus inconspicuous. Chelicerae
light brown. Labium and Endites light brown. Sternum yellowish. Legs
yellowish, femur of legs I-II and palps are light brown. Chelicerae length
1.14, retromargin teeth 4 or 5, promargin teeth 3. Carapace length 2.67,
width 2.12. Abdomen: length 2.51, width 1.98. Total length 5.18. Sternum
length 1.37, width 1.34. Clypeus length 0.19. Eye diameters and inter-
distances AME 0.05 (R) 0.02 (L), ALE 0.05, PLE 0.06, PME 0.06, AME-
AME 0.09, AME-ALE 0.06, ALE-PLE 0.09, PME-PME 0.15, PME-AME
0.09 (R) 0.12 (L), PME-PLE 0.12, PME-ALE 0.10. Appendages. Pedi-
palp: femur 1.67, patella 0.50, tibia 0.68, tarsus 1.27. Leg I: femur (fe)
3.79, patella (pa) 1.10, tibia (ti) 4.85, metatarsus (mt) 5.14, tarsus (ta)
2.30. II: fe 3.69, pa 0.97, ti 3.80, mt 4.23, ta 1.93. III: fe 3.49, pa 0.84, ti
3.10, mt 3.91, ta 1.58. IV: fe 4.10, pa 0.82, ti 3.94, mt 5.27, ta 2.00.

Female (paratypes (HUJ - INVAr 20381), (HUJ - INVAr 20405)):

Coloration. Carapace pale yellow, anterior elevated region
yellowish. Abdomen depigmented. Colulus inconspicuous. Chelicerae
yellowish to light brown. Labium and Endites light brown. Sternum pale
with light yellow margins. Legs depigmented to pale brown, femur of
legs I-II yellowish to pale brown, femur of pedipalp light brown.
Chelicerae length 1.22-1.62, retromargin teeth 5, promargin teeth 3.
Carapace length 2.51-2.92, width 1.70-2.17. Abdomen: length
2.75-3.62, width 1.56-2.36. Total length 5.26-6.54. Sternum length
1.40-1.41, width 1.16-1.27. Clypeus length 0.19-0.23. Eye diameters and
interdistances AME absent (diameter of the pigmented area is 0.04), ALE
0.04-0.05, PLE 0.06, PME 0.02-0.06, ALE-PLE 0.09-0.12, PME-PME
0.14-0.22, PME-PLE 0.13-0.21, PME-ALE 0.10-0.19. Appendages.
Pedipalp: femur 1.31-1.72, patella 0.36-0.50, tibia 0.84-1.07, tarsus
1.10-1.58. Leg I femur (fe) 3.57-4.64, patella (pa) 1.02-1.06, tibia (ti)
3.45-5.01, metatarsus (mt) 3.62-5.02, tarsus (ta) 1.98-2.69. II: fe
3.04-3.71, pa 0.80-0.97, ti 2.85-4.21, mt 2.96-4.66, ta 1.68-2.26. III: fe
2.85-3.66, pa 0.73-0.98, ti 2.47-3.64, mt 3.00-4.54, ta 1.43-1.90. IV: fe
3.41-4.06, pa 0.71-0.90, ti 3.37-4.85, mt 4.11-6.21, ta 1.67-2.10.
Epigynum length 0.16-0.22, width 0.32-0.41. Epigynum and vulva.
Median plate before clearing, with median pale region oval shaped,
wider than higher or almost the same proportion. Anterolateral sclerite
less prominent or protruding, forming a rectangular shape of the general
median plate region after clearing. Lateral margin sclerotized, ear-like
shaped, longer than wide. Semicircular anteriorly, forming a crescent-
like slit copulatory opening, covered by the anterolateral sclerite of
the median plate. Posteriorly somewhat covering in a thin sclerite layer
the posteromargins of the median plate. Vulva receptacles globular and
sclerotized, slightly pointed posteriolaterally, copulatory ducts not
prominent, fertilization ducts represented by small, leaf-like
appendages.

Remarks and general variation

Tegenaria trogalil sp. nov. comprise of specimens that were collected
from western and eastern Galilee caves. Variation in morphological
characters, especially eye reduction level and female epigynum, was
observed between the caves, while high similarity is observed within
specimens from the same cave. Females from the eastern Galilee caves
(Yiron cave, Hutat-Seter cave), show a wider median sclerite of
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epigynum, and less prominent anterolateral sclerite and lateral margins
of epigynum than females found at the western Galilee caves (Namer
cave, Irav cave and Sharakh cave), (see Fig. 4). Eyes are reduced in all
cave populations but vary between caves. From six eyes usually present
in Yir'on cave population, lacking AME, and without any residual
pigment at AME position (Figs. 5, 9B-C, 10B-C), to six reduced eyes and
residual pigments at missing AME position in Namer cave population
(Fig. 5), or eight reduced eyes present at Sharakh cave population.

Distribution and natural history

Known from caves located at the upper Galilee. Tegenaria trogalil sp.
nov. is a troglobitic species, inhabiting caves situated in a range of
elevation, from 233 m a.s.l. at Namer cave, situated 8 km of the
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Fig. 12. Tegenaria ornit sp. nov., Male holo-
type (HUJ - INVAr 20453). A. habitus. B.
Carapace and chelicera, frontal view. C. Eyes
region, frontal view (notice all eyes are ab-
sent). D-I. Male left pedipalp, ventral view
(D, G), prolateral view (E), retrolateral view
(F, H), dorsal view (I). J-L. Male left pedi-
palp, RTA in ventral (J), retrolateral (K) and
dorsal views (L). C, conductor; DB, dorsal
branch; E, embolus; LB, lateral branch; LTR,
lateroventral ridge; MA, median apophysis;
TEC, terminal end of conductor. Scale bars:
B-D, J-L 0.1 mm; E-F 1 mm; G-I 0.5 mm.

Mediterranean Sea to 927 m a.s.l. at mount Meron. The species prefer
relatively cold (17.3-22.7 °C) and humid (80-92.5 %) caves with active
karst processes, which usually are inhabited by insectivorous bats,
sometimes in large numbers and thick layer of guano as in Hutat-Seter,
Irav and Sharakh caves, but can be found also in caves without bats like
Beit-Jann cave. Other caves surveyed at the upper Galilee, which were
less humid, were not found to be populated by Tegenaria trogalil sp. nov.
The caves inhabited by this species can be represented by a multi-level
structure, which may comprise moderately large halls as Irav, Shar-
akh, and Namer caves, by caves with a deep shaft and a large section as
Hutat Seter cave, by a long (~150 m) tunnel shape as Yir’on cave, or by a
simple round cavity as Beit-Jann cave. Two egg sacs were observed at
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Fig. 13. Tegenaria ornit sp. nov. A. Adult female from Ornit cave, live habitus. B-F. Female paratype (HUJ - INVAr 20375). B. Carapace and chelicera, frontal view. C.
Eyes region, frontal view (notice all eyes absent). D-E. Epigynum, ventral view, before (D) and after (E) clearing. F. Vulva, dorsal view. ALS, anterolateral sclerite of
median plate; CD, copulatory duct; CO, copulatory opening; FD, fertilization duct; LM, lateral margin of epigynum; R, receptaculum. Scale bars: B-F 0.1 mm.

Yiro’n cave during the end of July 2018, one already hatched while the
other was still closed. An unhatched egg sac found in Hutat-Seter cave
on the 9th of August 2018 and three egg sacs in the same cave during a
visit at the 16 of May 2022. All egg sacs were laid at the spider sheet-web
(Fig. 1E), rather than ceiling hanged egg sacs of troglophile species
found at the entrance of the cave. In addition, a juvenile was observed
preying on a small isopod in Yir’on cave.

Tegenaria ornit sp. nov. Aharon & Gavish-Regev.

LSID:urn:1Isid:zoobank.org:act:7A935650-BA55-4A42-87EE-
E50731BB6F92.

(Figs. 1D, 8A, 11-13).

Type material

Holotype. ISRAEL. Karmel mountain: Ornit cave, 192 m a.s.l.,
dark zone, (32.7566°N, 34.9897°E), S. Aharon leg., 10/VIII/2022, 3
(HUJ - INVAr 20453).

Paratypes. ISRAEL. Karmel mountain: Same locality as holotype,
S. Aharon, G. Gainett, J. Ballesteros leg., 20/VII1/2018, in 96 % ethanol,
2@ (HUJ - INVAr 20375-20376).

Other material examined:

ISRAEL. Karmel mountain: Same data as paratypes, in 96 %
ethanol, 8 juveniles (HUJ - INVAr 20377). Same locality as holotype, S.
Aharon & E. Gavish-Regev leg., 26/V/2021, 2 sub-adult males (HUJ -
INVAr 20447).

Etymology

The species epithet, a noun in apposition, is derived from the name of
the cave, which is the type locality of the species.

Diagnosis

The male of Tegenaria ornit sp. nov. is similar to the species in the
Israeli troglobitic Tegenaria species complex s. lat. (T. gainesteros sp. nov.,
T. frumkini sp. nov., T. naasane sp. nov., T. trogalil sp. nov. T. yaaranford
sp. nov.), and to T. schmalfussi. No males of T. yotami sp. nov. have been
found yet. The male can be distinguished from other congeners by the
combination of 1) RTA with blunt edge of dorsal branch rather than
robust and heavily sclerotized RTA, forming a “tilde”-like shape as seen
in Tegenaria naasane sp. nov., and a pointed, tusk-like dorsal branch in
T. gainesteros sp. nov, T. frumkini sp. nov., T. trogalil sp. nov. and
T. yaaranford sp. nov. (Fig. 11), 2) conductor forms a hook-like shape,
ends to a short, beak-like shape, folded on distal and proximal margins,
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rather than a sickle-shaped, terminally pointed in T. naasane sp. nov. and
T. schmalfussi.

Females of Tegenaria ornit sp. nov. are similar to the species in the
Israeli troglobitic Tegenaria species complex s. lat. (except T. naasane sp.
nov.) and to T. lazarovi and T. ariadnae. Females can be distinguished
from T. lazarovi and T. ariadnae by 1) the shape of epigynal median
plate, with more prominent and somewhat pointed anterolateral scler-
ites rather than straight in T. lazarovi and anteriorly broad median plate
in T. ariadnae. 2) copulatory openings forming a crescent-like slit shape,
while they are straight and perpendicular to the epigynal median plate
in T. lazarovi and horizontaly opened in T. ariadnae. Females differ from
the other Israeli troglobitic species by the combination of 1) antero-
lateral sclerites of median plate somewhat pointed to a short apex pro-
truding anterolaterally (see Fig. 13 D-F), forming an anchor shape
median plate. 2) pale region of median plate before clearing forming a
juglet-like shape, rather than oval or trapezoidal shape as in the other
Israeli troglobitic females. 3) distance between anterior edge of epi-
gynum to anterolateral sclerites is wider than in the other females of the
Israeli subterranean Tegenaria complex.

Description

Male (holotype (HUJ - INVAr 20453)):

Coloration. Carapace anterior elevated region brown, posterior re-
gion pale brown. Abdomen pale brown. Colulus inconspicuous. Chelicerae
brown. Labium and Endites light brown. Sternum yellowish. Legs
yellowish to light brown, femur of leg I-II light brown to reddish, pale
distally. Chelicerae length 1.30, retromargin teeth 5 (R) or 6 (L), pro-
margin teeth 3. Carapace length 3.20, width 2.60. Abdomen: length 3.00,
width 1.90. Total length 6.20. Sternum length 1.50, width 1.20. Eye di-
ameters and interdistances all eyes are absent. Appendages. Pedipalp:
femur 1.85, patella 0.48, tibia 0.80, tarsus 1.30. Leg I: femur (fe) 4.90,
patella (pa) 1.06, tibia (ti) 5.20, metatarsus (mt) 5.10, tarsus (ta) 2.95. II:
fe 5.04, pa 1.00, ti 4.80, mt 4.85, ta 2.50. III: fe 4.01, pa 0.90, ti 3.80, mt
4.6, ta 1.90. IV: fe 4.25, pa 0.95, ti 4.80, mt 5.70, ta 2.30. Pedipalp. RTA
with three sclerotized branches, Lateroventral ridge present. Ventral
branch sclerotized, flat and less prominent, continuing ventrally to a fine
sclerotized lateroventral ridge. Dorsal branch prominent, with blunt
edge somewhat translucent distally, protruding dorsodistally. Lateral
branch smaller, protruding oppositely to dorsal branch. embolus
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Fig. 14. Tegenaria naasane sp. nov. A. Large hall in A’rak Na’asane cave, Type locality of the species (Pic. B. Langford). B-D. Female holotype (HUJ - INVAr 20371).
B-C. Epigynum, ventral view (B), lower angle posteroventrally (C). D. Carapace and chelicera, frontal view (notice all eyes absent). E. Live habitus. ALS, anterolateral
sclerite of median plate; PR, pale region of median plate; LM, lateral margin of epigynum. Scale bars: B 0.5 mm; C-D 0.1 mm.

moderately long and filiform. Originating at 90’clock position, distal
end at 20’clock position. conductor hook-like, rounded distally. Distal
and retrolateral margins folded all along to the terminal end of
conductor. Terminal end pointed, somewhat robust, short beak-like
shape, folded subtly at the distal and proximal margins, forming a
slender groove along the folding. This groove continues distally between
the folded distal margin of conductor and a somewhat swollen ventral
region of conductor. MA membranous, twisted distally, with distal
sclerite somewhat flattened.

Female (paratypes (HUJ - INVAr 20375-20376)):

Coloration. Carapace pale yellow, anterior elevated region
yellowish. Abdomen depigmented. Colulus inconspicuous. Chelicerae
light brown. Labium and Endites light brown. Sternum pale with light-
yellow margins. Legs pale yellow, femur of pedipalp pale to light
brown. Chelicerae length 0.90-1.22, retromargin teeth 5, promargin
teeth 3. Carapace length 2.41-2.74, width 1.44-2.08. Abdomen: length
2.7-4.08, width 1.82-2.91. Total length 5.11-6.82. Sternum length
1.26-1.52, width 0.96-1.34. Eye diameters and interdistances all eyes are
absent. Appendages. Pedipalp: femur 1.09-1.1, patella 0.40-0.48, tibia
0.8-0.95, tarsus 1.1-1.42. Leg I: femur (fe) 3.40-4.14, patella (pa)
0.84-1.02, tibia (ti) 3.48-4.30, metatarsus (mt) 3.17-4.30, tarsus (ta)
2.22. II: fe 3.08-3.64, pa 0.78-1.00, ti 2.54-3.73, mt 2.89-3.92, ta
1.53-2.03. III: fe 2.74-3.49, pa 0.76-0.95, ti 2.54-3.16, mt 3.283.85, ta
1.60-1.70. IV: fe 3.38-4.22, pa 0.89-0.92, ti 3.44-4.31, mt 4.16-5.20, ta
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1.63-2.00. Epigynum length 0.18-0.25, width 0.36-0.45. Epigynum
and vulva. Median plate somewhat protruding. Pale region of median
plate before clearing forming a juglet-like shape. Anterolateral sclerite
of median plate somewhat pointed to a short apex protruding ante-
rolaterally, forming an anchor or hammerhead shape median plate,
hiding the copulatory openings. Lateral margins enfold the median plate
dorsally. Vulva globular and sclerotized, surrounded dorsolaterally by
semisclerotized copulatory ducts, visible at somewhat bottom view.
Receptacles are reflected through epigynal plate, fertilization ducts
represented by small appendages.

Distribution and natural history

Known only from the type locality. Tegenaria ornit sp. nov. is a
troglobitic species, totally eyeless, missing all ocelli and eye pigmenta-
tion, found in the deep chamber of Ornit cave, located in the Karmel
mountain ridge. The cave consists of two different ecological sections,
one is a long corridor opened to the wadi with few large openings,
inhabited by the troglophilic species Tegenaria pagana. The other is a
deeper chamber, completely dark, accessible only through a narrow,
long passage. The deep chamber (~60 m from the entrance) is season-
ally inhabited by two insectivorous bat species, Rhinolophus hipposideros
minimus Heuglin, 1861 and Myotis sp. (Shahack-Gross et al., 2004) and
inhabited by remarkable blind, undescribed troglobitic species of
various taxa: a dysderid spider, palpigrade, pseudoscorpion, mites, iso-
pods and collembola. Although other caves were surveyed in the Karmel
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Fig. 15. Tegenaria naasane sp. nov., male paratype (HUJ - INVAr 20372). A-D. Male left pedipalp, ventral view (A, B), retrolateral view (C), dorsal view (D). E-G.
Male left pedipalp, RTA in ventral (E), retrolateral (F) and dorsal views (G). C, conductor; DB, dorsal branch; E, embolus; LB, lateral branch; LTR, lateroventral ridge;
MA, median apophysis; TEC, terminal end of conductor. Scale bars: A-G 0.1 mm.

mountains, Ornit cave is the only locality known for this anophtalmic
Tegenaria species. During a visit in February 2020, we observed ~ 20
juveniles, two adult females, and two egg sacs placed on the sheet-webs.
One adult male, one sub-adult male, several females and and six egg sacs
(also placed on the webs) were observed in a survey during August 2022.

Tegenaria naasane sp. nov. Aharon & Gavish-Regev.

LSID:urn:1sid:zoobank.org:act:EBC4CC3F-5D27-4B55-BCAO-
7C3BEBFD1A32.

(Figs. 11, 14-15).

Type material

Holotype. ISRAEL. Judean desert: A'rak Na’asane cave, 134 m a.s.
1., dark zone, (31.9949°N, 35.4074°E), S. Aharon leg., 31/X1I/2017, Q
(HUJ - INVAr 20371).

Paratype. ISRAEL. Judean desert: Same locality and coll. as ho-
lotype, 22/X1/2019, 13, found dead and dry in a deep section of the
cave, (HUJ - INVAr 20372).

Other material examined:

ISRAEL. Judean desert: Same locality as holotype, S. Aharon, G.
Gainett, J. Ballesteros, S. Ya’aran leg., 7/VIII/2018, in 96 % ethanol, 1
sub-adult @, 1 juvenile (HUJ - INVAr 20373). Same locality, S. Aharon, S.
Ya’aran, Y. Aviksis leg., 12/X1/2017, in 96 % ethanol, 3 juveniles (HUJ -
INVAr 20374).

Etymology

The species epithet, a noun in apposition, is derived from the name of
the cave, which is the type locality of the species. The Arabic name of the
cave, Arak Na’asane, means “the cave (or cliff) of the sleepy”, is related
in the broad sense to an Arab family called Na’asan, who lives in the
nearby village, Al Mughayer (B. Langford, personal communication).

Diagnosis

The female of Tegenaria naasane sp. nov. differs clearly from all other
congeners by 1) inflated and heavily sclerotized median plate laterally.
2) reduced pale region of median plate, forming an elongated and
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narrow region, rather than wide as in the females of the Israeli troglo-
bitic Tegenaria species complex.

The male of Tegenaria naasane sp. nov. differs clearly from all other
congeners, but share some features with T. schmalfussi and the Israeli
troglobitic Tegenaria species complex s. lat. (T. gainesteros sp. nov.,
T. frumkini sp. nov., T. ornit sp. nov., T. trogalil sp. nov. and T. yaaranford
sp. nov.). No males of T. yotami sp. nov. have been found yet. It can be
distinguished from all other congeners by the combination of 1) robust
and heavily sclerotized RTA, forming a prominent “tilde”-like shape
viewed retrolaterally. (Fig. 11), 2) ventral branch of RTA short and
thick, fused to the less prominent lateral branch, and to the wide and
curved dorsal branch. 3) conductor form a sickle-shaped, terminally
pointed as in T. schmalfussi, but ends to a slender tip, folded gently on the
distal and proximal margins. In the other troglobitic congeners in Israel,
the conductor forms a hook-like shape, ends to a short, beak-like shape.

Description

Female (holotype (HUJ - INVAr 20371)):

Coloration. Carapace pale yellow, anterior elevated region
yellowish to light brown. Frontal area of carapace with middle and
anterolaterally light brown regions. Abdomen pale yellow. Colulus
inconspicuous. Chelicerae brown. Labium and Endites brown. Sternum
light brown with brown margins. Legs yellowish, Coxa of leg I yellow to
light brown, femur of pedipalp light brown. Chelicerae length 1.76,
retromargin teeth 5, promargin teeth 3. Carapace length 3.47, width
2.33. Abdomen: length 4.08, width 2.91. Total length 7.59. Sternum length
1.48, width 1.45. Eye diameters and interdistances all eyes are absent.
Appendages. Pedipalp: femur 1.67, patella 0.60, tibia 1.14, tarsus 1.50.
Leg I femur (fe) 4.58, patella (pa) 1.22, tibia (ti) 4.71, metatarsus (mt)
4.86, tarsus (ta) 2.40. II: fe 4.19, pa 1.10, ti 4.09, mt 4.50, ta 1.86. III: fe
3.90, pa 1.15, ti 3.60, mt 4.30, ta 1.70. IV: fe 4.72, pa 1.02, ti 4.58, mt
5.60, ta 1.93. Epigynum length 0.26, width 0.71. Long hairs on ventral
side of tarsi I-1I. Patella with two dorsal spines but without lateral spines,
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Fig. 16. Tegenaria frumkini sp. nov. A. Live
habitus, Bor Ha’Navi cave, Ofra (Pic. B.
Langford). B-L. Male holotype (HUJ - INVAr
20399). B. Carapace and chelicera, frontal
view. C. Eyes region, frontal view. D-I. Male
left pedipalp, ventral view (D, G), prolateral
view (E), retrolateral view (F, H), dorsal
view (I). J-L. Male left pedipalp, RTA in
ventral (J), retrolateral (K) and dorsal views
(L). C, conductor; DB, dorsal branch; E,
embolus; LB, lateral branch; LTR, later-
oventral ridge; MA, median apophysis; TEC,
terminal end of conductor. Scale bars: B-D, J-
L 0.1 mm; E-F 1 mm; G-I 0.5 mm.

pedipalp patella with 2 dorsal spines and 1 prolateral spine. ventral
spines absent on all tarsi. Epigynum and vulva. Median plate inflated
and heavily sclerotized laterally, forming two blackish bulge protruding
dorsoventrally. Pale median area between the lateral bulge is narrow
and depressed. Epigynum 2.5 wider than long. Lateral margin semi
sclerotized and somewhat inflated. Copulatory openings form a narrow
slit in between the sclerotized margin of the median plate and the lateral
margin (see arrows in Fig. 14B-C). Vulva was not dissected, but re-
ceptacles are somewhat reflected through epigynal plate.

Male (paratype (HUJ - INVAr 20372)):

Coloration. Carapace posterior region pale brown, anterior elevated
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region yellowish to light brown. Abdomen missing. Chelicerae light
brown. Labium and Endites brown. Sternum yellowish to light brown. Legs
(only leg I found) proximal half femur of leg I with warm brown to
reddish pattern, the rest distal part of femur is pale yellow. Chelicerae
length 1.45, retromargin teeth 4 or 5, promargin teeth 3. Carapace
length 2.89, width 2.57. Sternum length 1.18, width 1.19. Eye diameters
and interdistances all eyes are absent. Appendages. Pedipalp: tibia 0.77,
tarsus 1.60. Other legs are missing. Pedipalp. RTA with three sclerotized
branches, lateroventral ridge reduced. Ventral branch short and scler-
otized, curved distally, fused dorsally to the less prominent lateral
branch, and laterally to the dorsal branch. Dorsal branch prominent,
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Fig. 17. Tegenaria frumkini sp. nov. A. Adult female from Neta cave, live habitus. B-F. Female paratype. B. Carapace and chelicera, frontal view. C. Eyes region,
frontal view. D-E. Epigynum, ventral view, before (D) and after (E) clearing. F. Vulva, dorsal view. ALS, anterolateral sclerite of median plate; CD, copulatory duct;
CO, copulatory opening; FD, fertilization duct; LM, lateral margin of epigynum; R, receptaculum. Scale bars: B-F 0.1 mm.

strongly curved dorsally, ending with thin but wide edge. Lateral branch
smaller than the other branches, sclerotized. Ventral and dorsal
branches forming a “tilde”-like shape viewed retrolaterally. embolus
moderately long, filiform distally. Originating at 9o’clock position,
distal end at lo’clock position. conductor sickle-shaped, rounded
distally. Distal and retrolateral margins folded all along to the terminal
end of conductor. Terminal end slenderly elongated, pointed and
somewhat curved, folded gently at the distal and proximal margins,
forming a slender groove along the folding. MA membranous, moder-
ately long and narrow. Bent distally, with distal sclerite.

Distribution and natural history

Known only from type locality. Tegenaria naasane sp. nov. is a trog-
lobitic species, totally eyeless, missing all ocelli and eye pigmentation.
The male was found dead and dry on the cave floor, hence the female
was designated as holotype. The spiders were found in a limited area in
the deep sections of A’rak Na’asane cave (Z, K in the cave map, see
(Frumkin et al., 2018)) which experience a steady temperature of
25.6-25.7 °C and a high relative humidity of 98.1-98.7 %. The inner
section of the cave is inhabited by other endemic troglobite arthropods,
such as the opilionid Haasus naasane Aharon et al. 2019, an undescribed
pseudoscorpion and other undescribed hexapods. The rich arthropods
assembly, are mostly foraging on the thick layer of guano covering the
cave floor, deposited by a colony of hundreds of Asellia tridens (E.
Geoffroy, 1813) bats, while T. naasane sp. nov. were found at the edge of
the guano deposition. The cave is located at the border between the
semiarid eastern Samaria region and arid northern Judean desert
(Frumkin et al., 2018), and it is the largest maze cave in Israel by volume
(35,161 m3) and the third longest limestone cave in Israel (2238 m)
(ICRC data, personal communication, 2021).

Tegenaria frumkini sp. nov. Aharon & Gavish-Regev.

LSID:urn:Isid:zoobank.org:act:0BBABSE5-5C01-44EE-8663-
CA21B7FF471B.

(Figs. 11, 16-17).

Type material

Holotype. ISRAEL. Samaria mountains: Ofra, Neta Cave, 827 m a.
s.l.,, dark zone, (31.9596°N, 35.2673°E), S. Aharon, S. Ya’aran, J.A.
Ballesteros leg., 8/VII[/2018, 3@ (HUJ - INVAr 20399).

Paratypes. ISRAEL. Samaria mountains: same data as holotype, 29
(HUJ - INVAr 20397-20398). Ofra, Nof-Amona cave, 800 m a.s.l., epi-
karst, (31.9535°N, 35.2691°E), S. Aharon, S. Ya’aran leg., 14/VII/2020,
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13 (HUJ - INVAr 20338), 1@ (HUJ - INVAr 20337).

Other material examined:

ISRAEL. Samaria mountains: Same data as holotype, in 96 %
ethanol, 299 (HUJ - INVAr 20419), (HUJ - INVAr 20452), 19, 16 ju-
veniles (HUJ - INVAr 20420). Ofra, Capara cave, 821 m a.s.l., dark zone,
(31.9593°N, E35.2649°E), S. Aharon, S. Ya’aran, J.A. Ballesteros leg., 8/
VIII/2018, in 96 % ethanol, 1@ (HUJ - INVAr 20395), 19, 10 juveniles, 1
sub-adult male (HUJ - INVAr 20396).

Etymology

The species is named in honor of Prof. Amos Frumkin, the founder of
the speleological research in Israel and the Israel Cave Research Center
(ICRC). Frumkin’s hometown, Ofra, is located few hundred meters from
Ofra karst basin, which he discovered and studied already at the 1970 s.

Diagnosis

Males of Tegenaria frumkini sp. nov. are most similar to the species in
the Israeli troglobitic Tegenaria species complex s. lat. (T. gainesteros sp.
nov., T. ornit sp. nov., T. naasane sp. nov., T. trogalil sp. nov.,
T. yaaranford sp. nov.) and to T. schmalfussi. No males of T. yotami sp.
nov. have been found yet. The males can be hardly distinguished from
T. gainesteros sp. nov., T. trogalil sp. nov., and T. yaaranford sp. nov., but
differs from the other congeners by the combination of 1) RTA with a
pointed, tusk-like dorsal branch, rather than a blunt edged dorsal branch
in Tegenaria ornit sp. nov., a robust and heavily sclerotized RTA, forming
a “tilde”-like shape in Tegenaria naasane sp. nov., and short blunt RTA in
T. schmalfussi. (Fig. 11), 2) conductor that forms a hook-like shape, ends
to a short, beak-like shape, rather than a sickle-shaped, terminally
pointed in T. naasane sp. nov. and T. schmalfussi.

Females are similar to the species in the Israeli troglobitic Tegenaria
species complex s. lat. (except T. naasane sp. nov.) and to T. lazarovi and
T. ariadnae. Females can be distinguished from T. lazarovi and
T. ariadnae by 1) broader shape of epigynal median plate rather than
anteriorly broad in T. ariadnae. 2) copulatory openings forming a
crescent-like slit shape, while they are straight and perpendicular to the
epigynal median plate in T. lazarovi and horizontaly opened in
T. ariadnae. Females differ from the other Israeli troglobitic species by
the combination of 1) pale region of median plate before clearing,
forming a sub oval to oval shape, wider posteriorly. 2) semicircular,
prominent, and more sclerotized lateral margins, relative to
T. gainesteros sp. nov., T. ornit sp. nov., T. trogalil sp. nov., T. yotami sp.
nov., with copulatory openings small, but visible anteriorly.
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Description

Male (holotype (HUJ - INVAr 20399)):

Coloration. Carapace posterior region yellowish, anterior elevated
region light brown to red brown. Abdomen depigmented. Colulus
inconspicuous. Chelicerae reddish brown. Labium and Endites brown.
Sternum warm yellow with brown margins. Legs yellowish, femur of legs
I-1I and pedipalps are warm brown. Chelicerae length 1.65, retromargin
teeth 5, promargin teeth 3. Carapace length 3.75, width 2.95. Abdomen:
length 4.61, width 2.82. Total length 8.36. Sternum length 1.46, width
1.40. Clypeus length 0.31. Eye diameters and interdistances AME 0.09, ALE
0.09, PLE 0.08, PME 0.07, AME-AME 0.05, AME-ALE 0.04, ALE-PLE
0.11, PME-PME 0.19, PME-AME 0.14, PME-PLE 0.14, PME-ALE 0.12.
Appendages. Pedipalp: femur 2.32, patella 0.70, tibia 0.96, tarsus 1.70.
Leg I femur (fe) 7.60, patella (pa) 1.63, tibia (ti) 8.85, metatarsus (mt)

19

Molecular Phylogenetics and Evolution 183 (2023) 107705

Fig. 18. Tegenaria gainesteros sp. nov. A. Live
habitus, ‘En Sarig (water tunnel). B-L. Male par-
atype (HUJ - INVAr 20390). B. Carapace and
chelicera, frontal view. C. Eyes region, frontal
view. D-I. Male left pedipalp, ventral view (D, G),
prolateral view (E), retrolateral view (F, H),
dorsal view (I). J-L. Male left pedipalp, RTA in
ventral (J), retrolateral (K) and dorsal views (L).
C, conductor; DB, dorsal branch; E, embolus; LB,
lateral branch; LTR, lateroventral ridge; MA,
median apophysis; TEC, terminal end of
conductor. Scale bars: B-D, J-L 0.1 mm; E-F
1 mm; G-I 0.5 mm.

8.90, tarsus (ta) 3.48. II: fe 6.60, pa 1.52, ti 6.53, mt 7.48, ta 2.90. III: fe
5.46, pa 1.29, ti 5.06, mt 6.65, ta 2.53. IV: fe 6.90, pa 1.28, ti 6.42, mt
8.98, ta 2.95. Pedipalp. RTA with three sclerotized branches, Later-
oventral ridge present. Ventral branch flat and less prominent,
continuing ventrally to a sclerotized lateroventral ridge. Dorsal branch
prominent, tusk-like, protruding and pointed dorsodistally. Lateral
branch smaller, protruding oppositely to dorsal branch. embolus
moderately long and filiform. Originating at 90’clock position, distal
end at 20’clock position. conductor hook-like, rounded distally. Distal
and retrolateral margins folded all along to the terminal end of
conductor. Terminal end pointed, somewhat elongated beak-like shape,
folded gently at the distal and proximal margins, forming a slender
groove along the folding. MA membranous, twisted distally, with distal
sclerite somewhat flattened.
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3 :

Fig. 19. Tegenaria gainesteros sp. nov., female paratype (HUJ - INVAr 20389). A. Carapace and chelicera, frontal view. B. Eyes region, frontal view. C-D. Epigynum,
ventral view, before (C) and after (D) clearing. E. Vulva, dorsal view. ALS, anterolateral sclerite of median plate; CD, copulatory duct; CO, copulatory opening; FD,
fertilization duct; LM, lateral margin of epigynum; R, receptaculum. Scale bars: B-F 0.1 mm.

Male variation (paratype (HUJ - INVAr20338)):

Coloration. Carapace posterior region pale yellow, anterior elevated
region light brown. Abdomen pale yellow. Colulus inconspicuous.
Chelicerae reddish brown. Labium and Endites brown. Sternum warm
yellow with brown margins. Legs yellowish, femur of legs I-II and ped-
ipalps are warm brown. Chelicerae length 1.63, retromargin teeth 5,
promargin teeth 3. Carapace length 3.43, width 2.60. Abdomen: length
3.50, width 2.05. Total length 6.93. Sternum length 1.56, width 1.52.
Clypeus length 0.26. Eye diameters and interdistances AME 0.07, ALE 0.07,
PLE 0.07, PME 0.07, AME-AME 0.02, AME-ALE 0.06, ALE-PLE 0.09,
PME-PME 0.12, PME-AME 0.12, PME-PLE 0.12, PME-ALE 0.09. Ap-
pendages. Pedipalp: femur 2.07, patella 0.65, tibia 0.85, tarsus 1.48. Leg
I: femur (fe) 6.24, patella (pa) 1.29, tibia (ti) 6.85, metatarsus (mt) 6.70,
tarsus (ta) 3.19. II: fe 5.51, pa 1.31, ti 5.40, mt 5.85, ta 2.73. III: fe 4.38,
pa 0.93, ti 4.26, mt 5.20, ta 2.17. IV: fe 5.44, pa 1.23, ti 5.63, mt 7.27, ta
2.71.

Female (paratypes (HUJ - INVAr 20397), (HUJ - INVAr 20337)):

Coloration. Carapace posterior region yellowish, anterior elevated
region light brown. Abdomen pale brown. Colulus inconspicuous.
Chelicerae light brown. Labium and Endites brown. Sternum yellowish
with brown margins. Legs yellowish. Chelicerae length 1.97-2.01, ret-
romargin teeth 5, promargin teeth 3. Carapace length 4.15-4.20, width
3.05-3.22. Abdomen: length 5.01-5.76, width 3.02-3.32. Total length
9.16-9.96. Sternum length 1.92-1.93, width 1.78-1.82. Clypeus length
0.31-0.35. Eye diameters and interdistances AME 0.07-0.08, ALE
0.07-0.09, PLE 0.08-0.09, PME 0.07-0.08, AME-AME 0.04-0.06, AME-
ALE 0.08, ALE-PLE 0.12, PME-PME 0.19-0.20, PME-AME 0.15, PME-
PLE 0.16-0.17, PME-ALE 0.14-0.12. Appendages. Pedipalp: femur
1.85-2.06, patella 0.61-0.67, tibia 1.31-1.43, tarsus 1.85. Leg I: femur
(fe) 5.77-6.00, patella (pa) 1.49-1.62, tibia (ti) 5.68-6.14, metatarsus
(mt) 5.54-6.15, tarsus (ta) 2.74-2.93. II: fe 4.93-5.37, pa 1.39-1.44, ti
4.8-4.96, mt 5.0-5.32, ta 2.43-2.44. III: fe 4.45-4.90, pa 1.13-1.17, ti
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4.13-4.40, mt 5.11-5.45, ta 2.01-2.08. IV: fe 5.74-5.80, pa 1.19-1.47, ti
5.45-5.80, mt 6.67-6.70, ta 2.44-2.64. Epigynum length 0.21-0.22,
width 0.46-0.47. Epigynum and vulva. Median plate before clearing,
with median pale region sub oval shaped, anterolateral sclerites present,
somewhat protruding laterally. After clearing, median plate forming
rectangular shape with anterolateral sclerites somewhat protruding
anteriorly under the translucent layer of the lateral margin. Lateral
margin sclerotized, semicircular, copulatory opening small but visible
anteriorly. After clearing with semi translucent layer somewhat
covering the edge of the anterolateral sclerite. Posteriorly somewhat
covering in a thin sclerite layer the posteromargins of the median plate.
Vulva receptacles globular and sclerotized, somewhat narrower poste-
riolaterally, surrounded retrolaterally by semisclerotized inconspicuous
copulatory ducts, fertilization ducts represented by small, leaf-like
appendages.

Remarks and general variation

Although the spiders are presenting reduction of eyes, all ocelli are
present and not highly reduced or absent as in the other troglobitic
species described herein. Ocelli are encircled by dark pigment.

Distribution and natural history

Known from neighboring caves located at the Ofra karst basin, the
southernmost karst plateau in the Levant. The basin is located at the top
of the central mountain range of Israel, at the transition between Judean
and Samaria mountains, with annual mean precipitation of 500 mm
(Frumkin et al., 2017). The holokarst basin (lacking surface drainage) is
characterized by active Kkarstification in Amminadav formation,
including dolines, sinking streams, vadose caves and vertical shafts, with
41 caves known from a studied area of 5 km?, ranges from 5.5 m, up to
103.5 m deep (Langford et al., 2019). The karst erosion presumably has
started to develop during the Upper Eocene and Oligocene, continued to
the Miocene and Pleistocene, However, the karst processes are still
active at the present dry Holocene (Frumkin, 1993; Frumkin et al.,
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2017). The spiders were found at the deep part of the caves, as well as at
the transition and twilight zone, corresponding to the epikarst zone,
characterized by a developed fracturing bedrock, which presumably
enables the troglobitic spiders to disperse across neighboring caves.
During a visit on July 14th, 2020, we observed three sub-adult males
and a hatchling of an egg sac (not collected). On another visit during
July 25th, 2022, we observed few adult males, and a dozen of females
with egg sacs kept at the middle of the sheet-web, rather than the hanged
ceiling egg sacs of the sympatric Tegenaria pagana found at the entrance
and twilight zone.

Tegenaria gainesteros sp. nov. Aharon & Gavish-Regev.

LSID:urn:Isid:zoobank.org:act:E362082C-9983-4CC0O-AA49-
99FCB20C779A.

(Figs. 11, 18-19).

Type material

Holotype. ISRAEL. Judean mountains: "En Sarig water tunnel,
723 m a.s.l., dark zone, (31.7568°N, 35.1497°E), S. Aharon leg., 24/1X/
2021, 3 (HUJ - INVAr 20443).

Paratypes. ISRAEL. Judean mountains: same locality as holotype,
J.A. Ballesteros & G. Gainett leg., 12/VIII/2018, in 96 % ethanol, 18
(HUJ - INVAr 20390), 1@ (HUJ - INVAr 20389).

Other material examined:

ISRAEL. Judean mountains: Same locality as holotype, J.A. Bal-
lesteros & G. Gainett leg., 12/VII[/2018, in 96 % ethanol, 5 juveniles, 1
sub-adult male (HUJ - INVAr 20391). Same locality, S. Aharon & S.
Ya’aran leg., 6/VIII/2018, in 96 % ethanol, 4 juveniles (HUJ - INVAr
20441). Same locality, S. Aharon, S. Ya’aran, J.A. Ballesteros, G. Gainett
leg., 6/VIII/2018, in 96 % ethanol, 2 juveniles (HUJ - INVAr 20418).

Etymology

The species name is a combination of the surnames of Guilherme
Gainett and Jesus A. Ballesteros, who explored the type locality and
collected specimens designated as paratypes material from the spring
tunnel.

Diagnosis

Males of Tegenaria gainesteros sp. nov are most similar to the species
in the Israeli troglobitic Tegenaria species complex s. lat. (T. frumkini sp.
nov., T. ornit sp. nov., T. naasane sp. nov., T. trogalil sp. nov.
T. yaaranford sp. nov.), and to T. schmalfussi. No males of T. yotami sp.
nov. have been found yet. The males can be hardly distinguished from
T. frumkini sp. nov., T. trogalil sp. nov., and T. yaaranford sp. nov., but
differs from the other congeners by the combination of 1) RTA with a
pointed, tusk-like dorsal branch, rather than a blunt edged dorsal branch
in Tegenaria ornit sp. nov., a robust and heavily sclerotized RTA, forming
a “tilde”-like shape in Tegenaria naasane sp. nov., and short blunt RTA in
T. schmalfussi. (Fig. 11), 2) conductor that forms a hook-like shape, ends
to a short, beak-like shape, rather than a sickle-shaped, terminally
pointed in T. naasane sp. nov. and T. schmalfussi.

Females are similar to the species in the Israeli troglobitic Tegenaria
species complex s. lat. (except T. naasane sp. nov.) and to T. lazarovi and
T. ariadnae. Females can be distinguished from T. lazarovi and
T. ariadnae by 1) broader shape of epigynal median plate rather than
anteriorly broad in T. ariadnae. 2) copulatory openings forming a
crescent-like slit shape, while they are straight and perpendicular to the
epigynal median plate in T. lazarovi and horizontaly opened in
T. ariadnae. Females differ from the other Israeli troglobitic species by
the combination of 1) pale region of median plate before clearing,
forming a subglobular region. 2) dark and prominent anterolateral
sclerites, somewhat protruding through the translucent anterioral layer
of the lateral margins. 3. Lateral margins sclerotized, semicircular,
somewhat inflated medially.

Description

Male (holotype (HUJ - INVAr 20443)):

Coloration. Carapace posterior region yellowish, anterior elevated
region light brown to red brown. Abdomen pale yellow. Colulus incon-
spicuous. Chelicerae reddish brown. Labium and Endites brown. Sternum
yellowish with light brown margins. Legs yellowish, femur of legs I-II
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and palps are warm brown. Chelicerae length 1.33, retromargin teeth 5
or 6, promargin teeth 3. Carapace length 3.04, width 2.46. Abdomen:
length 3.74, width 2.62. Total length 6.78. Sternum length 1.51, width
1.47. Clypeus length 0.22. Eye diameters and interdistances AME 0.02, ALE
0.06, PLE 0.05, PME 0.05, AME-AME 0.11, AME-ALE 0.07, ALE-PLE
0.08, PME-PME 0.19, PME-AME 0.14, PME-PLE 0.15, PME-ALE 0.11.
Appendages. Pedipalp: femur 1.90, patella 0.48, tibia 0.76, tarsus 1.40.
legI: fe 4.83, pa 1.21, ti 5.11, mt 5.25, ta 2.27. leg II: fe 3.96, pa 1.10, ti
4.17, mt 4.30, ta 2.17. III: fe 3.51, pa 0.97, ti 3.58, mt 4.26, ta 1.90. IV: fe
4.43, pa 0.90, ti 4.50, mt 5.92, ta 2.30. Pedipalp. RTA with three
sclerotized branches. Lateroventral ridge present. Ventral branch flat
and less prominent, semisclerotized, continuing ventrally to a sclero-
tized lateroventral ridge. Dorsal branch prominent, tusk-like, protruding
and pointed dorsodistally. Lateral branch smaller, protruding oppositely
to dorsal branch. embolus moderately long and filiform. Originating at
90’clock position, distal end at 20’clock position. Conductor hook-like,
rounded distally. Distal and retrolateral margins folded all along to
the terminal end of conductor. Terminal end pointed, somewhat slender
beak-like shape, folded gently at the distal and proximal margins,
forming a groove along the folding. MA membranous, twisted distally,
with distal sclerite somewhat flattened.

Male variation (paratype (HUJ - INVAr 20390)):

Coloration. Carapace posterior region pale yellow, anterior elevated
region yellowish to light brown. Abdomen pale yellow. Colulus incon-
spicuous. Chelicerae reddish brown. Labium and Endites light brown.
Sternum yellowish. Legs pale yellow. leg I missing, coxa of legs I-II and
femur of leg II light brown. Pedipalps brownish. Chelicerae length 1.33,
retromargin teeth 5, promargin teeth 3. Carapace length 3.26, width
2.45. Abdomen: length 3.57, width 2.22. Total length 6.83. Sternum length
1.69, width 1.57. Clypeus length 0.25. Eye diameters and interdistances
AME 0.03, only one ocellus is present, the other with pigmented area
only, ALE 0.05, PLE 0.05, PME 0.05, AME-ALE 0.10, ALE-PLE 0.10,
PME-PME 0.21, PME-AME 0.16, PME-PLE 0.15, PME-ALE 0.15. Ap-
pendages. Pedipalp: femur 2.03, patella 0.61, tibia 0.76, tarsus 1.53. leg
II: fe 4.74, pa 1.10, ti 4.13, mt 4.86, ta 2.22. III: fe 3.93, pa 0.80, ti 3.70,
mt 4.29, ta 2.14. IV: fe 4.42, pa 1.02, ti 4.54, mt 6.22, ta 2.38.

Female (paratype (HUJ - INVAr 20389)):

Coloration. Carapace posterior region pale yellow, anterior elevated
region yellowish to light brown. Abdomen pale yellow. Colulus incon-
spicuous. Chelicerae reddish brown. Labium and Endites light brown.
Sternum yellowish. Legs pale brown, proximal half femur of leg I with
warm brown, femur of pedipalp light brown. Chelicerae length 1.83,
retromargin teeth 5, promargin teeth 3. Carapace length 3.67, width
2.80. Abdomen: length 4.35, width 2.51. Total length 8.02. Sternum length
1.86, width 1.74. Clypeus length 0.27. Eye diameters and interdistances
AME 0.04 and 0.06, ALE 0.07, PLE 0.06, PME 0.05, AME-AME 0.11,
AME-ALE 0.11, ALE-PLE 0.13, PME-PME 0.28, PME-AME 0.21, PME-
PLE 0.21, PME-ALE 0.19. Appendages. Pedipalp: femur 1.88, patella
0.45, tibia 1.04, tarsus 1.84. Leg I: femur (fe) 4.81, patella (pa) 1.51, tibia
(ti) 4.85, metatarsus (mt) 5.11, tarsus (ta) 2.36. II: fe 4.44, pa 1.13. III: fe
2.85, pa 0.82, ti 2.73, mt 3.09, ta 1.44. IV: fe 5.00, pa 0.86. Epigynum
length 0.26, width 0.48. Epigynum and vulva. Median plate before
clearing, with subglobular median pale region, with dark sclerotized
anterolateral sclerites. After clearing, median plate forming rectangular
shape with anterolateral sclerites protruding dorsally through the
translucent anterior layer of the lateral margins. Lateral margin sclero-
tized, semicircular, somewhat inflated medially. With semi translucent
layer, kidney shape, somewhat covering the edge of the anterolateral
sclerite and the copulatory opening. Posteriorly somewhat covering in a
thin sclerite layer the posteromargins of the median plate. Vulva re-
ceptacles globular and sclerotized, somewhat pointed posteriolaterally,
surrounded retrolaterally by semisclerotized inconspicuous copulatory
ducts, fertilization ducts small, leaf-like appendages.

Remarks and general variation

Usually all eight eyes are present, encircled by reddish to dark
pigment. AME are more reduced than other eyes, sometimes one or two
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AME ocelli absent, with residual red pigment in the ocellus position.

Distribution and natural history

Known only from the type locality. Tegenaria gainesteros sp. nov. is a
troglobitic species, found in the spring tunnel of En Sarig. The spring
flows in between the karstified Amminadav formation, and the aqui-
clude Motza formation. This ancient spring tunnel (Hebrew: Nigba’), is
based on a perched spring, excavated sub-horizontally deep into the
karstic rock at the base of the spring (Yechezkel and Frumkin, 2016).
T. gainesteros sp. nov. was collected mainly at the dark section, while the
sympatric Tegenaria dalmatica species was collected at the entrance and
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Fig. 20. Tegenaria yaaranford sp. nov. A. Live
habitus, sub-adult male feeding on a fly, Te’omim
cave. B-L. Male paratype (HUJ - INVAr 20442).
B. Carapace and chelicera, frontal view. C. Eyes
region, frontal view. D-I. Male left pedipalp,
ventral view (D, G), prolateral view (E), retro-
lateral view (F, H), dorsal view (I). J-L. Male left
pedipalp, RTA in ventral (J), retrolateral (K) and
dorsal views (L). C, conductor; DB, dorsal branch;
E, embolus; LB, lateral branch; LTR, lateroventral
ridge; MA, median apophysis; TEC, terminal end
of conductor. Scale bars: B-D, J-L 0.1 mm; E-F
1 mm; G-I 0.5 mm.

along the excavated tunnel. Since many spring tunnels are present at the
Judean mountains, it is most likely to find more troglobitic Tegenaria
morphospecies at similar habitats.

Tegenaria yaaranford sp. nov. Aharon & Gavish-Regev.

LSID:urn:1Isid:zoobank.org:act:4EE20513-2E77-4613-A5C5-
FF7B52BFC324.

(Figs. 11, 20-21).

Type material

Holotype. ISRAEL. Judean mountains: Te’omim cave, 405 m a.s.1.,
transition zone, (31.7262°N, 35.0217°E), S. Aharon leg., 12/1X/2021, 3
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Fig. 21. Tegenaria yaaranford sp. nov. A. Live habitus. B-F. Female paratype (HUJ - INVAr 20358). B. Carapace and chelicera, frontal view. C. Eyes region, frontal
view (notice highly reduced eyes, AME ocelli absent, only residual pigment present). D-E. Epigynum, ventral view, before (D) and after (E) clearing. F. Vulva, dorsal
view. ALS, anterolateral sclerite of median plate; CD, copulatory duct; CO, copulatory opening; FD, fertilization duct; LM, lateral margin of epigynum; R, recep-

taculum. Scale bars: B-F 0.1 mm.

(HUJ - INVAr 20445).

Paratypes. ISRAEL. Judean mountains: Same data as holotype, 19
(HUJ - INVAr 20446). Same locality, dark zone, S. Aharon & E. Gavish-
Regev leg., 3/X/2017, 13 (HUJ - INVAr 20442). Same locality, S.
Aharon & E. Gavish-Regev leg., 31/111/2014, 39 (HUJ - INVAr 20358),
(HUJ - INVAr 20359), (HUJ - INVAr 20360).

Other material examined:

ISRAEL. Judean mountains: Same locality as holotype, S. Aharon,
E. Gavish-Regev, P.P. Sharma, G. Gainett, J.A. Ballesteros, I. Armiach-
steinpress leg., 23/VII/2018, 18 (HUJ - INVAr 20356), 1@ (HUJ -
INVAr 20357). Same data, in 96 % ethanol, 19 (HUJ - INVAr 20392), 2
sub-adult males (HUJ - INVAr 20417). Same locality, S. Aharon & E.
Gavish-Regev leg., 3/X/2017, 1 juvenile, 1 sub-adult male (HUJ - INVAr
20440).

Etymology

The species name is a combination of the surnames of Boaz Langford
and Shemesh Ya’aran, both keen geologists and speleologists who are
contributing to Israel cave research. In Te’omim cave, the type locality
of this species, S. Ya’aran took part in revealing rich assemblage of oil-
lamps from the Late Roman period in the cave (Zissu et al., 2011a),
while B. Langford discovered outstanding hoard and remains of Bar
Kokhba Revolt including weapons and rare coins (Zissu et al., 2011b).

Diagnosis

Males of Tegenaria yaaranford sp. nov. are most similar to the species
in the Israeli troglobitic Tegenaria species complex s. lat. (T. frumkini sp.
nov., T. gainesteros sp. nov., T. ornit sp. nov., T. naasane sp. nov.,
T. trogalil sp. nov.), and to T. schmalfussi. No males of T. yotami sp. nov.
have been found yet. The males can be hardly distinguished from
T. gainesteros sp. nov., T. frumkini sp. nov. and T. trogalil sp. nov., but
differs from the other congeners by the combination of 1) RTA with a
pointed, tusk-like dorsal branch, rather than a blunt edged dorsal branch
in Tegenaria ornit sp. nov., a robust and heavily sclerotized RTA, forming
a “tilde”-like shape in Tegenaria naasane sp. nov., and short blunt RTA in
T. schmalfussi. (Fig. 11), 2) conductor forms a hook-like shape, ends to a
short, beak-like shape, rather than a sickle-shaped, terminally pointed in
T. naasane sp. nov. and T. schmalfussi.

Females are similar to the species in the Israeli troglobitic Tegenaria
species complex s. lat. (except T. naasane sp. nov.) and to T. lazarovi and
T. ariadnae. Females can be distinguished from T. lazarovi and
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T. ariadnae by 1) broader shape of epigynal median plate rather than
anteriorly broad in T. ariadnae. 2) copulatory openings forming a
crescent-like slit shape, while they are straight and perpendicular to the
epigynal median plate in T. lazarovi and horizontaly opened in
T. ariadnae. Females differ from the other Israeli troglobitic species by
the following characters. 1) pale region of median plate before clearing,
forming a trapezoidal shape, longer than wide. 2) median plate forming
a semicircular or shovel-like shape after clearing, with prominent and
heavy sclerotized anterolateral sclerite.

Description

Male (holotype (HUJ - INVAr 20445)):

Coloration. Carapace posterior region pale brown, anterior elevated
region light brown. Abdomen pale yellow. Colulus inconspicuous.
Chelicerae light brown. Labium and Endites light brown. Sternum pale
with yellow margins. Legs pale brown, palp and proximal half femur I
brown, proximal half of femur II light brown. Chelicerae length 1.33,
retromargin teeth 5, promargin teeth 3. Carapace length 2.92, width
2.35. Abdomen: length 3.25, width 1.73. Total length 6.17. Sternum length
1.47, width 1.40. Clypeus length 0.23. Eye diameters and interdistances
AME ocelli are absent, diameter of the pigmented area is 0.03, ALE 0.04,
PLE 0.04, PME 0.02, ALE-PLE 0.12, PME-PME 0.22, PME-PLE 0.17,
PME-ALE 0.17. Appendages. Pedipalp: femur 1.97, patella 0.56, tibia
0.80, tarsus 1.40. Leg I: femur (fe) 4.88, patella (pa) 1.12, tibia (ti) 5.07,
metatarsus (mt) 5.2, tarsus (ta) 2.61. II: fe 4.4, pa 0.97, ti 4.16, mt 4.69,
ta 2.32. III: fe 3.96, pa 1.07, ti 3.35, mt 4.48, ta 1.81. IV: fe 4.92, pa 1.07,
ti 4.63, mt 6.03, ta 2.12. Relatively long hairs on ventral side of tarsi I-II.
Pedipalp. RTA with three sclerotized branches, Lateroventral ridge
present. Ventral branch flat and less prominent, semisclerotized,
continuing ventrally to a sclerotized lateroventral ridge. Dorsal branch
prominent, tusk-like, protruding and pointed dorsodistally. Lateral
branch smaller, protruding oppositely to dorsal branch. Embolus
moderately long and filiform. Originating at 90’clock position, distal
end at 20’clock position. Conductor hook-like, rounded distally. Distal
and retrolateral margins folded all along to the terminal end of
conductor. Terminal end pointed, short beak-like shape, folded gently at
the distal and proximal margins, forming a slender groove along the
folding. MA membranous, twisted distally, with distal sclerite somewhat
flattened.

Male variation (paratype (HUJ — INVAr 20442)):
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Fig. 22. Tegenaria yotami sp. nov., female paratype (HUJ - INVAr 20385). A. Carapace and chelicera, frontal view. B. Eyes region, frontal view (notice highly reduced
eyes, AME ocelli absent, only residual pigment present). C-D. Epigynum, ventral view, before (C) and after (D) clearing. E. Vulva, dorsal view. ALS, anterolateral
sclerite of median plate; CD, copulatory duct; CO, copulatory opening; FD, fertilization duct; LM, lateral margin of epigynum; R, receptaculum. Scale bars: B-

F 0.1 mm.

Coloration. Carapace posterior region pale yellow, anterior elevated
region yellowish to light brown. Abdomen pale yellow. Colulus incon-
spicuous. Chelicerae yellowish to light brown. Labium and Endites light
brown. Sternum pale with yellow margins. Legs pale brown, Coxa of leg I
yellow to light brown, femur of pedipalp light brown. Chelicerae length
1.33, retromargin teeth 6, promargin teeth 3. Carapace length 2.74,
width 2.18. Abdomen: length 3.42, width 2.28. Total length 6.16. Sternum
length 1.42, width 1.35. Clypeus length 0.20. Eye diameters and inter-
distances AME ocelli are absent, diameter of the pigmented area is 0.04,
ALE 0.06, PLE 0.05, PME 0.03, ALE-PLE 0.12, PME-PME 0.16, PME-PLE
0.20, PME-ALE 0.15. Appendages. Pedipalp: femur 1.84, patella 0.53,
tibia 0.75, tarsus 1.40. Leg I: femur (fe) 4.50, patella (pa) 0.80, tibia (ti)
4.44, metatarsus (mt) 4.68, tarsus (ta) 2.46. II: fe 3.64, pa 0.87, ti 4.06,
mt 4.16, ta 2.10. III: fe 3.42, pa 0.87, ti 3.62, mt 4.31, ta 1.81. IV: fe 3.94,
pa 0.97, ti 4.48, mt 5.61, ta 2.09. Long hairs on ventral side of tarsi I-II.
Other males show brown-reddish femur I-IL.

Female (paratypes)HUJ - INVAr 20358(,)HUJ - INVAr 20446():

Coloration. Carapace posterior region pale yellow, anterior elevated
region yellowish to light brown. Abdomen pale yellow. Colulus incon-
spicuous. Chelicerae light brown. Labium and Endites light brown. Ster-
num pale with light yellow margins. Legs yellowish, femur of pedipalp
light brown. Chelicerae length 1.76-1.96, retromargin teeth 5 or 6,
promargin teeth 3. Carapace length 2.02-4.07, width 1.42-2.81.
Abdomen: length 2.36-4.49, width 1.53-3.20. Total length 4.38-8.56.
Sternum length 1.52-1.76, width 1.43-1.66. Clypeus length 0.18-0.28.
Eye diameters and interdistances AME usually highly reduced or absent.
One female with one ocellus present 0.04, the other with pigmented area
only, ALE —0.05-0.06, PLE 0.05-0.06, PME 0.03-0.04, AME-ALE 0.16
when one ocellus present, ALE-PLE 0.14-0.18, PME-PME 0.22-0.24,
PME-AME 0.22 when one ocellus present, PME-PLE 0.26, PME-ALE
—0.24-0.25. Appendages. Pedipalp: femur 1.83-1.94, patella
0.58-0.65, tibia 1.07-1.18, tarsus 1.57-1.67. Leg I: femur (fe) 4.50-5.09,

24

patella (pa) 1.19-1.36, tibia (ti) 4.46-5.23, metatarsus (mt) 4.30-4.88,
tarsus (ta) 2.33-2.37. II: fe 3.80-4.74, pa 1.10-1.27, ti 3.81-4.6, mt
4.17-4.72, ta 2.03-2.19. III: fe 3.97-4.43, pa 1.10-1.15, ti 3.45-4.01, mt
4.30-4.66, ta 1.80. IV fe 4.70-5.42, pa 1.00-1.19, ti 4.64-5.18, mt
5.50-6.15, ta 2.12-2.26. Epigynum length 0.23-0.24, width 0.44-0.51.
Epigynum and vulva. Median plate before clearing, with median pale
region trapezoidal shaped, longer than wide. Anterolateral sclerite
heavily sclerotized, somewhat depressed, forming a semicircular or
shovel-like median plate, almost as wide as long. Lateral margin sclero-
tized, semicircular, forming a copulatory opening depression, covered
by the anterolateral sclerite of median plate. Posteriorly edging the
median plate. Vulva receptacles globular and sclerotized, surrounded
retrolaterally by semisclerotized copulatory ducts, fertilization ducts
represented by small, leaf-like appendages.

Remarks and general variation

All specimens show highly reduced eyes. AME usually absent with
residual red pigment. PME sometimes reduced to a slit-like shape. Eyes
encircled by fine red pigment.

Distribution and natural history

Known only from the type locality. Te’omim cave, an isolated karst
cave, located in the western slope of the Judean mountains, is an
hypogenic cave, formed below the water table in dolomitic limestone of
the Cenomanian (late Cretaceous) in Weradim Formation (Frumkin
et al., 2014; Frumkin and Fischhendler, 2005). Similar caves in similar
geological context are Soreq cave (see hereafter) and Shimshon cave
(not visited), located 3.5-4.2 north of Te’omim cave (Zissu et al.,
2011a). The cave entrance was exposed probably during the end of
Pleistocene, but it is likely that cracks and crevices were used by ar-
thropods to enter the cave long before. The cave comprises a large hall
(approximately 50 x 70 m) and a narrow side section, the large hall is
dominantly inhabited by the frugivorous bat Rousettus aegyptiacus,
which its guano deposition covers the cave floor. Tegenaria yaaranford
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Fig. A1. Maximum likelihood inference of reduced eyes (blue dots) and eyeless (black dots) Tegenaria present at the deep sections of the caves and eye-bearing
Tegenaria present at cave entrance (red dots), based on SNP dataset (untrimmed data). Numbers at nodes represent 1000 bootstrap support. Black squares indi-

cate fully supported clades.

sp. nov. spiders were found at the twilight and dark zone of the cave,
with an observation of preying on a moderately large fly, and egg sac
kept at the middle of the sub-horizontal sheet-web, rather than the
hanged ceiling egg sacs of the sympatric Tegenaria pagana found at the
entrance and twilight zone.

Tegenaria yotami sp. nov. Gavish-Regev & Aharon.

LSID:urn:Isid:zoobank.org:act:E39F27C5-BAEA-429E-BBCF-
835532A2C413.

(Fig. 22).

Type material

Holotype. ISRAEL. Judean mountains: Soreq cave, 405 m a.s.l.,
(31.7560°N, 35.0227°E), Y. Regev, J.A. Ballesteros, G. Gainett, P.P.
Sharma, S. Aharon, E. Gavish-Regev leg., 30/XII1/2018, in 96 % ethanol,
Q (HUJ - INVAr 20393).

Paratype. ISRAEL. Judean mountains: Same data as holotype, in
96 % ethanol, 19 (HUJ - INVAr 20385).

Other material examined:

ISRAEL. Judean mountains: Same data as holotype, in 96 %
ethanol, 19 (HUJ - INVAr 20416), 19, 1 juvenile (HUJ - INVAr 20394).

Etymology

The species is dedicated to Yotam Regev, the husband of the paper’s
last author (E.G.-R.), who has collected the holotype specimen, and
supports E.G-R. arachnological research.

Diagnosis

Females of Tegenaria yotami sp. nov. are similar to the other species
in the Israeli troglobitic Tegenaria species complex s. lat. (except
T. naasane sp. nov.) and to T. lazarovi and T. ariadnae. Females can be
distinguished from T. lazarovi and T. ariadnae by 1) broader shape of
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epigynal median plate rather than anteriorly broad in T. ariadnae. 2)
copulatory openings forming a crescent-like slit shape, somewhat
covered by the anterolateral sclerite and laterolateral margins of the
median plate, while they are straight and perpendicular to the epigynal
median plate in T. lazarovi and horizontaly opened in T. ariadnae. Fe-
males differ from the other Israeli troglobitic species by the combination
of 1) pale region of median plate before clearing, forming a trapezoidal
shape, longer than wide as in Tegenaria yaaranford sp. nov. but with
more elongated and narrower lateral margins, longer than wide. 2)
median plate forming a rectangular shape after clearing, wider than
long. With anterolateral sclerite somewhat covered by semi translucent
layer of the lateral margin. No males have been found yet.

Description

Female (holotype (HUJ - INVAr 20393)):

Coloration. Carapace pale yellow with yellowish to light brown in
anterior elevated region. Abdomen pale yellow. Colulus inconspicuous.
Chelicerae light brown. Labium and Endites light brown. Sternum
yellowish with light brown margins. Legs pale to light yellow, femur of
pedipalp light brown. Chelicerae length 1.71, retromargin teeth 5, pro-
margin teeth 3. Carapace length 3.08, width 2.38. Abdomen: length 3.78,
width 2.84. Total length 6.86. Sternum length 1.61, width 1.37. Clypeus
length 0.36. Eye diameters and interdistances AME ocelli are absent, only
some red pigmented spot, ALE 0.05, PLE 0.06, PME 0.04, ALE-PLE 0.12,
PME-PME 0.26, PME-PLE 0.21, PME-ALE 0.21. Appendages. Pedipalp:
femur 1.70, patella 0.58, tibia 1.02, tarsus 1.48. Leg I: femur (fe) 4.85,
patella (pa) 1.36, tibia (ti) 4.98, metatarsus (mt) 4.99, tarsus (ta) 2.45. II:
fe 4.20, pa 1.22, ti 3.98, mt 3.85, ta 1.82. III: fe 3.81, pa 0.94, ti 3.61, mt
4.20, ta 1.81. IV: fe 4.63, pa 1.19, ti 4.68, mt 6.18, ta 2.15. Epigynum
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length 0.24, width 0.40. Epigynum and vulva. Median plate before
clearing, with median pale region trapezoidal shaped, wider posteriorly.
After clearing, median plate forming rectangular shape with antero-
lateral sclerites. Lateral margin sclerotized, ear-like shaped, longer than
wide. Semicircular region anteriorly, with semi translucent layer
somewhat covering the edge of the anterolateral sclerite and the copu-
latory opening. Posteriorly somewhat covering in a thin sclerite layer
the posteromargins of the median plate. Vulva receptacles globular and
sclerotized, slightly pointed anteriorly, copulatory ducts not prominent,
fertilization ducts represented by small, leaf-like appendages.

Female (paratype (HUJ - INVAr 20385), (HUJ - INVAr 20394),
(HUJ - INVAr 20416)):

Coloration. Carapace pale yellow with yellowish to light brown in
anterior elevated region. Abdomen pale yellow. Colulus inconspicuous.
Chelicerae yellowish to light brown. Labium and Endites light brown.
Sternum yellowish with light brown margins. Legs pale to light yellow,
femur of pedipalp light brown. Chelicerae length 1.2-1.59, retromargin
teeth 5, promargin teeth 3. Carapace length 2.34-3.05, width 1.73-2.42.
Abdomen: length 2.53-2.96, width 1.73-2.26. Total length 4.87-6.06.
Sternum length 1.10-1.55, width 1.08-1.49. Clypeus length 0.17-0.27.
Eye diameters and interdistances AME ocelli are absent, only some red
pigmented spot, ALE 0.02-0.05, PLE 0.01-0.06, PME 0.02-0.03, ALE-
PLE 0.08-0.17, PME-PME 0.16-0.21, PME-PLE 0.15-0.21, PME-ALE
0.13-0.19. Appendages. Pedipalp: femur 1.2-1.57, patella 0.42-0.59,
tibia 0.82-1.10, tarsus 1.02-1.51. Leg I: femur (fe) 3.08-4.08, patella
(pa) 0.87-1.08, tibia (ti) 3.15-4.46, metatarsus (mt) 3.19-4.51, tarsus
(ta) 1.83-2.36. II: fe 2.66-3.68, pa 0.85-1.16, ti 2.40-3.79, mt
2.81-4.23, ta 1.32-2.00. III: fe 2.66-3.66, pa 0.68-1.12, ti 2.37-3.20, mt
2.77-3.88, ta 1.35-1.78. IV: fe 3.32-4.09, pa 0.83-1.05, ti 3.28-4.54, mt
3.98-5.70, ta 1.59-2.21. Epigynum length 0.16-0.23, width 0.35-0.40.

Remarks and general variation

All specimens with highly reduced eyes, some with extremely
reduced to barely noticed ocelli. AME usually absent, with residual fine
pigment. No pigmentation around ocelli.

Distribution and natural history

Known only from the type locality. Tegenaria yotami sp. nov. is a
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troglobitic spider, with highly reduced eyes, lacking the anterior median
eyes. The spiders are inhabiting the dark and isolated Soreq cave,
located in the western slope of the Judean mountains, and formed at the
dolomitic limestone of the Cenomanian (late Cretaceous) in Weradim
Formation. The cave comprises a large hall (approximately 60 x 80 m),
rich in stalactites, stalagmites and ponds, discovered in 1968 while
quiring using explosives. Today, Soreq cave is open to tourists although
the nature reserve authorities are doing effort to close the cave tightly
between visits. The cave is important for valuable paleoclimate data
inferred by Bar-Matthews (Bar-Matthews et al., 1999) and others,
analyzing the stable isotopes deposition in speleothems. (see Fig. Al,
Fig. A2.)
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