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Phylogenetic placement of the enigmatic
genus Labullinyphia vAN HELSDINGEN, 1985,
with redescription of Labullinyphia tersa
(SiImoN, 1894) from Sri Lanka (Araneae:
Linyphiidae)

Suresh P. Benjamin & Gustavo Hormiga

ABSTRACT Contrib. Nat. Hist. 12: 161-181.
The endemic Sri Lankan spider genus Labullinyphia vaAN HELSDINGEN, 1985 (Linyphii-
dae) is revised and the male of Labullinyphia tersa (Simon, 1894) is described for
the first time. We provide a detailed description of the genital and somatic morph-
ology of both sexes of L. tersa. Based on a cladistic analysis of morphological data
we hypothesize that Labullinyphia is a member of the subfamily Erigoninae. L. tersa
is found in the highly fragmented rain forests of Sri Lanka's central highlands.

Introduction

Sri Lanka is considered to be part of the ancient Deccan Plate and is separated
from the Indian mainland by a shallow ocean strip called the Palk Strait. Never-
theless, Sri Lanka possesses a diverse, highly endemic spider fauna, unusual
for an island of its size (Benjamin 2000; Benjamin & Jocqué 2000; Benjamin
2001; Benjamin 2004; Huber & Benjamin 2005). Sri Lanka's endemic species
are concentrated mostly in the small remnants of rain forest, in the southwest,
and in the central highlands. Unfortunately, the lack of detailed faunistic and
taxonomic studies hinders our understanding of these patterns of endemism.
Here we provide a description of an endemic linyphiid species from Sri Lan-
ka's central highlands. This study is part of an ongoing island-wide survey of
spider diversity.

Labullinyphia vaN HELSDINGEN, 1985 is a spider genus of enigmatic phylo-
genetic position within Linyphiidae. Labullinyphia tersa (Simon, 1894) was
first described based on a small series of adult females. Simon (1894: 691)
placed it within the genus Linyphia, perhaps influenced by its general somatic
appearance, although he pointed out that the tibial spination pattern was like
that of Erigone (it is very unlikely that Simon studied the remarkable internal
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epigynal morphology of this species, although some of the copulatory duct
coils can be seen through the cuticle). Van Helsdingen (1985) studied the
syntype series of L. tersa (consisting of seven adult females and one subadult
male) and concluded that the species was misplaced in Linyphia, erecting
then the new genus Labullinyphia to accommodate this single species. Like
Simon, van Helsdingen noted the presence of a single retrodorsal spine in
tibia Ill and 1V, a character typically found in many erigonine taxa, but argued
against the placement of Labullinyphia in Erigoninae on the basis of its com-
plex double-coiled epigynal morphology which, he pointed out, was reminis-
cent of the epigyna of Labulla, Microlinyphia and Frontinellina, and unknown
in its complexity to him in any erigonine. To van Helsdingen (1985: 16), the
epigynal morphology of Labullinyphia tersa suggested that the male of this
species should have a "long and slender" embolus. He also predicted: "the
availability of the male would greatly help to establish relationships".

We have been able to study several male and female specimens of Labulli-
nyphia tersa, including some specimens recently collected by the first author.
Detailed study of these specimens, particularly of the previously undescribed
male, has helped to resolve the phylogenetic placement of this interesting
species.

Material and Methods

Morphological methods are described in detail in Hormiga (2000; 2002).
The taxonomic descriptions follow the format of Hormiga (2002). Specimens
were examined and illustrated using a Leica MZ16A and a MZAPO stereo-
scopic microscope, with a camera lucida. Further details were studied using
a Leica DMRM compound microscope with a drawing tube. Digital micro-
scope images were recorded using a Nikon DXM1200F camera attached to a
Leica MZ16A stereoscope and edited using the software package Auto-Mon-
tage®. A LEO 1430VP scanning electron microscope was also used to study
and document morphological features. Left structures (palps, legs, etc.) are
depicted unless otherwise stated. Most hairs and macrosetae are usually not
depicted in the final palp and epigynum drawings. All morphological meas-
urements are given in millimeters. Somatic morphology measurements were
taken using a scale reticule in the dissecting microscope. Eye diameters are
taken from the span of the lens. The cephalothorax length and height were
measured in lateral view and its width was taken at the widest point. Similarly,
the abdomen length was measured in lateral view and the width at the wid-
est point as seen from a dorsal view. The measurements of the abdomen are
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only approximations, because the abdomen size changes more easily in pre-
served specimens than do other more sclerotized parts (e.g. the chelicerae).
The total length was measured in lateral view and is also an approximation,
because it involves the size of the abdomen and its relative position. Approxi-
mate leg article lengths were measured in lateral view, without detaching the
legs from the animal, by positioning the article being measured perpendicu-
larly. The position of the metatarsal trichobothrium is expressed as in Denis
(1949). Female genitalia were excised using surgical blades or sharpened
needles. The specimen was then transferred to methyl salicylate (Holm 1979)
for examination under the microscope, temporarily mounted as described in
Grandjean (1949) and Coddington (1983). Male palps examined with the SEM
were first excised and transferred to a vial with 70% ethanol and then cleaned
ultrasonically for 1-3 min. The specimen was then transferred to absolute etha-
nol and left overnight. After critical point drying, the specimens were glued to
rounded aluminum rivets using an acetone solution of polyvinyl resin (Para-
loid B72) and then Au/Pd coated for examination in the SEM. For examina-
tion of the tracheal system the non-chitinous abdominal tissue was digested
with SIGMA Pancreatin LP 1750 enzyme complex (Alvarez-Padilla & Hormiga,
2008), in a solution of sodium borate prepared following methods described
in Dingerkus & Uhler (1977). The specimen was then stained using chlorazol
black, immersed in distilled water and studied using transmitted light.

The following anatomical abbreviations are used in the text and figures;
institutional abbreviations used in the text are given in the acknowledgements
section.

Male palp:

CL column

DSA distal suprategular apophysis
E embolus

MSA marginal suprategular apophysis
P paracymbium

PT protegulum

R radix

1 | suprategulum

ST subtegulum

T tegulum

Epigynum:

CD copulatory duct
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FD fertilization duct

S spermatheca
TP turning point of copulatory duct
Cladistic analysis

Character Matrix

Taxa: We used a character-matrix cladistic approach to test the subfamilial
placement of Labullinyphia within Linyphiidae. Van Helsdingen (1985) had
hypothesized, at least implicitly, that Labullinyphia could be close to Labulla,
Microlinyphia or Frontinellina (based in the shared similarities of the female
genitalic morphology). A recent cladistic study on the phylogenetic placement
of Labulla (Hormiga & Scharff 2005) provides a starting point for the search
of the closest relative of Labullinyphia. Thus, we have used the character
matrix of Hormiga & Scharff (2005) as it includes representative species of
the genera Labulla and Microlinyphia, it also covers a sample of taxa of the
most widely accepted linyphiid subfamilies (Stemonyphantinae, Mynogleni-
nae, Erigoninae, Linyphiinae), as well as several araneoid outgroups. A cursory
examination of the male palp of Labullinyphia tersa suggests that this species
could very well be a member of the Erigoninae (e.g., it has a protegulum and
a retrolateral tibial apophysis). Consequently, we have added Leptorhoptrum
robustum (WESTRING, 1851) to the character matrix (for a total of three erigo-
nine species) because of its basal cladistic placement within Erigonine (Miller
& Hormiga 2004). Our character matrix includes 19 linyphiid species (in 16
genera), and attempts to represent morphological diversity at the subfamilial
level. Outgroup taxa outside Linyphiidae include Pimoidae (represented by
five species in two genera) and representatives of three araneoid families
(Tetragnathidae, Theridiosomatidae and Theridiidae). The precise phylogenetic
placement of Labullinyphia within Erigoninae (the largest subfamily within
the Linyphiidae) or the relationships among the main linyphiid lineages are
beyond the modest scope of this study.
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Fig. 1. Labullinyphia tersa from Agrabopath (A-D, F) and Hakgala (E). — A: male, dorsal; - B: same,
lateral; — C: female, dorsal; - D, E: epigynum, ventral; - F: male leg |, lateral.
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Characters

We have used the 78 characters of the matrix of Hormiga & Scharff (2005).
To those we have added two (characters 79 and 80) because they have been
shown to be important for erigonine systematics.

Character 79 describes the presence (state 1) of epiandrous fusules. Most
adult araneoid males have these fusules (which they use to spin their sperm
web), but they are absent in the Erigoninae. The loss of the epiandrous fusules
supports the monophyly of Erigoninae (Hormiga 2003; Hormiga & Scharff
2005; Miller & Hormiga 2004). In our matrix all taxa are scored as having the
fusules (state 1), with exception of Erigone, Ostearius, Leptorhoptrum and
Labullinyphia, which lack them. This character remains unstudied in the fol-
lowing species in our character matrix (which have been coded as '?"'): Pimoa
rupicola (SimoN, 1884), Pimoa lihengae GRiswoLD, LONG & HORMIGA, 1999
and Pecado impudicus (DENIS, 1945).

Character 80 describes the presence (state 1) of the protegulum. The pro-
tegulum (Holm 1979; Hormiga 2002; Miller & Hormiga 2004) is a membranous,
often sac-like, protuberance of the ectoapical part of the tegulum. Its func-
tion remains unknown. The protegulum is present in most, but not all, erigo-
nine spiders. In our sample all taxa have been coded as lacking a protegulum
(state 0) with the exception of Erigone, Ostearius, and Labullinyphia (which
have been coded as '1'; Fig. 5E). A total of 80 characters were scored for 28
taxa (see Appendix 1). A total of four characters are parsimony uninformative
in this taxonomic context, but were kept in the analysis because they are
potentially useful to reconstruct 'linyphioid' relationships.

Analysis

The parsimony analyses were performed using the computer program TNT
version 1.1 (Goloboff et al., 2003). WinClada version 1.00.08 (Nixon 1999)
and Mesquite version 1.12 (Maddison & Maddison 2006) were used to study
character optimizations on the cladograms and to build and edit the character
matrix, respectively. Ambiguous character optimizations were resolved so as
to favor reversal or secondary loss over convergence (Farris optimization or
ACCTRAN). The 15 multistate characters were treated as non-additive (unor-
dered or Fitch minimum mutation model; (Fitch 1971)). TNT was used to cal-
culate Bremer support indices (Bremer 1988; Bremer 1994) holding 50,000
trees to search for suboptimal trees up to five steps longer. Successive char-
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Fig. 2. Labullinyphia tersa from Agrabopath, male palp. - A: ectal; - B: mesoventral; — C: tibial apophy-
sis, dorsal. Scale bars = 0.1 mm.

acter weighting was implemented in NONA version 2.0 (Goloboff 1993) with
the macro 'swt.run' (which uses the consistency index as a weighting function).
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Fig. 3. Labullinyphia
tersa from Agrabopath,
male palp partially
expanded (distal part of
embolus not rendered).
Scale bar = 0.1 mm.

Results

Systematics

Linyphiidae Blackwall, 1895
Labullinyphia vAN HELSDINGEN, 1985

Type species: Linyphia tersa SimoN, 1894 (by monotypy)
Diagnosis: See species section below.

Description: See species section below.

Composition: One species, Labullinyphia tersa (Simon, 1894).
Distribution: Sri Lanka.
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Fig. 4. Labullinyphia
tersa from Agrabopath,
cleared epigynum.

—A: ventral;

- B: dorsal (right side
not depicted).

Scale bars = 0.1 mm.

Labullinyphia tersa (Simon, 1894) (Figs. 1-9)

Linyphia tersa; Simon (1894): 691. Type: one female lectotype and 11 other
females from the type-series, all from Sri Lanka (deposited at MNHN; exam-
ined).

Labullinyphia tersa; van Helsdingen (1985): 16. Millidge (1993): 146.
Diagnosis: Males can be distinguished from other erigonine species by the
following combination of characters: protegulum consisting of a long scler-
otized stalk with a distal membranous region (Figs. 2A, 5E); absence of
embolic membrane; embolus very long and filiform, coiling about two and a
half times into concentric spiral turns in the apical region of the palp before
continuing to curve out of plane (Figs. 2A-B, 5D-E); femur | with a thickened
basal region provided with large macrosetae (Figs. 1F, 7F); and metatarsus |
sinuous, with a dorsal row of large macrosetae of diminishing length (Fig. 1F).
Females can be distinguished from other erigonine species by the long spirally
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Fig. 5. Labullinyphia tersa, palp of male from Agrabopath. — A, B, C: ventral; — D, E: ectal, view; — F:
apical; — G: tarsal organ, apical; - H: dorsoectal; - I: tibial apophysis, dorsal. Arrow in A and E, radix.

coiled copulatory ducts with an anterior turning point and the lateral globular
spermathecae (Fig. 4). Both sexes lack cheliceral stridulatory striae (however,
note the fine scaling; Fig. 7D, E, I).

Male (from Hakgala Botanical Gardens): Total length, 2.48. Cephalothorax
1.24 long, 0.93 wide. Sternum 0.65 long, 0.45 wide. Abdomen 1.24 long, 0.93
wide. Cephalothorax and chelicerae pale yellowish brown, with dark markings
as in Figs. 1A-B. The dark markings extend from cephalic area to posterior rim
of cephalothorax. Black pigmentation around all eyes. Sternum dark greyish
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Fig. 6. Labullinyphia tersa, palp of male from Hakgala. — A: ventral; - B: ectal; — C: mesal; — D: tibial
apophysis, ectal; — E: paracymbium, ectal; - F: protegulum, mesal.

brown. Legs yellowish brown, legs | and Il darker than the rest. Abdomen light
grey, anteriorly with three pairs of dorsal spots and posteriorly with black
chevron-like pattern (Fig. 1A). Cephalothorax pear-shaped. AME diameter 0.07.
Cephalic region raised posterior of the PMEs, with a row of macrosetae. Cara-
pace fovea absent. Clypeus height two times one AME diameter. Chelicerae
with five large equally spaced promarginal teeth and four smaller retromar-
ginal teeth; stridulatory striae absent. Femur | 1.56 long, 1.26 times the length
of cephalothorax, with a thickened basal region provided with large macrose-
tae, particularly on the ventral part. Metatarsus | sinuous, with a dorsal row of
large macrosetae of diminishing length. Trichobothrium in metatarsus | absent
in male.

Pedipalp as in Figures 2-3. Pedipalpal tibia with a retrolateral apophysis
with a small mesal process curved anteriorly; one prolateral and two retro-
lateral trichobothria. Paracymbium with a broad distal arm, knob-shaped api-
cally. Protegulum anteriorly directed, consisting of a long sclerotized stalk
with a distal membranous region. Suprategulum with a pointed marginal
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Fig. 7. Male (A-F) and female (G-1) Labullinyphia tersa from Agrabopath. — A: prosoma, anterior; —
B: same, dorsal; — C: PME and carapace macrosetae, dorsal; - D, E: chelicerae, lateral; - F: femur of
left leg I, ventral; — G: prosoma, anterior; — H: same, dorsal; - I: chelicerae, lateral.

suprategular apophysis and a large membranous distal apophysis. Column
without embolic membrane. Radix small and spirally shaped, with a very long
and filiform embolus that coils about two and a half times into concentric
spiral turns in the apical region of the palp before continuing to curve out of
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Fig. 8. Labullinyphia tersa, female from Agrabopath. — A: epigynum, ventral; — B, same, caudal; - C,
D: ALS;-E: PMS; -F: PLS.

plane. Embolus provided with a membranous margin along its full length that
includes the sperm duct. Apical region of the cymbium with about 8-10 very
long setae, arranged in a row along the margin, whose distal ends converge
on the apical region of the embolic division (Fig. 5A, F). Spinnerets as in Figs.
9B-E; PLS with two aggregate and one flagelliform gland spigot. Epiandrous
fusules absent (Fig.9A).

Female (same locality and date as male): Total length 2.54. Cephalothorax

1.25 long, 0.5 wide. Sternum as long as wide (0.62). Abdomen 1.75 long, 0.53
wide. Cephalothorax and chelicerae pale yellowish brown, with dark markings
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Fig. 9. Male (A-E) and female (F) Labullinyphia tersa, male from Agrabopath. — A: epiandrium, ven-
tral; — B: spinnerets, caudal; — C: PLS; — D: ALS; — E: PMS; — F: left palpal tarsus.

as in Fig. 1C. Dark coloration extending from cephalic area to posterior rim
of carapace. Black rings around all eyes. Sternum dark greyish brown. Legs
yellowish brown, with dark rings (annulations). Abdomen light yellow, with a
pattern like that of the male (Fig. 1C). Cephalothorax pear-shaped. AME diam-
eter 0.04. Carapace fovea absent. Clypeus height 3.75 times one AME diam-
eter. Chelicerae with five large, equally spaced, promarginal teeth and four/
five smaller retromarginal teeth. Cheliceral stridulatory striae absent. Femur |
1.7 long, 0.73 times the length of cephalothorax. Trichobothrium in meta-
tarsus | 0.5. Pedipalp tarsal claw absent (Fig. 9F). Epigynum and vulva as in
Figs. 1 D—E, 4 A-B, 8 A-B. Posteroventral epigynal plate with a central socket,
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with long spirally coiled copulatory ducts with an anterior turning point and lat-
eral globular spermathecae. Fertilization ducts mesally oriented and converg-
ing towards the mid point. Spinnerets as in Figs. 8C—F. Tracheal system (one
female dissected): Desmitracheate, with an atrium served by two unbranched
lateral trunks, restricted to the abdomen, and a pair of wider median trunks
that about half way towards the pedicel branch into numerous tracheoles
(without taenidia) that go into the prosoma, reaching into all the appendages
and the eyes.

Variation: Male cephalothorax ranges in length from 1.2 to 1.3 (n=4).
Female cephalothorax ranges in length from 1.4 to 1.6 (n=3). Male total
length ranges from 2.5 to 2.9 (n=4). Female total length ranges from 3.1 to 3.7
(n=3).

Natural history: Most of the specimens were collected by beating forest
vegetation up to a height of about 2 m.

Distribution: Endemic to the central highlands of Sri Lanka.

Additional material examined: Sri Lanka, Central province: Agrapathana,
Agrbopath forest reserve, 07.-08. Ill. 2000, leg. S. Nanayakara, beating vegeta-
tion; 2 ¢ (MHNG); June 2003, leg. Suresh P. Benjamin, beating vegetation; 4 2,
2 & (MHNG). Horton Plains National Park, 2100 m, 9. Ill. 2000, leg. Suresh P.
Benjamin, 1 © (MHNG). Hakgala, Hakgala Forest Reserve, 27. VII. 1996, leg.
Suresh P. Benjamin; 1 & (MHNG). Hakgala, Hakgala Botanical Gardens, 250 ft,
6.—8. X. 1976, leg. G. F. Hevel, R. F. Dietz IV, S. Karunaratne, D. W. Balasooriya;
14,19 (USNM).

Cladistic analysis

TNT, using the collapsing rule ‘min. length = 0,' found four most parsimonious
cladograms of 184 steps (Cl = 0.55, 0.54 after exclusion of uninformative
characters; Rl = 0.75). The strict consensus cladogram (Fig. 10), as calculated
in TNT, is like that of Hormiga & Scharff (2005: fig. 24) except for the erigo-
nine clade, which now includes Leptorhoptrum as sister to a clade with the
other two erigonines in the analysis plus Labullinyphia. In all four most par-
simonious cladograms the erigonines are monophyletic and include Labulli-
nyphia as sister to Erigone. The successive character weighting analysis stabil-
izes at the second iteration, resulting in two most parsimonious cladograms
(184 steps long under equal weights) whose strict consensus is like that of
the four optimal cladograms under equal weights except for collapsing the
position of Pityohyphantes (as in Hormiga & Scharff (2005: fig. 24) and fully
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Tetragnatha versicolor

Theridiosoma gemmosum

Pimoa lihengae

Pimoa altioculata

Pimoa rupicola

Pimoa breuili

Stemonyphantes blauveltae

Haplinis diloris

MYNOGLENINAE

Novafroneta vulgaris

Leptorhoptrum robustum

Ostearius melanopygius

ERIGONINAE

Erigone psychrophila

Labullinyphia tersa

Pityohyphantes costatus

Microlinyphia dana

Linyphia triangularis
Neriene variabilis
Neriene radiata
Bolyphantes luteolus
Tenuiphantes tenuis
Labulla thoracica

Labulla flahaulti

Steatoda grossa
4T Weintrauboa contortipes
711 Weintrauboa chikunii
PIMOIDAE 3
1 42 2
36
30 4
71
1
33
2
"LINYPHIOIDS" 30 1]
1 30
25
2
33| o
331 1
3 30
LINYPHIDAE 42
Pecado impudicus
Orsonwelles polites
1
1 36
33 -
25 2]
44
4
71|
1
25
D)
83

Labulla machadoi

Fig. 10. Strict consensus cladogram (L= 187, CI=0.54, RI=0.74) of the four most parsimonious trees
found by TNT when analyzing the data matrix presented in Appendix 1. Numbers above and below
branches denote Bremer and Relative Bremer Support values (see text for details).

resolving the relationships of the three species of Labulla (with L. thoracica
sister to L. flahaulti plus L. machadoi). One of the four most parsimonious
cladograms resulting from equal weights was arbitrarily chosen to map char-

acter transformations (Fig. 11).
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Fig. 11. One of the four minimal length trees of 184 steps that result from the analysis of the data
matrix presented in Appendix 1 (Cl = 0.55, Rl = 0.75) (see text for details). Ambiguous character
changes are resolved under "ACCTRAN optimization." Closed circles represent non-homoplasious
character changes. The nodes that collapse in the strict consensus cladogram of the four most parsi-
monious cladograms (Fig. 10) are marked with a closed square.

Discussion

The morphology of Labullinyphia tersa provides robust support for its place-
ment within the subfamily Erigoninae. Some of these characters include:
absence of epiandrous fusules, retention of araneoid PLS triplet in the adult
male, absence of the female pedipalpal claw, tibia Ill and IV with a single

dorsal spine, desmitracheate system,

and the retrolateral tibial apophysis

and the protegulum of the male palp. Modifications of the first leg in males
is a very rare trait in the Linyphiidae, although it is found in some species of
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pimoids (Hormiga 1994; Hormiga 2003). While searching for the closest rela-
tives of Labullinyphia is beyond the scope of this paper, we should point out
that there are a number of similarities in the details of both the male and
female genitalic morphology of L. tersa and Emenista bisinuosa SiImoN, 1894.
The latter erigonine species was redescribed by van Helsdingen (1985) based
on the original material from Kodaikanal, India (Tamil Nadu state) studied by
Simon. The internal morphology of the epigynum of E. bisinuosa (van Helsdin-
gen 1985: figs. 26-27) is remarkably similar to that of L. tersa: a socket in the
posterior epigynal plate, spirally-coiled copulatory ducts with a turning point
(however, with fewer turns), a final loop into spherical and laterally placed
spermathecae, and fertilization ducts converging towards the mid point. The
male has a retrolateral tibial apophysis similar to that of L. tersa (Figs. 2C,
51), including a small sclerotized mesal process (van Helsdingen 1985: figs.
28-29). The embolus of E. bisinuosa is also filiform and coiled and the pro-
tegulum has a long basal stalk. The nature of the long sheath-like membrane
is unclear but it could possibly be the homolog of the distal suprategular apo-
physis, which is also membranous in L. tersa (Fig. 2A).
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