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Summary

Three new spider forms are described. The subterranean forms of Lepthyphantes improbulus Simon,
1929, and of Theonoe minutissima (O. P.-Cambridge, 1879) are characterized by leg elongation
(troglomorphism); the subterranean form of Theridion bellicosum Simon, 1873, is characterized by
leg shortening (edaphomorphism). All three forms occur within scree accumulations or in shallow
cave spaces. They represent indicators of the first steps of underground evolution of spiders which
take place on microclimatic gradients in shallow underground spaces.

Introduction

Steep microclimatic gradients exist between
the surface and the inner spaces in scree accu-
mulations. The temperature at the scree surface
fluctuates appreciably during the day and during
the year, whilst the sheltered inner spaces at
depths below 1 m exhibit no daily fluctuations,
and yearly fluctuations are about half those at
the surface (RizZicka er al., 1995; Molenda,
1996). The temperature range narrows in deeper
scree layers and in subsurface rock fissures
(shallow underground spaces). The temperature
stabilizes to an average temperature for the
respective region in deep underground spaces
(caves which are accessible to man). Humidity
exhibits a similar stabilizing trend. The adapta-
tion of invertebrates to underground conditions
takes place on this microclimatic gradient.
Depigmentation, desclerotization, eye reduc-
tion, elongation of extremities and hypertrophy
of sensory organs represent characteristic
expressions of this process (Christiansen, 1992).
Subterranean forms can be connected with sur-
face ones by a continuous series of transition
forms; specimens of Porrhomma egeria have
fully pigmented eyes in the surroundings of
mountain snow fields, reduced eyes in boulder
accumulations, and exhibit various degrees of
eye loss in caves (Miller & Kratochvil, 1940;
Sanocka, 1982). Two forms have been

recognized morphologically, related to ecologi-
cal differentiation: Bathyphantes simillimus
buchari R7Zic¢ka, 1988, living within scree
accumulations, has significantly longer legs in
comparison with B. s. simillimus (L. Koch,
1879), living among sandstone rocks (RuiZicka,
1988b).

Here, I compare the length of leg segments
and other morphological features of surface and
subterranean populations of three species.

Lepthyphantes improbulus Simon, 1929
Material

Subterranean form: 173, south Moravia,
Podyji (Thayatal) National Park, Vranov nad
Dyji, Ledové Sluje (Ice Caves) locality,
pseudokarst caves and block debris, desk pitfall
traps, collected 1992-1994 (RiZicka, 1996b).
Other FF and @9 from boulder debris in Podyji
National Park and from other localities in the
Czech Republic and Austria (RiZicka, 1996a).

Diagnosis and comments

The specimens from shallow underground
spaces in Central Europe differ from type speci-
men from the Pyrenees in their smaller bodies
and relatively longer legs (Fig. 1); they represent
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the subterranean form. The males and females of
this form are identical in their genitalia with
those described by Moritz (1972). The subter-
ranean form occurs in Central and Southern
Europe in shallow undergound spaces—inner
spaces of stony debris (Thaler, 1986b; RiZicka,
1996a), pseudokarst caves (RuiZicka, 1996b),
cave entrances (Kratochvil & Miller, 1939),
shallow caves in sulphate karst (Moritz, 1972),
under rocks and in rock fissures (Miller &
Svaton, 1978). However, in the case of other
material from the Pyrenees it is not known
whether the subterranean forms are connected
with the surface ones, with transitional forms, or
if these two forms are morphologically and eco-
logically separated.

Theonoe minutissima (O. P.-Cambridge, 1879)
Material

Subterranean form: 133, 99, from scree
slopes in the Czech Republic (see RiZicka,
1988a; RiizZicka et al., 1989; RiZicka & Hajer,
1996).

Typical form for comparison: 103, 109, North
Moravia, Jeseniky Mts, Rejviz peat bog, leg.
P. Kasal; 1J, North Bohemia, peat bog at the
Biehyné€ pond, 7 October 1993, leg. A. Kiirka;
19, Finland, Koli, peat bog, 21 September 1961;
1Q, Finland, Tvéarminne, swamp spruce forest,
22 August 1964, leg. P. Palmgren; 45, Norway,
Hovdane and Scelelid, pine forest, 23 April-21
May 1992, leg. G. A. Helversen.

Diagnosis and comments

The subterranean form differs from the typical
form in having relatively longer legs; Ta I is not
shorter than 0.29 mm at the same cephalothorax
width (0.40-0.44 mm) (Fig. 1). RiZicka &
Hajer (1996) pointed to the diplostenoecy in this
species. The subterranean form occurs within
scree accumulations, whilst the typical form
occurs in peat bogs in Central Europe and in
peat bogs and in the moss of swamp forests in
Northern Europe .
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Theridion bellicosum Simon, 1873
Material

Subterranean form: 29, North Bohemia,
Lovosice, Lovos Mt, basalt scree slope, desk pit-
fall trap, May—August 1980 (RuizZicka, 1989);
23, 69, Montenegro, Durmitor, individual sam-
pling, 7-9 July 1985 (RiZicka, 1992).

Typical form for comparison: 54Q and an
adequate number of @F from throughout the
Czech Republic (RiZicka, 1989).

Diagnosis and comments

The depigmentation and smaller body size of
specimens from the inner spaces of scree slopes
was described by RiZicka (1989). In compari-
son with the typical form, the subterranean form
exhibits relatively shorter legs and the absence
of dark pigment. Mt I of the subterranean form
in not longer than 1 mm (Fig. 1). The typical
pigmented form occurs in Central Europe in
scree slopes and in other stony habitats at higher
altitudes. The subterranean form was found
within scree accumulations in North Bohemia,
in the warmest territory of the Czech Republic,
and in mountain scree slopes on Durmitor.
All specimens from Durmitor are quite
depigmented. They are identical with Czech
specimens in body dimensions and leg length,
but they differ from them in showing dark eye
pigmentation.

Discussion

The subterranean forms of L. improbulus and
T. minutissima differ from typical forms by
their relatively long legs, which is taken as an
adaptation to underground life: troglomorphism.
In contrast, the subterranean form of
T. bellicosum exhibits relatively shorter legs in
comparison with the typical form. This can be
explained as edaphomorphism (Zacharda,
1979): adaptation to life in narrow soil spaces.
Maybe the subterranean form of 7. bellicosum
inhabits somewhat deeper, narrower spaces in
scree accumulations or the cracks in massive
rock into which we are not able to penetrate.

The evolutionary history of the subterranean
forms of T. minutissima and Bathyphantes
simillimus buchari (see Rizicka, 1988b, 1994)
is connected with faunal migrations during the
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Theonoe minutissima
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Fig. 1: Correlation of podomere length and
cephalothorax width in the three species studied.
Filled symbols = underground forms, empty
symbols = surface forms. Circles = material exam-
ined from the Czech Republic, squares = material
examined from other countries, triangles = litera-
ture data.

Lepthyphantes improbulus. 3G, cephalothorax
width and length of Mt I. Underground form: filled
circles = material from scree fields and shallow
caves in Podyji National Park, y = 1.82x —0.25;
filled triangles = literature data, material from
shallow caves in sulphate karst in
Kyfthausergebirge Mts (Moritz, 1972), and cave
entrance in Moravian karst (Kratochvil & Miller,
1939). Typical form: open triangle = type material
from the Pyrenees (Moritz, 1972).

Theonoe minutissima. 33, cephalothorax width
and length of Ta I. Subterranean form: filled cir-
cles = material from the scree fields in the Czech
Republic, y = 0.40x + 0.14. Typical form: open
circles = material from peat bogs in the Czech
Republic, open squares = material from peat bogs
and forests in Norway and Finland.

Theridion bellicosum. 9%, cephalothorax width and length of Mt I. Subterranean form: filled circles =
material from scree fields in North Bohemia, filled squares = material from scree fields in Montenegro, y =
1.07x+0.25. Typical form: open circles = material from scree slopes in the Czech Republic, y = 2.07x—0.23.

Quaternary glaciations. Both species are of
northern provenance: the surface form of
T. minutissima inhabits northern forests and
peat bogs; B. simillimus simillimus is known
from stony habitats in higher latitudes. These
surface forms migrated under pressure of the

glaciation in Central Europe. They were prob-
ably widespread in the cold climate tundra in the
periglacial zone, and moved back into cold terri-
tories during climate warming in interglacials
and during the Holocene, and/or searched for
suitable habitats in the territory colonized. In
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both cases, they found two cold and humid habi-
tats: sandstone rocks and stony debris by
B. simillimus; peat bogs and stony debris by
T. minutissima. These two habitats started to
differentiate and become isolated during climate
warming and thus the ecological barrier between
the two populations was formed. Surface popu-
lations persisted in island ecosystems; the popu-
lations inhabiting the stony debris started to
search for more cold and humid environments in
the deeper layers and therefore became adapted
to the underground environment.

An analogous separation between a surface
dweller and an underground form living within
stony debris has also been demonstrated in the
genus Troglohyphantes (Deeleman-Reinhold,
1978; Thaler, 1986b). Deeleman-Reinhold
(1981) studied blind cave spiders in Yugoslavia;
in all cases studied, the blind species were found
to be closely associated taxonomically with
normal-eyed species, but they were never from
the same area. In the Czech Republic, I found
that where ancestral surface populations still
persist in island habitats in the same area as the
descendent troglomorphic populations, the sur-
face and subterranean forms were separated by
ecological factors.

All three forms described occur within scree
accumulations or in shallow cave spaces and
void systems, and represent indicators of the
first steps of underground evolution of spiders,
which take place on microclimatic gradients in
shallow underground spaces.
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