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Palecenvironment and speciation
in the cave heetle complex Speonomus delarouzeei
(Coleoptera, Bathysciinae)

Christian Juberthis *

SUMMARY

In the eastern part of the Pyrenses (France) the author describes a
seenario of speciation in the cave species complex Speortomus delorouzeat
iColeoptera. Bathysciinan); the specialion processes have been initiated Ty
a breakdown of the coological equilibrium induced during three glacial-
interglacial episodes. The scenario is the Following: — during the First
glaciatien (2.3-2.1 MY), psychrophilic populalions ancestral to 5 brucki
were sclected owver the highest elevation of the range, by means of cold
cffect which produced an adaptive demographic advantage: adaptive cha-
racters of troglohitic species (K strategy] take place presumably in relatinn
to colenization of caves and M.S5; — during the secnnd glaciation (1.7-1.3
MY) and a more recenl, 5 charlottae, latter 5. emilice, diverged from
troglobite ancestors of 5. brucki without further adaptive characters,
as result from stochaslic and historical events,

M55 generated during erosional period of glacial event provided ways
for migration and new niches [or colonization,

Bottleneck effect in size population of ancestors, founder effect, and
colonization by local populalion which present geneatic and hehavioural goo
graphical polymorphism, argue for a rapid speciation, presumably 100,000
voars long and D000 gencrations in the case of 5. emiline.

The ohiject of the present paper is to present up two models
of microspeciatlion in cave-beetles related to paleoclimatic events
in the temperate zone, These models arise from the results of
genetical, sthological, ecophysiological, biometrical and ecologi-
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cal studies performed by myvsall and several authors (1) an Lhe
Speonomus delarouzeel complex, distributed in the eastern part
of the FPyrences. The first model involves the climatic change of
the late Flivosne, during which tropical climate was reploced by
temperate and mediterrean climates and is concerned with
associated adaplive events. The second model arises from gla-
cial-interglacial Pleistocene events and their impact on mountain
slopes, and 18 mainly concerned with stochastin events without
adaptive effect on beetles populalions inhabiting cave and M S.5.
(Milieu souterrain superficiell, The two models habitats support
the hypothesis of rapid evolution due Lo founder and bottlenack
effects on population size.

In tropical volcanic regions, where the glaciations had no
direct effect, Howarth {1980} suggests that climatic fluctuatinons
are not essential in initiating troglobitic colonization and spe-
clation in the Hawaian lava tube cave systems. The recent data on
the Speonomus delarowzeei complex and on the palececnlogy of
the soulhern part of Europe provide a basis to reexamen and di-
scuss the role of glaciation on speciation in cave heetles in the
Pyrenean mountains located near the Mediterranean, and to
compare with the scenarios of Barr (1968), Barr and Holsinger
(1985]), Culver (1971, 1982) and Peck (1980, 1881) for United
States cave species groups,

RANGE AND DISTRIBUTION OF THE SPEONOMUS
DELARCUZEEI COMPLEX

The species of the complex 8. delarowzeel are distributed in
the eastern part of the Pyrenees, in the northeast of the Catalan
country, from Mont Canigou to the Rio Ter, a distance of &0
ltm from north to south, and from Girona to the Rio Llobregat,
100 km from east to west [Fig. 1)

The populations inhabit cave or M.5.5. habitats under diffe
rent surface climates, from the Mediterranean zone (from 150
m tg 500 m in elevalion) to the mountain and sub-alpin zone
Mrom 500 m to 2000 m). The first climatic zone is charactarized

{1} This paper gathers data of soveral authors and reams, Team of
Moulis- C, Juberthie, ecology and palecenvironment, B, Delay, electiropho-
rasis and ecophysiology, L Juberthie-Jupeau, reproductive isolation. J. Du
rand, thermobiology, Team of Home: V. Sbordoni, M. Cobolli Shordeni.
E, De WMatthaeis, electrophoresis and population genetics Team of Barcelone:
of Barcelone: X, Bellés, taxonomy, O, Escola and M. Blas, taxonomy and
fuunistic.
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1 - Distributional lUmits of the 5. delorouzeel complex in eastern Py-
renees, Upper limits; 2000 m in elavation; lower limits: 150 m
in elevation, Scuthern limit; rio Ter, northern limit: Mont Cani-
gou; eastern limit: Gerona; western limil; near rio Llobregat.

by Quercus ilex, the second by forests of Fagus svivotica, and
the third by grassland. The changes of climatic zones are rapid
along the slopes of mountains.

The palececological evolution of climate and wvegetation

of this range is one of the best known (Jalut, 1977; Jalut ot al,
1982. Mardones and Jalut, 1883; Suc, 1988) and the repetilive
effects of Pleistocene climatic changes have been drastic.

The fact that 5. delarouzeei 5. 1. inhabits M55, as well as

caves conduce to wvery accurale limits of the ranges of the
different species, and offers way to the colonization (Juberthie,
19847 .
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PALEOBIOGEOGRAPHY, THE RANGE AND
DIFFERENTIATION OF SPEONOMUS
AND 5. DELAROUZEEI 5 L, ANCESTORS DURING
THE LATE TERTTARY AND QUATERNARY

Knowledge of tectonic, paleoclimatic and geologic events
is extremely wvaluable for understanding the ranges of species
and for determining the rate of evolution in the group.

According to Jeannel (1952] the oculate or microphthalmic
ancestors of Bathysciinae inhabkited the soil of tropical lorests
but I think also limestone caves, cracks and voids of the MS.5;
indeed, Oromi et al. (1988) discovered M.5.5. under the soil
of relict tropical forest in the Canary Iglands at an elevation
of 1000 m in Tenerife, inhahited by Pterostichus which arc
partly pigmented oculate or microphthalmic, The range of the
ancestors of Speonomus and others cave genera of Bathysciinae
extended into the Jura, southern Alpes, Cevennes, eastern part
of the Pyrenees and Sardinia (fig. 21,

Before 25 MY, Corsica and Sardinia and their lectonic plale
was connected to the landmass that is lo say to the area of
present day Catalogne, Languedoc and FProvence (Dercourt et
al., 1985: Ricou et al, 1985). A chain of mountains has extended
from the Pyrenees to Provence since the end of the Cretaceous
{Bousquet and Vignard, 1985). The climate was tropical and rain
forests covered the range of the ancestors of the troglobitic
Bathysciinae at lower altitude. The forest was a Laurisylva, si-
milar to the relict tropical forest in Lhe Canary Islands (Bram-
vell and Bramwvell, 1983) and the rain forest of ihe southern part
of China, It was composed of Taxodiaceas {(Seqguoia, Cupressusl,
of Lauraceae, Bamboos, Juglandaceae, and also several typical
mediterranean species such as Quercus iex, Quercus coccifera,
At medium elevation fabout 500 - 600 m) the rain-forest pro-
gressively changed into an association composed of Quercus, Ul-
mus, Acer, Gingho and Cupressus, Juniperus, Pinus and Abies,

About 25-20 MY (early Miocene), the chain of mountains
between the Pyrenees and Provence were erodal and break
{Golfe du Lion), the southern part of the « Massif Central » rose,
the Corsica and Sardinia separated from the landmass with
their tectonic plate drifting eastward, so that the occidental
Mediterranean basin was opened (fiz. 3). This was an early
fragmentation of the range of the ancestors, so that Sardinian
Bathysciinae were isolated from Pyrenean populalions. They
ultimately became the new genus Batinoscelis. We can esti-
mate the time of genetic divergence between Balinoscelis -
Speonomus delorouzeer by means of electrophoresis; indeed
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Shordoni (1982} gives a genetic distance (Neil of 2418 corres-
ponding to approximately 25 MY 5o, the times given by tectonic
events and iscenzyme analysis are in concordance.

Beatween about 10 MY [(middle Miocene;, Tortonian) and 5
MY  (Plaisancian), the rotatiomal movement of the Corsica-
Sardinia plate ended. The sea invaded the valleys of the Rhone
and Sadne; the sea transgression prezented a barrier between
alpin Bathysciinae and « Cevennes = Bathysciinae (fig. 4). The
isplation of the ancestors of the alpin genera, Cyiodromus,
foverelle, Troglodromus, from Diaprysius and Mayeta in Ceven-
nes was not later than 10 MY, it was perhaps earlier if the
spacies were (solated on meountains by rain forest with compact
s0il and cracks filled at low altitude in valleys.

The isolation between the ancestors of Speonomus and [ha-
prysics, Mayetn could be dated from the same period (no later
than 10 MY). However, the sea transgression between the Py-
rences and the Massif Central had not bean extensive enough
to isolate the two groups of Bathysciinae. The most probable
soenario is an earlier isolation in M55 and caves of mountains
which were surrounded by rainforest at lower elevation. This
hypothesis is supported by data on tropical rain forest in Africa
and America, where this type of beetle (oculate or microph-
thalmic) i1s absent, while it has been collected in high elevation
caves of the Sierras in Central America (Barr, 1971} or in f[o-
rest and glassland on the top of African volcanoes [Jeannel,
19350, The biochemical erosion and laterite which filled craclhs,
voids and M55, particularly in nonkarstic areas covered by
rainforest, can explain their ahsence. In fact granitic rocks
(Montagne noirel and clay sediments (tertiary « molasses »1 lie
between the presenl ranges of Speonomits and fhoprysics,

According to this hypothesis, the thres groups of genera
(Pyrenean; Cevennes; Alpint had been isolated no later than 10
MY but presumahbly earlier in mountain M55, and caves, per-
haps at the beginning of the rise of the southern part of the
Massif Central, from 10 to 20 MY ago. Studies by means of
other methods such as electrophoresis are necessary to test this
SCEMNArio.

The first climatic event (3.2 MYJ at the end of the ter-
tiary, was a period of lower temperature (fig, 8). It induced
changes over 200,000 vears from tropical hot and wet climalte
Lo more temperate conditions.

About 2.3 MY, the main ecological event began. The first
irue glacial period, which exiended for 200,000 years, plaved
g major role in determining the range of Speonomus delarou-
zeei and by acting as a seleclive factor which differentiate the
psychrophilic group of species from the mediterranean group.
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Fig. 7 - Limits of the ranges of & delarouzesi and 2. brucki; temperature
and precipitation at 170 m in elevalion {mediterranean vogora-
tion zone!, and at 870 m [(Toresl moontain vegetation zonek.

FIRST BREAK UP OF THE COMPLEX
5. DELAROUZEEI INTO TWO GROUPS

The climate event (2.3-2.1 MY), corresponds to the first true
glacial period, which established the mediterranean climate,
dry and hol in summer and cold in winter, al the lower ele-
vation of the range of the ancestors of Soeonomus delarouzeei
gensu lato, and established a more temperate and cold climate
in mountains. The increased cold temperatures at high latitu-
de induced dryness around the Mediterranean and the spreading
of steppes with Artemisin (de Beaulieu and Sueg, 1885}, During
the interglacial episode, at low elevation, the lropical rain-
forest was replaced by persistent deciducus species of which
Quercus ilex was dominant.
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Fig. 8 - Annual temperature fluctuations o bwo caves: - 'Emperour s
habital, of 5. delgrouzeai and « Lo Mine - habitat of S brocki;
Cl = & brucki C2 = & deloroyzeei; i = days; according o Ju-
berthie at al. [1984).

Many data support the hypothesis that the first glacial
period generate iwo basic species in the complex: Speonomus
defaroyzesi Fairm, sensu stricto in the mediterranean zone and
Speonomus hruckl Fairm. in the mountain forest zone.

The actual range of 5. brucki (fig. ¥) extends from 1000 m
to 1500 m in elevation, along the slopes of the Mont Canigou,
under a forest of Pogus sylvatica or at higher elevalion grass-
land, with a maximum of rain at the late spring and more one
meter annual of precipitation; the annual temperature range, for
example, in the cave of «La Mine«, 1190 m in elevation, is 7 - 9 C
(lig. 8). 8. delarowzes! 5. stricto inhabits caves and M 5.5, in the
mediterranean zoneg, more dry and hot in summer, with Quercus
ilex vegetation; the annual temperaturs fluctuation is, for exam-
ple, 13- 15" C in the Cave « Resurgence de 'Empereur « [(for more
details see Juberthie et al., 1984).

The two species are characterized by

1 - strongest differences in mating behaviour, 5. brucki
mates in 1 step and 5 delarouzeei in 3 steps (fig, 101, and bree
ding experiments demonstrate a complete reproductive isolation
{Juberthie-Jupeau and Cazals, 1984 a, b, 1985 a, bl

2 - largest genetic distance (D0 = 0,75), based on analysis
of 12 loci and using Nei's method (Delay et al. 1980} (fig. 9).

There are thermobiological differences between the two
main species with regard to fecundity, the speed of develop-
ment of eggs and larvae. 8§ brucki has higher fecundity and
faster development at low temperature (Delay, 1979, in press),
and the upper lethal temperature is lower for 8. brucki [(Durand
ot al., 1884). This suggests that the cold temperatures of the
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Fig. 9 - Dendrogram of genelle distances (using Neis method), showing
branching of the two main groups: 5 delorowzest (mediterra
nean), 5. brucki [mountain), BN = MEE Banal; CTAE = M55
Col d'Ares Spain; CAF = M85 Col d'Ares France; CR = Crouan-
ques Cave; LM = La Mine, Val. = Valmanya cave. BG = MES.
Bopel; RE = HRasurgence de U'Empersurn; MB = Meontbolo cave, OM
= Oms cave, according te Delay el al, (1880 simplificed.
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Fig. 10 - Dendeogram of degrees of reproductive isolation, determined by:
presyorotic factors (sexual behavicur! and hvbridization. BM =
Bora Major Cave; Al = Rialb Cave; CR = Crovangues Cave; BN
= M.5.5 Banat; according fo Juberthie-Jupeau {in litteris),
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glacial period could have selected {or psychrophilic genotvpes,
trpical of Speonomus brucki, in the montane part of the range
(nn the slopes of Mt Canigou) around 1000 m in elevation, whers
today the annual range of cave temperature is 8°-10° C. Indeed,
the temperatures mean has been from 5" Lo 7 C lower in summer
and even more in the winter during the Wiarm glacial period and
presumably during the first glaciation, as well this agrecs with
the temperalure range which preduces a demographic advan-
tage {cold effect) for 5. brucki as Delay demonstrated for the
ees and larvae reared aft 5° C (fig. 11). Al warmess temperalure
during interglacial periods the development time difference is
very slight and no advantage exists; so during these pericds
the temperature is & neutral factor and the selection does nol
QCoUr,

In contrast, in the mediterrancan part of the range whers
inhahited to day by 8, delarouzeet sensu siricto, caves tempera
tures average 14" C, the demographic advantage could not be
expressed, because temperatures in the glacial period (8° C -
o' C in the summer) were near to the neutral part of the
developmental thermic curve (see fig. 11}, However in winler
the decline of temperature was probably sufficient to select
some psyvchrophilic individuals, from no more hall of eges laid a
vear, This could explain the thermobiologic polymorphism ob
served in 5. delarouzeei 5. sivicto.

The decline of temperature during the earlier climatic chan
ge (32 MY} was probably not enough strong to induce cold
effect, and separation of the ancestral stock in two speciss,

The first glacial period of 200,000 vears duration, was cha-
racterized by extension of steppe wvegetalion, gelifraction of
rocks generating M55, on the slopes of valleys, in both the
mediterranean zone and the mountains, summer air and soil
dryness in the mediterransan area, evosion of soils. Cold tem-
peraturas and changes in vegetation reduced the primary pro-
duction and the level of organic matters in caves and M35,
according Lo the level of organic matter measured in layers of
pollen analvsis in glacial period and beginning of warming
iMardones and Jalut, 1883}, This could have decreased the
size of cave and M55 beetle populations as well as the diver-
sity of communities. These phenomena could had led to the
disappearance of r genotypes and species in M55, and cave
communitigs, and selection for K siralegist with Iower energy
requirement.

The fact that S. brucki, S5 delorouzeei and all the species
of the complex show the same degree of K sirategy, argues for
a selection of genotypes adapted to low energy at the same pe-
riod, presumably during the first glacial period, 23 - 21 MY,
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Fig. 11 - Variation of embryonic development time related to temperalure,
A - Embrvonic time developmoenl of & deloropzesi froem « L'Eme-
pereur Cave s The first group (1) is more psvchrophilic (low
K and high C walues! than the second (20 with medivm K oand
o owalues and the thivd (30 with high K waloes. The value of K
indicatas the pesition of the function D = FIT) on the scale of
temperaturces (Mrom Delay. in press). B - Speed of development
of egEs of & broclki (C1 and 8 delorouzes: [C2) sensud stricto
related to temperature, Note: The presence of & neutral tempora-
ture zone, Trom 18 0C to 10 - B ol in which the speed of cmbreyo-
nic development of the two species is similar, and a range of
low temperatures where a «cold effect » occurs which induces
differences in speed of development with r maximum around 5
0, at this temperature, the development of 5. Grucki s twice as
rapid (150 daws) as that of 5 delarcuzeel {300 days); from Delay
{18780,
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and related o the colonization of MS.5. and caves, This demo-
graphic pattern, lvpical of other cave beelles, probably has been
selected wvery early in the cave evolution

The sirong correlation between allozyvmic and behavioural
dendrograms suggestis that the reproductive isolation and the
salection of psychrophilic populations of S, brucki have occurred
simultaneously,

Hybridization between the two sibling species may also
have been suppressed by male-female incompatibility, & try to
mate often and randomly with ¥ of their species or of other
species of the complex. Male S delarouzesi from cave at 12- 15" C
tend to mate with 2 of S8 brucki from cave at 8 *C, Mating
attempts result in death of the females of 5. Brucki (Juberthie-
Jupeau, in litteris}, This could contribute to the separation of
the ranges of the two species.

LATTER EPISODES. SPECIATION IN RELATION
TO GLACIAL-INTERGLACIAL PLEISTOCENE EVENT
WITHIN THE PSYCHROFHILIC AND TROGLORITIC

GROUP 5. BRUCKI SL.

Each glacial episode displaced the forest belt several hun-
dred meters downward in elevation, replaced forests with steppe
vegetation due Lo the cold and drv climate, and was o period
aof erosion which generated cracks, voids and M35, and provo-
ked a sink phase in caves (fiz. 12}, Each interglacial period
is characterized by warming climate, extension of forests and
forest belts, and dominance of biochemical erosion which fills
cracks and volds and producing barriers to gene [low.

The three sibling speciss, Speonomus brucki, § emilios
n, sp. {in litteris}, S, charlottae n. sp. (in litteris) have similar
mating patterns lone step; fig. 10), genetic distances (Neil bet.
ween them brucki - emilicse D = 0.30, brucki - charlottoe D =
(.46 (fig. 8 {Cobolli Shordoni et al., 1983); breeding experiments
indicate that thev represent true species (Juberthie-Jupeau and
Cazals, 1935 a, b}, This speciation within the cormnplex ocours over
a narrow elevational range from 1500 to 5300 m on the slope of
Mont Canigou. These speciation events correspond with two
more recent palesclimatic glacial-interglacial episodes.

The immediate ancestaors of Speonomus emiliae, an M55 -
dweller in Banat at 720 m in elevation, were probably ancestral
populations of troglobitic Speonomus brucki that were com-
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GLACIAL FERIOD Ancestore of 5. brucki

MOUNTANE

MONT CAMIGOLU

M.5.5. Danal
Grotte des rcantades

—w#= [alz=iration of =ew coee habitat
or Competition Tar cave hablbat
Foaunder wllfaet

INTERGLACIAL WARMING

Ancestors of 5. brucki

WOUNTANE FOREST

Rise of alze papelatiaas
Speatelud ERG1EAE n.odp.

12

Fig. 12

Hypothesized colonization-isolation events during a glacial-inter-
glacial period giving rise to the S emilize. A, - Glacial period.
Migration to lower elevation of Lhe forest belt by the ancestors
of 5. emiliae through cracks and micro-voids of the M55,
colonization of a newly generated M55 in Banat. B. - Inlergla-
cial warming. Foresl belt migrated to upper clevation; lsolation
gnd speciatton of Speoromus in M55, Banat.
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pressed downward altitudinally with the forest belt during a
glacial periad, through the cracks and voids in the M.5.5. They
invaded a newly gencrated and well developed zone of M55,
in Banat tfig. 12).

During the beginning of interglacial warming, the moun-
tain forest bell extended up, and the rapid filling of cracks and
micro-voids by pedogenesis (geomorphological barriers), isola-
ted a population in empty spaces of the large Banat M55

Peck (18801 has proposed a similar scenario, with M55, unk-
nown at this time, for the isolation of the arthropod species in
Grand Canvon caves and [(1981) for Ptomaphagus hirtus species
group of the southeastern United States,

TIME AND BATE OF SPECTATION

Estimates of divergence times for the specialion events, using
Mei's method and electrophorelic data, are 4 MY, 25 MY and
1.5 MY for the thres events described above, The arguments
presented above support maore recent divergence times and,
therefore, more rapid speciation. For example, the estimate of
Lime since divergence for the two closely species, 8§ bruckl and
5. emilice, bhased on Nei's distunce is 1.5 MY, that correspond
to the second Pleistocene glaciation f{fig. 6). This eslimate is
undoubtedly too old, because a population of 5. charlotias, from
Crouangues cave, a5 a higher Nel's distance (D = 0,46 fig. 9) in
dicating that it diverged even earlier from the same ancestors.

So, a reasonable scenario is the following:

— First glaciation, 2.3 - 2.1 MY. Divergence of 5 bruchd
and & delarouzeel sensu  stricto; psychrophilic populations
ancestral to 5. brucki wers selected over the highest elevalion
of the area, due Lo the presence of cold climate (cold effect),
adaptive characters of troglobitic species (K strategy] take
place;

— Second glaciation, 1.7 - 1.3 MY 8 charloftaee diverged
from froglobitic ancestors of & brucki, on the eastern slope
of Mont Canigou, due to isolation and divergence rather than an
adaptalive shifl:

— Third glaciation, 0.8 - 08 MY our more recent glacia-
tions. S, emilioe arosed from troglobitic ancestors of S bruckt,
on the southern slope of Mont Canigou, through a process of
colonization - isolation in lower altitude caves or M.5.5. peri-
pheral (o the ancestral population.

The last lwo speciation events (5. charloftoe, 5. emilioge)
presumakbly were not related to cave adaptation becausze these
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new cave species have risen from cave limited ancestral po-
pulation. This provides an historical and stochastic aspect to
the speciation process, as Stanley (1875} has argued for other
animals.

In the Mediterranean part of the range, during the second
glaciation, the southern populations in Bora Major cave (5,
gimuant) and Rialb cave (8. catalonicus) diverged from ance-
stors of 8, delarowzeel sensu stricto, that to day inhabit caves in
Vallespir Valley (Résurgence de 'Empereur, Montbolo, Oms) and
Behat M.5.5. in Spain.

Several factors provide evidence for a rapid speciation:

— a boitleneck in size population of the ancestors due
to the decrease of the primary production and the amount of
organic resource in cave habitat, induced by the onset of the
glacial climate;

— a founder effect (Templeton, 1880} related to the colo-
nization of caves and newly-generated M.5.5., al lower elevation
and in peripheral zornes, by populations which possessed onlvy a
portion of the genetic variahility of the pareni population

— a colonization by local elements of a general population
characterized by geoghaphical, genetic and behavioural poly-
morphisms, related to hahitat heterogeneity characterized by
limestones intercalated between schistous or compact rocks,

The speciation event occurred during a breakdown of the
ecological equilibrium related to the instable climates of the
glacial and the beginning of the interglacial period; the break-
down of the ecological equilibrium occurred several times within
the range of the complex. but produced new species only three
timeas, according to the present data.

In the case of 5. emilice, the third and later glaciation
were 100,000 yvears long. With a life-cvcle of one year at 11 °C
and twao vears at 6 °C, the species diverged from ancestors of
5. brucki in no more than 50,000 generations. In the case of
5. echarlottae, the second glacial period was 400,000 years long
corresponding to 200,000 generatlons,

Taxonomy. Morphological characters of the asdeagus (in-
ternal sac), distinguish the four species which have close mor-
phological similarity and slight differences (Belles, 1984]. The ef-
fectiveness of these internal morphological characters is suppor-
ted by the great genetic distance between species and by the etho-
logical distance as determined by breeding experiments perfor-
med by Juberthie-Jupeau et al. (1985b, 19388], In several comple-
xes of troglobitic species of Bathysciinae and Trechinae morpho-
logical differences are very slight. Thus, a need arises to use
additional biological characteristics (e, g., hehavioural and iscen-
zymatic data) to infer systematic relationships.
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CONCLUSIONS

In the eastern part of the Pyrenses in the range of the species
complex S. delarouzeei, the specialion process appears to have
been initiated by a breakdown of the ecological equilibrium,
induced by glacial episodes. This process of microspeciation oc-
curred three times during the Quaternary, producing neosende
mic cave Bathyvsciinae,

Two types of speciation ocourred successively in the complex.

— The earlier episode presumably related to colonization
of the underground habitat, involved an adaptive shift during
the first glaciation which produced a cave species with an
adaptive demographic advantage under conditions of cold tem-
perature and energy availability,

— The latter episodes arose from stochastic events related
to glacial-interglacial episodes producing species which diverged
from the previous troglobitic ancestors without further adaptive
changes.

Fracturing of rocks and development of M55 during the
erosional period of a glacial event, provided ways for migra-
tion and colonization of caves and made available & new niche
in the newly generated M55,

At low elevation (southern mediterranean part of the range
of the complex) the preliminary studies supported hypothesis
that species which diverged from ancestors of S. delarouzeei
8. stricto had been isclated by compact zones generated by
biochemical erosion which filled cracks and M.5.5, in the inter-
glacial period. The result is a patchy habitat with geomorpholo-
gical barriers to zene flow.
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