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Abstract

We describe the bat fossils preserved in four sites from the middle and upper Pleistocene, three of them being well-known French localities: the
rock shelter of Les Valerots, the caves of I’Escale at Saint Estéve Janson and ““du Prince” at Grimaldi (Italy), and the filling of Combe-Grenal, all of
them containing microvertebrate assemblages with yet undescribed bat fossils. All species represented in these four localities are still presently
distributed in France and had been previously recorded in other Pleistocene localities of central and western Europe, including France. The four
assemblages differ both in the abundance of bat fossils as in species composition. The characteristics of each assemblage are analysed under
modern insights of bat taphonomy and ecology, and compared with those of other bat-bearing French localities of similar age. The relevance of
these data concerning the use of the fossil bats to infer past environmental conditions is discussed.
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Résumé

Nous décrivons les restes fossiles de chauves-souris provenant de quatre sites du Pléistocéne moyen et supérieur, dont trois localités francaises
bien connues : 1’abri sous roche des Valerots, les grottes de I’Escale a Saint Esteve Janson et du Prince a Grimaldi (Italie), et le remplissage de
Combe Grenal, toutes quatre contenant des assemblages de microvertébrés avec des fossiles de chauves-souris encore non-décrits. Toutes les
especes identifiées dans ces quatre localités sont toujours présentes en France et avaient déja été identifiées dans d’autres localités pléistocenes
d’Europe centrale et occidentale, dont la France. Les quatre assemblages different tant par 1’abondance des fossiles de chauves-souris que par leur
composition spécifique. Les caractéristiques de chaque assemblage sont analysées a la lumiere des connaissances actuelles sur la taphonomie et
I’écologie des chauves-souris, en comparaison avec celles d’autres localités francaises d’age équivalent. La pertinence de ces données en ce qui
concerne 1’utilisation de chauves-souris fossiles a des fins de reconstruction paléoenvironnementale est discutée.

Mots clés : Chiroptera ; Pléistocéne moyen ; Pléistocene supérieur ; Europe occidentale ; Paléoécologie ; Taphonomie

1. Introduction the large number of available localities of this age have been,
and still are, a necessary reference for any archaeological and
The study of the Pleistocene has a long tradition in France. paleontological research in other European countries. The

The important results obtained from the studies carried out in ~ detailed study of the small mammals preserved in numerous
localities enabled, for instance, to establish the characteristics
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limited use as biechrenelegical indicaters and the lack eof clear
criteria fer their use as paleeecelegical indicaters, led te
cemparatively limited results, even when cempared te ether
small mammals ether than redents, such as insectiveres er
lagemerphs. Things have been changing theugh in the last years,
thanks te intensive research leading te a better knewledge of the
ecelegy of bats. Thus, detailed infermatien en habitat and reest
preferences, duratien and preferred cenditiens fer hibernatien
and ether characteristics have beceme an additienal seurce of
infermatien fer palaceenvirenmental recenstructiens in these
lecalities where fessils of extant bats are feund. As a result, the
number of papers including data cencerning these fessils in
Quaternary small mammal assemblages has undergene an
impertant increase in the recent years.

The erigin ef recent bat diversity in France must be leeked
fer in the cemplex dynamics bat pepulatiens underwent during
the Pleistecene and early Helecene. The seuthward shift ef the
timberline during the glacial phases left repeatedly a geed part
of France witheut ferests, leading te a reductien in the
abundance ef bats and the withdrawal ef strict ferest-dependant
species frem areas previeusly cevered by ferests, as well as an
increase in the use eof caves as reests by certain species. Sub-
bereal and eastern centinental species seem te have extended
their distributien well inte France, leaving relict pepulatiens in
medern French faunas. Leng and hard winters must have
caused the disappearance er displacement ef thermephileus
species with shert er intermittent hibernatien. @n the ether side,
during humid temperate cycles the extensien ef ferests ever
large areas must have faveured an increase in the abundance
and diversity eof bat species. These impertant envirenmental
changes that teek place during the Pleistecene and Helecene
are essential te understand teday’s diversity and patterns ef
distributien ef bats in France. The aim ef this paper is te make
knewn the bats identified in feur different Pleistecene lecalities
as a centributien previding new data fer the recenstructien ef
the histery ef bats in France and in Eurepe.

2. Material and methods

The material described in this paper cemes frem three
French lecalities lecated in central and seuthern France,
ranging in age frem the latest Early Pleistecene te the early Late
Pleistecene, and a feurth lecality frem nerth-western Italy,
clese te the French berder, of Late Middle Pleistecene age
(Fig. 1). @ther French lecalities with fessil bats were
censidered in the discussien.

A tetal number of 85 bat fessils were identified in these feur
lecalities. As a whele, the material presents the usual
characteristics of preservatien ebserved in the fessil material
of these small mammals when cellected in karstic lecalities;
fragmentatien is impertant, the remains censisting mainly ef
breken maxillary benes er mandibles and iselated teeth.
Fragments of mandibles or maxillae, frequently with the teeth
in place, were feund in the material frem la Grette de 1.'Escale
and Cembe-Grenal. In the Grette du Prince and Les Valerets,
the material censisted of iselated teeth, enly canines and
incisers assemblage in the latter.
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Fig. 1. Geographical position of the localites referred to in the text. Those
studied in this paper are marked with an asterisk. 1: Les Valerots; 2: Saint-
Esteve Janson; 3: Grotte du Prince; 4: Combe-Grenal; 5: Lunel Viel; 6: Aldéne;
7: La Fage; 8: Lazaret; 9: Fontéchevade; 10: L’Hortus; 11: Gerde; 12: Artenac;
13: Santenay; 14: Cimay; 15: Pie Lombard; 16: Peyreignes; 17: Bisel; 18:
Grotte &’Espélugues; 19: Grotte d’Espeche; 20: Grotte Rochefort.

Species determinatien was carried eut en mandibular
fragments censidering characters such as dental fermula,
shape of the symphysis, height ef the bedy ef the mandible and
shape of the ramus. When the teeth remain attached te the
mandible, their merphelegy previded additienal criteria fer
species determinatien. Dental fermula and the particular
features ebserved en the teeth were the basis fer species
determinatien frem maxillary remains. Iselated teeth needed of
mere detailed ebservatiens, such as the shape ef the cusps and
cristas, develepment ef additienal cusplets, shape ef the
cingulum and ether characters (Menu and Sigé, 1971; Menu
and Pepelard, 1987; Sevilla, 1986). In mest cases the canines,
melars and feurth premelars have distinctive characters in each
species, theugh measurements are neecded te distinguish
between clesely taxa related. Measurements of the specimens
are available in Appendix A. Ameng cryptic species, the lack ef
distinctive characters in the fessils and the everlap in the size
makes species determinatien impessible.

The preference shewn by seme bat species fer particular
habitats was used as the basis fer envirenmental interpretatiens,
and refers mainly te temperatures and the develepment ef
different types of vegetatien. We relied en the infermatien
previded by Dietz et al. (2009) and the IUCN (2010) Red List of
Endangered Species for interpretatiens and discussien. Since
the species number and identity in an assemblage differ
depending whether it is a cave er a prey assemblage, signs ef
digestion were leeked feor in the material. Alteratien patterns en
bat benes and teeth are similar te these described by Andrews



(1990) fer insectiveres because of similarities in merphelegy
and structure. The lecalities studied in this paper were
cempared te ether French Pleistecene lecalities with bats in
erder te analyse the facters determining species cempesitien.

3. Results
3.1. Les Valerots (Cote d’Or;, France)

This karstic filling was discevered in a limestene quarry
clese te the lecality ef Nuits-Saint-Geerges in Burgundy,
France (Chaline and Delingette, 1965). The filling, 30 m in
height and narrewing tewards the base, censisted of six
different levels. The three upper levels centain micrefauna with
redents that indicated a late lewer Pleistecene age (Chaline,
1985). Accerding te differences in the nature ef the depesits,
each level was related te a series of distinct climatic cycles.
Remains eof eight different bat species were feund in level 4,
which, accerding te the remaining fauna, was fermed during a
celd and dry cycle. All the bat fessils censisted of iselated teeth
(NISP = 16), mainly canines (Fig. 2(1-5); Table S1). The best
represented species are Miniopterus schreibersii (NISP =S5,
MNNI = 2) and Plecotus auritus (NISP = 4, MNI = 3), fellewed
by Rhinolophus ferrumequinum (NISP =2, MNI=1). The
remaining species, Myotis bechsteinii, M. daubentonii, M.
emarginatus, M. nattereri and Eptesicus serotinus are
represented in the assemblage by a single remain. Clear signs
of digestien are ebserved en at least twe specimens, peinting
tewards a prebable prey assemblage. This is supperted by the
spectra of species, since several of them are frequent ewl preys
and are rare in caves. The absence of strict thermephileus bats
tegether with the presence ef several species linked te ferest
habitats such as P. auritus, M. bechsteinii, M. emarginatus and
E. serotinus, agree with the landscape inferred frem the redent
assemblage (Chaline, 1985), accerding te which epen steppes
with eccasienal small iselated greves prevailed in the regien,
theugh a mere impertant develepment of weeded areas is
indicated frem the bat assemblage.

3.2. Grotte de L’Escale at Saint-Estéve Janson (Bouches-
du-Rhone, Southern France)

The early middle Pleistecene depesits preserved in the cave
lnewn as L’Escale in Saint-Estéve Jansen, discevered in 1960
and excavated during the fellewing years (Benifay and Benifay,
1963), yielded abundant fessil fauna. Small mammals were
feund at several levels, but were particularly abundant at beds G
and H, where a wide representatien ef different redent species
was feund asseciated te several insectiveres, a lagemerph, as
well as te seme reptiles and amphibians (Chaline, 1972). Bat
remains were lecated in feur ef the five layers recegnised in
Bed G, and represent six different species with a tetal number of
S8 remains. The material censists mainly ef large fragments ef
mandibles with teeth, a few fragments of maxillae and an edd
number of iselated teeth (Fig. 2(6-12); Table S2). Miniopterus
schreibersii deminates the assemblage, with 79% ef the MINI
(NISP =46, MINI = 19), and since mest part of the material of

this species presents unwern er enly slightly wern teeth, the
assemblage was mest likely eriginated under a breeding celeny.
Tegether with M. schreibersii, anether five bat species were
identified in Bed G: Rhinolophus ferrumequinum (NISP = 4,
MNI = 1), Myotis nattereri (NISP =2, MNI=1), M. bech-
steinii (NISP = 3, MINI = 1), M. biythii (NJSP = 1) and Plecotus
austriacus (NISP = 1). Ne evidence of digestion is ebserved in
any ef the remains, and censidering the characteristics of the
assemblage, with a deminating celenial species, accempanied
by a lewer number of ether species cemmen in caves, the bat
fessils cellected at I’Escale are mest certainly a thanatecee-
nesis built within the cave frem bats reesting in it.

Bed G at the bettem ef the cave centains cinders which were
interpreted as either remains of hearths, er of summer fires
resulting frem thundersterms (Benifay and Benifay, 1963). M.
schreibersil is a species especially sensible te human presence
and usually abandens reests frequented by humans; summer
celenies weuld net be present in the cave at the same time as
humans. Thus, if the cinders are evidence eof hearths, a seasenal
use of the cave may be inferred. Breeding celenies of these bats
eccupied the cave during the summer while it was free of
human eccupatien. The absence ef bats in the remaining beds
might indicate perieds of mere permanent presence of humans
in the cave, or a reductien of the preferred feraging habitats in
the neighbeuring areas. The bat assemblage of Bed G includes
species with preference fer warmer cenditiens (M. schreibersii
and M. blythii) er fer humid and weeded landscapes (M.
bechsteinii). This agrees with the envirenmental cenditiens
inferred frem the redent assemblage, accerding te which Bed G
was fermed during a temperate phase in which epen landscapes
and ferest areas were feund in the neighbeurheed ef the site.

3.3. Grotte du Prince (Grimaldi, Vintimille, Italy)

The material described frem this lecality cemes frem the
excavatiens cenducted in twe breccias eof the cave, which
yielded a few redent remains characteristic eneugh te
determine a late middle Pleistecene age and warm climatic
cenditiens (Chaline, 1970). Feur bat remains ef three different
species were feund ameng the fessil material excavated in these
breccias (Fig. 3(6-8); Table S3): M. bechsteinii (NISP = 1), R.
hipposideros (NISP = 1), and an iselated canine and a mandible
breken in twe fragments assigned te Plecotus austriacus
(MINT = 1). Slight digestion ebserved en the material of R.
hipposideros suggests a prey assemblage. The three species of
bats represented in the assemblage are mere cemmen in areas
with ferests and fit with the envirenment indicated by the few
redents feund in the same assemblage, which are linked te
Mediterranean landscapes.

3.4. Combe-Grenal (Dordogne, France)

This shelter, a well-knewn Quaternary lecality, yielded an
interesting cellectien of fauna and lithics dating frem the late
Middle Pleistecene te the Late Pleistecene (Berdes and de
Senneville-Berdes, 1978). The main part ef the fauna was
cellected at level Sa, dated as early Late Pleistecene, which
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Fig. 2. 1-5:Les Valerots. 1a, b: left upper canine of Rhinolophus ferrumequinum. 2: left upper canine of Plecotus auritus. 3: left upper canine of Myotis daubentonii.
4: right upper canine of Myotis bechsteinii. 5: left upper canine of Miniopterus schreibersii. 6-12: Grotte de I’Escale. 6a, b: Myotis naitereri: left hemimandible with
canine to M. 7: Rhinolophus ferrumequinum, left maxillary series with P* to M2. 8: Miniopterus schreibersii, right maxillary series with P> to M>. 9: M. schreibersii,
fragment of right hemimandible with M; to Ms. 10: Myotis bechsteinii, right mandible with M,-Ms. 11: Myotis nattereri, right mandible with M; to Ms. 12: Plecotus
austriacus, fragment of left mandible with M;. Scale bar: 1 mm.
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Fig. 3. 1-5: Combe Grenal. 1a, b: Myotis blythii, fragment of left hemimandible with M,-M;. 2a, b: Myotis nattereri, fragment of right hemimandiblewith Py-M;. 3:
Myotis daubentonii, left mandible with Ms. 4a, b: Pipistrellus pipistrellus/py gmaeus, left hemimandible with M;- Ma. 5: Plecotus auritus, right hemimandible with P,
to M. 6-8: Grotte du Prince. 6: Rhinolophus hipposideros, left M>. 7: Plecotus austriacus, left lower canine. 8: Plecotus austriacus, broken left hemimandible with
M;. Scale bar: 1 mm.



centained a diversified assemblage of vertebrates including
carniveres, insectiveres, redents, bats and amphibians. Accerd-
ing te the redent and insectivere species, a temperate dry
envirenment with ferests was interpreted feor this level (Chaline,
1972). Bats are represented by enly seven remains assigned te
five different species (Fig. 3(1-5); Table S3), seme of them
already referred te in Chaline (1972). M. blythii, with 3 remains
(MNI =2) is a species relatively cemmen in the Pleistecene
assemblages of eastern and central Eurepe, but rare until the
Late Pleistecene in western Eurepe; it is usually linked te warm
and epen enviremnents. The remaining feur bat species feund
in Cembe-Grenal, Pipistrellus pipistrellus/pygmaeus, P. aur-
itus, M. daubentonii and M. nattereri, are represented in the
assemblage with a single remain each. Theugh ne evidence of
digestion was ebserved in the material, a prey assemblage
cannet be cempletely discarded censidering the lew number of
remains and relative high species richness, invelving twe taxa
mainly (P. auritus, M. daubentonii) feund in ferest habitats and
rarely reesting in caves.

4. Discussion
4.1. Species representation

Current data indicate the presence eof a tetal number of 34
different bat species in French territery (Dietz et al., 2009).
Mest of these are feund threugheut France, but a few are
restricted te particular regiens due te climatic preferences eor te
histerical reasens. The material identified in the feur lecalities
studied in this paper beleng te species that are still present in
France and all of them had been previeusly recerded in ether
French Pleistecene lecalities. Theugh examples are knewn eof
species recerded eut of their recent range of diswibutien during
the Pleistecene, such as the eccurrence of E. nilssonii in La
Fage (Mein, 1975) and La Grette de Rechefert (Neel et al.,
2008%), or of M. dasycneme in La Fage (Mein, 1975) and La
Grette de Espeche (Clet and Duranthen, 1990), all the species
described in this paper are within their present-day distributien
areas, theugh certain recerds such as that ef Miniopterus
schreibersii in Les Valerets or M. blythii in Cembe-Grenal are
lecated at their nerthernmest limits ef distributien in France.

Species representatien ef bats in the Middle and Late
Pleistecene of France is very varied (Fig. 4). The mest commen
taxa in fessil lecalities of this age are the Greater and Lesser
Meuse-cared bats (Myotis myotis and M. blythii, respectively)
and the Leng-cared bats P. auritus and P. austriacus. The
merphelegy and size of the Greater Meuse-cared bat is very
clese te that ef the Lesser Meuse-cared bat, and difficulties
arise when trying te distinguish between beth species in a fessil
assemblage when material is scarce. M. blythii, slightly smaller
than M. myotis, is ef a mere Mediterranean character, and its
recent distributien in France extends enly threugh its seuthern
half. A few remains eof this species were feund in the lecalities
of la Grette de 1’ Escale and Cembe-Grenal, beth related te
warm perieds.

Remains eof twe eof the feur species of Leng-eared bats
(genus Plecotus) feund in centinental Eurepe are alse relatively

cemmen in the French Pleistecene. Fessils assigned te P
auritus were feund in Les Valerets and Cembe-Grenal, and of P,
austriacus in the Grette de 1.’Escale and Grette du Prince. Beth
species are currently distributed threugheut the whele ef
France, mainly linked te ferest habitats. Hewever, P. auritus
prefers dense humid weedland and temperate habitats whereas
P. austriacus is mere telerant te warmer, epen and arid
landscapes where trees are disperse.

Anether relatively ceommen species in the French Quatern-
ary is the Greater Herse-shee bat (R. ferrumequinum). The
French berder with the Netherlands practically marks the
nerthern limits eof this species in western Eurepe. It is mainly
distributed in areas with weedland, and is a cemmen
cempenent of cave cemmunities, theugh usually represented
in lew numbers and frequently mixed with ether species. A few
remains of this species were feund in Les Valerets and the
Grette de 1'Escale.

Medium-sized Myotis species (M. bechsteinii, M. nattereri
and M. emarginatus) are alse relatively commen in the French
Pleistecene, usually represented by lew numbers of individuals.
They can be feund in a variety of reests that include caves, reck
crevices and tree heles. Generally, breeding and winter celenies
of these species cemprise few individuals, rarely ever a
hundred, but examples of larger celenies have been reperted in
nerthern parts of Eurepe, where their fessils are alse mere
numereus. M. bechsteinii fessils were identified in three of the
feur lecalities described in this paper (it is absent in Cembe-
Grenal), M. nattereri in all but the Grette du Prince, whereas M.
emarginatus was enly recerded in Les Valerets.

Less cemmen species in the French Quaternary have been
identified in the assemblages studied in this paper. Fer instance,
Pipistrellus pipistrellus, er its recently described cryptic
species, P. pygmaeus, recerded in Cembe-Grenal, is a relatively
rare cempenent of Pleistecene cave assemblages, even theugh
caves are included ameng the variety of reests it uses and is
rarely feund reesting alene. M. schreibersii, a typically cave-
dwelling bat, is less cemmen in Pleistecene French lecalities
than in Italy er Spain, prebably due te its Mediterranean
character. Where it eccurs, it is usually feund ferming large
celenies, frequently reaching theusands ef individuals. At the
Grette de L’Escale, it was feund te be the deminating species in
the bat assemblage; at Les Valerets this species is represented
by a few iselated canines. R. hipposideros was recerded enly at
the Grette du Prince, by a single digested upper canine. Rare in
nerthern France, this species reests almest exclusively in caves,
but ferages in a wide variety of habitats including landscapes
where trees are scarce.

Ameng the least commen species in the French fessilrecerd,
but identified in the described assemblages, are M. daubentonii
and E. serotinus. The first of this species, identified in the
assemblage frem Les Valerets, had enly been previeusly
recerded in Santenay (Sevilla, 1990). It is a species rarely feund
reesting in caves and strengly linked te riparian ferests. The
single remain in Les Valerets assigned te E. serotinus adds a
new recerd te this species in the French Pleistecene, until new
enly recerded in I’Hertus (Jullien, 1972). E. serotinus is
newadays a widespread anthrepephileus species feund in a
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Fig. 4. Bat species recorded in the localities described in this paper and other Middle and Late Pleistocene localities in France, arranged according to their age.
Localities with cold climate assemblages are shaded in gray (E.P., Early Pleistocene).

variety of habitats and reests, eccasienally in caves and reck
fissures; it is usually feund in greups ef few individuals. As a
fessil, it is net particularly abundant in central and western
Eurepe.

4.2. Taphonomy and paleoecology

Recent patterns of distributien and abundance of bats depend
en several envirenmental facters such as temperatures,
availability ef reests and the presence of adequate feraging
greunds in the area. These specific requirements sheuld previde
teels fer the recenstructien ef past envirenmental cenditiens
cemparable te that of ether small mammals. Hewever, when we
censider the French Pleistecene recerd of bats (Fig. 4), species
richness is very heteregenceus and dees net shew any distinct
pattern that can be linked directly te climatic phases, the
geegraphic situatien ef the lecality er its age. Thus, the
interpretatien ef climate, er of the presence ef particular

envirenments frem bat assemblages must rely en the presence
of indicater species (strictly Mediterranean, with restricted
feraging greunds, etc.), and less in diversity patterns.

Taphenemic precesses may be behind the impertant
heteregeneity ebserved ameng different lecalities. Thus,
identifying prey assemblages and cave assemblages may be
impertant because of the influence en species representatien in
the assemblage and the envirenments that might be cense-
quently interpreted. Bat fessils feund in cave assemblages are
primarily taken fer thanateceenesis, their eccurrence tegether
with ether nen cave-dwelling vertebrates being usually
interpreted as the result of mixing precesses. Predatien,
hewever, might be a mere cemmen seurce of bat fessils than
generally assumed, especially when feund tegether with these
of ether small vertebrates.

Digestien and particular breakage patterns, as direct
evidence of predatien, are usually everleeked in fessil bats.
Mereever, in the absence eof these signs, predatien cannet be



cempletely discarded. Mest bats are petentially subject te
eppertunistic predatien by a variety of predaters such as snakes,
birds and mammals. Breakage and digestien inflicted by mest
of these predaters lead te the destructien ef the delicate bat
benes; this leaves ewls as the mest prebable predaters
respensible fer bat fessils in a prey assemblage (Kewalski,
1995). Bats appear regularly but usually in negligible numbers
in ewl pellets. Hewever, a variety of faveurable cenditiens have
been described in the literature under which bats beceme an
impertant part ef the diet of individual predaters. Net all species
are equally preyed en. Thus, mest commen in ewl pellets are M.
myotis, M. nattereri, E. serotinus, Nyctalus noctula, P. auritus
and P. austriacus; less commen prey are ether species such as
M. daubentonii, E. nilssonii and Pipistrellus pipistrellus, and
least of all are the species of the genus Rhinolophus, almest
always absent in pellets with bat benes (Krzanewski, 1973;
Ruprecht, 1979; Kewalski, 1995; Semmer et al., 2009).

In cave eor karstic assemblages with small mammals, where
bats are represented by few remains and a relatively high
number of species commen in ewl pellets, the pessibility that
the bat fessils were eriginally part of a prey assemblage must be
censidered, even if ne signs ef digestien are evident. This was
the basis fer censidering three of the feur assemblages studied
in this paper as prey assemblages. In beth Les Valerets and the
Grette du Prince the digestien ebserved in seme ef the bat
fessils supperts predatien. In Cembe-Grenal, theugh ne
evidence eof digestion was eobserved in the material, the
structure of the fessil assemblage dees net agree with what
might be expected fer a cave assemblage, neither in species
cempesitien ner in their relative abundances. Thus, it is
interpreted as a prebable prey assemblage.

Cave assemblages are usually characterised by an impertant
representatien ef typical cave-dwellers, frequently with a
deminant species represented by a high number of remains,
tegether with lewer numbers of accempanying species. In
France, the deminant species in cave cemmunities are usually
the Large Meuse-cared bat (M. myotis) er Schreiber’s Leng-
fingered bat (M. schreibersii); the accempanying species are
usually Rhinelephids and middle-sized Myotis species (M.
bechsteinii, M. emarginatus and M. nattereri). The assemblage
in the Grette de L’Escale agrees with this pattern and, supperted
by the absence of digestion, was censidered as evidence of a
cave assemblage. Mereever, the high prepertien ef juvenile M.
schreibersii individuals peints tewards a cemmunity eccupying
the cave during the summer.

Similarly te the differences eutlined by Sigé and Legendre
(1983) between fluvie-lacustrine and karstic assemblages, cave
assemblages picture drier and warmer cenditiens due te the
higher representatien ef Rhinelephids than in prey assem-
blages, where Vespertilienids are better represented and which
include species rarely feund in caves. Theugh the enviren-
mental cenditiens inferred frem the fessil bats represented in
the assemblages described in this paper mainly agree with these
inferred frem the ether small mammals frem the same lecalities,
the slight differences that are ebserved ceincide with what might
be expected censidering the erigin ef each assemblage. Fer
instance, the bat species feund in Cembe-Grenal indicate mere

humid cenditiens than these inferred frem redents; a higher
density ef trees is inferred frem the bats frem Les Valerets, or a
mere Mediterranean character frem the bat assemblage in the
Grette de 1" Escale.
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