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ABSTRACT. Recent research in South American biogeography on groups other
than mammals suggests that the semi-arid Caatinga of northeastern Brazil
provided xeric refugia during mesic phases of the Pleistocene climatic cycles. If
this supposition is correct, the Caatinga mammal fauna might be expected to
contain numerous species showing a pronounced level of adaptation to aridity
and the origins of a substantial segment of the fauna should be traceable to the
diversification and eventual speciation that would be expected to have resulted
from extended isolation in a xeric environment. An analysis of the extant
mammal fauna fails to corroborate these predictions; only one endemic mammal
species is found in the Caatinga, and the fauna lacks the expected physiological
and morphological adaptations. Other vertebrate groups also exhibit low levels
of endemism. The high degree of climatic unpredictability that is characteristic
of the Caatinga may preclude the development of a unique fauna adapted to
xeric conditions. It appears that the present inhabitants of the region avoid the
environmental effects of aridity and climatic unpredictability during harsh
periods by utilizing the numerous mesic enclaves scattered throughout the North-
east. Indeed, even during periods of elevated precipitation, most mammal species
reach their highest density in these relatively restricted areas. Although the
Caatinga contains a xeric-adapted flora, it harbours an anomalous mammal fauna
that is more characteristic of a mesic tropical biome in terms of both species
composition and overall adaptation. The development of an assemblage of verte-
brates whose adaptations do not parallel those of the dominant flora in a region
is an unusual situation which should be of particular interest to palaeontologists
attempting to reconstruct ancient environments.

Introduction

The Neotropical Realm was viewed for many
years as a region of long-term climatic stability.
Recent evidence suggests that this area has
undergone great phytogeographic disruption
with attendant effects on speciation patterns.
The mechanism generally proposed involves
the formation of numerous mesic refugia

during glacial maxima (Simpson & Haffer,
1978). Refuge theory proposes the existence
of areas of high precipitation that persisted
even during the driest periods of the Pleis-
tocene. Fragmentation of the neotropical
flora and fauna into such isolated refugia is
considered an important source of biological
diversification in the Neotropics (Prance,
1982).

57



58 M. A. Mares, M. R. Willig and T. E. Lacher, Jr

The proposed geographical arrangement of
refugia seems to account for patterns of diver-
sification in plants (Vuilleumier, 1971;
Ab’Sdber, 1977), birds (Haffer, 1969), reptiles
(Vanzolini & Williams, 1970; Haffer, 1978),
butterflies (Brown, 1977) and indigenous
human cultures (Meggers, 1975), but see
comments of Endler (1982). All of this work
has dealt exclusively with the history of mesic
refugia, especially in the Amazon Basin.
Geomorphological research (Bigarella &
Andrade, 1965; Bigarella, Mousinho & da
Silva, 1965; Bigarella & Becker, 1975; Tricart,
1974, 1975; Journaux, 1975; Ab’Saber, 1977)
strongly suggests alternating periods of wet
and dry conditions in southeastern Brazil, the
upper Amazon, the Venezuelan llanos and
northeastern Brazil. The flora present during
the most mesic periods in the Amazon Basin is
thought to have been of a rain forest type.

Biogeographers have begun to explore the
development of Amazonian refugia in habitat
types other than mesic lowland tropical forest
(Andrade-Lima, 1982; Cerqueira, 1982;
Haffer, 1982; Huber, 1982; Graham, 1982;
Granville, 1982). An interesting proposal con-
cerns the importance of xeric refugia in regions
that today are arid or semiarid and may have
been more mesic in the past (e.g. coastal
Carribean, Caatinga and Chaco, see Tricart,
1974). Andrade-Lima (1982) has suggested
the presence of xeric refugia in northeastern
Brazil based on the fact that a number of
plant species currently have disjunct distribu-
tions in the Caatinga and in the Chaco. As the
present-day climate of central Brazil is
moderately humid, earlier refugial formation
appears to have left a legacy of disjunct
populations of species that presumably had a
much more extensive palaeodistribution —
indeed, in a sense the Caatinga of today could
itself be viewed as a xeric refugium surrounded
by much more mesic habitats. However,
botanical evidence supports the idea that the
Caatinga was divided into several smaller
refugia during climatic periods that were more
mesic than those obtaining today (Andrade-
Lima, 1982). Andrade-Lima notes that, while
the Caatinga flora shares numerous generic
and suprageneric taxa with other plant forma-
tions, particularly the Chaco, there is a
pronounced level of species endemicity in
northeastern Brazil. Sarmiento (1975) shows

that the Caatinga is the most dissimilar xeric
region on the continent when compared
floristically to the other arid and semi-arid
biomes of South America.

The semiarid Caatinga

The Caatinga of northeastern Brazil consists
of heterogeneous arid and semi-arid formations
surrounded by more mesic phytogeographic
formations. The boundary of the Caatinga
closely follows the 800 mm isohyet, which
extends from approximately 3° to 16° south
latitude and from 35° to 45° west longitude
(Fig. 1). The total area encompasses 650 000
km? (Reis, 1976; Frota-Pessoa et al., 1971).
The present-day climate (Nimer, 1972,
1979) shows moderate tolow annual precipita-
tion, varying from under 300 mm in the most
arid regions to over 1600 mm in high plateau
regions that receive orographic precipitation.
Rainfall is markedly seasonal, with the driest
period generally occurring between May and
November. Unlike most lowland tropical areas,

]

FIG. 1. The major vegetation formations that border
on the Caatinga. A: Amazon Region; B: Cerrado; C:
Caatinga; D: Atlantic Forest Region; E: Chaco; F:
Pantanal; G: Transition between Chaco-Amazon
Regions. Modified from Eiten (1972, 1974).
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FIG. 2. Rainfall and temperature data from Ouricuri, Pernambuco, Brazil: solid line: rainfall; dashed
line: temperature. Vertical lines connect end-points of ranges for rainfall data. On average, only the
months of December, February, March and April show a relative water surplus. After Streilein (1982a).

the Caatinga does not exhibit a highly predict-
able wet—dry season. An anomalous shift in
precipitation between extreme drought (with
Omm rainfall per year) and severe flooding
(precipitation sometimes exceeding 600 mm
in a month) occurs throughout the Caatinga;
the causes of this climatic unpredictability are
unclear, but there is strong evidence that a
complex of factors is involved, including shifts
in the position of the Intertropical Conver-
gence Zone, the pattern of orographic barriers,
and variation in the movements of the South
Atlantic Polar Front (Freise, 1938; James,
1942; Melo, 1956; Markham, 1972; Reis,
1976). The general pattern, therefore, is one
of low annual rainfall with a marked dry
season of severe water deficit (Fig. 2). This
climatic regime is also subject to high un-
predictability (Fig. 2; Streilein, 1982a). Some
regions of the Caatinga (e.g. Raso da Catarina)
are dry 10—11 months each year and some
extensive areas may undergo rainless years
(Markham, 1972).

Ab’Saber (1970) reviewed the geomor-
phology of the Caatinga. A number of points

are relevant to the biogeography of this area.
The region is dominated by Cretaceous sand-
stone deposits overlying a basement of pre-
Cambrian crystalline rock. The sandstone has
been eroded throughout much of the north-
east, exposing the crystalline basement. This
appears either as a flat rock surface that is just
below the soil or as an exposed shelf, or lajeiro.
In many areas, the basement is exposed as
accumulations of large boulders that are
extensive enough in some areas to appear as
low mountainous ridges or serras. These more-
rugged areas produce considerable topographic
relief. The Cretaceous sandsione persists only
in a few localized regions where it forms
extensive plateaus several hundred miles in
length; the Chapada do Araripe is an example.
These plateaus offer additional relief and
furnish a much different substrate, both
texturally and chemically. Both the plateaus
and serras are important sites for orographic
precipitation and, because of this, are always
more mesic than the surrounding lowlands.
The shallow rocky soils of the lowlands, and
the presence of a non-porous crystalline base-
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ment, greatly depress the water retention
capacity of the soil. When rain does fall, it is
lost through rapid runoff. This problem is
minimal on the sandstone chapadas, and these
regions often have vegetation more typical
of the Cerrado of central Brazil.

There is some question as to the true un-
disturbed vegetation form of the Caatinga.
Webb (1974) argues that virtually all of north-
eastern Brazil is covered by secondary vegeta-
tion and agriculture. The influence of human
alteration is most evident in the coastal areas
that were formally covered by a dense diverse
rainforest and are now converted almost
entirely to agriculture. The area between the
coastal forest and the Caatinga was once
covered by a closed-canopy mata seca, or dry
forest. Virtually all of this has been cut, and
the region now supports agreste, an open-
canopy drought deciduous scrub forest. The
thorn scrub forest that is called Caatinga may
also be a second growth formation. Residents
of the northeast distinguish between two
distinct growth forms: caatinga alta — a
drought deciduous forest comprised of large
trees (10—15m) that form a closed canopy
forest in the wet season, and caatinga baixa —
an open canopy thorn scrub forest with many
species of cacti. Webb feels that most of the
northeast was once covered by caatinga alta,
and that caatinga baixa is a recent formation,
occurring on land that has been heavily altered
by cutting, agriculture, grazing and erosion.
This view is also held by other researchers (e.g.
Sarmiento, 1975).

Eiten (1972, and especially 1974) compares
the Caatinga with several other xeric areas in
South America (Table 1). He points out that
the Caatinga’s climatic distinctiveness has
resulted in numerous important morphological
and physiological adaptations to aridity by
many species of plants. The Caatinga versus
the Cerrado (the most extensive contiguous

biome) has numerous cacti, terrestrial brome-
liads, thorn bushes and barrel-trunked trees.
Although there is an effective dry season of
up to 10 months in the Caatinga (versus only
3 or 4 months in the Cerrado), rainfall un-
predictability has resulted in the trees having
leaves that are mesomorphic (rather than
xeromorphic), and thin and soft, therefore
easily shed. Coriaceous, or anatomically
xeromorphic, leaves in the Caatinga would
suggest adaptation to predictable drought.
Moreover, leaves in the Caatinga show very
rapid stomatal activity (versus very slow
activity in the Cerrado), indicating further
adaptations to unpredictable precipitation.

Regardless of growth form or seral stage, it
is clear that the Caatinga is a vegetation for-
mation showing specialized adaptations to un-
predictable aridity among numerous species of
Bromeliaceae, Euphorbiaceae, Cactaceae, and
other plant families. The overall levels of spe-
cialization to unpredictable drought attest to
a long history of evolution under periodically
arid conditions. The high degree of endemism
of much of the Caatinga’s flora argues strongly
for a long period of isolation under xeric con-
ditions. The relevant point is that the Caatinga,
albeit disturbed, is an historically arid region
(Alvim, 1949). Andrade-Lima (1957, 1964a,
b) and Andrade & Caldas Lins (1964) present
information on species composition of plants in
various Caatinga habitats, as do Mares et al.
(1981), Lacher (1981), Streilein (1982a) and
Willig (1983).

The fauna of northeastern Brazil has only
recently been studied. Vanzolini (1972, 1974,
1976) examined the lizards of the Caatinga in
some detail and concluded that there is little
evidence of endemism; only one species
[Platynotus semitaeniatus (Iguanidae)] shows
an association with Caatinga formations. In
the case of Platynotus, the association may in
fact reflect adaptation to exposed granitic

TABLE 1. A comparison of some climatological parameters from four of the major scrub-
lands of South America (from Morello, 1958; Eiten, 1974).

Biome Average Yearly Drought Variance in
temperature (°C) precipitation (mm) period (months) precipitation
Caatinga 24-26 300—1000 7-10 Very high
Cerrado 20—-26 750—2000 5 Very low
Chaco 17-25 500—1000 3 Very low
Monte 16—18 100—-350 6-9 Very low
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rock formations rather than to xeric vegetation
formations per se (Vanzolini, 1976; Vanzolini,
Ramos-Costa & Vitt, 1980; Vitt, 1981).
Vanzolini et al. (1980) reviewed the entire
fauna of reptiles of the Caatinga and concluded
that ‘very few’ species are endemic. Sick
(1965) reported that endemism in Caatinga
bird species is particularly low, with probably
fewer than ten or so species being limited to
the Caatinga proper. This is an especially low
number considering the vast size of the
Caatinga. By comparison, the Cerrado (sensu
latu), which is approximately 2.6 times larger
than the Caatinga, contains between 118 and
148 endemic species of birds out of 935 that
are listed for the Cerrado (Costa et al., 1981).
However, the Caatinga shows much more
endemism among birds than does the Chaco
avifauna of southcentral South America,
which has only one endemic species among
409 bird species in an area of 1000000km?
(Short, 1975)! Indeed, the Chaco shares 60%
of its avifauna with the Caatinga (Short, 1975),
and more than 75% of its avifauna with the
Cerrado. However, when the non-mammalian
vertebrate groups are examined, it seems clear
that endemism in the Caatinga is relatively
low, especially given the fact that botanical
evidence supports the idea that the Caatinga
played an important role in the development
of a rather unique dry-adapted flora evolving
under long-term conditions of periodic aridity.

Paleoecology of northeastern Brazil

The composition of the drought-adapted flora
that is hypothesized to have spread across the
Amazon Basin during dry periods has not
been defined. Based upon correlations of
modern floral distribution patterns and
climate, most biogeographers feel that it was
savanna or open woodland (e.g. Simpson &
Haffer, 1978). This assumes both a lower
annual rainfall and a seasonality in precipita-
tion. Palynological data collected at a variety
of sites on the perimeter of the Basin support
the hypothesis of a cycle of savanna and wet
forest (Van der Hammen, 1963, 1974, 1982;
Wijmstra & Van der Hammen, 1966; Asby &
Van der Hammen, 1976).

Webb (1978) has argued convincingly from
a broad review of botanical and zoological
research, that a complex mix of savannas

served as a corridor for colonization of
southern South America by North American
immigrants (see also Mares, 1985). Under this
scheme, the Caatinga scrublands were a link
between the savannas of Suriname, Guyana
and Venezuela in the north, and the Cerrado
and Chaco to the south. Webb notes that
there is good evidence of shared palacomammal
faunas at disjunct points along this grassland/
scrubland corridor, as well as additional
examples of herptiles and birds whose present
distributions suggest colonization via an eastern
grassland route.

Certainly, during dry periods, it would be
expected that arid habitats would expand
greatly at the expense of rainforest areas. As
noted, the Caatinga has a very distinctive flora
(Eiten, 1974; Sarmiento, 1975), although it
shares numerous floral elements with the Chaco
(Ducke, 1953; Rizzini, 1963; Hueck, 1972;
Andrade-Lima, 1982). This raises the possi-
bility that as the Amazon Basin became more
savanna-like, the Caatinga and Chaco expanded
to form a wide belt of continuous drought-
deciduous thorn scrub extending from north-
eastern Brazil to northern Argentina (Groot &
Groot, 1966; see also Short, 1975). During
more mesic periods, the most drought-adapted
portions of the Caatinga would have contracted
into one or more smaller core areas (e.g.
Sarmiento, 1975). These xeric refugia may
have been reduced to a few very small isolated
areas during especially wet periods (Andrade-
Lima, 1982). If this had been the case, one
might expect a high degree of endemism in
the flora, but low rates of endemism for larger
animals that require rather large geographical
areas in order to maintain viable populations.

We examined the role of the Caatinga in
mammalian zoogeography. We were parti-
cularly interested in studying the non-volant
mammal fauna to determine the degree of
endemism of Caatinga mammals as well as
their levels of physiological adaptation to arid
conditions. Such data should help elucidate
the role of the Caatinga during the cyclic
periods of mesic and xeric conditions that are
currently postulated by refuge theory.

Neontological evidence

Various habitats of northeastern Brazil
were examined initially in 1975 by M.A.M.
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Beginning in September 1976 surveys were
conducted at a number of Caatinga localities;
samples were collected in a variety of habitats.
Numerous contact and transition zones were
also sampled. These included the Atlantic
Coastal Forest near Recife, Pernambuco; a
Cerrado—Caatinga contact zone near Valenca
do Piaui, Piaui, Palm Forest near Terezina,
Piaui; and regional Cerrado, Cerradao and
evergreen mesophytic forest on the Chapada do
Araripe in Ceara state. Museum specimens in
Rio de Janeiro and Sao Paulo, Brazil, were also
examined. Detailed habitat descriptions, a
gazetteer of mammal collecting localities, and
complete species lists were presented in Mares
et al. (1981). Complete research methods are
described in the papers cited in this section.
Streilein (1982b) studied water balance in
Caatinga mammals and Don Christian (pers.
comm.) determined the urine concentrating
capacity of the kidneys of four common

Caatinga mammals: Monodelphis domestica
(Didelphidae), Thrichomys apereoides (Echim-
yidae), Wiedomys pyrrhorhinos (Cricetidae)
and Kerodon rupestris (Caviidae).

Ecology and behaviour of non-volant
Caatinga mammals were discussed in Lacher
(1979, 1980, 1981), Mares et al. (1981,1982),
Lacher, Willig & Mares (1982) and Streilein
(1982a—f).

Data germane to our results were collected
by Thomas E. Lacher, Jr, Michael A. Mares,
Karl E. Streilein and Michael R. Willig between
1975 and 1978 as part of the Brazilian
Academy of Sciences Project ‘Ecology, evolu-
tion, and zoogeography of the semi-arid region
of northeastern Brazil’. We collected informa-
tion on the ecology, behaviour, and physiology
of Caatinga mammals. Extensive systematic
collections were also made (6576 specimens).
One half of the collection is located at the
Carnegie Museum of Natural History in

TABLE 2. Caatinga mammal species [excluding bats, as determined by Cabrera (1957, 1960) and Mares et al.

(1981)] and their distribution in other major biomes of South America

Taxa Biomes Taxa Biomes
A B C D A B C D
Order Rodentia Order: Artiodactyla
Family: Muridae Family: Cervidae
Oryzomys eliurus X X Mazama gouazoubira X X X X
Oryzomys subflavus X X Ozotoceros bezoarticus X X X X
Rhipidomys mastacalis X X
Akodon arviculoides X X X X Order: Marsupialia
Bolomys lasiurus X X X Family: Didelphidae
Calomys callosus X X X Caluromys philander X X
Wiedomys pyrrhorhinos X X X Monodelphis domestica X X X
Family : Caviidae Marmosa agilis X X X X
Kerodon rupestris X Marmosa cinerea X X X
Galea spixii X X X Marmosa karimi X X
Family: Dasyproctidae Order: Primates
Dasyprocta prymnolopha X X Family: Cebidae
Family: Echimyidae Cebus apella X X X X
Thrichomys apereoides X X Family: Callithricidae
Order: Carnivora Callithrix jacchus X X X
Family: Canidae Order: Edentata
Qerdocyon th.ous X X X X Family: Myrmecophagidae
Family: Procyonu‘:lae Tamandua tetradactyla X X X X
Pf'ocyon can‘crzvorous X X X X Family: Dasypodidae
Famllyl: I\/.lust.ehdae Dasypus novemcinctus X X X X
Galictls vittata i X X X X Euphractus sexcinctus X X X X
Conepatus semistriatus X X X X Tolypeutes tricinctus % %
Family: Felidae
Felis concolor X X X X Order: Lagomorpha
Felis onca X X X X Family: Leporidae
Felis yagouaroundi X X X X Sylvilagus brasiliensis X X X X

A = Caatinga; B = Cerrado; C = Chaco; D = Evergreen Mesophytic Forest; E = Pampa.
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Pittsburgh, Pennsylvania, and the other half is
located at the Museu de Zoologia of the
Universidade de Sao Paulo, Sao Paulo, Brazil.
We prepared a list of non-volant Caatinga
mammal species based upon our own collec-
tions and examination of museum specimens

(Table 2). We indicate their distribution in the
five major ecosystem types of northeastern
Brazil. Only Kerodon rupestris is restricted to
the Caatinga. Within the Caatinga, Kerodon
occurs only in rocky outcrops, boulder piles,
or on serras of exposed crystalline basement.

TABLE 3. Degree of adaptation to aridity by small mammals from major xericregions of the world

Location Classification Locomotion Relation to Maximum Source
free water osmotic
concentra-
tion of urine
(mosmol/I)
Africa Rodentia
Dipodidae
Jaculus Bipedal Independent 6500 Schmidt-Nielsen
Muridae (1964)
Gerbillus Quadrupedal Independent 5500 Schmidt-Nielsen
(1964)
Australia Rodentia
Muridae
Notomys Bipedal Independent 4920— MacMillen & Lee
9370 (1967)
Leggadina Quadrupedal Independent 8970 MacMillen et al.
(1972)
Marsupialia
Macropodidae
Macropus Bipedal Undetermined 3500— Derry & Dawson
4000 cited by Hulbert
& Dawson (1974)
North America Rodentia
Heteromyidae
Dipodomys Bipedal Independent 4090— Schmidt-Nielsen
5540 et al. (1948)
Perognathus Quadrupedal Independent — MacMillen (1964)
South America- Rodentia
Caatinga
Muridae
Wiedomys Quadrupedal Dependent 2542 D. P. Christian
(pers. comm.)
Bolomys Quadrupedal Dependent .- Streilein (1982b)
Caviidae
Kerodon Quadrupedal Dependent 2119 D. P. Christian
(pers. comm.)
Galea Quadrupedal Dependent - Streilein (1982b)
Echimyidae
Thrichomys Quadrupedal Dependent 3394 D. P. Christian
(pers. comm.)
Marsupialia
Didelphidae
Monodelphis Quadrupedal Dependent 3285 D. P. Christian
(pers. comm.)
South America- Rodentia
Monte Desert
Muridae
Eligmodontia Quadrupedal Dependent 5763 Mares (1975a,
1977a)
Calomys Quadrupedal Independent 5183 Mares (1977b)
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Kerodon has numerous morphological, ecolo-
gical and behavioural adaptations for its saxi-
colous existence (Lacher, 1980, 1981; Mares
& Lacher, ms.).

A number of species are distributed through-
out the Caatinga—Cerrado region (Table 2).
Many of these (e.g. Oryzomys eliurus, O. sub-
flavus and Calomys callosus) are agricultural
commensals. In the vicinity of Exu, Pernam-
buco, these species occur in an edaphic form
of Cerrado vegetation on the Chapada do
Araripe, and move down into lowland Caatinga
thorn scrub through corridors of agricultural
land and disturbed forest (Streilein, 1982a).
They are not found in thorn scrub in the
absence of adjacent agriculture. Although
they are found in the Caatinga region, by
microhabitat preference they are clearly not
Caatinga mammals.

None of the Caatinga mammals shows any
pronounced physiological adaptations to
aridity (Table 3). This is an unusual situation
compared to other arid-region mammals (e.g.
Mares, 1976, 1980, 1983). Kerodon rupestris,
the only Caatinga endemic, has kidneys that
are the least efficient concentrators of urine
of any of the species tested (Don Christian,
pers. comm.). When several species of Caatinga
rodents are compared with rodents from more
arid areas, it is evident that the former are less
able to concentrate urine and to exist without
free water in the diet. Unfortunately, data on
urine concentrating abilities of South American
species from more mesic habitats are not
available. Species from the Monte Desert of
Argentina, however, are shown to be much
more adept at water conservation than are the
Caatinga species.

Discussion

The results obtained for mammals corroborate
the observations of Sick (1965; see also Short,
1975) on birds and Vanzolini (1974, 1976;
Vanzolini et al., 1980) on reptiles. There is no
characteristic Caatinga mammal fauna. In con-
trast to the high degree of species endemicity
in the Caatinga flora (Andrade-Lima, 1982),
the vertebrate fauna is largely a subset of the
Cerrado and Atlantic Coastal Forest faunas.
Both of these vegetation formations are sub-
stantially more mesic than the Caatinga, and

neither shows the climatic irregularity that
distinguishes the Caatinga.

Data on physiological adaptations to aridity
support the contention that the Caatinga
mammal fauna reflects an origin in more mesic
vegetation formations. None of the six
common rodent species examined were water
independent. The four species that were
examined for urine concentrating ability
showed very low values for osmotic concentra-
tion. It must be remembered that the Caatinga
is subject to extreme drought for extended
periods of time. Recently there has been little
or no rain throughout much of the Caatinga
for almost 4 years, a fact that has led to great
human suffering over a vast region. Thus,
while it appears that the rodent species
examined show the expected levels of urine
concentrating ability given the mean annual
precipitation of the Caatinga (Fig. 3), water
independence would clearly be advantageous
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FIG. 3. The relationship between urine concentrating
ability and regional annual precipitation, for three
Caatinga species (K = Kerodon, W = Wiedomys,
T = Thrichomys); four Monte Desert species (O =
Oryzomys longicaudatus, P = Phyllotis darwini,
C = Calomys musculinus, E = Eligmodontia); North
American Dipodomys (D); Australian Leggadina (L)
and Notomys (N); and African Jaculus (J) and
Gerbillus (G). Urine concentrations from Table 3
and Mares (unpublished); precipitation data from
various sources. The slope is —8.638 and F [1, 10] =
18.9, P < 0.005. Solid circles indicate water indepen-
dence, while open circles are species that are depen-
dent upon free water.
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during the recurring droughts. The shift toward
water independence has not occurred, how-
ever. The appearance of water independence
in Argentine (Fig. 3) and Peruvian (Koford,
1968) desert mice indicates that there is no
phylogenetic roadblock to impede the develop-
ment of this trait among South American
species (although it has yet to be demonstrated
for any hystricognath species, probably due to
the lack of physiological research on the con-
tinent). Rodents in other semi-arid areas on
other continents do show an ability to exist
without free water (e.g. see Schmidt-Nielsen,
1964; MacMillen, 1964, 1983; Mares, 1973,
1983).

The Caatinga mammal fauna is clearly
neither endemic nor arid adapted. Most of the
species also occur in the Cerrado. Many
‘Caatinga’ mammals do not, in fact, occur in
Caatinga habitats, even though they are found
within the geographical limits of the Caatinga.
The number of species of small non-volant
mammals that is found in any abundance in
thorn scrub habitats is only five (Mares et al.,
1981; Streilein, 1982a). Thus the Caatinga
proper supports one of the most depauperate
small mammal faunas in the tropics. Streilein
(1982c¢), for example, found that densities of
small mammals may be so reduced that only
one individual of a species will be captured in
more than 29000 trap nights. This is an
important point. The overall impression of
mammal abundance in the Caatinga is that of
a marked scarcity. Indeed, we are not aware
of data that indicate a density value as low as
that of the Caatinga in any other semi-arid or
arid region. Even the extremely low densities
described by Mares et al. (1977) for the
Monte Desert are much higher than those
which were found in the Caatinga. Small
mammal densities in Salta Province, Argentina,
in the driest portions of the Chaco, while low,
are likewise much higher than those of the
Caatinga (Mares, unpublished).

Of the five species that occur in thorn
scrub (Monodelphis domesticus, Thrichomys
apereoides, Galea spixii, Kerodon rupestris,
Wiedomys pyrrhorhinus), all but Wiedomys
attain their highest densities in association
with granitic outcrops, boulder piles or serras
(Lacher, 1981; Streilein, 1982c¢c, d). Because
of the presence of deep crevices and rocky soil,
these areas remain green and mesic well into

5

the dry season (Lacher, 1981; Mares et al.,
1981). Our data suggest that the small
mammals of the Caatinga continue to inhabit
the region by persisting in these mesic enclaves
during the extensive droughts of irregular
periodicity (Streilein, 1982c, d). During the
moist portions of the year (or during successive
years of elevated precipitation), these species
recolonize the thorn scrub, only to diminish
once again in times of reduced rainfall. Since
there are numerous such microclimatic refugia
of varying size scattered throughout the
Caatinga, however, these species are able to
withstand the xeric periods and once again
recolonize the plains. Thus we hypothesize
that a boom and bust pattern of population
expansion and retraction will be shown to
characterize many of the small mammals of
this region. Even the volant mammals (bats),
which are the largest contributors to species
diversity in the Caatinga, are largely restricted
to the rocky hills supporting moist forests
(Willig, 1982, 1983). In effect, the small
mammal fauna of the Caatinga possesses
characteristics generally indicative of life in a
more mesic environment. This is so because
the persistence of each species in the region is
accomplished in a fairly mesic microenviron-
ment, while widespread colonization also
occurs during mesic times of the year.

If the area currently occupied by the
Caatinga had been reduced to one or more
arid refugia during the Pleistocene, it might be
expected that there would be a pronounced
level of endemism (or at least that there
would be more than a single endemic species).
Furthermore, mammal species which had
evolved in such xeric refugia should posses
physiological and/or morphological adapta-
tions characteristic of other arid-zone verte-
brates. Such specializations to aridity might
furtherrestrict Caatinga species to the semi-arid
portions of the region. The absence of pronoun-
ced physiological adaptations to aridity by
mammals, the generally low level of vertebrate
endemism, and the importance of mesic
enclaves in maintaining populations during
dry periods, argue against the suggestion
(Miller, 1973) that large Pleistocene refugia
significantly influenced speciation patterns of
vertebrates in the Caatinga. Small xeric islands
probably did form several times somewhere in
this vast region, but their presence today is
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detectable only among species of low vagility,
such as the plants. Had such refugia formed
repeatedly in the Caatinga, a species elimina-
tion mechanism (Mares, 1979) would very
likely have been in operation. Species seeking
refuge in these habitats would have died out
over time due to small population size.
Whether or not this occurred, or how many
species might have been involved, is unknown.
However, lowered diversity, rather than
elevated numbers of species, would have been
the ultimate result.

Any scenario dealing with the biogeographic
history of the Caatinga contains an additional
complicating factor, the anomalous drought.
If the climate of the Caatinga was as unpredic-
table in the past as it is today, small mammals
would have faced a formidable task in adapting
to life in xeric refugia. It is unlikely that
short-lived vertebrates of low vagility could
have evolved adaptations to deal with an aridity
that appeared irregularly at intervals much
greater than the generation time of any
particular species. Thus several generations of
animals would experience strong selection
pressures favouring adaptations related to life
in a mesic forest, while the descendents of
these animals would be subjected to sudden
selection pressures favouring the opposite
extreme of the climatic scale. Adaptations for
life in a moist tropical habitat would be ill-
suited to the hot, dry, leafless environment
that would suddenly occur over huge areas
and persist for years. Since the ancestors of
species currently found in the Caatinga were
most probably colonizers from the surroun-
ding mesic biomes (Mares et al., 1981), they
may well have only been able to persist in the
region by becoming mesic microhabitat
specialists. Indeed, specialization to aridity
may have proven counterproductive during
the years, or even decades, of elevated pre-
cipitation that characterize the region today.
As such, it may be almost impossible for these
species to consolidate adaptations for the
extensive arid habitats which appear randomly
through time.

Thus, we have two alternative hypotheses
concerning the biogeographic history of the
area. The first proposes the existence of
Pleistocene refugia that influenced speciation
patterns. Evidence from plants and possibly
insects supports this idea, but the low verte-

brate endemism does not. Even some of the
few endemic Caatinga birds (e.g. the trochilids
Augastes scutatus and A. lumachellus) inhabit
rocky areas rather than the dry plains (Sick,
1965). Largely because of the plant data and
the geomorphology of the region, we support
the idea that xeric Caatinga refugia have
formed in the past and we expect that addi-
tional research on invertebrates and other
species capable of extended periods of
dormancy will reveal numerous endemic
species. However, we feel that the unusual
climate of the Caatinga has obviated specializa-
tion by vertebrates, given the fact that they
have relatively long life spans and relatively
low reproductive rates coupled with an
inability to undergo prolonged dormancy.
They persist in the Caatinga by inhabiting its
climatic interstices, those microhabitats that
retain moisture throughout the year. Our data
suggest that adaptations among the small
mammals have developed toward the mesic
end of the spectrum (the climate that most
commonly obtains in the Caatinga) and thus
do not parallel those of the flora of the region.
This has resulted in the curious situation of a
largely mesic-adapted tropical fauna inhabiting
a region distinctive for its aridity and drought-
adapted flora.

Conclusions

The Caatinga has many endemic species of
xeric adapted plants, although there are few
endemics at the generic level (Andrade-Lima,
1982). The flora seems to be derived from the
Chaco (Andrade-Lima, 1982) and to a lesser
degree from the dry Carribean flora
(Sarmiento, 1975).

The Caatinga vertebrate fauna is depau-
perate, contains few endemics, and has no
mammals adapted to arid conditions (Sick,
1965; Vanzolini, 1974, 1976; Mares et al.,
1981). It is essentially a subset of the Cerrado
fauna.

We propose that, like the Monte Desert in
Argentina (Mares, 1975b, 1976, 1979, 1980),
the arid parts of the Caatinga contracted into
numerous small refugia as the savanna/wood-
land expanded northwards during mesic
periods. Small refugia, coupled with the
irregular droughts of northeastern Brazil,
precluded the development of an arid adapted
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vertebrate fauna. Present sites of orographic
rainfall served as refugia for more mesic adap-
ted Cerrado species during glacial maxima,
and serve a similar refugial function during the
unpredictable extensive droughts that charac-
terize the region today. Most Caatinga en-
demics are, in fact, primarily species that
developed in the mesic refuges, not in the
xeric ones, and the microhabitats they inhabit
today reflect such a history.
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