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ABSTRACT

Plant establishment and growth on rocky outcrops in the Itatiaia massif (2400 m a.s.l.), southeastern Brazil, are limited by lack of soil and by freezing temperatures in
winter nights. Mat-forming species of different sizes and shapes on bare rock provide substrate for other plants to establish. The habitat preference of two geophytes,
Stevia camporum (Asteraceae) and Alstroemeria foliosa (Alstroemeriaceae), was compared with regard to their association with the type of mat species and distinct rock
topographies. The habitat preference of the mat species in regard to topography was also assessed. We found 1706 ramets of S. camporum and 1317 of A. foliosa in
253 vegetation islands ranging in size from 0.005 to 18.097 m2. Mat species in these islands were Fernseea itatiaiae, Vriesea itatiaiae (both Bromeliaceae), Pleurostima
gounelleana (Velloziaceae) and/or Campylopus pilifer (Dicranaceae) and other mosses. Mat species were segregated by topography. Geophytes were similarly distributed
across types of topography but showed negative interspecific association. S. camporum occurred mostly on the moss-dominated islands, whereas A. foliosa was more
common in P. gounelleana islands. We found geophyte co-occurrence in larger vegetation islands containing both P. gounelleana and mosses as mat species. Thus, the
effect of topography on geophyte segregation was indirect, since topography affects mat species distribution, and the geophyte preference for distinct mat species as
substrate resulted in their segregation.

RESUMO

O estabelecimento e crescimento de plantas nos afloramentos rochosos do maciço do Itatiaia (2400 m s.n.m.) são limitados por fatores como falta de solo e temperaturas
congelantes nas noites de inverno. Plantas que formam tapetes sobre a rocha nua (espécies-tapete), de diferentes tamanhos e formas, provêm substrato para outras
plantas se estabelecerem. A preferência de habitat de duas geófitas, Stevia camporum (Asteraceae) and Alstroemeria foliosa (Alstroemeriaceae) foi comparada em relação
ao tipo de espécie-tapete e às diferentes topografias. A preferência de habitat das espécies-tapete em relação às classes de topografia também foi avaliada. No total foram
encontrados 1706 ramos de S. camporum e 1317 de A. foliosa em 253 ilhas de vegetação, variando em tamanho de 0.005 a 18.097 m2. As espécies-tapete foram Fernseea
itatiaiae, Vriesea itatiaiae (ambas Bromeliaceae), Pleurostima gounelleana (Velloziaceae) e/ou Campylopus pilifer (Dicranaceae) e outras briófitas. As espécies-tapete
segregaram-se em relação às topografias. As geófitas distribuı́ram-se de maneira similar entre as classes de topografia, mas mostraram associação interespecı́fica negativa,
S. camporum ocorreu mais em ilhas dominadas por briófitas, A. foliosa foi mais comum nas ilhas de P. gounelleana. A co-ocorrência das duas espécies se deu em ilhas
grandes onde briófitas e P. gounelleana eram as espécies-tapete. Portanto, o efeito da topografia na segregação das geófitas foi indireto, pois esta afetou a segregação das
espécies-tapete. A preferência das geófitas por distintas espécies-tapete como substrato resultou em sua segregação espacial.
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FACILITATION IS AN IMPORTANT PROCESS regulating the structure and
function of plant communities in stressful environments (Callaway
et al. 2002, Bruno et al. 2003). Rocky outcrops on high tropical
mountains rank among such stressful habitats. They have a pre-
dominance of shallow soils, low water and nutrient retention, freez-
ing nightly temperatures, high solar radiation, and strong winds
(Monasterio & Vuillemier 1986, Scarano et al. 2001). The com-
bination of these factors modulated by topography creates a large
variety of microhabitats. Microhabitat colonization depends heavily
on the substrate fixation attributes and/or ecophysiological needs
of the species involved, in addition to chance events (Larson et al.
2000). Plants that establish and spread on the rock surface as mats
often provide new colonization sites themselves and contribute to
microhabitat heterogeneity in such habitats, thus allowing success-
ful entry of a higher number of species (Houle & Phillips 1989,
Porembski et al. 1998). Such mat species often behave as nurse plants
(sensu Franco & Nobel 1989) and, through facilitation, they play
an important role in the modification and maintenance of habitats
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(Jones et al. 1994). In extreme habitats, such as rocky outcrops in
high tropical altitudes, the abundance of a given nurse plant might
strongly influence the overall plant species richness, abundance,
nutrient cycling, and susceptibility to disturbance (Vogt et al. 1995,
Symsthad et al. 1998). They may buffer environmental variation and
reduce among-site microclimatic differences by improving water
and soil retention and reducing the impact of winds (Callaway et al.
2002).

The Itatiaia massif in southeastern Brazil is one of the few
high-altitude zones in the country. After the seminal floristic studies
of Brade (1956), Segadas-Vianna (1965), and Segadas-Vianna and
Dau (1965), few original studies (Camerik & Werger 1981, Scarano
et al. 2001, Ribeiro & Medina 2002) or reviews (Martinelli et al.
1989; Safford 1999a, b; Scarano 2002) have been published about
the Itatiaia massif or other high-altitude vegetation in southeastern
Brazil. The Itatiaia rocky outcrops have high species diversity—a
previous study found a total of 111 species in vegetation islands
covering 0.08 ha of rocky surface (Ribeiro & Medina 2002)—as
compared to other high-altitude zones in Africa (Porembski et al.
1994, 1996), in the Andes (Berg 1998), or in the Alps (Riesebell
1982).
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We examined the relative contribution of interactions between
topography and mat species on habitat preference of two geophytes
on rocky outcrops at this massif at about 2450 m elevation. In or-
der to understand the geophytes’ habitat preference, we described
the structure of each mat species island (called here “island type”),
verified the influence of rock topography in the mat species occur-
rence, and analyzed the spatial interaction of the two geophytes.
Given that in such areas the patterns of mat species occurrence and
distribution are often related to the physical heterogeneity of the
habitat, and that mat species buffer abiotic fluctuation, we expected
habitat heterogeneity to be high and the habitat-preference of geo-
phytes to be related to plant–plant rather than to plant–topography
interactions.

METHODS

STUDY SITE.—The Itatiaia massif (22◦21′S, 44◦40′W) is part of the
Serra da Mantiqueira, a large mountain chain that runs parallel to
the Atlantic Ocean, in southeastern Brazil, within the Atlantic rain
forest domain. It has a high-altitude plateau (average about 2400 m
elevation, and highest peak at 2789 m), dominated by a large boggy
plain, crossed in all directions by rocky hills covered by small and
large scattered boulders. Grasses and clumps of bamboo are visually
dominant along the landscape, while small shrubs and small trees
grow mainly between boulders. Plant species richness for the entire
plateau is estimated to range between 415 (Martinelli et al. 1989)
and 550 (Safford 1999a). Mean annual rainfall is ca 2400 mm and
the winters are dry, with low cloudiness, high solar radiation, and ca
56 nights per year have below 0◦C temperatures subjecting plants
to freezing (Segadas-Vianna & Dau 1965). Minimal nightly tem-
peratures can reach −10◦C (Scarano 2002). Freezing temperatures,
drought, and high solar radiation are exacerbated on rocky surfaces
(Larson et al. 2000). This massif is protected by the Itatiaia National
Park, the oldest conservation unit in Brazil, but despite protection
this area has been subjected in the past to some man-made impacts,
such as those derived from ecotourism and mountaineering. The
vegetation islands studied have been mostly free from these types of
impact.

Many plant species of various life forms can be found even
on bare rocky surfaces (Brade 1956, Camerik & Werger 1981).
The study site was located at 2450 m elevation on a rocky outcrop
known as Prateleiras. The small crystals and high dissolution rates of
the nepheline–syenite rocks, of rare occurrence in Brazil, favor the
formation of concavities with smooth borders, like canals and pools,
rather than fissures and cracks (Leinz & Amaral 1989). Mat plant
species are usually confined within these concavities, thus forming
vegetation islands.

STUDIED SPECIES.—The four mat species studied were Fernseea itati-
aiae (Wawra) Backer, Vriesea itatiaiae Wawra (both Bromeliaceae),
Pleurostima gounelleana (Beauv.) N.L. de Menezes (Velloziaceae),
and Campylopus pilifer Brid. (Dicranaceae, Musci). Polytrichum com-
mune Hedw. (Polytrichaceae) and other bryophyte species also occur
on these rocks or intermixed with the above mat species but their

abundance is low. Major attributes of these mat species (henceforth
species will be called after their generic name) regarding geographic
distribution, architecture, and water and nutrient relations are sum-
marized in Table 1. The structural and functional attributes are often
related to differences in the microhabitat created by each species and
to their morphology (see Scarano et al. 2001).

Of the total number of species growing on islands dominated
by the mat species, 20.3 percent are geophytes (Ribeiro & Medina
2002), i.e., plants that overwinter as seeds and hibernacles, while
the aboveground parts dieback. Geophytes are second only to the
mat species in terms of species richness. Stevia camporum Baker
(Asteraceae) and Alstroemeria foliosa Mart. (Alstroemeriaceae) are
endemic to the high-altitudinal fields of southeastern Brazil (Barroso
1957, Assis 2004) and are the most abundant geophytes on these
rocky vegetation islands (Ribeiro & Medina 2002). While Stevia
can be found in other types of habitats, Alstroemeria is restricted to
rocky habitats. They have a similar phenology (Ribeiro & Medina
2002) and both may reach ca 40 cm of height before flowering.
New ramets usually emerge in the beginning of the wet season
(September to March; Segadas-Vianna & Dau 1965).

PLANT SAMPLING AND THE CATEGORIZATION OF VEGETATION

ISLANDS.—We sampled all vegetation islands visibly isolated from
others (distances between islands ranged from 0.5 to 4.0 m), which
were found on two contiguous rocky outcrops, mostly of low in-
clination (N = 220). Vegetation islands were mostly sun exposed,
but some were part-time shaded by rock boulders or neighboring
vegetation. One outcrop was directly exposed to strong winds and
the other was slightly more protected. Thirty-three other vegetation
islands were sampled on four large boulders (ca 2 m of height) de-
posited on a talus slope that were more protected from winds and
related effects. For each vegetation island, we measured area (m2),
inclination (according to categories 0–10◦, 11–30◦, 31–60◦, and
>60◦), and soil depth at its center (cm). The abundance of each
geophyte per island was estimated by using the number of ramets in
January 2000, the month of highest demographic abundance that
year.

Each vegetation island was classified, according to the prevalent
topography of its location, following the terminology of Seine et al.
(1998): (1) rock pools, which are water-filled depressions on the rock
that dry out during the winter; (2) drainage canals, where water
drains away; (3) rock surfaces, which are smooth surfaces without
depressions; and (4) fissures, which are cracks in rock surfaces with
width ranging from a few millimeters to several centimeters, and
differ from canals for having sharp edges (Fig. 1).

Vegetation islands were also classified according to the domi-
nant mat species, or combination of mat species, when more than
one species covered at least 10 percent of the island area. Thus, we
had a total of six categories: Pleurostima (P), mosses (M), Fernseea
(F), Vriesea (V), Pleurostima plus mosses (PM), and mix (MIX).
With the exception of PM, there were a few islands with other pairs
of co-occurring mat species, which justified the “mix” category. An
additional, seventh class was created to include those islands where
the substrate was not clearly defined (T = soil, dead mosses, and/or
dead parts of various species).
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TABLE 1. Structural and functional differences between mat species on rock outcrops of the Itatiaia Plateau.

Geographic

Mat species Family range Structure Function References

Fernseea itatiaiae

Wawra

Bromeliaceae Local endemic Small and densely packed

rosettes, with bulbs and fine

roots; forming mats ca 5 cm

in height where other plants

can grow interspersed; little

soil particle retention or

formation beneath bulbs.

Evergreen; shoot autonomy for

foraging (trichomes); possible

C3/CAM intermediate.

Smith and Downs (1979),

Scarano et al. (2001).

Vriesea itatiaiae

Wawra

Bromeliaceae Regional endemic Large tank-forming rosettes ca

30 cm in height, with

rhizomes; little soil particle

retention or formation

around rhizomes; rarely other

species occur between ramets.

Evergreen; shoot autonomy for

foraging (trichomes and tank);

C3.

Smith and Downs (1977),

Scarano et al. (2001).

Pleurostima gounelleana

(Beauv.) Menezes

Velloziaceae Local endemic Small densely packed rosettes,

forming mats, and growing

toward the outer edge of the

island and leaving dead organs

and protosoil in the center.

Desiccated in the dry season;

poikilohydric and

poikilochlorophytic; C3.

Smith and Ayensu (1976),

Scarano et al. (2001).

Campylopus pilifer

Brid.

Dicranaceae

(Musci)

Cosmopolitan Cushion-shaped (2 cm in

height); rhizoids for

attachment to rocks.

Autonomy for foraging;

gametophytes absorb water

and nutrients; poikilohydric.

Burbank and Platt (1964),

Raven et al. (2001).

FIGURE 1. Islands representing each topography class: (a) Pleurostima gounelleana island in rock pool; (b) T island in canal; (c) moss island on rock surface with

Stevia branches resprouting; and (d) Pleurostima island in fissure.
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TABLE 2. Results of the one-way ANOVAs contrasting the different mat species classes in terms of island size, soil depth, and inclination. Means ± standard deviations are

shown. V = Vriesea itatiaiae; F = Fernseea itatiaiae; P = Pleurostima gounelleana; M= mosses; PM = Pleurostima + mosses; MIX = other co-occurrences

of mat species; T = soil, dead mosses and/or dead parts of many species; and MS = mean square. Different letters indicate significant difference at P < 0.05.

V F P M PM MIX T MS F(6) P

Area (m2) 0.98a,b ± 0.28 0.67a,b ± 0.87 1.92b ± 2.75 0.88a ± 2.15 1.91a,b ± 1.92 1.92a,b ± 3.76 1.87a,b ± 2.7 17.06 6.7 0.000020

Soil depth (cm) 2.71b ± 4.48 21.29a ± 0.86 11.34a ± 4.76 7.70a,b ± 4.87 10.80a ± 3.65 9.96a ± 3.42 9.94a ± 7.30 3.45 10.05 0.000001

Inclination (◦) 48.21b ± 1.60 11.07a,b ± 6.12 8.14a ± 1.50 9.68a ± 3.03 7.05a ± 9.91 8.78a ± 10.23 10.19a ± 5.45 2.29 5.23 0.000000

DATA ANALYSES.—We performed several analyses to characterize the
variation in area, inclination, topography, and dominance by each
mat species among the 253 islands. These comparisons are lim-
ited by the fact that physical and biotic variables are not always
clearly discernible. One-way analyses of variance (ANOVAs) were
performed to verify if there were significant differences in the is-
land structure. Data were log-transformed to reach normality and
variance homogeneity. The seven categories of island composition
(P, M, F, V, PM, MIX, and T) were contrasted considering sepa-
rately area, soil depth, and inclination. We assessed the preference
for different topographies (canals, pools, surfaces, and fissures) using
G-test (Sokal & Rohlf 1995).

We also applied a G-test (Sokal & Rohlf 1995) to determine
whether ramet distribution of each geophyte population differed
from random in each island type (categories of dominant mat
species), topography, and inclination class. For these analyses, the
relative frequency of islands in each island type was calculated sepa-
rately. Subsequently, we calculated the relative frequency of ramets of
Stevia and Alstroemeria along categories. Expected frequencies were
calculated using the total number of islands of each category multi-
plied by the total population abundance of each geophyte divided by
the total number of islands. The interspecific association between
Stevia and Alstroemeria was tested by X2, using presence/absence
data (Kent & Coker 1992).

FIGURE 2. Proportion of island types (V = Vriesea itatiaiae; F = Fernseea itatiaiae; P = Pleurostima gounelleana; M = mosses; PM = Pleurostima + mosses; MIX =
other co-occurrences of pioneers; and T = soil, dead mosses and/or dead parts of various species) in the different classes of topography (Po = rock pools; C = canals;

S = rock surface; and Fi = fissures). G-test results are indicated below the island classes. Asterisks indicate observed proportions that differed significantly from the

expected.

Due to large variation in island size within each island cate-
gory, we tested the relationship between geophyte abundance and
island area. There was a weak but significant relationship between
these parameters (logarea = 0.42 logStevia + 0.21 logAlstroemeria + 0.14;
R2 = 0.30; P < 0.0001), which led us to perform an analysis of co-
variance to analyze the distribution of abundance of the geophytes
according to island composition, topography, and inclination, tak-
ing island area as a covariate. Data were also log-transformed to
reach normality and variance homogeneity. Thus, this analysis al-
lowed us to assess the variance in geophyte density in regard to
island type.

RESULTS

ISLAND STRUCTURE AND DISTRIBUTION PATTERNS OF MAT SPECIES.—
The mat species showed distinct distribution patterns along the
landscape and formed physically different islands due to topography
and interspecific differences in morphology and growth pattern
(Tables 1 and 2). For instance, the islands dominated by Pleurostima
(P) were on average very large (larger than the mosses’ islands) and
deep (deeper than the Vriesea’s islands), and occurred mainly on
rock pools with flat bottom (Table 2; Fig. 2). The large size of
these islands is related to the centrifuge growth of the prostrate
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TABLE 3. Results (x ± SD) of the one-way ANOVAs contrasting the different topography and inclination classes in terms of island size, soil depth, and inclination. C =
canals; Po = rock pools; S = rock surface; and Fi = fissures; 1 = 0–10◦; 2 = 11–30◦; 3 = 31–60◦ and 4 = greater than 60◦; MS = mean square.

Topography classes

C Po S Fi MS F(3) P

Area (m2) 1.75a ± 2.93 1.14a,b ± 2.16 1.14a,b ± 1.54 0.04b ± 0.04 0.20 2.72 0.045375

Soil depth (cm) 9.82a ± 4.63 9.98a ± 5.30 7.33b ± 6.19 5.17b ± 6.37 0.66 7.47 0.000082

Inclination (◦) 14.02a ± 12.86 3.96c ± 10.52 30.91b ± 24.56 5.50a,c ± 6.44 15.67 55.96 0.000000

Inclination classes

1 2 3 4 MS F(3) P

Area (m2) 1.40a ± 2.40 1.44a ± 2.73 0.77a ± 1.09 0.33a ± 0.34 0.74 0.99 0.395804

Soil depth (cm) 9.92a ± 5.26 8.80a,b ± 4.45 7.32b ± 7.23 6.40b ± 6.50 0.09 5.69 0.000875

shoots of this species. Moss-dominated islands (M) were the smallest
ones (Table 2), with variable depths, and also occupied flat sites.
The islands formed by both Pleurostima and mosses (PM) also had
great depths and occurred on flatter rocks (Table 2). Islands formed
by Vriesea (V) were usually shallower and smaller in size and the
only type to occur on very steep smooth surfaces (Table 2; Fig. 2).
These islands were nearly exclusively found on protected boulders
on the talus slope. Fernseea (F) was the only mat species occurring
practically in all topographic conditions (Fig. 2) and inclinations
(Table 2) along all outcrops and generally did not show differences
in relation to other species in regard to island size (Table 2) due to
its high variability. The scarcity of islands on fissures (Figs. 2 and
3b) can be due to the rarity of this type of topography in the rock
landscape (F. Scarano pers. obs.).

Additionally, we found that islands associated with distinct
types of topography showed significant differences in relation to
all variables but had a weak relationship to area. Pair-wise com-
parisons expectedly showed that islands in canals were larger than
those in fissures, and islands on smooth surfaces were significantly
steeper and shallower than those on canals and rock pools (Table
3). Most of these islands were occupied by Vriesea (compare Ta-
ble 2 and Fig. 2). The same analyses were performed to compare
the distribution of area and soil depth between inclination classes,
and the only significant difference was that class 1 was deeper
than class 3 (Table 3). Flatter surfaces normally show more soil
accumulation.

TABLE 4. Results of the one-way ANCOVAs contrasting abundances of Stevia camporum and Alstroemeria foliosa associated to the different categories of mat species: V =
Vriesea itatiaiae; F = Fernseea itatiaiae; P = Pleurostima gounelleana; M = mosses; PM = Pleurostima + mosses; MIX = other co-occurrences of pioneers;

T = soil, dead mosses and/or dead parts of many species, MS = mean square and AE = area effect. Different letters indicate significant difference at p<0.05.

V F P M PM MIX T MS AE F(6) p

Stevia 0.36 ± 1.34a 2.71 ± 5.13a 4.71 ± 9.61ab 7.66 ± 19.66a 17.14 ± 31.56b 12.22 ± 33.88ab 0.25 ± 0.58ab 6.49 1.103 5.97 0.000001

camporum

Alstroemeria 0.36 ± 0.74b 3.93 ± 12.98b 5.98 ± 23.51b 1.55 ± 8.46b 10.32 ± 17.64a 19.48 ± 42.87a 0.94 ± 1.95b 5.70 0.648 5.46 0.000001

foliosa

HABITAT PREFERENCE OF GEOPHYTES.—Stevia and Alstroemeria
totaled 1706 and 1317 ramets, respectively. Stevia occupied
47.4 percent of the total number of islands and Alstroemeria
22.5 percent. These geophytes showed a clear spatial segregation
in relation to the mat species to which they were associated, and
this difference in habitat preference was significant and resulted in
a negative interspecific association between the geophytes (χ2 =
14.97; P < 0.001; Fig. 3a). Stevia ramets occurred mostly on M
(39% of ramets), while Alstroemeria ramets were more common in
MIX and P (34% and 28.6%, respectively; Fig. 3a).

In contrast, when island size was included in the ANOVA as
a covariable, we found a significant high density of ramets of both
geophytes on PM (Table 4). Thus, although habitat segregation was
detected in our previous tests, it would appear that both species
find better growing conditions at the same island type. This appar-
ent paradox is probably better understood if we note that (1) PM
combines the individual features of P and M, which occur side by
side in this island type and (2) PM is less frequent in the sampled
area than P and M separately (Fig. 3a). Therefore, co-occurrence of
these geophytes will often require co-occurrence of the mat species
Pleurostima and mosses, which occur more frequently separately
(Fig. 3a).

Both geophytes occurred in low frequency and abundance in
the bromeliad-dominated islands Fernseea (F) and Vriesea (V), per-
haps because the dense packing of ramets of the former (Table 1)
and the reduced soil accumulation of the latter (Table 2) do not
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FIGURE 3. Frequency of islands (N = 253), and branches of Stevia camporum

(N = 1706) and Alstroemeria foliosa (N = 1317) in each island type. (a) Pioneer

cover: V = Vriesea itatiaiae; F = Fernseea itatiaiae; P = Pleurostima gounelleana;

M = mosses; PM = Pleurostima + mosses; MIX = other co-occurrences of

pioneers; and T = soil, dead mosses and/or dead parts of various species; GStevia =
799.59; GAlstroemeria = 1131.12; P < 0.00001; df = 6. (b) Topography: Po =
rock pools; C = drainage; S = rock surface; and Fi = fissure; GStevia = 320.54;

GAlstroemeria = 272.88; P < 0.00001. (c) Inclination: 1 = 0–10◦; 2 = 11–30◦;

3 = 31–60◦; and 4 = greater than 60◦. GStevia = 155.34; GAlstroemeria = 207.61;

P < 0.00001.

favor the establishment of other species. Generally, V formed
worse sites for fixation of other plants than the other mat species
(Table 1).

There was a striking similarity in the distribution of the geo-
phytes in relation to categories of topography and inclination: both
species were more abundant on horizontal sites and drainage canals,
in spite of the pools being the most frequent type of topography
occupied by islands (Fig. 3b, c).

DISCUSSION

Habitat segregation often results either from competitive exclusion
or from distinction in habitat preference (Kent & Coker 1992). The
two geophytes (Stevia and Alstroemeria) were spatially segregated
because they preferentially occupied vegetation islands dominated
by distinct mat species, which, in turn, were segregated due to
their preference for distinct topographic features on the rocks. Moss
islands (M) occurred mostly on horizontal surfaces and were the
preferential substrate for Stevia establishment, whereas Pleurostima
islands (P) occurred mostly in rock pools characterized by having
flat bottoms that were also the preferred substrate for Alstroemeria.
Perhaps more interestingly, we found that the two geophytes co-
occurred in islands shared by Pleurostima and mosses (PM) which,
although large-sized, are less frequent in the landscape than P and M
alone. We therefore propose that geophyte segregation is unlikely to
result from competitive processes but rather from the low frequency
in the landscape of an island type, which seems to combine the
habitat preferences of both species. PM islands are likely to be late
successional and/or a product of island fusion.

Pleurostima occurred mainly in rock pools in more exposed
places. It is well adapted to high irradiance and showed the highest
maximum electron transport rate (146 µmol/m−2/s) among 32
species surveyed within four contrasting habitats at the margin of
the Atlantic rain forest (Scarano et al. 2001). Interestingly, although
these mat species occurred in greater frequency in rock pools, the
geophytes occurred mainly in drainage canals. This could be related
to flooding of rock pools during the rainy season (summer) and
freezing (if still flooded) or drying out during the winter (Ribeiro
& Medina 2002). Although more vegetation islands as a whole
were found in rock pools, many rock pools were devoid of vascular
plants and musci, while field observations revealed that almost every
canal and fissure was colonized by vegetation. Thus, species-specific
facilitation processes alone do not explain the occurrence pattern of
geophytes, and these results are a further indication that topography
has some effect on that, unlike our initial expectations.

The bromeliads are the most diverse group on rock outcrops in
the Neotropics (Benzing 2000). They reportedly play an important
role in the creation and maintenance of habitats suitable for other
species less resistant to the harsh rock environment (Porembski et al.
1998) or to other extreme conditions elsewhere in the Atlantic rain
forest periphery (Scarano 2002). However, on the Itatiaia Plateau,
although bromeliads covered the highest variety of habitats, they
supported lower geophyte abundance than Pleurostima and mosses.
Similar to these other mat species, however, the occurrence of the
bromeliads Fernseea and Vriesea was also affected by topography.
Vriesea preferred smooth rock surfaces on inclined slopes protected
by boulders, whereas Fernseea was more of a generalist, since it
was the only species forming mats in all microhabitats along these
outcrops. These differences may be related to seed dispersal and
seed germination traits (see Benzing 2000) and also appear to be in
harmony with the ecophysiological data obtained by Scarano et al.
(2001). In the latter study, the sensitivity to light of Vriesea was
shown by low values of potential quantum yield of photosystem
II even after 30 min of dark adaptation. The ecological plasticity
of Fernseea was shown by a high intraspecific variation of nitrogen
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use, which seemed to be related to the variation in root system
functioning in response to variable substrate.

A number of recent studies indicate the importance of the
species identity in community and ecosystem function (see review
in Kareiva & Levin 2003), and many other studies point out how
this is done through processes such as facilitation and species interde-
pendence in physically harsh and often low diversity environments
(Raffaele & Veblen 1998, Callaway et al. 2002). Our study seems to
confirm this tendency for two common geophytes in a highly diverse
and harsh environment to occur in association with mat species.
However, this pattern depends also on local topography (see also
Cox & Larson 1993, Alpert & Mooney 1996, Escudero 1996, Seine
et al. 1998, Titus & del Moral 1998, Alves 2000). This additional
layer of habitat heterogeneity, along with the geographic proximity
of this site to the megadiverse Atlantic rain forest (Scarano 2002),
may further explain the high diversity that is present in this harsh
environment. From a conservation viewpoint, these mat species are
undoubtedly highly important species, particularly considering that
some of them are local or regional endemics. Global change effects
and other man-made impacts may imply in changes in abundance
or extinction (see Körner 2000) of such species and, as such, affect
the entire community.
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