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Abstract

Canistropsis microps (Bromeliaceae: Bromelioideae) is an endemic species of Atlantic rain forest areas in Rio de 
Janeiro State, which are very abundant in not very disturbed forests in Ilha Grande, on the southern coast of the State. 
In this study, we analyzed the vertical and horizontal distribution patterns of the species in an area of rain forest with 
little evidence of disturbance at Vila Dois Rios, Ilha Grande, relating the patterns to sunlight in the microhabitat. We 
also identified the types of substrate used by the species and the rate of asexual reproduction. Canistropsis microps 
had high densities (estimated at 84,425 rosettes/ha), and has an aggregated distribution (I

d
 = 2.86). About 80% of the 

rosettes were generated by clonal growth, whereas less than 20% were produced from seedlings. Most of the rosettes 
were found on straight tree trunks (DBH > 50 cm). There was a significant inverse correlation between the incidence 
of sunlight in the habitat and the abundance of individuals. Rosettes were found up to a maximum height of 9.5 m, 
but most occured between 1.5 and 5.5 m, where light varied from 25 to 50 μmol.s-1.m-2. We conclude that vertical and 
horizontal distribution patterns in C. microps may be partially explained by the occurrence of appropriate substrate, an 
intensity of sunlight favorable to the development of the species and to a high rate of vegetative reproduction.
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Distribuição espacial de Canistropsis microps (E. Morren ex Mez) Leme  
(Bromeliaceae: Bromelioideae) na Mata Atlântica da Ilha Grande, Sudeste do Brasil 

Resumo

Canistropsis microps (Bromeliaceae: Bromelioideae) é uma espécie endêmica das áreas de Mata Atlântica do Estado 
do Rio de Janeiro, sendo muito abundantes em florestas pouco perturbadas da Ilha Grande, na costa sudeste do Estado. 
Nesse estudo, nós analisamos o padrão de distribuição vertical e horizontal da espécie em uma área de floresta com pouca 
evidência de distúrbio na Vila Dois Rios, Ilha Grande, relacionando os padrões à incidência de luz no microhabitat. Nós 
também identificamos os tipos de substratos usados pela espécie e a taxa de reprodução assexuada. Canistropsis microps 
possui elevadas densidades (estimada em 84.425 rosetas/ha), e uma distribuição agregada (Id = 2,86). Cerca de 80% das 
rosetas são geradas pelo crescimento clonal, enquanto menos que 20% são produzidos a partir de sementes. Muitas das 
rosetas foram encontradas em troncos retos de árvores (DAP > 50 cm). Houve uma correlação significativa inversa entre a 
incidência da luz solar no habitat e abundância de de indivíduos. As rosetas foram encontradas até uma altura máxima de 
9,5 m, mas a maioria ocorreu entre 1,5 e 5,5 m, onde a luz variou de 25 a 50 μmol.s-1.m-2. Nós concluímos que o padrão 
de distribuição vertical e horizontal em C. microps pode ser parcialmente explicada pela ocorrência de um substrato apro-
priado, uma intensidade de luz solar favorável para o desenvolvimento da espécie e a alta taxa de reprodução vegetativa.

Palavras-chave: Canistropsis microps, Bromeliaceae, distribuição espacial, substrato, Mata Atlântica.

1. Introduction 

The success of a plant species in the colonization of a 
habitat and in the occupation of a substratum type, result-
ing in the configuration of a certain pattern of space dis-
tribution, can be explained by the interaction of a group of 
factors, both intrinsic and extrinsic to the species. Among 

the intrinsic factors, the type of reproduction, the capacity 
and form of dispersion (Silvertown, 1987), the metabolic 
capacities of the species (Martin, 1994) and the life form 
(Benzing, 1980) can be mentioned. Among the extrinsic 
factors are the readiness of germination and development 
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sites (Silvertown, 1987), different environmental factors 
(light, humidity and temperature) (Pittendrigh, 1948; 
Johanson, 1974; Sugden & Robins, 1979; Ackerman, 
1986; Fischer and Araújo, 1995; Medina, 1996; Rossi 
et al., 1997; Almeida et al., 1998) and the interactions 
with pollinators and with dispersers. The combined ac-
tion of extrinsic and intrinsic factors, or the interaction 
among some of them, determines the success of the es-
tablishment of a given plant species. 

The family Bromeliaceae can be described ecologi-
cally as a group of stress-resistant tropical herbs that 
occur in the most varied habitats, containing terrestrial, 
epiphytic and saxicolous species (Benzing, 1980), as 
well as different morpho-physiologic types (Smith et al., 
1986). Among the 83 families of vascular plants that 
include epiphytes, the family Bromeliaceae is the sec-
ond largest in number of species (Gentry and Dodson, 
1987). The morpho-physiologic differences among the 
bromeliad species can have a diversified distribution 
in the vertical stratum of the forest (Pittendrigh, 1948; 
Aragão, 1967) in response to existing gradients of light 
and humidity (Benzing, 1980, 1990). On the other hand, 
the capacity to emit great amounts of sprouts by clonal 
growth (Benzing, 1980; Barracho, 1997) is responsible 
for high local densities of rosettes in certain species 
(Barracho, 1997), which gives them greater efficiency to 
obtain the resources available in the environment (Birch 
and Hutchings, 1994).

Canistropsis microps (E. Morren ex Mez) Leme is an 
endemic species from Rio de Janeiro state, southeastern 
Brazil, occurring in high abundance in the Atlantic forest 
of Ilha Grande in the southwestern coast of the state. It 
is characterized as a shade tolerant species consisting of 
the epiphytic community of the inferior stratum of the 
forest (Almeida et al., 1998; Leme, 1998). Leme (1998) 
argues that clonal growth is an outstanding characteris-
tic of the species. It has been suggested that this species 
occupies several substrata, it is preferentially epiphytic 
and it is distributed vertically on the arbustive-arboreal 
stratum (Almeida et al., 1998). 

In this study, we investigated the spatial distribution 
of Canistropsis microps, vertically and horizontally, re-
lating its frequency of occurrence with light in the forest 
habitat. Additionally, we evaluated whether C. microps 
occupies the available substrata at the same frequency in 
which they occur in the forest or if there is a preference 
of substrata used by the species. 

2. Material and Methods 

Study Area - The study was carried out in December, 
1996 and January, 1997 in an Atlantic forest area close 
to the Vila Dois Rios in Ilha Grande (23° 11’ S and 
44° 12’ W) in the municipality of Angra dos Reis, Rio 
de Janeiro state, Brazil. Ilha Grande has a warm and wet 
climate with a mean monthly temperature of 23 °C and 
an annual rainfall of approximately 2,300 mm (Araújo 
and Oliveira, 1988). The island has a plant cover typical 
of the Atlantic forest with different levels of regenera-

tion. The study was carried out in a forest area with little 
evidence of disturbance located on the oceanic side of 
the island at 240 m high. The height of the canopy varies 
from 25 to 30 meters having an abundance of large trees, 
a sparse understory, a deep leaf-litter layer (5-20 cm) and 
a rich and abundant epiphytic flora. 

In order to evaluate the types of used substrate and 
the form of occupation of the space, we demarcated 
100 parcels of 4 m2 (2 x 2 m) in the forest. The plots 
were established on 10 lines at intervals of 20 m long 
and between the lines. In each plot we estimated (up to a 
maximum height of 10 m): the total number of rosettes 
of C. microps and the number of rosettes per substratum 
type (ground, liana, rock, tree trunk, branch, log, bush, 
and root). The frequency of occurrence for each of the 
potential substrates was estimated by registering its oc-
currence inside the plots and the tree trunks were divided 
into two size classes: BHD < 50 cm and BHD > 50 cm.

We considered the ramet originating from clonal 
growth (sensu Eriksson, 1993) or an isolated adult indi-
vidual originating from a seed as a “rosette” or individual 
and the grouping of rosettes formed by clonal growth as 
a “genet”. We calculated the frequencies of occupation 
(in %) by the bromeliads on each substratum type in or-
der to evaluate whether there is a preferential substratum. 
We also calculated the frequencies of occurrence (in %) 
of each of the potentially available substrates. To test if 
C. microps occupies substrates at the same ratio at which 
they are available in the forest or if they are using these 
in proportions that differ from their availability, we used 
the Kolmogorov-Smirnov test (Zar, 1999). 

To analyze the spatial distribution pattern (random, 
aggregated, or regular) of the ramets and genets in the 
forest, we used the Morisita’s Index of Dispersion (Id):

I  = n 
 x x  

( x ) x  d

2

2
i i

i i

Σ − Σ
Σ − Σ

 (1) 

where n is the number of sampled parcels and x
i
 is the 

number of ramets or genets in each sampled parcel 
(Brower et al., 1997). The significance of the index of 
dispersion of Morisita was tested by the F-test for signifi-
cance of Id (gl = n - 1; p < 0.05) (Poole, 1974): 

F =
I  (N-1) + n N

n 1
d −

−
 (2)

where Id is the calculated value of the index of disper-
sion of Morisita, n is the number of parcels, N is the total 
number of individuals found in all of the n parcels. 

Later, to estimate a rate of the occurrence of assexual 
reproduction in C. microps, we randomly picked 30 par-
cels (2 x 2 m) in the same area where we estimated up 
to a height of 10 m the number of groupings, the number 
of rosettes per grouping, the number of isolated rosettes 
and the number of rosettes of a small size (10 to 30 mm 
of diameter) supposedly originating from seeds.

To evaluate the effect of the variation on the light in 
the microhabitats in the distribution pattern of C. microps, 
we used the same 100 parcels of 4 m2 demarcated for the 
density measures. In each plot, we took five measures of 
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light (in the vertexes and at the center of each parcel) us-
ing a luximeter (accuracy of 1 lux) at a height of 1.5 m. 
We took all measures of light on the same day with good 
weather conditions between 11:00  and 13:00 hours in 
order to minimize the effects of the differences in light 
due to the inclination of the solar rays on different days, 
in the different conditions of time and at different times. 
To evaluate to what extension the light affects the dis-
tribution of C. microps in the study area, we related the 
abundance (log-transformed) of C. microps individuals 
inside each parcel with the mean intensity, the maxi-
mum intensity and the minimum intensity of light (all 
log-transformed) of the respective parcel using regres-
sion analyses (Zar, 1999). The data of light obtained in 
lux were later transformed to μmol.s-1.m-2 according to 
Li-Cor (1994).

To relate the vertical variation in the abundance of 
C. microps to the vertical gradient of light incidence 
in the forest, we estimated the vertical distribution of 
C. microps along a gradient of heights. In this analysis, 
we used 25 trees with straight trunks and, with the aid of 
a 10 m long pole, demarcated vertical intervals of 0.5 m 
and estimated the number of rosettes occurring in each 
of these intervals. Furthermore, we measured the light 
at each 0.5 m interval of height with a luximeter in ten 
of the 25 trees. The light was measured as mentioned 
above. The variations in the frequencies of occupation of 
the vertical strata for the plants were tested to evaluate if 
they adjusted to a normal distribution. We tested possible 
differences in the mean values of light incidence in the 
height intervals by an Analysis of Variance (ANOVA) 
and we used a regression analysis between light and 
height (Zar, 1999). We used the total number of bro-
meliads found in each vertical interval of height as the 
measure representing the total abundance of individuals 
in the vertical stratum. The variation in the mean abun-
dance along the vertical gradient was used as a measure 
of the vertical distribution of the species in the substra-
tum. These values were related to the mean intensity, the 
maximum intensity and the minimum intensity of light 
in each of the respective height intervals in the forest us-
ing a quadratic analysis of regression (Zar, 1999).

3. Results 

We found a total of 3,377 rosettes and 58 group-
ings of C. microps in the sampled area, resulting in 
an estimated density of 84,425 rosettes/ha and of 
4,833  groupings/ha. In terms of substrates used by 
the plant, the highest percentage of the rosettes was 
found occupying the straight trunks of trees with BHD 
> 50 cm (61%) (Figure 1). The distribution of frequen-
cies of rosettes of C.  microps on the substrates used 
differed statistically from the distribution of avail-
able substrates in the parcels (Kolmogorov-Smirnov, 
Dmax = 0.3498; P < 0.01). The calculated value of the 
Morisita’s index of dispersion (Id) was 2.86 (F = 64.4 
and I

d
 ≠ 1; p < 0.001) for the distribution of rosettes, 

whereas for the distribution of groupings it was 2.77 

(F = 4.5 and I
d
 ≠ 1; p < 0.001) indicating that the spe-

cies has an aggregated distribution pattern. 
Considering the estimated number of rosettes, 

827 (80.4%) originated from clonal growth and 
201 (19.6%) were of a small size. We did not find any 
C. microps rosettes growing isolated in any of the 30 sam-
pled parcels. The mean number of rosettes per grouping 
was 27.6 + 39.6 (N = 58 groupings). The mean number 
of groupings was 1.9 + 2.3 per parcel (N

adults
 = 827 in-

dividuals; N
youngs

 = 201 individuals). The mean number 
of isolated young individuals was 6.7 + 9.5 per parcel 
(N = 30 parcels). 

In the present study, C. microps rosettes were found 
only in a mean maximum height of 9.5 m (±0.2) above 
ground (Figure 2). Along this strip of heights, the abun-
dance of C. microps rosettes on straight-trunk trees var-
ied significantly among the 19 vertical classes of 0.5 m 
height (Figure 2). There was no significant difference 
in the mean intensity of light in the different classes of 
height of the vertical stratum of the forest (ANOVA: 
F = 0.884; R2 = 0.096; P = 0.603; n = 178). Nevertheless, 
the data indicated a successive decrease of the mean light 
from 10 m to ground level in the respective 19 height 
classes considered (Figure 2) and there was a significant 
relationship between the light and height (F = 20.152; 
R2 = 0.13; P < 0.001; n = 178). The highest densities of 
adult C. microps rosettes occurred at heights between 1.5 
and 5.5 m above the ground. The vertical variation in 
the abundance of rosettes of C. microps followed a nor-
mal distribution (χ2 = 7.200; P > 0.05) (Figures 2 and 3). 
There was a significant and negative relationship between 
the minimum intensity of light in the height classes and 
the respective abundance of C. microps rosettes in the 
same classes (F = 7.246; R2 = 0.326; P = 0.017; n = 17; 
y = 5.314 – 1.480x) (Figure 3). There was no significant 

0

20

40

60

80

100

A G TC R L P S AR

Substrates

Fr
eq

ue
nc

y 
 (

%
)

Frequency (%) Available substrate (%)

Figure 1. Adult individual frequency of Canistropsis  -
microps ocupying each kind of substrate in the primary For-
est of Ilha Grande and the respective availability frequency 
of each kind of substrate available. A = tree trunk with 
BHD > 50 cm; G = branch; TC = fallen trunk; R = root; 
L = liana; P = rocks; S = soil; AR = trees and bushes with 
BHD < 50 cm. (Kolmogorov-Smirnov Test, D

max
 = 0.3498; 

P < 0.01).
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relationship between the mean light and abundance of 
C. microps (F = 0.740; R2 = 0.042; P = 0.402; n = 19), 
nor between the maximum light and abundance of C. 
 microps (F = 0.403; R2 = 0.023; P = 0.534; n = 19). 

The relationship between the mean intensity of 
light in the parcels and the respective abundance of C. 
microps rosettes in the same parcels was inverse and 
significant (F = 7.029; R2 = 0.091; P = 0.010; n = 72; 

y = 4.162 – 0.271x) (Figure 4), as was the relationship 
between the maximum intensity of light in the parcels 
and the respective abundance of C. microps (F = 8.056; 
R2 = 0.103; P = 0.006; n = 72; y = 4.358 – 0.263x) 
(Figure 4). There was no significant relationship be-
tween the minimum intensity of light and abundance 
of C. microps in the parcels (F = 1.410; R2 = 0.020; 
P = 0.239; n = 72).
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Figure 2. Medium light variation (in μmol.s-1.m-2) in different groups of height (a) in tree trunks from a soil level up to 10 m 
(height 0.5 m above maximum where the plant is found in the forest) and number of individuals of Canistropsis microps (b) 
in the same groups of height (b). In graph (a), the lines represent ±1 standard deviation. N

rosetes
 = 2346.
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4. Discussion 

The data indicated that there is a high population 
density of Canistropsis microps in the area studied. In a 
study comparing the populations of different bromeliad 
species in the same area, Almeida et al. (1998) found that 
C. microps was the bromeliad species with the highest 
density, which is corroborated by our data. Moreover, 
our data demonstrate that this species presents an aggre-
gated pattern of distribution, which can be explained by 
some factors such as the high rates of assexual reproduc-
tion (clonal growth), the demand for occupation of a cer-
tain substratum, and favorable lighting intensity for this 
shade tolerant bromeliad species in the inferior stratum 
of the forest.

In the Atlantic forest of Ilha Grande, C. microps 
has a high rate of clonal growth, which is considered 
common among herbaceous and arbustive plants, and 
it is an evolutionarily old reproductive strategy that is 
widespread among different taxa (Silvertown, 1987) 
and quite common among the Bromeliaceae (Barracho, 
1997). This type of reproduction can result in an aggre-
gated distribution pattern, as it promotes the concentra-
tion of individuals on a given substratum (Henriques et 
al., 1984; Crawley & Rossi, 1990), and depends on the 
degree of disturbance of the area and of the available 
space (Crawley & Rossi, 1990). Plants with this growth 
mechanism can distribute many ramets to obtain light, 
nutrition and water in a habitat, substantially benefitting 
resource patches in the environment (Alpert, 1991; Birch 
and Hutchings, 1994; Stueffer et al., 1994; Evans and 
Cain, 1995), specially in heterogeneous ones (Evans and 
Cain, 1995) or if resources are locally scarce and need 
to be monopolized (De Kroon and Schieving, 1990). 
Furthermore, to begin and to complete the flowering 
and fructification processes successfully, a considerable 
accumulation of energy resources needs to be gathered 
(Harper, 1977; Costa et al., 1988).

Canistropsis microps is a type of bromeliad capable 
of occupying different substrata in the forest (Almeida 
et al., 1998) and can be classified as a species with fac-
ultative habits (Fischer and Araújo, 1995). Plants that 
have facultative habits can fixate in different substrate 
types within a community (Benzing, 1990; Freitas et al., 
1998). However, when we did more refined quantitative 
analyses detailing the frequencies of use of each substra-
tum type, we observed that these bromeliad attach to dif-
ferent kinds of substratum, but mostly to tree trunks and 
branches. In the case of C. microps, the preferential occu-
pation of tree trunks suggests that this substratum creates 
conditions favoring a better use of available resources 
and provides more favorable environmental conditions, 
such as humidity, temperature and, mainly, light. In gen-
eral, it is mentioned that various factors can influence 
preferences in certain fixation sites for epiphytes, such as 
the angle of the branches, accumulation of organic mat-
ter on larger or smaller scales between branches (Ingram 
and Nadkarni, 1993), or the physical and chemical char-
acteristics of tree bark (Oliver, 1930; Johansson, 1974; 
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Figure 3. Relationship between minimum light incidence 
logarithm in groups of height (in μmol.s-1.m-2) and the in-
dividual abundance logarithm of Canistropsis microps in 
the primary forest of Ilha Grande (F = 7.246; R2 = 0.326; 
P = 0.017; n = 17). The straight line is described according 
to the equation y = 5.314 – 1.480x.
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Figure 4. Relationship between medium light incidence 
logarithm (dots) and the maximum luminosity (triangles) 
in the parcels (in μmol.s-1.m-2) and the individual’s abun-
dance logarithm of Canistropsis microps in the primary 
forest of Ilha Grande. The uninterrupted line describes the 
straight line of the relationship between medium intensity 
and abundance (F = 7.029; R2 = 0.091; P = 0.010; n = 72) 
and is described by the equation y = 4.162 – 0.271x, while 
the dotted line describes the straight line of the relationship 
between the maximum intensity and abundance (F = 8.056; 
R2 = 0.103; P = 0.006; n = 72) and is described by the equa-
tion y = 4.358 – 0.263x.
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Schlesinger and Marks, 1977; Benzing, 1973, 1990; 
Dejean and Olmsted, 1997). Epiphytes that occupy the 
tree canopies find a very dynamic and heterogeneous en-
vironment (Zotz, 1997) with different types of substrata 
(Benzing, 1990; Kernan and Fowler, 1995; Zotz, 1997) 
due to the different microclimates imposed by the height 
and by the relative position of the plant (Parker, 1995). 
On the other hand, the epiphytes that need relatively 
low light (shade tolerant species) generally occupy the 
inferior strata of the forest (Pittendrigh, 1948; Laman, 
1996), where the conditions of humidity and light are 
less stressful (Zotz, 1997), which appears to be the case 
of C. microps. 

The data indicated that, in spite of the significant re-
lationships, light has a relatively limiting effect on the 
vertical distribution and mainly on the horizontal distri-
bution of C. microps. In terms of vertical distribution, 
the distribution of the plants can be explained only by 
the variation in the minimum intensity of light. The pat-
tern of distribution of this species and the values of the 
light incidence in the vertical stratum show that most 
C. microps individuals vegetate at intermediate heights in 
the forest (between 1.5 and 5.5 m above ground), where 
the light intensity could be considered as providing bet-
ter conditions for development in this species. However, 
other variables such as humidity and temperature could 
also explain an additional part of the vertical distribution 
of C. microps, as has been suggested for epiphytes in 
general (Benzing, 1980, 1990).

This characteristic suggests that C. microps needs 
intermediate intensities of light, such as the ones that oc-
cur in the lowest part of the forest, where the intensity of 
light is the most appropriate for its development. In the 
lower strata of the forest, the daily variation in light is 
lower (Aragão, 1967; Benzing, 1986), with a consider-
ably reduced mean intensity. Many studies have shown 
that plants tend to occupy sites with light at which there 
will be a better physiological income, as it occurs, for 
instance, with some bromeliad species (Maxwell et al., 
1995; Almeida et al., 1998; Scarano et al., 1999) and 
some Ficus species (Moraceae) (Laman, 1996). the ver-
tical distribution of epiphytes was observed in much 
work (Schimper, 1903; Picado, 1913; Pittendrigh, 1948; 
Johansson, 1974; Bennett, 1986) and various studies in-
dicate that this stratification is associated to the vertical 
variation of light (Pittendrigh, 1948; Johansson, 1974; 
Yoda, 1974; Bennett, 1987; Laman, 1996; Almeida et al., 
1998). 

The light explained a low portion of the horizontal 
variation of the bromeliads, which reinforces the idea 
that other factors besides light are responsible for ex-
plaining a complemental and substantial part of the dis-
tribution of C. microps. Other factors such as humidity, 
nutrients and, especially, the occurrence of a preferential 
substratum have been indicated as relevant to determine 
the occurrence and the distribution of epiphytic bro-
meliads (Benzing, 1980, 1990; Cogliatti-Carvalho and 
Rocha, 2001). As C. microps is a type of epiphyte that 

preferentially occupies trees trunks with BHD > 50 cm, 
which are considered a more stable substratum for the 
epiphytes (Ackerman, 1986; Cogliatti-Carvalho and 
Rocha, 2001), this species can be found in a larger den-
sity in areas where trees with these characteristics are 
abundant.

The data suggest that, in the area of the Atlantic for-
est of the Ilha Grande, wherever there is little habitat 
disturbance and the presence of large trees, Canistropsis 
microps is likely to occur with a high density, as long as 
there is an appropriate degree of light. Subsequent studies 
that analyze the dispersion syndrome, the establishment 
rates and the development of individuals from seeds and 
that focus on the clonal growth of the species in more 
detail can help to understand other aspects involved in 
the distribution of C. microps. Additionally, the analysis 
of extrinsic factors such as temperature, humidity and 
nutrients should also be obtained to evaluate to what ex-
tent they affect the distribution of this species. 

We conclude that the aggregated pattern, the predom-
inant use of large trees for support and the patterns of ver-
tical and horizontal distribution of Canistropsis microps 
in the Atlantic forest of Ilha Grande are partly the result 
of the interaction of intrinsic and extrinsic factors, in-
cluding the occurrence of appropriate substrata of light 
intensity that is favorable to its development and of the 
high rate of vegetative reproduction in this species.
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