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Abstract: Forest fragments in the state of Minas Gerais contain a large number of Bromeliaceae genera, whose cisterns
accumulate water and organic matter, providing shelter and food for a wide range of organisms. However, these fragments
often consist only of small patches of vegetation, making the species more vulnerable to the effects of this landscape
changes. This study aimed to test the effect of the distance to the edge and of the matrix type on the structure of aquatic
invertebrate communities in four morphospecies of bromeliads. Samples were collected in Atlantic Forest fragments
adjacent to pasture and planted forest areas, in a region of Serra da Mantiqueira, Brazil. Of the 147 bromeliads investigated,
we found 35 taxa, among which the most abundant groups were Ostracoda (4,962 individuals), Culicidae (2,358),
Tanypodinae (1,164) and Scirtidae (1,043). The richness of taxa and Shannon diversity of invertebrates were similar at
different distances from the edge, with variation of richness between 17 and 23 taxa and diversity between 1.25 and 1.52.
The composition of the fauna in the cisterns changed between some collection sections (A vs. C, C vs. D and D vs. F),
irrespective of being close to or far from the edge. There was no variation of richness (t=-1.145, df=106, p=0.341) and
diversity (t=1.376, df= 106, p= 0.429) among samples collected from fragments next to planted forest and pasture, likely
because the bromeliads studied were located on hillsides above the canopy of planted forests, and subject to similar
conditions to those found in the fragments next to pastures. The results demonstrate the importance of bromeliads in
maintaining the richness and diversity of the invertebrates they harbor, even in altered landscapes exposed to extreme
conditions such as fragment edges.
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Invertebrados associados a bromélias em fragmentos de Mata Atlantica

Resumo: Remanescentes florestais em Minas Gerais concentram grande niumero de géneros de Bromeliaceae, cujos
taques acumulam agua e a matéria organica que servem de abrigo e fonte de alimento para uma grande variedade
organismos. Entretanto, tais areas tém sido reduzidas a pequenas manchas de vegetacdo, tornando as espécies mais
vulneraveis aos efeitos decorrentes dessa modificagdo da paisagem. O presente estudo visou caracterizar a estrutura
das comunidades de invertebrados aquaticos em quatro morfoespécies de bromélias. As amostras foram coletadas em
fragmentos de Mata Atlantica em matriz de pastagem e floresta plantada, em uma regido da Serra da Mantiqueira,
Brasil. Nas 147 bromélias investigadas foram encontrados 35 taxons, entre os quais os grupos mais abundantes foram
Ostracoda (4,962 individuals), Culicidae (2,358), Tanypodinae (1,164) e Scirtidae (1,043). A riqueza de taxons e
diversidade de Shannon foram semelhantes em diferentes distancias da borda, com variacdo entre 17 ¢ 23 taxons e
diversidade entre 1.25 ¢ 1.52. A composi¢do da fauna nos tanques variou entre algumas faixas de coleta (A vs. C, C vs.
D e D vs. F), independentemente de estarem proximas ou distantes da borda. Nao houve varia¢do da riqueza (t=-1.145,
df=106, p=0.341) e diversidade (t= 1.376, df= 106, p= 0.429) entre as amostras coletadas em fragmentos proximos a
floresta plantada e pastagem, provavelmente devido as bromélias estudadas estarem localizadas em encostas acima do
dossel das florestas plantadas, e sujeitas a condi¢des semelhantes as encontradas nos fragmentos ao lado de pastagens.
Foi possivel demonstrar a importancia das bromélias na manutencao da riqueza e da diversidade de invertebrados
que abrigam, mesmo em paisagens alteradas e expostas a condi¢des extremas, tais como nas bordas dos fragmentos.

Palavras-chave: Efeito de borda, fitotelma, invertebrados, remanescentes florestais.
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Introduction

Bromeliads in neotropical forests serve as habitats for bacteria
(Haubrich et al. 2009), algae (Brouard et al. 2011), fungi (Sophia 1999),
protozoa (Foissner et al. 2003), arthropods and anuran amphibians
(Benzing 1990, Silva et al. 2011). Some invertebrates, such as oligochaetes
and ostracods, spend their entire lives inside the cisterns of bromeliads
(Montero et al. 2010, Pinto & Jocqué 2013), while others are only found
in such habitats in immature forms, mainly beetles and flies (Mestre et al.
2001). These organisms play an important role (Sodré et al. 2010), by helping
to degrade the organic matter falling from the forest canopy, accelerating
the release of nutrients to the bromeliad (Benzing 1990, Richardson
1999, Armbruster et al. 2002, Aratjo et al. 2007, Brouard et al. 2012).
Furthermore, Martinelli et al. (2008) mentioned the ecological importance
of bromeliads due to their interaction with fauna, making a considerable
contribution of the biodiversity of the communities in which they live.
Some endangered insect species in the Atlantic Forest use bromeliads as
habitat for reproduction (De Marco-Junior e Furieri 2000).

The reduction of forest habitats by human activities leads to landscapes
formed of isolated fragments (Fahrig 2003), and consequently causes
the isolation of populations, making species more vulnerable to hunting,
competition with invasive species, predation and alterations in physical
and chemical parameters (Laurance 1991, Murcia 1995, Dale et al., 2000,
Lopez-Barrera et al. 2005). This fragmentation interferes in the composition
and distribution of the species along the edge gradient towards the center
of the fragment (Ewers & Didham 2006). Such alteration of forest habitats
often occurs in short time intervals and impairs the evolutionary processes
of species.

Although studies of bromeliads have shown high potential to understand
the ecology of forested landscapes and the different compositions of the
invertebrate communities in distinct landscapes (Yanoviak et al. 20006),
information about the influence of habitat fragmentation on invertebrates
that live inside bromeliads is still scarce in the literature. Minas Gerais,
especially in the Mantiqueira and Serra mountain ranges, contains various
remnant areas of Atlantic Forest and Cerrado, respectively, with a rich
diversity of epiphytes, including some bromeliads considered in danger
of extinction (Versieux & Wendt 2007), whose tanks serve as habitat for
diverse fauna. Hence, there is a need for studies in this region that can
generate information to support measures to preserve bromeliad communities.

Animals that live in plants can be influenced by factors such as
geography, environment and human activities (Kitching 2008). In the local
context, the edge effect can lead to changes in the structure, composition
and dynamics of populations of plants (Lima-Ribeiro 2008) and animals
(Ewers & Didham 2007). Based on these patterns, the aim of this study
was to test the hypothesis that the populations of invertebrates that live
in bromeliad tanks located near the edges of forest fragments have lower
richness and diversity than those living in bromeliads within such fragments.
Additionally, we tested whether the fauna in bromeliads located in native
fragments near planted forests is less susceptible to the edge effects than
those in a pasture matrix.

Material and methods

1. Study area

The study was carried out in 12 forest fragments located in the Serra da
Mantiqueira range in the municipality of Bom Jardim, located in the state
of Minas Gerais, southeastern Brazil (Figure 1), between the coordinates
21°54’°S; 44°05°W and 22°04°S; 44°13°W. In each fragment (In this study
identified with the letter F) the number of bromeliads sampled varied
according to the availability of these plants: F1 (12 sampled bromeliads),
F2 (8 bromeliads), F3 (15 bromeliads), F4 (20 bromeliads), F5 (9 bromeliads),
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F6 (13 bromeliads), F7 (16 bromeliads), F8 (9 bromeliads), F9 (15 bromeliads),
F10 (7 bromeliads), F11 (15 bromeliads) and F12 (8 bromeliads), The two
fragments nearest together (F9 and F10) are separated by approximately
120 m, while the two furthest apart (F1 and F12) are about 21 km from
each other. The altitude in the area ranges from 1,200 to 1,450 m.

The remaining Atlantic Forest vegetation in the study area is composed
of phytophysiognomies classified as dense high-montane ombrophilous
forest or cloud forest, and by some rocky field areas. The matrixes adjacent
to the fragments are composed of plantations of Pinus sp. or Eucalyptus
sp., designated in the present study as planted forests, and pastures of
Brachiaria sp. and molasses grass, Melinis minuflora Pall de Beauv.

2. Sampling and identification of invertebrates

The study was carried out between November 2012 and March 2013
(rainy season). The invertebrate specimens were sampled by suction, using
a syringe with capacity of 50 ml, coupled to a hose with length of 50 cm
and diameter of 5 mm, from the lateral and central tanks of 147 bromeliads
belonging to four morphospecies of the genus Vriesea Lindl (Bromeliaceae,
Tillandsioideae). The size of the invertebrates collected was limited by the
diameter of the hose attached to the syringe. The invertebrates that remained
in the hose or did not pass through the syringe were disregarded. The most
efficient way to overcome this limitation is to collect the bromeliad, but
this is unsuitably invasive for these species, considering their slow growth,
delay in flowering and scarcity.

Of the invertebrates sampled, 123 were located in fragments adjacent
to pastures and 24 in fragments next to planted forest areas. To analyze
the effect of distance from the edge on the bromeliad communities, we
chose four fragments next to pastures: F1, F4, F7 and F11, whose widths
in collection points varied from 100 (F4) to 1,700m (F11). In each of'these,
we established six sections according to the distance from the edge toward
the center of the fragment: section A (0 to 13 m), section B (14 to 24 m),
section C (25 to 35 m), section D (36 to 56 m), section E (80 to 117 m)
and section F (150 to 230 m). We then randomly chose nine bromeliads
in each of these sections.

The influence of the matrix (pasture or planted forest) was analyzed
using the bromeliads found between 0 and 100 m from the edge of each
fragment. We chose 16 bromeliads from the fragments neighboring planted
forests (F3, F9 and F10) and 16 from the fragments next to pastures
(F3, F4 and F8).

Water samples, varying in volume from 60 to 100 ml, were obtained
from bromeliads whose bases were located between 0 and 1.9 m from the
soil, with the use of a syringe connected to a hose. The specimens found
in the water samples were fixed in 98° GL ethanol and were sorted and
identified under a stereomicroscope. The invertebrates were identified to
the family and subfamily level (except Annelida, Crustacea and Acari)
using the keys in the literature: Merritt and Cummins (1996) for insects;
Epler (2001) for Chironomidae, and Dominguez and Fernandez (2009) for
arthropods. Then the invertebrates were further analyzed at the Benthic
Invertebrate Laboratory of Juiz de Fora Federal University (LIB/UFJF).
After sorting the organisms to obtain the amount of organic material present
in the samples, they were dried at 60 °C for 72 hours and then the material
was weighed on an analytical balance (precision of 0.001g). Next, the
samples were burned in a muffle furnace at 550 °C for 4 hours and again
weighed. The amount of organic matter was obtained from the difference
between the weight of the samples before and after burning (Suguio, 1973).

3. Data analysis

The abundance, taxon richness, Shannon diversity and Pielou evenness
were calculated for the specimens obtained from each of the six bands in
relation to the edges of the fragments and for the fragments next to pasture
and planted forest. For this purpose we used the PAST program, version
2.10 (Hammer et al., 2001).
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Figure 1: Map of Brazil indicating the Atlantic Forest fragments studied (F1 to F12) in the southeast of the state of Minas Gerais. The fragments shown have different
sizes: F1(400 ha), F2 (120 ha), F3 (100 ha), F4 (150 ha), F5 (50 ha), F6 (50 ha), F7 (700 ha), F8 (0.5 ha), F9 (130 ha), F10 (350 ha), F11 (500 ha), F12 (100 ha).

The Kruskal-Wallis test (p<0.05) was used for comparison of the metrics
among the distance bands from the edge, followed by multiple pairwise
comparisons of the p-values. The Mann-Whitney test or t-test (p<0.05) was
used to test differences in the metrics between the fragments located next
to planted forest and pasture. Factorial ANOVA (p<0.05) was employed
to test for effects of interaction between distance from edge (0 to 30 m or
50 to 100 m) and adjacent matrix (planted forest or pasture) on the structure
of the invertebrate fauna. Differences in the fauna composition among
the four bromeliad morphospecies were checked by the multi-response
permutation procedure (MRPP), since the intrinsic traits of each species
can influence the differences in invertebrate fauna (Marino et al. 2013).
This analysis was carried out with the PC-ORD 5.15 program (McCune
& Mefford, 2006).

Simple linear regression was used to analyze if the abundance, taxa
richness and Shannon diversity were related directly to the distances of
the bromeliads in relation to the fragment edge. This analysis was also
used to determine if these same metrics had any relation with the organic
matter content found in the tanks of each bromeliad. This analysis was
performed with the Statistica 7.0 program (Statsoft, Inc. 2004).

http://dx.doi.org/10.1590/1676-0611-BN-2016-0188

The ordination analysis was performed to visualize whether the
fauna composition changed as the location of the bromeliads became
further from the edges of the fragments. For this purpose, the data were
log-transformed [(log (x+1)] and submitted to Detrended correspondence
analysis (DCA). This same analysis was used to order the fauna according
to the adjacent area (pasture or planted forest), using the log-transformed
abundance data. Differences in the fauna composition between the sections
sampled were also analyzed by MRPP. These analyses were performed
using the PC-ORD 5.15 software (McCune & Mefford, 2006). Analysis
of similarity (ANOSIM) was used to test for significant differences in
the taxa composition between the fragments next to planted forest and
pasture. This analysis was carried out with the R program (R Foundation
for Statistical Computing 2011).

Results

In the 147 sampled bromeliads, 12,918 invertebrates were identified,
represented by 35 taxa. The most abundant were Ostracoda (4,962 individuals),
Culicinae (2,358), Tanypodinae (1,164) and Scirtidae (1,043). The number
of organisms per taxon is shown in Table 1.
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Table 1: Abundance of bromeliad invertebrates sampled in forest fragments in the No significant changes were detected (p> 0.05) in the abundance, taxon
municipality of Bom Jardim de Minas, Minas Gerais. richness and diversity of invertebrates in bromeliads located different

Nematoda 7 distances from the edges (Table 2).

Annelida Although not statistically significant (p> 0.05), the greatest abundance
Oligochacta 46 of invertebrates was recorded in the fragments next to pasture areas and
Hirudinea 8 the highest richness was found in fragments adjacent to planted forest

Crustacea areas (Table 3).

Copepoda 195 The factorial ANOVA did not reveal a significant effect of the interaction
Ostracoda 2663 between matrix (pasture or planted forest) and distance from the edge on the

Arachnida community of invertebrates found in the bromeliads: abundance (F=0.145;
Acari 59 p=0.745), taxon richness (F=0.001; p=0.998) and Shannon diversity (F=0.290;

Hexapoda p=0.915). Regarding the fauna composition, no differences were detected
Collembola 8 among the bromeliad morphospecies (MRPP, p>0.05).

Insecta The simple regression analysis did not reveal any relationship between
Odonata the distance from the edge and abundance (R?=0.006; F=0.078; p=0.779),
Zygoptera taxon richness (R*=0.005; F=1.712; p=0.193) and Shannon diversity
Coenagrionidae 2 (R?=0.005; F=0.413; p=0.521). This same analysis also did not reveal
Dicteriadidae 41 any relation between the organic matter content of the cisterns and the
Coleoptera community metrics: abundance (R*= 0.034; F=0.031; p=0.860), richness
Dytiscidae 2 (R*=0.035; F=0.003; p=0.953) and diversity (R>=0.034; F=0.039; p=0.843).
Noteridae 5 The DCA did not reveal any distinction of the fauna composition
Hydraenidae between the sections located at different distances from the fragment edge
Scirtidae 721 (Figure 2). The MRPP analysis distinguished the fauna composition between
Elmidae 2 only some of these sections, regardless of distance from the edge (Table 4).
Diptera The detrended correspondence analysis (DCA) did not show any
Tipulidae spl 23 distinction in the fauna composition between the samples from fragments

next to planted forest and pasture (Figure 3). This result was confirmed

Tipulidae sp2
by the analysis of similarity (ANOSIM), which did not show a significant

Sciaridae
Ceratopogonidae 61 variation in the taxon composition (p>0.05) between the two matrixes.
Chironomidae
Tanypodinae 755 Discussion
Chironominae 190 .. . . .
. In general, the composition of invertebrates found in this study
Orthocladiinae 173 L. . .o L
Culicid was similar to those found in other studies investigating the fauna of
uAm a; y 136 bromeliads in different regions of Brazil (Lopez 1998, Aratijo et al. 2007,
Cnﬁp, cunac 1498 Marques et al. 2008, Sodré 2010). This result corroborates Mestre et al.
diemnae (2000), who indicated the possible existence of a characteristic bromeliad
Psychodidae 179 . . . .
; fauna associated with these plants, permanent and transitory, but with
Tabanidae 4 - . .
o a predominance of some groups adapted to changes in the chemical
Stl‘at%OTnyldae 0 composition and input of nutrients to the bromeliads (Schuttz et al. 2012).
Emp 1<%1dae 2 According to Franck (1983), many endemic invertebrate species are
Syrphldae 3 specialized in this micro-environment. On the other hand, some organisms
Muscidae > only are accidentally found in bromeliads, using the plants as temporary
Total 7218 refuge (Armbruster et al., 2002), especially in areas where the external

Table 2: Fauna metrics of invertebrates found in bromeliads sampled in sections at different distances from the edge of Atlantic Forest fragments in southeastern Brazil.
Distance from the edge (m)

Up to 13 14 to 24 25t035 36 to 56 80 to 117 150 to 230 Statistic
Abundance 667 1578 593 249 502 605 F= 0.794; p—0.558
Richness 19 22 23 17 19 17 H=7.985; p=0.157
Equitability 0.74 0.69 0.7 0.75 0.74 0.74 F= 0.475; p=0.793
Shannon 1.42 1.25 1.51 132 1.49 1.52 F= 0.608; p=0.693

Table 3: Richness total number of taxa, mean and standard deviation (SD) of abundance, diversity and evenness of fauna found in bromeliads sampled in Atlantic Forest
fragments in southeastern Brazil, according to neighboring matrix (planted forest or pasture).

Planted Forest SD Pasture SD Statistic
Richness total 24 23 t=-1.145; p=0.341
Mean abundance 88.13 +67.39 123.31 +124.48 t=-0.744; p=0.458
Shannon 1.42 +0.29 1.35 +0.45 Z=-0.705; p=0.480
Equitability 0.69 +0.17 0.69 +0.20 Z=1.586; p=0.112
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environment is less favorable to the development and survival of these
organisms (Oliveira et al., 1994).

Unlike our initial hypothesis that the richness and diversity of bromeliad
fauna of the fragment edge are more vulnerable to the effects of environmental
conditions at these sites, our results showed no significant differences in
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Figure 2: Results of the detrended correspondence analysis (DCA) of invertebrate
fauna in bromeliads collected in sections at different distances from the edge of
Atlantic Forest fragments in southeastern Brazil. A= up to 13 m, B= 14 to 24 m,
C=251t035m,D=36t0 56 m, E=80 to 117 m and F= 150 to 230 m.

Table 4: Results of the MRPP analysis of fauna found in bromeliads sampled
in sections at different distances from the edge of Atlantic Forest fragments in
southeastern Brazil.

Sections T A P
A VS. C -1.815 0.028 0.050
C vS. D -2.656 0.043 0.016
D VS. F -2.491 0.035 0.017
g v V Forest
v é ¥V Pasture
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Figure 3: Results of the detrended correspondence analysis (DCA) of invertebrate
fauna found in bromeliads sampled in Atlantic Forest fragments in southeastern
Brazil, next to pasture or planted forest.
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the composition, richness and diversity of the communities near the edge
or inside the fragments. This result can be a reflection of the low stature of
the high-montane vegetation, (Meireles et al. 2008) and of the elongated
shape of the fragments (whose width in collection points varied from 100 m
(F1) to 1,700 m (F11), making the environmental conditions (e.g., wind,
sunlight, input of plant material) in the interior sections similar to those
near the edges, and therefore insufficient to promote dissimilarities in the
structure of the invertebrate community found in bromeliads situated at
different distances from the edges.

Similar environmental conditions can also explain the absence of
significant differences in the composition, richness and diversity of
invertebrates in the fragments adjacent to both landscapes (planted forest
or pasture). The terrain, marked by high declivity, could have influenced
this result, since the bromeliads were often located on hillsides above the
canopy of planted forests, and thus were subject to similar conditions to
those found in the fragments next to pastures. On the other hand, it is
possible that the habitat of the bromeliad itself softens the adverse eftects
of location near the edge of fragments, by providing protection against
external factors such as wind and heat. Oliveira et al. (1994), for example,
indicated that bromeliads in coastal marshland are used by meso and
microscopic fauna due to the moisture and protection against heat of the
biome, besides the shelter from predators. In turn, Marques et al. (2008),
comparing the fauna of Culicidae (Diptera) from terrestrial bromeliads,
found similar richness and species diversity among urban, semi-urban
and forest environments.

Considering bromeliads ‘per se’, among the factors that influence the
fauna that find shelter in these plants is the quantity to organic detritus
(food) and volume of water, both of which contribute to increase the
abundance and richness of morphospecies of invertebrates, as found by
Armbruster et al. (2002). The food that is available has a strong effect
on the richness of morphospecies within the plant, while the volume of
water in the tanks favors the presence of organisms that are not suited to
living in dry plants, besides increasing the heterogeneity of the habitat.
However, we did not detect any relation between the quantity of detritus in
the bromeliads and the abundance and richness of invertebrates. This might
have occurred because those authors considered all the material accumulated
in the bromeliads, while we set a maximum limit on the material collected.
In turn, the absence of differences in the fauna composition between the
morphospecies of bromeliads probably occurred because they had similar
architecture with respect to cistern size. This aspect can result in similar
quantities of food resources for the fauna (Marino et al., 2013), explaining
the absence of differences in the composition of invertebrates.

With respect to the predominance of some groups in the bromeliads,
Ostracoda was the most abundant taxon, as also observed by Lopez et al.
(1999) in bromeliads from Atlantic Forest fragments in the state of Rio de
Janeiro. Among the insects collected, the majority belonged to the sub-order
Nematocera (Diptera), which is associated with moist environments
(Grimaldi & Engel, 2005) because their reproduction depends on the
availability of water reservoirs for larval development. Culicidae was the
most abundant family in all the bromeliads, corroborating the findings of
Hilsenhoff (1991), Aratjo et al. (2007), and Parker et al. (2012), all of
whom observed this family, along with the Chironomidae, to be among
the most abundant phytotelma insects. In this study, Chironomidae was
represented mainly by the sub-family Tanypodinae, a result that differs
from that reported by Sodré (2010) in Atlantic Forest areas of Rio de
Janeiro. In both of these cases the authors found the greatest abundance
of larvae of the sub-family Orthocladiinae in bromeliads. In turn, Scirtidae
(Coleoptera), also abundant in this study, was the most numerous insect
family found by Mestre et al. (2001) among insects from bromeliads in
an Atlantic Forest area of the state of Parana. According to Oliveira et al.
(1994), the different predominance of some groups in bromeliads reflects
local differences in the organization of bromeliad communities
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Conclusions

In conclusion, in the forest fragments investigated, bromeliads proved to
be a favorable habitat for invertebrate fauna, so we suggest they be included
in policies to protect biodiversity, not only for their floristic richness, but also
their importance in maintaining the richness and diversity of invertebrates
that use them for shelter, even in altered landscapes exposed to adverse
conditions, such as the borders of forest fragments.
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