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ABSTRACT

The aim of this work was to investigatdether (i) the organisms within different fragnsmn regional scale
(separated by up to 100 km), could be submittedirtolar climatic conditions (rainfall and tempera#), and
whether (ii) the edge formation in forest fragmentaild stimulate microclimatic changes (canopy cower
temperature and soil humidity), on local scale. Tnganisms within different fragments, on regiosehle, were
submitted to different climatic conditions, and tage formation in the forest fragment stimulatadroclimatic
changes, on local scale, although in a heterogemay. Not just the distance from the edge influentex
microclimatic differences. Probably, the edge dgeation, the matrix structure, as well as, gap xnoity could
change the microclimatic even within edges.
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INTRODUCTION Animal or plant populations of the same species in
distant areas may show different reproductive
The forest fragmentation could affect the remnantpatterns depending on the climatic conditions. The
organisms isolating their population and changeperiodicity of plant growth and reproduction has a
the microclimate they were submitted, on regionaprofound impact on most of the animal species
and local scale. On regional scale, climate mathat depend on periodically available plant
influence many aspects of the biology of tropicaresources: young leaves, pollen, nectar, fruits and
organisms, including plant growth andseeds (Corlett and LaFrankie Jr., 1998). Thus,
reproduction (Corlett and LaFrankie Jr., 1998)temporal variation in flowering season can
Spatial and long-term  climatic  and/or influence the seed-set success if pollinator activity
microclimatic variability among areas, such as irvaries with the flowering of individual species
rainfall and temperature, could alter the(Kudo et al., 2004).
reproductive events of plant and animalOn a local scale, large variation in understorey
populations (van Schaik et all993), including micro-environmental factors including light
pollinator abundance (Augspurger, 1980) andvailability (Nicotra et al.;1999, Bianchini et al.,
plant phenology (Smith-Ramirez and Armesto2001), temperature (Young and Mitchell, 1994)
1994). and moisture (Camargo and Kapos, 1995) may be
related to gaps and to the structural complexity
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and/or deciduousness of the canopy. Th&ATERIAL AND METHODS

frequency of natural disturbance events in a forest

varies among localities and variations in forestudy sites

microclimate distribution within and among standsRegional scale

profoundly influences overall understorey lightFive forest fragments, classified as evergreen
availability and its spatial distribution (Nicotra et forests or ombrophilous dense forest (Radambrasil,
al., 1999). 1983) were selected in State of Rio de Janeiro,
The formation of edges, between forested angoutheastern Brazil. Four of the fragments were
deforested areas (matrix) by forest fragmentatiotocated in conservation units: Parque Estadual do
changes the abiotic conditions and could affect thtlendanha (ME), Parque Estadual da Pedra Branca
remnant organisms (Bierregaard ét.al.; 1992, (PB), Parque Nacional da Floresta da Tijuca (FT),
Metzger, 1999; Pouliet al., 1999; Debinskand  Parque Estadual da Serra da Tiririca (ST), and one
Holt, 2000). The microclimatic changes at thewas a private area: Hotel Fazenda Serra da
edges of fragments could stimulate bioticCastelafia (SC) (Table 1). Fragments along the main
modifications, such as alterations in the foreshighways in the south and southwest of the State
structure of the edge, because the growthyere selected in order to facilitate access to them
mortality, and distribution of the plants in this newThe distances among fragments ranged from about
environment may be directly affected by thel6 to 110 km (Table 2).

physical conditions, and by the density andClimate was compared for the five fragments by
activity of some animal species (Murcia, 1995)constructing climatic diagrams using long-term
Consequently, changes in many aspects of the litainfall and temperature data (more than 30 years).
histories of plants and animals at the edges maphe precipitation data were obtained from Serla
cause alterations in species interactions, includin@ecretaria Estadual de Rios e Lagoas) and the
herbivory, seed predation, pollination and seetemperature data were obtained from InMet
dispersion (Saundergt al., 1991, Aizenand (Instituto Nacional de Meteorologia) (PB: 22°55’
Feinsinger, 1994). Natural edges (limits betweel$, 43°25' W: ME : 22°51’ S, 43°32' W: ST: 22°52’
forests and rivers, streams, lakes or natural field}, 43014’ W: FT: 22957’ S, 43°16"; SC: %A4’S,

may also show abiotic and biotic differences in2°33' w).

relation to the forest interior (Corbet, 1990;

Matlack, 1994; Casenavet al., 1998; Meleason | ocal scale

and Quinn, 2004). The study was carried out in the forest fragment of
The aim of this work was to investigate whether (ixhe Hotel Fazenda Serra da Castelafia (SC), city of
the organisms within different fragments, onsaquarema, RJ, including 1200 ha of Atlantic
regional scale (separated by up to 100 km), coulghrest with a hilly topography, with altitudes
be submitted to similar climatic conditionsarying from 30 to 400 m. The fragment was
(rainfall and temperature), and whether (ii) theprobably not deforested because its topography

edge formation in forest fragments couldyas not appropriate for cropland and cattle
stimulated microclimatic changes (canopy coverpasture.

air temperature and soil humidity), on local scale.

Table 1 - Characteristics of the five Atlantic forest fragmeein Rio de Janeiro: their sizes (ha), elevatipmsand
coordinates S (C.S) and W (C.W). Parque EstaduaVldndanha (ME), Parque Estadual da Pedra Branca (PB
Hotel Fazenda Serra da Castelhafia (SC), Parquéuaktda Serra da Tiririca (ST), Parque NacionaFidaesta da
Tijuca (FT).

SIZE ELEV C.S C.w
ME 7700 23 22°49 4333’
PB 12500 202 22°55’ 4326’
FT 3200 13 22°58’ 4313
ST 2400 215 22°56’ 43°00°
SC 1200 160 22°50° 42028’
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Table 2 - Distances (km) among the studied Atlantic foresigfnents in Rio de Janeiro. Parque Estadual do
Mendanha (ME), Parque Estadual da Pedra Branca RBgl Fazenda Serra da Castelhafia (SC), Parqaduas
da Serra da Tiririca (ST), Parque Nacional da Blarda Tijuca (FT).

PB | sc ST FT
ME 158 109.9 57.6 36.7
PB ; 99.1 44.9 22.4
sc - - 54.9 77.8
ST ; - - 23.0

The study was done in a 180-ha sectof &2 S e c) Canopy openness

42° 28" W) of this area in order to facilitate accesd-ive canopy openness measurements were taken in
to the habitats. The forest studied was surroundegich sample plot in each habitat twice in 2003, in
by pasture and cropland, thus creatinghe summer (wet season) and winter (dry season)
anthropogenic edges. Within the forest, there waglanuary and September, respectively). To
a stream 2-5 m wide and 700 m long that created@easurements it was used hemispherical
natural edge with the forest. Three habitats werghotographs taken with a Nikon Coolpix 950 with
investigated at the study site: (1) the edge of thlish-eye lens autofocus Nikon 8mm (180°), placed
forest with pasture and cropland (AE =60 cm above the ground. The hemispherical
anthropogenic edges ~50 m from the pasture), (Photographs were analyzed for canopy openness
the edge of the forest with the stream (NE =percentage of the hemispherical image not
natural edges ~50 m from the stream), and (3) theovered by vegetation) using the software Gap
forest interior (FI = 200 m or more from any Light Analyzer 2.0 (GLA) (Frazer et al., 1999).
edge). Five sample plots of 10 x 50 m in eacflhis program transforms the colors from the
habitat were non-systematically located, and thghotos to black and white in order to quantify the
distances among sample plots ranged from 150 fjxels before calculation of canopy openness. To
883 m (Fig. 1). The climate was classified as Cwaninimize subjectivity, three different persons

based on the Képpen system (Veanello and Alveitansformed independently the colored images to
1991). black and white, and the mean among these was

used for the calculation of canopy openness
Microclimatic differences
a) Temperature measurements Statistical analysis
The maximum and minimum air temperaturesThe differences in canopy openness, temperature
were recorded once a month from March 2003 tgminimal, maximal and amplitude) and soil
February 2004, using maximum and minimummoisture among the three habitats (AE, NE and Fl)
thermometers placed 1.2 m above the ground iwithin the fragment were tested by two-way nested

each of the 15 sample plots. ANOVA (Zar, 1996). Time was the second factor
tested: seasons (canopy openness) and months
b) Soil moisture measurements (temperature and soil moisture).

At monthly intervals from March 2003 to February To improve the homoscedasticity and normality of

2004, three 40 g samples of the 0-20 cm soil laydhe distributions, the data for canopy openness
(excluding litter) were taken from each sampleneasurements and soil moisture were arcsine
plots in each habitat. The samples were doubléansformed before analysis (Zar, 1996). Means

wrapped in plastic bags and weighed fresh in theere back-transformed for use in the figures.

lab (digital balance), them dried in a ovencat In the nested analyses of variance, the tested factor
65C for 48 h and weighed again when dry. Thevas the habitat. The five sample plots (nested

percent water content was calculated as: 100 tim&gthin each habitat) were randomly sampled and

(fresh weight — dry weight) / fresh weight. were considered as random effects.
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& replicates (10x50 m) in each hahitat
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Figure 1 - Schematic design of plot distribution in each tetbiA = Detail of the sample plots in each
habitat and the distance from edges. B = Genesdfildlition of the five replicates of
sample plots within each habitat. AE = anthropogesdge; NE = natural edge; FI =
fragment interior.

Habitat, sample plots and canopy openness, ardcal scale

temperature and soil moisture were tested againg} Temperature

the corresponding next lower hierarchical levelThe minimum and maximum temperatures during

(Sokal and Rohlf, 1995). the year (2003) ranged from 12.6-19C and
23.8-34.2C, respectively, and the temperature
amplitude was 10.6-17°6, regardless of the

RESULTS habitats (Fig. 3). There were no significant
differences in the minimum temperature, {f=
Regional scale 1.8; p = 0.20) among the habitats, probably

None of the five fragments showed dry monthspecause of the great variation among the sample
i.e. the temperature and rainfall lines did noplots within habitats (513, = 5.2; p = 0.0001).
overlap each other. However, all areas except Flowever, AE showed the greatest average
had 1-3 months of low rainfall. FT had an annuamaximum temperature {f, = 12.3; p = 0.0001)
rainfall almost twice as high as the other four areagnd amplitude (F.= 5.3; p = 0.02), while NE had
(1200 mm). Also, FT had the lowest minimum andhe lowest values. There were differences in the
maximum temperatures while ME had the highestinimum temperature among the months,
values (Fig. 2). independently of the habitats (ks> = 35.8; p =
0.0001). However, the interaction between months

Brazilian Archives of Biology and Technology



Microclimate of Atlantic Forest Fragments: Regioaat Local Scale Heterogeneity 939

and habitat was significant, both for the maximunseason (Fig. 5). Canopy openness ranged from
temperatures @ 13,= 1.9; p = 0.02) and amplitude 4.0% to 18.9% for all habitats in both seasons.

(F22132= 1.8; p = 0.03). There were no differences in canopy openness
among habitats ¢q, = 2.9; p = 0.10), but there
b) Soil moisture was a significant interaction between season and

The soil moisture of all habitats during 2003habitat (13, = 3.6; p = 0.03). The sample plots

ranged from 7.2% to 19.9% (Fig. 4). There weravithin the habitats showed great heterogeneity

no differences in soil moisture A = 1.6; p = (Fi2132 = 15.4; p = 0.0001) in both seasons,

0.25) among the habitats, probably because of thathough the greatest variations among them were

great variation among the sample plots withirseen in the winter. NE3 showed the lowest

habitats (I,13,= 14.3; p = 0.0001). However there medians for canopy openness in the summer

was a significant interaction between months an¢b.7%) and winter (4.6%), whereas the greatest

habitat (k13,= 3.0; p = 0.0001). medians were displayed by FI4 in the summer
(12.0%), and by AE3 in winter (15.9%) (Fig. 6).

¢) Canopy openness

Canopy openness in the winter was greater than in

summer for all habitats, probably because of the

deciduousness of many tree species in the dry
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Figure 2 - Climatic diagrams for five forest fragments of Rie Janeiro Atlantic forest. The annual
rainfall and the minimum and maximum mean tempeesatare shown at the top of each
diagram. Hotel Fazenda Serra da Castelhafia (S@ué&stadual da Serra da Tiririca
(ST), Parque Estadual do Mendanha (ME), ParqueoNaktida Floresta da Tijuca (FT),
Parque Estadual da Pedra Branca (PB)
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Figure 3 - Mean (and 1 standard deviation) of the minimum, @Aaximum (B) and amplitude (C)
temperatures for a natural edge (NE), forest iotdifr]) and anthropogenic edge (AE) at
Hotel Fazenda Serra da Castelhafia (SC) (March t20B&bruary 2004).

Soil moisture (%)
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Figure 4 - Mean (and 1 standard deviation) of soil moisture (@6 a natural edge (NE), forest
interior (FI) and anthropogenic edge (AE) at Hdtakzenda Serra da Castelhafia (SC)
(March 2003 to February 2004) (back-transformedmaeand standard deviations).
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DISCUSSION affected by climatic variations (Silvertown and
Lovelt-Doust, 1993), and the synchronisation of
The forest fragments, on a regional scale, wergeproduction among populations was essential for
submitted to different climatic conditions. Sometheir long-term success, especially in self-
fragments showed drier periods in the yearincompatible plants, and for the satiation of seed
although this did not imply hydric deficit, and predators (van Schaik et al., 1993).
others displayed more constant precipitatioOn a local scale, the microclimatic variables
throughout the year. showed spatial and temporal variations in the area
It seemed that the climatic patterns were nostudied in agreement with other reports (Murcia,
related to the distances among fragments (Table 2995; Didham, 1997; Renhorn et al., 1997;
Fig. 2). Probably, the dissimilarity was related toRestrepo and Vargas, 1999; Gehlhausen et al.,
their different proximity to the sea and their2000). There were no differences in the minimal
different altitudes. The variations in rainfall andtemperature, soil moisture and canopy openness
temperature observed, among fragments separateéthong anthropogenic edges, natural edges and
by up to 100 km, could be sufficient to influenceforest interior. The low maximal temperature seen
some populations of organisms living in theseat NE was probably caused by the stream water
fragments. that buffered or lowered the high temperature in
For instance, the reproduction among differenthis habitat, as recorded in New Zealand
populations of some plant and animal species wef®leleason and Quinn, 2004).

20

=
(6}
I
|

* X

i L X

5_ —

Canopy openness (%)

0 | | | | | |

AE Fl NE AE Fl NE
Summer Winter

Figure 5 - Canopy openness (%) for an anthropogenic edge aEst interior (FI) and natural edge
(NE), at Hotel Fazenda Serra da Castelhafia (S@)nisu and winter of 2003). The box
plot presents the median, 25th and 75th percerfbies), and the minimum and maximum
values (whiskers). The asterisks indicate valudsid® the acceptable range. The boxes
are notched at the median values and return tavidth at the lower and upper confidence
interval (95%) values.

Other studies have shown spatial variability inadjacent habitats (Williams-Linera et al., 1998;
some microclimatic variables between edges an@ehlhausen et al2000; Mourelle et al., 2001,
the forest interior, depending on the orientation oNewmark 2001). The age of the fragment
the forest fragment, relative to the angle of the suformation (Turton and Freiburger, 1997) and the
incidence (Young and Mitchell, 1994; Renhorn etextent of deforestation (Giambelluca et al., 2003)
al., 1997), or because some edges were bufferatbng the edge could also influence the
by the heterogeneity of the vegetation structure imicroclimatic variables.
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All of the microclimate variables examined hereThe canopy openness did not differ among the
showed temporal variations. Other studies havkabitats, probably because of the great variation
also reported temporal microclimatic differencesamong the sample plots within the habitats. The
in fragmented edges over years (Camargo arfdrest canopy may vary in species composition,
Kapos, 1995; Kapos et al., 1997), seasons (Murcideciduousness, height above the soil, and in
1993 apud Restrepo and Vargas, 1999) and evethickness and foliage density (Lieberman et al.,

hours (Newmark, 2001; Giambelluca et al., 20031989; Bianchini et al., 2001). The heterogeneity

caused by the grown of vegetation and naturalbserved probably reflected variation in the forest
oscillation within a day. The seasonal variation irstructure (tree diameter and height) in each sample
sunlight could contribute to seasonal microclimatiglot (M. T. Ribeiro et al., unpublished data), in the

variations (Young and Mitchell, 1994), as couldnumber of deciduous tree species and in the
oscillations in vegetation growth in the daily light presence of small gaps.

intensity.
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Figure 6 - Canopy openness (%) in each sample plot of arr@rdbenic edge (AE), forest interior
(FI) and natural edge (NE) in the summer and winfe2003. The legends for the boxes
are given in figure 4.
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According to Smith et al(1989), the aggregation de borda em fragmentos florestais pode estimular
of crowns in the canopy depends on the spatimhudancas microclimaticas (abertura de dossel,
distribution of the individuals and on gaptemperatura do ar e umidade do solo), em escala
formation. regional. O estudo foi conduzido em cinco
The variability of microclimatic gradients found in fragmentos (escala regional) no Rio de Janeiro,
this study was probably common to forest edgsudeste do Brasil, e em escala local, dentro de um
microclimatic gradients in general. However, thedeles. Os organismos dentro dos diferentes
insufficient number of replicates in most studiedragmentos, em escala regional, foram submetidos
probably accounted for the reported lack ofa diferentes condi¢cdes climaticas, e a formacéo de
microclimatic heterogeneity in the fragments.borda nos fragmentos florestais estimulou
According to Murcia (1995), the lack of consensusnudancas climaticas, de maneira heterogénea. Nao
in the microclimatic differences between edgespenas a distdncia das bordas tem influencia nas
and the fragment interior reflected differences irdiferencas microclimaticas. Provavelmente, a
methodology used and the absence of replicatédade e localizacdo da borda, a estrutura da matriz,
and adequate controls. However, the greateassim como a proximidade de clareiras pode
heterogeneity in microclimate variables seemodificar o microclima mesmo entre bordas.
among the sample plots of each habitat in this

study indicated that other factors, such as edge
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