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ABSTRACT

In the Atlantic Montane Rain Forest of South-eastBrazil, a study was carried out to describe amdleate
canopy gap colonization. Gap composition by herbcis was assessed through their soil coveragevaratly
species by measuring and identifying all individutdller than one meter. Gap structure (gap sizenber and
diameter of treefalls), topographic position andrreunding vegetation were also measurddvo genera of
Marantaceae were markedly frequent and abundanténgaps. The more abundant and frequent woodyiespec
were shade tolerant. Species-rich families fourgldim gaps did not differ from the forest as a whélesults
revealed that direct and indirect influences ofdgmphy were important to determine gap compositibwoody
species. Evidently gap colonization had a consideranfluence of topography and pre-establishedviddals
besides variables of gap structure.
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INTRODUCTION species distribution than gap environment itself
(Hubbell et al., 1999; Brokaw and Busing, 2000).
In tropical and temperate forests, canopy gaps aféap area not always is useful to explain gap
regarded as processes of great importance to forggrtitioning (Dalling et al., 1998), and except in
regeneration (Hartshorn, 1978; Denslow, 1980¢ases of large disturbance magnitude, the previous
Brokaw and Busing, 2000; Schnitzer and Carsorgontext of soil seed bank and pre-established
2001). Gap environments influence plantindividuals strongly determined gap composition
populations in their growth (Garwood, 1983;(Garwood, 1983; Raich and Christensen, 1989).
Brown, 1993), herbivory (Coley, 1983), fruit Another important issue is the influence of canopy
production (Collins et al., 1985) and seed dispers@aps in the species composition of forest
(Levey, 1988). Even physically, treefall events catommunities. In tropical forests, an average gap
damage plant individuals, sometimes being lethaould be formed by a single or double treefall
(Clark and Clark, 1989). event (Chandrashekara and Ramakrishnan, 1994),
However, the relation between gaps and specig@eating a canopy opening area ranging from 46 to
distribution in the forest is not so clear. Recen85m? (Brokaw, 1982; Sanford Jr. et al., 1986; Jans
studies found that chance and other factoret al., 1993). Thus, as microclimate contrast varies
controlling the composition of the pool of speciesaccording to the opening size (Barton et al., 1989),
would be equally or more important to determinatéhe average gap microclimate in tropical forests
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does not differ sufficiently from closed canopyin case of uprooted trees (Jans eti#193; Poorter
environments to stimulate light dependent speciest al., 1994). In the vegetation analysis gaps that
(Sanford Jr. et al., 1986; Brown, 1993). In thisclearly failed to regenerate as a result of a massive
context, investigators have claimed that thenvasion of lianas or woody bamboos were
colonization of gaps via pre-establishedexcluded.
individuals would be a prominent regenerationThe definition used to delimitate gaps and to
strategy (Garwood, 1983; Whitmore, 1989). estimate their areas followed Brokaw (1982) and
Considering the small number of studiesLima (2005), respectively. For each gap, the
developed in the Atlantic Montane Rain Forestfopographic position (valley, slope and ridge) and
the main purpose of this study was to characteriztae number and diameter at breast height (DBH) of
the colonization of canopy gaps at this foresthe treefalls involved in the gap event were noted.
formation. This study also aimed to understand th8ome stand measures from gap surrounding
factors constraining gap colonization of herb andiegetation were also made. All canopy trees used
woody species, how composition and abundana® delimit the gap perimetes¢nsuBrokaw 1982)
of species were influenced by variables of gapad their DBH, trunk height and total height
structure (gap area, and number and diameter eftimated. Estimates of tree height were made
treefalls), by topography and by the gapvisually, always by the same observer and with the
sourrounding vegetation. help of a scale of known length.

Inside each gap, the herb layer was measured

using the line intercept method (Mueller-Dombois
MATERIAL AND METHODS and Ellemberg, 1974), using eight radial oriented

transects (N, NE, E, SE, etc.) with equal distance
This study was conducted in the Carlos Botelhdetween them (43. By this means, the
State Park (PECB: 24°20’ S, 47°44’ W), a 37.64%olonization of the herb stratum inside gaps was
ha reserve located in the S&o Paulo State Atlantvaluated based on the proportion of soil coverage,
Rain Forest, South-Eastern Brazil. Since 1993, thebtained by dividing the length of each group by
park is part of the Mata Atlantica Biospherethe total length of transects. Treefall debris (dead
Reserve — UNESCO, and, in 1999, the sam#unks and branches) and woody bamboos were
institution inscribed the park area within thealso measured, and were evaluated using the same
Atlantic Forest South-East Reserves (Worldine intercept method as for the herbs. The herb
Natural Heritage Site). According to Domingues estratum was divided in the following groups:
al. (1993), the average annual rainfall is 1683 mralathea spp. (Marantaceae)Ctenanthe spp.
and the mean monthly temperature ranges frofMarantaceae), herb ferns (mairiidymoclaena
14.5 to 22.4°C. Local altitude varies from 700 totruncatula (Sw.) J. Sm. Lastreopsis amplissima
900m. The study site used to conduct gap survec. Presl) Tindale an&tigmatopteris heterocarpa
was located in an old growth forest coveringRosenst.), ground bromeliads, woody bamboos,
approximately 150 ha. Local vegetation has beeherbaceous bamboos (i.€husqueaspp., Olyra
classified as Tropical Montane Rain Forest, wittspp.). These groups represented the most abundant
canopy height varying from 20 to 35 m. In thespecies on the herb stratum in the study site. Other
understorey, the palm-heaButerpe eduligviart.), two groups to be considered were the uncovered
species of the genef@eonomaand Psychotrig ~ Soil and other components such as low frequency
and tree ferns (Cyatheaceae) are easily founfierbs and woody seedlings.
There was no recent evidence of humardhe woody community was assessed including
disturbance in the study area. only plants taller than one meter and excluding life
During gap survey in 2002, 24 canopy gaps wertrms woody lianas and woody ferns. Individuals
selected and measured. This selection was basegre identified to the level of species. Some herb
on the successional phase of gaps so that advan@gcies taller than one meter were also included in
phases of regeneration were not considered. Gafi#e analysis. The presence of broken stems and
in late successional phase were identified based @@nsequent sprouting was also noted. The
advanced decay of treefall debris, on the advancedassification of species into ecological groups was
height of the regenerating vegetation (> 10mmade based on other works (Klein, 1980;

Gale, 2000) and on the aspect of the revolved sollabarelli, 1997; Gandolfi, 2000) and on field
observation in the study area. The variability in

Brazilian Archives of Biology and Technology



Canopy Gap Colonization in the Atlantic MontanerRiaorest 955

species relative abundance related to topograpliy relation to the sampled area of each topographic
was evaluated by the non-parametrical Friedmaposition.
ANOVA, after correcting the abundance of species

Table 1 - Proportions of soil coverage for each group of keeb stratum calculated in 24 canopy gaps. In
parentheses, values obtained using only the gapsevthe group soil coverage were other than zero.

Group | Average = SE | Frequency | Range
Calatheaspp. 4.44 (5.85) + 3.57 (3.88) 70.83 (1.91) - 73.92
Ctenanthespp 6.04 (6.72) £1.41 (1.37) 87.50 (0.37) — 24.63
Herb ferns 3.43(6.31) +1.28 (1.25) 83.33 (0.521-01
Bromeliads 1.03 (1.23) £ 0.32 (0.33) 87.50 (0.28)62
Woody bamboo (1.27) £ 0.38 (0.63) 25.00 (0.29)#77.
Herb bamboo 1.78 (2.70) £ 0.81 (0.83) 83.33 (0-30%.32
Uncovered soil 39.46 £1.95 100.00 18.38 — 55.59
Other components 15.98 +1.46 100.00 2.70 - 30.08
Treefall debris 13.33+£1.99 100.00 1.26 — 35.42
RESULTS to these values of soil coverage (after transforming

the proportions by arcsiné), revealed that these
The 24 canopy gaps evaluated in this study halavo genera had considerable negative correlation
values of area ranging from 15.15 to 276.47 mérs<= -0.710, N= 24, p< 0.0002). Even other less
and total gap area sampled equal to 2060 mabundant groups, such as herb ferns and herb
Values of soil coverage are shown in Table 1. Gapamboos, were more correlated to topographic
colonization from the herb stratum varied greatlypositioning than to any other gap characteristic
but some tendencies could be not&@hlathea (i.e. gap area), tending to be more abundant in
showed higher values of soil coverage in valleyidges (respectivelys+ 0.493, N= 24, p< 0.02;F
gaps, andCtenanthewas more abundant in ridge 0.438, N= 24, p< 0.04).
gaps. The Spearman correlation coefficient applied

Table 2 - Descriptive summary of the stand characteristiceosinding the 24 canopy gaps evaluated

Stand parameter Sampled trees (N = 337)
(m) Mean = SE ‘ Range
Crown height 4.69 £ 0.09 1.50-10.00
Stem height 8.57+0.16 3.00 - 18.00
Total tree height 13.24 +0.18 7.00 —24.00
Diameter 0.36 £ 0.01 0.10-1.05

Another noteworthy result was related to thdeaves and fast growth habits (reaching 73.9% of
percentage of uncovered soil, which presented thsoil coverage inside gaps), seemed to influence
highest values of overall average soil speciespace availability within gaps. As expected, the
coverage. This parameter presented a negatigeil coverage of treefall debris showed high

correlation with the number of fallss£r-0.46, N= frequency and positive correlations with gap size
24, p< 0.03), which suggested event intensityr—= 0.69, N= 24, p< 0.0003) and number of

(increase of fallen wood mass). The uncovered sditeefall (k= 0.62, N= 24, p< 0.002).

percentage also presented negative correlatiothe results obtained for surrounding gap

with the soil coverage dfalathea(rs= -0.43, N= vegetation (see methods for details) are
24, p< 0.04). This Marantaceae genus, with bigummarized in Table 2. Crown height presented a
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strong correlation to total tree height=(0.578, P< taller trees with broader crowns, followed by
0.001) and only a weak correlation with trunkvalley and ridge stands.

height (&= 0.151, P= 0.012), suggesting a varietyConsidering only the individuals higher than 1m,
of crown architecture around gaps. Indeed, wideindividuals sampled belonged to 47 botanic
trees were related to larger heights@546, P< families and 168 species. Families with higher
0.001) and larger crowns#r0.556, P< 0.001). No abundance were Myrtaceae (16.43%), Lauraceae,
significant correlation was found between anyPalmae (12.78%), Rubiaceae (9.52%) and
stand parameter and gap area. The Kruskal-Walllseguminosae (9.26%), while the families with
test was performed to analyze differences in thgreater species richness were Myrtaceae (32),
measured stand parameters across hills. As lauraceae (29), Leguminosae (15),
result, the mean crown and total height ofMelastomataceae (14) and Rubiaceae (12). The
surrounding gap trees were both different betweemost abundant species found were also the most
all topographic positions (respectively: H= 9.94 frequent ones. In relation to the ecological groups
P= 0.007 and H= 5.81, P= 0.055), while mearof species, 75.0% were classified as shade-
wood volume was only different significantly tolerant, 10.1% as secondary, and 4.2% as pioneer
between ridges and slopes (H= 3.44, P= 0.06%pecies (no data was found for the remaining
Therefore, slopes tended to present stands witt0.7%).

Table 3 -Species found in Atlantic Montane Rain Forest cgrggps and the respective abundance, frequency and
ecological classification (M = shade tolerant, Secondary and O = pioneer species; ND = no datiéabig).
Results of Friedman ANOVAs for topography differeacamong species relative abundances are presamed

for the most abundant species and when differewees significant P < 0.05); topographic positions which differ
(Multiple Comparison TesP < 0.05) are indicated by superscript differentelegt

Topographic position (%
Species Abundance| Frequency, gErchjjlb pographic p (%)

Valley | Slope | Ridge
Euterpe edulidart. 52 (6.78%) 20 (83.33%) M 3521 21.14 43.4%
Bathysa australi$iook. 28 (3.65%) 10 (41.67%) S 6276 31.88¢  5.96
Ardisia guianensigAublet.) Mez 21(2.74%) 11 (45.83%) M 45.20 54.8C -b
Geonoma gamiovRodr. 21 (2.74%) 9 (37.50%) M 54.82 45.08 -
Pouteria bullata(S. Moore) Baehni 16 (2.09%) 11 (45.83%) M 24.83 37.07 38.10
Inga sessiligVell.) Mart. 15 (1.96%) 7 (29.17%) S 4150 22.1% 36.37
Sorocea bompland{Baill.) Burger, 15 (1.96%) 6 (25.00%) M 15.07 61.83 23.10
Lanjow and Boer
Calyptranthes lanceolatBerg. 14 (1.83%) 9 (37.50%) M 39.99 47.74 12.27
Endlicheria paniculatdSpreng.) Macbr. 13 (1.69%) 7 (29.17%) M 3477 5190 13.33
Rapanea hermogenediing. Mendacolli 5 ) gq06) 9 (37.50) M 2204 3290 45.07
and Bernacci
Ocotea brachybotréMeissn.) Mez 13 (1.69%) 10 (41.67%) M 13.39 2499 61.62
Ocotea catharinensislez 13 (1.69%) 10 (41.67%) M 20.83 25.91 53.26
Cupania oblongifoliZCambess. 12 (1.56%) 6 (25.00%) M 60.77 25.97 13.32
Dichorisandrapubescenart. 12 (1.56%) 7 (29.17%) M 16.91 44.17 38.91
Esembeckia grandiflordart. 12 (1.56%) 6 (25.00%) M a. 887 91.1%3
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Matayba juglandifloralCambess.) Radlk. 12 (1.56%) 6 (25.00%) M 14.93 27.84 57.23
Andira anthelmigVog.) Benth. 11 (1.43%) 8 (33.33%) M - 36.86 63.14
Cryptocarya moschatblees and Mart. 11 (1.43%) 7 (29.17%) M 61.66 38.34 -
Eugenia stictosepalKiaersk. 11 (1.43%) 7 (29.17%) M 7.6 16.02 76.82
Mollinedia schottiangSpreng.) Perk. 10 (1.30%) 9 (37.50%) M 24.87 1227 63.08
Ocotea teleiandrgMeissn.) Mez 10 (1.30%) 5 (20.83%) M 22.84 59.68 17.5F
Posoqueria acutifoliaviart. 10 (1.30%) 6 (25.00%) M 9.92 44.42 4566
Alibertia myrcifoliaK. Schum. 9 (1.17%) 8 (33.33%) M - 5556 4444
Cordia sellowianaCham. 9 (1.17%) 4 (16.67%) S - 63.00 37.00
Myrcia fallax (Rich.) DC. 9(1.17%) 5 (20.83%) M 9.17 20.52 70.31
Myrcia pubipetalaMig. 9 (1.17%) 7 (29.17%) M 9.88 29.49 60.62
Ocotea disperséiNees) Mez 9 (1.17%) 7 (29.17%) M 30.49 22.75 46.76
Eugenia cerasifloraviig. 8 (1.04%) 4 (16.67%) M 62.30 18.59 19.11
'E\g"é’rrg_euge”ia myrcioidefCambess.) 8(1.04%) 4 (16.67%) M 56.73 8.47 34.80
Piper cf. chimonanthifoliumKunth 8 (1.04%) 5 (20.83%) ND 57.27 42.73 -
Copaifera langsdorfiDesf. 7 (0.91%) 6 (25.00%) M - 750 9250
Copaifera trapezifolidHayne 7 (0.91%) 5 (20.83%) M - 5488 45.12
Leandra moseniCogn. 7 (0.91%) 2 (8.33%) S 18.26 81.74 -
Miconia pusillifiora Triana 7 (0.91%) 6 (25.00%) M - 26.73 73.27
Piper caldenseC. DC. 7 (0.91%) 4 (16.67%) M 88.94 11.06 -
Plinia complanataKawasaki and Holst. 7 (0.91%) 4 (16.67%) M 18.26 81.74 -
Eg‘éfﬁ_”a caimito(Ruiz and Pavora) 7(091%)  2(8.33%) M . 2673 7327
Rudgea jasminioidg&ham.) Mill. Arg. 6 (0.78%) 5 (20.83%) M 77.01 22.99 -
Cabralea canjerangVell.) Mart. 6 (0.78%) 5 (20.83%) M 27.22 10.16 62.62
'\K":L;'f)riiger‘fge”ipsmde@egr' and 6(0.78%) 4 (16.67%) ND - 3273 67.27
Miconia dorianaCogn. 6 (0.78%) 1(4.17%) - 100.00 -
Myrcia sp. 6 (0.78%) 3 (12.50%) 87.02 12.98 -
Ocotea daphnifoligMeisn.) Mez 6 (0.78%) 4 (16.67%) - 1957 80.43
Piper pseudopothifoliur@. DC. 6 (0.78%) 5(20.83%) ND 30.49 22.75 46.76
Alchornea triplinervia(Spreng.) Mull. 5 (0.65%) 3 (12.50%) M 4719 5281 i

Arg.

Brazilian Archives of Biology and Technology

Cont. ...



958

Cont. Table 3

Lima, R. A. F. and Moura, L. C.

Casearia decandrdacq.
Geonoma schottianilart.
Inga sellowianaBenth.
Marlierea obscura_eqgr.
Sclerolobium denudatuiiog.
Zollernia illicifolia Vog.
Allophylus petiolulatufRadik.
Amaioua intermedidart.

Calycorectes australicegr.

Chionanthus filiformigVell.) P.S. Grenn

Chomeliacatharinae(L.B. Sm. and
Downs) Steyerm.

Eugenia neoglomerat&obr.
Eugenia subaveniBerg.

Guapira oppositgVell.) Reitz
Hyeronima alchorneoidesr. All.
Jacarandacf. montanaMorav.
Miconia sellowianaNaud.
Myrceugeniasp.

Myrocarpus frondosubr. All.
Rapanea gardnerianA. DC.) Mez
Ocotea silvestri§/att.

Parinari excelsaSabine
Rubiaceae
Tabebuiaserratifolia (Vahl.) Nich.
Bactriscf. setosaMart.

Byrsonima ligustrifoliaJuss.
Dalbergia frutescenéVell.) Britton
Guatteria australisA.St. -Hil.
Matayba guianensidubl.

Miconia cabussuHoehne

Leandrasp.

5 (0.65%)
5 (0.65%)
5 (0.65%)
5 (0.65%)
5 (0.65%)
5 (0.65%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
4 (0.52%)
3 (0.39%)
3 (0.39%)
3 (0.39%)
3 (0.39%)
3 (0.39%)
3 (0.39%)
3 (0.39%)

5 (20.83%)
3 (12.50%)
5 (20.83%)
4 (16.67%)
4 (16.67%)
3 (12.50%)
2 (8.33%)
4 (16.67%)
3 (12.50%)
3 (12.50%)
3 (12.50%)
2 (8.33%)
4 (16.67%)
4 (16.67%)
3 (12.50%)
4 (16.67%)
2 (8.33%)
3 (12.50%)
4 (16.67%)
3 (12.50%)
4 (16.67%)
4 (16.67%)
3 (12.50%)
3 (12.50%)
3 (12.50%)
3 (12.50%)
3 (12.50%)
3 (12.50%)
2 (8.33%)
3 (12.50%)
1 (4.17%)

=T 2 »n 220 mp =T 2T Z£ZTT T Z=TLT(KLzZTZLTEZTXZTKTCXLK K

nw £ 2w £z £ >
(w)

=z
W)

25.10 74.90
15.75 11.76
56.82 14.13
- 2449
15.75 11.76
- 100.00

- 13.95
30.88 69.12
- 3273

- 32.73

- 100.00
20.77 15.50
24.84 37.07
24.84 37.07
- 100.00

- 32.73

- 59.34

- 32.73

- 59.34
24.84 37.07
- 13.95

- 32.73

- 32.73
72.83 27.17
- 49.32

- 19.57

- 49.32
40.12 59.88
56.60 -
- 100.00

100.00
72.49
29.05
75.51
72.49

86.05

67.27

67.27

63.72
38.10
38.10

67.27
40.66
67.27
40.66
38.10
86.05
67.27
67.27

50.68

80.43

50.68

43.40
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Neomitranthes obscuf@®C.) Legr. 3 (0.39%) 3 (12.50%) M 30.49 22.75 46.76
Ocotea bicoloVatt. 3 (0.39%) 3 (12.50%) M 56.60 - 43.40
Piptocarpha axillarieqLess.) Backer 3 (0.39%) 2 (8.33%) (0] - 1957 80.43
Psychotria forsteronioide®lill. Arg. 3 (0.39%) 2 (8.33%) M - 100.00 -
Pterocarpus rohriivahl. 3 (0.39%) 3 (12.50%) M - 4932 50.68
Tetrorchidium rubriveniunfPoepp. 3 (0.39%) 1(4.17%) S 100.00 - -
Xylopia langsdorfiangst. Hilaire and 3 (0.39%) 3 (12.50%) M . 1957 80.43
Tulasne
Aspidosperma olivaceuMuill. Arg. 2 (0.26%) 2 (8.33%) M - 3273 67.27
Calyptrahthesaff. lucida Mart. ex DC. 2 (0.26%) 2 (8.33%) M - 3273 67.27
Capsicum recurbaturBendtn. 2 (0.26%) 2 (8.33%) (0] - 100.00 -
Cecropiaglaziouii Snethl. 2 (0.26%) 1(4.17%) (0] 100.00 - -
Cinamomum triplinervéRuiz and Pavon) 2 (0.26%) 1(4.17%) M - 100.00 i
Kosterm
Cryptocarya aschersoniandez. 2 (0.26%) 2 (8.33%) M 39.47 - 60.53
Dalbergia foliolosaBenth. 2 (0.26%) 2 (8.33%) S 57.27 42.73 -
Drymis winteriiForst. 2 (0.26%) 2 (8.33%) M - 3273 67.27
Eugenia beaurepaireaniiaersk.) Legr. 2 (0.26%) 1(4.17%) M - - 100.00
Eugenia cerejd.egr. 2 (0.26%) 2 (8.33%) M - 100.00 -
Eugeniasp. 1 2 (0.26%) 1(4.17%) ND 100.00 - -
Eugeniasp. 3 2 (0.26%) 1(4.17%) ND - 100.00 -
Hirtella hebecladaVioric. ex A. DC. 2 (0.26%) 2 (8.33%) M - 3273 67.27
Ixora burchellianaMll. Arg. 2 (0.26%) 2 (8.33%) M - - 100.00
Marlierea parvifloraO. Berg. 2 (0.26%) 2 (8.33%) M 100.00 - -
Maytenus robust&eiss. 2 (0.26%) 2 (8.33%) M - 3273 67.27
Miconia petropolitanaCogn. 2 (0.26%) 1(4.17%) M - - 100.00
Miconia racemifergDC.) Triana 2 (0.26%) 2 (8.33%) ND - - 100.00
Ocotea aciphyllgNees) Mez 2 (0.26%) 2 (8.33%) M - - 100.00
Ocotea glazioviMez 2 (0.26%) 2 (8.33%) M - - 100.00
Ocotea pulchravatt. 2 (0.26%) 1(4.17%) M - 100.00 -
Persea pyrifoliaNees and Mart. ex Nees 2 (0.26%) 2 (8.33%) M 39.47 - 60.53
Plinia paucifloraKawasaki and Holst. 2 (0.26%) 2 (8.33%) M - 3273 67.27
Protium heptaphillunfAublet.) March. 2 (0.26%) 2 (8.33%) M - 3273 67.27
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Rollinia parvifloraA.St. -Hil. 2 (0.26%) 2 (8.33%) M - 3273 67.27
Tapirira guianensiAublet. 2 (0.26%) 2 (8.33%) M - - 100.00
Vantanea compactgschnizl.) Cuatr. 2 (0.26%) 2 (8.33%) M - - 100.00
Vernonia puberuld_ess. 2 (0.26%) 2 (8.33%) M 100.00 - -
Acaciasp. 1 (0.13%) 1 (4.17%) S - 100.00 -
Aniba viridisMez 1 (0.13%) 1 (4.17%) M - 100.00 -
Begoniacapanemad@rade 1 (0.13%) 1 (4.17%) M - 100.00 -
Buchenavia kleiniExell. 1 (0.13%) 1(4.17%) M - 100.00 -
Casearia obliquéprengel 1 (0.13%) 1(4.17%) M - 100.00 -
Casearia sylvestriSw. 1 (0.13%) 1 (4.17%) S 100.00 - -
Citronella paniculata(Mart.) Howard 1 (0.13%) 1(4.17%) M - 100.00 -
Clethra scabraPers. 1 (0.13%) 1(4.17%) S - 100.00 -
Coccoloba martiMeissn. 1 (0.13%) 1(4.17%) M - 100.00 -
Costus spiralarik. Schum. 1 (0.13%) 1(4.17%) M 100.00 - -
Coussapoa microcarpgschott) Rizz. 1 (0.13%) 1 (4.17%) M 100.00 - -
Coussarea contract@/Valp.) Mill.Arg. 1 (0.13%) 1(4.17%) M - 100.00 -
Cupania vernalisCambess 1 (0.13%) 1(4.17%) M - - 100.00
Cybianthus peruvianu@. DC.) Miq. 1 (0.13%) 1 (4.17%) M - 100.00 -
Diploon cuspidatunHoenne) Cronquist 1 (0.13%) 1 (4.17%) ND - 100.00 -
Ecclinusa ramifloraMart. 1 (0.13%) 1(4.17%) M 100.00 - -
Erythroxylum ambiguurReyr. 1 (0.13%) 1(4.17%) ND - 100.00 -
Eugenia capituliferdBerg. 1 (0.13%) 1(4.17%) M - 100.00 -
Eugeniacf. cambucarana&iaersk. 1 (0.13%) 1(4.17%) M - 100.00 -
Eugeniacf. involucrataDC. 1 (0.13%) 1(4.17%) M - - 100.00
Eugeniacf. umbellifloraBerg. 1 (0.13%) 1(4.17%) M 100.00 - -
Eugenia floridaDC. 1 (0.13%) 1 (4.17%) M - - 100.00
Eugenia melanoginéD.Legrand) Sobral 1 (0.13%) 1(4.17%) ND -100.00 -
Eugenia pruinosdegr. 1 (0.13%) 1(4.17%) M 100.00 - -
Eugeniasp. 2 1 (0.13%) 1(4.17%) ND - - 100.00
%?;‘r:]ig)iaDgazr:Ssi”a”a(P'a”Ch' and 1(0.13%)  1(417%) M - - 100.00
Guarea macrophylla/ahl. 1 (0.13%) 1 (4.17%) 100.00 - -
Cont. ...
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llex amara(Vell.) Loesener 1 (0.13%) 1(4.17%) M - 100.00 -
Inga capitataDesv. 1 (0.13%) 1(4.17%) M 100.00 - -
Lamanonia ternatd/ell. 1 (0.13%) 1(4.17%) M - 100.00 -
Lauraceae 1 (0.13%) 1(4.17%) M -100.00 -
Leandra pilonensi§Vurdack 1 (0.13%) 1(4.17%) ND - - 100.00
Leandra sabiaensiBrade 1 (0.13%) 1(4.17%) ND - 100.00 -
Picramniacf. gardneriPlanch. 1(0.13%) 1(4.17%) ND -100.00 -
Licania hoehnePilger 1 (0.13%) 1(4.17%) M - - 100.00
Miconia cubatanensisloehne 1 (0.13%) 1(4.17%) - - 100.00
Miconia theezan€ogn. 1 (0.13%) 1(4.17%) S - - 100.00
Miconia valtheriiNaudin 1 (0.13%) 1(4.17%) ND - 100.00 -
Mollinedia elegangul. 1 (0.13%) 1(4.17%) M - - 100.00
Mollinedia oliganthaPerk. 1 (0.13%) 1(4.17%) M - 100.00 -
Myrceugenia glaucescef€ambess.) 1(0.13%) 1(4.17%) M 100.00 i i
Legr. and Kausel
Myrceugenia kleiniLegr. and Kaus 1 (0.13%) 1(4.17%) M 100.00 - -
Rapanea umbellatéMart. ex DC.) Mez 1 (0.13%) 1(4.17%) M - 100.00 -
Nectandra oppositifolidNees 1 (0.13%) 1(4.17%) M - 100.00 -
Ocotea eleganblez 1 (0.13%) 1(4.17%) M - 100.00 -
Ormosia dasycarpdacks. 1 (0.13%) 1(4.17%) ND - 100.00 -
Piper aduncunt.. 1 (0.13%) 1(4.17%) M - 100.00 -
Piptocarpha macropodéDC.) Backer 1 (0.13%) 1(4.17%) - - 100.00
Psychotria suterelldMll. Arg. 1 (0.13%) 1(4.17%) M - 100.00 -
Quina magalano-gomessichwacke 1 (0.13%) 1(4.17%) M - - 100.00
Rollinia sericeaR.E. Fries 1 (0.13%) 1(4.17%) M - 100.00 -
Simirasp. 1 (0.13%) 1(4.17%) ND  100.00 - -
Sloanea monosperméell. 1(0.13%) 1(4.17%) M 100.00 - -
Solanum cinnamomeugendt. 1 (0.13%) 1(4.17%) (0] - 100.00 -
Solanunpiluliferum Dunal 1 (0.13%) 1(4.17%) 0] 100.00 - -
Tibouchina pulchraCogn. 1 (0.13%) 1(4.17%) S 100.00 - -
Weinmannia paulliniifoligPohl. ex Ser. 1 (0.13%) 1(4.17%) M 100.00 - -
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DISCUSSION not conclusive, further studies must be carried out
to test this possibility in the study area.
It would be interesting to discuss the behavior ofn spite of being present in virtually all gaps, the
the soil coverage of the two Marantaceae generpil coverage of debris varied greatly. This
(Calathea and Ctenanth in the study area, parameter of gap structure was positively
although the influence of herb layer on speciesorrelated with the number of falls and it acted
regeneration was not directly evaluated in thiglirectly on species establishment. The influence of
study. With broad leaves and the habit of formindallen trunks and branches involves the mortality
dense clusters, these herb components coufd pre-established individuals and the substrate
produce thick layers of litter (Lima and Moura,conditions to seedling establishment (Hartshorn,
personal observation) that strongly inhibited seed978). Tabarelli (1997) found that soil coverage of
germination (Vazquez-Yanes et al., 1990). Withirdead material influences the stem density inside
gaps, where herb species can enhance their seg@ps in another Montane Rain Forest site near the
emergence (Horvitz and Schemske, 1994) anstudy area (Sdo Luis do Paraitinga, S&o Paulo,
growth (Collins et al., 1985; Chandrashekara an8razil). Although stem mortality is a non-specific
Ramakrishnan, 1994), intense herb coveragehenomenon, the influence of substrate conditions
affects gap regeneration by woody species, eithé@nay vary between species (Brandani et al., 1988;
by depletion of available resources or bylLawton and Putz, 1988; Nufiez-Farfan and Dirzo,
germination inhibition (Collins et al., 1985; 1988). In the present study area, at least two
George and Bazzaz, 1999). species were noted as able to recruit over dead
These two genera were virtually self-excluding inlogs Cecropia glaziouiiand Leandra mosernii
relation to the topographic positioning. As at otheauthors’ observation).
forest sites (Basnet, 1992; Poorter et al., 1994Vith respect to woody species, a study carried out
Oliveira-Filho et al., 1998; Gale, 2000), valleys argn the same forest, Aguiar (2003) found very
often more humid and dark than ridges that receiv@milar floristic results for the forest as a whole.
a more direct influence of wind and sunlight. TheAmong the 9544 individuals sampled in the study,
environmental contrast between valley and ridgéhe families with higher abundance were
sites also influences other herb groups such adyrtaceae (14.59%), Rubiaceae (12.58%),
herb ferns and herb bamboos. Thus, topograpHyauraceae (12.29%), Palmae (11.38%), and
features seem to play an important role to herbeguminosae (5.87%), and the more species-rich
species distribution inside gaps. were  Myrtaceae (58), Lauraceae (36),
Although the relation between crown extensiorleguminosae (17), Melastomataceae and
and tree height is influenced by species-to-specidubiaceae (12). The most abundant and species-
crown architecture, there was an average tendentigh families were the same obtained in this study,
of thicker crowns in higher trees around gags (r suggesting little change of composition in canopy
0.615, P< 0.01, N=42). It is known that daily gapgdaps.
insolation and direct light incidence are smaller iPAs shown on Table 3, many species presented
openings surrounded by trees with bigger crownsome degree of influence by the topographical
and total tree heights (Chazdon and Fetcher, 198@g¢sition of gaps, being exclusive to one or two
Collins et al., 1985; Brown, 1993). Therefore,positions, or showing differences in their relative
except for the time of the day when the sun is @bundances across hills. This suggested that not
high noon, light entrance, and thus microclimate®nly gap structure could determinate gap
(Collins et al., 1985), is different with respect tocolonization. The environmental differences
canopy height of the surrounding vegetatiorbetween valley and ridge sites, as long with other
(Hubbell and Foster, 1986). Also, the results fodispersal constraintse(g, timing of dispersal,
surrounding gap vegetation revealed differences idistance between the gap and the fruiting adults)
stand parameters across hills. Ridges have smalleuld control the pool of species available for gap
trees and lower diameters compared to othegolonization (Bellingham and Tanner, 2000;
positions. It is likely that this source of variation Robert and Moravie, 2003). Otherwise, among the
reflects soil characteristics (Bellingham andtwenty most abundant species found in this study,
Tanner, 2000) and certainly affects light entrancenly B. australisand|. sessilisdid not correspond
and disturbance regime in the forest (Gale, 20009 the shade tolerant ecological group; many of
Robert and Moravie, 2003). Since these data weitem were typical understorey species ((G.
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gamiova Ardisia guianensisand Endlicheria Pteridaceae and Marantaceae families,
paniculata Table 3). Typically pioneer genera asrespectively. We are also thankful to Harold G.
Cecropia, SolanumLeandraand someMiconia Fowler who gently reviewed this manuscript and
and Piper specieshad restricted occurrences (gapto the Instituto Florestal de Sdo Paulo for making
sizes > 10019) and low abundances. this work possible.
In addition, 25.81% of all individuals presented
broken stem and consequent sprouting, indicating
individuals that survived after being hit in the fall RESUMO
event. Similar results were found at other forest
sites (Uhl et al.,, 1988; Carvalho et al., 2000)Na Floresta Pluvial Atlantica Montana do Sudeste
where a considerable part of gap regeneratioBrasileiro, foi realizado um estudo para descrever
appeared to be happening through surviving avaliar a colonizagdo de clareiras. A composicéo
individuals. This inference would enhance thede clareiras foi levantada através da cobertura do
suggestion that the environmental conditionsolo para as espécies herbaceas enquanto que
previous to gap formation such as topography an@dos os individuos lenhosos maiores que um
the subsequent environmental changes (Carvallipetro de altura foram mensurados e identificados.
et al., 2000), would play an important role in gaprambém foram coletadas informacdes sobre a
floristics via surviving individuals. This pattern of estrutura das clareiras (area da clareira, nimero e
gap colonization would approximate the floristicdiametro das quedas), posicdo topografica e
of gaps and non-gap sites (Lieberman et al., 1989ggetacdo circundante. Dois géneros de
Denslow and Hartshorn, 1994). Marantaceae apresentaram consideravel frequéncia
A similar result was found in montane rain foreste abundancia nas clareiras. As espécies lenhosas
in Sdo Paulo State (Tabarelli and Mantovanimais freqiientes e abundantes pertenceram ao
2000) and in Minas Gerais State (Carvalho et algrupo n&o-pioneiro e as familias mais ricas
2000). Therefore, for Montane Rain Forests siteencontradas nas clareiras n&o diferiram quando
of South-eastern Brazil, evidence exists that theomparado a floresta como um todo. Como para as
results found here would be a general pattern iparidveis do estrato herbaceo e da vegetacgio
gap colonization by woody species in this forestircundante, os resultados revelaram que efeitos
formation. The predominance of small gap sizesliretos e indiretos da topografia séo importantes na
found in the study area would not create sufficientieterminacdo da composicéo interna de clareiras
environment differences that could generatgor espécies lenhosas. Estes resultados sugerem
substantial floristic changes (Whitmore, 1989)que a colonizacdo de clareiras é influenciada ndo
Except in cases when there was soil exposure ypenas pelas variaveis de estrutura, mas também
uprooting (Lawton and Putz, 1988; Vazquezpela posicdo topografica e pelos individuos pré-
Yanes and Orozco-Segovia, 1993), regular foregistabelecidos.
gaps did not seem to create big changes on the
community composition. In this context, only a
few numbers of species had their distributionREFERENCES
related to gap environments; the larger part of the
individuals inside gaps were probably justaguiar, O. T. (2003)Comparacéo entre os métodos de
benefited by chancy canopy openings, enhancingquadrantes e parcelas na caracterizagdo da
their growth rates (Lieberman et al., 1989; composicéo floristica e fitossocioldgica de um h@c
Schinitzer and Carson, 2001). de floresta ombroéfila densa no Parque Estadual
"Carlos Botelho" - Sdo Miguel Arcanj&éao Paulo.
Msc. Dissertation, ESALQ/Universidade de Sao
Paulo, Piracicaba, Brasil.
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