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SHORT COMMUNICATIONS

Effects of Habitat, Cattle Grazing and Selective Logging on Seedling Survival
and Growth in Dry Forests of Central Brazil
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ABSTRACT

We studied the effect of forest gaps and cattle grazing on survival and growth of seedlings of seven native tree species, planted in dry forest fragments with different
intensities of past logging in Central Brazil. Seedling survival after 12 mo ranged from 35 to 77 percent among species. Survival of most species was similar in gaps
and understory in minimally disturbed forest remnants, but was lower in the gaps of more heavily logged forests. In contrast, growth was much higher in gaps than in
understory in minimally disturbed forests, but for most species was similar in gaps and understory in more heavily logged forests. We did not detect an effect of cattle
on seedling survival. Seedlings of the most commonly logged species show a high potential to survive and grow when planted in logged forests.

Abstract in Portugese is available at http://www.blackwell-synergy.com/loi/btp.
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TROPICAL DRY FORESTS ARE THE MOST THREATENED TROPICAL

ECOSYSTEM ( Janzen 1988, Mooney et al. 1995, Khurana & Singh
2001, Sanchez-Azofeifa et al. 2005). Dry forests of Central Brazil
have been almost completely converted to agricultural lands, mainly
pastures (IBGE 1995; Scariot & Sevilha 2000, 2005). Located on
highly fertile soils where the topography is flat, these forests cover
only 5 percent of their original area (Andahur 2001). In addition,
most of the remaining forested areas have been logged and disturbed
by fire and cattle grazing for the last 40 yr (Scariot & Sevilha 2000,
Vieira 2002). Nonetheless, little research has been conducted to
understand and enhance the regeneration of tropical dry forests in
Brazil (Vieira & Scariot 2006).

The most obvious impact of selective logging is the increase
in canopy openness (Uhl & Vieira 1989, Webb 1997). Increased
canopy openness can promote the regeneration of light-demanding
species (Holdsworth & Uhl 1997, Bawa & Seidler 1998, Pinard
et al. 1999, Fredericksen & Mostacedo 2000). However, seedlings
in tropical dry forests are highly limited by water availability
(Lieberman & Li 1992; Marod et al. 2002; McLaren & McDonald
2003a, b). Hence, seedlings may have higher survival in shaded
areas, where desiccation is less probable during the dry season
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(Lieberman & Li 1992; Ray & Brown 1995; Gerhardt 1996;
McLaren & McDonald 2003a, b). In contrast, seedling growth
may be faster in high light conditions of dry forest gaps during the
rainy season (Rincon & Huante 1993, Gerhardt 1996, McLaren
& McDonald 2003b). The balance of the trade-off in survival
and growth is not clear in logged forests, where abiotic conditions
are more extreme than in unlogged sites (Whitman et al. 1997,
Dickinson et al. 2000).

Another frequent source of disturbance in dry forests of Cen-
tral Brazil is cattle grazing inside the forest fragments (Vieira 2002).
Past research suggests that large herbivores may have a strong effect
on natural regeneration of forest vegetation (Relva & Veblen 1998).
Nevertheless, cattle have a patchy pattern of grazing and prefer
shaded areas in these forests, where the less-dense shrub strata do
not restrict movement and the canopy provides some shade during
the dry season (Vieira 2002, Krzic et al. 2003). Therefore their im-
pact on regeneration may be higher in sites with high canopy cover,
although in temperate forests of Argentina cattle had higher brows-
ing intensities in canopy gaps, where sapling density was higher
than in understory (Relva & Veblen 1998).

We conducted a factorial experiment planting seedlings of
seven tree species in four forest fragments along a gradient of logging
disturbance, in two habitats (gap and understory), with and without
cattle present. We addressed the following questions: (1) What is
the effect of treefall gaps on seedling mortality and growth? And
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how does this effect interact with season and intensity of logging?
(2) Do cattle grazing and trampling decrease seedling survival? If
so, does the impact of cattle vary predictably by habitat and by the
degree of logging intensity?

The study was carried out in the northeast of Goiás state (Cen-
tral Brazil; 13◦35′–13◦40′ S, 46◦44′–46◦46′ W), in the Paranã
River basin. This basin has been intensely modified by human ac-
tivities, mainly by cattle ranches, which account for more than 70
percent of the regional economy (Scariot & Sevilha 2005). The
annual rainfall is 1236 ± 50 mm (SE) (data from 1969 to 1994;
ANA 2006) with 89 percent falling during the wet season (October
to March). The mean annual temperature is 23◦C and varies little
throughout the year. The landscape is flat with limestone outcrops.
The dominant soil is nitosol with a clayey texture (IBGE 1995,
Scariot & Sevilha 2005). Seasonally deciduous forest develops on
these soils, with a canopy stratum between 17 and 23 m and a basal
area of 23–28 m2/ha (Scariot & Sevilha 2000). More than 100
tree species are found, which are characteristic of the main Brazil-
ian biomes: savanna (Cerrado), xerophytic forest (Caatinga), and
rain forest (Atlantic and Amazon Forests). Although there are few
endemic species, the forest physiognomy is unique, with Combre-
tum spp. (Combretaceae), Myracrodruon urundeuva Fr. All. (Anacar-
diaceae), and Tabebuia impetiginosa (Mart.) Standl. (Bignoniaceae)
being the most abundant tree species (Scariot & Sevilha 2000).

We selected seven tree species that are abundant in mature for-
est fragments. Five are important timber species: Astronium fraxini-
folium Schott, M. urundeuva, Schinopsis brasiliensis Engl. (all Anac-
ardiaceae), T. impetiginosa, and Enterolobium contortisiliquum (Vell.)
Morong (Mimosaceae) (IBGE 1995, Scariot & Sevilha 2000). Two
study species, Eugenia dysenterica DC. (Myrtaceae) and Cavanillesia
arborea K. Schum. (Bombacaceae), are among the few species that
have large fruits and seeds attractive to vertebrate fauna in this re-
gion (Figueiredo 2002, Vieira 2002). Eugenia dysenterica occupies
the midstory while all other study species occupy the canopy strata.
All species studied are classified as shade intolerant in the literature
(Lorenzi 1992, Pinard et al. 1999, Lorenzi 2002, Souza et al. 2002).
All species disperse seeds from the end of the dry season to the
beginning of the rainy season.

From July to October seeds were collected from at least three
remnant individuals of each species in pastures of the region. Seeds
were germinated directly in 0.7-liter plastic bags filled with soil from
pasture surrounding the fragments. Cavanillesia arborea was germi-
nated in 1.5-liter bags because its seeds are larger. Seeds remained
in a nursery ∼20 km from outplanting sites from October 2000
to January 2001 under 25 percent shading, a light level intermedi-
ate between forest understory and gap environments. During this
time seedlings received water daily until 1 wk before outplanting,
when they were exposed to full sun and received water every 2 d
to acclimate them to field conditions. Seedlings were planted in the
fragments on 1–2 February 2001 (middle of the rainy season). One
week later all dead seedlings were replaced.

Four forest fragments were selected along a logging gradient:
unlogged (U); lightly logged in 2000 (L1); heavily logged in 1997
(L2); and heavily logged and burned in 1997 (L3). In each fragment,
plots were established in eight gaps and eight adjacent understory

(nongap) sites, with all sites > 60 m from the fragment edge (see
Sampaio 2001 showing no edge effects on the tree community).
Canopy openness was much higher in gaps in L2 and L3 due to
more intense logging; openness was slightly higher in understory
sites in L3 because understory sites were mostly surrounded by tree
gaps (Table S1).

Soil characteristics were analyzed 4 yr after experiments were
implemented, so data should be interpreted cautiously because nu-
trient values may have changed. We took samples at 0–10 cm depth
for five gaps and five understory sites of eight studied in each frag-
ment (Table S1). Overall, the burned fragment (L3) had the highest
levels of soil nutrients and L2 had the highest proportion of sand.
Gaps had higher concentrations of Ca and Na than understory sites.

The gaps were created by selective logging (or naturally in U)
1–3.5 yr prior to the experiment. We managed gaps before planting
by cutting saplings >2 m in height (residual saplings from pregap
formation) to standardize gap structure within and among forest
fragments. Smaller vegetation was disturbed considerably during
the experiment establishment (cutting saplings, establishing fences,
digging and planting seedlings). To prevent cattle access to half of
the seedlings, we built sturdy 3 × 6 m enclosures from wood posts
and wire in each gap and understory site. One seedling of each
species was planted inside and one outside of these fenced areas.
Seedlings were planted on a 1 × 1 m grid positioned in the center
of the gap. Thus, the experimental design was: 7 species × 2 canopy
conditions × 8 replicates × 2 levels of cattle access × 4 fragments
× 1 seedling = 896 seedlings (128 seedlings per species). Seedlings
were measured 1 wk after planting for height of apical meristem and
diameter at stem base, and then monthly for 1 yr. When possible,
the cause of mortality was determined.

Survival after 1 yr was analyzed as a function of the main ef-
fects (species, habitat, and cattle enclosure) using log-linear analysis
(Statsoft 2000, Tabachnick & Fidell 2001). Data from each frag-
ment were analyzed independently because logging effects were not
replicated. We verified the partial association of each factor and
interaction, computing the likelihood ratio χ2 of the model that
included all main factors with the model that excluded each main
factor, and then repeated the process for all two-way interactions
(Statsoft 2000). To select the best model we started with a model
including all significant partial associations and then eliminated fac-
tors and interactions that did not improve the model at P < 0.05
(Statsoft 2000).

To test the hypothesis that mortality in gaps is higher during
the dry season, we used survival analysis (Statsoft 2000). We com-
pared the survival curves, which describe the proportion of survivors
during a period as a fraction of the number alive at the beginning
of the period. The Wilcoxon test was used to compare observed to
expected numbers of failure in each interval (Statsoft 2000).

Growth data were analyzed as Relative Growth Rate (RGR),
calculated as: RGR (%) = (lnH(t2) – lnH(t1) / t2 – t1) × 100; where
H = height, t = time in years.

For each fragment, we ran a split-plot ANOVA to test the
effects of habitat (whole plot), species (split plot), and their in-
teractions on growth in height and diameter using the PROC
MIXED procedure in SAS (Littell et al. 1996). In cases of significant
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FIGURE 1. Percent survival and relative growth rate of seven species of tree seedlings after 1 yr of planting in gap (open bars) and understory sites (shaded bars)

of four forest fragments along a logging intensity gradient (Ast = Astronium, Cav = Cavanillesia, Eug = Eugenia, Myr = Myracrodruon, Sch = Schinopsis and Tab =
Tabebuia, Ent = Enterolobium). Significant differences in growth between gap and understory for each species are indicated (∗P <0.05;∗∗ P <0.01).

interaction between habitat and species, we analyzed the habitat ef-
fect for each species by t-tests, using the Satterwaite approximation
for degrees of freedom (Littell et al. 1996). Since diameter and
height were correlated (R2 = 0.54, P <0.0001) and results were the
same, we only present the results for height. For growth analyses,
we grouped seedlings inside and outside fences, as it was clear from
our observations that no seedlings had suffered cattle herbivory.
Enterolobium was excluded from growth analyses because high mor-
tality resulted in sufficiently small seedling numbers in certain habi-

tat × fragment combinations to preclude statistical comparisons of
growth.

After 1 yr, overall seedling survival was 55 percent in U, 58
percent in L1, 42 percent in L2, and 77 percent in L3. Seedling
survival varied among species in all fragments (Table S2), with
Astronium, Cavanillesia, and Enterolobium generally showing lower
overall survival than the other species in all fragments except L3
(Fig. 1). In L2, for all but one species seedlings in gaps had lower
survival than in the understory. In L3, one species (Enterolobium)
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FIGURE 2. Relative proportion of seedlings surviving (averaged across all

seven species) over a year in gaps and understory sites of four forest fragments

along a logging intensity gradient (U = unlogged, L1 = logged 1, L2 = logged

2 and L3 = logged 3). Values are the proportion of seedlings surviving since the

previous census.

had extremely low survival in gaps (Fig. 1). The differences in
mortality in gaps compared to understory were driven by higher
mortality in gaps at the end of the rainy season, after which time
the survival curves in the two habitats were roughly parallel (Gehan’s
generalized Wilcoxon test z = –2.07, P = 0.039 for L1; z = –6.41,
P <0.001 for L2; and z = –5.22, P <0.001 for L3; Fig. 2). Survival
curves were similar in gaps and the understory sites in U (Gehan’s
generalized Wilcoxon test z = –0.92, P = 0.357). Cattle did not
affect 1 yr seedling survival (overall 59% in cattle enclosures vs. 56%
outside cattle enclosures) in any of the forest fragments regardless
of habitat type (Table S2).

Seedling growth varied by logging intensity, habitat, and species
(Table S3). Overall there was a trend of higher growth in heavily
logged fragments (L2 and L3) compared to the less-disturbed frag-
ments (Fig. 1). In contrast to survival, growth was higher in gaps
than in the understory in U and L1 for most species; Myracrodruon,
Astronium, Schinopsis, and Cavanillesia grew at least three times
faster in gaps compared to the understory in these forest fragments.
In L2 and L3 there was a tendency toward higher growth in gaps,
although the difference was significant only for Schinopsis. Tabebuia
and Eugenia had slow growth rates in general. Negative growth po-
tential occurred when apical meristem died and seedlings sprouted
lower on the stem.

Most previous studies have shown that dry forest seedlings
have higher survival in closed forest compared to open areas dur-
ing the dry season (Lieberman & Li 1992, Ray & Brown 1995,
Gerhardt 1996, McLaren & McDonald 2003b). In contrast, in the
large gaps of our more heavily logged sites, seedlings had lower sur-
vival at the end of the rainy season and beginning of the dry season,
when dry spells are frequent which may result in seedling des-
iccation, particularly in unshaded areas (McLaren & MacDonald
2003b). By the second half of the dry season mortality rate was
similar in gaps and understory sites, which is not surprising; once
the forest loses leaves during the dry season, cover differences are
lower between gap and understory areas. In general, past research in

moister tropical forests has shown survival to be higher in gaps than
in the understory (Augspurger 1984, Osunkoya et al. 1992, Van
Rheenena et al. 2004). None of our study species showed signifi-
cantly higher survival in gaps, although they are all classified as shade
intolerant. Rain forest understory receives 1–3 percent of full sun
(Osunkoya et al. 1994) while understory in dry forest receives ca
10 percent of full sun during the rainy season (Table S1; McLaren
& McDonald 2003a), so light may not be a factor limiting survival
in the understory at our study site. It is difficult to explain the high
mortality of Cavanillesia in general and Enterolobium in the gaps of
the heavily logged sites. Both species are rare as >1-yr-old plants
in these forests. We noted high seedling predation by termites in
Cavanillesia in gaps. Successional dynamics of Brazilian dry forest
species are not well understood, but it appears that Enterolobium
may be highly susceptible to desiccation in open areas, although this
species can grow rapidly in gaps once established (data not shown).

The fast-growing species (Astronium, Myracrodruon, and
Schinopsis) grew more rapidly in gaps than in the understory in
less disturbed forests, but growth was high in the understory in
more heavily logged forests, reducing differences between gaps and
understory in these sites. These growth trends can be explained
by differences in both light and nutrients. Seedlings grow faster
in heavily logged sites, as understory in highly logged sites is fre-
quently quite open as it is surrounded by gaps (Table S1). Although
the growth patterns in the two heavily logged sites are similar, L3 had
proportionally higher growth for all species and canopy conditions
analyzed. In fact, L3 was the only studied forest that was recently
burned, and had the highest nutrient levels even 7.5 yr after the fire
event. Sites have increased nutrient availability soon after (Kennard
& Gholz 2001) and even 6 yr following a fire event (Kennard 2004),
which can result in enhanced seedling growth (Kennard & Gholz
2001, Kennard 2004).

Many studies have demonstrated effects of large herbivores
on natural regeneration (Relva & Veblen 1998, Brockway & Lewis
2003, Krzic et al. 2003). The fact that we did not detect effect of cat-
tle on seedling survival is likely due to the low stocking rates of cattle
in these forest fragments (0.5 cattle/ha). Estimated natural seedling
density in this forest (54,000 seedlings/ha; Sampaio 2001) indicates
ample available forage for cattle, and their impact is thus likely to be
highly patchy. In a more recent study, with a shorter census inter-
val in these same forest fragments, Guarino (2004) demonstrated
that only five percent of seedling mortality was caused by cattle
trampling. However, cattle browsing effects may be stronger during
other life history stages (e.g., seed predation; Vieira 2002).

Seedling survival and growth (planted after 4 mo growing
in a nursery) do not appear to represent a bottleneck to forest
recovery in dry forests of Central Brazil as 57 percent of seedlings
survived 1 yr after outplanting and overall relative growth rate was
39 percent. In general seedlings show a high potential to survive and
grow in the logged forests. Related research in this system suggests
that germination and seedling establishment phases represent more
significant barriers to forest recovery (Vieira 2002). However, open
areas, such as large gaps generated by logging, can promote high
seedling mortality, which could be avoided by leaving some cover
and targeting planting efforts below the canopy of existing trees. The
fact that seedling survival by shade-intolerant species in this study
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was not higher in gaps than in the understory—and indeed, was
lower in some cases—corroborates the hypothesis that gaps are not
strong promoters of niche differentiation of seedlings of tropical dry
forests (Vargas-Rodriguez et al. 2005). There has been little study
of which tree species are best suited for restoration of dry forests
of Central Brazil; we recommend Myracrodruon and Schinopsis, as
both had higher survival and growth rates across sites with a range
of disturbance levels.
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rio Paranã. M.Sc. Thesis. Universidade de Braśılia, Braśılia, Brazil.
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