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Abstract—Increasing rates of deforestation in tropical forests have been linked to agriculturalists. A critical
concern generating debate is how well communities of trees recover into a more species rich ecosystem after
restoration planting. The aim of the study was to evaluate the pattern of recovery of communities of tree,
assess the influence of Acanthus pubescens, Lantana camara and Pennisetum purpureum, on the recovery as
well as how restoration planting facilitates recruitment of other native tree seedlings along a gradient of forest
restoration in Kibale National Park, Uganda after evictions of illegal settlers. We studied six restoration forests
ranging in age from 3 to 16 years, naturally regenerating and three primary forests. Our results showed that
recovery with natural regeneration was more effective than restoration planting although the latter enhanced
recruitment of other native tree seedling. Tree recovery was generally correlated with age so that species den-
sity and diversity increased although at different rates. A reverse pattern was found for dominance but no clear
pattern was found for tree density (individual/ha). Communities of tree showed directional patterns of change
however community composition were still distinct among the different forests. A. pubescens, L. camara and
P. purpureum negatively correlated with species density, tree density and diversity but a positive correlation
was found for dominance. Restoration planting can reestablish forests with high species density, tree density
and diversity, but this is dependent on age and the extent of the herbs, grasses and shrubs cover in tropical
forests.
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1. INTRODUCTION

Tropical rain forests are decreasing at an approxi-
mate rate of 12.5 million hectares annually due to defor-
estation and agricultural encroachment (Kobayashi,
2007). These estimates might be higher because illegal
activities often go unnoticed. As such, forest resto-
ration through planting or deliberate seeding is an
important management tool for rehabilitating and
hastily restoring forest ecosystems which have lost veg-
etation cover (Ormerod, 2003; Abebe et al., 2006). But
whether restoration planting enhances recruitment of
other native trees more than natural regeneration
alone remains less well understood.

Nonetheless, despite restoration approaches being
operational (Kuper, 1996; Parrotta et al., 1997), the
lack of adequate information on how to evaluate resto-
ration success remains a challenge (Dunn, 2004;
Bowen et al., 2007). Yet it is vital to determine the
most efficient methods of enhancing natural coloniza-
tion of tree species into regenerating forests in heavily
degraded areas. Instead, there is debate about the pre-
diction that future tropical deforestation rates will
decrease (Wright and Muller-Landau, 2006), thus
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increasing the area of regenerating forests. The current
level of knowledge does not support this approach
(Bowen et al., 2007). Moreover, survival of many for-
est species depends on the capacity of disturbed areas
to replenish and support their populations (Putz et al.,
2000).

In this study, the success of restoration efforts in
recovery of tree communities was studied. After evic-
tions of illegal settlers, tree planting was necessary
because woody herbs, shrubs and grasses such as
Acanthus pubescens (Acanthaceae), Aframomum spp.
(Zingiberaceae), Lantana camara (Verbenaceae), Mimu-
lopsis spp. (Acanthaceae) and Pennisetum purpureum
(Poaceae) colonized forests, precluding tree regenera-
tion (Struhsaker, 2003). As such a mixture of pioneer,
intermediate and climax tree species were planted to
restore forest cover (see UWA-FACE Project manage-
ment plan, 2006). The Uganda Wildlife Authority (UWA)
and FACE the Future (previously Forests Absorbing
Carbon Emissions (FACE) Foundation), are jointly
managing restoration of approximately 10000 of the
15000 ha degraded area (Chapman and Lambert,
2000; Struhsaker, 2003; Omeja et al., 2011). Given the
extent of restoration efforts, it is imperative to under-
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stand the success of plantations compared to natural
regeneration.

In addition understanding the influence of under-
storey vegetation on restoration can provide manage-
ment with necessary information for monitoring forest
restoration. Long term tree community dynamics and
responses to thick understorey vegetation; the major
cause of “arrested succession” are poorly understood.
Invasion by e.g., A. pubescens, P. purpureum and
L. camara, some of which are exotic, constitutes the
second largest threat to biodiversity; leading to
declines, extinction of native trees and alteration of
species richness (Sharma and Raghubanshi, 2011). We
predicted that A. pubescens, P. purpureum and
L. camara negatively affects species density, tree den-
sity, diversity and dominance (Chapman and Chap-
man, 2004).

We evaluated the pattern of recovery of communi-
ties of trees and the role of restoration planting in facil-
itating natural recruitment of other native tree species
in the differently aged restoration areas. Our objectives
were to; | —Compare changes of species density, tree
density, diversity and dominance, in the differently
aged restoration, naturally regenerating and primary
forests. 2—Compare the recruitment of nonplanted
tree seedlings in the differently aged restoration, and
naturally regenerating forests. 3—Assess the influence
of A. pubescens, P. purpureum and L. camara on the
recovery of trees.

2. MATERIALS AND METHODS
2.1. Study Area

This study was conducted at Mainaro area, in the
southern section of Kibale National Park (KNP), West-
ern Uganda (0°13’—0°41" N and 30°19'—30°32" E)
between February and April 2013. KNP is located near
the foothills of the Ruwenzori Mountains, and covers
about 795 km? (Wasserman and Chapman, 2003). It is
a mid-altitude, moist-evergreen forest receiving an
average rainfall of 1697mm annually. Rainfall peaks
are in March-May and in September-November. The
temperatures range between 14.9 to 20.2°C (Nyaf-
wono et al., 2015).

Between 1960s and 70s, the southern section of
KNP was encroached by agriculturalists and settlers
while still a forest reserve (Chapman and Lambert,
2000), resulting in human-modified landscapes, com-
posed of a mosaic of primary forests (MIF’s), adjacent
to degraded forest (AC’s), and regenerating forest
(NREG?s) fragments. In 1994, after eviction, UWA
and FACE commenced restoration activities. Thirty
seven species were planted but only 30% survival rate
was achieved due to lack of proper baseline informa-
tion. In 1996, site matching was done, and tree species
were reduced from 37 to 22, later to 16 in the subse-
quent years, and finally 10 fast growing species were
maintained from 2004 to date; (i.e., Bridelia micran-
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thus, Cordia africana, Cordia millenii, Croton macro-
carpus, Croton macrostachyus, Mimusopsis bagshaweii,
Prunus africana, Sapium ellipticum, Spathodea cam-
panulata, and Warburgia ugandensis). Between 1997—
1998 there was no planting due to evaluations, and in
2009 because of lack of funds. The tendering, propa-
gating, transplanting and all seedling management
procedures are described by Omeja et al. (2011).

2.2. Study Design

The Mainaro area was classified and mapped apri-
ori into six restoration areas following planting history,
(3, 5, 8, 11, 14, and 16 years, hereby classified as Age
Classes AC 3, AC 5, AC 8, AC 11, AC 14 and AC16),
naturally regenerating forest (NREG) and three pri-
mary forests areas MIF 1, MIF 2 and MIF 3 (Table 1).
Plot locations were randomized using a grid system
laid on top of the study areas which land use history
was determined prior to the study, based on historical
records. Initially, we had 20 plots to each study area.
But later the inspection of Landsat images enabled us
to determine the exact logging year at each area. This
led to re-classification of some areas and production
of uneven number of plots in those areas. If a plot was
located into foot trails or inaccessible points then it
was re-oriented perpendicular from that direction.

2.3. Tree Measurements

For each plot, we counted trees and measured
diameter at 1.3 m (diameter at breast height, dbh).
Four nested plots were established to measure; mature
trees (dbh > 20 cm), poles (dbh 10—20 cm), saplings
(dbh 5—10 cm) and seedlings (diameter < 5 cm).
Mature trees, poles, saplings and seedlings were mea-
sured in sub plot sizes 0of 40 X 20 m, 20 X 20 m, 20 X 10 m
and 10 X 10 m respectively (modified from Tabuti,
2007).

For each plot, tree density (Individuals/ha) were
calculated in each sub-plot and then values of all sub-
plots were summed together. Tree species encountered
were primarily identified in the field but in a few cases
samples were collected and identified at the Makerere
University Herbarium. Majority of the species were
identified to species level. At each plot, the cover of
A. pubescens, L. camara and P. purpureum were inde-
pendently and visually estimated in percentages:
0,<1%<0.5,<10% <1,<20% <£2,<30% < 3,<40% <
4...100% (see Nyafwono et al., 2015). To minimize the
risk of subjective error, visual estimation was con-
ducted within one season (Korhonen et al., 2006;
Nyafwono et al., 2015).

2.4. Data Analysis

Species accumulation curves (showing observed
species counts) were generated for each of the differ-
ently aged restoration, naturally regenerating and pri-
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Table 1. Description of the differently aged restoration, naturally regenerating and the primary forests of Kibale National
Park, Uganda. Planting history, (3, 5, 8, 11, 14, and 16 years, hereby classified as Age Class; AC 3, AC5,AC8,AC 11, AC 14

and AC 16), naturally regenerating forest (NREG) and three primary forests areas MIF 1, MIF 2 and MIF 3

Restoraticl)n, Mean years since .
regenerating . Years of replanting Order of recovery Number of plots
and primary forests restoration

AC 3 3 2010—2011 1 20
ACS 5 2006—2008 2 20
ACS8 8 2003-2005 3 20
AC 11 11 2000—2002 4 21
AC 14 14 1999 5 22
AC 16 16 1994—1996 6 21
NREG N/A Regenerating 7 41
MIF 1 N/A Primary forest 8 20
MIF 2 N/A Primary forest 8 23
MIF 3 N/A Primary forest 8 20

Data for: Age Class (ACs) and Naturally Regenerating (NREG) obtained from the replanted area compartments of different years
(UWA-FACE Project management plan, 2006). Age data for ACs are mean of years of restoration planting. Mainaro Intact Forest
(MIFs) obtained from Landsat images (http://earthexplorer.usgs.gov/), processed by Erdas Imagine 2011 (Version 11.0.2) covering

years between 1994 and 2011.

mary forest with program Primer-E, v6 (Clarke and
Gorley, 2006). True numbers of tree species were
obtained with Chao 2 species richness estimator (Col-
well and Coddington, 1994).

For each study plot, we evaluated overall tree com-
munity and tree seedling data for, (1) Species density,
(2) Tree density (individuals / ha), (3) Simpson diversity
index (Simpson’s D =1 — Z((N(N; — 1))/(N(N —1)));
where N; = number of individuals in species i and N =
total number of individuals) and (4) Berger-Parker
dominance index (proportion of all individuals repre-
sented by the most abundant species, P,,,,; Magurran
and McGill, 2011). We tested each of the variables sep-
arately with one-way ANOVA, including pair-wise
post-hoc tests (Tukey). Prior to the overall tree data
analysis, species density and tree density (individ-
ual/ha) were square root transformed to improve nor-
mality. But for Simpson’s D and P,,,, whose distribu-
tions were skewed and could not be normalized; non-
parametric Kruskal-wallis rank sum tests were used.
For seedling analysis, species density and seedling
density (individuals/ha) were square root transformed,
while dominance was fourth root transformed to
improve normality. Non-parametric Kruskal-wallis
tests were performed for Simpson’s D. To test for differ-
ence and how “age” contributes to recovery of univari-
ate variables, spearman correlations were calculated
between the average values of overall variables and the
“order” of recovery (Table 1). Analyses were con-
ducted with IBM SPSS Version 19.

To assess for variations in tree community structure
among the ten forests areas, Non-metric multi-
dimensional scaling (NMDS; conducted with pro-

gram Primer-E, with 50 restarts) was used. Prior to
this analysis, we conducted pre-treatments for the
abundance data with square root transformations to
down-weight the influence of most abundant species.
We calculated a zero adjusted Bray-Curtis similarity
matrix between samples, after adding a dummy vari-
able 1 to the resemblance measure. For clarity, a graph
representing distances among centroids was generated
(Anderson et al., 2008).

The Permanova+routine of Primer-E (Anderson
et al., 2008) was used to test if, and to what degree, res-
toration, naturally regenerating and primary forest
(fixed factor) explained the variations in overall tree
communities, on the basis of the Bray-Curtis similar-
ity matrix. We conducted 999 random permutations
using method “unrestricted permutation of raw data”
and type III sums of squares. To test for a directional
change in the tree communities along the restoration
gradient, a distance-based linear model (DISTLM,
conducted with program Primer-E), was fitted, where
the Bray-Curtis similarity matrix was modeled with
the “order” of recovery as the explanatory variable
(values between 1 and §; Table 1).

To test for the influence of A. pubescens, P. purpu-
reum and L. camara cover on species density, tree den-
sity, diversity, and dominance, Spearman Rank order
correlation and regression analysis were fitted, so that
cover of any of the herbs, shrubs and grasses were the
explanatory factor. The distributions of A. pubescens,
P. purpureum and L. camara covers were highly
skewed, and therefore differences among the resto-
ration, naturally regenerating and primary forests were
compared with non-parametric Kruskal-wallis rank
sum test.
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Fig. 1. Species-accumulation curves of trees in the differ-
ently aged restoration, naturally regenerating and three
primary forests in Kibale National Park, Uganda. In this
graph, the increasing total number of species is plotted,
while samples (species count in each plot) are successively
pooled, the order of samples permuted 999 times.
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3. RESULTS

An overall total of 19517 trees representing 118 taxa
were sampled from 228 study plots across the differently
aged restoration, naturally regenerating and primary for-
ests. All except nine taxa were identified at species level
(seven were identified at genus level, and two remained
unidentified). The naturally regenerating had more tree
species compared to the differently aged restoration for-
ests. The highest number of species recorded in resto-
ration forests were in AC 16 (49) and the least in AC 3 (19)
(Table 2). Species-accumulation curves for the different
forests did not reach asymptotes (Fig. 1).

3.1. Species Density, Tree Density, Diversity and
Dominance Patterns

We found significant differences in species density
and Simpson’s D values between the six restoration
forests, naturally regenerating and primary forests
(Species density, ANOVA, F; 53 = 122.64, P < 0.001;
Fig. 2a, Simpson’s D values, Kruskal-Wallis test, x> =
128.79, df = 9, P < 0.001; Fig. 2c). The naturally
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Fig. 2. Tree community averages (=SE) of (a) Species density, (b) Tree density (individuals ha_l), (c) Simpson’s diversity and (d) Berger-
Parker dominance in the restoration, naturally regenerating and primary forest in KNP, Uganda. Species density and Tree density values
represent backtransformed values. Bars are SE and different letters represent significant differences (Tukey’s HSD, P < 0.05).
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regenerating had substantially higher species density
and diversity compared to the restoration forests.

There were significant differences in overall tree
density (individuals/ha), among the restoration, natu-
rally regenerating and primary forests (Fg 5,3 = 28.13, P<
0.001). Primary forests (MIF 1-3) had substantially
higher tree density compared to the naturally regener-
ating and restoration forests (Fig. 2b). Tree density
increased with age from the recently planted (AC 3—8),
to the oldest restoration areas (AC 11—16).

Berger-Parker dominance index values signifi-
cantly differed among the restoration, naturally regen-
erating and primary forests (Kruskal-Wallis test, x> =
104.14, df =9, P <0.001). Dominance declined along
the restoration gradient, so that the recently planted
areas (AC 3—8) had significantly higher dominance
than older restoration areas AC 11—16 (Fig. 2d).

Increase in univariate variables were correlated
with “age” of planting; the order of recovery cor-
related positively with average species density (Spear-
man’s p = 0.89; P <0.001), and negatively with aver-
age Berger-Parker dominance index (p = —0.17; P =
0.009). But no clear correlation pattern was found
between “age” and recovery of tree density (individ-
ualsha=!) (p=0.61; P<0.001), and Simpson’s D (p =
0.26; P<0.001).

3.2. Composition of Tree Communities and Convergence
Towards Primary Forests

There was a significant directional pattern in com-
munities of trees along the restoration gradient, from
the most recently to the oldest plantations, naturally
regenerating and primary forests (DISTLM; P =
0.001, R? = 0.24) as illustrated by the NMDS ordina-
tion of centroids (2D stress = 0.01, Fig. 3). Tree com-
munity composition of the forests significantly dif-
fered from each other (PERMANOVA, Pseudo-Fy, ;3 =
20.9; P=0.001). The restoration, naturally regenerat-
ing and primary forests explained R? = 0.516 of the
variation in overall tree assemblage.

The average similarity between the oldest resto-
ration forest (AC 16) and primary forests were MIF 1
(12.77%), MIF 2 (11.1%) and MIF 3 (11.63%), which
was lower compared to the average similarity between
the naturally regenerating forest and primary forests
MIF 1 (18.31%), MIF 2 (16.37%) and MIF 3 (18.10%)
respectively. But, they were both less than the average
similarity between the three primary forests MIF 1
and 2 (38.59%), MIF 1 and 3 (50.34%), and MIF 2
and 3 (37.05%). The recent plantations (AC 3, AC 5
and AC 8) had the least similarity to the primary for-
ests. Average similarity within primary forest plots
MIF 1 (56.30%) and MIF 3 (56.95%) were approxi-
mately the same, except for MIF 2 (40.79%).
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Fig. 3. MDS ordination graph of tree communities show-
ing the centroids of the six restoration, naturally regenerat-
ing and three primary forests.

3.3. Tree Seedling Communities

We recorded a total of 13 335 nonplanted tree seed-
lings in the study. In the restoration forests, the highest
were in AC 8 and the least were in AC 3. We also found
that 60 tree species recruited in the naturally regener-
ating compared to 59 in the restoration forests. The
highest were 40 species in AC 16, 38 species in AC 14,
33 species in AC 11, 21 species in AC 8, 29 species in
AC 5 and the least were 16 species in AC 3.

There were significant differences in seedling spe-
cies density (ANOVA, F;,;3 = 94.19, P < 0.001; Fig. 4a)
among the restoration, naturally regenerating and pri-
mary forests. Seedling density (individuals/ha) signifi-
cantly differed among the different forests (Fy,3 =
23.60, P < 0.001; Fig. 4b). Also Simpson’s D values of
tree seedlings significantly differed (Kruskal-Wallis
test, x2 = 123.75, df =9, P<0.001; Fig. 4c) among the
forests. Berger—Parker dominance index values also
differed among seedling communities in the different
forests (Fy 55 = 20.15, P < 0.001; Fig. 4d).

3.4. Influence of A. pubescens, P. purpureum
and L. camara on Communities of Trees

The percentage cover of A. pubescens (Kruskal-
Wallis test, x> = 83.22, df =9, P<0.001), P. purpureum
(x%> = 165.11, df = 9, P < 0.001) and L. camara (x> =
102.16, df =9, P < 0.001) significantly differed among
the restoration, naturally regenerating and primary
forest. The average cover of P. purpureum deceased
along the restoration gradient so that the recently
planted AC 03 had the highest (80—90%), lowest in
AC 14 (<10%) and none in the oldest restoration forest
AC 16 (Table 2). At plot level, A. pubescens, P. purpu-
reum and L. camara cover correlated negatively with
species density, tree density and Simpson’s D, but a
positive correlation was found for dominance (Fig. 5;
Table 3). When considered separately, P. purpureum
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Fig. 4. Averages of tree seedlings (£ SE) of (a) Species density, (b) density (individuals ha_l), (c) Simpson’s D and (d) Berger-
Parker dominance in the restoration, naturally regenerating and primary forest in KNP, Uganda. Species density, density (indi-
viduals/ha) and dominance values represent back transformed values. Bars are SE and different letters represent significant dif-
ferences (Tukey’s HSD, P < 0.05).

had the strongest influence on the recovery compared  A. pubescens (R?> = 0.23), and L. camara cover (R? =

to A. pubescens and L. camara. But P. purpureum influ-
enced tree dominance (R?> = 0.58) more compared to

0.06; Table 3). L. camara had the least negative influ-
ence on the recovery of trees.

Table 2. Species density, estimated species (Chao 2 = SD) of tree communities, total of nonplanted regenerating tree seed-
lings and average percentage cover of A. pubescens, L. camara and P. purpureum in forests of Kibale National Park. Values
of percentage cover were; 0, <1% < 0.5, <10% < 1, <20% <2, <30% < 3, <40% <4 ...100

Restoration, . .
. Estimated species Nonplanted

regenerating . . A. pubescens P. purpureum L. camara

. density seedlings
and primary forests

AC 3 20.1 £ 1.6 19 1.48 8.85 0
ACS 58.6 £ 17.9 33 0.65 7.3 0.25
ACS8 30.9 £ 4.8 26 1.45 6.33 0.15
AC 11 68.1 £20.9 40 1.5 2.9 0.31
AC 14 61.3+12.2 43 1.91 1.75 1.05
AC 16 56.7+5.6 49 2.1 0 3.67
NREG 105.6 = 16.4 78 2.21 0.8 0.17
MIF 1 81.3£6.9 73 0 0 0
MIF 2 75.6 £ 6.8 67 0.04 0 0
MIF 3 87.3+7.6 76 0 0 0

RUSSIAN JOURNAL OF ECOLOGY Vol. 47

No.1 2016



58 OWINY

(O8] B W

o () (e}

T T 1
<

Species density
— N
(e} (=)

o

35000

(%)
(=
[
(=]
(=]
T
-

25000
20000
15000
10000

5000

Density (Individuals/ha)

% Coverage

1.0 -
0.8 F 4 ¥ § ! L4 Y * % Laca
i' ¥ g x Acpu
0'6_ ‘ ; v M -4 §
a 'i - 4 ° . 8
S04r v 7 ° o
Q_‘ !O . o °
Eoal b LA
n !:v . 5 [¢] 8
O— vy @ o o
0 2 4 6 8 10 12

e - =
co (== \S]
1

e
~

e
o

Berger-Parker dominance index
o
(@)

=)

% Coverage

e  Lantana camara
Pennisetum purpureum
Y Acanthus pubescens

Regression

Fig. 5. Scatterplots of tree communities in 228 study plots, showing influence of A. pubescens (Ac pu), P. purpureum (Pe pu) and
L. camara (La ca) cover on Species density, Tree density (individuals/ha_l), Simpson’s D, and Dominance using Regression and
Spearman Rank order correlation (R“). Plots represent the six restoration, a naturally regenerating and three primary forests.

4. DISCUSSION

Restoration planting can ignite successional
changes in tree communities (Nyafwono et al., 2015),
reestablishing forests with high species density, tree
density and diversity, however these are dependent on
the age of restoration and the extent of cover of under-
storey vegetation e.g., herbs, grasses and shrubs cover.

According to the patterns observed, tree community
recovery generally correlated with “age” along the res-
toration gradient. Species density gradually increased,
while dominance declined. However, no clear pattern
was found for tree density (individuals/ha) and diver-
sity. The increase in tree density and the correspond-
ing decrease in diversity with the same approximate
age (AC 8) can be linked to the fruiting cycles of
planted trees, marked by high establishment of seed-
lings beneath canopies of the bearing trees. The results
show that floristic re-assembly of tree species compo-
sition involves the process of replacement of species
and not just the mere addition of new ones. This pat-
tern is similar to (Kritzinger and van Aarde, 1998;

RUSSIAN JOURNAL OF ECOLOGY  Vol. 47

Davis et al., 2003) where the increase in species rich-
ness and diversity over a period of time were accompa-
nied by a clear turnover of species.

Tree community composition had not converged to
the composition typical of primary forests. However
they approached, providing an optimistic assessment
that tree community recovery in the restoration forests
were at an early phase of recovery. Increase in average
Bray-curtis similarity index along the restoration gra-
dient is evidence for possible convergence within a
reasonable period; a shift in composition of trees
towards the primary forest (Wassenaar et al., 2005).

Restoration planting facilitated the recruitment of
other native tree seedlings in the forest. Seedling
recruitment was supported by gradual increases in
species density, tree density (individuals/ha), diver-
sity, and a decrease in dominance of other native tree
seedlings. Our findings concur with Omeja et al.,
(2011), that many tree species naturally established
under planted trees of KNP. This was possibly because,
restoration planting provided artificial perching struc-
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Table 3. Spearman’s rank correlation and Regression tests for the influence of A. pubescens, P. purpureum and L. camara
on trees in the different restoration, naturally regenerating and primary forests of Kibale National Park

Herbs, shrubs Sop Densit Density Simpson’s D Berger—Parker

and grasses pp y (individuals/ha) P dominance

A. pubescens R>=—0.44, R?>=—-0.49, R>=—0.28, R>=10.23,
P <0.001 P <0.001 P <0.001 P <0.001

P. purpureum R>=-0.74, R>=-0.33, R?>=-0.66, R>=0.58,
P <0.001 P <0.001 P<0.001 P<0.001

L. camara R*=-0.14, R*=-0.18, R*=—0.08, R?>=0.06,
P=0.032 P=10.006 P=0.24 P=0.38

tures, food resources for seed dispersing birds and
mammals, and acted as pathways or stopovers for
migration of animal species subsequently accelerating
seed deposition (Guariguata and Ostertag, 2001).
Omeja et al., (2011) recorded 39 new tree species,
however we found 59 tree species, suggesting that
20 new tree species established in the restoration area
in seven years. Like (Parrotta et al., 1997; Duncan and
Chapman, 2003; Farwig et al., 2009), I found that res-
toration planting can enhance forest recovery by influ-
encing conditions that support natural recruitment of
new trees species.

The decrease in species density, tree density and
diversity showed that increase in cover of the under-
storey vegetation negatively influences tree growths.
The dense growths of A. pubescens, L.camara and
P. purpureum stratum suppressed tree development,
possibly slowing the process of reconstructing the
degraded area into a species rich ecosystem. These
findings accords well with (Slocum et al., 2004; Lawes
and Chapman, 2006; Duclos et al., 2013) that sub can-
opy herbs, shrubs, and grasses inhibits tree recruit-
ment.

Pennisetum purpureum had the strongest effect of
suppressing tree recovery. This might be attributed to
the dispersal and space limitation which arise when P,
purpureum colonizes forests. Our finding accords well
with, (Francis, 2004, p. 542) who suggested that P.
purpureum suppresses trees, herbs and other grasses.
Also, L. camara had a negative influence on species
density, tree density and diversity, consistent with
Omeja et al., (2011). We attributed this pattern to the
growth architecture of lantana, where light infiltration
to the ground is restricted resulting in a decline of tree
seedlings and changes in species composition and soil
properties (Sharma and Raghubanshi, 2011). Acanthus
pubescens cover also negatively affected trees recovery.
This is possibly due to the recruitment limitation asso-
ciated with the wood herb causing “arrested succes-
sion” (Chapman and Chapman, 2004; Paul et al.,
2004; Lawes and Chapman, 2006).
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5. CONCLUSIONS

This study has shown that forest recovery is more
effective with natural regeneration compared to resto-
ration planting, especially if regenerating forests were
not degraded to a threshold below which they cannot
recover unaided. Restoration planting also enhanced
recruitment of nonplanted tree seedlings. Dense cover
of P. purpureum, A. pubescens and L. camara negatively
affected tree recovery.
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