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Abstract

Conservation of the gallery forest in Berenty Reserve is becoming increasingly urgent.
Any deterioration threatens its increasingly rare lemur species. Following a trial planting
programme started in 2016 on three plots, with measurement of seedling growth in 2017
and 2018, we returned in 2025 to measure the changes in height, canopy cover and stem
diameter. Key insights were that growth had accelerated markedly after 2018. Trees in
the forest can be divided into three main species groups—upper canopy, lower canopy
and dryland species—but we found scant relationship between species growth and their
eventual canopy height, which could have consequences for future planting schemes and
management. The plots in the mid-forest showed the highest growth rates. Mortality of
seedlings was highest on the riverside plot, but there was also wild recruitment from the
forest. The plots by the river and in the mid-forest received the largest number of recruits.
The chief problem for the study was that we were only in Berenty for short periods and
could not oversee ongoing activities in the plant nursery and in the forest. Consequently,
there were problems arising from nursery treatment, unrecorded replanting and difficulties
tracking the growth of individuals across years. Future work, based on our results, will
focus on identifying and planting species best suited for recovery on the varied sites.
Opverall, temporal depth is essential for making appropriate restoration decisions based on
long-term ecological functioning.

Keywords: monitoring; height; canopy cover; stem diameter; canopy types; mortality;
temporal depth

1. Introduction

The importance of ecological restoration in degraded dry tropical forests is drawing
increasing attention [1-3]. However, many studies only focus on the first 2-3 years of
growth, whereas monitoring over 10-20 years has received less attention [4,5]. Although
early data are useful for understanding initial survival, they often fail to capture longer-
term dynamics such as delayed mortality, growth trajectories, recruitment or shifts in
species dominance. As a result, the absence of longer-term data constrains the ability to
evaluate the persistence of planted individuals, the recovery of restored forests and the
suitability of different species for restoration under varying site conditions. This gap is
particularly pronounced in southern Madagascar, where studies on growth-rate data on
dry-forest species are lacking [6]. This underscores the broader significance of the present
study, making it of particular importance.
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The forest at Berenty, a private reserve in southern Madagascar famous for its lemurs,
is a prime subject for a long-term study: it exemplifies both the urgency and the challenges
of ecological restoration [7,8]. The reserve, lying on the south bank of the Mandrare River,
has been conserved by the de Heaulme family since 1936 (Figure 1). The central part of the
reserve, Malaza, is a dry forest of about 100 hectares with tamarind trees (Tamarindus indica)
up to 400 years old [7] forming a gallery forest, with an upper canopy 25-30 m tall, at its
densest towards the riverside. As early as 1980 it was noticed that these trees were dying
and not being replaced by new seedlings [9]. Today only around half the Malaza riverbank
is populated by tamarinds extending at most 150 m into the forest, where the trees gradually
become more spaced with a mixture of species, including tamarinds 15-20 m high, forming
a lower canopy. The rest of the forest is covered with dryland species up to 15 m, including
occasional taller trees. There are a couple of ancient channel beds where trees are more
densely packed: one defines the forest’s southern edge below an old river terrace, and the
other runs north up the centre of Malaza.

The decline of Tamarindus indica—a keystone canopy species providing food and habi-
tat for lemurs—has raised concerns at Berenty for long-term forest stability [10,11]. Since
tamarinds are keystone species for the six species of lemurs in the forest, a reforestation
programme is clearly needed to support their populations. In addition to the decline
of centuries-old tamarinds (whose new seedlings do not survive under their canopies),
the regeneration of seedlings is hindered by the Africa vine, Cissus quadrangularis, which
has invaded gaps in the canopy left by dying tamarinds [12]. Management has initiated
regular clearance. Being a privately owned reserve, Berenty represents a special case for
research, with this specifically focused on species identification, growth performance and
how chosen species interact with soil and moisture conditions within the forest [8].

A forest restoration programme, established in 2016 across three plots, included native
and endemic species [13]. Such multi-species plantings provide a rare opportunity to
evaluate species performance in a longer-term framework. In 2025, nearly a decade after
establishment, we remeasured these plots to assess outcomes based on the following
research questions:

(1) What are the growth patterns, height, canopy widths and basal stem diameter of the
planted species?

(2) How does growth vary between species, and what might this indicate concerning
site-specific conditions or management history?

(3) What were the mortality rates, and what species were recruited from the forest
(2017-2018)?

(4) What insights are provided by longer-term monitoring that could be missed in short-
term studies?

By integrating the initial establishment data with remeasurements after nearly a
decade, this study provides a longer-term evaluation of dry-forest restoration in Madagas-
car. Our findings contribute to the growing body of evidence that longer-term monitoring
is indispensable for accurately assessing restoration outcomes and informing adaptive
management in threatened ecosystems.
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Figure 1. Gallery and spiny forests at Berenty Reserve, Madagascar. (a) All the different forest
locations in Berenty Reserve (Modified from [10]). (b) Aerial photograph of Berenty Reserve showing
forest plot locations established in 2016-17. Latitude and longitude of Plot 2A Malaza: 25°00'38" S
46°18'29" E. Dashed lines indicate ancient river channels (Modified image: Copernicus Sentinel
data 2024).

2. Methods
2.1. Experimental Design and Planting Protocol

The three restoration plots (Plots 1, 2 and 3), including differing vegetation and soil
conditions, were established across the forest in 2016. Plot 1 along the riverbank was sandy
and low in moisture; Plot 2A, in the mid-forest, was higher in both silt and moisture content;
and Plot 3 was dryland, with sand dominating silt and variable moisture conditions [7,13].

A total of 22 native and endemic species were planted, with these including upper
canopy, lower canopy and dryland species (referred to as species groups) (a non-native
species, Cordia caffra, was also planted inadvertently). For comparison, two planting
distances were trialled, 1 m and 1.5 m. A total of 1297 seedlings were planted. During
the first three years, plantings were watered, protected with small shelters and cleared

https://doi.org/10.3390/1and 15010030


https://doi.org/10.3390/land15010030

Land 2026, 15, 30

40f13

of invasive vines where necessary. These interventions aimed to reduce transplant shock
and improve early establishment. An additional plot 2B in the mid-forest was planted in
2017 with different seedling spacing (1.3 m) and low species numbers, but because initial
measurements were neglected (we were not present during planting), it was excluded from
longer-term survival and mortality analyses but retained for analyses of the 2025 data to see
if planting distance could be important. On all 4 plots in 2025, individual seedling height
was measured from the base to the highest live foliage, stem diameters were measured
at the base or root collar (if visible) and canopy width (cm) was measured as the widest
crown span. There were 9 upper canopy, 5 lower canopy and 10 dryland species planted
and measured in 2016 and remeasured in 2017 and 2018.

2.2. Data Handling and Analysis

Individuals with missing species identity were excluded from species-level analyses.
For comparisons across years (2016-2025), only Plots 1-3 were included. Plot 2B was
analysed separately as a 2025 snapshot. Growth metrics were divided by species groups:
upper canopy and lower canopy trees growing, respectively, by the river and mid-forest,
and smaller species prevailing in the dryland where vegetation is less dense, and there
are many shrubs. Survival was calculated as the proportion of individuals alive in 2025
relative to the 2016 planting. Statistical analyses included ANOVA or Kruskal-Wallis tests.
Generalised linear models were used for growth comparisons between plots, species and
survival. Because the same plots contained repeated measurements of multiple species,
plots were included as a random intercept in all models to account for shared environmental
conditions within plots. Species was treated as a fixed effect. For example, for models
testing the effect of species group on growth in 2025, we used the following structure in the
R formulas: Imer(Height_cm ~ spgroup + (1|Plot)), or for planting distance analyses, we
used formulas such as Imer(Height_cm ~ Planting_distance_m + (1| Plot)). Analyses were
conducted in R version 4.3.1 [14].

3. Results
3.1. Growth Variations

A visual inspection of the mean trajectories shows that across all species, tree height
(Figure 2) and canopy width (Supplementary Figure S2) increased substantially between
2016 and 2025, with marked acceleration after 2018. The sharp increase suggests a lag phase
during the first 2 years, likely due to transplant shock and adjustment to field conditions.
During this early period, species differences in height were minimal, possibly reflecting
uniform initial care (watering and shading), followed by accelerated growth once roots
were established and competition began to shape the community structure. Basal stem
diameter tells a more mixed story (Supplementary Figure S2). Five of the upper canopy
trees, three of the lower canopy, and two stems of the dryland species grow more slowly
after 2018.

A linear mixed-effects model, including plot as a random factor, showed that species
group was a significant influence (Fp433 = 8.75, p < 0.001). Both lower canopy species
(estimate = +43.8 cm, p < 0.001) and upper canopy species (estimate = +23.4 cm, p = 0.008)
attained greater heights than dryland species. This effect remained even after account-
ing for environmental differences between plots, including soil, moisture levels, organic
matter and light. Growth performance varied markedly among species, reflecting, by
2025, strong interspecific differences in height (Figure 3), canopy width and stem diameter
(Supplementary Figures S3 and S4).
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Figure 2. Changes in mean height of upper canopy (a), lower canopy (b) and dryland (c) species
between 2016, 2018 and 2025. Points represent average height per species. Lines represent species
with measurements in at least two census years. Some lines end in 2018 because those species were
no longer present in 2025. Conversely, isolated 2025 points (e.g., Noronhia seyrigii) reflect species that
were planted after the 2018 census and therefore have no earlier measurements. Species whose lines
are lacking: (a) Celtis gomphophylla. (b) Pouparti sp. and Strichnos madagascariensis. (c) Strophantus
bovinii and Ximenia perrieri.

https://doi.org/10.3390/1and 15010030


https://doi.org/10.3390/land15010030

Land 2026, 15, 30

6 of 13

2
Rinorea greveana Salvadora angustifolia I+
Tamarindus indica Azima tetracantha
A Rinorea greveana [
Coptosperma nigrescens Ximenia perrierii |
Celtis bifida Tamarindus indica |
Senegalia rovumae Coptospermagi?resbc?gs I‘Dj
iomd eltis bifida
Neotinaiisoncura Senegalia rovumae —EE—
Crateva excelsa Neotina isoneura —
Tabernaemontana coffeoides Crateva excelsa —l—
Albizia polyphylla Tabernaemcxwlt)ana cofl'feo}idﬁs -
: : . izia polyphylla ~——
Trycalsia dauphmgnss Trycalsia dauphinensis —
Pou_parila SP- Poupartia sp. .
Euphorbia tirucalli Grewia androyensis |
Celtis madagascariensis Commiphora aprevalii —Hii-
Cordia caffra Celtis madagascariensis .
> o Cordia caffra ———
Noro.nhla seyrigil Noronhia seyrigii ————
Bauhinia decandra Grewia calvata —

0 100 200 300 400

Species

Salvadora angustifolia
Azima tetracantha
Rinorea greveana
Tamarindus indica

Coptosperma nigrescens
Senegalia rovumae
Crateva excelsa

Albizia polyphylla
Trycalsia dauphinensis
Euphorbia tirucalli
Grewia androyensis
Celtis madagascariensis
Cordia caffra

Noronhia seyrigii
Grewia calvata

T gt

0 100 200 300 400
Height (cm)

== Upper canopy E= Lower canopy E3 Dryland

Figure 3. Species-level height distributions by plot in 2025, coloured by species group (upper canopy,
lower canopy, dryland). Boxes show median and interquartile range (IQR), with grey points being
outliers. Species are ordered by their overall mean height across plots to aid comparison. Numbers
above each graph indicate the plot.

Some species such as Noronhia seyrigii and Cordia caffra achieved consistently tall
and broad canopies across all plots, while others (e.g., Celtis madagascariensis) showed
pronounced variation between sites. This indicates that growth performance varied
not only among species but also across plots, highlighting strong site-specific effects
(Appendix A Table Al).

However, plot-level variance explained only a small proportion of overall variability,
indicating that species identity was a much stronger predictor for canopy type or plot.
Linear mixed-effects models confirmed that species identity was the dominant predictor
of growth (Fy1 423 = 15.15, p < 0.001), with this far exceeding the variance explained by
species group (F; 433 = 8.75, p < 0.001), while plot accounted for only a modest portion of
total variability. Canopy expansion and basal diameter patterns closely followed height
trends, reinforcing the combined influence of species traits and local site conditions on
restoration outcomes. Patterns of canopy expansion closely mirrored those of height, with
upper canopy species achieving both the tallest growth and the widest canopies (LMM
species group effect: F; 439 =7.88, p = 0.0004). By contrast, stem diameter showed weaker
differences between groups: F; 446 = 9.59, p < 0.001 (Supplementary Figures S3 and 54).

By 2025, species composition also varied markedly between plots. Plot 1 and Plot 3
had the lowest numbers of surviving species (18 each), while Plot 2A showed the highest
number of species (26). In 2016 all the plots were planted with Tamarindus indica seedlings,
important for the restoration of the gallery forest. By 2025 T. indica is still present, with low
mortality, growing slowly but a little faster on Plot 3 (Figure 3).
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To analyse the effects of planting distance, we included Plot 2B, established at 1.3 m,
with the original plots planted at 1.0 m and 1.5 m (Supplementary Figures S5 and S6).
By 2025, growth was highest at the 1.3 m spacing. Average height reached 143 cm at
1.0 m spacing, 183 cm at 1.3 m and 135 cm at 1.5 m. A non-parametric Kruskal-Wallis test
detected significant differences among spacing treatments (x> = 67.34, df = 2, p < 0.001),
reflecting higher median growth at 1.3 m spacing. Although this analysis suggests that tree
seedlings at 1.3 m spacing showed a tendency for greater height, site effects, particularly
the favourable conditions on 2B with mid-forest soils and moisture but more light than its
neighbour 2A, dominated the response, indicating that planting distance had a limited long-
term influence on tree growth compared with underlying environmental plot variations.

3.2. Survival and Mortality

Survival rates varied widely among species (LMM: Fy3 75.3 = 4.20, p = 0.00035) but
did not differ between species groups (F; 43 = 0.66, p = 0.523) (Figure 4). Species such
as Senegalia rovumae, Coptosperma nigrescens or Poupartia sp. showed the highest survival,
whereas Celtis gomphophylla, Grewia calvata, Neotina isoneura and Trycalsia dauphinensis
exhibited low survival. To evaluate longer-term persistence, we calculated strict survival
rates, considering only those individuals planted in 2016 and still alive in 2025 (equivalent
values are provided in Supplementary Figure S7). The rates calculated for 2018 were not
considered since these could have been strongly affected by transplant shock.
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Strychnos madagascariensis
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Grewia calvata

Grewia androyensis

Celtis gomphophylla e
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Figure 4. Mean =+ SE survival for each species across plots, grouped by vegetation type. Points
represent species-level mean survival rates (%) calculated as the proportion of individuals alive in
2025 relative to those planted in 2016 (strict survival). Error bars indicate standard error across plots.
Some species lack SE bars because they occurred in only one plot.
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Survival and mortality also did not differ significantly between plots overall
(F206.9 =196, p = 0.16), although Plot 2A showed a tendency toward higher survival,
especially of dryland species, compared with Plots 1 and 3, whereas low canopy species on
Plot 3 showed particularly low survival (Supplementary Figure S8). These results indicate
that survival outcomes in Malaza were more strongly influenced by site-specific conditions
than by species group identity.

3.3. Recruitment from the Forest 2017-18

The upper canopy species Crateva excelsa supplied the largest number of recruits (15 on
Plots 1 and 2A, with slightly more on the 1.5 m sides), while the dryland species Ximenia
perrieri on Plot 3, with only one planted seedling surviving, supplied 12 recruits (8 on the
1 m side with less shade), suggesting that either watering over the first 2 years and/or
sheltering of new seedlings could have been be responsible for mortality. Eight other
species colonised in lower numbers. Interestingly, Tamaridus indica, the key gallery forest
species, provided recruits on Plot 1 (3 on the 1 m, 2 on the 1.5 m side and one on Plot 2A at
1 m).

3.4. Monitoring

The 9-year record initially revealed growth patterns that were not evident in the
first 2-3 years (Figure 2). We observed very modest growth from 2016 to 2018, followed
by a sharp acceleration through 2025. These contrasting trajectories indicate that early
performance alone was a poor predictor of medium-term success and highlighted the need
to evaluate both initial establishment and subsequent persistence.

By 2018, most species appeared to perform similarly, suggesting an equivalent restora-
tion effect. However, extended monitoring revealed clear differentiation: Noronhia seyrigii,
Celtis madagascariensis and Bauhinia decandra emerged as strong candidates for canopy re-
placement, while Tamarindus indica persisted with consistently slow growth. Some species
also shifted their relative growth rates over time, depending on plot conditions. For ex-
ample, Celtis madagascariensis, an upper canopy species, grows faster on Plots 1 and 2 and
slower on Plot 3 (Appendix A Table Al).

Mortality patterns followed a similar trend. Seedlings dead by 2018 are shown in the
plot maps published in our Supplementary data published in 2021 [13]. There were some
species that survived the establishment phase but declined in later years compared with
others. Together, these results demonstrate that longer-term monitoring provides critical
information on species’ trajectories and their restoration value that short-term assessments
would have missed.

4. Discussion

Nine-year monitoring demonstrated that both species identity and group structure
governed the growth outcomes in Berenty’s mixed forest, with species-level differences
appearing more important than broad species group classifications [15,16]. This under-
scores the need for diverse species planting and ongoing monitoring to identify both
high-performing and vulnerable species.

Growth and survival varied across the three initial plots, reflecting the influence of local
conditions such as soil texture, moisture and shading. Plot 1 generally underperformed,
with smaller median heights and diameters, suggesting that its sandier soils, lower moisture
availability and increased shading may have constrained growth. By contrast, Plot 2A,
located in the mid-forest, benefited from denser organic soils and more consistent moisture,
with these providing conditions that favoured the establishment of both upper and lower
canopy species. Plot 3 was intermediate, with several species showing moderate success in

https://doi.org/10.3390/1and 15010030


https://doi.org/10.3390/land15010030

Land 2026, 15, 30

90f13

terms of survival but not matching their growth performance on Plot 2A. These differences
suggest that local site conditions and management history, such as soil texture, moisture
availability, shade levels and possibly initial watering and sheltering treatments, played
an important role in shaping longer-term restoration outcomes [17]. Understanding these
local influences is therefore essential when planning species selection and site locations in
dry-forest restoration projects and underscores the need to replicate plantings across varied
sites to identify where particular species are most likely to thrive [18].

Although seedlings planted at 1.3 m spacing (Plot 2B) exhibited greater average height
and basal diameter than those at 1.0 m or 1.5 m, the difference was not significant after
accounting for plot variation. The 2B height increase likely reflects the favourable soil and
microclimatic conditions of that site rather than a true spacing effect, since environment—
particularly soil fertility, moisture and prior land use—can override the influence of initial
planting density [19-21]. While temporal and spatial dynamics can affect species in-
teractions [22], our results emphasise that, in semi-arid forests like Berenty, small-scale
environmental variation can overshadow experimental treatments, emphasising the need
to consider microenvironmental conditions as part of restoration design.

Species survival patterns revealed a similar trend. While species groups did not differ
significantly, individual species varied widely in their ability to persist. Species such as
Coptosperma nigrescens, Senegalia rovumae and Poupartia sp. maintained relatively high
survival rates and could represent strong candidates for future restoration efforts. Others,
including Celtis gomphophylla and Grewia calvata, showed poor survival and may require
either (a) assisted management interventions (e.g., irrigation, shading, soil amendments)
or (b) alternative restoration strategies, such as enrichment planting in later successional
stages [18,21,23]. Much has been written about how restoration programmes should
be conducted [3,24], including considerations of planting distance, species selection and
adaptive management. Our results highlight the importance of selecting species not only for
their ecological roles but also for their establishment success across different environments.

Notably, survival rates highlight a common challenge in long-term restoration moni-
toring: inconsistencies arising from replanting or difficulties tracking individuals across
years. Apparent data integrity issues are more than mere errors—they reflect the realities
of restoration management performed remotely, where local staff may respond to mortality
by reintroducing or losing identity tags of individuals. Many of the limitations we encoun-
tered stemmed from the fact that the research team was only present at Berenty for short
field seasons. Consequently, nursery practices (e.g., roots growing through plastic bags
and breaking during transplanting), label losses between 2016 and 2025 and unrecorded
replacements all introduced uncertainty into our dataset and made it difficult to quantify
precise mortality trajectories. Such methodological problems are common in long-term
tropical restoration and should be explicitly recognised in reporting [1,25]. Successful
long-term restoration is exemplified by Patricia Wright’s continuous engagement in tropical
Ranomafana National Park, where scientific monitoring and community partnerships go
hand in hand [26].

A further ongoing challenge in Berenty, as in other restoration programmes, is the
removal of exotic, non-native species [27]. This is illustrated by Cordia caffra, whose growth
outpaced that of most native and endemic species. Another species, Pithecellobium dulce,
is already dominant in the adjoining Ankoba forest, and it could possibly expand into
Malaza [18]. Although it provides food for lemurs, its spread would fundamentally alter the
structure of the gallery forest if left unchecked. Managing such species requires balancing
ecological integrity with faunal needs, a trade-off familiar to many restoration programmes.

Shortly before our 2025 fieldwork, a tropical cyclone caused extensive damage to
the gallery forest, uprooting and destroying many mature trees. Climate change poses
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an escalating threat to Berenty Reserve, intensifying droughts and tropical storms may
directly endanger this dry/gallery forest and its distinctive lemur populations. These
combined pressures jeopardise the long-term stability of the entire forest ecosystem, making
conservation both essential and increasingly complex. Expanding the upper canopy gallery
forest along the riverside, where it once flourished and further into the mid-forest, will
require careful selection of species that thrive under specific site conditions, supported by
natural recruitment from the surrounding forest.

5. Conclusions

Extended studies can provide not only ecological insight but also practical guidance
for carrying out restoration across Madagascar’s dry-forest ecosystems that remain among
the most threatened yet least studied worldwide.

This study demonstrates the importance of long-term monitoring for understanding
restoration dynamics. Had the study ended at the 2-year mark in 2018, most species would
have appeared to perform similarly, and significant divergences in growth trajectories
after 2018 would have been missed. Early results from 2016 to 2018 suggested similar
growth among species, but only with 9 years of data did clear differences emerge in
survival and growth patterns. Without this temporal depth, restoration success could have
been overestimated.

Taken together the combination of average height and overall growth distribution pro-
vides a robust picture of species performance, with longer-term data allowing practitioners
to identify species best suited for recovery on appropriate sites so that restoration decisions
can be based on extended ecological functioning. Our results highlight the importance
of selecting species for their establishment success in different environments and their
survival and mortality, together with recruitment from the forest.

Research showed that slow-growing species should not be placed together but sep-
arated by numbers of fast and intermediate growth species. To help gallery forest regen-
eration in the future, plantings in the reserve should take place wherever the strangling
vine Cissus quadrangularis has been removed, and there are gaps on the edge of the old
gallery forest and along the open riverbank. Specifically, our findings show that tamarind,
the chief gallery forest species, should do well since it is self-seeding in its natural habitat
on Plot 1, where it is not overhung by progenitors. Shading by other species was found to
be unharmful.

Our findings underscore the value of longer-term monitoring for reforestation, with
this increasingly recognised as essential for guiding adaptive management in restoration
ecology [4,26,28]. Continued monitoring at Berenty should be most useful to determine
whether the current trends persist, stabilise, or shift in response to climate and manage-
ment pressures.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/1and15010030/s1, Figure S1: Average canopy width by species
and group in 2025. Canopy expansion patterns closely mirrored height results (Figure 2). Upper
canopy species achieved wider crowns than dryland species (Fp439 = 7.88, p < 0.001). Figure S2:
Mean basal diameter (cm) by species and species group in 2025. Lower canopy species developed
thicker stems than dryland species (F; 446 = 9.59, p < 0.001), while upper canopy species showed
intermediate growth. Figure S3: Species-level canopy width distributions by plot in 2025, coloured
by species group (upper canopy, lower canopy, dryland). Boxes show medians and interquartile
ranges. Species are ordered by their overall mean height across plots (see Figure 3 for comparison).
Mixed-effects models indicated that canopy differed significantly among species groups, with upper
canopy species attaining wider crowns, while variation among lower-canopy and dryland species
was less pronounced. Differences among species were also highly significant. Figure S4: Species-level
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basal diameter distributions by plot in 2025, coloured by species group (upper canopy, lower canopy,
dryland). Boxes show medians and interquartile ranges. Species are ordered by their overall mean
height across plots (see Figure 3). Diameter varied significantly among species but not among species
group. This pattern indicates that stem thickening is more strongly linked to species-specific traits
than to group. Figure S5: Effects of planting distance (1 m, 1,3 m, 1,5 m) on tree height in 2025.
Boxplots show the median (bold line), interquartile range (boxes), and range of values (whiskers).
Outliers are represented as black points. Figure S6: (a) Mean basal diameter (+ SE), and (b) mean
canopy width by planting distance. Although individuals at 1.3 m spacing showed slightly larger
diameters or wider canopies, neither the mixed model nor non-parametric tests indicated a significant
spacing effect. Figure S7: Mortality by species and species group (2016-2025). Points show strict
mortality (%), calculated only from individuals originally planted in 2016 and still present in 2025.
Bars show standard errors. Figure S8: Strict survival (%) by species group and plot (2016-2025). Bars
represent the mean survival rate per group within each plot, including only individuals planted in
2016. Although Plot 2A exhibited higher average survival than Plots 1 and 3, these differences were
not statistically significant (LMM, F; 269 = 1.96, p = 0.16). No significant main effect of species group
or interaction was detected (F,19.67 = 0.12, p = 0.89; Strata x Plot, F4 255 = 0.83, p = 0.52).
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Appendix A

Table Al. Height of average species growth on the three plots over 9 years with their species group:
U = Upper canopy, L = Lower canopy, D = Dryland. Cordia caffra * is a non-natives and should, in
future, be removed, both from the nursery and the forest. Senegalia rovumae ** was previously named
Acacia rovumae [8].

FAST GROWERS

Plot 1 2A 3

Cordia caffra * U Grewia calvata D Grewia calvata D

Bauhinia . .

decandra L Commiphora sp. D Commiphora sp. D

Euphorbia sp. D Noro'nﬁza L Norqn'ﬁza L
seyrigii seyrigii

Nhronhia ) . . .

seyrigii L Cordia caffra U Cordia caffra U

Celtis madagas- U Celtis madagas- U

cariensis cariensis
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Table Al. Cont.

SLOW GROWERS
Coptosperma D Tamarindus U Celtis madagas- U
nigrescens indica cariensis
Senegalza** U Azima D Crateva excelsa U
rooumae tetracantha
Tamarindus U Rinorea L Senegalia U
indica greveana rovumae **
Rinorea Salvadora Salvadora

L g D i1 D
greveana angustifolia angustifolia
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