American Journal of Plant Sciences, 2019, 10, 1374-1390
http://www.scirp.org/journal/ajps

ISSN Online: 2158-2750

ISSN Print: 2158-2742

/
38 et
0.00 Publishing

Synergistic Effect of Anthropogenic
Disturbances on Offspring Demography of
Pentadesma butyracea (Clusiaceae),

a Threatened Tree Species in Benin
(West-Africa)

M’Mouyohoun Kouagou?, Olivier E. B. Ahouandjinou?, Laurent Houessou'z2, Aliou Dicko?",
Armand Kuyema Nattal2

"Laboratory of Ecology, Botany and Plant Biology, Parakou, Republic of Benin
ZFaculty of Agronomy, University of Parakou, Parakou, Republic of Benin

Email: *dicko_aliou@yahoo.fr

How to cite this paper: Kouagou, M.,
Ahouandjinou, O.E.B., Houessou, L., Dick-
o, A. and Natta, AK. (2019) Synergistic
Effect of Anthropogenic Disturbances on
Offspring Demography of Pentadesma bu-
tyracea (Clusiaceae), a Threatened Tree
Species in Benin (West-Africa). American
Journal of Plant Sciences, 10, 1374-1390.

https://doi.org/10.4236/ajps.2019.108098

Received: June 24, 2019
Accepted: August 23, 2019
Published: August 26,2019

Copyright © 2019 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Understanding how ecological differences and anthropogenic disturbances
synergistically drive population dynamics decline is critical for optimal man-
agement strategy definition. Main anthropogenic disturbances such as habitat
size reduction, fire and non-timber forest harvest affect demographic processes
but our understanding of their interaction effects in contrasted ecological
conditions is limited. We investigated the interaction effects of fruit harvest,
fire, gallery forest size and distance to streambed on density, recruitment,
survival and growth of Pentadesma butyracea oftspring in dry and moist eco-
logical conditions. We randomly selected in each ecological region six 2.
butyracea populations. We then established in each population, 10 subplots of
100 m” within 1 ha to assess offspring demographic performance from 2015
to 2017. Results showed that fire suppressed the positive effect of large habitat
size and amplified the negative effect of increasing local aridity on offspring
growth. Fire and harvest synergistically reduced growth whereas offspring
growth was resilient to fire in moist ecological region. Moist ecological condi-
tions mitigated the negative effect of harvest on growth. Harvest mitigated the
surprise negative effect of large habitat size on survival. However, in large
gallery size, high harvest limited clonal recruitment and growth. There was a
positive interaction effect between harvest and distance to streambed on sur-
vival (High harvest, Z = 2.045, p = 0.041, Medium, Z = 2.060, p = 0.039) but a
negative interaction effect on growth (High, t = —2.357, p < 0.05, Medium, t =
-1.403, p > 0.05). Clonal offspring grew faster than sexual offspring in high
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harvest populations. In moist region, offspring survived better in large gallery
forest size. In 2017, survival and growth were lower in large gallery forest. In
2017, offspring growth was higher near the riverbed where the survival rate
low. This study suggests that management strategies should consider the in-
teraction effects of anthropogenic disturbances and climatic conditions.

Keywords

Fire, Habitat Size Reduction, Multiple Stressors, Pentadesma butyracea,
Survival-Growth Trade-Off

1. Introduction

Tropical forests are facing several anthropogenic and natural pressures causing
species population decline and extinction. Anthropogenic pressures include land
clearing for agriculture, harvest of timbers and non-timber forest products, fire,
invasive species, grazing [1] and natural disturbances include wind, soil erosion,
tree and branch falls, flooding [2]. Anthropogenic and natural disturbances lead
to the fragmentation of forest ecosystems, which increased edge effects [3]. They
modify the forest fragment microclimate by reducing moisture and increasing
the illumination [4], which stimulates the proliferation of the invasive herba-
ceous. This microclimate increases sensitivity of forest fragments to fire [5].

Fire burns low strata of vegetation and the bark of the trunks [6]. Despite the
importance of fire for sustainable management of forest ecosystems in promot-
ing the floristic diversity maintenance [7], it can also be a cause of the biodiver-
sity loss [7] [8]. High fire intensity can reduce seedling and sapling survival [9],
[10] and growth [9] [11] [12]. Additionally, recurrent harvest of non-timber
forest products can drive plant population decline over time [13]. This harvest
often takes place in context of multiple sources of anthropogenic disturbances
such as habitat size reduction [14], invasion [1], herbivory [15], fire and herbi-
vory [16] [17] and in contrasted ecological conditions [13] [18]. Human distur-
bances can act synergetically. For instance, grazing mitigated the high harvest of
palm leaf [16]. Habitat fragmentation reduces fragment size and increases frag-
ment isolation [3] [19]. Smaller fragment favors high light penetration into the
fragment which in turn favors grasses development in the understory and increases
fire frequency in the forests [20].

The effect of anthropogenic disturbances on population demography can be
independent, additive or interactive [16] [17]. Fire and habitat size reduction can
interact to reduce regeneration density [21]. Worst environmental conditions
and pressures due to fire [22] or harvest [18] can synergistically reduce popula-
tion demography. The harvest of bark and leaves in dry regions can limit fruit
production [23]. Worst ecological conditions reduced offspring survival and

prevented their growth [13] [18]. Interaction between habitat size reduction and
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harvest can synergistically affect tree demography [24] Water limitation may al-
so affect offspring demography for species of particular ecosystems, such as gal-
lery forest. Low water availability can, for instance, reduce plant establishment
[25].

Vegetative reproduction is common among flowering plants. It may be essen-
tial to the persistence of the plant species population, especially in environments
where sexual reproduction is unpredictable [26]. Moisture conditions can favor
plant asexual reproduction [27]. The vegetative offspring growth may vary ac-
cording to the environmental regime [28]. Vegetative offspring are more robust,
grow faster [29] and contribute to the population growth rate than sexual
offspring [26]. All these advantages of clonal offspring are due to the maternal
effect [30] at the early development stage. Unfortunately, they are sensitive to
the stochastic change due to human or natural disturbances because they are
genetically identical.

Several tree species of gallery forests are threatened with high risk of extinc-
tion in Benin [31]. These species include Pentadesma butyracea, which fruits of
P. butyracea are heavily harvested by local people to extract seed either for sell-
ing or making butter [32]. Heavy harvest of fruit of P. butyracea reduced rege-
neration density [32] and reduced their population dynamics [33]. P. butyracea
fruits overexploitation increased density of individual originated from root [14].
This study evaluated the synergistic effects of fire, distance between offspring
location in gallery forest and riverbed, gallery forest width and fruit harvest on

density, survival and growth of Pentadesma butyracea offspring.

2. Materials and Methods
2.1. Study Design

We investigated P. butyracea offspring demographic response to multiple stres-
sors in the Republic of Benin (6° - 12° 50° N and 1° - 3° 40° E) in West Africa.
The Republic of Benin, locates in the “Dahomey Gap”, covers 114,763 km® with
87.2 inhabitants per km* [34]. Climate is generally dry with Guineo-Congolian
region (6° - 7°30' N), Sudano-Guinean region (7°30' - 9°30' N) and Sudanian re-
gion (9°30' - 12' N). Our study was conducted in these last two regions (Figure
1), where P. butyracea occurs in gallery forests [33]. The average annual rainfall
varies between 900 (Sudanian) and 1300 mm (Guineo-Congolian). The Suda-
nian (dry) region is characterized by a unimodal rainfall with a rainfall ranging
between 900 - 1100 mm and an average annual temperature between 24°C -
31°C and is drier than Sudano-Guinean (moist) region with an average rainfall
and an average temperature of 1100 - 1300 mm, 25°C - 29°C respectively [35].

In 2012, we first surveyed all main riverbed and dense forest in the sudanian
(dry) and sudano-guinean (moist) regions to record Pentadesma butyracea
occurence. At the end of this step, we found 105 sites. Some sites were too closed
(<500 m). After that, we grouped closed sites to get 25 populations in
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Figure 1. Study area and populations.
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sudano-guinean region and 35 populations in Sudanian region. Finally, we ca-
tegorized 60 populations into three groups based on harvest intensity (low, me-
dium and high) within each of the two ecological regions. Fruit collectors often
remove the seeds from the fruits and drop the empty pericarp underneath
mother trees so that the number of empty pericarps is the number of harvested
fruits [14]. Then, we estimated the number of entire fruits on the forest floor and
visually count the number of fruits on each mature tree in June after maturity
season as the fruits that have not been removed by collectors. Fruit harvest in-
tensity was estimated as the proportion of total fruits removed from the popula-
tion [14]. From this set of populations, we randomly selected two populations
per region with low harvest intensity (0% - 25%), two with medium harvest in-
tensity (25% - 75%) and two with high harvest intensity (75% - 100%). Intensity
of fruit harvest was evaluated by rating the number of fruit harvested by local
people over the total fruit produced by a given population. In 2015, we estab-
lished 1-ha plots in each population and revisited yearly in 2016 and 2017. We
tagged all adult using round, numbered aluminum tags and measured each indi-
vidual size annually. We replaced lost tags at the beginning of each yearly cen-

sus.
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2.2. Offspring Demography

In each population, we established 10 subplots of 100 m* each within 1 ha. In
each quadrat, we monitored all 2. butyracea individuals with dbh < 2 cm
(offspring) from 2015 to 2017 for their density, survival and growth and for new
individual recruitment. The presence or not of fire within subplots was noted at
each census. We measured at each census the diameter at base of each individu-
al, the distance from individual to the streambed and the average gallery forest
width. In 2016 and 2017 we recorded diameter at base of all alive individual
tagged in 2015 and 2016. At the same time, we also recorded diameter at base
and reproductive strategy of new born offspring called recruitment. Newly re-
cruited offspring were defined as those that had not been found in a previous
census and had a diameter < 1 cm and a height < 0.5 m [20]. We recorded the
reproduction strategy (vegetative or seed) for each individual digging under each
offspring to check if the offspring root was linked to another bigger root for ve-

getative originated offspring nor not for seed originated offspring.

2.3. Data Analysis

To test the effect of ecological differences, fruit harvest, fire, reproduction mode
(only for survival and growth), gallery forest width and the distance to the ri-
verbed and year on density, clonal ratio and survival of offspring generalized li-
near mixed effect models were used [36] with the package glmmTMB [37]. For
offspring growth, we used Ime4 package [38]. The Akaike Information Criterion
(AIC) was used to compare models [39]. AAIC = AIC, — AIC,,,, is the difference
between the AIC of a model given i and the smallest AIC. Models with a AAIC <
2 are all plausible, 4 - 7 are considerably less plausible and AAIC > 10 means that
the models lack some important explanatory variables [39].

Total offspring density and density of offspring recruitment were modeled
constructing 25 models. We used generalized Poisson, negative binomial and
Poisson distributions. We chose the Poisson distribution for offspring density
and negative binomial for recruitment density as the bests. Clonal ratio was
modeled constructing 22 models using beta regression [40]. Offspring survival
and relative growth rate were modeled constructing 29 models using binomial
distribution for survival and Gaussian distribution for growth. Best model had
AAIC < 2 and more predictors. In all models, subplot was nested within
population as random component while only two ways interactions were in-
cluded in full models. All analyses were performed with the statistical software R
version 3.4.1 [41].

3. Results

3.1. Effect of Harvest, Fire, Gallery Width, the Distance to the
Riverbed on Density, Clonal Ratio and Offspring Recruitment

The variance of density due the random selection of populations was ¢* = 0.089

and the random establishment of subplot within population was ¢* = 0.748. Fire
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favored offspring density (Ssumed vs unbumea = 0-217 £ 0.109, Z = 1.993, p = 0.046,
Table 1) but this effect varied among years (Figure 2(a)). For example, fire pre-
vented offspring establishment by reducing their density in 2016 (Bsumeaz016 =
—-0.366 + 0.084, Z = —4.342, p < 0.0001, Figure 2(a)) and 2017 (Bsumeazory =
—-0.653 + 0.094, Z = —6.913, p < 0.0001, Figure 2(a)). This may be due to the re-
duction of density in 2016 (52016 = —0.167 £ 0.059, Z = —2.819, p = 0.005,
Table 1) and 2017 (By1s a0y = —0.237 % 0.061, Z = -3.897, p < 0.0001, Table 1)
compared with 2015 (Figure 2(a)).

The variance of clonal ratio was near zero (¢* = 2.051e—09) among popula-
tions and was ¢® = 0.045 within populations. High and medium fruit harvest sig-
nificantly increased clonal ratio (B vs medum = 0-65 £ 0.175, Z = 3.708, p =
0.0002; B vssign = 0-677 + 0.175, Z = 3.874, p = 0.0001, Table 2, Figure 2(b))
Clonal ratio was higher in 2016 (B,g;5ys 2016 = 0.794 £ 0.151, Z = 5.267, p < 0.0001,
Table 2) and 2017 (Byis vea017 = 0.393 + 0.145, Z = 2.706, p = 0.007, Table 2,

Table 1. Effect of fire, gallery width, distance to the riverbed, ecological region and fruit
harvest on density of P. butyracea offspring from 2015 to 2017 (summary of the best

model).
Variables s SE Z P
Intercept 3.106 0.417 7.444 p < 0.0001%**
Moist region 0.313F 0.420 0.745 0.456
Medium harvest 0.033 0.34 0.098 0.9221
High harvest -0.302 0.553 -0.545 0.585
Burned 0.217 0.109 1.993 0.046*
2016 -0.167 0.059 -2.819 0.005**
2017 -0.237 0.061 -3.897 p < 0.0001***
Habitat size 0.726 0.482 1.507 0.132
Distance to riverbed -0.545 0.38 -1.436 0.151
Moist region x Burned -0.129 0.127 -1.01 0.312
Moist region x Habitat size —-0.424 0.529 -0.802 0.423
Medium harvest x Habitat size -0.231 0.524 -0.441 0.659
High harvest x Habitat size 0.639 1.067 0.598 0.55
Medium harvest x Distance to riverbed 0.612 0.37 1.656 0.098
High harvest x Distance to riverbed 0.112 0.506 0.221 0.825
Burned x 2016 -0.366 0.084 —4.342 p < 0.0001%**
Burned x 2017 -0.653 0.094 -6.913 p < 0.0001%**
2016 x Distance to riverbed -0.073 0.041 -1.773 0.076
2017 x Distance to riverbed -0.074 0.042 -1.777 0.076
Habitat size x Distance to riverbed 0.076 0.173 0.437 0.662

Note: S, SE, Z and CI were the estimate, the standard error, the Wald statistic and the associated p-value
respectively. Asterisks show significant level: *p < 0.05; **p < 0.01; ***p < 0.001.
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Table 2. Effect of fire, gallery width, distance to the riverbed, ecological region and fruit
harvest on clonal proportion of P. butyracea2015 and 2017 (summary of the best model).

Variables B SE Z P
Intercept 1.387 0.170 8.148 P < 0.0001*%**
Moist region -0.210 0.173 -1.218 0.223
Medium harvest 0.650 0.175 3.708 0.0002%**
High harvest 0.677 0.175 3.874 0.0001***
Burned 0.112 0.138 0.809 0.418356
2016 0.794 0.151 5.267 P < 0.0001***
2017 0.393 0.145 2.706 0.007**
Habitat size —-0.052 0.1 -0.523 0.601
Distance to riverbed 0.043 0.082 0.526 0.599

Note: S, SE, Z and CI were the estimate, the standard error, the Wald statistic and the associated p-value
respectively. Asterisks show significant level: **p < 0.01; ***p < 0.001.
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Figure 2. Effect of fire (Burned vs. unburned), fruit harvest (low, medium and high) and year (2015, 2016 and 2017) on density
(a), clonal ratio (b) and (c) of P. butyracea offspring. Values are estimate + 1 S.E. Asterisks on the figure show significant differ-
ences **p < 0.01; ***p < 0.001.

Figure 2(c)). The variance of the new born density among populations was ¢* =
0.187 and within population was near zero (¢* = 2.084e—08). However, there was
no significant effect of anthropogenic disturbances and ecological differences on
new born density. Indeed, there was no model with AAIC < 2 containing pre-
dictor.

However, fruit harvest reduced clonal recruitment in high (8, s mign = —0.834
+0.317, Z = -2.635, p = 0.008, Table 3, Figure 3(a)) but not in medium harvest
populations (£, vs megium = —0.091 £ 0.229, Z = —0.398, P = 0.691, Table 3). High
fruit in large gallery significantly reduced clonal recruitment (S,

abitat sizexHigh harvest —

—-1.43 £ 0.427, Z = —3.345, p = 0.0008, Table 3, Figure 3(a)). The variances of
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Table 3. Effect of fire, gallery width, distance to the riverbed, ecological region, mode of
reproduction and fruit harvest on new born clonal ratio of P. butyracea between 2016 and
2017 (summary of the best model).

Variables s SE Z P
Intercept 3.772 0.376 10.033  p < 0.0001***
Moist region 0.302 0.344 0.88 0.379
Medium harvest —-0.091 0.229 —-0.398 0.691
High harvest —0.834 0.317 -2.635 0.008**
Burned -0.132 0.183 -0.722 0.47
2017 0.074 0.271 0.271 0.786
Habitat size 0.149 0.338 0.442 0.658
Distance to riverbed 0.355 0.200 1.777 0.0766
Moist region x 2017 -0.097 0.391 —-0.248 0.804
Moist region x Habitat size -0.262 0.366 -0.716 0.474
Medium harvest x Habitat size —0.531 0.29 -1.833 0.067
High harvest x Habitat size -1.43 0.427 -3.345 0.0008***
2017 x Habitat size 0.135 0.217 0.622 0.534
2017 x Distance to riverbed —-0.392 0.203 -1.934 0.053
Habitat size x Distance to riverbed -0.549 0.116 —-4.738  p < 0.0001***

Note: B, SE, Z and CI were the estimate, the standard error, the Wald statistic and the associated p-value
respectively. Asterisks show significant level: ***p < 0.001.

new clonal ratio among populations (¢* = 2.874e—11) and within populations (¢*

= 1.393e—09) were both near zero.

3.2. Synergistic Effect of Gallery Forest Size, Fire, Fruit Harvest,
Reproduction Mode and Ecological Region on Offspring
Survival

The variance of survival among populations was very low and near zero (¢* =
8.047e—09) but higher within population (¢ = 0.879). Large gallery forest in
moist region favored high survival than small gallery forest size (f = 3.344 +
0.839, Z = 3.985, p < 0.0001, Figure 3(b)). Offspring survived better in high
harvest population (S, vsnigh = 8-337 % 2.559, Z = 3.259, p = 0.001, Figure 3(b))
than in medium and in low harvest populations (B, vs Medium = 0-39 £ 0.952, Z =
0.410, p = 0.682). Survival was low in medium (= —0.824 + 0.266, Z = —3.096, p
= 0.002) and in high (8= -0.743 £ 0.271, Z = —2.742, p = 0.006) harvest popula-
tion in 2017. As expected, high harvest in large gallery forest size improved
offspring survival (= 7.592 * 2.005, Z = 3.787, p = 0.0002, Figure 3(b)). Sur-
prisingly, in high (8= 1.079 £ 0.527, Z = 2.045, p = 0.041, Figure 3(b)) and me-
dium (B = 0.616 + 0.299, Z = 2.060, p = 0.039, Figure 3(b)) harvest population
offspring located far from the streambed had high survival than those located
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Figure 3. Effect of fire (Burned vs. unburned), habitat size (gallery width), fruit harvest (low, medium and high), reproduction
strategy (clonal vs. sexual) and the distance to the riverbed on clonal recruitment (a), survival (b) and relative growth rate (c) of 2.
butyracea offspring. Filled circles show information on significant predictors and unfilled circles show no significant effect.

near the streambed. Moreover, over years, offspring located far from the streambed
had high survival (By17xpistance to river = 0-35 * 0.148, Z = 2.373, p = 0.018, Figure
3(b)). The effect of fire on survival was year dependent (SByymeaxzory = —1.079 £
0.298, Z = -3.627, p = 0.0003, Figure 3(b)). Offspring originated from seed were
surprisingly marginally resilient to fire than clonal offspring (Bgyemedxcional offspring =
-1.326 + 0.723, Z = —1.835, p = 0.066, Figure 3(b)). Contrary to our expecta-
tion, offspring survival was higher in small gallery forest size than in large gallery
forest size (Biuupitarsize = —2-325 + 0.911, Z = —2.553, p = 0.011, Figure 3(b)). This
was consistent over years (B 7xabitat size = —0-982 £ 0.231, Z = —4.254, p < 0.0001,
Figure 3(b)).

3.3. Gallery Forest Width, Fire, Fruit Harvest and Distance to
Riverbed Synergistically Affected Offspring Growth

The variance of relative growth rate was higher within population (¢* = 0.056)
than among populations (¢° = 0). Offspring relative growth rate was higher in

dry region than in moist (B, vsmoeie = —0.476 £ 0.24, Z = —1.986, Figure 3(c)).
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Moist ecological region mitigated the negative effect of harvest (By;oisxmedium Harvest
= 0.449 £ 0.196, Z = 2.290; Buoisctiigh tamest = 0.780  0.227, Z = 3.435, Figure
3(c)), fire (Buoistxpumed = 0-35 + 0.084, Z = 4.193, Figure 3(c)) and of annual vari-
ation (Byoispory = 0181 £ 0.046, Z = 3.961) on offspring growth. Fire significant-
ly reduced offspring growth (Bsumed vs unbured = —0.262 = 0.095, Z = 2.770, Figure
3(c)). Fire also reduced offspring growth in medium (S peaxnedium harvest = —0-32 £
0.081, Z = —3.940) and in high (f; —0.396 + 0.109, Z = -3.618)
harvest populations, in large gallery forest size (Bsumeaxapitatsize = —0-126 £ 0.058,

urnedxHigh harvest —

Z = —2.174) and for individuals located far from the streambed (B medxpistance to river
= —0.15 £ 0.033, Z = —4.530). Burned offspring grew better in 2017 than in 2016
(Boumedaxzor = 0.108 + 0.041, Z = 2.626) despite the higher growth in 2017 than in
2016 (Byy16vs2017 = —0.177 £ 0.068, Z = —2.614). In medium harvest populations,
clonal offspring had higher growth than sexual offspring (Syediumxciona = 0-229 *
0.101, Z = 2.272). In 2017, offspring growth was lower in medium (B,;7.pedium
harvest = —0-492 + 0.038, Z = ~12.874) and high (Boyssiigh harvest = ~0-15 % 0.045, Z =
—3.343) harvest populations. High harvest reduced growth in large gallery size
(Brigh harvestxtabitat size = —1.146 £ 0.475, Z = —-2.413) and for offspring located far
from the streambed (LBiyign harvestxpistance to riverbed = —0-245 £ 0.104, Z = —2.357). Clon-
al offspring also had higher growth in 2017 (Bconaxeorr = 0.144 £ 0.064, Z =
2.263). In 2017, growth was lower in large gallery forest size (B,917xmabitat size =
-0.062 + 0.025, Z = -2.491, Figure 3(c)) and for individual far from streambed
(Bro17xDistance to riverbed = —0.093 £ 0.018, Z = —5.107, Figure 3(c)).

4. Discussion

4.1. Impact of Harvest, Habitat Size, Distance from Riverbed on
the Regeneration Density across Ecological Regions

Fire often reduced regeneration density [42]. Our study showed that fire can
stimulate offspring density but the effect varied among years. For instance, on
burned subplot, the offspring density decreased in 2016 and in 2017 whereas it
was very higher in 2015. This may be due to the rescue effect of early rainfall.
Indeed, we estimated density two or three months after late fire season. The al-
low to directly estimate dead offspring due to fire. It was after early rainfall
which can rescue offspring from death. That was the case of our first year of
study (2015). But, when the first rainfall came later, burned offspring die because
of fire. Lower fire intensity can stimulate clonal reproduction from root.

Our result showed that high fruit harvest increased clonal ratio but reduced
clonal recruitment. This is consistent with previous finding on P. butyracea [14]
contrary to another study on the same species which showed that fruit harvest
did not affect reproductive strategy [32]. The latter study was conducted only in
moist region characterized by high rainfall, high humidity and high soil nutrient.
This suggests that recurrent NTFPs harvest combined with other sources of dis-
turbances such as habitat size reduction, fire and ecological conditions can reveal

some effect which was unidentified with only one predictor. The reduction of
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clonal recruitment in high harvest population may suggest other stimulus of
high clonal ratio. Fire may be the stimulus of clonal recruitment of tropical clon-
al tree species.

Our results also showed that fruit harvest in large gallery size limited clonal
recruitment. In large gallery forest, humidity is often higher than in small gallery
forest. High humidity can limit clonal recruitment [27]. This is consistent with
the increase of clonal proportion with the increase of light and decreases with
humidity [26] [28]. Also, the intensity of fire was reduced in large gallery forest.
Soil nutrients are higher in large gallery forest than in small gallery forest re-
gardless of ecological region. The negative interaction between habitat size and
distance to streambed on clonal recruitment may suggest that despite of the de-
terminant role of the soil nutrients in plant fertility and recruitment [22], clonal

recruitment may not be directly related with soil quality.

4.2. Effect of Fire, Gallery Forest Width and Fruit Harvest on
Offspring Survival in Contrasted Ecological Regions

Most studies on offspring survival focused on isolated effects of fire [43], NTFPs
harvest [18], habitat size [19]) and fires [10]. Nevertheless, there was little atten-
tion on how the synergistic effect can mitigate the isolated effects of anthropo-
genic disturbances on demography [1] [16] [17]. Survival may be higher in large
gallery forest size in presence of fire or in high harvest populations or be lower
in small habitat size in the absence of fire or in low harvest populations as a syn-
ergistic response between predictors. We tested the interaction effect among
population level habitat size using gallery forest width and individual level habi-
tat size using distance to the streambed, the ecological region, fruit harvest, fires
and reproduction strategy on survival.

Our results showed that survival was low in burned subplot in 2017. Indeed,
high fire intensity can reduced survival [9] [10] due to heat injuries of roots,
stem and crown [43] [44]. Recurrent fire causes xylem malfunction limiting nu-
trients conductivity which can lead to their mortality [45]. Survival was higher in
high fruit harvest populations. Surprisingly, harvest mitigated the negative effect
of large habitat size and an increase of distance to streambed on survival. In
2017, survival was lower in high harvest populations. Harvest of reproductive
structures such as seeds and fruits does not directly affect offspring survival par-
ticularly when harvest does not involve killing individual [13]. In our study sys-
tem, fires were common in low than in high harvested populations; such as Kpiti
and Kota populations. This could prevent survival in the low harvest popula-
tions. Our results confirmed that since fire reduced P. butyracea offspring sur-
vival even if there is no significant interaction between harvest and fire. Contrary
to our expectation, offspring survived better in small gallery forest size than in
large gallery forest size and offspring located far from streambed survived better
than those near the streambed in 2017. This may suggest the adaptation of
offspring to small size and to local aridity. However, in the moist ecological re-

gion, offspring survived better in large gallery forest than in small gallery forest.
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Indeed, habitat size reduction increase individual mortality and thus species ex-

tinction risk [19]. Our results showed that it depends on ecological conditions.

4.3. Effect of Fire, Gallery Forest Width and Fruit Harvest on
Relative Growth Rate of P. butyracea Offspring in Moist
and Dry Ecological Regions

We found that in burned subplots of 2017, offspring growth was higher while
their survival was lower suggesting a mediating effect of fire on growth and sur-
vival trade-off in burned subplots in 2017. A trade-off between growth and sur-
vival was found across species within sites for a subset of smaller plants within
species with an evolutionary implication on reproduction size [46]. Consistent
with empirical finding [11] [12]. Our results also showed that fire reduced 2.
butyracea offspring growth, suppressed the positive effect of large habitat size
and amplified the negative effect of increasing local aridity on offspring growth.
These findings highlight the role of fire in limiting tree growth even in large ha-
bitat size [47].

Fire and harvest synergistically reduced offspring growth whereas offspring
growth was resilient to fire in moist ecological region suggesting that anthropo-
genic disturbances can synergistically affect offspring growth [48] and this can
be mediated by ecological conditions. Moist ecological condition mitigated the
negative effect of harvest and fire on growth. Surprisingly, offspring grew faster
in dry region than in moist region. In 2017, offspring growth was higher in
moist region. The variation of growth of seedling and sapling was highly sto-
chastic in high perturbed environment and with year maybe due to the accumu-
lated effect of disturbance and rainfall variation among year. Offspring growth
was reduced in 2017 and in that year it was also reduced in large gallery forest
than in small gallery forest. Contrary to the positive effect of light on seedling
growth for light-dependent species [49], our results showed that the relative
growth rate of offspring located far from streambed was low in 2017 and in large
gallery than those near the streambed. This may suggest that P. butyracea
offspring do not need enough light for their growth. Clonal offspring grew faster
than sexual offspring in high harvest populations. In high harvest populations,
clonal ratio was higher than seedling ratio [14] and clonal are connected to their

mother and can benefit nutrient from them for their growth [30].

5. Conclusion

This study evaluated the effect of fire, habitat size, fruit harvest and distance to
riverbed reduction on density, survival and growth of P. butyracea offspring
across two contrasted ecological regions in the republic Benin. Results showed
that increasing anthropogenic pressures especially fire and habitat size reduction
can threaten P. butyracea persistence. The regeneration density and the recruit-
ment are influenced by fire and their growth was reduced by fire even in large
galleries. This suggests that fire should be prohibited in small gallery forests and
controlled in large gallery forests. Fire prevention may reduce mortality [47].
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The respect of forest legislation is required for sustainable management of 2.
butyracea and its habitat in order to limit agricultural pressure on gallery forests.
It is necessary to set up a good conservation strategy for forest galleries based on
environmental indicators, which are the indicators of fragmentation, diversity,
structure and population demography for sustainability of the species. The re-
sults also showed that the effects of habitat size reduction and fire can be better
understood, taking into account the environmental conditions as well as poten-
tial interactions between disturbances. Conservation and sustainable manage-
ment of gallery forest, a fragile ecosystem must go through the respect of the
forest legislation to limit the pressure of the agricultural on the forest gallery
size. For a sustainable conservation of the populations of P. butyracea, gallery of
small forests should be fully protected. The fire must be prohibited in small pop-
ulations and be controlled in the large galleries. Ecosystem protection against
fire can promote an abundance of regeneration and stability of population
structure [24]. Testing how interaction of anthropogenic disturbances affect
entire plant life cycle could allow to design optimal conservation strategy be-

cause demographic responses to disturbances can vary with individual size [50].
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