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Abstract
Empirical data reporting forest pest damage on Khaya senegalensis have raised concerns 
over their potential economic impacts. Although the problem was also reported in Benin, 
scientific data on their economic impact on plantations are lacking. In this study, we com-
bined dendrometry and survey data to estimate the economic impact of wood damage 
caused by pests in K. senegalensis plantations in Benin. We found that four major pest 
guilds cause damage to the plantations with severe wood production loss. Wood borers 
are the most economically damaging guild, mainly in mature plantations, while shoot 
borers and defoliators predispose trunks to bifurcation and deformation in young planta-
tions. We estimated damage to 8.3 ± 5.4 m3 ha-1 of wood production, corresponding to 
an economic loss of 825.5 ± 635.4 USD ha-1. Our findings suggest that pest management 
in K. senegalensis plantation should focus on the developmental stages and ecological 
interactions between host and pest to reduce the economic impacts of wood damage.
Keywords: African mahogany, Major pest, Destruction of wood, Economic impact

INTRODUCTION 
Forest resources are essential for human well-being 
(Millenium Ecosystem Assessment, 2005; Bodeker and 
Burford, 2005; Nair, 2007), but tropical forests are being 
cleared at an annual rate of 5.5 million hectares (Keenan 
et al., 2015). Meanwhile, plantations can supplement 
natural forests by providing essential forest products 
to reduce forest clearing (Nair, 2007). In these efforts, 
the number of tropical forest plantations has increased 
exponentially since the mid-1960s (Nair, 2007; Payn 
et al., 2015). Likewise, Benin is not staying behind the 
efforts made worldwide to reduce the impacts of forest 
exploitation for timbers. One of the native tree species 
widely planted in Benin is Khaya senegalensis (Desv.) 
A. Juss., or African mahogany. The first plantation of K. 
senegalensis was settled in 1935 (Sokpon and Ouinsavi, 
2004). The species is still being used in the reforestation 
and plantation projects have taken place over the last 15 
years in Benin (Akpona et al., 2016).
K. senegalensis is a high-value hardwood species (Sokpon 
and Ouinsavi, 2004). Unfortunately, some economically 
threatening mahogany shoot borers, such as Hypsipyla 
robusta Moore (Newton et al., 1993) and Hypsipyla 
grandella Zeller (Zanetti et al., 2017), severely attack the 
tree in established plantations (Floyd, 2001; Sokpon and 
Ouinsavi, 2002; 2004; Opuni-Frimpong et al., 2008). 
Many reports (more than 300) from studies carried 
out under the tropics have highlighted severe damage 
to mahogany shoot borers. They have raised concerns 
over the potential setbacks on K. senegalensis plantations 
(Griffiths, 2001). For example, damage to K. senegalensis 
by boring insects and caterpillars in Benin has been re-
ported (Sokpon and Ouinsavi, 2002; 2004).
When they occur, insect attacks can severely impact 
the value of the timber (Opuni-Frimpong et al., 2008). 
Reported patterns of damage range from perforation 

of young apical shoots to tree bifurcation (Floyd, 2001; 
Nair, 2001; Sokpon and Ouinsavi, 2002; 2004). Attacks 
occur predominantly in monoculture plantations (Nair, 
2001), lead to high mortality rates (Botha et al., 2004), 
alter the engineering qualities of the wood (Griffiths, 
2001; Nair, 2001; 2007; Sokpon and Ouinsavi, 2002), and 
cause significant economic damage (Griffiths, 2001). To 
help avoid or reduce injuries induced by pests, mainly 
H. robusta, Djotan et al. (2018) modeled the ecological 
niche of the host (K. senegalensis) and pest (Hypsipyla 
robusta) to identify vulnerable zones in West Africa. To 
date, there are not, however, any previous studies that de-
scribed the pest guild associated with damage to the plant 
or estimated the economic impacts related to attacks on 
the wood in planted stands of K. senegalensis in Benin.
We surveyed three K. senegalensis plantations in Benin 
and interviewed neighboring populations to describe 
damage to the tree, specifically the wood, and estimate 
the related-economic losses. Finally, we discussed the 
ecological and biological interactions between the tree 
and the damage-associated pest guild.

MATERIALS AND METHODS
Khaya senegalensis

K. senegalensis is referred to as “Cailcédrat” or “Acajou 
d’Afrique” in French, “African Mahogany” or “Dry zone 
Mahogany” in English, and “Acao” in Fon, a local, na-
tional dialect of Benin. It is native to 20 West African 
countries, including Benin (Nikiema and Pasternak, 
2008; Orwa et al., 2009). It is a semi-deciduous tree spe-
cies that does not tolerate shade (Sokpon and Ouinsavi, 
2002). It is found in various vegetation types, including 
gallery forests, dry, dense forests, woodland forests, and 
savannahs in the Sudano-Guinean and Sudanian eco-
logical regions of Benin (Sokpon and Ouinsavi, 2002).

© Moroccan Journal of Agricultural Sciences • e-ISSN: 2550-553X                                                                                                                                     www.techagro.org  



165Mor. J. Agri. Sci. 3 (3): 164-173, September 2022

Study sites
The study was carried out in the West African nation of 
Benin. Benin extends from a latitude of 6°14’ to 12°25’ 
North and a longitude of 0°46’E to 3°51’ East (DIVA-GIS, 
2018). It spans three climatic zones, ranging from humid 
to semi-arid (Sinsin et al., 2004): the Guineo-Congolean 
zone (humid), the Sudano-Guinean transition zone 
(sub-humid), and the Sudanian zone (semi-arid) (White, 
1986). We surveyed three K. senegalensis plantations in the 
three climatic zones in Atcherigbe, Toffo, and Tanguieta 
villages (Figure 1). In Toffo and Atcherigbe, K. senegalensis 
stands are in the reforestation perimeter of the Lama and 
Atcherigbe forest reserves. However, the K. senegalensis 
stand in Tanguieta is a patch of an urban forest.

Stand survey
At each plantation, the sample size (the number of ob-
served trees) was determined following (Dagnelie 1998). 
We observed, described, and measured 297 K. senega-
lensis trees (Table 1). Within each plot, the diameter at 
breast height (DBH) of all individuals was measured. 
The tree height and stem height were measured and used 
to calculate the ratio of tree height to stem height. The 
crown size (crown diameters) of all individuals was mea-
sured using diameter measuring tapes and a SUUNTO 
clinometer following Preuhsler (1981) to calculate the 
quadratic mean crown diameter following Pretzsch et 
al. (2015). We recorded the attacks observed on the trees 
and the damage to the wood by visually estimating the 

Table 1: Description of the plantation sites and summary of the sample sizes
Plantation Atcherigbe Toffo Tanguieta Total

Climatic zone Sub-humid Humid Semi-arid Total
Age of the plantation < 10 years 10 < age < 35 > 35 years -

Plot size 15 × 15 m 30 m × 30 m 30 m × 30 m -
Number of plots 9 8 9 26
Number of trees 106 104 87 297

The minimum number of trees that should be observed per plantation (sample size) was computed using the formula of Dagnelie (1998) on applied and 
theoretical statistics. For each plantation, the number of observed trees is equal to or higher than that minimum sample size.

Figure 1: 1. Location of the study sites. Three plantations, each at different sites, were investigated. The plantation
of Tanguieta is an urban forest, while the plantations of Atcherigbe and Toffo are in protected forest reserves. a)

map of study sites; b) plantation of Tanguieta, c) plantation of Atcherigbe and d) plantation of Toffo
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proportion of lost timber. The accessible parts of the en-
tire tree were examined, including bark, branches, leaves, 
and shoots. We also recorded the deformation status of 
every investigated tree.

Interviews with plantation neighbors
We conducted a total of 85 interviews with neighbors 
of the surveyed plantations (Table 2). The interviewees 
comprised forest workers, plantation owners, farmers, 
forest officers, carpenters, and wood traders. The Nation-
al Office of the Woods of Benin (ONAB) and the General 
Department of Waters, Forests, and Hunts of Benin 
(DGEFC), which jointly manage the surveyed planta-
tions, recommended potential interviewees known to 
have sufficient knowledge of the subject. We randomly 
selected the first interviewee in each region from the 
pool and then used the snowball method to identify 
and question other interviewees. We used question-
naires to record interviewees’ knowledge of forest pests 
that negatively impact the growth of K. senegalensis or 
the engineering quality of its wood. We asked questions 
about our observations in the plantations, the market 
value of destroyed wood compared to non-destroyed 
wood, and the time of year and stage of plant develop-
ment (expressed as tree age) when infestations start or 
are prominent.

Data analyses
Description of the damage to the trees

We summarized and presented survey and interview data 
as histograms and bar plots. We used the χ2 proportion 
test on the size-class structures of DBH, tree height, stem 
height, the ratio of tree height to stem height, and crown 
diameter to test the null hypothesis that the proportion 
of attacked trees across classes of a variable, regardless 
of the type of pest that initiated the attack (probabilities 
of attack), was equal. In addition, we used the χ2 test of 
independence to check the variation in attacks and the 
link between stem deformation and the status of attacks. 
At the all-sites level, only the ratio of the tree height to 
the stem height and the crown diameter were tested with 
the χ2 proportion test to clarify any dependence of attacks 
on the crown shape.

Wood loss and economic impact related to damage 
on the trees
Stem volume was computed using a model specific to 
K. senegalensis (Eq. 1) built by Goussanou et al. (2016):

Ln(V) = -1.90 + 1.89*Ln(D) + 0.62*Ln(H) (Eq. 1)

Where V is the stem volume (10-3 m3), D is the diameter 
at breast height in cm, and H is the stem height in m. The 
attack rate (R%) in each stand was calculated by dividing 
the number of attacked trees by the total number of trees. 
The average percentage of lost wood on damaged trees 
(Prop loss_stem) was computed from observational data of 
Tanguieta and Toffo. The R and Prop loss_stem product was 
used to estimate the average proportion of stand wood 
loss (Prop loss_stand). In the stands of Tanguieta and Toffo, 
the average wood volume in cubic meters per hectare 
within each plot (VWood_plot) was computed using K. sene-
galensis species-specific models (Eq. 2). Then the average 
values were computed for each stand (VWood_stand) (Eq. 3).

  

 

The volume of lost wood per hectare (Vloss_stand) was com-
puted by multiplying the average proportion of wood 
production loss per stand (Prop loss_stand) by the average 
stand wood production (VWood_stand) as in (Eq. 4):

  

In (1-3), s is the plot area in ha, H is the stem height in 
m, and D is the DBH in cm. All parameters were com-
puted with 95% confidence intervals.
The price of a cubic meter of lumber was used to estimate 
the economic loss incurred by damage on K. senegalensis. 
Price distributions reported by interviewees were described 
using box and whisker descriptive statistics, and mean 
values were compared using the Kruskal–Wallis rank-sum 
test. The same test was performed to analyze the variation 
in reported prices among respondents’ socio-professional 
groups. The value of a cubic meter of lumber was used to 
estimate financial losses from pest damage on mature K. 
senegalensis stands (Eq. 5) in French Colonies Currency 
per hectare (XOF ha-1), which we converted into United 
States Dollar per hectare (USD ha-1) using the conversion 
rate USD XOF-1 = 0.0017000 (The Money Converter 2019).

Table 2: Summary of the number of informants per socio-professional group questioned during the interviews
Plantation Atcherigbe Toffo Tanguieta Total

Interviews: Number of informants per socio-professional group
Farmers or plantation owners 14 6 13 33

Traders 7 6 0 13
Forest officers 3 6 0 9

Carpenters 7 6 9 22
Forest workers 0 6 2 8

Total per region 31 30 24 85

(Eq. 2)

(Eq. 3)

(Eq. 4)

(Eq. 5)

The number of interviewees solely depended on the reachable target population.
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RESULTS AND DISCUSSION
Knowledge of the interviewees on pest occurrence 
in K. senegalensis plantations
Interviewees’ reports revealed that pests attack all 
parts of the trees regardless of age and mostly during 
rainy seasons (Figure 2a-c). In addition, most of the 
interviewees have informed that leaves and wood are 
frequently attacked (Figure 2a). Their knowledge was 
relevant to the plantations surveyed in this study and 
more broadly related to the subject. They reported that 
infestations begin about two years after planting (Figure 
2), which agrees with previous findings where infesta-
tion rates were higher during the initial phases of plant 
development (Ennion, 2003). Infestations can reach 
70% in the first year after planting and up to 100% after 
two years (Paul and Weber, 2013). A wide range of tree 
ages is attacked (Figure 2), indicating that trees can be 
attacked anytime if environmental conditions are suit-
able. Infestations occur, or are most noticeable, from 
June to August (Figure 2). This report follows (Zanetti 
et al., 2017), who reported that pests can attack plants at 
any time and that one larva per plant is enough to cause 
significant damage. All parts of the trees are attacked 
(Figure 2), particularly the leaves, and attacks occur on 
young and old trees.

Damage to K. senegalensis trees in the plantations
We observed attacks on leaves, stems, trunks, branches, 
bark, wood, and roots and identified four pest guilds: 
shoot borers and defoliators, wood borers, termites, and 
saprophytic fungi (Figure 3). The damage they induced 
on K. senegalensis includes wood bumps and scabies; 
holes across the bark and into the wood; deformed 
trunks and stems; perforated, folded, stained, and 
discolored leaves; insect reproduction under the bark; 
and wood rot. Saproxylic beetle pupae were found in 
the phloem, cambial zone, and young xylem of mature 
trees. The internal and external wood of the trees were 
destroyed by termites, whose activities are sometimes 
supplemented by saprophytic fungi. Our observational 
data revealed more infestations on the leaves in Atch-
erigbe but almost none in Toffo and Tanguieta, which 
may be due to the inability to observe infestations on 
the leaves located beyond our sight. Because interview-
ees are users of the biomaterials of K. senegalensis, their 
reports may generally be more reliable than our one-time 
observations. 
Previous studies and observations have reported Hypsi-
pyla caterpillars feeding on the shoots of K. senegalensis 
(Griffiths, 2001; Nair, 2001, 2007; Sokpon and Ouinsavi, 
2002). Although we also observed Hypsipyla caterpil-
lars, perhaps the same as those observed by Sokpon and 
Ouinsavi (2002), we cannot be sure which species were 
observed because we did not perform detailed taxo-
nomic identification. Hypsipyla robusta occurs in West 
and East Africa, Asia, and the Pacific (Griffiths, 2001), 
while Hypsipyla grandella occurs in South America (ex-
cluding Chile), Mexico, the Caribbean, Central America, 
and South Florida. Hypsipyla species follow the Melia-
ceae distribution pattern they feed on (Griffiths, 2001; 
Nair, 2007). The species are indistinguishable from one 
another (Griffiths, 2001), and the taxonomy of the genus 
is not yet clear (Griffiths, 2001; Horak, 2001), making it 
difficult to confirm whether the caterpillars shown in 
Figure 3 were H. robusta or H. grandella. Four primary 
pest guilds appear to pose economic threats to K. sen-
egalensis plantations (Figure 3): Hypsipyla caterpillar de-
foliators, beetle pupae, termites, and saprophytic fungi. 
Saprophytic fungi decay bark and wood after degrada-
tion by termites. Several fungus species are associated 
with bark beetles because of their parasitic or mutualistic 
relationships (Lombardero et al., 2003; Hofstetter et al., 
2006). Such fungi make logs worthless (Mathre, 1964; 
Adams et al., 2009) and contribute to attacked trees’ 
deaths (Mathre, 1964). 
Other pests target leaves, stems, trunks, branches, bark, 
wood, and roots, including beetles, termites, and ants 
(Figure 3). This occupation of different niches on the 
trees corroborates the statement that insects can adapt 
morphologically, physiologically, and behaviorally to 
feed on almost all parts of a tree by defoliation, feeding 
on sap and reproductive organs, and boring into shoots, 
bark, and the sapwood (Nair, 2007).

Figure 2: Patterns of attacks in Khaya senegalensis plantations. 
Percentage of interviewees that reported a given part of the trees 
to be infested (a), age for the occurrence of infestation (b), and 

month for the occurrence of attacks (c)
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Effects of environmental and biological factors on 
the pest attack of Khaya senegalensis 
The attack rate was lower in the plantation of Toffo 
than in other plantations (Table 3). We also observed 
that leaves were more frequently attacked in the young 
stand (Atcherigbe) while the wood was more regularly 
attacked in the older stands (Toffo and Tanguieta). Most 
of the attacked trees had their trunk deformed (Figure 
4). The size-class structures of attacked and non-attacked 
trees revealed different trends across plantations. In 
Atcherigbe, the probability of an attack did not vary with 
the classes of diameter, height, or crown size (Figure 5) 
as it did in Toffo. There, the tallest trees with the larg-
est diameter were attacked the most. Individuals with a 

lower ratio of tree height to stem height and lower crown 
diameter were less attacked. In Tanguieta, the probability 
of an attack did not vary significantly with diameter, 
height, or crown size. However, the size-class distribu-
tion of those variables indicated that shorter trees were 
attacked more. Considering all three sites, we found that 
small trees with smaller crown diameters and smaller 
tree height to stem height were less attacked than those 
with tall and large crowns.
The variation in pest occurrence across the three inves-
tigated plantations may be explained by the age and the 
size class structure of the plantation. Plantations are in 
different climatic zones with different environmental 
conditions, which may also explain the difference in the 

Figure 3: Illustration of pathologies and damage to trees and their products. 
a) larvae eggs observed on the leaves of K. senegalensis in Atcherigbe. b) A 6-year-old K. senegalensis tree severely attacked in Atcherigbe planted forest. 
c) Ant-made leafy shelter on K. senegalensis. d) Mistletoe living on a K. senegalensis tree. e) Fungi and termite activities on the wood of K. senegalensis. 
f) Holes made in wood by insects. g) Woody debris chambers built up by insect larvae in the wood of K. senegalensis. h) Longhorn beetle larvae with 
its chambers on the wood on K. senegalensis. i) Termite activities inside the wood of K. senegalensis. j) Destroyed lumber from termite activities inside 
the wood of K. senegalensis

Table 3: Average value of each variable per site
Variable Atcherigbe Toffo Tanguieta

Diameter (cm) *** 11.2 ± 0.62a 52.4 ± 6.8b 61.8 ± 5.05c
Stem height (m) *** 1.96 ± 0.1a 9.72 ± 0.77b 7.8 ± 0.63c
Tree height (m) *** 5.77 ± 0.3a 15.5 ± 1.64b 17.0 ± 1.05b
Tree height / Stem height *** 3.07 ± 0.2a 1.51 ± 0.06b 2.3 ± 0.11c
Crown diameter (m) *** 3.47 ± 0.18a 9.21 ± 0.34b 12.7 ± 1.01c
Stem volume (10E-3 m3) *** 23.0 ± 2,0a 1815 ± 426b 1718 ± 309b
Stand density (trees / ha) *** 523 ± 293a 144 ± 000b 94 ± 27b
1Attack rate (%) 54.7 29.8 53.9
Stem-level loss (%) - 8.77 ± 1.22a 9.55 ± 2.90a
1Stand-level loss (%) - 2.61 ± 0.37 5.15 ± 1.56
Stand’s wood production (m3/ha) *** 12.2 ± 4.60a 262.3 ± 147.1b 161.2 ± 55.6b
1Stand’s wood production loss (m3/ha) - 6.85 ± 4.80 8.30 ± 5.38
1Economic loss (USD/ha) - 681.2 ± 559.8 825.3 ± 635.2

For each variable, the mean value ± the standard error is shown. Variables that significantly varied among plantations are followed by *** (p-value of 
the analysis of variance less than 0.001), and the Tukey HSD test was used to affect letters a, b, or c to mean values per plantation. With a variable, 
values with the same letter are not statistically different. Variables preceded by 1 are not tested for significant differences between plantations as they 
were either estimated on the field or calculated from the mean value of other variables.
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attack rates observed between plantations. Tanguieta is 
warmer and dryer than Toffo and Atcherigbe, with one 
rainy season lasting from May to October and one long 
dry season lasting from November to May. In Atcherigbe 
and Toffo, there are two rainy seasons, March through 
July, and September through November, but Atcherigbe 
is warmer and dryer than Toffo because of the proximity 
of the latter to the sea (Adomou, 2005; Neuenschwander 
et al., 2011). These differences may explain the greater 
degree of pest damage in Tanguieta. Pest occurrence is 
common in warm, dry conditions when insect-breeding 
vegetal debris is available (Phillips, 2002). The risk of an 

infestation can be magnified by periodic drought con-
ditions (Stone et al. 2012), which are more frequently 
observed in Tanguieta and Atcherigbe than in Toffo. 
Pests might also be more sensitive to humidity (Morgan, 
1989; Bassett et al., 2011), which varies among the three 
sites. Investigating more than one plantation per climatic 
zone would have been more helpful in concluding on 
the influence of environmental factors on pest attacks 
in plantations. Still, because trees were observed rather 
than the plantations in our study, it is relevant to consider 
the ecological differences in explaining the pest attacks 
in Khaya senegalensis.

Figure 4: Dependence of trunk deformation on attack status. The chi-square test of independence was used to understand if 
attacks significantly affected the shape of the trunk at both the single and all-site levels. Attack status here does not consider the 

pest guild that caused the damage at Atcherigbe (a), Toffo (b), Tanguieta (c), and the all-site level (d)

Figure 5: Size-class structures of plantations. The proportion test was used to check whether the probabilities of the attack were 
the same regardless of the classes of variables in Atcherigbe (a), Toffo (b), Tanguieta (c), and all sites (d)
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The maturity of a stand can affect infestation patterns 
due to the relative availability of breeding vegetal mate-
rial, such as wood debris for the construction of galler-
ies under the bark and phloem tissues for feeding and 
reproduction (Wood, 1982; Erbilgin et al., 2002). Pest 
occurrence in Tanguieta, Toffo, and Atcherigbe could be 
the result of a bottom-up control mechanism related to 
environmental stresses from boring and sucking insects 
(Chase et al., 2000; Maloney and Rizzo, 2002) or a top-
down control mechanism related to the composition 
and structure of a stand (Carson and Root, 2000; Long et 
al., 2003; Carson et al., 2008). In the uneven-aged stand 
with a bimodal size class distribution in Toffo (Figure 
5), canopy trees were more frequently attacked than 
understory trees. This trend was observed by Neumann 
and Morey (1984) and Neumann (1987), who found that 
insect pests attack healthier trees when the density of the 
stand is high. Insect pests may prefer more vigorous trees 
when resources are abundant. As we observed, attacked 
trees should produce new shoots to survive when being 
severely defoliated by caterpillars. However, in the even-
aged stands (Tanguieta and Atcherigbe) with a nearly 
normal-sized class distribution, the proportion test re-
vealed that the probability of an attack did not vary with 
classes of studied variables. Nonetheless, understory 
trees in Atcherigbe were more frequently infested than 
canopy trees. Erbilgin et al. (2002) reported that second-
ary pests infest dead, stressed, or unhealthy trees, which 
describes most infested trees in Atcherigbe.

Damage-related wood loss and economic impact
Interviewees’ reports revealed that lumber made from 
insect-damaged wood was less valuable (58.7 ± 9.47 
USD m-3) than damage-free wood (99.4 ± 12.1 USD 
m-3). Fifty percent reported that the price of a cubic 
meter of lumber from damage-free wood ranged from 
40 000 to 85 000 XOF (67.8–144.2 USD), while lumber 
from pest-damaged wood ranged from 20 000 to 50 000 
XOF (33.9–84.8 USD). The value of damage-free lumber 
was then reported to be about 1.7-fold higher than that 
of damaged lumber (assuming the level of damage did 
not render the lumber unusable) (Figure 6). Lumber 
prices reported by interviewees did not vary among the 
socio-professional groups. The wide range of lumber 
prices reported by interviewees can be explained by the 
inversely proportional relationship between price and 
the extent of the damage. All interviewees had the same 
opinion on pests and their economic costs. Therefore, 
the considerable variation in the reported price of a cubic 
meter of lumber per category (Figure 6) cannot statisti-
cally impute the difference in their socio-professional 
activities (the Kruskal-Wallis rank-sum test probability 
was higher than 0.05). Most interviewed farmers (70%) 
could not estimate the price of a cubic meter of damaged 
wood compared to damage-free wood, suggesting that 
they know K. senegalensis pest occurrences because they 
cohabitate with the tree in urban or agroforestry contexts 
(Orwa et al., 2009) but do not engage with commoditized 
products derived from the trees.

Figure 6: Distribution of the price of a cubic meter of lumber. The average reported price of lumber was higher
for non-attacked wood than attacked wood (Kruskal-Wallis Rank Sum test p < 0.05)
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Based on our field observation, attack rates and produc-
tion losses were higher in Tanguieta than in Toffo (Table 
3). In addition, using the current wood production and 
the reported market price of non-damaged lumber, we 
found that Tanguieta and Toffo experienced losses of ap-
proximately 825.3 ± 635.2 and 681.2 ± 559.8 USD ha-1, re-
spectively, due to pest attacks. Wood loss estimation only 
applied to mature stands where wood-destroying insects 
caused severe damage. Wood production losses were 
higher in Tanguieta because of the greater prevalence of 
wood borers. In Tanguieta and Toffo, beetle pupae were 
isolated from the inner bark of severely attacked trees. 
Bark and wood-boring beetles have already been reported 
as economically threatening pests in natural and planted 
forests (Fierke et al., 2005; Schloss et al., 2006; Yousuf et al., 
2014; Fettig, 2016; Rassati et al., 2016). Wood loss across 
two of the three study sites was significant, as was the 
proportion of lost lumber from insect-damaged wood. 
Damage from insect feeding and breeding in the phloem 
can destroy the inner bark (Neumann and Morey, 1984), 
although feeding attacks are more damaging than breed-
ing attacks (Waterhouse and Sands, 2001). As reported 
by Griffiths (2001), Nair (2001; 2007), and Sokpon and 
Ouinsavi (2002), the engineering-quality destruction in 
the wood concurred with our observations. While other 
co-variables could be involved in the trunk deformation 
mechanism, it is more likely that pest attacks predispose 
trees to trunk deformation.
The price of damaged lumber was approximately one-
seventh lower than damage-free lumber, assuming pest 
damage did not render the wood unsuitable for lumber 
processing. Our estimations confirmed the assumption 
that severe attacks by shoot borers can negatively impact 
timber value (Opuni-Frimpong et al., 2008). Significant 
economic damage was associated with wood-borer 
pests, but Griffiths (2001) previously reported substan-
tial economic damage caused by shoot-borer problems. 
Shoot boring and defoliation predispose trees to trunk 
deformation because the causal agents operate from the 
top of the tree (Sokpon and Ouinsavi, 2002), leading to 
bifurcation (Floyd, 2001; Nair, 2001; Sokpon and Ouin-
savi, 2002; 2004). Nevertheless, trees can still produce 
high-quality wood without wood-borer pests. While the 
impacts of bifurcation on wood quality are less severe 
than those from wood boring, they may cause severe 
economic losses if occurring at a low stem height. Our 
economic assessment depended on the current wood 
volume in the stand, implying that all factors (includ-
ing time) that control the wood production might be a 
potential source of variation. Nonetheless, it provided a 
relative estimate of the pest-related loss in plantations of 
different ages at different spatial scales.
Interviewees asked for help to alleviate the production 
and economic losses related to pests in K. senegalensis 
plantations because they have not yet found reliable 
ways to control them. In more than 23 tropical coun-
tries, chemical controls for Hypsipyla shoot borers are 
used. However, no chemical or application technology 
provides reliable, cost-effective, and environmentally 

sound protection against any high-value Meliaceae tree 
species for the period required to produce a marketable 
stem (Wylie, 2001). The biology of the insects, the nature 
of their damage, the constraints imposed by the micro-
climate, and the mandatory period of protection needed 
for adequate protection are the reasons for chemical 
control failures. The challenge is enormous, and more 
efforts are required to provide plantation managers with 
efficient, sustainable pest control approaches (Sokpon 
and Ouinsavi, 2004).

CONCLUSION
We described and categorized forest pest occurrence and 
damage in stands of K. senegalensis in Benin, estimated 
wood loss along with the related economic impact, and 
discussed the biology and ecology behind the interac-
tions between the pests and the host. We found that 
pest occurrence and damage severity to K. senegalensis 
varied with the age and size class structure of the planta-
tions. Shoot borers and defoliators are destructive in a 
young plantation, while wood borers damage a mature 
plantation. These results suggest that a follow-up of the 
developmental stages of both pest and host before, dur-
ing, and after the damage will be necessary to implement 
integrated pest management and reduce the tremendous 
amount of wood loss. Long-term studies involving 
seasonal observations will provide a more detailed as-
sessment of wood destruction’s behavioral mechanism 
in K. senegalensis.
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