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Background and aims — The Shea tree (Vitellaria paradoxa), a multi-purpose species highly valued for the
oil obtained from its seeds, is commonly maintained in the semi-arid parklands in West African Sudanian
zone. However, most of the trees were reported to be infested with mistletoes — plant parasites that may
lead to death of the Shea tree and these parasites are known to be directly dispersed on their host by birds.
This study therefore aimed to assess the potential effectiveness of protected area on preventing mistletoes
proliferation on Shea tree individuals.

Methods — Infestations in two habitats: land use area (fields and fallows) and protected area of Pendjari
hunting zone were compared. Overall 54 plots of 1 ha (100 m % 100 m) with 487 and 252 individuals of
Shea tree in land use and protected area respectively were investigated. ANOVA was used to compare
Shea tree infestation rate and infestation degree (with regard to diameter and height of infested Shea tree).
Principal Component Analysis (PCA) was performed to correlate the habitats with infestation degree.
Key results — The results showed that about 80% of Shea tree individuals were infested in the land use
area, this rate was significantly higher than the one of 27.3% observed in the protected area. Overall,
heavily infested Shea trees had significantly larger trunks and heights, mainly in land use areas. The land
use area was shown to be correlated with high and very high Shea tree infestation degrees while the others
infestations degrees (very weak, weak and moderate) were correlated with both areas.

Conclusions — Shea trees growing in protected areas are better protected against mistletoe plant parasites

than those on cultivated land. Various hypotheses to explain this result are discussed.
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INTRODUCTION

The Shea tree (Vitellaria paradoxa C.F.Gaertn., Sapotaceae)
is endemic to the Sudanian Region (White 1983) and a char-
acteristic species of the woody flora in the wooded savannas
of Africa (Hall et al. 1996). It has, over the last decades, be-
come a widely valued species. The tree has tremendous eco-
nomic importance in particular as a source of income in semi
arid areas in Western Africa (Teklehaimanot 2004). The fruits
have been shown to have high nutritional value for African
rural people, when food stores run low (Maranz et al. 2004).
The butter extracted from the kernel is a valued product (Hall
et al. 1996) and constitutes the most important source of veg-
etable fat for food commodity and income (Agbahungba &
Depommier 1989, Boffa 2000, Lamien et al. 2006). There-
fore, its conservation mostly in situ has become necessary
and is of interest for several researches.

The species is the most dominant tree in West African
agroforestry parklands (Boffa 2000, Lovett & Haq 2000) and
is seldom planted. The agroforestry parkland system is built

on selection of desirable trees and includes not only preferred
species, but also preferred individuals within species (Ma-
ranz & Wiesman 2003). These parklands are closely associ-
ated with indigenous farming activity (Neumann et al. 1998,
Boffa 1999) and in some cases, a different tree species may
occur in adjacent areas (e.g. protected forests) with similar
soil types and rainfall regimes (Aubréville 1939, Maranz &
Wiesman 2003). Even if there is some reduction of its popu-
lation in agroforestry parklands compared to forest’s popula-
tion (Kelly et al. 2004, Djossa et al. 2008) (due to the vegeta-
tion clearing for agricultural activities), this species seems to
be a good colonizer with potential vegetative propagation in
the savannas (Nikiema 2005, Yidana 1994). However, dur-
ing the past decades, parklands have continually suffered se-
vere damage through drought, as well as mistletoes, insects
and fungi infestations (Boffa 1999, Boussim 2002). Specifi-
cally, in parklands, Shea trees are threatened by pests such
as plant parasites from the Loranthaceae family (Sallé et al.
1991, Boussim et al. 1993). These authors pointed out that
95% of the Shea trees in parkland in Burkina Faso and Mali
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were infested with three species of mistletoe parasites which
were Agelanthus dodoneifolius (DC.) Polh. & Wiens, Tapi-
nanthus globiferus (A.Rich.) Van Tieghem and 7. Ophiodes
(Sprague) Danser. Among them, 4. dodoneifolius is the most
frequent parasite and V. paradoxa (Shea tree) is the major
parasitized host (Boussim et al. 1993, Boussim 2002). Re-
ferring to reports on mistletoes species, the effects on their
hosts include generally the reductions in growth vigour, fruit-
ing and seed production (Mathiasen et al. 2008) and death of
the whole host tree under drought conditions (Boffa 1999,
Boussim et al. 2004). Consequently mistletoes must mean a
drain of Shea tree resource. Knowing the physiological be-
haviour of mistletoes on their host plants, it was obvious that
mistletoes parasites induced nutrients and water deficiency to
Shea tree hosts (Lamien et al. 2006). In addition, mistletoes
are stem parasites that occur worldwide and are dispersed by
birds (Wenny 2001, Mathiasen et al. 2008). Boussim et al.
(1993) reported in particular that the mistletoes of Shea tree
are mainly dispersed by yellow fronted barbet bird (Pogoniu-
lus chrysonocus). Generally, birds swallow mistletoe fruits
whole and ingest the seed and viscin (Reid 1991, Watson
2004, Mathiasen et al. 2008). Once the bird has eaten the
seed, it is either regurgitated or defecated, but the seed is still
covered with some of its viscin coat, which allows it to ad-

here to potential hosts (Mathiasen et al. 2008). Also prevent-
ing mistletoes from invading Shea trees (for example through
conservation in situ of Shea tree individuals, in protected
area) will help to preserve the Shea tree gene flow.

While the magnitude of the current mistletoe infestation
of Shea tree has received some attention in previous studies
(Boussim et al. 1993, Odebiyi et al. 2004), further investiga-
tions on the ecological factors that facilitate the large prolif-
eration of these parasites are needed and are seldom assessed.
This will allow developing parklands management strategies
and protecting effectively Shea tree against mistletoes. More-
over protected areas are recognized as the most important
core for in situ conservation (Chape et al. 2005) and some
studies (Bruner et al. 2001, Rice & Bruner 1999, Nelson &
Chomitz 2009) have shown their effectiveness for tropical
biodiversity conservation. With that respect, it is expected
from protected areas, low Shea tree infestation by mistletoes.
Therefore the current study was then conducted to test the
two following hypotheses: (1) The protected area is effective
as a barrier against Shea tree infestation by mistletoes; (2)
large Shea trees are more susceptible to infestation by mis-
tletoes.
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Figure 1 — Study area: A, Benin in Africa; B, Pendjari Biosphere Reserve in Benin; C, the position of investigated transects.
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METHODS

Study area

The study was carried out in two habitats: the Pendjari Bio-
sphere Reserve and its adjacent surrounding land use areas
(fig. 1C). The reserve covers 4666.4 km? and is composed
of Pendjari National Park (2660.4 km?), Pendjari hunting
zone (1750 km?) and Konkombri hunting zone (251 km?). It
is located in the Sudanian zone of northern Benin (10°40°—
11°28N and 0°57°—2°10’E) in West Africa (fig. 1A & B). The
Pendjari Biosphere Reserve is part of the largest West Afri-
can ecosystem of Protected Areas, named WAPO and was de-
clared a Game Reserve in 1954, upgraded to a National Park
in 1961, and instituted as a Biosphere Reserve in 1986 (PAG2
2005). The climate is tropical with an average annual, uni-
modal rainfall of 1100 mm. The monthly mean temperature
ranges from 19 to 34°C. The annual potential evapotranspira-
tion is about 1500 mm. The monthly mean values of relative
moisture range from 25 to 85%. The rainy season starts in
April or May, followed by a dry season from November to
March (Sinsin et al. 2002). The main soil type occurring in
the Pendjari Biosphere Reserve is tropical ferruginous soil
(Adomou 2005).

The reserve is divided into three areas (the core and the
two hunting areas) where timber logging and agricultural ac-
tivities are prohibited. The surrounding land use area (fig. 1C)

is dominated by agroforestry parklands composed of agricul-
tural fields and fallows. In this area the agricultural activities
are intensive. This landscape is characterized by the presence
of mistletoes-infested Shea trees (fig. 2).

Sampling and measurement

Protected area of Pendjari hunting zone and its adjacent land
use areas (i.e. fields and fallows), were investigated along
transects (fig. 1B).The transects have been used to establish
the plots of both areas in similar environment. Six replicate
transects were installed from the land use area to protected
area zone. On each transect, 1 ha plots (100 m x 100 m) were
established. A total of 33 and 21 plots were established in
the land use area and in the protected area, respectively. The
inequality of investigated plots number between areas was
due to the inequality of the width of land use area around the
protected area. Shea trees were inventoried in each plot (table
1). All infested Shea trees were measured for dbh (diameter
at breast height) and for height. The number of infestation
points was recorded for each infested Shea tree individual.

Data analysis

The infestation rate (IR) was computed for each plot as
follows:

Table 1 — Number of plots established by replicate and by habitat, n = number of inventoried Shea tree individuals (infested or not).

Replicates 1 2 3 4 5 6 Total
Land use area 5(m=062) 7 (m=101) 7 (n=134) 5 (n=54) 3 (m=33) 6 (n=103) 33 (n=487)
Protected area 3 (n=48) 2 (n=45) 3 (n=30) 5 (n=45) 5(m=37) 3 (n=47) 21 (n=252)

Total 8 (n=110) 9 (n=146) 10 (n=164) 10 (n=99) 8 (n=70) 9 (n=150) 54 (n=1739)

Figure 2 — A, view of agroforestry parklands around the Biosphere Reserve of Pendjari; B, a Shea tree branch with a mistletoe species.
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_ I
IR = N X100
with n_and N respectively representing the number of infest-
ed individuals and the total number of individuals Shea trees
in the plot.

Logarithmic transformation of the infestation rate was
performed to meet the normality of data and the distribu-
tion of data was tested to check it. Data were analysed us-
ing ANOVA according to the General Linear Model (GLM)
with two crossed factors (habitat and replicate) in Minitab 14.
This crossing factor allows us to test the difference between
habitats (protected and land use area) and eventual difference
between replicates.

The degree of infestation of each Shea tree individual was
evaluated. Considering previous categorizations of mistletoe
infestations (Bousim et al. 1993, Odebiyi et al. 2004), five
levels of infestation degree were defined as follows:

D,: very weak infestation (1-5 points of infestation on a
tree)

D,: weak infestation (6-10 points of infestation on a tree)
D,: moderate infestation (11-15 points of infestation on
a tree)

D,: high infestation (16-20 points of infestation on a tree)
D.: very high infestation (more than twenty points of in-

festation on a tree).

We compared infestation degree with regard to diameter
and height using simple ANOVA. The percentage (P, %) of
shea trees individuals belonging to each infestation degree
was calculated for each plot as:

_d
P= N
with d, the number of infested Shea tree individuals belong-
ing to the infestation degree i and N overall number of Shea
tree individuals in the plot.

A matrix (plot x infestation degree) containing the values
of P was obtained. A Principal Component Analysis (PCA)
was performed on this matrix to correlate the habitat variable
with the infestation degree using SAS software (SAS Inc.
1999). Pearson correlation was calculated and tested between
infestation degree and diameter of infested Shea tree.

RESULTS

Infestation rate

The mean infestation rate by plot differed significantly be-
tween the land use area and the protected area with 80% and
27.3%, respectively (F = 25.01, p < 0.05). The difference
between replicates was not significant (F = 0.58, p > 0.05)
while the interaction between replicates and habitats was (F
=3.75, p < 0.05). The mean number of infestation point per
tree was respectively 4.75 and 14.33 in protected and in land
use areas.

The pattern of infestation degree

Figure 3 shows the pattern of infestation resulting from the
principal component analysis with 65.5% of the variance be-
ing explained by the two first axes. Table 2 showed that the
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infestation degree D, and D, were highly and positively cor-
related with axis 1 and contrasted the very weak infestation
degree (D,) that was negatively correlated with the same axis.
Weak and moderate infestation degree (D, and D,) were sig-
nificantly and positively correlated with axis 2. Taking into
account these results, as well as the figure 3 that showed the
projection of habitat variable on the two axes, we concluded
that the land use areas were correlated with high and very
high infestation degrees (D, and D,), while the others infesta-
tion degrees were correlated with both areas.

Figure 4 presented the variation in percentage of Shea
tree individuals with regard to infestation degree. It revealed
that in protected area, there were fewer Shea tree individuals
showing a high infestation degree than in land use area.

The structure of dbh (diameter at breast height)
and height of infested Shea tree with regard to area

The structure of the dbh data showed highly significant dif-
ferences between the infestation degrees (F =21.44, p <0.05)
in land use area. Figure 5 presents the mean values and the
standard error of dbh for each infestation degree and also
showed that trees with a heavy infestation had significantly
larger trunks. Similar results had been found in the protect-
ed area where the degree of infestation significantly differs
among trees (F = 3.37, p < 0.05). The mean dbh of infested
Shea tree was 19.1 cm and 24.01 cm while the minimum in-
festation dbh was 7.96 cm and 9.55 cm respectively in pro-
tected and in land use area. The Pearson correlation coeffi-
cient between number of infestation point and dbh exhibited
a value of r=0.55, P<0.001 in land use area and r = 0.42, P
< 0.05 in protected area.

Regarding the height (fig. 6), a highly significant differ-
ence occurred among the infestation degree in land use area
(F = 27.80, p < 0.05), while no significant difference was
found in the protected area (F = 3. 32, p < 0.05). The mean
height of infested Shea tree was 7.42 m and 7.31 m and the
minimum infestation height, 3.82 m and 3.66 m respectively
in protected and land use areas.

DISCUSSION AND CONCLUSION

Land use and infestation of Shea trees by mistletoe

The infestation rate (80%) found in the peripheral agrofor-
estry parklands of the protected area is close to the ones ob-
served in similar areas in Nigeria (81%; Odebiyi et al. 2004)

Table 2 — Correlation between linked infestation degree and
Principal Component Analysis axes.

Infestation Axis 1 Axis 2
degree
D, -0.62 0.60
D, -0.01 0.79
D, 0.25 0.63
D, 0.83 0.12
D, 0.83 0.15
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and in Burkina Faso (94.9%; Boussim et al. 1993). However,
in this study lower values were obtained in the protected area.
This significant difference implies that anthropogenic pres-
sures may facilitate the infestation of Shea trees by mistle-
toes. Indeed, largest Shea tree individuals occurred in land use
area throughout West Africa (Lovett & Haq 2000, Kelly et al.
2004, Djossa et al. 2008), due to agricultural activities such
as plough, reduction of tree density, crop fertilisation, weed-
ing (Lamien et al. 2004, Okullo et al. 2004, Kelly et al. 2007)
and also due to the reduction of bush fire (Lamien 2001). This
situation combined with the fact that the number of infesta-
tion points was highly and significantly correlated to the size
of the trunk may explain the high infestation rate in land use
area. The study also showed that the highest infestation de-

grees occurred exclusively in land use area. This would be
linked to the correlation between Shea tree size and number
of infestation points. The lower mistletoes infestation rate
of Shea tree in protected area compared to its adjacent agro-
forstry parklands, is similar to the one observed elsewhere
(Green et al. 2009). Indeed, these latter authors found dif-
ference in infection level in ephemeral river valleys (Wadis)
in Israel. Wadis with high mistletoe infection were adjacent
to those containing no infections. This was explained by the
flight behaviour of the main bird disperser, which does not
typically move among Wadis (Green et al. 2009). Therefore,
future investigations should be required on behaviour of the
main bird disperser of mistletoe on Shea tree.
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Figure 3 — Projection of habitat variables on the two axes of Principal Component Analysis.Symbols: e land use area; o protected area.
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Figure 4 — Variation in percentage of Shea tree individuals belonging
to infestation degrees by habitat.
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Infestation degree with regard to host size

We found in this study that Shea trees with high degrees of in-
festation had larger trunks in both land use and protected are-
as although it was emphasized in land use area. This could in-
dicate that larger trees are older trees and thus, that mistletoes
had more time to grow on it and induced several infestation
points. Similar result had been observed in Israel (Ward et al.
2006) with Ziziphus spina-christi (Rhamnaceae) infested by
the mistletoe Plicosepalus acaciae (Loranthaceae); in New
Zealand (Bannister & Strong 2001) with leostylus micran-
thus mistletoe on different host species and in Australia (Reid
& Stafford Smith 2000) with mistletoe Amyema preissii (Lo-
ranthaceae) on its host Acacia victoriae (Mimosaceae). How-
ever, the fact that the Shea tree individuals are indeed older
in land use area than in the protected area has not been docu-
mented yet. What process could explain the high infestation
rate of Shea trees observed in land use area, compared to the
lower infestation rate observed in protected area?

Ecological factors explaining the higher infestation rates
of shea trees by mistletoes in land use area compared to
protected area

Several factors are able to induce high infestation rate in land
use area. The high infestation rate of Shea trees can be the re-
sult of active distribution of mistletoes seeds by its main dis-
perser. Boussim et al. (1993) indicated that the yellow fronted
barbet (Pogoniulus chrysonocus) was the main direct seed
disperser among the four bird species observed on mistletoes
fruiting. This species seems to be more mobile and has fearful
behaviour (Boussim et al. 1993). Mistletoes seeds could thus
be more dispersed in land use area as anthropogenic activities
create a noisy environment in land use area, a fact that would
induce rapid movement of this bird among trees because of
its fearful behaviour. Moreover, the invasion of Shea tree by
mistletoes in land use area might also be related to the bird
association with human settlements (but not proved yet) as
reported by Rodl & Ward (2002) regarding the yellow-vented
bulbul bird (Pycnonotus xanthopygos), disperser of Plicose-
palus acaciae mistletoes. Thus, we can assume that the main
bird disperser of mistletoes on Shea tree would be abundant in
land use area. Martinez del Rio et al. (1996) showed that seed
transmission of Tristerix aphyllus on Eulychnia acida and
Echinopsis skottsbergii host increased when its bird disperser
(Mimus thenca) was abundant. The directed seed dispersal of
mistletoes on Shea tree host in land use area comparatively
to protected area and the relationship between the main bird
disperser and human settlements can be investigated in the
future for a better understanding of Shea tree infestation rate.

The relationship between the host condition and its para-
site might affect also the infestation rate. Particularly, favour-
able conditions might be provided for the mistletoe’s settle-
ment in the land use area. Mistletoes are most robust on the
most vigorous host trees (Bickford et al. 2005, Mathiasen et
al. 2008, Glatzel & Geils 2009). By nutritional relationship,
Loranthaceae species tap the host’s phloem for carbon and
inorganic nutrients (Bowie & Ward 2004) and the concentra-
tion of nutrients in the mistletoes depends on the one of its
host (Glatzel & Geils 2009). Moreover, agricultural practices
positively influence Shea tree condition and consequently its
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development with higher level of flowering and production
occurring on farmland (Kelly et al. 2007, Lamien et al. 2004,
Djossa et al. 2008). As the parasites grow better in land un-
der cultivation, more seeds are being scattered, which might
explain the high mistletoe infestation rate in land use area.

The relatively low level of infestation rate of Shea trees in
protected area could also be linked to the higher diversity of
host tree species in this area. Mistletoes also parasitize other
tree species and in land use area, agricultural activities reduce
significantly the diversity of host trees. Consequently, the in-
festation rate might be reduced on Shea tree in the protected
area as other tree species are parasitized. This also means that
lower tree diversity in farmed land increases the probability
that a bird visits a Shea tree after visiting a tree from the same
species, which increases the infestation rate of Shea tree.
Also, with low tree diversity, birds can have a diet focussed
on hemiparasite, increasing therefore its propagation. In the
context of lower tree diversity, it would be necessary to test in
the future whether larger tree diversity in parklands is related
to overall lower infestation rates.

In conclusion, data from this study indicate clearly that
protected area have reduced infestation levels of Shea tree by
mistletoes in comparison with nearby land use area. Because
of climate change (a factor that contributes to increase aridi-
ty), the infested Shea tree could be more vulnerable due to the
combined parasitic and drought effects on the trees (Bousim
et al. 2004). Protected area have proven to play an efficient
role in tropical biodiversity conservation (Bruner et al. 2001).
Therefore, the present study highlights its potential for con-
serving a more viable Shea tree population, less infected by
mistletoes.
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