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Abstract—One of the socio-economically important West African parkland trees, Parkia biglobosa yields pods 
consumed by people and animals. Being animal-pollinated, it is unknown how climate change will affect the species 
if the guild of pollinators changes. Here, we compare the pollinator guilds and the pod production at two 
climatically different study sites: the first site, Tiba was drier with lower tree density and fewer fruit bats, whereas 
the second site, Pinyiri was more humid, with higher tree density and more fruit bats. We carried out a pollinator 
exclusion trial with bags separating the flower-visitors and made observations of the flower-visitors. Furthermore, we 
calculated pollination distances based on paternity analysis of the seeds produced within the trial. The numbers of 
immature fruits were similar for the sites, but the drier site, Tiba experienced more abortion and decreased pod set. 
At both sites, exclusion of bats led to marginally reduced pod set, while exclusion of bats and honey bees led to 
significantly reduced pod set. We found a small effect of stingless bees and solitary bees but only at the more humid 
site, Pinyiri. Tiba experienced a higher level of self-pollination, fewer pollen donors per tree, and longer median 
distances of pollen flow, compared with Pinyiri. Implications of the results for management of the species and its 
pollinators in the face of climate change are discussed.  
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INTRODUCTION 

Animal pollination is a requirement for successful fruit 
set for more than 90% of the flowering species in the tropics 
(Ollerton et al. 2011), but both the species richness (Patiny 
et al. 2009) and composition of pollinator guilds (Franzén & 
Öckinger 2012) may be influenced by climate change 
through several mechanisms. The local presence of animal 
pollinators is affected by many environmental factors 
including temperature and annual precipitation (Fryxell 
1957), which impact the quantity and quality of food and 
nesting places (Kearns et al. 1998). Furthermore, 
mismatching of periods of flowering and pollinator activity 
may occur (Parmesan 2007; Petanidou et al. 2014). Climatic 
changes are therefore expected to have consequences for the 
interactions between plants and pollinators (Abrol 2012; 
Settele et al. 2014), although different species of pollinators 
can be differentially affected. For instance, bats, honey bees 
(Apis mellifera ssp.) and some species of sunbirds are known 
to migrate when resources become scarce (Hepburn & 
Radloff 1998; Cheke et al. 2001; Monadjem et al. 2010), 
whereas e.g. stingless bees do not migrate (Roubik 2006). 
The yield of animal-pollinated plants may thus depend on 
whether important pollinating species can be substituted, e.g. 
honey bees for bats or stingless bees for honey bees.  

In the present study we investigated if denied access of 
different types of animal pollinators led to reduced fruit set 
of an important fruit tree, the West African Sudano-Sahelian 
parkland tree Parkia biglobosa (Jacq.) R. Br. ex G. Don 
(English: African locust bean, French: néré). Specifically, we 
assessed the role of honey bees, because abundance of these 
pollinators can be increased by beekeeping and P. biglobosa 
is an important honey bee forage tree in the savannah 
(Dukku 2010). 

Burkina Faso, where the present study took place, has a 
strong north-south increasing rainfall gradient, which divides 
the country into three climatic zones with different 
vegetation. From 1950 until the mid-1980s rainfall declined 
steeply but recovered in the 1990s and stabilised at a level 
15% lower than that of 1920-1969. Since 1975, air 
temperatures have increased about 0.6°C through most of 
Burkina Faso (Funk et al. 2012), and this trend is projected 
to persist or even increase depending on the future 
concentration of greenhouse gasses in the atmosphere (Niang 
et al. 2014). Climate models are very uncertain regarding 
predictions for the future annual rainfall (Ibrahim et al. 
2014). In connection with the declining rainfall, the 
composition of vegetation has changed in recent decades 
with xeric species replacing mesic species (Maranz 2009; 
Gonzalez et al. 2012). Although not documented, these 
changes may also impact pollination interactions of mesic 
species, including the legume P. biglobosa (Boffa 1999). 
Presently, the northern limit of the distribution of P. 
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biglobosa is in the Sudano-Sahelian climatic zone, and 
increased drought is therefore likely to move the border of 
the distribution further south (Ouedraogo et al. 2012).  

Parkia biglobosa is animal-pollinated. The flowers yield 
nectar and pollen during night, and are pollinated by bats 
(Harris & Baker 1959; Hopkins 1983) in the period from 
dusk till dawn, after which several species of bees takes over 
in the early morning (Ouédraogo 1995; Lassen et al. 2012). 
Six species of frugivorous bats (Pteropodidae) are known 
from Burkina Faso (Kangoyé et al. 2012) and three of them 
are known to visit the flowers of P. biglobosa (Hopkins 
1983). However, in the drier part of the distribution area of 
P. biglobosa in Burkina Faso, bats are rare, and different 
species of bees are expected to be the main pollinators 
(Ouédraogo 1995). It is likely that the widespread 
beekeeping activities in Burkina Faso (Schweitzer et al. 
2013) act as a pollination buffer against the negative effects 
of low abundance of bats at the drier areas, especially if the 
bees are given access to water in order to limit their seasonal 
migration (B. Svensson 2014, pers. comm.). Generally, honey 
bees are believed to have smaller flight ranges than bats 
(Linhart 1995). Thus, pollination by honey bees may 
decrease distances of pollen transportation and hence limit 
gene flow across a fragmented landscape, relative to bat-
pollination. Geitonogamous pollination is possible and any 
shift in pollinators that results in more selfing may reduce 
pod production because P. biglobosa is mainly outcrossing 
(Ouédraogo 1995; Sina 2006) and assumed to possess a 
partial self-incompatibility system (Sina 2006).  

On the above background, the overall objective of the 
present study was to evaluate if pollinators can be substituted 
by others, when assessed by pod set in two different climatic 
zones in Burkina Faso. One study site, near the northern 
distribution limit of P. biglobosa, was characterised by a dry 
climate while the other site was characterised by higher 
precipitation and located within the core of the natural 
distribution area of P. biglobosa. More specifically, we 
studied: 1) differences between the sites in flower-visitors 
and pod yield, 2) the effect of excluding different pollinator 
types on yield and pollination distances, and 3) pod yield in 
relation to distances to bee hives. Based on the results, we 
have discussed the potential management of pollinators of P. 
biglobosa in a drier environment. 

MATERIALS AND METHODS 

Plant species 

Parkia biglobosa is a medium sized leguminous tree 
widespread in the savannah woodlands in a belt from Senegal 
to Uganda (Hopkins & White 1984). It is limited by 500-
700 mm rainfall but prospers with up to 1,200 mm annual 
precipitation (Haq 2008). In Burkina Faso, flowering takes 
place in the dry season between January and May. The bright 
red, tiny flowers are closely packed in capitula (with around 
2,000 flowers), borne on long peduncles. Close to the 
peduncle are about 85 staminodial flowers, and below are 
around 250 sterile flowers that produce nectar, which 
accumulates in a nectar ring (Hopkins 1983). Each 

capitulum flowers only for one night (Hopkins 1983; 
Ouédraogo 1995), and is here treated as a single unit.  

The hermaphroditic flower consists of a bract, calyx, 
corolla, ten stamens, and an ovary of one carpel ending in a 
style with a cup-shaped stigma. Parkia biglobosa is generally 
protandrous and pollen is shed in the evening in polyads of 
around 32 pollen grains (Nombré, 2003; pers. obs.). The 
styles elongate during the night of flowering, but in some 
flowers the styles do not elongate and these flowers are thus 
functionally male. A pilot trial with controlled cross-
pollination showed that the stigmas were receptive and 
polyads fertile from at least 21:30 to 07:30 (Lassen 2016). 
An ovary contained 16-29 ovules (mean = 23, SE = 0.63, N 
= 15). At our study sites, pods matured in around two 
months, producing mostly a few pods per capitulum, and 
rarely up to 20 pods per capitulum.  

Study sites and sampled trees 

A pollinator exclusion trial of P. biglobosa was carried 
out at two sites in Burkina Faso in 2012. A relatively dry 
northern site was located at two neighbouring villages, Tiba 
and Gam (12°42'26.26"N, 1°18'2.04"W) in the Sudano-
Sahelian climatic zone with a mean annual precipitation 
(1981-2010) of 600-700 mm (Sanfo 2012), which 
henceforth will be called Tiba for convenience. Another 
more humid southern site was located at the village Pinyiri 
(syn. Kacheli) (11°14'34.89"N, 1°8'1.73"W) in the 
Sudanian climatic zone with a mean annual precipitation 
(1981-2010) of 900-1,000 mm (Sanfo 2012). The distance 
between the two sites is approximately 160 km. In 2011, the 
annual rainfall (preceding the fruiting season of P. biglobosa 
in 2012) was 566 mm for the dry site (nearest weather 
station was at Guilongou 9 km from Tiba) whereas the more 
humid site obtained 927 mm (measured at Pô, 8 km from 
Pinyiri) (Météo 2015). Mean annual temperatures (2012) 
were 29.3°C and 28.4°C for Tiba and Pinyiri, respectively 
(Météo 2015).  

The sites were 360 ha (Tiba) and 220 ha (Pinyiri), 
respectively. Tree characteristics were similar between the 
two sites (diameter, height, crown area and age), but tree 
density was higher at the more humid site, Pinyiri (1.23 
trees/ha relative to 0.26 trees/ha). Further, only around half 
of the trees flowered at the drier site, Tiba, giving a density 
of 0.14 flowering trees/ha. GPS coordinates of trees were 
recorded, leaves were sampled for DNA extraction, and 
flowering periods were recorded. A total of 93 and 271 trees 
were sampled at Tiba and Pinyiri, respectively. These 
included mother-trees, which were used for experimental 
pollination studies.  

Pollinator observations 

At both study sites, flower-visitors were observed in 
different periods between dusk and dawn, during five nights 
at Tiba (total of 11 hours) and six nights at Pinyiri (total of 
16 hours). Capitula were observed from the ground using a 
Yukon Ranger 5x42 digital night vision monocular (model 
28041VK) with a mobile recorder and a compact camera 
(Canon PowerShot S95). Insect observations were 
supplemented by video recordings, which we paused 
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regularly (every ten seconds) and counted the number of 
insects on these frames. Based on these counts we estimated 
mean visitation number per capitulum per site during early 
morning. Samples of insects were preserved in alcohol for 
later identification. Visiting bats and birds were registered, 
but it was not possible to identify the species. At both study 
sites, we registered the GPS coordinates of colonies of the 
most abundant flower-visitors, namely, bats and honey bees 
(both hived and feral honey bees).  

Pollinator exclusion trial 

Flower-visitors were separated according to their size by 
bags with different mesh size. Four treatments were applied 
with means of 18 and 20 replicates of each treatment on 
each tree, respectively for Tiba (12 trees) and Pinyiri (16 
trees). All treatments were distributed randomly in the tree 
crown but applied only to the most apical capitulum (bud) 
on the compound inflorescences (consisting of many 
capitula), since these have the greatest chance of developing 
into hermaphroditic capitula (Lassen 2016). The treatments 
consisted of an open treatment, T0, where capitula were 
accessible to all visitors, two semi-open treatments, T1, 
where capitula were protected by a bag of chicken wire with 
ca. 10 mm × 10 mm holes, excluding bats and birds, and 
T2, where the capitula were protected by bags of mosquito 
netting with ca. 1.8 mm × 2.0 mm holes, only accessible to 
small bees and ants. Furthermore, a closed treatment, T3, 
excluded all potential visitors by bags of cheesecloth with ca. 

200 μm × 350 μm holes. The bags in treatments T2 and 
T3 were kept in shape by an inner band of chicken wire, in 
order to keep the fabric from touching the flowers and the 
flower-visitors from reaching the flowers from the outside of 
the bags.  

Trees were tended on a daily basis during the 
experiment, and abscised capitula were collected and 
examined for sex (hermaphroditic or functionally male) and 
signs of pods, pests, and diseases. Based on earlier results 
(Lassen 2016), we considered a capitulum as functionally 
male if the lengths of the anthers in the dissected flowers 
were more than 5 mm longer than the lengths of the 
corresponding stigmas.  

 The bags were removed around one week after 
flowering, and the number of developing pods was counted. 
At maturity we harvested the complete infructescenses from 
the trees. The pods were weighted and length measured 
excluding the pedicel. Two pods per receptacle (one if 
single) were randomly chosen and the number of healthy 
seeds, aborted seeds, and seeds consumed by birds (creating 
shallow holes on one side of the pods) were assessed. A seed 
was registered as aborted when the weight was below 0.05 g 
and/or the shape was flat.  

DNA extraction and genotyping 

We extracted genomic DNA from dried leaf samples of 
mother-trees (i.e. providers of pods for the study, N = 12 
and 16 for Tiba and Pinyiri, respectively), potential pollen 
donors (N = 81 and 255 respectively), and from a sub-
sample of seeds from the randomly chosen pods from the 
exclusion trial (N = 61 and 498 from Tiba and Pinyiri, 

respectively). Only one seed per pod was selected as we had 
previously found that all seeds per pod were sired by a single 
pollen donor (Lassen et al. 2014). The raw de-shelled seeds 
were utilised without prior germination. For the extraction, 
we used the DNeasy 96 Plant Kit (QIAGEN, 
Hombrechtikon, Switzerland) following the manufacturer’s 
protocol.  

The extracted DNA samples were genotyped using ten 
microsatellite markers developed for P. biglobosa (Lassen et 
al. 2014), and divided into three primer mixes (Mix 1: 
PbL03, PbL04, PbL15. Mix 2: PbL09, PbL11, PbL21. Mix 
3: PbL02, PbL05, PbL12, PbL22). PCR reactions were 

done with Qiagen Multiplex PCR Kit in 10 μl reactions 

including 1 μl of extracted DNA. PCR conditions, fragment 
separation and genotype scoring followed Lassen et al. 
(2014).  

Paternity analysis 

Paternity analysis was performed on seeds from the 
exclusion trial treatments with Cervus v3.0.3 (Kalinowski et 
al. 2007), where we assigned the most likely father-trees to 
offspring given the known genotype of the mother-tree. 
Only individuals with a minimum of eight scored loci were 
included in the analysis. Selfing was allowed in the model. 
The critical values for assignment with 95% confidence were 
estimated by 100,000 simulations assuming a genotyping 
error-rate of 0.01 and sampling of 75% of the potential 
pollen donors. Only trees assigned with confidence level of 
95%, positive trio (mother-father-offspring) LOD scores, 
and a maximum of two mismatching loci were accepted as 
fathers.  

For each assigned paternity, the pollen transfer distance 
was calculated as the distance between the known mother-
tree and the assigned father-tree based on their GPS 
coordinates.  

For the adult trees at the two study sites, we tested 
deviations from expected genotype frequencies under Hardy-
Weinberg equilibrium using Genepop v4.3 (Rousset 2008). 
The level of genetic differentiation between the two sites was 
estimated using AMOVA (Analysis of Molecular Variance) 
(Excoffier et al. 1992) as implemented in GenAlEx v6.501 
(Peakall & Smouse 2006; Peakall & Smouse 2012) including 
test of significance based on 999 permutations. 

Statistical analyses 

For numerical variables (Yijk), the average value was 
calculated per tree and treatment excluding non-flowering 
trees. The differences between treatments, trees or sites were 
tested based on a general linear model as implemented in the 
GLM procedure in the SAS software v.9.4 (SAS Institute 
2011) corresponding to the model: 

Yijk = Treatmenti + Sitej + Treek(Sitej) + Ɛijk 

, where Yijk is the response variable, treatment i = (T0, 
T1, T2, T3), site j = (1, 2) and tree k = (1 - 28). 
Treatmenti and sitej were considered fixed effects while 

Treek(Sitej) was considered a random effect with residual Ɛijk 

assumed independent and N(0,σe
2). The model assumptions 
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were assessed and accepted by visual inspection of the 
residuals.  

For T0 data (open-pollinated flowers) and T1 data 
(vertebrate excluded flowers), the relationship between 
fecundity variables (immature and mature fruits) and number 
of bee colonies within a certain range of each tree were 
analysed. We tested this for number of colonies within 9 
different distances from the studied trees; d = 200, 300, 
400, 500, 600, 700, 800, 900, and 1,000 m. The 
significance levels were sequential Bonferroni corrected with 
table-wide N = 18 (9 distance classes at each of the two 
sites).  

RESULTS 

Pollinator observations 

The first animals visiting capitula with accessible pollen 
were nocturnal animals, such as bats and moths. During the 
first hour after sunrise we observed mainly honey bees, 
different species of smaller bees, and birds. 

At Tiba, we observed two small colonies of bats of about 
ten individuals each. At Pinyiri we registered two small 
colonies of around five and fifteen individuals and a large 
colony of about 500 individuals. However, bats from 
roosting sites outside the study sites may also visit the trees 
during the night. At both sites, we observed bats visiting P. 
biglobosa capitula in the period from ca. 20:00 until ca. 
06:00. At Tiba, bats were observed visiting P. biglobosa in 
three out of five nights and at Pinyiri in four nights out of 
six. Around 45 min of video recordings at Tiba captured no 
bats visiting the capitula, and only 5 bats were recorded 
under the crowns of P. biglobosa. In comparison, about one 
hour video recordings at Pinyiri showed three bats at the 
capitula and 53 bats under the crowns. The bats moved 
quickly and silently, and visitation rates of bats were difficult 
to assess. Nevertheless, we observed more bats visiting 
capitula of P. biglobosa at the more humid site, Pinyiri, and 
they also stayed longer in the trees, compared to Tiba.  

Honey bees were common visitors of P. biglobosa. At 
the study sites, the honey bees belong to the species Apis 
mellifera jemenitica Ruttner (Apidae, tribe Apini) (Al-
Ghamdi et al. 2013). We registered 69 colonies of honey 
bees at Tiba and 65 colonies at Pinyiri. However, at the drier 
site, Tiba, the area was larger and the population of 
flowering P. biglobosa trees was smaller compared with the 
more humid site, Pinyiri. A few honey bee colonies were feral 
(without hive) while the majority were managed by 
beekeepers. The honey bees arrived at P. biglobosa around 
dawn. The number of visiting honey bees peaked around 15 
minutes after the first honey bee had arrived (with up to 24 
honey bees simultaneously on one side of a capitulum), and 
after another 15 minutes only very few honey bees remained. 
Despite the differences between sites, the mean visitation 
numbers were very similar with 1.9 honey bees per capitulum 
(SD = 1.64, N = 137 counts) at Tiba compared with 1.6 
honey bees per capitulum (SD = 1.66, N = 101 counts) at 
Pinyiri during the early morning.  

We observed two species of stingless bees (Apidae, tribe 
Meliponini) at Pinyiri; Hypotrigona sp. 1 (large type) and 

Hypotrigona sp. 2 (small type), while at Tiba, only 
Hypotrigona sp. 1 was found. Additionally, one species of 
solitary bees, Compsomelissa borneri Alfken (Apidae, tribe 
Allodapini) was observed at both study sites. The small bees 
generally arrived after the peak of honey bees but stayed 
longer and peaked in numbers around one hour after the 
honey bees had left. Up to 15 small bees were observed 
collecting pollen simultaneously on one side of a capitulum. 
The mean visitation number was 1.1 small bees per 
capitulum (SD = 0.55, N = 14 counts) at Tiba and 6.5 
small bees per capitulum (SD = 3.16, N = 85 counts) at 
Pinyiri. However, at both study sites we observed large 
differences among trees in numbers of small bees visiting the 
capitula.  

Several species of moths were observed. During the 
already mentioned video recordings, we counted a total of 17 
moths visiting capitula at Tiba, whereas only 1 moth was 
observed at a capitulum at Pinyiri.  

Other occasional visitors observed were: eight species of 
beetles, four species of flies, three species of ants, one 
dragonfly, one true bug, two spiders, in addition to a few 
sunbirds. 

Effect of pollinator exclusion on pod and seed 
production 

Three of the 12 flowering mother-trees at the drier site, 
Tiba, did not produce any pods, whereas all mother-trees at 
the more humid site, Pinyiri, produced pods. Predation by 
birds affected 6% of the pods within the trial at Pinyiri 
compared to 79% at Tiba, and one of the nine pod-
producing trees at Tiba had all its pods eaten by birds. An 
additional 14% of the harvested pods at Tiba were flat and 
with aborted seeds and no pulp.  

The average numbers of immature and mature pods per 
hermaphroditic capitulum (incl. capitula without pods) 
varied significantly among treatments and trees (Tab. 1). For 
both sites, the number of pods per capitulum in treatments 
T0 and T1 were statistically similar. For Pinyiri, we found a 
trend towards fewer pods per capitulum with smaller mesh 
size in bags for T2 and T3, whereas for Tiba, treatment T2 
and T3 resulted in the same low number (Tab. 1). The 
number of mature pods per hermaphroditic capitulum was 
significantly lower at Tiba compared to Pinyiri, in particular 
for T0, which resulted in around five times more pods being 
harvested at Pinyiri compared to Tiba (Tab. 1). 

Pod size at Tiba was not analysed because of the heavy 
predation. At Pinyiri, pod weight and pod length ranged 
from 0.4 g to 24.5 g and from 1.8 cm to 35.4 cm, 
respectively, while the number of healthy seeds per pod 
varied from 0-27. The pods from T2 were heavier and 
longer compared with T0 and T1 (Tab. 2), but T2 also had 
fewer pods per capitulum as mentioned above. The numbers 
of healthy seeds per pod followed the trend but were not 
statistically different (Tab. 2).  

Paternity analysis 

The paternity analysis assigned most of the genotyped 
seeds (each representing one pod) to a potential father-tree 
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TABLE 1. Average number of immature and mature pods per hermaphroditic capitulum (incl. capitula without pods) for Parkia biglobosa, 
and total number of pods shown per treatment and site, including F-tests and their significance levels. 

Treatment 

No. of immature pods/ 
hermaphroditic capituluma 

No. of mature pods/ 
hermaphroditic capituluma 

Total no. of mature 
pods 

Tiba Pinyiri Tiba Pinyiri  Tiba Pinyiri  

T0, open 2.52 (0.37) a 3.31 (0.22) a 1.16 (0.26) a 2.88 (0.21) a 97 579 
T1, chicken wire 1.84 (0.40) a 2.73 (0.22) a 1.16 (0.28) a 2.32 (0.21) a 107 441 
T2, mosquito net 0.02 (0.35) b 0.39 (0.22) b 0.01 (0.25) b 0.28 (0.21) b 1 56 
T3, closed 0.02 (0.35) b 0.03 (0.22) c 0.01 (0.25) b 0.01 (0.21) c 1 1 

All treatments 1.11 (0.16) 1.61 (0.13) 0.61 (0.14) 1.37 (0.11) 206 1077 

FTreatment F = 57.0 (***) 
F = 1.7 (*) 
F = 3.8 (ns) 

F = 40.8 (***) 
F = 1.7 (*) 
F = 10.6 (**) 

 
FTree(Site)  
FSite   

aValues are least squares (LS) means with the standard error (SE) of the LS estimate in brackets. Values within a column followed by 
different letters are significantly different at P < 0.05. Significance level: *** = P < 0.001, ** = P < 0.01, * = P < 0.05, and ns = P 
> 0.05. 

TABLE 2. Pod weight and length, and the number of healthy seeds per pod for Parkia biglobosa shown per treatment at Pinyiri, including F-
tests and their significance levels (excluding treatment T3 due to a single pod). 

Treatment Pod weight, g Pod length, cm Healthy seeds/pod 

T0, open 10.5 (0.53) a 19.0 (0.63) a 12.9 (0.64) a 
T1, chicken wire 11.9 (0.53) b 20.3 (0.63) a 13.6 (0.64) a 
T2, mosquito net 13.5 (0.68) c 23.0 (0.82) b 14.9 (0.83) a 
T3, closed 8.0 (2.42) - 19.7 (2.90) - 3.2 (2.92) - 

Treatments T0,T1,T2 12.0 (0.34)  20.8 (0.42) 13.8 (0.41) 

FTreatment F = 6.4 (**) F = 7.3 (**) F = 1.8 (ns) 
FTree F = 4.3 (***) F = 4.5 (***) F = 2.3 (*) 

Values are least squares (LS) means with the standard error (SE) of the LS estimate in brackets. Values within a column followed by 
different letters are significantly different at P < 0.05. Significance level: *** = P < 0.001, ** = P < 0.01, * = P < 0.05, and ns = P 
> 0.05. 

TABLE 3. Percentage of assigned pods (with number of assigned pods in brackets) for Parkia biglobosa, percentage of self-pollination (of all 
genotyped pods, including the unassigned), mean number of pollen donors per tree (incl. self-pollination), and the average distance to pollen donors 
(without selfing), shown per treatment and site. Treatments with single pods are excluded. F-tests and their significance levels are shown for number 
of pollen donors and average distance to pollen donors. 

Treatment 

Assigned pods, % 
(No. pods) 

Self-pollination, 
% 

No. of pollen donors per treea 
Average distance to pollen 

donorsa, m 

Tiba Pinb Tiba Pinb Tiba Pinb Tiba Pinb 

T0, open 70 (23) 84 (195) 21 . 2 . 1.8 (0.37) a 7.0 (0.60) a 155  (70.5) a 238 (19.1) a 
T1, chicc 96 (25) 93 (207) 23 . 4 . 2.2 (0.33) a 7.5 (0.60) a 275  (64.1) a 183 (18.9) a 
T2, mosd -   (1) 98   (41) - . 19 . -     (na) - 2.0 (0.77) b -      (na) - 173 (43.8) a 
T3, close -   (1) -     (1) - . - . -     (na) - -     (na) - -      (na) - -     (na) - 

All treat-
ments 

82 (50) 89 (444) 23 . 4 . 0.5   (0.69) 5.5    (0.36) 212  (55.8) - 198 (18.7) - 

FTreatment               F = 19.2 (***)              F = 2.0 (ns)# 
FTree(Site)               F = 2.9 (**)              F = 3.3 (***) 
FSite                F = 19.0 (***)              F = 0.1 (ns) 

aValues are least squares (LS) means with the standard error (SE) of the LS estimate in brackets. bPin means Pinyiri.  cT1, ‘chic’ is 
chicken wire. dT2, ‘mos’ is mosquito net. eT3, ‘clos’ is closed. Values within a column followed by different letters are significantly 
different at P < 0.05. Significance level: *** = P < 0.001, ** = P < 0.01, * = P < 0.05, and ns = P > 0.05. # Treatment T0 versus 
T1 is significantly different (P < 0.04) at Pinyiri, when excluding treatment T2. 
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FIGURE 1. Number of genotyped self- and cross-pollinated pods across treatments in Parkia biglobosa shown per tree and site. The points 
show the total number of dissimilar pollen donors (one father-tree counts only once) across treatments per mother-tree. 

incl. self-pollination (Tab. 3). Some flat pods contained only 
aborted seeds, but these did also yield DNA suitable for the 
paternity analysis. A father-tree was assigned to 82% of 
genotyped seeds (50 pods) for Tiba and 89% (444 pods) 
for Pinyiri (Tab. 3). The majority of unassigned pods came 
from the open (T0) treatment (10 pods from Tiba and 38 
pods from Pinyiri). At the drier site, Tiba, all unassigned 
pods had negative trio LOD scores (i.e. pollen most likely 
came from outside the study site), whereas it was 76% at the 
more humid site, Pinyiri. 

Self-pollination in T0 and T1 was significantly higher 
(X2 = 28.3; P < 0.001) at Tiba (21-23%) compared to 
Pinyiri (2-4%). At Pinyiri, 19% of the pods from T2 were 
self-pollinated (Tab. 3). Self-pollinated pods were found on 
five trees at Tiba and on ten trees at Pinyiri (Fig. 1).  

The number of different pollen donors (incl. self-
pollination) per studied mother-tree in Tiba was only 1-4 
(based on 50 assigned pods from 8 mother-trees) compared 
to 4-19 (based on 444 assigned pods from 16 mother-trees) 
at Pinyiri (Tab. 3, Fig. 1). At Tiba, 55% (= 11 capitula) of 
the capitula with two studied pods revealed more than one 
pollen donor, while the corresponding fraction was 74% (= 
164 capitula) in Pinyiri. The number of pollen donors per 
tree differed significantly among treatments, with treatments 
T0 and T1 resulting in a higher number of pollen donors 
compared to T2 where the honey bees were excluded (Tab 
3). 

Genetic diversity 

The microsatellite genotyping of the adult trees revealed 
genotypic distributions corresponding to Hardy-Weinberg 
proportions at both sites, which suggests a history of random 
mating. Only limited genetic differentiation between the two 

study sites was revealed by the AMOVA (Φst = 0.011, P < 
0.001).  

Spatial pollen dispersal at the two study sites 

The distances between the studied mother-trees and their 
nearest flowering P. biglobosa neighbour ranged from 16 m 
to 263 m (mean 98 m, SD = 65 m) at Tiba and from 10 m 

to 68 m (mean 32 m, SD = 18 m) at Pinyiri. Still, the 
average distance of realised cross-pollination per tree across 
treatments did not differ significantly between the sites (Tab. 
3). A specific comparison of treatments T0 against T1 at 
Pinyiri showed significant longer mean cross-pollen 
transport within the open treatment T0 compared to T1 at 
this site (P < 0.04).  

The median distances of pollen transport (excluding 
selfing) including all treatments were 143 m and 115 m for 
Tiba and Pinyiri, respectively. About half of the pollen 
donors were within a distance of 200 m from the mother-
trees, while approximately 20% of the donors were more 
than 300 m away (Fig. 2). Long distance pollen movement 
(> 500 m) were estimated as 6% for treatment T0 and 5% 
for T1 at Tiba, whereas at Pinyiri long distance pollination 
occurred four times more frequently for T0 (8%) compared 
to T1 (2%). However, many of the non-assigned pollen 
donors (mostly found in T0) are likely to be trees outside 
the sampled area and therefore reflect additional long 
distance pollen movements. 

The DNA documented pollination events at the two 
sites are presented in Fig. 3. At Tiba, only a small fraction of 
trees were identified to serve as pollen donors and self-
pollination was relatively frequent (Fig. 3 A). At Pinyiri, the 
pollination events involved many trees and often included 
movement of pollen across the main road that divides the 
village (Fig. 3 B). 

Distance to honey bee colonies 

The average distance from a mother-tree to the closest 
honey bee colony was 402 m (SD = 323 m) for Tiba and 
108 m (SD = 59 m) for Pinyiri. Within a radius of 1,000 m 
from a given mother-tree, Tiba had a mean of 4 colonies 
while Pinyiri had a mean of 35 colonies. However, average 
number of honey bee colonies per flowering P. biglobosa 
trees was higher at Tiba compared to Pinyiri (1.3 versus 
0.2), due to the low density of flowering P. biglobosa trees 
(Fig. 3). We found no correlation between the number of 
honey bee colonies within a given radius and the pod



28 LASSEN ET AL. J Poll Ecol 20(3) 

 

 

 

FIGURE 2. Percentages of self-pollination and distances of cross-pollen transport from donor tree to mother-tree in Parkia biglobosa divided 
on treatments and study sites (A) Tiba (drier site); (B), Pinyiri (more humid site).  

production for neither the open T0-treatment nor the 
chicken wire T1-treatment at any of the two sites. 

DISCUSSION 

In the current study, pollinator exclusion trials showed 
that pod and seed set were only slightly reduced when 
excluding vertebrates, while pod and seed set were highly 
reduced when also excluding larger insects such as honey 
bees from visiting the flowers. Genetic analysis of seeds 
revealed a higher level of selfing, fewer pollen donors per 
tree, and longer median pollen transport distances at Tiba, 
compared to the population at Pinyiri.  

Differences in flower-visitors and pod yield 
between the sites 

We found the same functional groups of flower-visitors 
at the two study sites. However, bats were more frequent 
visitors of Parkia biglobosa at the more humid site, Pinyiri, 

compared to the drier site, Tiba, while honey bee visitation 
rates were similar despite differences in tree densities 
between sites. Visitation rates by smaller bees varied among 
individual trees.  

The number of mature pods per hermaphroditic 
capitulum was significantly lower at Tiba, but the difference 
in number of immature pods per hermaphroditic capitulum 
was less noticeable and higher abortion rate rather than 
pollen limitation thus seemed to be the major factor behind 
the lower pod production per capitulum at the drier site. 
However, the higher level of self-pollination and fewer 
pollen donors per tree at Tiba compared to Pinyiri, suggest 
that poor conditions for cross-pollination played a role at 
Tiba, and might have contributed to the high abortion rate 
and therefore poor fruit set. Similar findings of low tree 
density increasing self-pollination rates have been observed in 
other studies (Franceschinelli & Bawa 2000; Eckert et al. 
2010).
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FIGURE 3. Illustration of the cross-pollination events for Parkia biglobosa across treatments (A, Tiba (drier site, also showing Gam); B, Pinyiri 
(more humid site)). The arrows show the direction of the pollen transport. One arrow may represent more than one pod. Events of self-pollination 
are not shown. 

Additionally, differences in climate at the two sites may 
have contributed to fewer flowering P. biglobosa trees and 
higher abortion rate of pods at the drier site, Tiba, which is 
located close to the northern border of the natural 
distribution area of the species (Ouédraogo 1995). Here, the 
annual precipitation in 2011 leading up to the fruiting 
season of P. biglobosa in 2012 was below average (only ca. 
570 mm). Furthermore, many P. biglobosa trees found north 
of the 700 mm isohyet are in bad condition due to water 
stress (Timmer et al. 1996). Thus, the growth conditions at 
Tiba were less favourable for the species compared with 
those at Pinyiri. The paternity analysis revealed that half of 
the underdeveloped pods with large, flat seeds and no pulp at 
Tiba was cross-pollinated, which indicate lack of resources as 
cause of aborted seeds (Stephenson 1981; Lee 1988). In 
comparison, we found no flat pods at Pinyiri.  

The trend towards fewer but larger pods with decreasing 
mesh size (T0<T1<T2) observed at Pinyiri suggests the 
presence of competition for maternal resources for the 
development of the pods and seeds in line with results from 
other studies (Lloyd 1980; Weinbaum et al. 2001; Minchin 
et al. 2010).  

Effects of excluding certain types of pollinators  

The result that the closed treatment (T3) inhibited fruit 
set confirms the need of animal pollinators for P. biglobosa 
as previously found in a similar study in The Gambia 
(Lassen et al. 2012). However, a major finding of the 
present study was that excluding bats and birds had no or 

little effect on the yield of Parkia biglobosa, whereas 
excluding larger insects such as honey bees reduced the yield 
significantly and resulted at the drier site, Tiba, in as few 
pods as the closed treatment.  

As the open treatment T0 allowed all pollinators to visit 
the capitula, while the chicken wire in treatment T1 excluded 
larger visitors (bats and birds), any difference between the 
two treatments will reveal the effect of bats and birds as 
pollinators. We suspect that mainly bats were responsible for 
the few differences between T0 and T1. Sunbirds were 
mostly interested in the nectar ring and therefore considered 
to be insignificant pollinators (Hopkins 1983), and during 
field work we only observed birds visiting P. biglobosa on 
very few mornings. In general the differences between T0 
and T1 were small at Tiba, and although the mean cross-
pollen transport distance was much higher for T1 than T0 
the difference was statistically non-significant. However, it 
was not possible to assign fathers for 30% of the pods from 
T0 while this was the case for only 4% of the pods from T1, 
thus indicating that the fathers of T0 pods more often were 
found outside the study site compared with the insect-
pollinated pods (T1). At Pinyiri, the cross-pollen transport 
occurred over significantly longer distances for the open 
treatment T0 compared with treatment T1. This fits well 
with the observations of considerably more bats at Pinyiri 
than at Tiba. At Pinyiri, the percentage of pods from T0 and 
T1 that had been sired by a father outside the study site was 
smaller than at Tiba. However, this may be due to the 
difference in densities of P. biglobosa at the two sites.  
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The differences between treatments T1 and T2 are 
assumed mainly to be due to the absence of honey bees in 
T2. Pod and seed set measures were significantly larger for 
T1 than for T2 at both sites suggesting that honey bees were 
important for proper pollination of P. biglobosa flowers. 
This result is also in line with a similar trial performed in 
The Gambia, where a comparable T2 treatment yielded more 
aborted seeds than a comparable T1 treatment (Lassen et al. 
2012). 

Our observations at both sites showed that the smaller 
bees were responsible for the main pollination in treatment 
T2. At the drier site, Tiba, it is likely that the smaller bees 
carried out relatively more self-pollination due to the lower 
density of flowering P. biglobosa. The distances of pollen 
transport for T2 were similar to the findings from the 
tropical tree species yellow mombin (Spondias mombin L.) 
and fig (Ficus spp.), where different small insect pollinators 
regularly transported pollen 100-200 m among flowering 
trees (Nason & Hamrick 1997).  

Influence by pollinator type on the number of pollen 
donors has also been observed for Japanese chestnut 
(Castanea crenata Siebold & Zucc.), where analysis of 
individual pollen grains from different pollinators revealed 
that the average effective number of pollen donors was 
around three times higher for bumblebees than for small bees 
(Hasegawa et al. 2015). 

Self-pollination rates and pollination distances 

In a controlled pollination trial with P. biglobosa in 
Burkina Faso, Ouédraogo (1995) found around 5% fruit set 
after self-pollination compared with around 37% fruit set 
after cross-pollination. Sina (2006) estimated about 5% self-
pollination in open-pollinated P. biglobosa based on enzyme 
electrophoresis at two sites close to Ouagadougou, Burkina 
Faso, which is similar to our findings of 2% for the open 
treatment at Pinyiri. It is thus likely that P. biglobosa 
possesses a self-incompatibility system (SI), which is also 
supported by a controlled pollination trial with P. biglobosa 
in Burkina Faso (Lassen et al., in prep.). Asian species of 
Parkia (P. speciosa and P. timoriana) have also been reported 
as self-incompatible (Bumrungsri et al. 2008). The relatively 
high percentages (21% and 23%) of self-pollination in both 
the open (T0) treatment and the chicken wire (T1) 
treatment at Tiba, however, imply that selfing is important 
and possible under certain conditions. The difference in 
selfing between sites cannot simply be explained by genetic 
differentiation as the two populations were very similar. Nor 
can it be explained by the limited number of bats at Tiba, 
since treatment T1 (exclusion of bats) also had significantly 
more self-pollination at Tiba compared with Pinyiri. Hence, 
the differences in percentages of self-pollination are most 
likely due to limited mating opportunities allowing some 
selfing to occur.  

In animal-pollinated populations of neo-tropical tree 
species, pollen dispersal occurs over longer distances in low-
density populations compared to high-density populations 
(Ward et al. 2005). We found a similar tendency for P. 
biglobosa for cross-pollination (medians were 143 m and 
115 m for Tiba and Pinyiri, respectively). Hence, a lower 

density may impact the reproduction in two opposite 
directions; one is a higher percentage of self-pollination and 
the other is an increased distance of pollen flow due to lack 
of close neighbours (Dick et al. 2003; Ward et al. 2005). 
Nevertheless, the pollen dispersal distributions (Fig. 2) are 
very similar for the two study sites. In several cases the 
assigned father-trees were more distantly placed than the 
neighbouring potential pollen donors (Fig. 3), in contrast to 
the findings by Levin & Kerster (1974). However, other 
studies have also reported random pollen movements 
(Finkner 1954; Larsen 2010; Stingemore 2014). The 
patterns may be driven by pollinator movements (Thomson 
& Plowright 1980; Ward et al. 2005) but also by the 
presence of a SI system, which may blur the real pollen flow 
since a given self- or cross-pollination event due to genetic SI 
may fail to result in fertilisation and pod production. The 
reduced but continuous outcrossing despite increased 
distances among flowering trees is likely to counteract 
potential negative effects of inbreeding (Breed et al. 2015).  

Increased selfing as a consequence of low mating 
possibilities despite SI has been observed for other species 
(e.g. Willi, 2009). Breakdown of an SI system is common in 
pioneer species and marginal populations where compatible 
mates are lacking or where pollinators are scarce (Baker 
1955; Barrett 2002; Xiong et al. 2013). This will ensure 
seed set, although severe consequences may occur due to 
inbreeding depression (Charlesworth & Charlesworth 1987; 
Whisler & Snow 1992). A controlled pollination trial with 
P. biglobosa reported around half the number of healthy 
seeds for the self-pollinated pods compared with the cross-
pollinated ones (Lassen et al., in prep.). 

Distances to honey bee colonies and pod yield 

In spite of the importance of honey bees in both The 
Gambia and Burkina Faso, we did not find a correlation 
between distances to honey bee colonies and yield, which 
perhaps was because the distance to any colony was much 
shorter than the normal flight range of the honey bees 
(Abrol 2012). Furthermore, we have neither inspected the 
strength of the colonies (i.e. estimated the numbers of 
individuals) or registered competing flower species at the 
two study sites, both of which may have interfered with a 
given correlation. 

Management of pollinators of P. biglobosa in face 
of climate change 

The present study found that honey bees are capable of 
securing the pollination of Parkia biglobosa in the absence of 
bats, at least with distances between flowering trees as found 
in this study. However, fruit bats are still important 
pollinators of P. biglobosa especially due to their longer 
flight range (Linhart 1995; Monadjem et al. 2010; Fahr et 
al. 2015), which may connect scattered populations. Still, 
honey bees are almost equally good as bats in pollinating P. 
biglobosa due to their large numbers and relatively long 
flight range. 

Besides being hunted as bushmeat (Kamins et al. 2011), 
fruit bats are influenced by fluctuations in the climate 
(Welbergen et al. 2008) and the availability of food (pollen, 
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nectar, fruits) (Kalko 1997; Richter & Cumming 2006). 
Furthermore, the different bat species have different 
requirements to roosting sites (caves, trees, bushes etc.) 
(Kangoyé et al. 2012). The acknowledgement of their value 
as creating gene flow both as pollinators (e.g. Acharya et al., 
2015) and as seed dispersers (e.g. Djossa et al., 2008) is 
important and likewise is their protection (Fujita & Tuttle 
1991; Kunz et al. 2011).  

If the climate change proceeds as some models foresee 
and the number of bats available for pollination is reduced in 
West Africa, it is important that honey bees are present and 
maintained in good conditions, so that the honey bees can 
supplement the needed pollination services. However, 
climate change will also impact the populations of honey 
bees (Le Conte & Navajas 2008) and other pollinating 
insects, and it may be necessary to provide them with water 
in order to reduce migration and increase survival. In spite of 
this, pod yield decline may be unavoidable, since reduced 
rainfall may hamper the blooming of P. biglobosa and 
increase the pod abortion, while birds may predate on what 
little is produced. However, a reduced pod set will have 
adverse effects for the rural people, because both the sweet 
pulp of the pods and the protein-rich seeds are widely used 
(Hall et al. 1997). The pods mature at the end of the dry 
season, where food supplies may be low (Longhurst 1985) 
and many women gain income from fermenting the seeds 
into a popular condiment known as ‘soumbala’ (Kessler 
1994; Gausset et al. 2005).  

Maintaining genetic variation in the future is important 
due to the challenge of adaptation to new situations (climate, 
pollinators, etc.). Another reason is the potential for 
breeding the species. Parkia biglobosa is considered semi-
domesticated due to selective logging of trees when clearing 
new farm land (Kreike 2013). Hall et al. (1997) list 
examples of countries where different ethnic groups practice 
sowing of P. biglobosa seeds. However, due to the low 
natural regeneration (Ræbild et al. 2012), it is possible that 
more farmers will have to begin planting this species 
(Nikiéma 1993), despite problems with land tenure (Etongo 
et al. 2015), and cultural beliefs (Hall et al. 1997; Buchmann 
et al. 2009). Seeds or seedlings from high yielding trees 
producing pods with sweet pulp and many seeds will 
probably be in demand (Hall et al. 1997). 

ACKNOWLEDGEMENTS 

This research was conducted together with Centre National de 
Semences Forestières (CNSF) and the authors wish to thank the 
staff at CNSF for their support. Many thanks to Alassane 
Ouédraogo, Madi Tiemtoré, Philbert Zoungrana, Kassoum 
Sawadogo, and Jeoany Sawadogo for field assistance and to the 
farmers at Tiba, Gam, and Pinyiri for permitting us to use their 
trees. We wish to thank Claus Rasmussen, Aarhus University, 
Department of Bioscience, Denmark, for identifying and measuring 
samples of bees. Furthermore, we acknowledge Lars Vilhelmsen, 
Cecilie Svenningsen, and Thomas Pape from the Research Section 
of BioSystematics, Natural History Museum of Denmark, 
University of Copenhagen for identifying samples of mirid bugs, 
ants, and flies, respectively and Jan Bezdek from Mendel University, 
Brno, Czech Republic for identifying samples of beetles. Thanks to 
Annalise Metz, Lene Hasmark Andersen and Albin Lobo from 
University of Copenhagen for measuring the pods and seeds. The 

present paper is part of a PhD study financed by the Consultative 
Research Committee for Development Research (FFU) under the 
Danish International Development Agency (DANIDA) (research 
project no. 10-106-LIFE).  

REFERENCES 

Abrol DP (2012) Pollination biology. Biodiversity conservation 
and agricultural production. Springer, New York, USA 

Acharya PR, Racey PA, Sotthibandhu S, Bumrungsri S (2015) 
Feeding behaviour of the dawn bat (Eonycteris spelaea) promotes 
cross pollination of economically important plants in Southeast 
Asia. Journal of Pollination Ecology 15:44-50 

Al-Ghamdi AA, Nuru A, Khanbash MS, Smith DR (2013) 
Geographical distribution and population variation of Apis 
mellifera jemenitica Ruttner. Journal of Apicultural Research 
52:124-133 

Baker HG (1955) Self compatibility and establishment after long 
distance dispersal. Evolution 9:347-349. doi: 10.2307/2405656 

Barrett SCH (2002) The evolution of plant sexual diversity. Nature 
Reviews Genetics 3:274-284. doi: 10.1038/nrg776 

Boffa J-M (1999) Agroforestry parklands in sub-Saharan Africa. 
FAO Conservation Guide, vol. 34. FAO, Rome, Italy, p 230 

Breed MF, Ottewell KM, Gardner MG, Marklund MHK, 
Dormontt EE, Lowe AJ (2015) Mating patterns and pollinator 
mobility are critical traits in forest fragmentation genetics. 
Heredity 115:108-114. doi: 10.1038/hdy.2013.48 

Buchmann C, Prehsler S, Hartl A, Vogl C (2009) To plant or not 
to plant? Considering the cultural context of adoptive 
transplantation of Baobab (Adansonia digitata L.) and Tamarind 
(Tamarindus indica L.) in West Africa. In: Tielkes E (ed) 
Tropentag 2009 – Biophysical and Socio-Economic Frame 
Conditions for the Sustainable Management of Natural 
Resources. DITSL GmbH (German Institute for Agriculture in 
the Tropics and Subtropics), Hamburg, Germany, p 426 

Bumrungsri S, Harbit A, Benzie C, Carmouche K, Sridith K, Racey 
P (2008) The pollination ecology of two species of Parkia 
(Mimosaceae) in southern Thailand. Journal of Tropical Ecology 
24:467-475. doi: Doi 10.1017/S0266467408005191 

Charlesworth D, Charlesworth B (1987) Inbreeding depression and 
its evolutionary consequences. Annual Review of Ecology and 
Systematics 18:237-268. doi: 10.1146/annurev.ecolsys.18.1.237 

Cheke RA, Mann CF, Allen R (2001) Sunbirds. A guide to the 
sunbirds, flowerpeckers, spiderhunters, and sugarbirds of the 
world. Christopher Helm Publishers, London, UK 

Dick CW, Etchelecu G, Austerlitz F (2003) Pollen dispersal of 
tropical trees (Dinizia excelsa: Fabaceae) by native insects and 
African honeybees in pristine and fragmented Amazonian 
rainforest. Molecular Ecology 12:753-764. doi: 10.1046/j.1365-
294X.2003.01760.x 

Djossa BA, Fahr J, Kalko EKV, Sinsin BA (2008) Fruit selection 
and effects of seed handling by flying foxes on germination rates 
of shea trees, a key resource in northern Benin, West Africa. 
Ecotropica 14:37–48 

Dukku UH (2010) Plants for Bees. Parkia biglobosa. An important 
honeybee forage in the Savanna. Bee World 87:28-29 

Eckert CG, Kalisz S, Geber MA, Sargent R, Elle E, Cheptou PO, 
Goodwillie C, Johnston MO, Kelly JK, Moeller DA, Porcher E, 
Ree RH, Vallejo-Marin M, Winn AA (2010) Plant mating 
systems in a changing world. Trends in Ecology & Evolution 
25:35-43. doi: 10.1016/j.tree.2009.06.013 

Etongo D, Djenontin INS, Kanninen M, Fobissie K (2015) 
Smallholders' tree planting activity in the Ziro province, southern 



32 LASSEN ET AL. J Poll Ecol 20(3) 

 

Burkina Faso: Impacts on livelihood and policy implications. 
Forests 6:2655-2677. doi: 10.3390/f6082655 

Excoffier L, Smouse PE, Quattro JM (1992) Analysis of molecular 
variance inferred from metric distances among DNA haplotypes: 
Application to human mitochondrial DNA restriction data. 
Genetics 131:479-491 

Fahr J, Abedi-Lartey M, Esch T, Machwitz M, Suu-Ire R, Wikelski 
M, Dechmann DKN (2015) Pronounced seasonal changes in the 
movement ecology of a highly gregarious central-place forager, the 
African straw-coloured fruit bat (Eidolon helvum). Plos One 
10:e0138985. doi: 10.1371/journal.pone.0138985 

Finkner MD (1954) Random activity of pollen vectors in isolated 
plots of upland cotton. Agronomy Journal 46:68-70 

Franceschinelli EV, Bawa KS (2000) The effect of ecological 
factors on the mating system of a South American shrub species 
(Helicteres brevispira). Heredity 84:116-123. doi: 
10.1046/j.1365-2540.2000.00636.x 

Franzén M, Öckinger E (2012) Climate-driven changes in 
pollinator assemblages during the last 60 years in an Arctic 
mountain region in Northern Scandinavia. Journal of Insect 
Conservation 16:227-238. doi: 10.1007/s10841-011-9410-y 

Fryxell PA (1957) Mode of reproduction of higher plants. 
Botanical Review 23:135-233. doi: 10.1007/bf02869758 

Fujita MS, Tuttle MD (1991) Flying foxes (Chiroptera: 
Pteropodidae): Threatened animals of key ecological and 
economic importance. Conservation Biology 5:455-463. doi: 
10.1111/j.1523-1739.1991.tb00352.x 

Funk C, Rowland J, Adoum A, Eilerts G, White L (2012) A 
climate trend analysis of Burkina Faso U.S. Geological Survey 
Fact Sheet, vol. 2012-3084. U.S. Geological Survey, South 
Dakota, USA, p 4 

Gausset Q, Yago-Ouattara EL, Belem B (2005) Gender and trees in 
Péni, South-Western Burkina Faso. Women’s needs, strategies 
and challenges. Geografisk Tidsskrift (Danish Journal of 
Geography) 105:67-76 

Gonzalez P, Tucker CJ, Sy H (2012) Tree density and species 
decline in the African Sahel attributable to climate. Journal of 
Arid Environments 78:55-64. doi: 
10.1016/j.jaridenv.2011.11.001 

Hall JB, Tomlinson HF, Oni PI, Buchy M, Aebischer DP (1997) 
Parkia biglobosa: a monograph. School of Agricultural and Forest 
Sciences Publications Number 9, University of Wales, Bangor, 
UK 

Haq N (2008) Parkia biglobosa African locust bean. In: Janick J, 
Paull RE (eds) The encyclopedia of fruits & nuts. CABI, 
Wallingford, UK, pp 395-398 

Harris BJ, Baker HG (1959) Pollination of flowers by bats in 
Ghana. The Nigerian Field 24:151-159 

Hasegawa Y, Suyama Y, Seiwa K (2015) Variation in pollen-donor 
composition among pollinators in an entomophilous tree species, 
Castanea crenata, revealed by single-pollen genotyping. Plos One 
10:e0120393. doi: 10.1371/journal.pone.0120393 

Hepburn HR, Radloff SE (1998) Honeybees of Africa. 
SpringerVerlag, Berlin, Germany 

Hopkins HC (1983) The taxonomy, reproductive biology and 
economic potential of Parkia (Leguminosae: Mimosoideae) in 
Africa and Madagascar. Botanical Journal of the Linnean Society 
87:135-167. doi: 10.1111/j.1095-8339.1983.tb00987.x 

Hopkins HC, White F (1984) The ecology and chorology of 
Parkia in Africa. Bulletin du Jardin Botanique National de 
Belgique / Bulletin van de National Plantentuin van België 
54:235-266. doi: 10.2307/3667874 

Ibrahim B, Karambiri H, Polcher J, Yacouba H, Ribstein P (2014) 
Changes in rainfall regime over Burkina Faso under the climate 
change conditions simulated by 5 regional climate models. 
Climate Dynamics 42:1363-1381. doi: 10.1007/s00382-013-
1837-2 

Kalinowski ST, Taper ML, Marshall TC (2007) Revising how the 
computer program cervus accommodates genotyping error 
increases success in paternity assignment. Molecular Ecology 
16:1099-1106. doi: 10.1111/j.1365-294X.2007.03089.x 

Kalko EKV (1997) Diversity in tropical bats. In: Ulrich H (ed) 
Tropical biodiversity and systematics. Proceedings of the 
International Symposium on Biiodiveristy and Systematics in 
Tropical Ecosystems. Zoologisches Forschungsinstitut und 
Museum Alexander Koenig, Bonn, Germany, pp 13-43 

Kamins AO, Restif O, Ntiamoa-Baidu Y, Suu-Ire R, Hayman 
DTS, Cunningham AA, Wood JLN, Rowcliffe JM (2011) 
Uncovering the fruit bat bushmeat commodity chain and the true 
extent of fruit bat hunting in Ghana, West Africa. Biological 
Conservation 144:3000-3008. doi: 
10.1016/j.biocon.2011.09.003 

Kangoyé NM, Oueda A, Thiombiano A, Guenda W (2012) Bats 
(Chiroptera) of Burkina Faso: preliminary list with fifteen first 
record species. International Journal of Biological and Chemical 
Sciences 6:6017-6030 

Kearns CA, Inouye DW, Waser NM (1998) Endangered 
mutualisms: The conservation of plant-pollinator interactions. 
Annual Review of Ecology and Systematics 29:83-112. doi: 
10.1146/annurev.ecolsys.29.1.83 

Kessler JJ (1994) Agroforestry in Burkina Faso: a careful balance. 
International Ag-Sieve 6:4-5 

Kreike E (2013) Environmental Infrastructure in African History. 
Examining the Myth of Natural Resource Management in 
Namibia. Cambridge University Press, New York, USA 

Kunz TH, de Torrez EB, Bauer D, Lobova T, Fleming TH (2011) 
Ecosystem services provided by bats. In: Ostfeld RS, Schlesinger 
WH (eds) Year in Ecology and Conservation Biology, vol 1223, 
pp 1-38 

Larsen AS (2010) Gene flow and genetic structure of wild fruit 
trees: DNA-marker based studies in Adansonia digitata, Vitellaria 
paradoxa, Parkia biglobosa and Malus sylvestris. PhD thesis 
University of Copenhagen, Denmark 

Lassen KM (2016) Pollination strategies to increase productivity of 
the African fruit trees Vitellaria paradoxa subsp. paradoxa & 
Parkia biglobosa. PhD thesis, University of Copenhagen, 
Copenhagen, Denmark 

Lassen KM, Kjær ED, Ouédraogo M, Nielsen LR (2014) 
Microsatellite primers for Parkia biglobosa (Fabaceae: 
Mimosoideae) reveal that a single plant sires all seeds per pod. 
Applications in Plant Sciences 2:1400024. doi: 
10.3732/apps.1400024 

Lassen KM, Ræbild A, Hansen H, Brødsgaard CJ, Eriksen EN 
(2012) Bats and bees are pollinating Parkia biglobosa in The 
Gambia. Agroforestry Systems 85:465-475. doi: 
10.1007/s10457-011-9409-0 

Le Conte Y, Navajas M (2008) Climate change: impact on honey 
bee populations and diseases. Revue Scientifique Et Technique-
Office International Des Epizooties 27:499-510 

Lee TD (1988) Patterns of fruit and seed production. In: Lovett 
Doust J, Lovett Doust L (eds) Plant reproductive ecology. 
Patterns and strategies. Oxford University Press, New York, 
USA, pp 179-202 



 March 2017 HONEY BEES ENSURE POLLINATION 33 

 

Levin DA, Kerster HW (1974) Gene flow in seed plants. In: 
Dobzhansky T, Hecht MK, Steere WC (eds) Evolutionary 
Biology, vol 7. Plenum Press, New York, USA, pp 139-220 

Linhart YB (1995) Restoration, revegetation, and the importance 
of genetic and evolutionary perspectives. In: Roundy BA, 
McArthur ED, Haley JS, Mann DK (eds) Proceedings: Wildland 
Shrub and Arid Land Restoration Symposium. Intermountain 
Research Station, Forest Service, U.S. Department of Agriculture, 
Ogden, Utah, USA, pp 271-287 

Lloyd DG (1980) Sexual strategies in plants I. An hypothesis of 
serial adjustment of maternal investment during one reproductive 
session. New Phytologist 86:69-79. doi: 10.1111/j.1469-
8137.1980.tb00780.x 

Longhurst R (1985) Cropping systems and households food 
security: Evidence from three West African countries. Food and 
Nutrition 11:10-16 

Maranz S (2009) Tree mortality in the African Sahel indicates an 
anthropogenic ecosystem displaced by climate change. Journal of 
Biogeography 36:1181-1193 

Météo (2015) Pluviometrie mensuelle (mm) dans Guilongou 
(Ziniare) et Pô 2010-2012 et temperature mensuelle (°C) dans 
Ouagadougou Aéroport et Pô 2011-2012. Direction Générale de 
la Météorologie du Burkina, Ouagadougou, Burkina Faso 

Minchin PEH, Snelgar WP, Blattmann P, Hall AJ (2010) 
Competition between fruit and vegetative growth in Hayward 
kiwifruit. New Zealand Journal of Crop and Horticultural 
Science 38:101-112. doi: 10.1080/01140671003781728 

Monadjem A, Taylor PJ, Cotterill FPDW, Schoeman MC (2010) 
Bats of Southern and Central Africa: A biogeographic and 
taxonomic synthesis. Wits University Press, Johannesburg, South 
Africa 

Nason JD, Hamrick JL (1997) Reproductive and genetic 
consequences of forest fragmentation: Two case studies of 
neotropical canopy trees. Journal of Heredity 88:264-276 

Niang I, Ruppel OC, Abrdrabo MA, Essel A, Lennard C, Padgham 
J, Urquhart P (2014) Africa. In: Barros VR, Field CB, Dokken 
DJ, Mastrandrea MD, Mach KJ, Bilir TE, Chatterjee M, Ebi KL, 
Estrada YO, Genova RC, Girma B, Kissel ES, Levy AN, 
MacCracken S, Mastrandrea PR, White LL (eds) Climate Change 
2014: Impacts, Adaptation, and Vulvnerability. Part B: Regional 
Aspects. Contribution of Working Group II to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, Cambridge, UK and New 
York, NY, USA, pp 1199-1265 pp. 

Nikiéma A (1993) Regeneration of Parkia biglobosa (Jacq) R. Br. 
ex G. Don. in an agroforestry system: a pilot study in Burkina 
Faso. MSc Forestry thesis, Department of Forestry, Wageningen 
Agricultural University, Wageningen, the Netherlands 

Nombré I (2003) Etude des potentialités mellifères de deux zones 
du Burkina Faso, Garango (Province du Boulgou) et Nazinga 
(Province du Nahouri). PhD Thesis, Université de Ouagadougou, 
Ouagadougou, Burkina Faso 

Ollerton J, Winfree R, Tarrant S (2011) How many flowering 
plants are pollinated by animals? Oikos 120:321-326 

Ouédraogo AS (1995) Parkia biglobosa (Leguminosae) in West 
Africa; biosystematics and improvement. PhD thesis, 
Landbouwuniversiteit Wageningen (Wageningen Agricultural 
University), Wageningen, The Netherlands 

Ouedraogo M, Raebild A, Nikiema A, Kjaer ED (2012) Evidence 
for important genetic differentiation between provenances of 
Parkia biglobosa from the Sudano-Sahelian zone of West Africa. 
Agroforestry Systems 85:489-503. doi: 10.1007/s10457-011-
9463-7 

Parmesan C (2007) Influences of species, latitudes and 
methodologies on estimates of phenological response to global 
warming. Global Change Biology 13:1860-1872. doi: 
10.1111/j.1365-2486.2007.01404.x 

Patiny S, Michez D, Kuhlmann M, Pauly A, Barbier Y (2009) 
Factors limiting the species richness of bees in Saharan Africa. 
Bulletin of Entomological Research 99:337-346. doi: 
10.1017/s0007485308006433 

Peakall R, Smouse PE (2006) GenAlEx 6: Genetic analysis in 
Excel. Population genetic software for teaching and research. 
Molecular Ecology Notes 6:288-295. doi: 10.1111/j.1471-
8286.2005.01155.x 

Peakall R, Smouse PE (2012) GenAlEx 6.5: Genetic analysis in 
Excel. Population genetic software for teaching and research - an 
update. Bioinformatics 28:2537-2539. doi: 
10.1093/bioinformatics/bts460 

Petanidou T, Kallimanis AS, Sgardelis SP, Mazaris AD, Pantis JD, 
Waser NM (2014) Variable flowering phenology and pollinator 
use in a community suggest future phenological mismatch. Acta 
Oecologica-International Journal of Ecology 59:104-111. doi: 
10.1016/j.actao.2014.06.001 

Richter HV, Cumming GS (2006) Food availability and annual 
migration of the straw-colored fruit bat (Eidolon helvum). 
Journal of Zoology 268:35-44. doi: 10.1111/j.1469-
7998.2005.00020.x 

Roubik DW (2006) Stingless bee nesting biology. Apidologie 
37:124-143 

Rousset F (2008) GENEPOP ' 007: a complete re-implementation 
of the GENEPOP software for Windows and Linux. Molecular 
Ecology Resources 8:103-106. doi: 10.1111/j.1471-
8286.2007.01931.x 

Ræbild A, Hansen UB, Kambou S (2012) Regeneration of 
Vitellaria paradoxa and Parkia biglobosa in a parkland in 
Southern Burkina Faso. Agroforestry Systems 85:443-453. doi: 
10.1007/s10457-011-9397-0 

Sanfo JB (2012) Apport de la Direction Générale de la 
Météorologie dans le processus d’information sur l’eau 13ème 
sommet de l’information sur l’eau, 11-13 April 2012, 
Ouagadougou, Burkina Faso 

SAS Institute (2011) The SAS system for Windows. Release 9.4, 
Cary, North Carolina, USA 

Schweitzer P, Nombré I, Aidoo K, Boussim IJ (2013) Plants used 
in traditional beekeeping in Burkina Faso. Open Journal of 
Ecology 3:354-358 

Settele J, Scholes R, Betts R, Bunn S, Leadley P, Nepstad D, 
Overpeck JT, Taboada MA (2014) Terrestrial and inland water 
systems. In: Field CB, Barros VR, Dokken DJ, Mach KJ, 
Mastrandrea MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, 
Genova RC, Girma B, Kissel ES, Levy AN, MacCracken S, 
Mastrandrea PR, White LL (eds) Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part A: Global and Sectoral 
Aspects. Contribution of Working Group II to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, Cambridge, UK and New 
York, USA, pp 271-359 

Sina S (2006) Reproduction et diversité génétique chez Parkia 
biglobosa (Jacq.) G.Don. PhD thesis, Wageningen University, 
Wageningen, the Netherlands 

Stephenson AG (1981) Flower and fruit abortion: Proximate causes 
and ultimate functions. Annual Review of Ecology and 
Systematics 12:253-279. doi: 
10.1146/annurev.es.12.110181.001345 



34 LASSEN ET AL. J Poll Ecol 20(3) 

 

Stingemore JA (2014) Plant density effects on genetic variation and 
dispersal for two co-occuring Persoonia species. PhD thesis, The 
University of Western Australia, Australia 

Thomson JD, Plowright RC (1980) Pollen carryover, nectar 
rewards, and pollinator behavior with special reference to Diervilla 
lonicera. Oecologia 46:68-74. doi: 10.1007/bf00346968 

Timmer LA, Kessler JJ, Slingerland M (1996) Pruning of néré trees 
(Parkia biglobosa (Jacq) Benth) on the farmlands of Burkina Faso, 
West Africa. Agroforestry Systems 33:87-98. doi: 
10.1007/bf00122891 

Ward M, Dick CW, Gribel R, Lowe AJ (2005) To self, or not to 
self... a review of outcrossing and pollen-mediated gene flow in 
neotropical trees. Heredity 95:246-254 

Weinbaum SA, DeJong TM, Maki J (2001) Reassessment of seed 
influence on return bloom and fruit growth in 'Bartlett' pear. 
Hortscience 36:295-297 

Welbergen JA, Klose SM, Markus N, Eby P (2008) Climate 
change and the effects of temperature extremes on Australian 
flying-foxes. Proceedings of the Royal Society B-Biological 
Sciences 275:419-425. doi: 10.1098/rspb.2007.1385 

Whisler SL, Snow AA (1992) Potential for the loss of self-
incompatibility in pollen-limited populations of mayapple 
(Podophyllum peltatum). American Journal of Botany 79:1273-
1278. doi: 10.2307/2445055 

Willi Y (2009) Evolution towards self-compatibility when mates 
are limited. Journal of Evolutionary Biology 22:1967-1973. doi: 
10.1111/j.1420-9101.2009.01806.x 

Xiong YZ, Fang Q, Huang SQ (2013) Pollinator scarcity drives 
the shift to delayed selfing in Himalayan mayapple Podophyllum 
hexandrum (Berberidaceae). Aob Plants 5:8. doi: 
10.1093/aobpla/plt037 

 

 This work is licensed under a Creative Commons Attribution 3.0 License. 

 

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/

