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Abstract
A study was designed to investigate the pattern of sexual dimorphism in a plantation of Garcinia kola. Twenty trees 
were randomly selected for the study and have been observed to flower regularly. A total of 100 inflorescence were 
randomly collected from the crown of each tree and 500 flowers randomly assessed within the period of four (4) 
flowering seasons. Floral sex assessment was done visually and with a hand magnifying lens; floral morphometric measure-
ments (i.e. pedicel and perianth length and breadth), inflorescence length, and breadth) was taken using a veneer caliper; 
number of flowers per inflorescence and inflorescence per twig was counted; while, data analysis was conducted on 
excel using analysis of variance and pairwise t-test comparison. Four floral sexes were identified in the G. kola plantation 
studied which were unisexual male flowers, unisexual female flowers, cosexual unisexual male flowers, and cosexual 
hermaphrodite flowers. Three tree sexes were identified viz: inconstant male, invariant female, and cosexual trees. The 
plantation was significantly sexually dimorphic in floral sex and phenotypic traits (i.e. pedicel and perianth size), and 
as well as sexually dimorphic in tree sex and reproductive phenotypic traits (i.e. inflorescence size, number of inflorescences 
per twig, and number of flower bud per inflorescence). The sexual system of the plantation was therefore trioecious 
with features suggestive of evolving dioecy through the gynodioecious pathway.
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Introduction

Sexual dimorphism is a phenomenon associated with dif-
ferences in morphological, physiological and life history 
traits between individuals within populations of a species 
arising from sexual variation (Barrett and Hought 2013). 
Sexual dimorphism is a usual characteristic of sexual sys-
tems with sexual polymorphism such as monoecious, dioe-
cious and subdioecious populations; although in monoe-
cious populations sexual dimorphism is limited to floral di-
morphism (i.e. presence or absence of male or female re-
productive organ between two flowers on the same tree) 

(Yakimowski et al. 2011). Sexual dimorphism is the result 
of differential selection intensities between the sexes in a 
population; pollinator behaviour and resources availability 
are some factors that can influence the selection or persis-
tence of patterns of sexual dimorphism in a population 
(Ashman 2000; Delph and Ashman 2006). For example, 
when the pattern of sexual dimorphism is pollinator driven 
flower size and display size often is large (Yakimowski et al. 
2011). This is often the case in populations where male flo-
ral displays are reportedly more than females; floral display 
size and flower size dimorphism arise due to competition 
for pollinator visitation in outcrossed populations where 
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pollination success may be limited by access to mates 
(Ashman 2000). Female flower dimorphism on the other 
hand is controlled more by resources availability than mat-
ing competition because of the higher reproductive cost of 
the female function which is exacerbated by the need for 
fruit and seed maturation (Delph et al. 1996). Generally 
therefore sexual dimorphism in unisexual flowers often oc-
cur as variations in flower and inflorescence size between 
male and female flowers such that larger and more con-
spicuous floral displays are associated with male than fe-
male flowers (Delph et al. 1996; Eckhart 1999; Costich and 
Meagher 2001): although studies in tropical ecosystems 
have sometimes reported contrary findings (Delph et al. 
1996; Humeau et al. 2003). 

In dioecious populations the pattern of sexual di-
morphism is often traced to the trade-off between male and 
female functions (Humeau et al. 2003). This trade-off of-
ten viewed as reproductive costs is the reason female trees 
expend and require more resources compared to males; yet 
the female trees of some species are smaller in size despite 
higher resources needs due mainly to investment in seed 
and fruit production as well as defence to ensure re-
productive fitness; while male trees are able to invest more 
on vegetative growth and hence larger in size because their 
reproductive budget is only for flower and pollen pro-
duction (Delph 1996; Obeso 2002; Cepeda-Cornejo and 
Dirzo 2010). In monoecious or cosexual populations such 
trade-offs may sometimes be absent and floral dimorphism 
non-existent (Costich and Meagher 2001). This can be 
linked to self-fertilization or inbreeding in these sexual sys-
tems that reduce the intensity of sexual selection and hence 
a reduction in the potential for evolution of floral di-
morphism (Worley and Barrett 2000; Sargent et al. 2007). 
Self-fertilization is virtually non-existent in dioecious pop-
ulations since they are obligately outcrossing (Charlesworth 
1991, 2002; Nicolas et al. 2005). Drivers of patterns of sex-
ual dimorphism in any population are therefore traceable to 
genetics and ecology. Since populations are unique in their 
genetics and ecological vagaries it follows that the pattern of 
sexual dimorphism would vary from one population to the 
other as a result of differential sex-specific selection pres-
sure (Fenster and Carr 1997; Sugiyama and Bazzaz 1998). 
Studies related to sexual dimorphism in any population may 
provide insights into how selection drives patterns of di-

morphism in sexual systems (Ashman and Diefenderfer 
2001; Delph and Ashman 2006). 

The genus Garcinia (Clusiaceae or Guttiferae) accord-
ing to Joseph and Murthy (2015) thrives in pantropical and 
neotropical regions and consists of about 250 species. 
Garcinia is reported to show high diversity of sexual sys-
tems including dioecious (Sweeny 2008), gynodioecious 
(Pangsuban et al. 2007), androdioecious (George et al. 
1992), monoecious and andromonoecious (Leal et al. 2013) 
species. While, Richards (1990a, 1990b) and Richards 
(1997) has suggested the occurrence of apomixis in pan-
tropical species of Garcinia especially in Asian Garcinia 
mangostana L. in which males were not found. In partic-
ular, the sexual system of G. kola is controversial: Keay et al. 
(1964) for example considered the species as androdioe-
cious with male and bisexual flowers, whereas Manourova 
et al. (2019) reported the species is predominantly dioe-
cious but sometimes found with bisexual flowers. Empirical 
studies of the sexual system and pattern of sexual di-
morphism in G. kola is therefore largely rare despite the 
growing literature on the uses and conservation of the 
species. The study was therefore designed to investigate the 
pattern of sexual dimorphism in G. kola.

Materials and Methods

Plantation description

The study was conducted in an artificial mono-planta-
tion of Garcinia kola propagated from seed at the Swamp 
Forest Research station, of the Forestry Research Institute 
of Nigeria (FRIN), Onne Rivers state Nigeria. The plan-
tation consists of about 13 stands of 30-year-old trees and 
more than 80 stands of 11-year-old trees. Flowering and 
fruiting began in the 11-year-old trees at the age of 8-10 
years while the 30-year-olds have flowered and fruited for 
approximately 20-years already. Flowering and fruiting 
events occur in the plantation about 3-4 times in a year and 
overlap i.e. flowers and fruits are present in the planation al-
most all year round. Flowering and fruiting intensity per 
event however is variable but peaks in August-October. 
The plantation is located on Latitude 4°42'-10°32'N and 
Longitude 7°10'32°46'E, with 2,400 mm mean annual 
rainfall, relative humidity 78% in February (dry season) 
and 89% in July (rainy season), mean annual temperatures 
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Table 1. Floral sex description 

Flower sex Description

Male flowers Unisexual staminate flowers occurring on individual trees alone. Although once in a while (during 
some flowering season) about 0.00001% unisexual pistillate flowers occur on male trees. In which 
case a lone fruit couldsometimes be found hanging on a predominantly male tree (a phenomenon 
known as male inconstancy).

Female flowers Invariant unisexual pistillate flowers found occurring on individual trees alone.
Cosexual male flowers Unisexual staminate flowers occurring together with hermaphrodite flowers on individual trees in 

varying proportions.
Cosexual hermaphrodite flowers Bisexual flowers (perfect flowers, i.e. having male and female reproductive organs all in one single 

flower) occurring together with male flowers on individual trees.

Fig. 1. Description of floral dimorphic traits measured. (A) Flowering twig, 
(B) Flower.

of 27°C in February and 25°C in July. Soils are ultisols de-
rived of coastal sediments, highly acidic (pH 4.4), with low 
fertility, and classified as siliceous, isohyperthermic, typic 
paleudult, usually deep, chemically poor, well drained with 
good physical properties. The vegetation is a humid rainforest 
in a mangrove transition forest zone (Okonkwo et al. 2020).

Species description

Garcinia kola commonly known as bitter kola is an ever-
green tropical rainforest species found in West and Central 
Africa within which Nigeria and Cameroon are considered 
the areas of highest endemism (Isawumi 1993; Manourova 
et al. 2019). G. kola is mostly found in moist or coastal for-
ests, lowland rainforests, and derived savannah in West 
Africa, a distribution pattern largely influenced by rainfall 
and temperature (Agwu et al. 2020). In the wild G. kola 
trees can grow up to 12 m high and trees as high as 27 m has 
been reported (Keay et al. 1964). The bole is mostly straight 

with brownish smooth bark that produces sticky-yellow wa-
ter proof latex when wounded which is a trademark of the 
Clusiaceae family and crown is usually dense, especially in 
female trees, with slightly drooping branches (Keay et al. 
1964; Manourova et al. 2019). Mature G. kola leaves are 
dark green in colour while younger leaves are light greenish 
and can be up to 6.35-13.97 cm long and 2.5-6.35 cm wide, 
elongated elliptic to broadly elliptic, acute or shortly acumi-
nate, and cuneate. The leaves are also leathery with very 
distinct resinous canals; the inflorescence is a terminal um-
bel with greenish-white flowers on short stalks about 7.62 
mm long. Flowers are about 19.05 mm wide with stamens 
in four broad bundles that alternate with the four fleshy 
lobes of the disc; ovary is finely hairy, stigmas are 4-lobed 
and flattened; Male flowers usually are smaller but with 
more prominent stamens G. kola flowers between December 
and January and fruits between July and October; fruits are 
reddish yellow and about 63.5 mm wide with 2-4 brownish 
seeds; the wood is close grained, hard, yellow in colour but 
darkens to brown at the centre (Keay et al. 1964; Manourova 
et al. 2019).

Floral sex study and morphometric measurements

Twenty trees were randomly selected for the study and 
have been observed to flower regularly. A total of 100 in-
florescence were randomly collected from the crown of each 
tree and 500 flowers randomly assessed within the period of 
four flowering seasons.

Floral sex assessment was done visually and with a hand 
magnifying lens, while floral morphometric measurements 
(length and breadth of pedicel, length and breadth of peri-
anth) (Fig. 1B), inflorescence length, and breadth was tak-
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Fig. 2. Flower types (morphs) in the G. kola plantation. (A) Cosexual her-
maphrodite flower, (B) Female flower, (C) Male flower, (D) Cosexual male 
flower.

en using a veneer caliper, while number of flowers per in-
florescence and inflorescence per twig was counted (Fig. 
1A). Data analysis was done using analysis of variance 
(ANOVA), pairwise comparison done using t-test, while 
test of normality was conducted using Shapiro-Wilk.

Results and Discussion

Flower and tree sex

Four flower types occurred in the G. kola plantation 
namely: male flowers (staminate), female flowers (pistillate), 
cosexual hermaphrodite flowers (staminate and pistillate), 
and cosexual male flowers (staminate); sterile rudimentary 
pistil (pistillode) was present in both the male and cosexual 
male flowers; while in the female flower the staminode is 
partially rudimentary which suggests it could carry viable 
pollen (Table 1, Fig. 2). Pollination or pollen viability stud-
ies will be required to ascertain the viability of the female 
flower pollen; there is also a possibility that female flowers 
produce viable pollen at certain flowering season when male 
flowers are in short supply, which often is the season before 
mass flowering; this later hypothesis stems from a prelimi-
nary apomixis study in the plantation where a couple of fe-
male flowers bagged before anthesis fruited (Okonkwo, 
personal communication). 

Hence, three tree sexes were found in the population viz: 
Invariant females, inconstant males, and cosexual trees; a 
trioecious sexual system pattern of tree sex mix character-

istic of gynodioecious pathway of dioecy evolution (Sakai 
and Weller 1999; Okonkwo and Omokhua 2022). Evolution 
of dioecy through the gynodioecious pathway proceeds 
from cosexual or hermaphrodite ancestors as a result of two 
forms of mutation. The male sterile mutation obliterates the 
male function of hermaphrodite flowers that give rise to fe-
male trees and hermaphrodite trees (gynodioecy); in the 
second type of mutation female function of hermaphrodite 
flowers is suppressed to give rise to purely male trees 
(Charlesworth and Charlesworth 1978a; Joseph and 
Murthy 2015). Dioecy evolution through the monoecious 
pathway is assumed to proceed from hermaphrodite ances-
tors when male sterile and female sterile mutations occur si-
multaneously on individual trees to give rise to monoecy 
that gradually give rise to dioecy through the specialization 
of individuals in male or female functions (Charlesworth 
and Charlesworth 1978b; Ross 1982). The completely ru-
dimentary status of the pistillode in the male flowers sug-
gests that the female sterile mutation is at its advanced 
stage; while the partially rudimentary nature of the female 
flower staminode suggests that the male sterile mutation is 
at its intermediate stage. The female sterile mutation there-
fore preceded the male sterile mutation in the plantation; 
this conclusion is corroborated by the fact that the cosexual 
trees bear bisexual flowers and male flowers with com-
pletely suppressed pistillode; an indication of female sterile 
mutation completion and a starting of loss of bisexual flow-
ers (this can be further confirmed through a study that esti-
mates the ratio of male to bisexual flowers per inflorescence 
in the cosexual trees). This agrees with the proposition of 
Bawa and Beach (1981) and Bertin (1982) that rudi-
mentary, intermediate, and complete sexual structures of 
the opposite sex can exist in the evolution of dioecy from 
hermaphrodite ancestors. These findings confirm the hy-
pothesis proposed by Joseph and Murthy (2015) that trioe-
cious populations provide opportunity for understanding 
the dynamics of the evolution of sexual systems.

Pedicel dimorphism among floral sexes

The female flowers recorded the longest pedicel with 
average pedicel length of 3.3±0.49 mm and 0.43±0.15 
mm breadth, male flowers were the second longest with an 
average pedicel length of 1.27±0.59 mm and 0.2±0.1 mm 
breadth, this is followed by the cosexual male flower, 
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Table 3. ANOVA of phenotypic traits of flower and tree sex morphs

Source of variance SS df MS F p

Pedicel length      13.27 3     4.423333 26.33242 0.000603**
Pedicel breadth        0.23 3     0.076667   1.508197 0.284947ns

Perianth length        1.72688 3     0.575627 26.33242 3.42E-09**
Perianth breadth        1.72368 3     0.57456 60.31071 4.09E-14**
Inflorescence length 1,163.14 2 581.5712 38.93413 3.41E-11**
Number of flower bud 1,867.633 2 933.8167 81.75019 1.81E-17**
Inflorescence per twig      75.41667 2   37.70833 18.78979 7.71E-06**

p≤0.05=significant, while p>0.05=not significant.

Table 2. Mean values of phenotypic traits of flower and tree sex morphs

Flower sex

Male Female Cosexual hermaphrodite Cosexual male

Pedicel length 1.27±0.59   3.3±0.49   0.7±0.52 0.8±0.26
Pedicel breadth   0.2±0.1 0.43±0.15   0.1±0.01 0.4±0.35
Perianth length   0.5±0.08   0.8±0.26 0.23±0.12 0.4±0.01
Perianth breadth   0.6±.0.07 0.78±0.13 0.23±0.12 0.4±0.01

Tree sex

Male Female Cosexual 

Inflorescence length 21.5±3.1 30.3±3.06 3.1±0.46
Inflorescence breadth   0.1±0.01 0.35±0.14 0.1±0.01
Inflorescence per twig   3.3±0.48   2.3±0.48 3.1±0.11
Flower bud per inflorescence 15.9±4.93   5.2±0.79  11±3.61

0.8±0.26 mm pedicel length and 0.4±0.35 mm breadth, 
and the smallest flowers were the cosexual hermaphrodites 
that recorded 0.7±0.52 mm pedicel length and 0.1±0.01 
mm breadth (Table 2). There were significant differences in 
pedicel length among the flowers (Table 3) and pairwise 
T-test comparison (Table 4) showed that only female flow-
ers were significantly different in pedicel length from all 
other sexes i.e. there were no significant differences in ped-
icel length between male, cosexual male and cosexual her-
maphrodite flowers. There were no significant differences 
in pedicel breadth among the flower sexes (Table 3), how-
ever, pairwise T-test comparison (Table 4) showed that fe-
male flower pedicel breadth was significantly different from 
the males and cosexual hermaphrodites. There were no sig-
nificant differences in pedicel breath between male, cosex-
ual male, and cosexual hermaphrodite trees.

Female flowers may have evolved larger sized pedicel 

due to the need to support the weight of growing fruits 
which weigh between 100 g to 200 g (Okonkwo, personal 
communication) at maturity. In Garcinia indica however, 
which equally has fairly large fruits, male flowers have lon-
ger pedicel than females (Joseph and Murthy 2015). 
Whereas, in Jacaratia mexicana, which also bear fairly large 
fruits, female flowers have longer pedicel than males 
(Aguirre et al. 2009). Hence, the hypothesis proposed 
above that large female flower pedicel size in G. kola may 
have evolved due to the potential to carry large and heavy 
mature fruits may need to be investigated further. 
Dimorphism in male and female flower pedicel size needs 
to be investigated between large fruit bearing and small 
fruit bearing species to clearly determine the role of fruit 
size in the evolution of flower pedicel size.
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Table 4. Pairwise T-test comparison of phenotypic characters of flower and tree sex morphs in trioecious G. kola population

Group 1 Group 2 p-value Mean

Stalk length
   Male flower Female flower 0.011417**   2.033333
   Male flower Cosexual hermaphrodite 0.279273ns   0.566667
   Male flower Cosexual male 0.303832ns   0.466667
   Female flower Cosexual hermaphrodite 0.00372**   2.6
   Female flower Cosexual male 0.005631**   2.5
   Cosexual hermaphrodite flower Cosexual male 0.785984ns   0.1
Stalk breadth
   Male flower Female 0.035653**   0.233333
   Male flower Cosexual hermaphrodite 0.225403ns   0.1
   Male flower Cosexual male flower 0.51285ns   0.2
   Female Cosexual hermaphrodite 0.009852**   0.333333
   Female Cosexual male 0.907188ns   0.033333
   Cosexual hermaphrodite Cosexual male 0.355497ns   0.3
Flower length
   Male flower Female flower 0.00509**   0.3
   Male flower Cosexual hermaphrodite 1.99E-05**   0.272
   Male flower Cosexual male flower 0.003772**   0.1
   Female flower Cosexual hermaphrodite 2.82E-05**   0.572
   Female flower Cosexual male flower 0.000849**   0.4
   Cosexual hermaphrodite Cosexual male flower 0.001329**   0.172
Flower breadth
   Male flower Female flower 0.002248**   0.18
   Male flower Cosexual hermaphrodite 4.36E-07**   0.372
   Male flower Cosexual male 2.86E-05**   0.2
   Female flower Cosexual hermaphrodite 1.25E-08**   0.552
   Female flower Cosexual male 7.61E-06**   0.36
   Cosexual hermaphrodite Cosexual male 0.001329**   0.172
Inflorescence length
   Cosexual hermaphrodite+male Male 0.572579ns   0.705263
   Cosexual hermaphrodite+male Female 1.72E-09**   9.915789
   Male tree Female 1.95E-08**   9.210526
Inflorescence breadth
   Cosexual hermaphrodite+male Male 1ns   0.1
   Cosexual hermaphrodite+male Female 3.26E-07**   0.2
   Male Female 3.26E-07**   0.2
Number of flower bud per inflorescence
   Cosexual hermaphrodite+male Male 2.87E-06**   7.4
   Cosexual hermaphrodite+male Female 8.28E-09**   6.25
   Male Female 1.25E-10** 13.65
Number of inflorescences per twig
   Cosexual hermaphrodite+male Male 0.00492**   2.75
   Cosexual hermaphrodite+male Female 0.00064**   3.75
   Male Female 0.00021** 1

p≤0.05=significant, while p>0.05=not significant.
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Perianth size dimorphism

Mean largest perianth size was recorded in the female 
flowers at 0.8±0.26 mm length and 0.78±0.13 mm 
breadth; male flowers were the second largest at 0.5±0.08 
mm length and 0.6±0.07 mm breadth, this is followed by 
the cosexual male flowers at 0.4±0.01 mm length and 
0.4±0.01 mm breadth, while the smallest flowers were the 
cosexual hermaphrodite flowers at 0.23±0.12 mm length 
and 0.23±0.12 mm breadth (Table 2). Analysis of variance 
showed there were significant differences in perianth size 
(length and breadth) among the four flower sexes (Table 3). 
Pairwise T-test comparison showed there were significant 
differences in perianth length and breadth between each 
pair of the four floral sexes (Table 4). 

Garcinia indica shows exactly the exact opposite of peri-
anth dimorphism observed above in G. kola: i.e. bisexual 
flowers of G. indica were largest, followed by males while 
female flowers were the smallest (Joseph and Murthy 
2015). Furthermore, bisexual and cosexual male flowers 
perianth size in the G. kola population studied were inter-
mediate between the male and female flower perianth size; a 
situation associated with developmental instability in most 
subdioecious populations (Joseph and Murthy 2015). 
Diversity of perianth and sexual structure forms, ranging 
from rudimentary, intermediate, to complete structures is 
characteristic of gynodioecious and monoecious pathways 
of dioecism evolution; this accounts for the sexual poly-
morphism associated with trimonoecy and trioecy or sub-
dioecy (Charlesworth and Charlesworth 1978b; Wilson 
1979; Bawa and Beach 1981; Bertin 1982). Sexual incon-
stancy and biased expression of sexes in trioecious pop-
ulations provide opportunities for understanding the evolu-
tionary pathway of dioecy. Often, when dioecy evolves 
through the gynodioecious pathway, they feature invariant 
females and inconstant males that sometimes bear fruit or 
set seed (Lloyd 1975; Ross 1982). While the monoecious 
pathway features opposite sex flowers emergence on uni-
sexual trees (Charlesworth and Charlesworth 1978b; Ross 
1982). This therefore suggests the G. kola population stud-
ied shows features synonymous with the process of evolu-
tion of dioecism through the gynodioecious pathway as evi-
denced by the presence of intermediate sexual structures, 
invariant females, and inconstant males (Table 1). 

Perianth size dimorphism can be mediated by pollinator, 
pollination method, heritability of floral traits, and size of 
the reproductive organ they protect (Delph 1996; Delph et 
al. 1996; Eckhart 1999). Contrary to the general idea that 
in most animal pollinated unisexual flowers male flowers 
are usually larger than female (Delph et al. 1996; Eckhart 
1999); our findings show a G. kola plantation where uni-
sexual female flowers that are animal pollinated (Okonkwo, 
personal communication) are larger than male flowers. 
Male flowers may have traded size for number of flowers 
per inflorescence since according to Worley and Barrett 
(2000) and Sargent et al. (2007) such trade-offs do happen 
and can be a consequence of resource constrain; while the 
female flower size could be due to the large ovary size (i.e. 
1.01±0.2 mm (Okonkwo, personal communication)) and 
not pollinator mediated.

Inflorescence dimorphism

Female trees recorded the longest inflorescence length 
30.3±3.06 mm and breadth 0.35±0.14 mm: male trees re-
corded the second longest inflorescence length 21.5±3.1 
mm and 0.1±0.01 mm breadth; cosexual trees recorded 
the shortest inflorescence length 3.1±0.46 mm and 
0.1±0.01 mm. Number of inflorescence per twig was high-
est in male trees 3.3±0.48; followed by the cosexuals 
3.1±0.11; female trees recorded the lowest number of in-
florescence per twig 2.3±0.48. Number of flower buds per 
inflorescence was highest in male trees 15.9±4.93, fol-
lowed by cosexual trees 11±3.61; female trees recorded the 
lowest number of flower buds per inflorescence 5.2±0.79 
(Table 2). Inflorescence size (length and breadth), number 
of inflorescences per twig, and number of flower bud per 
inflorescence was significantly different among the tree sex-
es (Table 3). Pairwise T-test comparison (Table 4) showed 
that female tree inflorescence size was significantly different 
from male and cosexual trees: while there were no sig-
nificant differences in inflorescence size between male and 
cosexual trees (Table 3). Number of inflorescences per twig 
and flower bud per inflorescence was significantly different 
between each pair of the three tree sexes (Male, female, and 
cosexual) (Table 4).

There was no correlation between inflorescence length 
and flower production in this study. In Thymus vulgaris 
there were no significant differences in inflorescences mor-
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phology or flower production between male and female 
trees (Assouad et al. 1978). However, in consonance with 
the findings of this study Yakimowski et al. (2011) and 
Joseph and Murthy (2015) found there were significant 
differences in inflorescence morphology and number of 
flowers per inflorescence between male and female plants of 
Sagittaria latifolia and G. indica. Selection for higher male 
flower production is associated with unisexual flowers 
(Yakimowski et al. 2011) as is the case in this study. This is 
so because of the lesser cost of the male function per flower 
when compared to the female function; which makes se-
lection for increased mating opportunities to favour higher 
male floral display (Delph 1996; Eckhart 1999; Costich 
and Meagher 2001).

Conclusion

The pattern of sexual dimorphism in the artificial 
Garcinia kola plantation is akin to an evolving dioecy from 
an ancestral hermaphrodite via the gynodioecious pathway. 
A graphical illustration of the stage of the evolutionary 
process is portrayed by the presence of male flowers with 
rudimentary sterile pistillode, functional bisexual flowers, 
female flowers with partially rudimentary staminodes, in-
variant female trees and inconstant male trees; all of which 
showed that: first, the female sterile mutation that turns 
hermaphrodite flowers to males is completed; second, the 
male sterile mutation that produces female flowers is at its 
intermediate stage; third, invariant female and inconstant 
male trees are evidence of the gynodioecious intermediate 
of an evolving dioecy. Hence the sexual dimorphic charac-
ter of the plantation evidenced by significant differences in 
pedicel, perianth, and inflorescence size, number of in-
florescences per twig, and number of flowers per in-
florescence between the sexes are only pointers to the dy-
namic nature of the sexual system of the plantation. The 
plantation therefore affords the opportunity for the study of 
the evolution of sexual systems particularly for the genus 
Garcinia. 
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