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ABSTRACT 

Background: Knowledge of the anatomy of Anthocleista species is crucial for 

understanding how these plants adapt to the environment. Aim: This study was aimed at 

investigating the influence of moisture gradient on the anatomy of four species in the genus 

Anthocleista (A. djalonesis A. Chev; A.  liebrechtsiana De Wild & Th.Dur; A. nobilis G.Don; and 

A. vogelii  Planch)  in light of environment and ecological niche adaptation. Place of Study: 

Alakahia in Obio / Akpor, Rivers State, parts of Niger Delta. Method: Conventional classical 

anatomical techniques for structural sectioning were used. Result:  Though there are 

similarities and differences in vascular structure among the species, the study has revealed 

variance in anatomical responses to moisture gradient ranging from dry mesophytic to 

mesophytic and wetland conditions of adaptation. The most important and distinct features 

observed are the presence of sclerenchymatous idioblast, air sacs and sclereidal idioblast. 

Sclerenchymatous idioblasts are numerous in A. liebrechtsiana, few in A.  nobilis and A. vogelii 

but was lacking in A. djalonesis. Therefore, the sclerenchymatous idioblast seen in A. 

liebrechtsiana, A. nobilis, and A. vogelii confirmed these species to be mesophytic to semi-

aquatic in their habitat adaptation, while A. djalonesis in dry mesophytic adaptation had thicker 

epidermal layer, multiple hypodermal layers, thicker mesophyll tissues with increased number 

of palisade layers and thick leaves. The stem and root modification had sclereidal idioblast in 

abundance distribution in A. liebrechtsiana, and A. nobilis, moderate in A. vogelii and very low 

in A. djalonesis. Conclusion: The variation observed in the leaf, petiole, stem and root 

anatomy was due to environmental variability of anatomical characters with the plant species 

evolving certain structures and modification to adapt to the niche and environment where they 

find themselves. 
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1.1. INTRODUCTION 

One of the most critical features and influences of comparative analysis on plant characteristic 

variation and similarity in relation to eco-environmental adaptation depends on the degree of relationship 

of various aspect of function in anatomical characterization of plant (Harvey et al., 1995) as well as 

phylogenetic relatedness among taxa (Dubuisson et al., 2011). Every plant found in any environmental 

positions either tropical or sub-tropical region has mechanism for its survival in such place. The 

adaptation potential may comprise of the plant physiological, and biochemical roles in adapting to the 

kind of environment found. This makes species partly dependent on any statistical inference, by relating 

the anatomical traits to ecological preferences which might be alternatively explained by phylogenetic 

inertia affecting both the similarity of anatomical traits among closely related taxa and the similarity of 

ecological niches such taxa occupy (Harvey et al., 1995).  

The Environment can be regarded as the sum total of all the external conditions (biotic and 

abiotic factors) affecting the development and life of an organism (Okiwelu and Anyanwu, 2003). These 

environmental factors do affect the growth, development and distribution of plant in different habitats. 

Plants’ species are known to have different requirement of environmental conditions which can directly or 

indirectly be sources of ecological stress or / and balance for such species (Jegede, et al., 2011). These 

have made plants to develop a variety of strategies and mechanisms in terms of changes in morpho-

anatomical structures to adapt to any changes in their environment. To survive and reproduce, all living 

organisms must adjust to conditions imposed on them by their environment. Thus, Plants plants’ species 

have to respond positively or negatively to changes in their habitat in order to survive (Iwara, et al., 

2011). Such conformity between an organism and its environment constitutes what biologist callis known 

as “Adaptation”. Adaptation is an evolutionary process whereby living things are better suited in tolerance 

to live in their environment or habitat (Donald, et al., 2007). It is a deliberate process of change or 

compromise which contributes to fitness and survival of a plant in anticipation or in response to external 

stimuli and stress.  Invariably, it is the ability of an organism to adapt and survive in its environment in 

different ways; involving an increase or / and decrease in temperature, moisture, humidity, wind or light, 

dark movement (Donald et al., 2007).   

The influence of ecological adaptation of organism in an environment, involve the integration of 

biotic and abiotic factors to the behavioral aspects of species such as plant in the environment 

(Townsend et al., 2011).  Plants’ species of different families or same family have has varied genetic 

potential to adopt wide range of environmental conditions. This adaptation potential might be due to 

varying physiological, biochemical and anatomical characteristics (Noman et al., 2012). A number of 

environmental factors including available moisture are known to influence the anatomy of plant species. 

Variation in plants growth, distribution and productivity has often been attributed to varying conditions of 

environmental factors (Edward and Richardson, 2004; Christensen et al., 2007). Though it has beenwas 

suggested that anatomical features in plants might be more important than morphological features 

systematically because anatomical features are less susceptible to environmental change. However, it 

was reported that variation in leaf anatomy might be useful in assessing strong environmental influences 

on plants (Stace, 1991) 

The plants which characteristically grow in certain ecological niches often show a type of 

structure which is believed to be adapted to that particular environment besides the phenotype. Plant 

species inhabiting water or dry habitats exhibit a number of special features or adaptations in their 
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morphology, anatomy and physiology which enables them to survive under such extreme ecological 

conditions (Verma and Agarwal, 1983).  It has been revealed that variation in anatomical structure is 

dependent on several forces of prevailing conditions in the habitat that leading to species adaptation 

(Niklas, 1985). Knowledge of the anatomy of Anthocleista species is crucial for understanding how these 

plants adapt to the environment. Such plants exhibit considerable variation in their requirements of water 

in natural soil habitat. The genus Anthocleista, Afzel.ex.R.Br., commonly called cabbage tree is a 

medium size tropical Africa genus composed of medium, small trees or shrubs with soft white wood 

belonging to the family Loganiaceae (Keay, 1989; Edwin –Wosu et al., 2015). It consists of 50 species, 

mainly native to tropical African mainland, Madagascar and Mascarene Island; with six (6) of the 50 

species commonly found in Nigeria, and economically significance (Keay, 1989). Of For the six species 

in Nigeria, phytogeographical distribution study has revealed that four (4) species of common occurrence 

with preference for diverse ecological adaptation were found in parts of Niger Delta (Edwin-Wosu and 

Omara – Achong, 2010; Edwin-Wosu et al., 2015). 

In search of understanding the phylogeny of the genus and relationship among the species in 

parts of Nigeria, several studies have been carried out. Among which includes: the origin and species 

composition of the genus (Keay, 1989; Backlund et al., 2000); phytomorphological characterization, 

similarity and variation among species (Sonibare et al., 2007; Edwin-Wosu et al., 2010; Edwin-Wosu, 

2012); phytogeographical distribution, habitat adaptation of the species (Edwin-Wosu, and Omara-

Achong, 2010; Edwin-Wosu et al., 2015); A Chemotaxonomic study of three species of Anthocleista 

(Sonibare et al., 2007);  histochemical localization of tannins in species of Anthocleista was found in 

parts of Niger Delta Tropical rainforest of Nigeria (Edwin-Wosu and Ndukwu, 2012). Others include foliar 

trichome morphology of the species of Anthocleista in Parts of the Niger Delta (Edwin-Wosu et al, 2012); 

stomata morphology of species in parts of Niger-Delta (Edwin-Wosu and Ndukwu, 2012); the antiviral 

effect of Anthocleista nobilis root extract on the biochemical indices of poultry fowls infected with 

Newcastle disease virus (Ayodele et al., 2013); Phytochemical screening, antimicrobial and antioxidant 

activity of Anthocleista djalonesis and Anthocleista liebrechstiana (Luter et al., 2012; Ngbolua et al., 

2014); impact of Anthocleista vogelii root bark ethanolic extract on weight reduction of induced obesity in 

male Wister rat (Anyanwu et al., 2013); Morphology and Anatomy of Anthocleista djalonesis (Asuzu and 

Nwosu, 2009); the ecological dynamics and trajectories of bioactive compounds  of species in parts of 

Niger Delta (Edwin-Wosu et al., 2017) and evaluation of diverse potential in the genus Anthocleista 

(Edwin-Wosu and Okafor, 2017). The Anthocleista species occurring in the Niger Delta has shown 

tremendous ecological diversity with a view to adaptation preference among the species ranging from 

terrestrial dry habitat, mesophytic to swampy habitat (Edwin-Wosu and Omara-Achong, 2010). So farUp 

to date, no research has been carried out on the relationship between the environmental adaptation and 

anatomical modification of the species.  

There is therefore thea need to investigate the relationship in the anatomical modification of 

these species with respect to their prevailing habitat. This present study is significant hence it will provide 

some vital information on this genus, with the view that the variation observed in the anatomy of the 

species. This can help betetr understanding how they adapt to various ecological niches, determine the 

influence of environmental and ecological niche adaptation on the petiolar, foliar, stem and root anatomy 

of Anthocleista species found in parts of Niger-Delta. The information obtained is expected to aid in the 

assessment of taxonomic value of these features as well as their ecological niche adaptation. Also, such 
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useful information could possibly prove serve as a baseline in taxonomic delimitation of the different taxa 

and enhance the existing Floristic information on the species and generally add to the already existing 

information on the taxonomy and the ecographical amplitude of the species. 

 

2.0. MATERIALS AND METHODS 

2.1. Description of study area, location and site 

 The Niger Delta area is the coastline parts of Nigeria approximately 853 kilometers facing the 

Atlantic Ocean and lying between latitude 4
o 
10’ to 6

o
 20

’
N and longitude 2

o
 45’

 
to 8

o
 35

’
E. Geographically 

the area is the Southern segment of Nigeria, created by myriads of Islands segmented by lagoons and 

channels, which empty into the Bight of Benin in the East Atlantic Ocean. The Delta is supplied with 

water by the Rivers Niger and Benue. These Rivers (now joined) break up at Ebu-Otor into the Rivers 

Nun and Forcados (including their tributaries). The portion of the Niger Delta traversed by the River Nun 

is the present Bayelsa State, while the present Delta State is traversed by the River Forcados. The Nun 

River breaks out into many channels and creeks such as Santa Barbara, St. Nicholas, Brass, Nun, 

Sangana, Fishtown, Koluama, Middleton, Digatoru, Pernnington, Dodo and Ramos Rivers, which empty 

into the Atlantic Ocean (Alagao, 1999) (Fig. 1). 

From the ecological perspective it is that portion of the Southern Nigeria stemming from Northern 

apex situated at Aboh, bounded in the East and West by the Imo and the Benin Rivers respectively and 

on the South by the Atlantic Ocean (Fubara et al., 1988). It is the Africa’s largest Delta covering some 

70,000 square kilometers (Km
2
), of which one third of the area is made up of wetland (Afolabi, 1988). The 

region is low lying and not more than 3.0 meters above sea level (Dublin-Green et al, 1999). It possesses 

myriads of luxuriant landscape of sensitive vegetation and ecosystems ranging from coastal mangrove 

forest, brackish swamp forests, fresh water swamp forest, barrier island forest and low land rainforest 

which are attributes of in a large river delta in a tropical region (Teme, 2001).  The environmental 

condition of the area has two climatic seasons: a rainy season (April to November) and a dry season 

(December to March), with an annual rainfall ranging between 1500 and 4000mm (Kurnk, 2004). The 

mean monthly temperature varies between 24
0
C and 32

0
C throughout the years, thus exhibiting 

maximum temperature of climatic regimes. Seasonal and latitudinal variations do affect the maximum 

temperature, diurnal and seasonal ranges, relative humidity, high rainfall pattern, which is comparatively 

uniform due to the proximity of the region to the Atlantic Ocean (Alagoa, 1999). The soil condition of the 

area is of sandy silt and clayey, often alkaline and salty, sometimes acidic. The Niger Delta based on 

ecological context of triangular deltaic basin alluvium formation consists of three core States: Bayelsa, 

Delta and Rivers – study location (Fig.1). Others based on regional and political context include Akwa 

Ibom, Cross River, and Edo, Abia, Imo and Ondo States. 
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Rivers State is situated between longitude (long.) 6
o
38’59.414’’E and 6

o
45’14.471’’E and latitude 

(lat.) 4
o
21’26.725’’N and 5

o
43’33.358’’N. lies on the coastal plain of the Eastern Niger- Delta with its land 

surface geology of fluvial sediments. The land surface can be grouped into three main divisions: the fresh 

water; the mangrove swamps and coastal sand ridges zone. These surfaces consist of three main soil 

groups: the fresh water brown loams and sandy loams, the fluvial marine sediments and Mangrove 

swamp alluvial soils. The State is characterized with high rainfall, which decreases Northward annually 

from 4700mm on Coast to about 1700mm in north apex of the State. The rainforest vegetation occupies 

the upland area; the riverine area is divisible into three hydro-vegetation zones: the Salt water zone; the 

Beach ridge zone and the Fresh water zone (Online Nigeria Community Portal of Nigeria, 1998). The 

State houses 23 local council areas including Obio / Akpor study site (Fig. 2). 

Obio/Akpor Local Council Area situated between  long. 6
o
56’16.932”E & 7

o
1’11.892”E; and lat. 

4
o
56’22.948’’N and 4

o
47’0.256’’N (Fig. 2) covers an area of 320 square Kilometres, approximately 

bounded by Ikwerre, Etche and Omuma Council areas in the north, Emohua Council in the west, 

Degema, Okrika, Eleme and Oyigbo Councils in the east. It is generally flat lowland with a mean 

elevation range of 15m above sea level. The Sombreiro and New Calabar rivers are the major rivers, with 

some isolated seasonal fresh water swamps common in the area. The is a mesophytic seasonally 

flooded terrestrial habitat, dominated with sandy-silt and silty-clay textural soil property and characterized 

by maximum temperature, relative humidity and maximum rainfall. The vegetation type is a shrubby re-

growth, predominated by shrubs, grasses herbs and few trees (Knoepp et al., 2000). 

   

 



 

 

6 

 

 

 

 

 

 

2.2. Field species collection 

  The Species of the Anthocleista genus were collected from the University of Port Harcourt 

Teaching Hospital (UPTH) axis (Figs.3 & 4) situated at 4
o
53’53.609’’N and 6

o
55’41.209”E of Alakahia 

area of the study site. Despite the various hot spot in Niger Delta, the areas under study were chosen for 

the reason of accessibility and availability of the species.  A hand-held Geographic Positioning System 

(GPS – Garmin Dakota 10 Model) was used for the georeferencing of the sampled point for the 

distribution status of the Anthocliesta species in the location under study. All the samples were identified 

and authenticated at the University of Port Harcourt Herbarium (UPH) by the Curator Dr. N. L. Edwin-

Wosu and voucher specimen deposited at the Herbarium (Table 1).  
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2.3. Laboratory anatomical study 

Fresh specimen of the leaf, petiole, root and stem of collected samples were fixed in FAA 1:1:18 

(1 part formalin, 1 part glacial acetic acid, 18 parts of 70% ethanol (v/v)) for 48 hours (Johansen, 1940). 

The specimen were washed in two changes of distilled water to get rid of the fixative and passed through 

graded ethanol series in the order 30%, 50%, 70% and 95% ( each for two hours) and finally absolute 

ethanol (overnight) (Okoli, 1987). Free hand sections were made using a razor blade to cut thin section 

(1 cell thick) by making horizontal cuts close to the surface. The first sections were discarded; 

subsequent sections placed in water, held in a glass Petri dish. The sections (leaf and petiole) were 

stained with 1% methyl blue, root and stem with 1% safranin and methylblue (canter staining), the 

sections were rinsed with distilled water to get rid of excess stain and then placed on a slide with a drop 

of glycerine and covered with a cover slip. The prepared slides were viewed under a microscope and 

photomicrograph was taken from good preparations. 

3.0. RESULTS 

The result of the spatial geographical distribution and herbarium voucher sample deposit are 

presented in Tables 1 and 2. The anatomical result interpretation of study observations on the leaf, 

petiole, root and stem of the species are presented below, while the photomicrographs of the sections as 

shown are presented in Plates 1-16.  

 

      Table 1: GPS co-ordinates of the collected samples. 

Species Latitude (N) Longitude (E) Alt. (Metres) 

A. djalonesis A. Chev 4
o
 53’44.33” 6

o 
55’52.06” 16 

 4
o
53’43” 6

o
55’56” 16 

A. liebrechtsiana De Wild & Th. Dur  4
o
 53’37.13” 6

o 
55’42.15” 11 

 4
o
53’43” 6

o
55’39” 11 

A. nobilis G. Don 4
o
 53’36.09” 6

o 
55’45.69” 11 

 4
o
53’37” 6

o
55’45” 11 

A. vogelii  Planch 4
o
 53’36.49” 6

o 
55’49.36” 13 

 4
o
53’38” 6

o
55’45” 13 

 

Table 2: Data for the Herbarium Voucher Samples Deposit  

S/No Species Accession No UPH No 

1. A. vogelii 001 UPH/V/1204 

2. A. djalonesis 002 UPH/V/1205 

3. A .liebrechtsiana 003 UPH/V/1206 

4. A .nobilis 004 UPH/V/1207 
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3.1. Leaf -Midrib Anatomy 

The transverse section of the leaf – midrib anatomy has revealed Anthocleista djalonesis A.Chev 

leaf (Plate 1) with two thick layer of epidermis, multiple hypodermis, thick layer of elongated palisade 

mesophyll parenchyma, layer of irregular spongy mesophyll parenchyma cell, several crescent shaped 

and bicollateral vascular bundles with single layer of endodermis. Anthocleista liebrechstiana De Wild 

and Th. Dur (Plate 2) has two layer of epidermal cells, single layer of collenchymatous cells, single thick 

layer of elongated palisade mesophyll and irregularly shaped thick spongy mesophyll, stellate shaped 

idioblast in the spongy mesophyll tissue, presence of air sacs (Lacunae) in the leaf lamina and vascular 

bundles. Anthocleista nobilis G.Don (Plate 3) recorded two layer of upper epidermis, a single layer of 

collenchymatous cells, a single layer of elongated palisade mesophyll and spongy mesophyll cells, 

several idioblastic sclereids, several bicollateral vascular bundles and fourteen medullary bundles, while 

Anthocleista vogelii Planch (Plate 4) had single layer of epidermal cells, single layer of collenchymatous 

cells and two layers of elongated palisade mesophyll and irregular layers of spongy mesophyll, crescent 

shaped vascular bundles, several bicollateral vascular bundles arranged in a concentric ring with eight 

medullary vascular bundles. 
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3.2. Petiole Anatomy 

The petiole anatomy from the various species has indicatedshows Anthocleista djalonesis 

A.Chev (Plate 5) with single layer of epidermal cell, 3 layers of collenchymatous cells, a layer of 

sclerenchyma cells, spongy parenchyma cells containing a lot of intercellular spaces. Vascular bundles 

are amphicribral bicollateral arranged in a concentric ring.  There are seven medullary vascular bundles 

scattered within the pith representing vein traces. 

 Anthocleista liebrechstiana De Wild and Th. Dur (Plate 6) transverse section recorded single 

layer of epidermal cell, 3 layers of collenchymatous cells, single layer of sclerenchymatous cell, 

numerous stellate shape idioblast and several bicollateral vascular bundles.  

Anthocleista nobilis G.Don (Plate 7) had single layer of epidermis, two to three layers of 

collenchymatous cells, one layer of sclerenchyma cell and several bicollateral vascular bundles. 
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sclerenchymatous idioblast are present, some with stellate shape, others with simple or complex 

branching, while Anthocleista vogelii Planch (Plate 8) with its heart shape, recorded single layer of thick 

epidermal cells, 2-3 layers of collenchymatous cells, a single layer of sclerenchymatous cell, and several 

bicollateral vascular bundles. It has numerous idioblast, some with stellate shape, others with simple or 

complex branching. 
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3.3. Root and Stem Anatomy 

 The transverse section of the root and stem anatomy has revealedillustrated the internal 

structure of the four species studied (Plates 9 – 16).  

The root of A.  djalonensis. A. Chev (Plate 9) had two layers of epidermis, cortex with the 

presence of air chamber, endodermis, pericycle, seven vascular bundles and pseudopith. Anthocleista 

liebretchsiana. De Wild and Th. Dur., (Plate 10) recorded two layers of epidermis, exodermis, several air 

chambers, cortex, several sclereid, endodermis, 12 vascular bundles and pseudopith, while A.  nobilis. 

G. Don (Plate 11) revealed two layers of epidermis, a layer of exodermis, cortex, several air chambers, 

endodermis, several vascular bundles, and several astrosclereid and pseudopith. Anthocleista vogelii. 

Planch (Plate 12) recorded two layers of epidermis, cortex, several air chambers, endodermis, pericycle, 

several vascular bundles and pseudopith. 
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 The stem anatomy of Anthocleista djalonensis, A. Chev (Plate 13) has revealedpresented a 

thick layer of epidermis, cortex, several astrosclereid, 9 layers of collenchyma, endodermis, several 

vascular buddle, and pseudopith. Anthocleista liebretchsiana, De Wild and Th. Dur (Plate 14) had a layer 

of epidermis, layers of collenchyma, endodermis, several vascular buddles, several astrosclereid and 

pseudopith. Anthocleista nobilis.G. Don (Plate 15) recorded pseudopith, several sclereid, vascular 

bundles, endodermis, collenchyma cells and epidermal cells. Anthocleista vogelii. Planches in (Plate 16) 

revealed shows layers of epidermis, layers of collenchyma, endodermis, several vascular buddles, and 

few sclereid. 
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4. DISCUSSION 

Every plant found in any environmental positions either tropical or sub-tropical region has 

mechanism for its survival in such place. The adaptation potential may comprise of the plant 

physiological, and biochemical roles in adapting to the kind of environment found. This makes species 

partly dependent on any statistical inference, by relating the anatomical traits to ecological preferences 

which might be alternatively explained by phylogenetic inertia affecting both the similarity of anatomical 

traits among closely related taxa and the similarity of ecological niches such taxa occupy (Harvey et al., 

1995). Plants species are known to have different requirement of environmental conditions which can 

directly or indirectly be sources of ecological stress or / and balance for such species (Jegede, et al., 

2011). To survive and reproduce, all living organisms must adjust to conditions imposed on them by their 

environment. These have made plants to develop a variety of strategies and mechanisms in terms of 

changes in morpho-anatomical structures to adapt to any changes in their environment. Thus Plants 

species have to respond positively or negatively to changes in their habitat in order to survive (Iwara, et 

al., 2011).  

Plants species of different families or same family have varied genetic potential to adopt wide 

range of environmental conditions. This adaptation potential might be due to varying physiological, 

biochemical and anatomical characteristics (Noman et al., 2012). A number of environmental factors 

including available moisture are known to influence the anatomy of plant species. This has informed the 

study on the ecological adaptation Anthocleista species under moisture gradient ranging from dry 

mesophytic secondary terrestrial forest and mesophytic to wetland condition in parts of Niger Delta.  

The result obtained from this investigation has though revealed some similarities and differences 

among the four species of Anthocleista in term of distribution and abundance in the anatomical features 

adaptation to environmental conditions. It ishas been suggested that anatomical in plants might be more 

important systematically than morphological features in plants might be more important systematically 

due to its less susceptibility to environmental change; leaf anatomy appears to vary according to the 

environment (Johnson, 1980); however, it has been reported that variation in leaf anatomy might be 

useful in assessing strong environmental influences on plants (Stace, 1991). Though the leaf anatomy 

has recorded similarities and differences in their vascular structure (Edwin-Wosu and Omoikhabon in 

Comment [TCC(1]: These two paragraphs seem 
repetition of introduction 

Formatted: Highlight

Formatted: Highlight



 

 

15 

press) in term of distribution and abundance, the present study observed that anatomical features are 

generally similar to all the species, which indicate a phylogenetic relatedness of the taxa. 

Variation in anatomical features of plants has often been attributed to environmental factors 

(Scheiner and Goodnight, 1984). The most striking feature observed was the presence of 

sclerechymatous idioblast reaffirming the assertion by Leeuwenberg and Leehourts (1980). The present 

study observed that sclerenchymatious idioblasts are numerous in A. liebrechtisiana, few in A. nobilis 

and A. vogelii but lacking in A. djalonesis. Earlier study has recorded A. djalonesis as a secondary 

terrestrial forest species with a dry mesophytic habitat adaptation. (Edwin-Wosu et al., 2015). This may 

be the reason why it lacks sclerenchymatous idioblast, and contains so many intercellular spaces as well 

as its cuticle being well developed to help prevent excessive water loss. Anthocleista nobilis and A. 

vogelii has exhibited greater ecological amplitude hence their capableility to establish in various habitat 

lying along an environmental gradient (Edwin-Wosu et al., 2015). This also corroborates? the assertion 

that landscape are never static, their element are in permanent temporal and spatial flux (Stemier and 

Kohler, 2003; Brown and Leband, 2006). The numerous sclerenchymatious idioblast and air sacs 

(Lacunse) observed in A. lebrectsiana shows thethat it preference for adaptation is a semi-aquatic 

(Wetland) environment. The species is known for its low ecological amplitude with a localized distribution 

because of the narrow range of condition on which their growth depend (Edwin-Wosu et al., 2015). Such 

species are called “habitat specialist” because they have a significant positive association with their 

habitat or they cannot survive outside their habitat (IUCN, 1994). Specialist species have narrow niche 

breadth and occur only in a small geographical range where appropriate resources are available. 

Presence of sclerenchymatous idioblast and lacunae appears to be characteristics features of 

species growing in wetland associated with moisture gradient. Observation has shown that despite the 

species profound preference for tropical and mesophytic environment, they also display disparity in light 

of their features in restricted occurrence in certain ecological habitats (Edwin-Wosu and Omara-Achong, 

2010; Edwin-Wosu et al., 2015). Similar study has indicated A. djalonesis, A. nobilis, and A. vogelii as 

prevalent and adapted to low land secondary vegetation forest while A. liebrectsiana is prevalent and 

adapted to fresh water swamp forest zone (Edwin-Wosu and Omara-Achong, 2010). Plants which 

characteristically grow in certain niches often show a type of structure believed to be adapted to that 

particular environment; therefore sclerenchymatous idioblast have has been seen identify as an adaptive 

feature of plants to watery niche (Verna and Agawal 1983). 

The presence of sclereide of various shapes (sclerenchymatous idioblast) in leaves and other 

tissue is the characteristic of hydrophytes. The variation observed in the leaf anatomy was due to 

environmental variability of anatomical characters. Therefore the sclerenchymatous idioblast seen in A. 

liebrectsiana, A. nobilis and A. vogelli confirmed these species to be semi-aquatic while A. djalonesis is 

mesophytic in their habit adaptation. Related study of such environmental influence as low temperature, 

drought, light and elevation on responses of leaf structures and general ecological trend have been 

recorded (Fei et al., 1999; Rocas et al., 2001; Li and Bao, 2005). Mesophytes are plants that are 

exposed to an environment where it is neither too dry nor too wet; they do not need any extreme 

adaptations. However, the mesophytic adaptation of A. djalonesis is associated with thicker epidermal 

layer, multiple layers of hypodermis, thicker mesophyll tissues with increased number of palisade layers 

and thicker leaves. This corroborates is consistent with Rocas et al. (2001) where instances of plants in 

low temperature zones are characterized with smaller leaf area, thicker epidermis, thicker mesophyll 
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tissue and thicker leaves. Similarly, increased number of palisade layers with small cell volume, 

decreased number of spongy layers with small cell volume and smaller intercellular spaces has been 

recorded among plants in zones of water shortage (Chartzoulakis et al., 2002). Smaller and thicker 

leaves; well-developed epidermal cuticles and trichomes; a thicker epidermal layer composed of small 

cells; the appearance of hypodermal layer; well-developed palisade tissues and tightly arranged spongy 

tissues have also been recorded among plants in zones of high light intensity (Mendes et al., 2001; Cai 

and Song, 2001; Rocas et al., 2001). In plants, leaf anatomy might provide insight to assess adaptive 

variation and ultimately evolutionary change (Stace, 1991).  

The anatomical study has also revealed the internal structure of the stem and root of the four 

species of the genus Anthocliesta studied under moisture gradients. The stem epidermis, collenchyma, 

endodermis, xylem, phloem, parenchyma and sclerenchyma cells are present in abundance distribution 

in the four species while sclereid is found in abundance distribution in A. liebrectsiana and A. nobilis, 

moderate in the stem of A. vogelii and very low distribution in A. djalonesis which has a well developed 

cortex. In the root; epidermis, cortex, endodermis and vascular bundles are present in abundance 

distribution in the root of the four species, air chamber is present in abundance distribution in the root of 

A.  liebrechtsiana and A.  nobilis, and moderate in distribution in the root of A.  vogelii and A.  djalonesis, 

which were also noted for the presence of  pericycle while sclereid was observed in  A.  liebrechtsiana 

and A.  nobilis. Anatomical characters may serve as reliable indicators in the study and understanding of 

ecological adaptation of living organisms. Therefore, anatomical studies of leaf, petiole, stem and root 

could be used to deduce the influence of environmental and ecological niche adaptation on the anatomy 

of Anthocleista species found in parts of the Niger-Delta. 

CONCLUSION 

The result obtained from the anatomical studies of the four Anthocleista species shows that the 

environment and ecological niches where they are found have an influence in their anatomical structures. 

The variation observed in the anatomical features of the plants can be attributed to environmental factors 

such as moisture gradient beside other factors not considered in this study. The anatomical features 

seen in the plants indicate that Anthocleista species shows an ecological preference for both a normal 

terrestrial (dry mesophytic and mesophytic) and wetland (seasonally flooded environment) conditions. 

Also the plant species tends to evolve structures such as sclerenchymatous idioblast and lacunae to 

adapt to the niche they occupy.  

 

 

 
REFERENCES update reference, latest 2017? 
Afolabi D.  The Nigerian Mangrove ecosystem. Third Regional workshop of the Gulf Guinea Large 

Marine Ecosystem (GOGLME), Lagos Nigeria; 1998.  
 
Alagoa EJ. The Land and People of Rivers State, Central Niger Delta. Onyema Research Publication, 

PortHarcourt, Rivers State, Nigeria; 1999 
 
Anyanwu GO, Oyeneke EC, Udunobin U,  Adegbegi AJ.  Impact of Anthocleista vogelli root bark 

ethanolic extract on weight reduction in high carbohydrate diet induced obesity in male wistar 
rats. African Journal of Biochemistry Research, 2013; 7:225-232. 

 



 

 

17 

Asuzu CU, Nwosu MO. Morphology and Anatomy of Anthocleista djalonesis. Nigeria Journal of botany, 
2009; 22:103-109. 

 
Ayodele PO, Okonko IO, Odu NN, Banso A. Antiviral effect of Anthocleista nobilis root extract on the 

biochemical indices of poultry fowls infected with Newcastle disease virus (NDV). Annals of 
Biological Research, 2013; 3:20-30. 

 
Backlund M, Oxelman B, Bremer B. American Journal of Botany, 2000; 87: 1029-1043. 
 
Brown JH, Leband DN. Species imperilment and spatial patterns of development in the United States. 

Conservation Biology, 2006; 20(1): 239 – 244. 
 
Cai YL, Song YC. Adaptive ecology of lianas in Tiantong evergreen broad-leaved forest, Zhejiang, China 

I. leaf anatomical characters. Acta Phytoecology Sinica, 2001; 25: 90–98. 
 
Chartzoulakis K, Patakas A, Kofidis G, Bosabalidis A, Nastou A. Water stress affects leaf anatomy, gas 

exchange, water relations and growth of two avocado cultivars. Scientia Horticulturae, 2002; 95: 
39–50. 

 
Christensen JH, Hewitson B,  Busuioc A, Chen A, Gao X, Held I,  Jones R, Kolli RK, Kwon WT, Laprise 

R,  Magana RV, Mearns L, Menendez CG, Raisanen J, Rinke A, Sarra A,  Whetton P. Regional 
Climate Protections. In:  S Solomon, D Qin, M Manning, Z Chen, M Marquis, KB Avery, M Tignor, 
HL Miller, (Eds) Climate change: The Physical Science basis, Contribution of Working group I to 
the Fourth assessment report of the intergovernmental panel on climate change. Cambridge 
University Press, Cambridge, UK and New York; 2007. 

 
Donald R, Nelson N, Adger W, Katrina B. Adaptations to environmental change: Contributions of a 

resilient framework. Annual Review of Environment and Resources, 2007; 32: 395-419. 
 
Dublin- Green CO, Awosika LF,  Folorunsho R. Climate variability research activities in Nigeria. Nigerian 

Institute of Oceanography and marine Research, Victoria Island Lagos, Nigeria; 1999. 
 
Dubuisson JY, Hennequin S, Bary S, Ebihara A, Boucheron- Dubuisson E. Anatomical diversity and 

regressive evolution in trichomanoid filmy ferns ( Hymenophyllaceae). A Phylogenetic Approach. 
Comptes Rendus Biologies , 2011; 334: 880-895.  

 
Edward M, Richardson AJ. The impact of climate change on the phenology of the plankton community 

and trophic mismatch. Nature, 2004; 430:881-884. 
 
Edwin-Wosu NL,  Omara-Achong T. Geographical Distribution of species in the genus Anthocleista in the 

Akpabuyo Tropical Rainforest Nigeria. International Journal of Agriculture, 2010; 2 (5):128-134. 
 
Edwin-Wosu NL, Omara-Achong T, Nkang A. Distribution, Habitat adaptation and conservation as 

integral approach to protection of Anthocleista species in Nigeria’s Niger-delta landscape. Asian 
Journal of Plant Science and Research, 2015; 5(2): 17-26. 

 
Edwin-Wosu NL. Phytomorphological Characterization in relation to intraspecific delimitation among 

members of the tree species in the genus Anthocleista found in parts of Niger Delta Tropical 
rainforest, Nigeria. European Journal of Experimental Biology, 2012; 2(6):1962-1973. 

 
Edwin-Wosu NL, Ndukwu BC. Biosystematic studies in Loganiaceae (Series 2): Histochemical 

Localisation of Tannins in Species of Anthocliesta Found In Parts of Niger Delta Tropical 
Rainforest of Nigeria. European Journal of Experimental Biology, 2012; 2(3): 800-806. 

 
Edwin-Wosu NL, Ndukwu BC. Biosystematic Studies in Loganiaceae (Series 3): Stomatal Morphology In 

relation to intraspecific delimitation among members of the tree species in the Genus 
Anthocleista found in parts of Tropical Rainforest in Nigeria. European Journal of Experimental 
Biology, 2012; 2(3): 807-813. 

 
Edwin-Wosu NL, Wejinya C, Omara-Achong T. Biosystematic studies in the Loganiaceae (series 1): 

Foliar trichome morphology of Tree Species of Anthocleista  found in Parts of the Niger Delta, 
Nigeria. European Journal of Experimental Biology, 2012; 2(6):1988-2000. 



 

 

18 

 
Edwin-Wosu NL, Jemilat AI, Harry B, Ette Ette E. The Ecological Dynamics and Trajectories of Bioactive 

Compounds in Plants of the Genus - Anthocliesta Found In Parts of Niger Delta Ecological 
Zone, Nigeria. Global Journal of Pure and Applied Sciences, 2017; 23: 5-19. DOI: 
https://dx.doi.org/10.4314/gjpas.v23i1.2  

 
Edwin-Wosu NL, Okafor AC. Evaluation of diverse potentials in the Genus – Anthocliesta: A short 

communication on the panacea towards exploiting and optimizing Anthocliesta species. Scientia 
Africana, 2017; 16(2): 208 – 217. 

 
Fei SL, Fang JY, Fan YJ, Zhao KL, Liu XJ, Cui KM. Anatomical characteristics of leaves and woods of 

Fagus lucida and their relationship to ecological factors in Mountain Fanjingshan, Guizhou, China. 
Acta Botanica Sinica, 1999; 41: 1002–1009. 

 
Fubara DMJ, Teme SC, Mgbeke T, Gobo AET, Abam TKS. Master plan design of flood and erosion 

control measures in the Niger Delta IFERT Technical Report No 1. 1988. 
 
Harvey PH, Reader AF, Nee S. Why Ecologists need to be phylogenetically challenged. Journal of 

Ecology, 1995; 83: 535-536. 
 

IUCN  Red list categories. IUCN Publications, Switzerland, 1994. 

Iwara AI, Gani BS, Njar GN, Deeker TN. Journal of Agricultural Science, 2011; 2(20):69-75. 

Jegede IA, Kunle OF.  Ibrahim JA. Journal of Medicinal Plants Research. 2011; 5(26): 6136-6139.  

Johansen DA.  Plant microtechnique. New York:  McGraw‐Hill, 1940. 

Johnson CT. The leaf anatomy of Leptospermum Forst. (Myrtaceae). Australian Journal of Botany, 1980; 

28: 77- 104. 

Keay RWJ. Trees of Nigeria. A revised edition. Clarendon Press Oxford, 1989. 
 

Knoepp JD, Coleman DA, Crossley JR, Clark JS. Biological indices of soil quality and Ecosystem case 

Study of their uses. Forest Ecology and Management, 2000; 138: 357-368. 

Kurnk P. Customary water loss and practices: Nigeria, 2004.  
 
Leeuwenberg  AZM, Leehourts PW. Taxonomy: In A.J.M Leewenberg. Editor-Engler and Prantis. The 

Natural Plant Families of Angiosperms. Order Gentiales Family Loganiaceae. 28b (1). Dunker 
and Humblodt, Berlin. pp 8-96. 1980. 

 
Li FL, Bao WK. Responses of the Morphological and Anatomical structure of the plant leaf to 

environmental change. Chinese Bullettin of Botany, 2005; 22: 118–127. 
 
Luter L, Raphael AO, Galadima A, Okoronkwo MU. Phytochemical screening and antimicrobial activity 

studies of the root extract of Anthocleista djalonesis. International Journal of Chemistry, 2012; 4, 
4. 

 
Mendes MM, Gazarini LC, Rodrigues ML. Acclimation of Myrtus communis to contrasting Mediterranean 

light environments-effects on structure and chemical composition of foliage and plant water 
relations. Environmental and Experimental Botany Journal, 2001; 45: 165-178. 

 
Ngbolua K, Mubindukila REN, Mpiana PT, Tshibangu DST, Asande MC, Nzongola WK, Baholy R, 

Fatiany PR. Phytochemical screening, Antibacterial and Antioxidant activities of Anthocleista 
liebrechstiana originated from Democratic Republic of Congo. Journal of Advancement in 
Medicinal and Life sciences, 2014; 1: 1-6. 

 
Niger Delta Regional Development Master Plan. Niger Delta Region Land and People. 99pp. 1998. 



 

 

19 

 
Niklas KJ. The Evolution of Tracheid diameter in early vascular plants and its implication on the hydraulic 

conductance of primary xylem strand. Evolution, 1985; 39:1110-1122. 
 
Norman A, Hameed M, Ali Q, Aqeel M.  Foliar tissue architectural diversity among three species of genus 

Hibiscus for better adaptability under industrial environment. International Journal of 
Environmental Science, 2012; 2: 2212- 2222. 

 

Okiwelu SN, Anyanwu AI. Dictionary of Ecology Conservation and Environmental Science: 60pp. First 

Published in Port Harcourt, 2003. 

Okoli BE. Anatomical studies in the leaf and protract of Telferia Hoker (Curcurbitaceae). Fedes 
Repertorium, 1987; 98:231 -236. 

 
Rocas G, Scarano FR, Barros CF. Leaf anatomical variation in Alchornea triplinervia (Spreng) Mull. Arg. 

(Euphorbiaceae) under distinct light and soil water regimes. Botany Journal of the Linnean 
Society, 2001;136:231–238. 

 
Scheiner SM, Goodnight CJ. The comparison of phenotypic plasticity and genetic variation in population 

of the grass –Danthonia spicata. Evolution, 1984; 845-855. 
 
Sonibare MA, Soladoye MO, Ekine-Ogulana Y. A chemotaxonomic approach to the alkane content of 

three species of Anthocleista. African Journal of Biotechnology, 2007; 6:1516-1520. 
 
Stace CA. Plant taxonomy and Biosystematics: Contemporary Biology. Edward Arnold, London, 1991. 
 
Stemier NC, Koliler N. Effect of land scape pattern on species richness, a modeling approach. 

Agriculture, Ecosystem and Environment 2003; 93: 353 – 361. 

Teme SC. Environmental Peculiarities of the Niger Delta in Petroleum Exploration Operations. In: the 
National Conference of pipeline Vandalisation and Degradation of the Niger Delta Environment. 
Rivers State Ministry of Environment and Natural Resources of Collaboration with green House 
Foundation and B. Jean Communication Limited Port Harcourt, Rivers State. 27th -29th Nov. 
2001. 

 
Townsend P, Joirge S, Pearson RG, Anderson RP, Martinez-Meyer E, Nakamura M, Araujo MB. 

“Species environment- relationships” Ecological niche and geographical distributions MPB-490. 
Princeton University Press. p82. 2011. 

 
Verma PS, Agarwal VK. Principles of Ecology in Environmental Biology.Schand and Company Ltd Ram 

Nagar, New Delhi-110055. pp 591. 1983. 


