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Abstract 

Cryptogamic pteridophytes are primitive group of ferns sensitive to environmental 

disturbance; they serve as indicators and monitoring agent to the environment. This study 

was aimed at assessing their distribution using GIS techniques in parts of swamp vegetation 

of Forestry Research Institute of Nigeria (FRIN); with the objective of establishing the spatial 

distribution of the different species within the ecological study area. Three plantations 

(Allanblackia plantation, mixed plantation, and Irvingia plantation) of the swamp 

vegetation of the Forestry Research Institute of Nigeria, Onne were assessed. Sampled 

points of individual species were georeferenced using hand-held Geographic Positioning 

System (GPS). Result has recorded nine species (Marattia fraxinea, Nephrolepis pumicicola, 

Nephrolepis bisserata, Platycerium bifurcatum, Platycerium grande, Ophioglossum 

gomezianum, Pteris catoptera, Pteris acanthonuera and Selaginella myosurus) of 

Pteridophytes identified from the plantations. However, there were variation in distribution 

of species among the plantations and between species within plantation in their various 

georeferenced situate with Pteris catoptera and Selaginella myosurus the most abundant 

species. The Average Nearest Neighbor Analysis revealed a Nearest Neighbor Ratio of 7.91 

greater than 1, implying a dispersion distribution pattern with a critical value (85.68) less 

than 1%. The distance analysis between species within plantation revealed in the Irvingia 

plantation a ratio index of 0.79 less than 1, implying a clustering distribution pattern with 

a critical value (-2.10) less than 5%. It is therefore significantly easier using Geographical 

Information System to know the widespread of ferns, their richness and diversity with 

respect to different habitat, and distribution rate in the study area.    
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Introduction  

Nigeria's tropical rainforests are among 

the top 25 biodiversity hotspots of the 

world that hold great significance in terms 

of conservation. In nature, there are about 

9000 to 15000 species of Cryptogamic 

pteridophytes (Smith et al., 2006). 

However, an earlier report on Nigerian 

rainforest has recorded about 7,895 plant 

species distributed in 338 families and 

2,215 genera of which 165 species are 

pteridophytes, endemic to Nigeria 
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(Convention on Biology Diversity, 2001). 

Pteridophytes are group of primitive land 

plants that belongs to the group of 

cryptogams (plants that reproduce by 

spores without flowers or seeds), they are 

the first evolved plant groups with 

vascular system for the conduction of 

water and food material and have been on 

earth for over 438 million years (Dudani 

et al., 2011), as they occupy the 

intermediate position between the 

bryophytes and phanerogams (Stretch and 

Todd, 2014; Edwin- Wosu, 2019).  These 

plant species have evolved over time and 

can adapt to terrestrial conditions bridging 

the gap between seed plants and non-

vascular cryptogams. 

Habitat differentiation is one crucial 

aspect for consideration in fern diversity. 

Ferns are characterized by a wide 

tolerance range of altitudinal changes and 

variety of habitats with mid-elevation 

based on the adaptation to low rate of 

temperature lags with increasing altitude, 

physiognomy, vegetation shade and 

shelter, maximum rainfall, and adaptation 

to any type of soil given sufficient 

climatic, moisture and good 

morphological conditions (Kluge and 

Kessler, 2006; Edwin-Wosu, 2019). 

Beside the plant category, they are found 

distributed across different locations and 

ecosystem ranging from remote mountain 

elevations, desert rock surfaces, open 

fields, and water bodies, marshes and 

swamp (Dixit, 2000). Within the Africa 

continent, even in Nigeria these species 

are found thriving in various areas and 

several studies on the richness and 

diversity of ferns with respect to different 

habitat, distribution, phylogeny, 

phenology and ecology have been 

documented (Hemp, 2002; Akoegninou et 

al., 2006; Roux, 2009; Abotsi et al., 2018; 

Edwin-Wosu, 2019). Ferns exhibit 

obligatory and facultative divergence 

preference in the adaptation of the 

microhabitat (niche) they occupy. Such 

ecological niche of the terrestrial 

environment in parts of Nigeria might 

include among others; the  Riparian 

ecosystem,  forest floors, Lithophyte and 

grass land areas where various fern inhabit 

with their habit of creeping, climbing or 

being erect ( Edwin-Wosu, 2019). Though 

there are no comprehensive reports of the 

various fern species in Nigeria, few 

studies that have revealed the common 

ones found across different locations 

within the country (Oloyede, 2012; 

Edwin-Wosu, 2019). 

As plants face some level of challenges 

in their varying habitats, it seems quite 

important to assess the crucial factors that 

enhance their distribution as well as the 

spatial and temporal relationships that 

exist between plants within their 

ecosystem. Basically, various biotic and 

abiotic factors influence the diversity of 

species in terms of distribution and 

relative abundance in their natural 

ecosystem however; there are significant 

variations in the roles of these factors. 

Thus, the question now is which factor(s) 

favours one environment more than the 

others in the distribution of plants species. 

Such distributional question can be 

handled using Geospatial Information 

Technologies (GIS) (Merem and 

Twumasi, 2006; 2008).  

GIS is an integrated technology of 

methods, geospatial tools, models and 

software employed to achieve great 

results, it involves the use of computers in 

handling locations and geographical 

attributes in digital form (Chang, 2010). 

The Geographic Information System is 

designed to capture and store geographical 

data and also aids in the manipulation, 

analysis, and management of the data 

captured. This method of analysis 

emerged famous after the introduction of 

GAP Analysis (Dempsey, 2011) and with 

such advancement there is increased 
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performance in spatial analysis, statistics, 

image processing, and modelling which 

has proven to be very helpful and better 

than the crude method of taking field 

measurements, aerial photographs, ground 

trotting, and historical maps (Edwin-

Wosu et al., 2019). 

The current usage of GIS technology 

has recorded some meaningful 

significance, viz: solving problems and 

making an excellent decision with data 

visualization of the environment, hence 

the ability to map and monitor ecological 

phenomena such as environmental 

changes and human activities across a vast 

spatial scale (Busby, 2002; McDermid et 

al., 2005); the evolution and advancement 

of important ecological data and 

technology using varying geospatial data 

for mapping applications (Rogan and 

Miller, 2006), indicators of landscape as 

well as potential environmental health 

changes, locating various vegetation 

resources within an area (Edwin-Wosu et 

al., 2019). This study was aimed at 

assessing the ecological distribution of 

pteridophytes (ferns) using GIS 

techniques in parts of Swamp vegetation 

of Forestry Research Institute of Nigeria 

(FRIN); with the objective of establishing 

the spatial distribution of the different 

species within the ecological study area. 

This techniques holds significant potential 

in this present research as it will aid in 

revealing the current spatial distribution of 

the pteridophytes within the target 

locations of different plantations in the 

swamp vegetation. Such analysis of fern 

species can further aid the conservation 

and management of these species. It can 

also help in the development of maps with 

the visual data collected, revealing various 

information such as soil pattern, texture, 

tone, and association. It can also reveal the 

monitoring potential of fern species hence 

some of the species are sensitive to 

environmental disturbance and finally 

enhance decision making, by ensuring that 

ecologist and other scientists place 

effective policies in quantitative and 

qualitative measurements of the species.  

 

Materials and Methods 

Description of the Study Area 
The study was carried out at Eleme 

Local Government Area located at 

Latitude 4° 45' 0" N and Longitude 7° 10' 

0" E (Fig. 1) of the South - Eastern region 

of Rivers State Nigeria. It shares boundary 

with five Local Government Areas, 

Oyigbo, Tai, Okirika, Obio/Akpor and 

Port Harcourt. It is a major local 

government area in Rivers State housing 

several companies and Seaports. The 

petroleum refining plant, fertilizer 

producing plant, petro-chemical 

manufacturing plant and several 

hydrocarbon servicing private companies 

are located in the study area. . The area is 

characterized by a mixture of both dense 

and sparse rainforest vegetation type of 

grasses and shrubs, rich in tropical 

biodiversity. The study area been situated 

within the tropical wet climatic belt, 

makes the vegetation to be nourished with 

maximum rainfall and maximum 

temperature, which provide favourable 

condition for the growth of varieties of tall 

and big trees like Swietenia mahagoni 

(Mahogany),Triplochiton scleroxylon 

(Obeche), Terminalia ivorensis (black 

Afara) and abundance of Elaeis 

guineensis (oil palm tree) and several 

other economically valuable species of 

plants such as ferns and grasses (Wokocha 

et al, 2017). The area, has 10 major towns 

viz: Akpajo, Aleto, Alesa, Alode, 

Agbonchia, Ogale, Ebubu, Ekporo, Eteo, 

and Onne study location (Fig. 2). 

 

 

Ethiopian Journal of Environmental Studies and Management Vol. 15 no.1 2022 



114 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Rivers State indicating Study area-Eleme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Eleme Study Area Indicating Study location-Onne 

The Study location, Onne (Fig. 2) in the 

South - South region of Eleme study Area, 

with its situate at Latitude 4°43'0" N and 

Longitude  7° 9' 0" E, is in proximity to  

water body in the South - Eastern side 

close to Panya town extending close to 

Eyaa town. The location is housing a 

major research centre, the Forestry 

Research Institute of Nigeria (FRIN) i.e. 

the Study site (Fig. 3) characterized by 

diverse floristic composition and structure 

among which is the Swamp vegetation 
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(sampled site Fig. 4). The sampled site 

consist of  multi-species  plantations, viz: 

the Allanblackia Plantation ( 0.2 Hectare) 

at the eastern region of the study site, 

georeferenced at 4° 42' 8"N  and 7°10' 

37"E , Irvingia Plantation (0.5 Hectares) 

at the northern side of the study site, 

georeferenced at 4°42'10"N and 

7°10'35"E, and the Mixed plantation (0.8 

Hectares) at the North- South region  

georeferenced at 4°42'8"N and 7°10'35"E. 

Each Plantation is a large-scale area 

designated for agricultural, timber and non 

- timber forestry crops with varieties of 

species  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Onne study location indicating study site (Forestry Research Institute of Nigeria 

(FRIN) 
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Fig. 4: Satellite imagery of Sampled Sites (Multi- species plantations) 

 

Cryptogamc Site Assessment 
The field survey was carried out in 

three plantations of the Swamp Forest 

vegetation at FRIN housing the 

Allanblackia Plantation (0.2 Hectares), 

Irvingia Plantation (0.5 Hectares) and the 

mixed plantation (0.8 Hectares). Using a 

hand - held Geographic Positioning 

System (GPS - Garmmi Dakota 10 model) 

the georeferencing of the sampled point of 

individual species was carried out and 

with the plant species identified as much 

as possible and recorded from the 

plantation sampled sites located in the 

study site.  

 

Result 

The floristic assessment of the three 

plantation sampled sites of the Swamp 

Forest (Fig. 5)  have recorded nine species 

of Pteridophytes under six families in 

diverse ecological niche habitation 

involving three obligatory arboreal, two 

facultative terrestrial / arboreal  and four 

obligatory terrestrial forest floor habitats 

(Table 1).  However, there were variation 

in spatial distribution of the species among 

the plantations in their various 

georeferenced situate (Table 2). The 

mixed plantation recorded 5 Pteridophytes 

species (Marattia fraxinea, Nephrolepis 

bisserata, Nephrolepis pumicicola, 

Platycerum bifurcatum, and Platycerum 

grande) under three families 

(Marattiaceae, Davaliaceae and 

Polypodiaceae). The Allanblackia 

plantation recorded one species of 

Pteridophyte fern allies - Selaginella 

myosurus while Irvingia plantation 

recorded 5 species (Marattia fraxinea, 

Pteris acanthonuera, Pteris catoptera, 

Ophioglossum gomezianum and 

Selaginella myosurus) under 4 families 

(Marattiaceae, Adiantaceae, 

Ophioglossaceae and Selaginellaceae). 

The phytosociological result based on 

Average Nearest Neighbor (ANN) 

analysis revealed distribution pattern of 
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the species based on distances between the 

plantations and between species within a 

plantation (Irvingia plantation). The ANN 

Analysis revealed a Nearest Neighbor 

Ratio index of 7.91 greater than 1 (The 

hypothetical random distribution index). 

This implies that the trend of the 

Pteridophytes distribution is towards 

dispersion in the study site between the 

plantation of the study area as exemplified 

in Fig. 6, and given a critical value (85.68) 

there is a less than 1% likelihood that the 

dispersed pattern could be the result of 

random chance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Satellite imagery of Species distribution in the sampled site plantation 

 

Table 1:  Pteridophytes Recorded In the Study Sites 

Name Of Species Common Name Family Habitat 

Marattia fraxinea Kew K. Ash-leaf fern Marattiaceae Arboreal 

Nephrolepis pumicicola 

F. Ballad 

Macho fern Davaliaceae Terrestrial/ Arboreal 

Nephrolepis bisserata Sw. Schoot Bold Sword fern Davaliaceae Terrestrial/ Arboreal 

Ophioglossum gomezianum Welw ex. 

Br 

Adder's-tongue fern Ophioglossaceae Terrestrial 

Platycerium bifurcatum (Cav.) C. Chr. Staghorn Fern Polypodiaceae Arboreal 

Platycerium grande (FE.)  Kunze Giant-Staghorn Fern Polypodiaceae Arboreal 

Pteris acanthonuera Linn. Brake Fern Adiantaceae Terrestrial 

Pteris catoptera Kunze       _ Adiantaceae Terrestrial 

Selaginella myosurus Alston Sw. Spike moss Selaginellaceae Terrestrial 
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Table 2: Georeferenced Distribution of Cryptogamic Pteridophytes in the sampled 

Plantation sites 

Plantations Species Latitude (N) Longitude (E) Alt (M) 

Mixed Plantation Marattia fraxinea 04°42.139¹ 007°19.586¹ 9 

 Nephrolepis bisserata 04°42.099¹ 007°10.512¹ 16  

 Nephrolepis pumicicola 04°42.138¹ 007°10.587¹ 15 

   04°42.138¹  007°10.587¹ 9 

  04°42.138¹ 007°10.587¹  14  

 Platycerium bifurcatum 04°42.129¹ 007°10.585 10  

 Platycerium grande 04°42.140¹ 007°10.581¹ 10  

Allanblackia Plantation Selaginella myosurus 04°42.130¹ 007°10.616¹ 12  

  04°42.131¹ 007°10.618¹ 10  

  04°42.131¹ 007°10.618¹ 14  

  04°42.133¹ 007°10.618¹ 17  

  04°42.165¹ 007°10.619¹ 17  

  04°42.136¹ 007°10.619¹ 17  

  04°42.116¹ 007°10.642¹ 13  

Irvingia Plantation Marattia fraxinea 04°42.114¹ 007°10.682¹ 13  

 Pteris acanthonuera 04°42.179¹ 007°10.574¹ 18  

  04°42.178¹ 007°10.575¹ 15  

  04°42.173¹ 007°10.575¹ 16  

  04°42.170¹ 007°10.575¹ 15  

  04°42.170¹ 007°10.575¹ 16  

  04°42.169¹ 007°10.575¹ 14  

 Pteris catoptera 04°42.165¹ 007°10.577¹ 15  

  04°42.165¹ 007°10.578¹ 13  

  04°42.165¹ 007°10.583¹ 15  

  04°42.165¹ 007°10.583¹ 13  

 Ophioglossum gomezianum 04°42.168¹ 007°10.586¹ 13  

  04°42.168¹ 007°10.586¹ 14  

  04°42.168¹ 007°10.588¹ 13  

  04°42.168¹ 007°10.588¹ 14  

  04°42.168¹ 007°10.589¹ 14  

  04°42.171¹ 007°10.592¹ 20  

 Selaginella myosurus 04°42.172¹ 007°10.583¹ 18  

  04°42.174¹ 007°10.582¹ 15  

 Pteris catoptera. 04°42.173¹ 007°10.577¹ 15  

  04°42.172 007°10.576¹ 17  

  04°42.172¹ 007°10.575¹ 17  

  04°42.172¹ 007°10.575¹ 17  

  04°42.171¹ 007°10.575¹ 15  

 Ophioglossum  gomezianum 04°42.168¹ 007°10.579¹ 13  

 Pteris catoptera 04°42.167¹ 007¹10.578¹ 15  

  04°42.1651 007¹10.583¹ 10  

  04°42.166¹ 007¹10.583¹ 12  
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Fig. 6: Average Nearest Neighbour Analysis 

 

The ANN analysis of distance between 

species within a plantation (Irvingia 

plantation) revealed a ratio index (0.79) 

less than 1 (the hypothetical random 

distribution index). This implies the trend 

of the distribution towards clustering 

between species of the sampled Irvingia 

plantation site in the study area (Fig. 7) 

and given a critical value (-2.10), there is 

a less 5% likelihood that the clustered 

pattern could be the result of random 

chance. 

 

 

 

Average Nearest Neighbor Summary 

Observed Mean Distance: 135.9600 Meters 

Expected Mean Distance: 17.1876 Meters 

Nearest Neighbor Ratio: 7.910365 

                             z-score: 85.675471 

                            p-value: 0.000000 
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Fig. 7: Average Nearest Neighbour Analysis 

 

Discussion  

Ferns attain high frequency and 

abundance in humid forests, they also 

occur in dry environments, where some 

genera can be quite species-rich (Moran, 

2008). The tropical forest with the greatest 

species diversity holds the largest number 

of ferns. The study has revealed the 

current status of pteridophytes species 

distribution pattern in parts of swamp 

vegetation in Forestry Research Institute 

of Nigeria (FRIN) Onne. With the use of 

geospatial technology in the assessment, 

the ecological distribution of 

pteridophytes in the three plantations 

(Allanblackia plantation, mixed plantation 

and Irvingia plantation) were recorded. A 

total of nine species (Marattia fraxinea, 

Nephrolepis pumicicola, Nephrolepis 

bisserata, Ophioglossum gomezianum, 

Platycerium bifurcatum, Platycerium 

grande, Pteris acanthonuera, Pteris 

Average Nearest Neighbor Summary 

Observed Mean Distance: 2.3092 Meters 

Expected Mean Distance: 2.9145 Meters 

Nearest Neighbor Ratio: 0.792303 

                             z-score: -2.102524 

                            p-value: 0.035507 
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catoptera, Selaginella myosurus) under 

six families were recorded in the entire 

sampled sites though with diverse 

ecological niche habitation involving 

obligatory arboreal and terrestrial floor 

habitats respectively and facultative 

terrestrial / arboreal habitat.  

Phytosociological analysis as indicated 

in Fig. 6, based on distance between the 

plantations, revealed a nearest ratio index 

of 7.91 greater than 1. The distribution 

pattern of species has indicated Irvingia 

plantation rich in abundance of 

pteridophytes species, involving: 

Marattia fraxinea, Pteris acanthonuera, 

Pteris catoptera, Ophioglossum 

gomezianum, Selaginella myosurus, 

followed by mixed plantation (Marattia 

fraxinea, Nephrolepis bisserata, 

Nephrolepis pumicicola, Platycerium 

bifurcatum, Platycerium grande), and 

then Allanblackia plantation with the least 

number of species (Selaginella myosurus). 

It was noted that Pteris catoptera, 

Selaginella myosurus, Ophioglossum 

gomezianum and Pteris acanthonuera 

were the most abundant species in the 

sampled plots because they were 

frequently and broadly distributed within 

the sampled sites respectively. It is 

possible that a broadly distributed species 

encompasses a broader range of 

conditions that subsequently select for 

multiple reproductive modes. The 

distribution of fern species in the sampled 

sites showed Nephrolepis bisserata, 

Platycerium bifurcatum, Platycerium 

grande as the least abundant fern species 

in the study sites due to the poor 

distribution. Locally pteridophytes are not 

randomly distributed, as their presence or 

absence reflects microhabitat 

characteristics, hence their distribution is 

strongly related to abiotic variable 

(Nóbrega et al., 2011, Patil et al., 2016). 

Ferns occurring in the study sites were 

categorized into two namely arboreal and 

terrestrial habitats ferns based on their 

growth habitat. Terrestrial species were 

the most widely spread species occurring 

in all three plantations in the study site. 

However, some species had high plasticity 

and occupied nearly all habitats available 

and occur in various life forms (Jones et 

al., 2011). It has been opined that the 

occurrence of ferns in different habitat is a 

good indicator of ecological condition in 

tropical vegetation (Kamau, 2007). In 

FRIN Nephrolepis pumicicola and 

Nephrolepis bisserata which occurred in 

the mixed plantation existed as both 

arboreal and terrestrial species. However, 

the occurrence of some species such as 

Pteris catoptera, Selaginella myosurus, 

Pteris acanthonuera and Ophioglossum 

gomezianum tend to exhibit obligatory 

habitation hence it indicated that these 

species are likely persistence in such 

terrestrial habitat while Nephrolepis 

bisserata and Nephrolepis pumicicola 

exhibited facultative habitation. 

Platycerium bifurcatum and Platycerium 

grande with obligatory habitation that 

were found in only one plantation (mixed 

plantation) may be rare in the near future. 

High species composition in areas with 

high moisture, humidity and shaded 

microhabitats suggests that such species 

have adaptation for the environment 

(Richard et al., 2000). Nevertheless, this 

interesting group of plants, bridging the 

non-vascular cryptogams with the seed 

plants, higher in the evolutionary 

hierarchy, continues to occupy numerous 

niches on land and in swamps as well as 

marshes and in water bodies. This 

corroborates the assertion that richness of 

ferns is driven by abiotic and 

anthropogenic factors (Dixit, 2000; 

Lorscheitter, 2003; Mehltreter, 2006); 
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though not considered as part of analysis 

in the present work  are responsible for 

fern differentiation pattern, as they 

constitute the niche complexity (Kromer 

et al., 2013; Iler and Inouye, 2013).  

The trend of pteridophytes distribution 

towards dispersion pattern in the study site 

have shown variation in distribution of 

species among the plantations in their 

various georeferenced situate, and with a 

critical value (85.68) less than 1% could 

be the effect of random chance.  However, 

between species of a plantation as 

exemplified in the Irvingia sampled site 

the nearest ratio index of 0.79 less than 1 

showed trend of distribution toward 

clustering pattern and with a critical value 

(-2.10) less than 5% could be effect of 

random chance. Random distribution 

occurs where resources are evenly or 

sporadically distributed and that plants are 

rarely randomly distributed across 

communities and patchiness is a common 

spatial pattern in most tropical forests as 

could be exemplified in the present 

research. Clusters of high density of plant 

individuals are related to internal and 

external forces, as well as to historical 

events.   

The variation of beta diversity in 

tropical forests can be attributed to 

dispersal limitation. Several studies on 

pteridophyte communities have suggested 

that environmental models are 

consistently better predictors of beta 

diversity (Tuomisto et al., 2003a; Karst et 

al., 2005; Jones et al., 2006). For ferns, 

low turnover rates are expected in 

relatively homogeneous environments 

because the intense production of wind-

dispersed spores may confer unusually 

high dispersal mobility (Page, 2002).The 

distribution of pteridophytes may be 

promoted by their higher dispersal 

abilities but restricted by habitat 

availability (Richard et al., 2000). In 

general, pteridophytes are more strongly 

associated with mesic and warmer habitats 

than seed plants. 

 

Conclusion 

The use of Geographical Information 

System has shown relevance in this study 

hence it revealed the variation, abundance 

and occurrence in distribution of species 

and the ratio index of the 

phytosocicological analysis of distribution 

pattern based on distances between the 

plantations and between species. Species 

like Platycerium bifurcatum and 

Platycerium grande are most likely to go 

extinct due to the poor distribution rate. 

The ecological distribution of 

pteridophytes in the study site (FRIN) is 

towards dispersion among plantations and 

clustered between species.  
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