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ABSTRACT
This study examined and compared the properties of soil inside and outside the Amurum Forest Reserve in 
Jos, Nigeria. Earthworms and soil samples were collected from 300 randomly laid 1x1m quadrats. Soils were 
analyzed for total nitrogen, available phosphorous and soil organic matter. Soil moisture retention capacity 
and pH were also measured. Other variables measured included percentage litter cover, and percentage grass 
cover. Earthworm abundance did not significantly differ between the reserve and outside the reserve. Available 
phosphorous and organic matter contents were significantly higher outside the reserve than inside the reserve. 
Percentage litter cover and percentage grass cover related positively with earthworm occurrence and abundance. 
Earth worm occurrence significantly related to litter cover. The earthworms sampled in this study were epigeic 
species which live in the litter and top soil. The significantly higher available phosphorous and organic matter 
contents in the surrounding areas of the reserve as compared to the reserve could be attributed to the grazing 
activities in the surrounding areas of the reserve. Protected areas as well as unprotected areas are important for 
the conservation of biodiversity.
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INTRODUCTION
Since 1990, the world’s protected areas have 
increased in number by 58% and in their extent by 
48%. In terms of terrestrial area, protected areas are 
now one of the most important land-use allocations 
on the planet (UN 2012 as reported by Bertzky et al., 
2012). Today, well managed protected areas support 
not only healthy ecosystems and threatened species, 
but they also provide multiple benefits to people, 
which include a wide range of ecosystem services 
such as clean water provision, food security, disaster 
risk reduction and climate regulation (Sritharan and 
Burgess, 2012).  Many studies (Mosallam, 2007; 
Dhaou et al., 2010) in some parts of the world have 
shown that protected areas can be a successful way 
of maintaining natural and semi-natural habitats and 
preventing their degradation (Bruner et al., 2001).
 Ecologists are interested in investigating 
species composition and interactions in natural and 
anthropogenically influenced communities (Ilorkar 
and Khatri, 2003; Shameem and Kangroo, 2011). 
Soil is an essential component that influences species 
composition and ecosystem function in a landscape 
(Chapin III et al., 2002). Soil nutrient availability 
influences species distribution and community 
composition (Chapin III et al., 2002; Toledo et al., 
2012).
Many species of invertebrates play important roles in 
altering the structure and fertility of soil (Fabricius, 
et al., 2003). Of these, earthworms are a key taxon 
for soil functioning (Fonte, et al., 2009). They 
participate in litter decomposition, mix organic and 
mineral matter, create and maintain soil structure by 
digging burrows and modifying aggregation, regulate 
microbial diversity and activity, and protect plants 
against pests and diseases (Lavelle et al.,2006). They 
develop very complex interactions with other soil biota 
(Lavelle, 1997). They have been referred to as ‘soil 
engineers’ (Brossard et al., 2007, Brown et al., 2000) 
and have been shown to affect availability of nitrogen 
(N) and phosphorous (P), the main growth-limiting 
nutrients. Numerous studies have shown increases in 
plant growth in the presence of earthworms (Atiyeh 
et al., 2000, Buckerfied and Webster, 1998, Orozco 
et al., 1996). Earthworm density is influenced by the 
intensity of and number of soil disturbance events 
like tillage and traffic, the abundance and quality of 
food sources, the chemical environment of the soil, 
and soil microclimate (Donahue, 2001).
 Soil and vegetation have a complex 
interrelationship. Soil properties influence the 
vegetation and vice versa. A central question in 
ecology is how species and communities respond 
to variation in environmental conditions. There 
have been attempts to describe and explain the 

relationships between soils and vegetation (Chen et 
al., 1997, Ilorkar and Khatri, 2003, Shameem and 
kangroo, 2011) although no generalities are possible. 
Soil is the medium of plant productivity. Kubota et 
al., (1998) suggest that both vertical and horizontal 
variations of soil characteristics are imperative in 
vegetation distribution, composition and biomass. 
 The Amurum Forest Reserve in Jos, Nigeria 
was established in 2001. Prior to this time, the local 
community in the area who own the forest used part 
of it as farmlands and it was also a continuous source 
of fuel wood (Mwansat et al., 2011). Outside the 
reserve, habitat degradation is evident from along 
the boundaries of the reserve with the savanna giving 
way to more open and degraded grazing and arable 
land (Stevens, 2010). 
Amurum Forest Reserve is a vulnerable site of 
conservation concern because of its small size and 
proximity to the urban community of Jos. Though 
the reserve is a protected area, there are still a few 
sporadic cases of wood cutting and, grazing and 
setting of fire (Agaldo, 2010). 
 The aim of this study was to assess 
theearthworm population and soil factorsof Amurum 
Forest Reserve of Jos, Plateau state,Nigeria.
The study aimed at measuring and comparing 
the abundance of earthworms in the reserve and 
its surrounding, the nitrogen and phosphorous 
concentration and moisture retention capacity, 
organic matter concentration, pH of the soil and 
its surrounding areasand the determination of the 
relationship between earthworm abundance and other 
vegetation variables.

MATERIALS AND METHODS
The study was carried out at the Amurum Forest 
Reserve (9°53’N, 8°59’E) located 15 km northeast 
of Jos in north-central Nigeria. It is a 2km2 fragment 
which holds the last remnants of natural Guinean 
savannah vegetation on the Jos Plateau, Nigeria. It 
is made up of three habitat types - rocky outcrops, 
gallery forest and savannah scrub (Yessoufou, et 
al., 2012). The area has an average rainfall of about 
1400mm per annum and daily temperatures range 
between 20 – 25oC. The soil is, for the most part brick 
red laterite around gullies and a mixture of sand and 
clay in the savannah. The reserve is protected against 
anthropogenic disturbance. The reserve is one of 
the Important Bird Areas (IBA) of Nigeria (Ezealor 
2002), because it houses many bird species including 
the endemic LagonostictasanguinodorsalisPayne 
(Rock Firefinch) and Viduamaryae Payne (Jos Plateau 
Indigo Bird).In one hundred 100m2 study plots already 
established inside and outside the reserve, three 1x1m 
quadrats were established at random in each plot by 
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throwing an object (a stick) whilst standing at the 
edge of the plot and facing away, giving a total of 300 
quadrats.
 Earthworms and soil samples were collected 
from these quadrats and other variables were also 
measured.Earthworms were searched for and 
hand sorted from soil dug to a depth of 10cm. The 
earthworms were taken to the laboratory and stored 
in 0.5% formaldehyde. Soil samples were collected to 
a depth of 15cm using a cylindrical core. Composite 
samples were generated from the 1x1m quadrats in 
each 10x10m plot making a total of one hundred soil 
samples. The samples were taken to the laboratory, 
dried and sieved. The samples were analyzed for 
total nitrogen and phosphorous concentrations and 
moisture and organic matter contents. The pH of each 
soil sample was also measured using a pH meter.Total 
nitrogen was determined by using the Kjeldahl method 
(Rutherford et al., 2007). TheAvailable phosphorous 
was determined by Bray II method (Bray and Kurtz, 
1945). Thirty grams (30g) of each of the aggregate 
fractions were weighed into rubber bands (rings). 
These were used to determine the water content of 
aggregate fractions at 1.5Mpa (15 bar) and 0.01 MPa 
(0.1 bar), using the pressure-plate apparatus.
 Organic carbon was determined using the 
Walkley and Black method (Walkley, 1947) as 
modified by Allison (1965). Organic matter was then 
determined by multiplying the percentage organic 
carbon by the conventional “Van Bemmelen factor” 
of 1.724. Soil pH was determined in water using water 
to soil ratio of 1:2.5. After stirring for 30 minutes, the 
pH values were read off using a Beckman zeromatic 
pH meter.
Other variables measured in the 1x1m quadrats were 
percentage grass cover and percentage litter cover.
All data collected was compiled using Microsoft 
Excel 2007® and analyzed using R version 2.15 
(R Development Core Team, 2012).Mann-Whitney 
U test was used to evaluate the difference in the 
abundance of earthworms between the reserve and 
its surrounding areas.Independent sample t-test 
was carried out to compare nitrogen, phosphorous, 
moisture, organic matter content and pH between the 
soils of the reserve and that outside the reserve.
 The relationship between earthworm 
occurrence and earthworm abundance with other soil 
variables were also assessed using generalized linear 
models with a binomial error distribution and poisson 
error distribution.

RESULTS AND DISCUSSION
The abundance of earthworms in the reserve and 
outside the reserve was not significantly different 

(Mann-Whitney’s U test, W = 1238.5, p-value = 
0.9393) but the mean number of earthworms recorded 
per plot was higher outside the reserve (5.08±0.63, 
N=50) than inside the reserve (4.66±0.47, N=50) 
(Figure 2). Earthworms were present in 86% of the 
sample plots and mean abundance of earthworms was 
5/plot which was very low. This could be because the 
soil was dry at the time of data collection. Earthworms 
live in moist environments and so are more abundant 
during the rains. Earthworm abundance is best 
known to correlate with soil texture and soil organic 
matter (Krück et al., 2006), soil moisture (Eggleton 
et al., 2009), soil organic carbon content (Mainoo 
et al., 2008), plant residue management (Fonte et 
al., 2009) and amount of litter for breakdown (Owa 
et al., 2003). Soil organic matter content was higher 
outside the reserve as compared to inside the reserve 
(table 1). This agrees with studies done by Whalen 
(2004), Nair et al. (2005) and Rossi et al. (2006).  In 
this present study, earthworm abundance was shown 
to correlate with percentage litter cover where plots 
with higher percentage of litter cover had higher 
number of earthworms. This could be because the 
earthworms sampled in this study are epigeic which 
are “litter dwellers” so more litter would increase the 
chances of finding them.  A study by Iordache and 
Borza (2010) in Romania relating chemical indices 
of soil and earthworm abundance under chemical 
fertilization recorded humus (mainly from litter) and 
total nitrogen as the greatest positive influence on 
earthworm abundance and biomass.
 Independent sample t-tests showed significant 
difference between phosphorous concentration 
(t=-2.02, df= 98 and p=0.023) and organic matter 
content (t=-2.54, df=98, p=0.006) of soil within the 
reserve and soil outside the reserve (Table 1). There 
was no significant difference between the nitrogen 
concentration (t=-0.23, df=98 and p=0.408), pH 
(t=2.02, df= 98 and p= 0.977) and moisture retention 
capacity (t=-1.11, df= 98 and p= 0.135) of the soil 
within the reserve and soil outside the reserve (Table 
1). Bulk nutrient concentrations have been recorded 
to differ between protected and unprotected sites 
(Mossalam, 2007; Rawat et al., 2009). In this study, 
the soil outside the reserve had significantly higher 
amounts of organic matter and available phosphorous 
(Table 1) than the soil in the reserve. This agrees 
with a study carried out by Mosallam (2007) which 
showed that organic matter was relatively higher in 
the soils of the grazed flats when compared with that 
in the soils of the protected flats in Sudera, Taif, Saudi 
Arabia. This may be as a result of trampling and 
lying of standing dead materials by grazing animals. 
Also, there are studies where native landscapes have 
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much lower nutrients than the outside and concluded 
that whenever nutrients are available in protected 
areas, they are immediately taken up. Total nitrogen, 
moisture retention capacity and soil pH of the reserve 
and its surrounding areas did not differ significantly 
between the reserve and its surrounding areas (Table 
1). Moreira (2000) in a study in Brazil recorded that 
physical and chemical soil properties did not differ 
significantly between protected and unprotected 
sites and attributed fire protection as the major factor 
differentiating the two sites. In contrast, Rawat et al., 
(2009) recorded significant differences between soil 
nutrient concentrations in protected and unprotected 
areas with the protected areas having higher nutrient 
concentrations. 
 The probability of finding earthworms increased 
significantly (glm, F=11.15, df=1, p=0.001) with 
increasing percentage litter cover (Figure 3). There was 
also an increase in the probability of finding earthworms 
in plots with higher percentage grass cover (Figure 
4) but this was marginally significant (glm, F=3.07, 
df=1, p=0.083). Earthworm abundance also increased 
significantly (glm, F=14.54, df=1, p<0.001 and glm, 
F=7.12, df=1, p=0.009 respectively) with increasing 
percentage litter cover and percentage grass cover 
(Figures 5 and 6). Earthworm occurrence significantly 
related to percentage litter cover (Figure 3) with plots 
containing higher percentage litter cover having higher 
probability of earthworm occurrence. Earthworm 
abundance was significantly related to percentage litter 
cover and percentage grass cover (Figures 5 and 6) with 

plots containing higher percentages of litter cover and 
grass cover having higher earthworm abundance. Litter 
cover was a better predictor of earthworm abundance. 
The earthworms sampled in this study were epigeic 
species which are favoured by the accumulation of litter 
or by grass vegetation. Changes in the distribution and 
the quality of litter, soil climate and water availability 
are known to affect the composition of earthworm 
communities (Gerard, 1967; McLean et al., 1996).’

CONCLUSION
The study shows that earthworm abundance, and soil 
nutrient characteristics except organic matter and 
available phosphorous concentrations are the same 
for Amurum Forest Reserve and its surrounding areas. 
The study also infers that earthworm occurrence and 
abundance is influenced by litter cover and grass 
cover but as earlier stated, the earthworms sampled in 
this study are epigeic species. The study suggests that 
areas lying outside fully protected zones may be of 
great importance for conservation of broad spectrum 
biodiversity. 
Further investigation of soil properties in different 
landscapes is recommended
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Table 1: Mean and Standard Error (SE) of soil properties of soil within the reserve and soil outside the reserve

AN ASSESSMENT OF EARTHWORM POPULATIONAND SOIL FACTORS IN AMURUM FOREST RESERVE OF JOS, PLATEAU STATE, NIGERIA

Soil 
inside 
reserve

Soil 
outside 
reserve

  t df    p

Soil properties N Mean ±SE N Mean ±SE

N (%) 50 0.13 0.01 50 0.13 0.01 -0.23 98 0.408

P(mg/kg) 50 4.99 0.08 50 5.26 0.10 -2.02 98 0.023

OM (%) 50 1.60 0.06 50 1.87 0.09 -2.54 98 0.006

MC (%) 50 0.53 0.04 50 0.60 0.05 -1.11 98 0.135

Ph 50 6.41 0.10 50 6.15 0.09  2.02 98 0.977

OM stands for Organic matter and MC stands for Moisture retention capacity. 
Significant P values in bold.

Figure 1: Map of study area showing points where plots 
were made inside and outside Amurum Forest Reserve

 

Figure 2: Mean number of earthworms within and 
outside Amurum Forest Reserve (within=protected, 
outside=unprotected)
 

Figure 3: Earthworm occurrence (95%CL) in relation 
to percentage litter cover

(The fitted line represents the predicted probability 
of the presence of earthworms in plots with higher 
percentage litter cover and the dashed lines represent 
the upper and lower confidence limits. Lines on 
sunflower plots represent overlapping of plots where 
multiple points of plots are stacked) 

 

Figure 4: Earthworm occurrence (95%CL) in relation 
to percentage grass cover 
(The fitted line represents the predicted probability 
of the presence of earthworms in plots with higher 
percentage grass cover (not significant) and the 
dashed lines represent the upper and lower confidence 
limits. Lines on sunflower plots represent overlapping 
of plots where multiple points of plots are stacked) 
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Figure 5: Relationship between earthworm abundance and 
percentage litter cover (95% CL)

(The fitted line represents predicted earthworm abundance in 
plots with higher percentage litter cover and the dashed lines 
represent the upper and lower confidence limits)

 

Figure 6: Relationship between earthworm abundance and 
percentage grass cover (95% CL)

(The fitted line represents predicted earthworm abundance in 
plots with higher percentage grass cover and the dashed lines 
represent the upper and lower confidence limits)
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