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ABSTRACT

The land snail fauna of a threatened limestone formation in Odukpani is studied using a combination of direct search (for
thour) and litter-sieving techniques. A total of 425 specimens comprising 52 species/morphospecies belonging to eight molluscan
families were collected from seven sample plots. Each plot yielded between 19 and 98 specimens (mean 70.5; standard deviation
31.72). The diversity per plot ranged from 7 to 34 (mean 19.14, standard deviation 9.74). Extrapolation suggests that the frue
diversity lies around 72 species. Our study shows that the diversity in Odukpani limestone cave can be high in spite of low
abundance given ths amall samnie siza, Several species were found that had previously not been known from other areas in
Nigeria and may be new to science. The conservation of the limestone cave is advocated so as to protect its unique biodiversity.
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INTRODUCTION

Limestone formations in tropical rainforests are
renowned for their abundance and diversity of ground-dwelling
macroinvertebrates, including land-snails (Boycott 1934,
Schiltuizen et al 2003, Orsten et al, 2005). Often, these
limestone formations are threatened by natural and
anthropogenic agents. They are subject to severe weathering
by high rainfall, humidity, and biological productivity (Crowther,
1987). They are also threatened by the exploration of
commercial cement companies. In the process of exploration
for cement many of the unique land snail faunas and other
invertebrates are likely to be destroyed before they are known
or before adequate measures can be taken for their protection.

Unfortunately, land snail communities are among the
most sensitive known to anthropogenic and other disturbances
(Lyeard et al. 2005). Even as the conservation importance of
these taxa and sites are being realized, they are being lost
from development, agriculture, forestry, quarrying and
recreational pressures (Nekola et al. 1996). Worldwide, non-
marine molluscs have the largest number of documented
extinctions, and of [IUCN-listed threatened species, of any
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major group (Groombridge, 1993; Ponder, 1997). Despite this,
as with other invertebrate groups, they attract little or no
attention from organizations and government departments
concerned with conservation.

in Nigeria, limestone outcrops are few and scattered
over the landscape. The limestone formation in Odukpani near
Calabar, Cross River State, Nigeria is one of the remaining
limestone outcrops that are yet to be exploited and there is
growing pressure on the government to start commercial
exploitation. In this report we assess the species richness of
the tropical rainforest land snail fauna in the limestone cave in
Odukpani so as to determine the full extent of their diversity.
Through this research, a better understanding of the nature of
the terrestrial gastropods from this little known limestone cave
area is possible. This will aiso serve as baseline information
for conservation of the limestone and its biodiversity in Nigeria
and other parts of the world.

The Study Area (Fig. 1)

Our study was conducted in a heterogeneous primary
forest in the lime stone cave at Etankpini (Latitude 5° 7’ ON;
Longitude 8° 24’ OE, altitude 104 m above sea level) near
Odukpani in Cross River State, Nigeria.
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Figure 1: Map of study area where samples were collected in Odukpani, south-eastern Nigeria (inset).

METHODS

Senpling was carried out in a limestone cave and
surrounding forest near Qdukpani on Mey 33, 2008 using a
combination of direct search (‘or thour) and litter-sieving
techniques. Seven plots of 10m x 10m cach were selected
within the cave. At each plot we intensely cearched for snails
and slugs in the soil and leaf litter. Searching was done during
. two person-hours (i.e. two searchers active for one hour) using
a head-torchlight. In addition, at each plot we collected an
average of 10 litres of litter and top soil zample from ten
randomly selected sites (1m x 1m each). Litter samples and
top soil were collected into polythene bags for transportation to
the laboratory. Upon arrival in the laboratery, the samples
were dried and exhaustively searched for lnad molluscs. All
snails, slugs and shell fragments encountered as well as those
collected alive in the field were preserved in 70% ethanol after
drowning.

The measure of diversity used in this study are
overall spegies richness (S) and Whittaker's index (/), which is
the total number of species recorded (S) dividad by the mean
number of species per site (o), providing a measure of
diversity difference among sites (Magurran, 1980; Cameron,
1992; Schilthuizen & Rutjes, 2001). Estimatio 1 of true diversity

was carried out by performing 100 randomisations on the data _

from..the 7 plots, and calculating. S using the Chao 2and

E

second-order jackknife richness estimators in the program
EstimateS7.5 (Colwell, 2005).

RESULTS

Table 1 shows the occurrence of species of land
snails in each sample plot. A total of 425 specimens
comprising 52 species/morphospecies belonging to eight
molluscan families were collected from the seven sample
plots. Twenty-nine specimens could not be classified, including
ten juvenile Subulinidae and nineteen juvenile Streptaxidae.
Fourteen species (26%) occur as singleton and nine of these
were streptaxids including five species of Gulella. Each plot
yielded between 19 and 98 specimens (mean 70.5; standard
deviation 31.72). The diversity per plot ranged from 7 to 34
{mean 19.14, standard deviation 9.74). The number of species
detected correlates with the number of individuals (r = 0.982; n
= 7, P < 0.05). Whittaker's Index § amounted to 2.72
{calculated as the overall species richness S=52 divided by the
mean number of species per plot a=19.14). This figure
indicates substantial amcunt of beta diversity, e,
heterogeneity among plots. The richest plot had about 50% of
the site fauna while the pocrest had only 13%. As species are
pooled together, the species accumulation curve did not
approach an asymptote, but continued to rise with increases in
sample numbers.(fig. 2)-
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Figure 2: The mean species accumulation curve (observed species richness) for land snail richness in Odukpani based on 100
randomized of sample order with 95% confidence band. ! :

Table1: List of species recorded in each sample plot in Odukpani limestone cave
plot Plot Plot Plot
Piot 1 Plot2 3 4 5 6 Piot7 Total

Achatinidae
| Archachatina marginata 1 - |8 2 3 7 19
LLignus Sp . 1 ; 1
]iimicolaria flammea 1 1
Mmicolaria aurora 5
]jseudachatina sp. , 1
Euconulidae
Afropunctum seminium 1 2 3
Aillyidae
Aillya camerunensis 1 3 4
Streptaxidae
Edentulina liberiana
Gonaxis camerunensis
Gulella buccholtzi
Gulella conospira
Gulella gemma

Gulella reesi

| Gulella fernandensis
Gulella monodon
Guilefla obani

Gulella pupa

Gulella poensis

Gulella sp.1 1
Guilella sp.2 1 1
Gulella sp.3 1
Gulella sp.4 1
| Ptychotrema aequatoriale 1
Ptychotrema anceyi 1 2
Pjychotrema martensi 1
Ptychotrema sp. 1 1
Ptychotrema sp.2 A 3 1
Ptychotrema sp.3 1
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. | Streptostele sp. ' 1 1 3 5 ..
juvenile Streptaxidae 5 1 4 |6 |4 19
SUBULINIDAE
Curvella sp.1 7 5 10 |5 1 28
Curvella sp2 1 e 1 1 ]
Curvella sp.3 1 1 1
Homorus sp. , 1 1
Pseudopeas sp.1 1 2 2 6 3 1 15
Pseudopeas sp.2 1 2 1 4
Pseudopeas sp.3(strongly ribbed) 2 2
Pseudoglessula sp.1 (strongly r) 1 4 3 8
Pseudoglessula sp.2 (strongly r) 2 1 3
Pseudoglessula sp.3 . 4 1 5
Subulina sp.1 4 3 2 1 10
Subulina sp.2 1 1
Subuiuria sp. 1 1
juvenile Subulinidae 8 2 10
Urocyclidae
Thapsia sp. 1 1 2
Trochozonites calabaricus 1 1 4 8 5 8 27
Trochozonites sp.1 2 14 17 10 11 3 57
Trochozonites sp.2 - 5 10 1 18
Trochozonites sp.3 1 1 1 2 5
Trochozonites sp.4 hairy 1 3 4
Maizaniidae ;

Maizania sp.1 1 3 10 |1 1 16
Maizania sp.2 1 1 2 4
Maizania sp3 3 3

| Veronicellidae
Pseudoveronicella liberiana 1 1 2
Total no. of individuals | 56 80 85 100 | 66 19 19 425
Total no. of species/plot 17 24 26 34 |18 |7

Eight snail families were represe:.ed, of which the
most prominent was the carnivorous Streptaxidae The
streptaxids dominated the molluscan fauna in diversity of
species and number of individuals. Twenty-one (40%) species
and 158 (37%) individuals of streptaxid land snails was
recorded from the study area. Other families of tand-snails
recorded are herbivores and detritivores. Fow species were
abundant except Trochozonites sp.1 (57 individuals), Gulella
reesi {47 individuals), Curvella sp.1 (28 . individuals),
Trochozonites. calabaricus (27 individuals), Gulella gemma (25
individuais) and G. fernandensis (23 individuals). Only one
species, G. gemma, occurred in all the plots as most species
had a narrow range of distribution. The second order, non-
parametric jackknife richness estimator predicted a species
richness of 72 (SD, 3.07) species while the Chao 2, non-
parametirc species richness estimator predicted 64 (SD, 4.75)
species based on 100 randomisation of the data for all the
plots. B :

DISCUSSION

Land-use change is projected to fLave the largest
global impact on biodiversity, followed by climate ciiange,
nitrogen deposition, species introductions and changing
concentrations of atmospheric CO, (Sala et 2l 2000). Species
diversity has functional consequences because the number
and kinds of species present determine the organismal traiic
that influence ecosystem processes. The- components cf
species diversity that determine this expression of lwaiis
in€lude the number of species present (specics richness), tieir
relative aburidances (species- evenness), the particular

species present (species composition), the interactions among
species (non-additive effects), and the temporal and spatial
variation in these properties. In addition to its effects on
current functioning of ecosystems, species diversity influences
the resilience and resistance of ecosystems to environmental
change (Chapin et al., 2000).

Studies on the land snail fauna of a threatened
limestone formation in Odukpani, near Calabar, Nigeria
revealed high species richness in spite of low abundances. We
recorded 52 species and 425 individuals from seven plots in a
limestone cave. Majority of these species seem to be new to
science or represent new records of their existence in Nigeria.
We recorded two species of Maizaniidae and seven species of
Streptaxidae that have not been seen elsewhere in Nigeria.
This is perhaps one of the richest sites for land snail diversity
recorded so far in Nigeria bearing in mind that this was a
single-season survey. Cameron et al (2003) noted that a
single-season survey of 16-20 plots in Cameroon
underestimated species richness by around 30%. In Sabah, a
single-season survey underestimated the fauna by 40%. In
Odukpani, like in Cameroon, a single-season survey
underestimated the land mollusc fauna by almost 30% based
on the fact that the species accumulation curve did not reach
an asymptote but continue to rise with the addition of samples
or individuals. It is believed that when further samples are
collected, the species richness will increase and reach an
asymptote. Individual plots vary corfiderably in specics
riciiness and composition. The richest plot contains about £2%
¢f the fauna recorded for the whole site. This is similar {0 the
richest plot in Cameroon (46%) but much lower than the
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(Schﬂtunzen & Rut]es 20014
Cameron et al; 2003)

We have reason o SUspect that the true diversity of
Odukpani will tie higher than the 52 species reported. This is
boine out by the fact that 14 species occurred as singletons
indicating that there are:many rare $pecies to be- discovered in
the collection (Chazdon:et-al., 1998 and Colweli et al. 2004),
This is shown by the:es.timation of true diversity using the non-
parametric estimator Chao 2 (Chao 1987) and second-order
jackknife (Smith & Van Belle, 1984) which are suitable of small
sample sizes as is the case here (Colwell & Coddington, 1994;
Gotelli & Colwell, 2001)." Chao 2 richness .estimator and
second-order jackknife gave estimates: of.64.25 and 72.54
species respectively.

Comparatively, we found the same number of
species as that recorded from 36 plots for Sabah, Malaysian
Borneo (Schiltuizen & Rutjes, 2001) and more than half of the
species recorded for Cameroon (Winter & Gittenberger, 1998).
We recorded almost twice the number of species reported by
Cameron et al. (20C2) from feurtcon aampling plots and about
two-third the species reported by Tattersfield et al. (2006) from
45 plots in Mwanhana Forest Reserve in Tanzania. The
species richness in Odukpani is comparable only to that
recorded for Cross River National Park, Oban hills sector, with
53 species and 636 individuals (Oke & Alohan, 2004). Even at
that, the species from Oban were collected from 24 sampling
plots within a square kilometre during three sampling seasons.
In Ehor, Edo State, Nigeria, Oke & Alohan (2002) recorded 38
species and 1258 individuals from nine 20-m? plots in a
tropical rainforest. Also, Alohan & Oke (2004) recorded 35
species and 316 individuals from five 20-m? plots in Okomu
National Park, Edo State, Nigeria. We believe that this is one
of the richest sites in Nigeria and may be comparable with
other high biodiversity site in the world given the small sample
size. Consequently, we advocate for the conservation of the
unique biological diversity of the Odukpani limestone caves. 1t
is also believed that when further studies are carried out in
these caves, the full biological diversity potential of this region
will be realised and appropriate measures for its conservation
will be carried out in the near future.
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