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Introduction

With the recent distillation of Hubbell’s Unified Neutral Theory 
of Biodiversity and Biogeography (UNT) an important debate 
amongst ecologists has been revisited and remains unsettled.  
This debate is among those who accept that stochastic 
events occurring in the natural world accumulate to create 
macro-ecological pattern (neutral perspective) and those that 
have a more deterministic perspective and interpret macro-
ecological pattern through processes of competition and niche 
partitioning (niche perspective) (Hixon 2002).  The “Neutral 
Perspective” asserts that ecological communities are free and 
open communities assembled by random migration and neutral 
drift (Hubbell 2002).  Ecologists agreeing with the neutral 
perspective assume that evolution has proceeded to diminish 
species fitness differences resulting in pools of selectively 
symmetric individuals creating a reality where ecologically 
neutral mechanisms would fully govern species community 
composition (Hubbell 2002).  The second and opposite 
perspective held by niche theorists is that the evolved trait 
differences between species are severe enough to determine the 
organization and patterns of species across large spatial scales 
(Tilman 1998).  Ecologists of the niche perspective believe 
that communities are assembled by tightly woven interactions 
between individuals and competition for resources that 
complement each other such that a stable coexistence between a 
diversity of species is maintained within communities (Tilman 
1998).

Often this complicated debate is simplified to being a debate 
between dispersal-assembled and niche-assembled perspectives 
on community organization (Bell 2000).  This simplification 
highlights the dominating differences between the mechanisms 
people of the neutral and niche perspective believe assemble 
and maintain ecological communities.  Under most conditions 
the neutral perspectives predict that dispersal is most important 
whereas the niche perspective predicts that niche structuring 
is most important in shaping and maintaining communities.  
With such dramatic differences in predictions from each 
theory, one would suspect that the debate should be easily 
resolved.  However, the discussion of these two perspectives 
has remained unresolved because they predict similar patterns 
and each make predictions contingent on variables (nth niche 
space and immigration rates) that are hard to deduce on large 
spatial scales (Hubbell 2004). 

One certain difference between the theories is their predictions 
for which mechanism is most important to synchronizing 
separate communities’ compositions, dispersal or niche (Clark 
2003).  Dispersal-assembly theory asserts that the mechanism 
responsible for synchronizing ecological communities is the 
level of migration that occurs between them.  This means that 

the more individuals exchanged between communities the 
more similar their species compositions become, irrespective 
of environmental conditions of the communities.  Niche-
assembly theory asserts that communities occupying similar 
environments will be synchronized because the same network 
of life history trade-offs will compliment each other and coexist 
in the space of such similar resources.  Niche-assembly theory 
makes predictions of community similarity irrespective of the 
migration rates between the communities since community 
structure is created and maintained by the stacking of niche 
space alone.  

This study has capitalized on the different predicted mechanisms 
important to synchronizing ecological communities to 
determine which community assembly mechanisms are most 
important.  This was done by comparing communities of 
different migration potentials and environmental conditions 
for their similarity.  If communities are dispersal assembled 
the communities most connected will have the most 
similar composition.  Alternatively if the communities are 
niche assembled then the communities of the most similar 
environments will share the most similar compositions.

Typically environments change along a continual gradient 
over space.  For ecological communities encompassing this 
type of space the niche and dispersal assembly theory would 
make exactly the same predictions for which communities 
should have the most similar compositions.  To isolate which 
community assembly mechanism is most important the 
communities observed have to reside in patchy habits.  A patchy 
habitat will cause the closest communities in proximity to have 
drastically different environments, causing the two theories to 
make different predictions for community composition.  Patchy 
habitats good for this type of analysis are rare but do exist.  
The rocky littoral communities of Lake Tanganyika provide 
an excellent system of patchy environments to make such an 
analysis.  The coast line changes direction and consequently 
the environment along the coast can dramatically shift with 
changes in primary productivity, substrate, and exposure 
(McIntyre 2004).  

For this study I hypothesized that neutral dispersal forces 
alone govern snail distributions along the patchy habitat of 
Lake Tanganyika.  This hypothesis is reasonable considering 
previous observations made of the snails and Hubbell’s 
recent publications.  The observations of the snails congruent 
to the neutral hypothesis are that previous researchers have 
been unable to identify environmental factors important to 
determining their distributions (Nyanza 2003) and microhabitat 
preferences between the species of interest have not been found 
(Powers 2004).  Gastropod communities also demonstrate 
striking characteristics which are predicted for neutral 
communities; this is that regionally rare species can be locally 
very abundant (Michel et al. 2004, Hubbel 2000).  With the 
hypothesis of neutrality made, eleven rock dwelling littoral 
snail communities of the Kigoma region were sampled and 
their similarities compared.  The neutral hypothesis makes 
the prediction that the communities that are most connected, 
or lie within a continuous stretch of rocky habitat will be 
most similar to each other as compared to the communities 



separated by sand and great distances because there is greater 
potential for the rock dwelling species to migrate between the 
connected communities verses the isolated communities.  If 
the communities most connected are not the most similar, then 
the alternative hypothesis, that niche-assembly mechanisms 
are more important to determining snail distributions and 
community structure, should be accepted over the dispersal 
explanation.

Methods  

Between July 20, 2004 and August 4, 2004 eleven undisturbed 
sites (Figure 1) were sampled around the Kigoma region 
of Lake Tanganyika. Each site was defined as a 40-meter 
transect at 5 meters depth of continuous rocky habitat.  A 40-
meter section of the site was sampled because this fits within 
the entire available rocky habitat in each site and provided 
a practical survey distance for divers. Each site was chosen 
because it met condition of having an interesting level of 
benthic primary production based on results from McIntyre 
(personal communication) and results from the limno team.  
Sites were not chosen based on the gastropod communities’ 
previously derived similarity.  Sites were determined to be 
connected by continuous rocky habitat by simple snorkel 
observations of continuous rocks at a 5 meter depth between 
sites. All quantitative samples were taken at five meters depth, 
as this is where the largest diversity of snails occurs, and sweep 
surveys were done from 10-1m depth.

Once the sites were determined, five 1m quadrats were sampled 
to represent the community composition at each site.  Each 

quadrat was spaced 10 m apart, along the transect, and on 
rocky substrate to assure that the snails collected were those 
that prefer the rocky habitat.    Every snail larger than 5 mm 
length on an upward facing surface was removed from the 
quadrat, returned to the lab, identified, measured and finally 
returned to the original site when practicable Species ID and 
abundances were use to compare the community compositions 
between the sites. A similarity score was calculated between 
each community using the PAST© program’s Morisita’s index 
of similarity (Hammer et al. 2004).  This method of scoring 
community similarity was preferred over others because it has 
been shown to give similarity scores nearly independent of 
sample size and the sample size of individuals (not area) were 
occasionally magnitudes different between sites (Morisita 1959, 
Wolda 1981).  Before conducting the Morisita similarity test the 
abundance data was log

2
 transformed to remove the power of a 

single specie’s dominance on the analysis.  Log standardization 
of the abundance data was determined appropriate because of 
the habitat patchiness observed in the snail communities (Krebs 
1999).  Finally, to visualize all the communities’ similarities, 
a cluster analysis was conducted using the Morisita similarity 
scores with the paired group setting of the PAST program.
 
Results

The average similarity between gastropod communities 
connected by continuous rocky substrate was not found to be 
significantly different than the average similarity between all 
the communities separated by sand and up to 30 kilometers 
of shoreline.  Gastropod communities of separated rocky 
substrates shared an average similarity score of 0.61 with 

Figure 1:  Map of sites sampled and legend for site name abbreviations



standard error of 0.20 and the communities attached by 
continuous rocky substrate shared an average similarity score 
of 0.63 with a standard deviation of 0.22.  Values indicate no 
significant difference in the similarities between sites that are 
connected versus those that are unconnected (Fig. 2).

None of the communities observed that were connected to each 
other were actually the most similar to each other (Table 1).  
The communities connected by continuous rocky substrate did 
not prove to be the most similar when compared by the Cluster 
analysis (Fig. 3).  

Discussion

Results indicate that at the spatial scale of meters to 30km 
dispersal forces are less important for structuring community 
composition and determining the distribution patterns of the 
rock dwelling gastropod species in the Kigoma region than 
other community-assembly forces.  The hypothesis that the snail 
distributions are governed by neutral dispersal forces alone has 
to be rejected since the communities connected by continuous 
habitat and that have the highest potential for snail migration 
were never found to be the most similar.  The connected 
communities were also shown on average to be as similar 
as all the sites sampled in the region, further strengthening 
the rejection of the neutral hypothesis.  Migration is not the 

dominant force synchronizing gastropod communities along 
the Kigoma coast.   The alternative hypothesis that ecological 
forces of the niche-assembly perspective are determining the 
distribution and abundance patterns of the littoral snails should 
be further investigated.

The neutral theory could only explain adjacent communities 
within continuous habitat being just as different as the average 
difference between communities separated by sand and great 
distance under two very specific, highly unlikely scenarios.  
The first is that each site sampled is completely isolated so that 
the only force acting on the communities is neutral drift.  This 
is not the case since snail migration has been observed across 
the Kigoma region.  (Kuh et al. 2004)  The second scenario 
that might produce this pattern is if the probability that an 
individual will migrate to an adjacent community is the same as 
a community kilometers away through inhabitable terrain.  This 
scenario is unlikely because of the drastic difference in distance 
between adjacent sites and the other sites along the Kigoma 
coast. Additionally the second scenario is unlikely since it 
assumes that the snail’s fidelity to rocky substrates has no effect 
on its migration across rocks verses soft substrates.   

If niche forces guided by environmental conditions and 
resources are in fact structuring the distribution patterns of the 
gastropods, then why has the pursuit for such environmental 
factors remained elusive?  The answer is simple; the right 
combinations of resources and conditions have not been 
sampled.  However the solution as to which resources and 
conditions are guiding the patchy distributions is probably 
impossible to completely know.  The environmental factors 
important could remain invisible to our senses and perception 
or the patterns themselves could be a result of historical 
environmental conditions unobservable today.

Conclusion  & Suggestions for Future Research

The patchy distributions of gastropods living on the surface of 
rocky substrates of the Kigoma region in Lake Tanganyika have 
not been created by ecologically neutral forces described by the 

Figure 2:  Comparison of the average similarity scores 
between connected and unconnected sites. Figure 2 demonstrates 
the lack of statistical difference between the similarity scores of 
comparisons made between sites unconnected vs. connected by 
continuous rocky habitat.

Figure 3:  Cluster analysis of the communities deduced by paired group comparisons of Morisita’s similarity scores. The three 
bolded communities are connected by continuous habitat and so are the three underlined communities, whereas the rest are isolated.  
Notice that the communities connected by continuous habitat, those predicted to be the most similar are never the most similar 
according to the Cluster Analysis.

Legend
1  Jakobsen Inner
2 Kalalangabo South
3  Euphorbia
4 Kalalangabo North
5  Bangwe Point
6  Jakobsen North
7  Jakobsen South
8  Katabe South
9  Mzungu Beach
10 Kalalangabo Inner 
11  Nondwa Point



Jck-I Kal-
S

Eup Kal-
N

Mam Jck-
N

Jck-S Kat-
S

Mzu Kal-I Non

Jkb-I 1.00 0.74 0.36 0.31 0.60 0.47 0.68 0.37 0.25 0.40 0.47

Kal-S 0 1.00 0.61 0.68 0.52 0.37 0.56 0.33 0.48 0.77 0.68

Eup 0 0 1.00 0.92 0.53 0.52 0.53 0.42 0.92 0.88 0.96

Kal-N 0 0 0 1.00 0.37 0.41 0.43 0.31 0.80 0.87 0.84

Mam 0 0 0 0 1.00 0.89 0.90 0.79 0.53 0.59 0.64

Jkb-
N

0 0 0 0 0 1.00 0.87 0.76 0.53 0.48 0.53

Jkb-S 0 0 0 0 0 0 1.00 0.88 0.56 0.56 0.58

Kat-S 0 0 0 0 0 0 0 1.00 0.60 0.47 0.47

Mzu 0 0 0 0 0 0 0 0 1.00 0.81 0.89

Kal-I 0 0 0 0 0 0 0 0 0 1.00 0.92

Non 0 0 0 0 0 0 0 0 0 0 1.00

UNT.  This study provides an example of dispersal forces being 
unimportant in structuring ecological communities.  

I am confident in the research and logic that came to the 
conclusion to reject the importance of ecologically neutral 
forces, although more work is certainly needed to truly 
understand the ecological and evolutionary mechanisms 
governing this diverse group of littoral snails.  After speaking 
with populations geneticists such as John Nason of Iowa State 
it is clear that population genetic data for the littoral snails is 
needed to understand how the communities are connected 
and the role migration is truly playing in determining snail 
distributions.  Also further research is required to understand the 
important environmental mechanisms that determine the snail 
distributions to confirm the importance of niche mechanisms 
in determining the snail distributions.  The Tanganykan littoral 
communities offer a great environment to study and begin 
to isolate mechanisms important for ecological community 
composition; further research of this type would be productive 
to the field of ecology.  
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Table 1:  Morisita’s community similarity score.  Table 1 displays the similarity score for each community composition 
comparison.  The bolded values are the similarity scores for the communities that are connected by continuous rocky habitat and the 
rest of the scores are those made between sites separated by soft substrates and large shoreline distances.  Table 1 demonstrates that 
the sites connected by continuous substrate are never the most similar.   


