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Abstract

Ecology and environmental studies could be most challenging in terms of usage
and interpretation of appropriate statistical measures for analysis. Ecological research
has a unique feature in that a component of ecological community might yield differ-
ent results when repeating the experiment and expected not to exert the conditions
of identical samples. In contrast to long run frequentist approach, Bayesian inference
could provide a more pragmatic alternative to the field of ecological uncertainty. Its
ability to incorporate objective or subjective hypotheses or theories into prior distri-
butions could encourage ecologists to analyse the data and interpret the results. In
this study, an attempt has been made to estimate the prevalence of Meiofaunal pop-
ulation based on the data collected in five stations (Adyar, Marina, Napier, Pulicat
and Royapuram) of Chennai coast (13◦ 06’ N. 80◦ 18’E), India and the elicited infor-
mation forms the basis for constructing realistic priors. Further, data pertaining to
foraminiferans, a rare group of meiofauna from the five stations of Chennai coast is
subjected to Bayesian analysis and the results are discussed.
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1. Introduction

The research on meiofauna started way back in 18th century; however, it has become
popular only after the studies of Remane (1933, 1952). Meiofauna is a heterogeneous as-
semblage of animals belonging to 25 phyla inhabiting interstices of sandy beaches. These
animals pass through 1000 micron mesh size and retained in 63 micron mesh size. In the
past decades, the basic taxonomic studies on meiofauna continued with addition of more
species. Experiments have been carried out on the effect of phytodetritus and pollutants
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such as petroleum hydrocarbons and heavy metals on different taxa of meiofauna. Studies
of Remane on meiofauna of intertidal beaches, subtidal sand and mud and algal habitats
with standardized methodology along with the contributions of Swedmark (1964) gener-
ated interest in this field. The ecological data as observed in Ellison (1996)has a vast
store of natural history and experimental data to address the uncertainty and it has been
observed that Bayesian inference could be the most straightforward way of analyzing and
interpreting the related ecological hypotheses.

The development of modern statistical theory has been characterized by three-sided ap-
proaches namely Bayesian, Frequentist and Fisherian with its own merits and demerits
and divergent views. In Bayesian inference, known quantities are treated as observed val-
ues of random variables and unknown quantities are observed as random variables; the
conditional distribution of unknowns given knowns follow from applying Bayes theorem
to the model specifying the joint distribution of known and unknown quantities. The
knowns refer to values that are both available and considered worthwhile to include in
model specifications (Rubin, 1984).

A rich literature is available for the Philosophical, Mathematical, Statistical, and Com-
putational aspects of Bayesian approach. Also, Bayesian approaches provide a powerful
tool for interpretation of study results and evaluation of hypotheses considering a much
broader class of conceptual and mathematical models than would have been possible using
non-Bayesian approaches. Indeed the growth and strength of Bayesian methodology lies
in its wide applications to complicated problems that are not so obvious even to formulate
for a more traditional analysis. A short yet commendable list of contributions could be
followed from Gelman et al (1995), Dunson (2001), Berger (2006), Goldstein (2006) and
Wolport (2004).

Also, Ellison (1996, 2004), Harwood and Stokes (2003), Ronquist (2004), and Stephens et
al (2006) provide elaborate details for the application of Bayesian inference in ecological
data analysis and modeling. Reckhow et al (1987) and Reckhow (1988) have demonstrated
the advantage of using expert opinion in obtaining an improved model of fish population
response to acid deposition in lakes.

In this context, the scope of inbuilt advantages in Bayesian approach for estimating the
prevalence of meiofaunal population has been identified by incorporating ecological ex-
perts’ opinion on historical and/ or theoretical aspects into properly transformed prior
distributions. Data collected from five different (Adyar, Marina, Napier, Pulicat, Royapu-
ram) coastal areas of Chennai, India has been used and the study includes logit transforma-
tion for constructing a vague prior for a comparative purpose. Further, the computational
strategies involved in the analysis particularly when the data is sparse in nature has also
been discussed by comparing with non-Bayesian approach

2. Statistical Methods

Many natural phenomena could be described using binary classifications, such as presence
or absence of species and in estimating those proportions have been considered as a part
of statistical procedure. Parameter estimation in empirical models has been done using
frequentist methods in which judgments or experts’ opinion could be involved in the model
specification but may not be in the actual estimation procedures. The experienced inves-
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tigators could have a greater understanding of the built-in theories and sensitivities of the
collection of data and adequate knowledge could be derived from them to incorporate into
the analysis that may not involve mathematical optimization.

If Xi denotes the presence of taxa, then the appropriate model would be a Binomial
distribution with parameters, number of events (ni) and population proportion (pi). The
logical choice for pi is β(a, b) distribution on (0, 1) leading to mathematically tractable
results. Then, the posterior distribution for pi, based on a prior distribution and the
likelihood function would be β(xi+a, ni−xi+b) and the Bayes estimator requires selecting
prior for hyper parameters a and b. Also, Subbiah (2009) and Tuyl et al (2008) have
discussed priors for the binomial parameter p, ranges from Uniform distribution; conjugate
Beta families to logistic-normal density and Jeffreys prior.

Further, the zero numerator problems in particular, has been discussed in literature such
as Tuyl et al (2008) for a careful prior analysis based on informative and non-informative
priors. As a point of recommendation, the use of a prior with a, b < 1 should be avoided,
both for non-informative and informative priors. In this paper, a scheme of constructing
an informative prior based on ecologists’ observations for binomial proportion has been
exercised. Ecological experts’ belief about the presence of the group has been categorized
into six forms (mostly present, rare, and four very rare groups for much scanty taxa)
excluding two deterministic cases on presence or totally absence of specific taxa. There
are 26 groups of animals and in a specific area the certain number of each group is sampled.
This assessment is based on more hypothetically (extracted from previous study) or this
characteristic may be more specific to a geographical location.

The six classifications and assessments derived by ecological experts have been considered
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Proposition : a > 0 and b > 0

From the choice of M, it could be observed that, 0 < M < 1 and 0 < a1 < a2 < 1.

Further, 0 < a1 < M < a2 < 1
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Further the maximum value of f (M) = M (1−M) as 0.25 with the boundary conditions
0 < M < 1 and 0 < 1 −M < 1, could be obtained using second derivative test
by equating the first derivative f
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The choices of a1 and a2 and subsequent transformations would bring plausible values for
the Beta prior parameters. The traditional logit transformation of proportions have been
discussed extensively in statistical literature as in Montgomery et al (2004) in the context
of linear models, and Gelman et al (1995) for Bayesian modelling and hence the details of
this model has been presented directly as programming code in Section 4.

3. Ecological details

The present study on meiofauna and the related data (Altaf et al, 2004) has been conducted
on five selected intertidal sandy beaches along the coast of Chennai, India that are located
within a distance of about 60 km (Figure 1). All the stations are exposed, unvegetated
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sandy beaches with variations in the rate of exposure, slopeness and width of the intertidal
region. The width of the intertidal region was generally maximum during summer and
minimum during winter. Though the human disturbances in the form of tourists are
common in all these stations, the rate of their disturbance and the level of pollution vary.
Meiobenthic samples were collected randomly from the mid-tidal level of the intertidal
zone during low tide and high tide. The partition corer was used for the collection. The
samples were collected upto 20 cm depth and divided into four divisions (0-5cm, 5-10cm
10-15 and 15-20cm) each of this division was kept separately in a container and fixed
immediately with 5% Rose Bengal (0.5 g/l) formalin. Following table provides the overall
summary of data collection methodology.

Description Variable Name Number of variables

Taxa T1 to T26 26
Place P1 TO P5 5
Tide level L AND H 2
Sample Frequency S1 TO S25 25
Measurement Division L1 TO L4 and H1

TO H4
8

Measurement Frequency M1 TO M3 3

Figure 1: Map that shows the five stations along Chennai coast

In the laboratory, fixed meiofaunal samples were separated by decantation method by
passing the supernatant through 1000µm and 62µm sieves. The separated fauna was im-
mediately preserved in 5% Rose Bengal formalin. Since fixation and preservation distorts
the soft meiofaunal taxa (ciliates, turbellarians, gastrotrichs, gastropods and holothurians)
they were isolated alive by elutriation method.
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In elutriation method, the live meiofaunal samples were narcotized in 6% Magnesium Chlo-
ride (MgCl2) and the sample was placed in the separating funnel of the elutriation set-up
and a jet of water was allowed to pass through this funnel. The fauna separated from this
funnel was allowed to pass through 1000µm and 62µm sieves. These animals were imme-
diately identified in living condition under different magnifications of compound micro-
scope. The major and minor meiofaunal taxa were identified following Higgins and Thiel
(1988). The meiofauna separated by decantation method were enumerated in Sedgwick-
rafter counting chamber. Density and vertical distribution of the meiofauna was expressed
as mean ± SE (standard error of mean) of number of individuals /10cm2. The pooled up
mean values of 0-5cm, 5-10cm, 10-15cm and 15-20cm were considered as total density.

Animal taxa which come into mostly present category are those taxa which are encountered
or recorded in all the samples. This includes nematodes which are the most dominant
taxa with regard to diversity as well as density (Altaf et al, 2004), followed by polychaetes,
ostracods, isopods, gnathostromolids, archiannelids, copepodites and nauplii (larval stages
of copepods). Mostly not seen category includes cnidarians, eggs & others (these comprises
of eggs of various taxa and those taxa which were not identified in the present study). Rare
group includes foraminiferans, turbellarians oligochaetes, harpacticoids, nemertines and
gastropods. Very rare group includes gastrotrichs, kinorhynchs, ciliates and holothurians.
Very very rare group includes collembolans, cyclopoids, insects, rotifers and cladocerans.
Very very very rare group include those which were recorded not more than three times
in a given station and these include halacarids and bivalves.

4. Results and Discussion

Analysis includes finding mean of the response data corresponding to the sampling fre-
quencies that has been considered as number of successes that will be the known parameter
of Binomial distribution. The Bayesian estimation of prevalence factor using Binomial-
Beta model has been implemented in WinBUGS 1.4 and summary measures include mean
and 95 % Bayesian Confidence Intervals have been obtained. An MCMC run of 50000 has
been carried out and initial 25000 values are discarded as burn-in and the kernal density
has been used as a tool to check convergence of this single MCMC chain. Following is the
syntax corresponding to the two procedures based on transformations

for (i in 1:N)
{
x[i] ˜ dbin(p[i], n[i])
p[i] ˜ dbeta(a,b)
}
a1<-0.4
b1<-0.7
m<- (a1+a2)/2
v<- (pow((a1-a2),2))/12
a<- (((1-m)*pow(m,2)) -
(m*v))/v
b<-a*(1-m)/m

for( i in 1 : N )
{
r[i] ˜ dbin(p[i], n[i])
logit(p[i]) <- mu[i]
mu[i] ˜ dnorm(d, tau)
}
d ˜ dnorm(0.0,1.0E-6)
sigma <- 1 / sqrt(tau)
tau˜dgamma(3,1)

However, due to the paucity of space, the presentation of the result has been restricted to
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taxa foraminiferans, one among the rare category and considering four low tidal statuses
in all the five stations. Also, Tables 1 and 2 provide a partial list of posterior summary
measures for the prevalence factor of the foraminiferans only for two stations, Adyar and
Royapuram together with corresponding Caterpillar plots for L1 and L2 (Figure 2 and 3);
nevertheless the analysis includes all the parameters considered in the study.

TABLES 1 – 2

FIGURE 2 – 3

Point and interval estimates together with caterpillar plot of prevalence are compared
between tide levels, locations to understand presence / absence of taxa using the above
binomial model. From the tabulated values and other estimates, it could be observed that
the classification of taxa has an impact in knowing about the distinctive features of taxa
across different locations. Though tide levels do not show an appreciable difference in the
estimates, it helps in detailing the pattern of taxa and their abundance. Hence, ecologists
can study the relative importance of tides and location in estimating prevalence of taxa.

Among all taxa, estimates of eggs & others show its specific characteristic that its presence
is completely dependent on seasonal reproduction. Also, this type includes possible taxa
that may be beyond the list under study. Hence, a careful investigation brings systematic
and similar distribution in both tide levels. Similar conclusion could be arrived at with
respect to different locations, except Adyar where little higher prevalence estimates can
be observed uniformly in this group.

In the very rare classification, Holothurians show an apparent different pattern in its
prevalence estimates between different locations ranging from Pulicat to Adyar. Pulicat
has a higher rate of proportion followed by Marina and least at Adyar. However, noticeable
difference does not exist as far the tide levels are concerned at all the locations.

Collembolan, which is classified as very very rare taxa, has totally distinct prevalence
estimates across all stations as well as over two tide levels. Pulicat records a low value
where as other stations show higher but little different value. The practicing ecologists
are interested in probing further this phenomenon to understand the specific feature of
Pulicat. Another classification, extremely rare also exhibits slight difference between tide
levels except in Adyar where a higher difference is noticed during low tide. However, over
all prevalence among the places have similar estimates as far this group is concerned.

Caterpillar plot indicates that Adyar station showed high prevalence of meiofauna; never-
theless mean dots appeared to the left of the global mean. The caterpillar plot of Napier
station also shows features similar to Adyar station signifying that these stations are lo-
cated closer to Coovam and Adyar river mouth and the impact of pollution is high on
the meiofaunalprevalence. The caterpillar plot of the foraminiferan meiofauna of different
stations of the Chennai coast clearly indicates that their prevalence is influenced by many
factors such as nature of the substratum, availability of food, physico-chemical parameters
and state of pollution (Higgins and Thiel, 1988, Sandulli and Pinckney, 1999 and Altaf,
2004). Adyar station showed high prevalence; nevertheless mean dots appeared to the left
of the global mean. The caterpillar plot of Napier station also shows features similar to
Adyar station signifying that these stations are located closer to Coovam and Adyar river
mouth and the impact of pollution is high on the meiofaunal prevalence.

The caterpillar plot of Marina station showed higher number of mean dots toward right
of global mean base indicating favourable conditions for meiofaunal prevalence. Though
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caterpillar plot of Pulicat station shows features of Marina station, however the prevalence
value of Pulicat is lower compared to Marina station. Higher mean values of foraminiferan
prevalence in Royapuram can be attributed to the higher organic matter which forms suit-
able food for many groups of meiofauna. The caterpillar plots that supplement the results
of classical enumerations of meiofauna and further identify the influence of other factors
in determining the prevalence of foraminiferans of different stations. In the caterpillar
figures, the mean dots which are found to be on the left side of the global mean results be-
cause of Bayesian approach with expert opinion which in conventional computation might
not be figured out. Also, the results have shown a complete agreement between the no-
tions followed for classification schema and subsequent Bayesian prior specifications that
produce reasonable estimates amongst the classified taxa groups.

Further comparison with the model that has a transformed non-informative prior, it could
be observed that flat priors do not exhibit enough variability and all the estimated values
do concentrate heavily around the global mean; however the variation pattern among
the 25 sampling periods do have similarity with informative prior model. The modelling
technique that has been discussed in the paper would enable to incorporate sample data
together with experts’ opinion pertaining to the prevalence of Meiofaunal Population in the
five stations. This ability to account for extra variation would be an additional advantage
over conventional methods and provide extended scope and flexibility in modelling similar
studies.

The results of present study clearly project that the Bayesian approach is helpful in under-
standing the seasonality in the prevalence of foraminiferans. Nevertheless unique feature
of this group such as patchy distribution, poor locomotory mechanism as well as impor-
tance of calcareous shell and pseudopodial food capture mechanisms (Nybakken, 1997,
Sandulli and Pinckney, 1999 and Khare and Nigam, 2000) might also be responsible for
such prevalence. Ecological studies and the prevalence of different taxa mostly restricted
to their presence, absence or density. However, Bayesian approach on the prevalence at
five stations of Chennai coast provided a natural and principled way of combining prior
information with data.

5. Conclusion

Ecological studies and the prevalence of different taxa mostly restricted to their presence,
absence or density. This study illustrates a Bayesian statistical model within which eco-
logical analysis for the estimation of Meiofaunal Population using elicited information.
Using classical approach, in different places (India and other countries), for each group,
proportion of existence has been estimated as a ratio of number of successes to the number
of cases.al form. This approach and corresponding interval estimation have serious sta-
tistical limitations in the zero or total success cases. However, it has been observed that
a method which incorporates the background information regarding the prevalence factor
for each of these groups in different places would be quite appropriate. The perception of
“dominating” groups may differ between global and local settings and these perceptions
could be quantified as suitable subjective forms and Prior elicitation could be made based
on the solicited opinions.

The geographical patterns for the prevalence of Meiofaunal Population has been studied
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by taking into account of other appropriate attributes Hence the study emphasizes the
importance of area-level characteristics in determining the presence of a specific taxa. The
Bayesian model could be applicable to estimate such factors even if the sample data is of
sparse nature and a systematic evaluation could be implemented. Also, this model could
easily be extended to include any other area-level or other parameters which might be
influential in estimating the Meiofaunal Population. The analysis and conclusions of the
paper might raise interesting and potentially important questions about the use of Bayesian
analysis of data relating to estimation of Meiofaunal Population using elicited information.
In particular the results suggest that value added approaches such as experts’ opinion
as additional yet meaningful input to study could encourage exploring the flexibility of
Bayesian methods that would be more appropriate in drawing meaningful conclusion.
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Figure-2: Caterpillar plots on the prevalence of foraminiferans at Adyar based on
measurements (L1 and L2)

Figure-3: Caterpillar plots on the prevalence of foraminiferans at Royapuram based on
measurements (L1 and L2)
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