mogy Research
Handbook

Volume i Liam Page




Ecology Research Handbook
Volume Il

Edited by Liam Page

R Sy

New York



Published by Callisto Reference,
106 Park Avenue, Suite 200,
New York, NY 10016, USA
www.callistoreference.com

Ecology Research Handbook: Volume II
Edited by Liam Page

© 2015 Callisto Reference
International Standard Book Number: 978-1-63239-160-5 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Copyright for all individual chap-
ters remain with the respective authors as indicated. A wide variety of references are listed. Permission and sources are
indicated; for detailed attributions, please refer to the permissions page. Reasonable efforts have been made to publish
reliable data and information, but the authors, editors and publisher cannot assume any responsibility for the validity of
all materials or the consequences of their use.

The publisher’s policy is to use permanent paper from mills that operate a sustainable forestry policy. Furthermore, the
publisher ensures that the text paper and cover boards used have met acceptable environmental accreditation standards.

Trademark Notice: Registered trademark of products or corporate names are used only for explanation and identification
without intent to infringe.

Printed in China.



Ecology Research Handbook

Volume I



Preface

The origins of the word “ecology” can be traced to the year 1866, when it was coined by the German scientist Ernst
Haeckel. Ecology is an interdisciplinary field, which is the scientific study of interactions among organisms and
their environment. The foundations of this subject were laid by Ancient Greek philosophers such as Hippocrates
and Aristotle, who studied natural history. From the 19" century onwards, concepts such as natural selection
and adaptation transformed Ecology into a more rigorous discipline.

The concepts of Ecology are premised on ecosystems, which include organisms, the communities they make up,
and the non-living components of their environment. The scope of Ecology spans a wide array of interacting
levels of organisms, ranging from the micro-level to planetary scale. This subject helps comprehend how the
living world interacts. It provides evidence on the interdependence between the inanimate and animate elements
of the ecosystem.

Ecology also covers topics of subjects like Biology and Earth Science. Topics of interest to ecologists include
diversity, distribution, and population of organisms. The manner in which biodiversity affects ecological
function is an important and emerging focus area in ecological studies. A better understanding of ecological
systems is crucial in contemporary times, as it allows scientists to predict the consequences of human activity
on the environment.

I would like to thank our researchers and writers for sharing their valuable research with us in this book.

Editor
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ABSTRACT

Theoretical frameworks play a vital role in re-
search, spelling out the constructs important in
the research area, and the relationships between
the constructs. An understanding of the theo-
retical constructs which underpin the research
provides researchers with a framework, which
enables them to understand when, how and why
particular phenomena occur. Depending on the
type of research, this either allows them to make
reasoned predictions, which can be empirically
tested during the research or gives direction for
the research if it is open-ended and exploratory.
Such frameworks not only guide the questions
asked and the design of the research, but also
help to interpret the data. If the situation being
investigated is very complex, involving numer-
ous interlinked variables, it is often difficult to
identify a single theoretical framework that is
suitable for a particular study. This article uses
the case of human ecological behavioural prob-
lems associated with the conservation of biodi-
versity in the Rwenzori Mountains National Park,
to show how a theoretical framework to inves-
tigate a complex situation was developed.

Keywords: Theortical; Framework; Ecological;
Problems; Biodiversity; Conservation; Investigating;
National Parks; Rwenzori

1. THE IMPORTANCE OF THEORIES
AND THEORETICAL FRAMEWORKS
IN RESEARCH

Researchers cannot begin their work without an un-

derstanding of the concepts being investigated, or an
understanding of the generalizations which have emerged
from previous research. Researchers usually start their
research projects by thoroughly reading the literature
about the constructs relating to the research and how
these constructs are interlinked. Such constructs and their
interrelationship may be presented in the form of a theory,
which Kerlinger [1] explains as “a set of interrelated con-
structs (concepts), definitions, and propositions that pre-
sent a systematic view of phenomena by specifying rela-
tions among variables, with the purpose of explaining
and predicting the phenomena” (p. 9). Maxwell [2] ar-
gues that every research design needs “some” theory of
the phenomena under study even if it is only a common-
sense one, to guide the other design decisions researchers
make.

Researchers often identify with a particular theory or
theories which influence their point of view about the
research they conduct [3]. Although theories provide a
new way of seeing things, their purpose goes beyond just
understanding the constructs being investigated [4]. The-
ory provides explanations, understanding, prediction, and
analysis of issues emerging from research [1]. Theory
influences what researchers notice, coloring their percep-
tions and hence their decisions. Researchers use theories
to provide a rationale for their work, and according to
Caliendo and Kyle [5], this is what distinguishes schol-
arly work from journalism. More importantly, according
to Maxwell [2], one of the four sources that researchers
use to construct theoretical frameworks is existing theory.
Therefore two or more theories may be developed into a
theoretical framework.

A theoretical framework is defined as “a visual or
written product, one that explains, either graphically or



in narrative form, the main things to be studied, the key
factors, concepts, or variables and the presumed rela-
tionships among them” [6, p. 18]. The terms “theoretical
frameworks” and ‘“conceptual frameworks” are used
synonymously in literature [2,7]. For consistence, the
phrase “theoretical framework” is used in this article.
The importance of theoretical frameworks in research
has been extensively documented in literature. Theoreti-
cal frameworks enable researchers to form a foundation
for their points of view and to critique other researchers
when reviewing literature [8]. Theoretical frameworks
also influence the steps researchers go through while
investigating a particular problem [9], and in guiding the
choice of a suitable research design [10]. In addition to
their explanatory power, theoretical frameworks have
predictive value, which helps researchers to make logical
predictions and thus ask appropriate research questions
[4]. Theoretical frameworks are also vitally important in
providing direction for interpretation of the data [11,12].
A well articulated theoretical framework allows readers
to see the assumptions which underpin the research, as
well as whether the subsequent links between questions,
design, and analysis of data are logical and cohesive [5],
hence enabling readers to judge the quality of the work.

2. LOCATING A SUITABLE
THEORETICAL FRAMEWORK

When research involves a situation that is complex, a
multitude of interlinked variables in the problem that
researchers are investigating often make it difficult for
them to find a single theory or theoretical framework to
underpin their particular study [13]. In such a situation,
Abd-El-Khalick and Akerson [13], claim that researchers
take varying options depending on the type of research.
Some researchers simply describe a number of discon-
nected theories which are relevant to their research.
Other researchers link various theories together into a
single but multifaceted web of ideas in an effort to form
a unified framework to guide their study. And other re-
searchers choose a theory that is not entirely appropriate
or adequate, and build on it until it is a satisfactory
framework to guide their research [13]. However, a
number of steps are taken to develop a single theory into
a satisfactory framework.

3. AIM OF THIS ARTICLE

In addition to discussing the importance of theories
and theoretical frameworks in research, the aim in this
article is to describe how a theoretical framework was
developed from a single theory and used to investigate a
complex ecological problem associated with biodiversity
conservation in the Rwenzori Mountains National Park.

Ecology Research Handbook

4. THE CONTEXT IN WHICH THE
THEORETICAL FRAMEWORK WAS
DEVELOPED

The framework was intended to facilitate an investiga-
tion of a complex human ecological situation associated
with the conservation of biodiversity in the Rwenzori
Mountains National Park. The Rwenzori Mountains Na-
tional Park is located north of the equator on the border
adjoining the Democratic Republic of Congo. In 1941
the central forest reserve under the jurisdiction of the
forest department of Uganda deemed the conservation of
the Rwenzori Mountains important because the moun-
tains have a rich biodiversity, including rare, globally
threatened, and endemic species of plants and animals
[14]. The mountainous terrain makes the area a fragile
ecosystem prone to degradation due to increase in human
population in the mountains [15].

Prior to 1941 the entire Rwenzori Mountains were ac-
cessible to local people. Whether or not local people had
a mechanism of conserving biodiversity in the Rwenzori
Mountains prior to 1941 is a matter for debate, an issue
beyond the scope of this article but has been presented
and discussed in Muhumuza et al. (in prep.). However, in
1941, part of the Rwenzori Mountains was designated as
forest reserve [16]. Hunting of animals and harvesting of
timber in the reserve were prohibited, but traditional ac-
tivities such as medicine collection, use of foot paths in
the reserve, and performance of traditional rituals in
some areas of the reserve were permitted [16]. In 1991
the conservation status of the forest reserve was up-
graded to a national park, and the boundaries of the for-
est reserve were extended to create the Rwenzori Moun-
tains National Park. More stringent controls over the use
of the resources in the park were put in place. Access to
park resources was declared illegal, and the use of foot
paths in the park that enabled local people to access dif-
ferent areas in the mountains was prohibited [17].

Despite these rules, a number of practices, although
now illegal continued to occur. These countered efforts to
conserve the park. Some of the illegal practices included
harvesting of park resources by the local people [18].
Communities bordering the park resisted the attempts by
the park’s administration to prevent the illegal activities
in the park [19,20]. The resistance caused a conflict of
interests between the local community for the need to
access resources in the park and the administration of the
park for the need to conserve biodiversity in the park.

In order to address these problems, the Rwenzori
Mountains National Park administration implemented
community-based conservation initiatives. Some of these
initiatives included implementing environmental educa-
tion programmes, giving 20% revenue from tourism to
the local people for infrastructural development, giving
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jobs to poachers who voluntarily surrendered to the park
staff, and allowing some local leaders to be part of the
Park Management Committee [19]. According to Tu-
musiime [17], collaborative resource use agreements
were also implemented in some parishes neighbouring
the Rwenzori Mountains National Park.

However, recent studies [17,21] have reported that
despite these initiatives, local people have continued to
oppose rules governing the use of park resources and to
clandestinely conduct illegal activities in the park. Local
people have encroached on the park land for cultivation
[21]. Ernst [21] claims that there are some ethnic ten-
sions that arose as a consequence of establishing the
Rwenzori Mountains National Park. The establishment
of the national park has led to income disparity among
the people and limited attainment of development goals
by the majority of the people [21].

These problems mean that the conservation of biodi-
versity in the Rwenzori Mountains National Park could
be at risk. Before the problems can be addressed, their
nature, extent, root causes and the context in which they
occurred needed to be fully investigated.

A theoretical framework to guide an investigation into
these problems was needed. This is because the problems
associated with biodiversity conservation in the Rwen-
zori Mountains are social (associated with characteristics
and organization of the local community). Unlike purely
scientific studies, an investigation of social issues re-
quires a theoretical framework. Factors responsible for
the success and failure of conserving biodiversity in na-
tional parks in Africa in various contexts are socio-eco-
nomic and cultural in nature (Muhumuza ef al., in press).
Despite this, the conservation of biodiversity in national
parks has been the domain of scientists who aim to un-
derstand the biology of species and habitats they wish to
conserve. As shown in Figure 1, sustainable use of re-
sources is a confluence of socio-cultural, economic and
ecological factors.

Newing [23] points out that although it is essential to
understand habitats and species, it is not enough for con-
servation given that problems associated with conserva-
tion of biodiversity in many national parks are social
rather than ecological. Newing [23] claims that at a more
theoretical level, social issues in biodiversity conserva-
tion are fragmented and not well understood.

Approaches often used in biology to investigate prob-
lems associated with biodiversity conservation may not
be feasible in investigating social problems impacting on
biodiversity conservation initiatives in national parks.
“The dominant approach in natural sciences is to come
up with a hypothesis and then design a way of to ‘prove’
(or at least ‘test’) it” [23, p. 5]. Although hypothesis
testing encourages clear thinking and understanding of a
situation by breaking complex phenomena into their-
components, it may not be feasible in research that in-

The focus most conservation

Cultural and social

Component most ignored in Major driving force

conservation circles

Figure 1. The confluence of socio-cultural, ecological and
economic factors in sustainable resource use (adapted from

(22)

volves social issues. It is impossible to break the “social
world” into a set of discrete, tightly defined elements. In
the social world, things are interlinked and if they are to
be understood, they must be studied in that way [24].
This makes the investigation of problems in the Rwen-
zori Mountains complex necessitating a holistic approach.
Therefore, developing a theoretical framework that would
direct an appropriate investigation into these problems
was important.

5. THE STARTING POINT FOR
DEVELOPING THE THEORETICAL
FRAMEWORK

Due to the complex nature of problems in the Rwen-
zori Mountains National Park, it was not possible to lo-
cate a suitable theoretical framework to guide the re-
search into the identified problems and to facilitate ade-
quate explanation of the data. However, because the
conservation problems in the Rwenzori Mountains Na-
tional Park were social and closely associated to human
behaviour, psychological theories explaining factors that
influence human behaviours were considered to be useful
as a starting point to develop a theoretical framework to
guide the investigation into these problems.

Various psychological theories attempt to identify and
explain factors that influence human behavior. Some of
the commonly encountered theories include; environ-
mental citizenship behavioral model [25], value belief
norm model [26], reasonable person model [27], systems
thinking, described by Checkland [28], significant life



experiences [29], Theory of Planned Behavior [30],
elaboration likelihood model of persuasion [31], motiva-
tional theories such as Maslow’s hierarchy of needs de-
scribed in Decker, Brown & Siemer [32], stages of
change [33], diffusion of innovation [34], and social
learning theory [35]. There is no single best theory
among these theories, but different situations may dictate
the suitability of one theory over the other.

Because the problems in the Rwenzori Mountains Na-
tional Park involved anti-conservation behaviours, an
understanding was required of the reasons for the choices
made by the local communities, and the factors that un-
derpin these choices. From the history of the Rwenzori
Mountains and the Rwenzori Mountains National Park,
local people’s behavioural choices and their intention to
behave the way they do are products of traditional beliefs
and people’s attitude towards the existence of the park as
well as cultural attachment to some places in the park.
This makes the Theory of Planned Behaviour (discussed
in detail in the next section) the most suitable not only as
a starting point to develop the theoretical framework to
guide the research, but also as a basis for identifying
factors influencing conservation choices made by indi-
viduals in the Rwenzori Mountains. The suitability of the
Theory of Planned Behaviour is supported by Chao [36]
who found that the predictor in the Theory of Planned
Behaviour explained much more variance in behavioral
intentions that those in reasonable person model. If the
factors influencing the behavioral intentions are identi-
fied, they could be the logical targets of conservation
strategies that aim to promote pro-conservation behav-
iour amongst local people living near the Rwenzori
Mountains National Park.

5.1. The Theory of Planned Behaviour

The Theory of Planned Behaviour [30] is a theory for
systematically identifying the determinants of people’s
behaviours. The definitions of the main terms used in the
Theory of Planned Behaviour are shown in Table 1.

According to the Theory of Planned Behaviour (Fig-
ure 2), the immediate determinant of behaviour is the

Table 1. Definition of key terms used in the Theory of Planned
Behaviour (Source: Concise Oxford English Dictionary 11"
Edition)

Attitude A settled way of thinking or feeling.
Behaviour The way in which an animal or
person respodents to a situation or stimulus.
Belief An acceptance that something exists or is true, especially
one without proof. Or firmly held opinion or conviction.
fntention Conceptions formed by
directing the mind toward an object.
Knowledge Information gnd skills acqm{cd
through experience or education.
Norm A required or accepted standard.
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Figure 2. Representation of the Theory of Planned Behaviour
source: [30].

individual’s intention to perform or not to perform that
behaviour. Intentions are in turn, influenced by three
factors (attitudes, subjective norms and perceived be-
havioral control) and each of the three factors is affected
by a set of beliefs [30]. The theory of planned behaviour
has been used as a framework in various studies under

different context [37-40].

The factors specified in the theory of planned behav-
iour and how they are relevant to the situation in the
Rwenzori Mountains National Park have been elaborated
below:

e Attitudes about the behaviour (favourable or unfa-
vorable evaluations of the behaviour), are affected by
behavioural beliefs (what people believe about the
behaviour) [41]. In context of the problems in the
Rwenzori Mountains National Park, beliefs held by
individuals could affect their attitude towards the
Rwenzori Mountains National Park. Attitudes and be-
liefs seem to be important factors to investigate to
understand why individuals show particular behav-
iours. In the case of the Rwenzori Mountains, special
focus was given to “indigenous beliefs'” that might
affect attitudes on the use of resources in the park.
Ogwang & DeGeorges [42] claim that people in the
Rwenzori Mountains have strong indigenous beliefs
associated with the mountains. “Much of their folk-
lore revolves around the ‘old man of the mountain’
and his son the one legged ‘Shepherd’ to whom sacri-
fices must be made prior to the hunt” [42, p. 40].
More recently, Starcey [43] reported that people who
dwell in the Rwenzori Mountains believe that re-
sources in the mountains are owned and controlled by
the mountain gods. Such beliefs may be related to the
real or perceived outcome of how resources are to be
used by an individual. If the outcome is favorable and
satisfying the needs of the individual, then the indi-
vidual is likely to use park resources in that particular

'The use of the phrase “indigenous beliefs” in the context of this article
is based on a definition by Lindsay [44] which refer to assumptions,
theories, explanations and conclusions which local people in a specific
arca traditionally use as frameworks to help make sense of their ex-
periences. Beliefs often become so ingrained, due to repeated situations
that scem to “prove” their legitimacy. that people may confuse them
with knowledge [45].
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way. In this case, how the individual uses the re-
sources is a factor of the individual’s beliefs about the
“rewardibility” of a particular way the resource is
used.

e Subjective norms (perceptions of social pressures to
perform or not to perform a behaviour), are affected
by normative beliefs (typical beliefs of the commu-
nity or of the people important to the individual) [41].
In the Rwenzori Mountains, individuals exist within a
community, and may have beliefs about community
norms and how the community will judge anyone
harvesting resources from the park. In this context,
normative beliefs are beliefs of individuals about
whether people important to them or the Rwenzori
Mountains National Park community in which they
live approve or disapprove them to use park resources
in a particular way. For example, one aspect that may
influence resource use is the gender of the resource
user. Men and women collect and control resources
differently [46]. Leach [47] reported that hunting of
animals in the West African forests was done by
males and not females. Therefore, a female may not
engage in hunting if hunting is against the norms and
values of the community in which she lives. In such a
case, how an individual uses the resources is a func-
tion of social pressures on his or her way of using the
resource. Therefore, if an individual in the Rwenzori
Mountains believes that the community or people
important to him or her approve the way he or she
uses the resource, the individual is more likely to use
the resource in the park in that particular way.

e Perceived behavioural control (perceptions of whe-
ther individuals can control the behaviour), are af-
fected by control beliefs provided that individuals do
have actual control. Individuals who feel that they are
in control are more likely to perform the behavior
than those who believe that outside factors control
their behaviour. In the context of the Rwenzori
Mountains, beliefs of an individual about whether he
or she is in control of the way he or she chooses to
use the resources in the park may affect how that in-
dividual uses resources. Such beliefs influence the
individual’s perception of whether he or she is in
control of the way of using the resources in the park.
For instance, individuals in the Rwenzori Mountains
believe that before a hunt, sacrifice must first be of-
fered to the god of animals [42]. If the individual be-
lieves that he or she is capable of offering the sacri-
fice, then he or she is likely to feel in control and
hence more likely to hunt. In such a case, beliefs are a
function of the individual’s capability, skills, tools
and expertise that are required to facilitate successful
usage of the resource in a way he or she has chosen.

5.2. Limitations of Single Theories in
Guiding Complex Investigations:
A Case of the Theory of Planned
Behaviour

Using existing theory as a basis of a theoretical frame-
work has both advantages and pitfalls in qualitative re-
search. According to Maxwell [2], one of the two ways
in which qualitative researchers often risk in using exist-
ing theory as frameworks is by relying too heavily and
uncritically on one theory. Therefore, although the The-
ory of Planned Behavior could considerably guide inves-
tigation into the problems associated with biodiversity
conservation in the Rwenzori Mountains National Park,
it could not adequately explain some of the conservation-
related behaviours of people in the Rwenzori Mountains.
Firstly, beliefs are not the only factors that affect an indi-
vidual’s attitude. Knowledge acquired by individuals
may also influence their attitude about a particular be-
haviour. For instance, when an individual acquires
knowledge about the environment, that knowledge may
influence that individual’s attitude toward environmental
protection [48]. The Theory of Planned Behaviour does
not include the factor of knowledge. Secondly, the The-
ory of Planned Behaviour is a psychological model deal-
ing with attitudes and beliefs in the minds of individuals
(referred to as “internal milieu™) and does not refer to
actual practices of an individual in the community. The
individual’s beliefs, attitudes and perceptions may not
match reality and even if they do, they may not necessar-
ily translate into behaviour. Thirdly, the Theory of
Planned Behaviour does not consider external factors
(factors in the environment, referred to as “external mi-
lieu”) which might affect behaviours. These three short
comings make the Theory of Planned Behaviour inade-
quate as a framework to guide investigations of problems
associated with biodiversity conservation in the Rwen-
zori Mountains National Park. Therefore, other factors
were introduced in the Theory of Planned Behaviour to
make it a suitable theoretical framework to guide the
investigation into problems associated with biodiversity
conservation in the Rwenzori Mountains National Park.

5.3. How the Theory of Planned Behaviour
Was Made into an Appropriate
Theoretical Framework for This Study

The three shortcomings in the Theory of Planned Be-
haviour as a framework were addressed by adding other
factors as shown in Figure 3. As the first step toward the
adaptation of the Theory of Planned Behaviour into a
suitable framework, the factor of knowledge as a func-
tion of behaviour was introduced. According to Kaplan
[27], individuals make decisions that govern behaviour
based on their knowledge. Knowledge acquired by an-
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Figure 3. A conceptual framework for guiding an investigation into problems associated with conservation of bio-

diversity in this study.

individual may affect the attitude of that individual to-
ward natural resource use and conservation. Knowledge
could lead to both pro-conservation and ant-conservation
behaviours. In some cases, the more knowledge people
have about environmental issues, the more helpless they
may feel and give up doing anything to protect the envi-
ronment [49]. A form of knowledge that could influence
an individual’s behaviour in local traditional communi-
ties such as the Rwenzori Mountains could be contem-
porary scientific knowledge or traditional ecological
knowledge.

Various studies (both theoretical and empirical) have
argued that traditional ecological knowledge among tra-
ditional communities influences the way they use natural
resources [50-53]. A study by laccarino [51] concluded
that through traditional ecological knowledge people
may conceptualize empirical observations to better un-
derstand nature, and thus interpret and predict it. Al-
though some authors who have lived amongst the
Rwenzori Mountain people [42,54,55] claim that local
people in the Rwenzori Mountains have traditional eco-
logical knowledge that influences the way they use re-
sources, no studies so far have been conducted to inves-
tigate how that knowledge influences pro-conservation
or counter-conservation behaviour of people living near
the Rwenzori Mountains National Park. According to
Foltz [56], an investigation on how traditional ecological
knowledge influences conservation behaviour may help
to understand why local people use natural resources in

particular ways. Therefore it was necessary to add this
factor in the Theory of Planed Behaviour.

As a second step, toward adaptation of the Theory of
Planned Behaviour into a suitable theoretical framework,
two external factors that could potentially influence the
conservation behaviors of people in the Rwenzori
Mountains were added. One of the factors is the liveli-
hood and survival requirements of the local people from
the park. Various studies show that local people depend
on protected areas resources for livelihood and survival
[57-59]. However, dependence on resources from pro-
tected areas varies among individuals and communities
[59]. For instance, a study by Coulibaly-Lingani [60]
demonstrated that resources people obtained from forests
in Burkina Faso influenced their participation in forest
management programmes. This means that different
communities and individuals have varying reasons for
their dependence on protected area resources. In the
Rwenzori Mountains, local people obtain resources from
the park for livelihood and survival [17]. However, Tu-
musiime [17] do not state the resources people get from
the park and the reasons why people get those resources,
and what factors other than lack of assets and alternative
sources of income influence people’s dependence on the
Rwenzori Mountains National Park. For this reason, it
was necessary to include the aspect of survival and live-
lihood requirements of local people into the theoretical
framework.

The second external factor that was added to the The-
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ory of Planned Behaviour was environmental education.
The essence of environmental education is that people
should be educated about services that ecosystems pro-
vide and that once they know the value of environmental
services, they may use the environment in a sustainable
manner [48]. In the Rwenzori Mountains Environment
Education Strategy (2004), it was stated that local people
neighbouring the Rwenzori Mountains National Park
have received environmental education. However, given
that people continued to conduct illegal activities and
actively resist park rules necessitated an investigation
into the nature and extent of environmental education the
people had received. Based on Jacobson [48] it would be
expected that people in the Rwenzori Mountains would
show pro-conservation behaviours toward the Rwenzori
Mountains National Park staff if they had adequate envi-
ronmental education. Therefore, it was also important to
find out why despite provision of environmental educa-
tion to people in the Rwenzori Mountains, they have
persistently conducted clandestine activities in the park
that were considered by the park administration illegal.

6. CONCLUSIONS

Theoretical frameworks play a vital role in research.
They help researchers to spell out important constructs in
research and the relationships between the constructs.
However, when the situation being investigated is com-
plex, researchers often face a problem of locating a suit-
able theoretical framework. In such circumstances, it is
helpful to use an existing theory and develop it into a
theoretical framework to guide the study. How this can
be done using the Theory of Planned Behavior [30] as a
starting point has been described in this article using the
example of problems associated to biodiversity conser-
vation in the Rwenzori Mountains National Park.
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ABSTRACT

As, Cd, Cu and Pb concentrations were meas-
ured in Posidonia oceanica sampled from mea-
dows located in two sites along the calabrian

coast (lonian Sea, South-eastern Mediterranean).

By dating the scales and the rhizome using ret-
rospective procedures (lepidochronology), a
time series over a period of nine years (1995-
2004) was analysed. Throughout the whole lepi-
dochronological period, the arsenic content in
the scales was tenfold higher than that meas-
ured in the rhizome with a peak in the lepido-
chronological year 1996-1997 and a general de-
crease in the years after. Pb concentration also
showed a tendency to decrease with time, whe-
reas the Cd and Cu concentration were in-
creasing. A comparison of the metal level in
dead sheaths (scales) and living tissue (leaves)
was also performed. The detailed distribution of
the trace metals along the leaf axis and in the
leaves at different developmental stages (adult,
intermediate and juvenile) showed some differ-
ences in the metal content. The results also in-
dicate that the arsenic content measured in the
leaf blade reflects the high As content measured
at the superficial sediments at one of the two
sampled sites, demonstrating, for the first time,
that P. oceanica would be a good indicator for
this element.

Keywords: Biomonitoring; Heavy Metals; lonian
Sea; Lepidochronology; Posidonia oceanica

1. INTRODUCTION

Detection and monitoring of environmental contami-
nation in the Mediterranean, an almost closed sea, are
matters of concern, particularly in heavily urbanized and

industrialized areas [1]. The major sources of pollution
of surface waters include effluent discharges by indus-
tries, urban discharge, atmospheric depositions of pol-
lutants and occasional accidental spills of toxic chemi-
cals. Trace metals are regarded as serious pollutants of
the aquatic environment because they are persistent, po-
tentially toxic and naturally bioaccumulated [2,3]. There
is currently a great interest in the use of living organisms
as pollution biomonitors in aquatic ecosystems [4,5].
Among these, the seagrasses Zostera marina L. and
Posidonia oceanica L. (Delile), key species of the
coastal ecosystems, have been used as a metal bioindi-
cator for several decades [6-16]. Arsenic can be taken up,
bioaccumulated and biotransformed. Its toxic effects
depend on the chemical form of its compounds and there
is a growing interest in the quantification and identifica-
tion of the arsenic in matrices related to human and ani-
mal food (e.g. sediments, algae, seagrasses, shellfish).
Also it has been observed that P. oceanica could “record”
past metal contamination [17-23]. Annual heavy metal
accumulation can be analyzed by dating fragments of
rhizomes and scales (dead sheaths of the leaves) accord-
ing to plant annual life cycle [17]. Therefore, the time
course of such a contamination can be reconstructed over
a period ranging between few to many years. Since the
early 1950’s, the area of Crotone (South-Eastern Medi-
terranean-lonian Sea-Calabria, Italy), has become one of
the most important petrochemical sites in the South of
Italy, with several petrochemical plants and many other
industrial installations. About the metal contamination of
this zone, there are very few published data [24]; in ac-
cordance with Italian law 208 of 30/12/2008, the same
industrial area was declared an “area at high risk of en-
vironment crisis” and must be subjected to environ-
mental restoration for serious contamination by heavy
metals (overall As, Zn, Cd, Cr). In this context, we per-
formed a lepidochronological analyses by sampling P
oceanica from meadows growing in two different sites



